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Challenge: Classify the effects of new degrees of freedom   

Cosmological Correlators
In Cosmology we measure spatial correlations at late times

End of Inflation 
(re-heating)

380,000 years 

10 billion years 

time

? ?

Correlations 
in Galaxies

Correlations 
in the CMB

Correlations on the  
Boundary of (quasi-)dS

These can be traced back to the space-like boundary of the inflationary quasi-de Sitter spacetime. 



Boundary Correlators in de Sitter
The effects of particle exchanges are fixed by 

m, J
<latexit sha1_base64="C25eLQm1/pDSJ0nCcU+ixk+fmuc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4KMNMW6vdFd2Iqwr2Ae1QMmmmjU0yQ5IRSuk/uHGhiFv/x51/Y2Zaiq8DFw7n3Mu99/gRo0o7zqeVWVldW9/Ibua2tnd29/L7By0VxhKTJg5ZKDs+UoRRQZqaakY6kSSI+4y0/fFV4rcfiFQ0FHd6EhGPo6GgAcVIG6nFi70ivOnnC47tuCXnrAodu1xy3WoNuraTYkkKYIFGP//RG4Q45kRozJBSXdeJtDdFUlPMyCzXixWJEB6jIekaKhAnypum187giVEGMAilKaFhqn6fmCKu1IT7ppMjPVK/vUT8z+vGOrjwplREsSYCzxcFMYM6hMnrcEAlwZpNDEFYUnMrxCMkEdYmoFwaQi1B9e/vS9Iq2W7ZrtxWCvXLRRxZcASOwSlwwTmog2vQAE2AwT14BM/gxQqtJ+vVepu3ZqzFzCH4Aev9C5MOjp4=</latexit>

Conformal boundary

tim
e
Conformal Symmetry + Singularities

Arkani-Hamed and Maldacena [hep-th] 1503.08043



Boundary Correlators in de Sitter

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit> !

<latexit sha1_base64="DUb3fWk5Gd4M2yV/HkuNjPr0gog=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmgckS5idzCZDZmeWmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJKPOE5YEJOB5BGnBK300EXVK1e8qjeDu0z8nFQgR71X/ur2FU1jJpEKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JJYmaCbHbqxD2xSt+NlLYl0Z2pvycyEhszjkPbGRMcmkVvKv7ndVKMroOMyyRFJul8UZQKF5U7/dvtc80oirElhGpub3XpkGhC0aZTsiH4iy8vk+ZZ1T+vXt5fVGo3eRxFOIJjOAUfrqAGd1CHBlAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFhLY3e</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

✓
<latexit sha1_base64="JNrnXQl3jBdfE7pbIOjtXbiojgw=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuwqSt1e6KblxWsA9oQ5lMp+3YSSbM3Agl9B/cuFDErf/jzr8xSUvxdeDC4Zx7ufceL5TCACGf1srq2vrGZm4rv72zu7dfODhsGRVpxptMSaU7HjVcioA3QYDknVBz6nuSt73Jdeq3H7g2QgV3MA2569NRIIaCUUikVg/GHGi/UCQ2cUrkvIqJXS45TrWGHZtkWJIiWqDRL3z0BopFPg+ASWpM1yEhuDHVIJjks3wvMjykbEJHvJvQgPrcuHF27QyfJsoAD5VOKgCcqd8nYuobM/W9pNOnMDa/vVT8z+tGMLx0YxGEEfCAzRcNI4lB4fR1PBCaM5DThFCmRXIrZmOqKYMkoHwWQi1F9e/vS9Iq2U7ZrtxWivWrRRw5dIxO0Bly0AWqoxvUQE3E0D16RM/oxVLWk/Vqvc1bV6zFzBH6Aev9C/Luj4U=</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit> ,

particles with leave a distinct oscillatory signaturem ⇠ O (H)
<latexit sha1_base64="6QCEMHSHlPThYpuKxVj0l5t2uc8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkPtBl0U13VrAPaEKZTCft0JkkzNwIpXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TJIJrcJxvK7e0vLK6ll8vbGxube/Yu3sNHaeKsjqNRaxaAdFM8IjVgYNgrUQxIgPBmsHgZuI3H5jSPI7uYZgwX5JexENOCRipYx9I7Gku8a0nWAilqqd4rw8nHbvolJ0p8CJxM1JEGWod+8vrxjSVLAIqiNZt10nAHxEFnAo2LnipZgmhA9JjbUMjIpn2R9P7x/jYKF0cxspUBHiq/p4YEan1UAamUxLo63lvIv7ntVMIr/wRj5IUWERni8JUYIjxJAzc5YpREENDCFXc3IppnyhCwURWMCG48y8vksZp2T0rX9ydFyvXWRx5dIiOUAm56BJVUBXVUB1R9Iie0St6s56sF+vd+pi15qxsZh/9gfX5A7wAlUk=</latexit>

Hubble scale

⇠ sin
h
� (m) +

m

H
log kI

i
PJ (cos ✓)

<latexit sha1_base64="+pr9NHXV+1NMSHxnPe0XvSMPQuY="></latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

m, J
<latexit sha1_base64="C25eLQm1/pDSJ0nCcU+ixk+fmuc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4KMNMW6vdFd2Iqwr2Ae1QMmmmjU0yQ5IRSuk/uHGhiFv/x51/Y2Zaiq8DFw7n3Mu99/gRo0o7zqeVWVldW9/Ibua2tnd29/L7By0VxhKTJg5ZKDs+UoRRQZqaakY6kSSI+4y0/fFV4rcfiFQ0FHd6EhGPo6GgAcVIG6nFi70ivOnnC47tuCXnrAodu1xy3WoNuraTYkkKYIFGP//RG4Q45kRozJBSXdeJtDdFUlPMyCzXixWJEB6jIekaKhAnypum187giVEGMAilKaFhqn6fmCKu1IT7ppMjPVK/vUT8z+vGOrjwplREsSYCzxcFMYM6hMnrcEAlwZpNDEFYUnMrxCMkEdYmoFwaQi1B9e/vS9Iq2W7ZrtxWCvXLRRxZcASOwSlwwTmog2vQAE2AwT14BM/gxQqtJ+vVepu3ZqzFzCH4Aev9C5MOjp4=</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit>

spinmass

Legendre  
polynomialphase frequency

kI = |kI |
<latexit sha1_base64="Bp53pbz+vWU4QavUhv1s8AVZDvE=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgqiRqfSyEohu7q2BboQ1hMp20QyaTMDMRS5pfceNCEbf+iDv/xklbweeBgcM593LPHC9mVCrLejcKc/MLi0vF5dLK6tr6hrlZbssoEZi0cMQiceMhSRjlpKWoYuQmFgSFHiMdL7jI/c4tEZJG/FqNYuKEaMCpTzFSWnLNcuA2zsa9EKmh56dB5jbGrlmxqjXLPj2y4W9iV60JKmCGpmu+9foRTkLCFWZIyq5txcpJkVAUM5KVeokkMcIBGpCuphyFRDrpJHsGd7XSh34k9OMKTtSvGykKpRyFnp7MQ8qfXi7+5XUT5Z84KeVxogjH00N+wqCKYF4E7FNBsGIjTRAWVGeFeIgEwkrXVdIlfP4U/k/a+1X7oFq7OqzUz2d1FME22AF7wAbHoA4uQRO0AAZ34B48gicjMx6MZ+NlOlowZjtb4BuM1w+H6ZTJ</latexit>

In the soft limit |kI | ⌧ |kj |, j = 1, 2, 3, 4
<latexit sha1_base64="rOu3YvwMOathh5jiUcJLd4nCei4=">AAACGHicbVDLTsJAFJ36RHxVXbqZSExcEGwBoxsTohvdYSKPhBIynU5hYDqtM1MTUvgMN/6KGxca45adf+PwWCB4kpucnHNv7r3HjRiVyrJ+jJXVtfWNzdRWentnd2/fPDisyjAWmFRwyEJRd5EkjHJSUVQxUo8EQYHLSM3t3Y792jMRkob8UfUj0gxQm1OfYqS01DLPB06AVMf1k96wdT9wGJsXuoOs8xQjD3av7Ww+W8gWW2bGylkTwGViz0gGzFBumSPHC3EcEK4wQ1I2bCtSzQQJRTEjw7QTSxIh3ENt0tCUo4DIZjJ5bAhPteJBPxS6uIITdX4iQYGU/cDVneOj5aI3Fv/zGrHyr5oJ5VGsCMfTRX7MoArhOCXoUUGwYn1NEBZU3wpxBwmElc4yrUOwF19eJtV8zi7kLh6KmdLNLI4UOAYn4AzY4BKUwB0ogwrA4AW8gQ/wabwa78aX8T1tXTFmM0fgD4zRLzIyn8c=</latexit>

Arkani-Hamed and Maldacena [hep-th] 1503.08043



Boundary Correlators in de Sitter

m, J
<latexit sha1_base64="C25eLQm1/pDSJ0nCcU+ixk+fmuc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4KMNMW6vdFd2Iqwr2Ae1QMmmmjU0yQ5IRSuk/uHGhiFv/x51/Y2Zaiq8DFw7n3Mu99/gRo0o7zqeVWVldW9/Ibua2tnd29/L7By0VxhKTJg5ZKDs+UoRRQZqaakY6kSSI+4y0/fFV4rcfiFQ0FHd6EhGPo6GgAcVIG6nFi70ivOnnC47tuCXnrAodu1xy3WoNuraTYkkKYIFGP//RG4Q45kRozJBSXdeJtDdFUlPMyCzXixWJEB6jIekaKhAnypum187giVEGMAilKaFhqn6fmCKu1IT7ppMjPVK/vUT8z+vGOrjwplREsSYCzxcFMYM6hMnrcEAlwZpNDEFYUnMrxCMkEdYmoFwaQi1B9e/vS9Iq2W7ZrtxWCvXLRRxZcASOwSlwwTmog2vQAE2AwT14BM/gxQqtJ+vVepu3ZqzFzCH4Aev9C5MOjp4=</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

m, J
<latexit sha1_base64="C25eLQm1/pDSJ0nCcU+ixk+fmuc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4KMNMW6vdFd2Iqwr2Ae1QMmmmjU0yQ5IRSuk/uHGhiFv/x51/Y2Zaiq8DFw7n3Mu99/gRo0o7zqeVWVldW9/Ibua2tnd29/L7By0VxhKTJg5ZKDs+UoRRQZqaakY6kSSI+4y0/fFV4rcfiFQ0FHd6EhGPo6GgAcVIG6nFi70ivOnnC47tuCXnrAodu1xy3WoNuraTYkkKYIFGP//RG4Q45kRozJBSXdeJtDdFUlPMyCzXixWJEB6jIekaKhAnypum187giVEGMAilKaFhqn6fmCKu1IT7ppMjPVK/vUT8z+vGOrjwplREsSYCzxcFMYM6hMnrcEAlwZpNDEFYUnMrxCMkEdYmoFwaQi1B9e/vS9Iq2W7ZrtxWCvXLRRxZcASOwSlwwTmog2vQAE2AwT14BM/gxQqtJ+vVepu3ZqzFzCH4Aev9C5MOjp4=</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit>

4pt  
function

EFT

Particle  
production

kI
<latexit sha1_base64="mxPscA8pRZFNu3m8XjnxHco6hzU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL3qLaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/ah32ytX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGHoaNsg==</latexit>

sin
⇣
� +

m

H
log kI

⌘

<latexit sha1_base64="CVIsqxmHfdX3OIaY1HUnkEN+MV0="></latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

kI
<latexit sha1_base64="nRYsWwLiMc2xsVnUg4b7YEZ/I/0=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgqiRpbOuu6EZ3FWwtNKFMppN26OTBzEQoob/hxoUibv0Zd/6Nk7aCih4YOJxzL/fM8RPOpDLND6Owsrq2vlHcLG1t7+zulfcPujJOBaEdEvNY9HwsKWcR7SimOO0lguLQ5/TOn1zm/t09FZLF0a2aJtQL8ShiASNYacl1Q6zGfpBNZoPrQbliVs+bddupI7Nqmg3LtnJiN5yagyyt5KjAEu1B+d0dxiQNaaQIx1L2LTNRXoaFYoTTWclNJU0wmeAR7Wsa4ZBKL5tnnqETrQxREAv9IoXm6veNDIdSTkNfT+YZ5W8vF//y+qkKml7GoiRVNCKLQ0HKkYpRXgAaMkGJ4lNNMBFMZ0VkjAUmStdU0iV8/RT9T7p21apVz26cSutiWUcRjuAYTsGCBrTgCtrQAQIJPMATPBup8Wi8GK+L0YKx3DmEHzDePgGdOJIU</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

Arkani-Hamed and Maldacena [hep-th] 1503.08043; Arkani-Hamed, Baumann, Lee and Pimentel [hep-th] 1811.00024

Only recently has Conformal symmetry been harnessed to obtain the full exchange 

Away from the soft limit the dependence on is smoothkI
<latexit sha1_base64="mxPscA8pRZFNu3m8XjnxHco6hzU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL3qLaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/ah32ytX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGHoaNsg==</latexit>



Boundary Correlators in de Sitter

External Spins? Beyond tree level?

… to tackle these cases we need to expand our toolkit



Boundary Correlators in de Sitter
…in AdS we have a pretty good understanding!

This talk: Can we adapt techniques for AdS Witten diagrams to de Sitter?



Boundary Correlators in de Sitter
…in AdS we have a pretty good understanding!

This talk: Can we adapt techniques for AdS Witten diagrams to de Sitter?

the bulk time integral  
follows the in-in contour: 

Conformal  
boundary

— branch + branch

t = 0
<latexit sha1_base64="HH3Mi50wClBpdCVwe/XD1HFaFzg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHiOYByRJmJ7PJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSRSGHTdL6ewtLyyulZcL21sbm3vlHf3miZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ubz1ybUSsHnCccD+iAyVCwSha6R6v3F654lbdGchf4uWkAjnqvfJntx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IkVX6JIy1LYVkpv6cyGhkzDgKbGdEcWgWvan4n9dJMbz0M6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWX/5LmSdU7rZ7fnVVq13kcRTiAQzgGDy6gBrdQhwYwGMATvMCrI51n5815n7cWnHxmH37B+fgG0p+NgA==</latexit>

The time-dependence of the dS background makes them difficult to apply (at least directly)

In dS typically use the Schwinger-Keldysh (in-in) formalism to compute fixed time correlators:



u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

external legs

=

Z i1

�i1

ds1
2⇡i

. . .
dsn
2⇡i

du1

2⇡i

dū1

2⇡i
. . .

dum

2⇡i

dūm

2⇡i
<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

internal legs

legs
internalm

<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

1
2

3

4

n
<latexit sha1_base64="2x74p8aup2Fx1/sezyYZvDw2AKQ=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFRJbY9wV3bhswT6gDWUynbRjJ5MwMxFK6Be4caGIWz/JnX/jJA3i68CFwzn3cu89fsyoVJb1YZRWVtfWN8qbla3tnd296v5BV0aJwKSDIxaJvo8kYZSTjqKKkX4sCAp9Rnr+7Drze/dESBrxWzWPiReiCacBxUhpqc1H1ZplOg3LPXfgkrj1gjgutE0rRw0UaI2q78NxhJOQcIUZknJgW7HyUiQUxYwsKsNEkhjhGZqQgaYchUR6aX7oAp5oZQyDSOjiCubq94kUhVLOQ193hkhN5W8vE//zBokKXC+lPE4U4Xi5KEgYVBHMvoZjKghWbK4JwoLqWyGeIoGw0tlU8hAuMzhfL/8l3TPTrpv1dqPWvCriKIMjcAxOgQ0uQBPcgBboAAwIeABP4Nm4Mx6NF+N12VoyiplD8APG2ydx+o2D</latexit>

Bridging the Gap between AdS and dS

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

The key is to adopt a Mellin-Barnes representation in momentum space:

External leg           one Mellin variable, s
<latexit sha1_base64="5PuQMdTRRjt3uM+CdhTOkEmvR4s=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgKiQ1aLsrunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepX53TsqJIvCGzWLqRvgcch8RrDSUksOyxXbtBZAlll1ao5T1yRXPq0K5GgOy2+DUUSSgIaKcCxl37Zi5aZYKEY4nZcGiaQxJlM8pn1NQxxQ6aaLQ+foRCsj5EdCV6jQQv0+keJAylng6c4Aq4n87WXif14/UX7NTVkYJ4qGZLnITzhSEcq+RiMmKFF8pgkmgulbEZlggYnS2ZR0CJZZz3D+9fJf0qma9pnptJxK4zKPowhHcAynYMMFNOAamtAGAhTu4RGejFvjwXg2XpatBSOfOYQfMF4/ACYcjU8=</latexit>

two Mellin variables,Internal leg  u, ū
<latexit sha1_base64="v8p0qxwroKuVpwTT9/j+vlg2HG4=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwISFpa7W7ohuXFWwtpKFMppN26GQmzEyEEvoZblwo4tavceffOElL8XXgwuGce7n3niBmVGnH+bQKK6tr6xvFzdLW9s7uXnn/oKtEIjHpYMGE7AVIEUY56WiqGenFkqAoYOQ+mFxn/v0DkYoKfqenMfEjNOI0pBhpI3nJGUz7AZIwmQ3KFcd23Kpz3oCOXau6bqMJXdvJsSQVsEB7UP7oDwVOIsI1Zkgpz3Vi7adIaooZmZX6iSIxwhM0Ip6hHEVE+Wl+8gyeGGUIQyFNcQ1z9ftEiiKlplFgOiOkx+q3l4n/eV6iw0s/pTxONOF4vihMGNQCZv/DIZUEazY1BGFJza0Qj5FEWJuUSnkIzQyNv78vSbdquzW7fluvtK4WcRTBETgGp8AFF6AFbkAbdAAGAjyCZ/BiaevJerXe5q0FazFzCH7Aev8C4RORJA==</latexit>

For example: 



Bridging the Gap between AdS and dS

legs
internalm

<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

. . .
<latexit sha1_base64="a9hbPKvqXuVCCX47rtvaoTlFZv0=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFNy4r2Ae0oUwmk3bsJBNmboQS+g9uXCji1v9x5984SYOo9cCFwzn3cu89Xiy4Btv+tEpLyyura+X1ysbm1vZOdXevo2WiKGtTKaTqeUQzwSPWBg6C9WLFSOgJ1vUm15nffWBKcxndwTRmbkhGEQ84JWCkzkD4EvSwWrPrdg68SJyC1FCB1rD6MfAlTUIWARVE675jx+CmRAGngs0qg0SzmNAJGbG+oREJmXbT/NoZPjKKjwOpTEWAc/XnREpCraehZzpDAmP918vE/7x+AsGFm/IoToBFdL4oSAQGibPXsc8VoyCmhhCquLkV0zFRhIIJqJKHcJnh7PvlRdI5qTuNeuP2tNa8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL5a0nqxX623eWrKKmX30C9b7F9Tnj28=</latexit>

1 2 3 4 n
<latexit sha1_base64="2x74p8aup2Fx1/sezyYZvDw2AKQ=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFRJbY9wV3bhswT6gDWUynbRjJ5MwMxFK6Be4caGIWz/JnX/jJA3i68CFwzn3cu89fsyoVJb1YZRWVtfWN8qbla3tnd296v5BV0aJwKSDIxaJvo8kYZSTjqKKkX4sCAp9Rnr+7Drze/dESBrxWzWPiReiCacBxUhpqc1H1ZplOg3LPXfgkrj1gjgutE0rRw0UaI2q78NxhJOQcIUZknJgW7HyUiQUxYwsKsNEkhjhGZqQgaYchUR6aX7oAp5oZQyDSOjiCubq94kUhVLOQ193hkhN5W8vE//zBokKXC+lPE4U4Xi5KEgYVBHMvoZjKghWbK4JwoLqWyGeIoGw0tlU8hAuMzhfL/8l3TPTrpv1dqPWvCriKIMjcAxOgQ0uQBPcgBboAAwIeABP4Nm4Mx6NF+N12VoyiplD8APG2ydx+o2D</latexit>

. . .
<latexit sha1_base64="a9hbPKvqXuVCCX47rtvaoTlFZv0=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFNy4r2Ae0oUwmk3bsJBNmboQS+g9uXCji1v9x5984SYOo9cCFwzn3cu89Xiy4Btv+tEpLyyura+X1ysbm1vZOdXevo2WiKGtTKaTqeUQzwSPWBg6C9WLFSOgJ1vUm15nffWBKcxndwTRmbkhGEQ84JWCkzkD4EvSwWrPrdg68SJyC1FCB1rD6MfAlTUIWARVE675jx+CmRAGngs0qg0SzmNAJGbG+oREJmXbT/NoZPjKKjwOpTEWAc/XnREpCraehZzpDAmP918vE/7x+AsGFm/IoToBFdL4oSAQGibPXsc8VoyCmhhCquLkV0zFRhIIJqJKHcJnh7PvlRdI5qTuNeuP2tNa8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL5a0nqxX623eWrKKmX30C9b7F9Tnj28=</latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

=
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<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

=

Z i1

�i1

ds1
2⇡i

. . .
dsn
2⇡i

du1

2⇡i

dū1
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<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

legs
internalm

<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

1
2

3

4

n
<latexit sha1_base64="2x74p8aup2Fx1/sezyYZvDw2AKQ=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFRJbY9wV3bhswT6gDWUynbRjJ5MwMxFK6Be4caGIWz/JnX/jJA3i68CFwzn3cu89fsyoVJb1YZRWVtfWN8qbla3tnd296v5BV0aJwKSDIxaJvo8kYZSTjqKKkX4sCAp9Rnr+7Drze/dESBrxWzWPiReiCacBxUhpqc1H1ZplOg3LPXfgkrj1gjgutE0rRw0UaI2q78NxhJOQcIUZknJgW7HyUiQUxYwsKsNEkhjhGZqQgaYchUR6aX7oAp5oZQyDSOjiCubq94kUhVLOQ193hkhN5W8vE//zBokKXC+lPE4U4Xi5KEgYVBHMvoZjKghWbK4JwoLqWyGeIoGw0tlU8hAuMzhfL/8l3TPTrpv1dqPWvCriKIMjcAxOgQ0uQBPcgBboAAwIeABP4Nm4Mx6NF+N12VoyiplD8APG2ydx+o2D</latexit>

!?

The key is to adopt a Mellin-Barnes representation in momentum space:



Bridging the Gap between AdS and dS
Propagators in dS are given by their counter-parts in EAdS up to a phase 

m2R2 = �+�� + J
<latexit sha1_base64="Qhg07qyOiln9yRNZrJG4ED5qFIU=">AAACAnicbVDLSgMxFM3UV62vqitxEyyCUBwy01rtQijqQlxVsQ9opyWTZtrQzIMkI5RS3Pgrblwo4tavcOffOJ2W4uvA5R7OuZfkHjvgTCqEPrXE3PzC4lJyObWyura+kd7cqko/FIRWiM99UbexpJx5tKKY4rQeCIpdm9Oa3T8f+7U7KiTzvVs1CKjl4q7HHEawiqR2esdtmTct87R5QbnC7ey0H2av2ukM0pFhoqMCRHrONIxCERo6ijEjGTBFuZ3+aHZ8ErrUU4RjKRsGCpQ1xEIxwuko1QwlDTDp4y5tRNTDLpXWMD5hBPcjpQMdX0TlKRir3zeG2JVy4NrRpItVT/72xuJ/XiNUzok1ZF4QKuqRyUNOyKHy4TgP2GGCEsUHEcFEsOivkPSwwERFqaXiEIpjFP7ePiNVUzdyev46nymdTeNIgl2wBw6AAY5BCVyCMqgAAu7BI3gGL9qD9qS9am+T0YQ23dkGP6C9fwFBiZY1</latexit>

m2R2 = � (d��) + J
<latexit sha1_base64="K0AMm/2HBVkeId9q1UNO2ERutHM="></latexit>

exp
⇥
±
�
s+ 1

2

�
�� d

2

��
⇡i
⇤

<latexit sha1_base64="Xv6fmnipqPdvFLZ+ZI1gEvi3C3k="></latexit>

=<latexit sha1_base64="hbJZ2Rq4vdFIdgVXsNor2t2/hcs=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1atVa87RSv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/QullYz4</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

u, ū<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit> =exp [± (u� ū)⇡i]
<latexit sha1_base64="E0AVjJl82w/RPoyAtVgTCjuqZA0="></latexit>

=<latexit sha1_base64="hbJZ2Rq4vdFIdgVXsNor2t2/hcs=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1atVa87RSv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/QullYz4</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, J
<latexit sha1_base64="h9oSfw4qe4EoUXCn3f0QoWoC/KM=">AAAB8XicbVDLSgMxFM34rPVVdekmWARBGTJtrXZX1IW4qmAf2A4lk6ZtaCYzJBmhDP0LNy4UcevfuPNvzExL8XXgwuGce7n3Hi/kTGmEPq2FxaXlldXMWnZ9Y3NrO7ez21BBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN7pM/OYDlYoF4k6PQ+r6eCBYnxGsjXTfuaJc4+7xyU03l0c2cgrotAyRXSw4TrkCHRulmJM8mKHWzX10egGJfCo04ViptoNC7cZYakY4nWQ7kaIhJiM8oG1DBfapcuP04gk8NEoP9gNpSmiYqt8nYuwrNfY90+ljPVS/vUT8z2tHun/uxkyEkaaCTBf1Iw51AJP3YY9JSjQfG4KJZOZWSIZYYqJNSNk0hEqC8t/f56RRsJ2iXbot5asXszgyYB8cgCPggDNQBdegBuqAAAEewTN4sZT1ZL1ab9PWBWs2swd+wHr/AtIckIE=</latexit>

��, J
<latexit sha1_base64="hcCUaJqtUImTKjmbvjDPEoZzIQs=">AAAB8XicbVDLSgMxFM34rPVVdekmWAQXOmTaWu2uqAtxVcE+sB1KJk3b0ExmSDJCGfoXblwo4ta/ceffmJmW4uvAhcM593LvPV7ImdIIfVoLi0vLK6uZtez6xubWdm5nt6GCSBJaJwEPZMvDinImaF0zzWkrlBT7HqdNb3SZ+M0HKhULxJ0eh9T18UCwPiNYG+m+c0W5xt2T45tuLo9s5BTQaRkiu1hwnHIFOjZKMSd5MEOtm/vo9AIS+VRowrFSbQeF2o2x1IxwOsl2IkVDTEZ4QNuGCuxT5cbpxRN4aJQe7AfSlNAwVb9PxNhXaux7ptPHeqh+e4n4n9eOdP/cjZkII00FmS7qRxzqACbvwx6TlGg+NgQTycytkAyxxESbkLJpCJUE5b+/z0mjYDtFu3RbylcvZnFkwD44AEfAAWegCq5BDdQBAQI8gmfwYinryXq13qatC9ZsZg/8gPX+BdUokIM=</latexit>

in-in contour 

branch 

EAdS Harmonic function

EAdS bulk-boundary 
 propagator

dS bulk-boundary  
propagator

dS bulk-bulk  
propagator

m, J<latexit sha1_base64="potLE4Wrz3eGS7ssMzNsWO+8kWc=">AAAB7HicdVDLSgMxFM34rPVVdekmWAQXpUzqo+2u6EZcVXDaQjuUTJppQ5PMkGSEMvQb3LhQxK0f5M6/MdNWUNEDFw7n3Mu99wQxZ9q47oeztLyyurae28hvbm3v7Bb29ls6ShShHol4pDoB1pQzST3DDKedWFEsAk7bwfgq89v3VGkWyTsziakv8FCykBFsrOSJUq900y8U3bLrugghmBFUvXAtqddrFVSDKLMsimCBZr/w3htEJBFUGsKx1l3kxsZPsTKMcDrN9xJNY0zGeEi7lkosqPbT2bFTeGyVAQwjZUsaOFO/T6RYaD0Rge0U2Iz0by8T//K6iQlrfspknBgqyXxRmHBoIph9DgdMUWL4xBJMFLO3QjLCChNj88nbEL4+hf+TVqWMTsvnt2fFxuUijhw4BEfgBCBQBQ1wDZrAAwQw8ACewLMjnUfnxXmdty45i5kD8APO2yc8pI5U</latexit>

�, J
<latexit sha1_base64="FefrVLOivEHFkZZjf/ec8BobSdk=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBQwlJGtt6K+pBPFWwtdiEstlu2qWbTdjdCKX0X3jxoIhX/403/42btoKKPhh4vDfDzLwgYVQqy/owckvLK6tr+fXCxubW9k5xd68t41Rg0sIxi0UnQJIwyklLUcVIJxEERQEjt8HoPPNv74mQNOY3apwQP0IDTkOKkdLSnXdBmEJlr3zVK5Ys87ReddwqtEzLqtmOnRGn5lZcaGslQwks0OwV371+jNOIcIUZkrJrW4nyJ0goihmZFrxUkgThERqQrqYcRUT6k9nFU3iklT4MY6GLKzhTv09MUCTlOAp0Z4TUUP72MvEvr5uqsO5PKE9SRTieLwpTBlUMs/dhnwqCFRtrgrCg+laIh0ggrHRIBR3C16fwf9J2TLtinly7pcbZIo48OACH4BjYoAYa4BI0QQtgwMEDeALPhjQejRfjdd6aMxYz++AHjLdP4jmQaw==</latexit>

�, J
<latexit sha1_base64="FefrVLOivEHFkZZjf/ec8BobSdk=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBQwlJGtt6K+pBPFWwtdiEstlu2qWbTdjdCKX0X3jxoIhX/403/42btoKKPhh4vDfDzLwgYVQqy/owckvLK6tr+fXCxubW9k5xd68t41Rg0sIxi0UnQJIwyklLUcVIJxEERQEjt8HoPPNv74mQNOY3apwQP0IDTkOKkdLSnXdBmEJlr3zVK5Ys87ReddwqtEzLqtmOnRGn5lZcaGslQwks0OwV371+jNOIcIUZkrJrW4nyJ0goihmZFrxUkgThERqQrqYcRUT6k9nFU3iklT4MY6GLKzhTv09MUCTlOAp0Z4TUUP72MvEvr5uqsO5PKE9SRTieLwpTBlUMs/dhnwqCFRtrgrCg+laIh0ggrHRIBR3C16fwf9J2TLtinly7pcbZIo48OACH4BjYoAYa4BI0QQtgwMEDeALPhjQejRfjdd6aMxYz++AHjLdP4jmQaw==</latexit>

,

,

Provides a framework to extend existing techniques for Witten diagrams to de Sitter!
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Contact diagramsContact Amplitudes 

Starting point:



Contact diagrams

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

Establish Mellin-Barnes representation in momentum space1.

3.

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>
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<latexit sha1_base64="0PhXpaCmGRg69TXL0VeeJQ0NulY="></latexit>

+
<latexit sha1_base64="pXA/8fIRN+URJ4EwHP7lNDkb18w=">AAAB6HicbVDLSsNAFL2pr1pfVZduBosgCCWx4mNXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6NkzSIWg9cOJxzL/fe40WcKW3bn1ZhaXllda24XtrY3NreKe/utVUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTW5Sv/NApWKhuNPTiLoBHgnmM4K1kZong3LFrtoZ0CJxclKBHI1B+aM/DEkcUKEJx0r1HDvSboKlZoTTWakfKxphMsEj2jNU4IAqN8kOnaEjowyRH0pTQqNM/TmR4ECpaeCZzgDrsfrrpeJ/Xi/W/qWbMBHFmgoyX+THHOkQpV+jIZOUaD41BBPJzK2IjLHERJtsSlkIVynOv19eJO3TqlOr1ppnlfp1HkcRDuAQjsGBC6jDLTSgBQQoPMIzvFj31pP1ar3NWwtWPrMPv2C9fwGKTYzm</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

Full contact diagram:

These rules hold for particles of any spin and any mass, but for now we shall focus on scalars…  

Contact Amplitudes: Strategy 

2. Convert each external leg to a propagator in dS by multiplying with the appropriate phase:

time-ordered 

(+) branch

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>
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<latexit sha1_base64="XrLTuX63Iq7WZPfWhynlKIUSYoI="></latexit>

anti-time-ordered

 (-) branch

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>
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<latexit sha1_base64="tPoQAyhChAPX5kTTvKrCQadbzyM="></latexit>



Contact diagrams

The connection to the bulk is manifest!

Bulk-boundary propagator 
in Poincaré coordinates:

AdS 3pt contact amplitude of generic scalars

external legsbulk integration

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>
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<latexit sha1_base64="zAF2mRLbvtcBtbqUVlY76cJRUE0="></latexit>

/
<latexit sha1_base64="9gDeGU0wxwA9t1iD91UzRP8yc2Q=">AAAB7nicbVDLSsNAFJ3UV62vqks3wSK4KomKj13RjcsK9gFtKJPppB06mRlmboQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89oeLMgOd9OqWl5ZXVtfJ6ZWNza3unurvXNjLRhLaI5FJ3Q2woZ4K2gAGnXaUpjkNOO+HkJvM7D1QbJsU9TBUNYjwSLGIEg5U6faWlAjmo1ry6l8NdJH5BaqhAc1D96A8lSWIqgHBsTM/3FAQp1sAIp7NKPzFUYTLBI9qzVOCYmiDNz525R1YZupHUtgS4ufpzIsWxMdM4tJ0xhrH562Xif14vgegySJlQCVBB5ouihLsg3ex3d8g0JcCnlmCimb3VJWOsMQGbUCUP4SrD+ffLi6R9UvdP66d3Z7XGdRFHGR2gQ3SMfHSBGugWNVELETRBj+gZvTjKeXJenbd5a8kpZvbRLzjvX7ujj/c=</latexit>
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<latexit sha1_base64="HrD/ytVFVIX7VZ4YCPSetR0T8IA="></latexit>

Bulk integration is encoded in a Dirac delta function:

Contact Amplitudes 

�1, 0
<latexit sha1_base64="vSUHxohVQ+vi/PPfvMvswmSFihU=">AAAB83icbVDLSsNAFJ34rPVVdekmWAQXJSQ1aLsr6sJlBfuAJpTJ9KYdOpmEmYlQSn/DjQtF3Poz7vwbJ20UXwcuHM65l3vvCRJGpbLtd2NpeWV1bb2wUdzc2t7ZLe3tt2WcCgItErNYdAMsgVEOLUUVg24iAEcBg04wvsz8zh0ISWN+qyYJ+BEechpSgpWWPO8KmMJ9p+JV7H6p7Fj2HKZtVd2a69Y1yZVPq4xyNPulN28QkzQCrgjDUvYcO1H+FAtFCYNZ0UslJJiM8RB6mnIcgfSn85tn5rFWBmYYC11cmXP1+8QUR1JOokB3RliN5G8vE//zeqkKa/6U8iRVwMliUZgyU8VmFoA5oAKIYhNNMBFU32qSERaYKB1TUYdgW/UMZ18v/yXtquWcWu6NW25c5HEU0CE6QifIQeeoga5RE7UQQQm6R4/oyUiNB+PZeFm0Lhn5zAH6AeP1A8tOkQQ=</latexit>

�2, 0
<latexit sha1_base64="MxeSmrp622fVhqseB73HtPBpmtE=">AAAB83icbVDLSsNAFJ34rPVVdelmsAguSkhq0HZX1IXLCvYBTSiT6U07dPJgZiKU0t9w40IRt/6MO//GSRvF14ELh3Pu5d57/IQzqSzr3VhaXlldWy9sFDe3tnd2S3v7bRmngkKLxjwWXZ9I4CyClmKKQzcRQEKfQ8cfX2Z+5w6EZHF0qyYJeCEZRixglCgtue4VcEX61Ypbsfqlsm1ac2DLrDo1x6lrkiufVhnlaPZLb+4gpmkIkaKcSNmzrUR5UyIUoxxmRTeVkBA6JkPoaRqREKQ3nd88w8daGeAgFroihefq94kpCaWchL7uDIkayd9eJv7n9VIV1Lwpi5JUQUQXi4KUYxXjLAA8YAKo4hNNCBVM34rpiAhClY6pqEOwzHqGs6+X/5J21bRPTefGKTcu8jgK6BAdoRNko3PUQNeoiVqIogTdo0f0ZKTGg/FsvCxal4x85gD9gPH6AczWkQU=</latexit>

�3, 0
<latexit sha1_base64="7a+KgHba/pTgvkCb7+wqxEhYKio=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp103nxqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDOXpEG</latexit>

z
<latexit sha1_base64="bKuViyd9si9fDI8jevuH478JfcM=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmQg19AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSaFFQx7KrkcUcCagpZnm0I0kkMDj0PEm16nfuQepWChu9TQCNyAjwXxGiTZS82FQrthVOwNeJE5OKihHY1D+6A9DGgcgNOVEqZ5jR9pNiNSMcpiV+rGCiNAJGUHPUEECUG6SHTrDR0YZYj+UpoTGmfpzIiGBUtPAM50B0WP110vF/7xerP0LN2EiijUIOl/kxxzrEKdf4yGTQDWfGkKoZOZWTMdEEqpNNqUshMsUZ98vL5L2SdU5rdaatUr9Ko+jiA7QITpGDjpHdXSDGqiFKAL0iJ7Ri3VnPVmv1tu8tWDlM/voF6z3LwJqjTY=</latexit>
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<latexit sha1_base64="quZDmpD3QNRAsxKodJBhak3nQKo="></latexit>

Modified Bessel function 

of the second kind

�, 0
<latexit sha1_base64="EgCbPQLxf13Q4HuzCQaPcOYCfCA=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwUUJSg7a7oi5cVrAPbEKZTCft0MkkzEyEEvoXblwo4ta/ceffOGmj+Dpw4XDOvdx7jx8zKpVlvRuFpeWV1bXiemljc2t7p7y715FRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nI/O4dEZJG/EZNY+KFaMRpQDFSWrp1LwlTqOpWrUG5YpvWHNAya07dcRqa5MqnVQE5WoPymzuMcBISrjBDUvZtK1ZeioSimJFZyU0kiRGeoBHpa8pRSKSXzi+ewSOtDGEQCV1cwbn6fSJFoZTT0NedIVJj+dvLxP+8fqKCupdSHieKcLxYFCQMqghm78MhFQQrNtUEYUH1rRCPkUBY6ZBKOgTLbGQ4/Xr5L+nUTPvEdK6dSvM8j6MIDsAhOAY2OANNcAVaoA0w4OAePIInQxoPxrPxsmgtGPnMPvgB4/UDn+aQYA==</latexit>

�j =
d

2
+ i⌫j

<latexit sha1_base64="4v0Yhr1S/xltz1HXlCjcP7NHb9E=">AAACBHicbVDLSsNAFJ3UV62vqstuBosgCCXpS7sQirpwWcE+oClhMpm0004mYWYilNCFG3/FjQtF3PoR7vwbpw/weeDC4Zx7ufceN2JUKtP8MFJLyyura+n1zMbm1vZOdnevJcNYYNLEIQtFx0WSMMpJU1HFSCcSBAUuI213dDH127dESBryGzWOSC9AfU59ipHSkpPN2ZeEKeQMz2xfIJx4k6Q4OaY2j52hk82bhUq5VixV4JxUzQUpV6FVMGfIgwUaTvbd9kIcB4QrzJCUXcuMVC9BQlHMyCRjx5JECI9Qn3Q15SggspfMnpjAQ6140A+FLq7gTP0+kaBAynHg6s4AqYH87U3F/7xurPzTXkJ5FCvC8XyRHzOoQjhNBHpUEKzYWBOEBdW3QjxAOgylc8vMQqhN8fXyX9IqFqxSoXxdztfPF3GkQQ4cgCNggRNQB1egAZoAgzvwAJ7As3FvPBovxuu8NWUsZvbBDxhvn0cumKs=</latexit>

m2
jR

2 = �j (�j � d)
<latexit sha1_base64="o1/LnF0uWIvKpo4W3ec7/UXBcTA=">AAACFHicdVDJSgNBEO1xjXGLevTSGARFDJNE0RwEUQ8eoxgVMnHo6dQknfQsdNcIIfgRXvwVLx4U8erBm39jZxFcHxS8fq+KrnpeLIVG2363RkbHxicmU1Pp6ZnZufnMwuK5jhLFocIjGalLj2mQIoQKCpRwGStggSfhwmsf9vyLa1BaROEZdmKoBawRCl9whkZyMxvBVcFt0dOrAt2jzhFIZG7LkeDj2udrs+4o0WjiupvJ2rmt0q5dLNHfJJ+z+8iSIcpu5s2pRzwJIEQumdbVvB1jrcsUCi7hJu0kGmLG26wBVUNDFoCudftH3dBVo9SpHylTIdK++nWiywKtO4FnOgOGTf3T64l/edUE/d1aV4RxghDywUd+IilGtJcQrQsFHGXHEMaVMLtS3mSKcTQ5pk0In5fS/8l5IZcv5rZPtrL7B8M4UmSZrJA1kic7ZJ8ckzKpEE5uyT15JE/WnfVgPVsvg9YRazizRL7Bev0A30ediQ==</latexit>

The sum of the Mellin variables is thus conserved: s1 + s2 + s3 =
d

4
<latexit sha1_base64="dmB/PXTdM3MqDnJ/v5kHSzvVzu4=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARBCEkbcV2IRTduKxgH9CGMJlM2qGTSZiZCCVk46+4caGIWz/DnX/j9CH4PHDhcM693HuPnzAqlW2/GwuLS8srq4W14vrG5ta2ubPblnEqMGnhmMWi6yNJGOWkpahipJsIgiKfkY4/upz4nVsiJI35jRonxI3QgNOQYqS05Jn70nNOpFfWVTnvhwLhLMizau6ZJduq1mt2pQ5/E8eypyiBOZqe+dYPYpxGhCvMkJQ9x06UmyGhKGYkL/ZTSRKER2hAeppyFBHpZtMHcniklQCGsdDFFZyqXycyFEk5jnzdGSE1lD+9ifiX10tVWHMzypNUEY5ni8KUQRXDSRowoIJgxcaaICyovhXiIdIpKJ1ZUYfw+Sn8n7TLllOxTq+rpcbFPI4COACH4Bg44Aw0wBVoghbAIAf34BE8GXfGg/FsvMxaF4z5zB74BuP1Awsflho=</latexit>

ds2 = R2 dz
2 + dy2

z2
<latexit sha1_base64="HOLF9OUr+6mSV1YSzAJOckEIwtI="></latexit>



The full amplitude is the sum: 

Contact Amplitudes 

The overall phase for each branch is constant, since

± branch
<latexit sha1_base64="QoHJWFSUfZdIMVz1eEZamJF+lpE=">AAAB/HicbVDLSsNAFJ3UV62vapduBovgQkrS1tbuim5cVrAPaEqZTKft0MkkzNyIJdRfceNCEbd+iDv/xiQN4uvAhcM593LvPY4vuAbT/DAyK6tr6xvZzdzW9s7uXn7/oKO9QFHWpp7wVM8hmgkuWRs4CNbzFSOuI1jXmV3GfveWKc09eQNznw1cMpF8zCmBSBrmC7bv2qfYBnYHoaOIpNPFMF80S7VKvdpo4ISclWspscrYKpkJiihFa5h/t0ceDVwmgQqidd8yfRiERAGngi1ydqCZT+iMTFg/opK4TA/C5PgFPo6UER57KioJOFG/T4TE1XruOlGnS2Cqf3ux+J/XD2B8Pgi59ANgki4XjQOBwcNxEnjEFaMg5hEhVPHoVkynRBEKUV65JIRGjNrXy39Jp1yyKqXKdbXYvEjjyKJDdIROkIXqqImuUAu1EUVz9ICe0LNxbzwaL8brsjVjpDMF9APG2ydYWZVj</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>
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<latexit sha1_base64="h7jeVcq35VMLZwVSvxc7U2f6Wrc="></latexit>
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<latexit sha1_base64="ebyr4xwimZ2U6jUedF4XP8sGdhE="></latexit>

d
2 � 2 (s1 + s2 + s3) = 0

<latexit sha1_base64="csxBXPMKXu/Z+4VsItsdIVvEU9k="></latexit>

(bulk integration)
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<latexit sha1_base64="xupVfXtyCaeh3BY0sYl/lcZBuDQ="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

�1, 0
<latexit sha1_base64="vSUHxohVQ+vi/PPfvMvswmSFihU=">AAAB83icbVDLSsNAFJ34rPVVdekmWAQXJSQ1aLsr6sJlBfuAJpTJ9KYdOpmEmYlQSn/DjQtF3Poz7vwbJ20UXwcuHM65l3vvCRJGpbLtd2NpeWV1bb2wUdzc2t7ZLe3tt2WcCgItErNYdAMsgVEOLUUVg24iAEcBg04wvsz8zh0ISWN+qyYJ+BEechpSgpWWPO8KmMJ9p+JV7H6p7Fj2HKZtVd2a69Y1yZVPq4xyNPulN28QkzQCrgjDUvYcO1H+FAtFCYNZ0UslJJiM8RB6mnIcgfSn85tn5rFWBmYYC11cmXP1+8QUR1JOokB3RliN5G8vE//zeqkKa/6U8iRVwMliUZgyU8VmFoA5oAKIYhNNMBFU32qSERaYKB1TUYdgW/UMZ18v/yXtquWcWu6NW25c5HEU0CE6QifIQeeoga5RE7UQQQm6R4/oyUiNB+PZeFm0Lhn5zAH6AeP1A8tOkQQ=</latexit>

�2, 0
<latexit sha1_base64="MxeSmrp622fVhqseB73HtPBpmtE=">AAAB83icbVDLSsNAFJ34rPVVdelmsAguSkhq0HZX1IXLCvYBTSiT6U07dPJgZiKU0t9w40IRt/6MO//GSRvF14ELh3Pu5d57/IQzqSzr3VhaXlldWy9sFDe3tnd2S3v7bRmngkKLxjwWXZ9I4CyClmKKQzcRQEKfQ8cfX2Z+5w6EZHF0qyYJeCEZRixglCgtue4VcEX61Ypbsfqlsm1ac2DLrDo1x6lrkiufVhnlaPZLb+4gpmkIkaKcSNmzrUR5UyIUoxxmRTeVkBA6JkPoaRqREKQ3nd88w8daGeAgFroihefq94kpCaWchL7uDIkayd9eJv7n9VIV1Lwpi5JUQUQXi4KUYxXjLAA8YAKo4hNNCBVM34rpiAhClY6pqEOwzHqGs6+X/5J21bRPTefGKTcu8jgK6BAdoRNko3PUQNeoiVqIogTdo0f0ZKTGg/FsvCxal4x85gD9gPH6AczWkQU=</latexit>

�3, 0
<latexit sha1_base64="7a+KgHba/pTgvkCb7+wqxEhYKio=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp103nxqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDOXpEG</latexit>

�1, 0
<latexit sha1_base64="vSUHxohVQ+vi/PPfvMvswmSFihU=">AAAB83icbVDLSsNAFJ34rPVVdekmWAQXJSQ1aLsr6sJlBfuAJpTJ9KYdOpmEmYlQSn/DjQtF3Poz7vwbJ20UXwcuHM65l3vvCRJGpbLtd2NpeWV1bb2wUdzc2t7ZLe3tt2WcCgItErNYdAMsgVEOLUUVg24iAEcBg04wvsz8zh0ISWN+qyYJ+BEechpSgpWWPO8KmMJ9p+JV7H6p7Fj2HKZtVd2a69Y1yZVPq4xyNPulN28QkzQCrgjDUvYcO1H+FAtFCYNZ0UslJJiM8RB6mnIcgfSn85tn5rFWBmYYC11cmXP1+8QUR1JOokB3RliN5G8vE//zeqkKa/6U8iRVwMliUZgyU8VmFoA5oAKIYhNNMBFU32qSERaYKB1TUYdgW/UMZ18v/yXtquWcWu6NW25c5HEU0CE6QifIQeeoga5RE7UQQQm6R4/oyUiNB+PZeFm0Lhn5zAH6AeP1A8tOkQQ=</latexit>

�2, 0
<latexit sha1_base64="MxeSmrp622fVhqseB73HtPBpmtE=">AAAB83icbVDLSsNAFJ34rPVVdelmsAguSkhq0HZX1IXLCvYBTSiT6U07dPJgZiKU0t9w40IRt/6MO//GSRvF14ELh3Pu5d57/IQzqSzr3VhaXlldWy9sFDe3tnd2S3v7bRmngkKLxjwWXZ9I4CyClmKKQzcRQEKfQ8cfX2Z+5w6EZHF0qyYJeCEZRixglCgtue4VcEX61Ypbsfqlsm1ac2DLrDo1x6lrkiufVhnlaPZLb+4gpmkIkaKcSNmzrUR5UyIUoxxmRTeVkBA6JkPoaRqREKQ3nd88w8daGeAgFroihefq94kpCaWchL7uDIkayd9eJv7n9VIV1Lwpi5JUQUQXi4KUYxXjLAA8YAKo4hNNCBVM34rpiAhClY6pqEOwzHqGs6+X/5J21bRPTefGKTcu8jgK6BAdoRNko3PUQNeoiVqIogTdo0f0ZKTGg/FsvCxal4x85gD9gPH6AczWkQU=</latexit>

�3, 0
<latexit sha1_base64="7a+KgHba/pTgvkCb7+wqxEhYKio=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp103nxqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDOXpEG</latexit>

dS 3pt contact amplitude of generic scalars
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<latexit sha1_base64="L4PLnR50NLNGJx2nHrSzhtugZJY="></latexit>

interference factor

+

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

�1, 0
<latexit sha1_base64="vSUHxohVQ+vi/PPfvMvswmSFihU=">AAAB83icbVDLSsNAFJ34rPVVdekmWAQXJSQ1aLsr6sJlBfuAJpTJ9KYdOpmEmYlQSn/DjQtF3Poz7vwbJ20UXwcuHM65l3vvCRJGpbLtd2NpeWV1bb2wUdzc2t7ZLe3tt2WcCgItErNYdAMsgVEOLUUVg24iAEcBg04wvsz8zh0ISWN+qyYJ+BEechpSgpWWPO8KmMJ9p+JV7H6p7Fj2HKZtVd2a69Y1yZVPq4xyNPulN28QkzQCrgjDUvYcO1H+FAtFCYNZ0UslJJiM8RB6mnIcgfSn85tn5rFWBmYYC11cmXP1+8QUR1JOokB3RliN5G8vE//zeqkKa/6U8iRVwMliUZgyU8VmFoA5oAKIYhNNMBFU32qSERaYKB1TUYdgW/UMZ18v/yXtquWcWu6NW25c5HEU0CE6QifIQeeoga5RE7UQQQm6R4/oyUiNB+PZeFm0Lhn5zAH6AeP1A8tOkQQ=</latexit>

�2, 0
<latexit sha1_base64="MxeSmrp622fVhqseB73HtPBpmtE=">AAAB83icbVDLSsNAFJ34rPVVdelmsAguSkhq0HZX1IXLCvYBTSiT6U07dPJgZiKU0t9w40IRt/6MO//GSRvF14ELh3Pu5d57/IQzqSzr3VhaXlldWy9sFDe3tnd2S3v7bRmngkKLxjwWXZ9I4CyClmKKQzcRQEKfQ8cfX2Z+5w6EZHF0qyYJeCEZRixglCgtue4VcEX61Ypbsfqlsm1ac2DLrDo1x6lrkiufVhnlaPZLb+4gpmkIkaKcSNmzrUR5UyIUoxxmRTeVkBA6JkPoaRqREKQ3nd88w8daGeAgFroihefq94kpCaWchL7uDIkayd9eJv7n9VIV1Lwpi5JUQUQXi4KUYxXjLAA8YAKo4hNNCBVM34rpiAhClY6pqEOwzHqGs6+X/5J21bRPTefGKTcu8jgK6BAdoRNko3PUQNeoiVqIogTdo0f0ZKTGg/FsvCxal4x85gD9gPH6AczWkQU=</latexit>

�3, 0
<latexit sha1_base64="7a+KgHba/pTgvkCb7+wqxEhYKio=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp103nxqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDOXpEG</latexit>

�1, 0
<latexit sha1_base64="vSUHxohVQ+vi/PPfvMvswmSFihU=">AAAB83icbVDLSsNAFJ34rPVVdekmWAQXJSQ1aLsr6sJlBfuAJpTJ9KYdOpmEmYlQSn/DjQtF3Poz7vwbJ20UXwcuHM65l3vvCRJGpbLtd2NpeWV1bb2wUdzc2t7ZLe3tt2WcCgItErNYdAMsgVEOLUUVg24iAEcBg04wvsz8zh0ISWN+qyYJ+BEechpSgpWWPO8KmMJ9p+JV7H6p7Fj2HKZtVd2a69Y1yZVPq4xyNPulN28QkzQCrgjDUvYcO1H+FAtFCYNZ0UslJJiM8RB6mnIcgfSn85tn5rFWBmYYC11cmXP1+8QUR1JOokB3RliN5G8vE//zeqkKa/6U8iRVwMliUZgyU8VmFoA5oAKIYhNNMBFU32qSERaYKB1TUYdgW/UMZ18v/yXtquWcWu6NW25c5HEU0CE6QifIQeeoga5RE7UQQQm6R4/oyUiNB+PZeFm0Lhn5zAH6AeP1A8tOkQQ=</latexit>

�2, 0
<latexit sha1_base64="MxeSmrp622fVhqseB73HtPBpmtE=">AAAB83icbVDLSsNAFJ34rPVVdelmsAguSkhq0HZX1IXLCvYBTSiT6U07dPJgZiKU0t9w40IRt/6MO//GSRvF14ELh3Pu5d57/IQzqSzr3VhaXlldWy9sFDe3tnd2S3v7bRmngkKLxjwWXZ9I4CyClmKKQzcRQEKfQ8cfX2Z+5w6EZHF0qyYJeCEZRixglCgtue4VcEX61Ypbsfqlsm1ac2DLrDo1x6lrkiufVhnlaPZLb+4gpmkIkaKcSNmzrUR5UyIUoxxmRTeVkBA6JkPoaRqREKQ3nd88w8daGeAgFroihefq94kpCaWchL7uDIkayd9eJv7n9VIV1Lwpi5JUQUQXi4KUYxXjLAA8YAKo4hNNCBVM34rpiAhClY6pqEOwzHqGs6+X/5J21bRPTefGKTcu8jgK6BAdoRNko3PUQNeoiVqIogTdo0f0ZKTGg/FsvCxal4x85gD9gPH6AczWkQU=</latexit>

�3, 0
<latexit sha1_base64="7a+KgHba/pTgvkCb7+wqxEhYKio=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp103nxqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDOXpEG</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

�1, 0
<latexit sha1_base64="vSUHxohVQ+vi/PPfvMvswmSFihU=">AAAB83icbVDLSsNAFJ34rPVVdekmWAQXJSQ1aLsr6sJlBfuAJpTJ9KYdOpmEmYlQSn/DjQtF3Poz7vwbJ20UXwcuHM65l3vvCRJGpbLtd2NpeWV1bb2wUdzc2t7ZLe3tt2WcCgItErNYdAMsgVEOLUUVg24iAEcBg04wvsz8zh0ISWN+qyYJ+BEechpSgpWWPO8KmMJ9p+JV7H6p7Fj2HKZtVd2a69Y1yZVPq4xyNPulN28QkzQCrgjDUvYcO1H+FAtFCYNZ0UslJJiM8RB6mnIcgfSn85tn5rFWBmYYC11cmXP1+8QUR1JOokB3RliN5G8vE//zeqkKa/6U8iRVwMliUZgyU8VmFoA5oAKIYhNNMBFU32qSERaYKB1TUYdgW/UMZ18v/yXtquWcWu6NW25c5HEU0CE6QifIQeeoga5RE7UQQQm6R4/oyUiNB+PZeFm0Lhn5zAH6AeP1A8tOkQQ=</latexit>

�2, 0
<latexit sha1_base64="MxeSmrp622fVhqseB73HtPBpmtE=">AAAB83icbVDLSsNAFJ34rPVVdelmsAguSkhq0HZX1IXLCvYBTSiT6U07dPJgZiKU0t9w40IRt/6MO//GSRvF14ELh3Pu5d57/IQzqSzr3VhaXlldWy9sFDe3tnd2S3v7bRmngkKLxjwWXZ9I4CyClmKKQzcRQEKfQ8cfX2Z+5w6EZHF0qyYJeCEZRixglCgtue4VcEX61Ypbsfqlsm1ac2DLrDo1x6lrkiufVhnlaPZLb+4gpmkIkaKcSNmzrUR5UyIUoxxmRTeVkBA6JkPoaRqREKQ3nd88w8daGeAgFroihefq94kpCaWchL7uDIkayd9eJv7n9VIV1Lwpi5JUQUQXi4KUYxXjLAA8YAKo4hNNCBVM34rpiAhClY6pqEOwzHqGs6+X/5J21bRPTefGKTcu8jgK6BAdoRNko3PUQNeoiVqIogTdo0f0ZKTGg/FsvCxal4x85gD9gPH6AczWkQU=</latexit>

�3, 0
<latexit sha1_base64="7a+KgHba/pTgvkCb7+wqxEhYKio=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp103nxqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDOXpEG</latexit>



s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

d
2 � 2 (s1 + s2 + . . .+ sn) = 0

<latexit sha1_base64="CQ7m7RV1KI+mQTt8b/iXqNbR7fg="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

The full amplitude is the sum: 

Contact Amplitudes 

The overall phase for each branch is constant, since

± branch
<latexit sha1_base64="QoHJWFSUfZdIMVz1eEZamJF+lpE=">AAAB/HicbVDLSsNAFJ3UV62vapduBovgQkrS1tbuim5cVrAPaEqZTKft0MkkzNyIJdRfceNCEbd+iDv/xiQN4uvAhcM593LvPY4vuAbT/DAyK6tr6xvZzdzW9s7uXn7/oKO9QFHWpp7wVM8hmgkuWRs4CNbzFSOuI1jXmV3GfveWKc09eQNznw1cMpF8zCmBSBrmC7bv2qfYBnYHoaOIpNPFMF80S7VKvdpo4ISclWspscrYKpkJiihFa5h/t0ceDVwmgQqidd8yfRiERAGngi1ydqCZT+iMTFg/opK4TA/C5PgFPo6UER57KioJOFG/T4TE1XruOlGnS2Cqf3ux+J/XD2B8Pgi59ANgki4XjQOBwcNxEnjEFaMg5hEhVPHoVkynRBEKUV65JIRGjNrXy39Jp1yyKqXKdbXYvEjjyKJDdIROkIXqqImuUAu1EUVz9ICe0LNxbzwaL8brsjVjpDMF9APG2ydYWZVj</latexit>

= ±i exp
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<latexit sha1_base64="h7jeVcq35VMLZwVSvxc7U2f6Wrc="></latexit>
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<latexit sha1_base64="ebyr4xwimZ2U6jUedF4XP8sGdhE="></latexit>

(bulk integration)

⌥ i⇡

2

0

@�d+
3X

j=1

�j

1

A

<latexit sha1_base64="xupVfXtyCaeh3BY0sYl/lcZBuDQ="></latexit>

dS 3pt contact amplitude of generic scalars

= sin
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3X

j=1
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5

<latexit sha1_base64="L4PLnR50NLNGJx2nHrSzhtugZJY="></latexit>

interference factor

+

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

sn
<latexit sha1_base64="ecB2Cy7FPUMavJLslZssui/AZxA=">AAAB6nicbVDLSsNAFL2pr1pfVZdugkVwFZI2aLsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI3i68CFwzn3cu89fsyoVLb9bhRWVtfWN4qbpa3tnd298v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+9DLzu3dESBrxWzWLiReiMacBxUhp6UYO+bBccSx7AdO2qm7ddRua5MqnVYEcrWH5bTCKcBISrjBDUvYdO1ZeioSimJF5aZBIEiM8RWPS15SjkEgvXZw6N0+0MjKDSOjiylyo3ydSFEo5C33dGSI1kb+9TPzP6ycqqHsp5XGiCMfLRUHCTBWZ2d/miAqCFZtpgrCg+lYTT5BAWOl0SjoE22pkOPt6+S/pVC2nZtWu3UrzIo+jCEdwDKfgwDk04Qpa0AYMY7iHR3gymPFgPBsvy9aCkc8cwg8Yrx+nnI4v</latexit>

n

n

n

n



Exchange Amplitudes 

?

3pt diagrams are the basic building blocks from which we construct 
4pt exchanges

… we just need to figure out the rules to glue them together.



Exchange Amplitudes 

Harmonic 
analysis

Through the Mellin-Barnes representation this can be adapted to dS!

3pt diagrams are the basic building blocks from which we construct 
4pt exchanges



Expand in complete basis of orthogonal Eigenfunctions of the AdSd+1 Laplacian                  

⌦⌫,J (x1;x2)
<latexit sha1_base64="b5Tkui+rABaCw6qlxBsO6MTeZww="></latexit>

AdS radius
spectral


parameter
spin

Harmonic Analysis in EAdSd+1

The Spectral integral implements the Dirichlet boundary condition: 

bulk-to-bulk propagator for a spin-J field m2R2 = � (�+�� + J)
<latexit sha1_base64="NlXEOTlvtF/8t0LanupXDpEA290=">AAACEHicbVA9SwNBEN3z2/gVtbQ5DKISDHdR0EYIaiFWUUwM5M6wt5lLFvc+2J0TwpGfYONfsbFQxNbSzn/jJrlCjQ+Gebw3w+48LxZcoWV9GROTU9Mzs3PzuYXFpeWV/OpaXUWJZFBjkYhkw6MKBA+hhhwFNGIJNPAE3Hh3pwP/5h6k4lF4jb0Y3IB2Qu5zRlFLrfx2cFu+ui0f7zkCfNxxzkAgbRWzvle8cCTvdHG3lS9YJWsIc5zYGSmQDNVW/tNpRywJIEQmqFJN24rRTalEzgT0c06iIKbsjnagqWlIA1BuOjyob25ppW36kdQVojlUf26kNFCqF3h6MqDYVX+9gfif10zQP3JTHsYJQshGD/mJMDEyB+mYbS6BoehpQpnk+q8m61JJGeoMczoE++/J46ReLtn7pfLlQaFyksUxRzbIJtkhNjkkFXJOqqRGGHkgT+SFvBqPxrPxZryPRieMbGed/ILx8Q0jD5tn</latexit>

, generic mass

�+ +�� = d, �+ � ��
<latexit sha1_base64="dKTlkOZSqWSBgiBQnz80cusdHgw=">AAACGnicdVDJSgNBEO2JW4xb1KOXxiAIMWEmCZgchKAePEYwC2RC6OmpJE16lnT3CCHkO7z4K148KOJNvPg3djZwfVDw+r0quuo5IWdSmeaHEVtaXlldi68nNja3tneSu3s1GUSCQpUGPBANh0jgzIeqYopDIxRAPIdD3elfTPz6LQjJAv9GDUNoeaTrsw6jRGmpnbTsS+CKtNPpOcmcuSfYHkTExQsL210YLF6ZdjJlZgulopkv4d/EyppTpNAclXbyzXYDGnngK8qJlE3LDFVrRIRilMM4YUcSQkL7pAtNTX3igWyNpqeN8ZFWXNwJhC5f4an6dWJEPCmHnqM7PaJ68qc3Ef/ympHqFFsj5oeRAp/OPupEHKsAT3LCLhNAFR9qQqhgeldMe0QQqnSaCR3C4lL8P6nlslY+m7supMrn8zji6AAdomNkoVNURleogqqIojv0gJ7Qs3FvPBovxuusNWbMZ/bRNxjvn4a/n1g=</latexit>

'
<latexit sha1_base64="QZcpekEtc2Wy5Mwcf8DSZCe0z0o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewa8XELevEYwTwgWcLsZDYZMjs7zMwGQshHePGgiFe/x5t/4+xmETUWNBRV3XR3BZIzbVz30ymsrK6tbxQ3S1vbO7t75f2Dlo4TRWiTxDxWnQBrypmgTcMMpx2pKI4CTtvB+Db12xOqNIvFg5lK6kd4KFjICDZWavcmWMkR65crbtXNgJaJl5MK5Gj0yx+9QUySiApDONa667nS+DOsDCOczku9RFOJyRgPaddSgSOq/Vl27hydWGWAwljZEgZl6s+JGY60nkaB7YywGem/Xir+53UTE175MyZkYqggi0VhwpGJUfo7GjBFieFTSzBRzN6KyAgrTIxNqJSFcJ3i4vvlZdI6q3q1au3+vFK/yeMowhEcwyl4cAl1uIMGNIHAGB7hGV4c6Tw5r87borXg5DOH8AvO+xeUEo/d</latexit>

:

Z 1

�1
d⌫

<latexit sha1_base64="jkw6yErLK8VcaeBoPCOGjs07HWU=">AAACAnicbVDLSgMxFM34rPVVdSVugkVw4zDT1mp3RTcuK9gHtLVk0kwbmskMyR2hDMWNv+LGhSJu/Qp3/o3pg+LrwL0czrmX5B4vElyD43xaC4tLyyurqbX0+sbm1nZmZ7emw1hRVqWhCFXDI5oJLlkVOAjWiBQjgSdY3Rtcjv36HVOah/IGhhFrB6Qnuc8pASN1MvstLuHWNB+GneRkSkbdlow7maxjO27OOS1ix87nXLdYwq7tTDAnWTRDpZP5aHVDGgdMAhVE66brRNBOiAJOBRulW7FmEaED0mNNQyUJmG4nkxNG+MgoXeyHypQEPFG/byQk0HoYeGYyINDXv72x+J/XjME/bydcRjEwSacP+bHAEOJxHrjLFaMghoYQqrj5K6Z9oggFk1p6EkJpjOLf2+eklrPdvF24LmTLF7M4UugAHaJj5KIzVEZXqIKqiKJ79Iie0Yv1YD1Zr9bbdHTBmu3soR+w3r8AZuCYOg==</latexit>

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="sTK/AfUXiiQwAhdpnZtMgIlGJbE="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> .

(harmonic functions of spin < J) 
Contact terms

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

⌦⌫,J (x1;x2)
<latexit sha1_base64="b5Tkui+rABaCw6qlxBsO6MTeZww="></latexit>

which is violated by a single harmonic function: shadow operator

lim
z!0

' (z,y) = O�+,J (y) z�+�J

<latexit sha1_base64="LBAmS0b5eVohiqUXvC5P7Yh0b98="></latexit>

,

⌦i( d
2��+),J �! lim

z!0
' (z,y) = O�+,J (y) z�+�J +O��,J (y) z���J

<latexit sha1_base64="4ZiNr/AjOS48c2vhy6WHgyNqNto="></latexit>



Harmonic functions admit a “split representation”: 

Harmonic Analysis in EAdSd+1

Integrated product of

bulk-boundary propagators

d

2
+ i⌫, J

<latexit sha1_base64="oyaG//une+oPl08QVW99NOC626A=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQlJKZ2teu6EZcVbAPaEvJpJk2NJMZkoxYhvkVNy4UceuPuPNvTB+Cih64cDjnXu69xw05UxqhDyu1srq2vpHezGxt7+zuZfdzLRVEktAmCXggOy5WlDNBm5ppTjuhpNh3OW27k8uZ376jUrFA3OppSPs+HgnmMYK1kQbZXM+TmMTDJHaSU9YT0dn1IJtHBVQu1YoIokIJ2ZVazRCEytWiA21DZsiDJRqD7HtvGJDIp0ITjpXq2ijU/RhLzQinSaYXKRpiMsEj2jVUYJ+qfjy/PYHHRhlCL5CmhIZz9ftEjH2lpr5rOn2sx+q3NxP/8rqR9qr9mIkw0lSQxSIv4lAHcBYEHDJJieZTQzCRzNwKyRibMLSJK2NC+PoU/k9aTsEuFpyb83z9YhlHGhyCI3ACbFABdXAFGqAJCLgHD+AJPFuJ9Wi9WK+L1pS1nDkAP2C9fQIKoZRz</latexit>

d

2
� i⌫, J

<latexit sha1_base64="aY9puL8KJQ8aWRKVyGPQi3lpa7M=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwoSUzta9d0Y24qmAf0JaSSTNtaCYzJBmxDPMrblwo4tYfceffmD4EFT1w4XDOvdx7jxtypjRCH1ZqZXVtfSO9mdna3tndy+7nWiqIJKFNEvBAdlysKGeCNjXTnHZCSbHvctp2J5czv31HpWKBuNXTkPZ9PBLMYwRrIw2yuZ4nMYmHSewkZ6wnotPrQTaPCqhcqhURRIUSsiu1miEIlatFB9qGzJAHSzQG2ffeMCCRT4UmHCvVtVGo+zGWmhFOk0wvUjTEZIJHtGuowD5V/Xh+ewKPjTKEXiBNCQ3n6veJGPtKTX3XdPpYj9Vvbyb+5XUj7VX7MRNhpKkgi0VexKEO4CwIOGSSEs2nhmAimbkVkjE2YWgTV8aE8PUp/J+0nIJdLDg35/n6xTKONDgER+AE2KAC6uAKNEATEHAPHsATeLYS69F6sV4XrSlrOXMAfsB6+wQNtZR1</latexit>

y
<latexit sha1_base64="kI7RlH5Xx88yj+zAtipGByUNV1Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kwxJRhiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlGlmRQPJo2pH+GxYCEj2FjpcRBhMwnCLJ0NqzW37s6BVolXkBoUaA2rX4ORJElEhSEca9333Nj4GVaGEU5nlUGiaYzJFI9p31KBI6r9bJ54hs6sMkKhVPYJg+bq740MR1qnUWAn84R62cvF/7x+YsJrP2MiTgwVZPFRmHBkJMrPRyOmKDE8tQQTxWxWRCZYYWJsSRVbgrd88irpNOreRb1xf1lr3hR1lOEETuEcPLiCJtxBC9pAQMAzvMKbo50X5935WIyWnGLnGP7A+fwBABuRIQ==</latexit>

⌦⌫,J (x1;x2) =

Z
ddy

<latexit sha1_base64="YCpdZKczdVFhVnBZe2iIWGWll7k="></latexit>

⌦⌫,J (x1;x2)
<latexit sha1_base64="b5Tkui+rABaCw6qlxBsO6MTeZww="></latexit>

Exchange diagrams reduce to integrated products of 3pt diagrams

⌦⌫,J (x1;x2)
<latexit sha1_base64="b5Tkui+rABaCw6qlxBsO6MTeZww="></latexit>

“Conformal Partial Wave”

,=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

Z 1

�1
d⌫

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="kNlk251KLyEjt9Tt3lhCieeQFu4="></latexit>

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="sTK/AfUXiiQwAhdpnZtMgIlGJbE="></latexit>

y
<latexit sha1_base64="kI7RlH5Xx88yj+zAtipGByUNV1Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kwxJRhiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlGlmRQPJo2pH+GxYCEj2FjpcRBhMwnCLJ0NqzW37s6BVolXkBoUaA2rX4ORJElEhSEca9333Nj4GVaGEU5nlUGiaYzJFI9p31KBI6r9bJ54hs6sMkKhVPYJg+bq740MR1qnUWAn84R62cvF/7x+YsJrP2MiTgwVZPFRmHBkJMrPRyOmKDE8tQQTxWxWRCZYYWJsSRVbgrd88irpNOreRb1xf1lr3hR1lOEETuEcPLiCJtxBC9pAQMAzvMKbo50X5935WIyWnGLnGP7A+fwBABuRIQ==</latexit>

⌦⌫,J (x1;x2) =

Z
ddy

<latexit sha1_base64="YCpdZKczdVFhVnBZe2iIWGWll7k="></latexit>

d

2
+ i⌫, J

<latexit sha1_base64="oyaG//une+oPl08QVW99NOC626A=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQlJKZ2teu6EZcVbAPaEvJpJk2NJMZkoxYhvkVNy4UceuPuPNvTB+Cih64cDjnXu69xw05UxqhDyu1srq2vpHezGxt7+zuZfdzLRVEktAmCXggOy5WlDNBm5ppTjuhpNh3OW27k8uZ376jUrFA3OppSPs+HgnmMYK1kQbZXM+TmMTDJHaSU9YT0dn1IJtHBVQu1YoIokIJ2ZVazRCEytWiA21DZsiDJRqD7HtvGJDIp0ITjpXq2ijU/RhLzQinSaYXKRpiMsEj2jVUYJ+qfjy/PYHHRhlCL5CmhIZz9ftEjH2lpr5rOn2sx+q3NxP/8rqR9qr9mIkw0lSQxSIv4lAHcBYEHDJJieZTQzCRzNwKyRibMLSJK2NC+PoU/k9aTsEuFpyb83z9YhlHGhyCI3ACbFABdXAFGqAJCLgHD+AJPFuJ9Wi9WK+L1pS1nDkAP2C9fQIKoZRz</latexit>

d

2
� i⌫, J

<latexit sha1_base64="aY9puL8KJQ8aWRKVyGPQi3lpa7M=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwoSUzta9d0Y24qmAf0JaSSTNtaCYzJBmxDPMrblwo4tYfceffmD4EFT1w4XDOvdx7jxtypjRCH1ZqZXVtfSO9mdna3tndy+7nWiqIJKFNEvBAdlysKGeCNjXTnHZCSbHvctp2J5czv31HpWKBuNXTkPZ9PBLMYwRrIw2yuZ4nMYmHSewkZ6wnotPrQTaPCqhcqhURRIUSsiu1miEIlatFB9qGzJAHSzQG2ffeMCCRT4UmHCvVtVGo+zGWmhFOk0wvUjTEZIJHtGuowD5V/Xh+ewKPjTKEXiBNCQ3n6veJGPtKTX3XdPpYj9Vvbyb+5XUj7VX7MRNhpKkgi0VexKEO4CwIOGSSEs2nhmAimbkVkjE2YWgTV8aE8PUp/J+0nIJdLDg35/n6xTKONDgER+AE2KAC6uAKNEATEHAPHsATeLYS69F6sV4XrSlrOXMAfsB6+wQNtZR1</latexit>

e.g. Costa, Gonçalves and Penedones [hep-th] 1404.5625



Harmonic Analysis in EAdSd+1
A Conformal Partial Wave is a linear combination of two conformal blocks:

When ⌫ 2 R
<latexit sha1_base64="TtT0oVypWEZ0qUWcbL0zZhsJFmg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUms+NgV3bisYh/QhDKZTtqhk0mYmYgl5FfcuFDErT/izr8xSYuo9cDA4Zx7uWeOF3GmtGV9GqWl5ZXVtfJ6ZWNza3vH3K12VBhLQtsk5KHseVhRzgRta6Y57UWS4sDjtOtNrnK/e0+lYqG409OIugEeCeYzgnUmDcyqI2LkMIGcAOux5yW36cCsWXWrAFok9pzUYI7WwPxwhiGJAyo04Vipvm1F2k2w1IxwmlacWNEIkwke0X5GBQ6ocpMie4oOM2WI/FBmT2hUqD83EhwoNQ28bDJPqP56ufif14+1f+4mTESxpoLMDvkxRzpEeRFoyCQlmk8zgolkWVZExlhiorO6KkUJFzlOv7+8SDrHdbtRb9yc1JqX8zrKsA8HcAQ2nEETrqEFbSDwAI/wDC9GajwZr8bbbLRkzHf24BeM9y+xbJRc</latexit>

these correspond to contributions from Principal Series representations, 

which are non-unitary in AdS.  

For exchange Witten diagrams, contributions from unitary representations
are encoded in poles at ⌫ 2 iR

<latexit sha1_base64="2/DOGpqG0DtTke4HiM3M2jUEYaU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRWfOyKblxWsQ9oQplMJ+3QySTMTIQair/ixoUibv0Pd/6NSRpErQcGDufcyz1zvIgzpS3r05ibX1hcWi6tlFfX1jc2za3tlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa90WXmt++oVCwUt3ocUTfAA8F8RrBOpZ6564gYOUwghpwA66HnJTeTnlmxqlYONEvsglSgQKNnfjj9kMQBFZpwrFTXtiLtJlhqRjidlJ1Y0QiTER7QbkoFDqhykzz9BB2kSh/5oUyf0ChXf24kOFBqHHjpZJZQ/fUy8T+vG2v/zE2YiGJNBZke8mOOdIiyKlCfSUo0H6cEE8nSrIgMscREp4WV8xLOM5x8f3mWtI6qdq1auz6u1C+KOkqwB/twCDacQh2uoAFNIHAPj/AML8aD8WS8Gm/T0Tmj2NmBXzDevwDWkpT5</latexit>

!

2

Z 1

�1
<latexit sha1_base64="M+Q/YwwjlMSd+l2rPkRCnoMFSE8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBDeWmSrosujGZQV7gXYcMmmmDc1khuSMMIxd+CpuXCji1tdw59uYXhbaeiDh4//PISd/kAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXD67HfemBK81jeQZYwLyJ9yUNOCRjJtw+qXS7h3lwhZH5+OoWRb5edijMpvAjuDMpoVnXf/ur2YppGTAIVROuO6yTg5UQBp4KNSt1Us4TQIemzjkFJIqa9fLL/CB8bpYfDWJkjAU/U3xM5ibTOosB0RgQGet4bi/95nRTCSy/nMkmBSTp9KEwFhhiPw8A9rhgFkRkgVHGzK6YDoggFE1nJhODOf3kRmtWKe1ap3p6Xa1ezOIroEB2hE+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7S1YM1m9tGfsj5/AFmtllI=</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>  d

2+i⌫,J
<latexit sha1_base64="/s9jPt6+gkr81p2dRmos4iSC/mw=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiCEtI2aLsruhFXFewDmhAm00k7dDIJMxOhhCzc+CtuXCji1o9w5984aav4OnDhcM693HuPH1MipGW9awuLS8srq4W14vrG5ta2vrPbEVHCEW6jiEa850OBKWG4LYmkuBdzDEOf4q4/Ps/97g3mgkTsWk5i7IZwyEhAEJRK8vSSM4ZxDL3UCThE6SBLq9kRcVhyfJl5erliWlMYllm167bdUGSufFplMEfL09+cQYSSEDOJKBSiX7Fi6aaQS4IozopOInAM0RgOcV9RBkMs3HT6RGYcKGVgBBFXxaQxVb9PpDAUYhL6qjOEciR+e7n4n9dPZFB3U8LiRGKGZouChBoyMvJEjAHhGEk6UQQiTtStBhpBlYZUuRVVCJbZyHHy9fJf0qmalZpZu7LLzbN5HAVQAvvgEFTAKWiCC9ACbYDALbgHj+BJu9MetGftZda6oM1n9sAPaK8fNJuYlw==</latexit>

y1
<latexit sha1_base64="DMHr/LoDUN8871sFfad8jki+rNA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2G7rBWdxrOHHiVuCWpQ4n2sPbljWKaRkwaKojWA9dJjJ8TZTgVbFb1Us0SQqdkzAaWShIx7efzzDN8bpURDmNlnzR4rv7eyEmkdRYFdrLIqJe9QvzPG6QmvPFzLpPUMEkXh8JUYBPjogA84opRIzJLCFXcZsV0QhShxtZUtSW4y19eJd1mw71sNB+u6q3bso4KnMIZXIAL19CCe2hDBygk8Ayv8IZS9ILe0cdidA2VOyfwB+jzBy01kcU=</latexit>

y2
<latexit sha1_base64="hY9c0eGuEB+wuRNPX5whnwa6LQc=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GzWGt7jScOfAqcUtShxLtYe3LG8U0jZg0VBCtB66TGD8nynAq2KzqpZolhE7JmA0slSRi2s/nmWf43CojHMbKPmnwXP29kZNI6ywK7GSRUS97hfifN0hNeOPnXCapYZIuDoWpwCbGRQF4xBWjRmSWEKq4zYrphChCja2paktwl7+8SrrNhnvZaD5c1Vu3ZR0VOIUzuAAXrqEF99CGDlBI4Ble4Q2l6AW9o4/F6Boqd07gD9DnDy65kcY=</latexit>

y3
<latexit sha1_base64="pS8fSGSoq1WIKGNi7qtd4wUx0zM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStoMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtptNuth6uGp3bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAwPZHH</latexit>

y4
<latexit sha1_base64="GyFb35RRM9SK9BXWv/gq2AH2pEk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtpnPVbD20G53bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAxwZHI</latexit>

O d
2+i⌫,J

<latexit sha1_base64="/T67k/wrXB69ebkekt+fLU/wLJ8=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRZBUEpmWm27K7oRN1awD2hLyaSZNjSTGZKMUMZZ+CtuXCji1t9w59+YPgQVPXDhcM693HuPG3KmNEIf1tz8wuLScmolvbq2vrGZ2dquqyCShNZIwAPZdLGinAla00xz2gwlxb7LacMdno/9xi2VigXiRo9C2vFxXzCPEayN1M3sXnXjticxiXtJ7CRHrC2i48ukm8minO0US8iGKHd6gor5siEIlYuFMrQNGSMLZqh2M+/tXkAinwpNOFaqZaNQd2IsNSOcJul2pGiIyRD3actQgX2qOvHk/gQeGKUHvUCaEhpO1O8TMfaVGvmu6fSxHqjf3lj8y2tF2it1YibCSFNBpou8iEMdwHEYsMckJZqPDMFEMnMrJANs0tAmsrQJ4etT+D+pOzk7n3OuC9nK2SyOFNgD++AQ2KAIKuACVEENEHAHHsATeLburUfrxXqdts5Zs5kd8APW2ydDlZZG</latexit>

Z 1

�1
d⌫

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="kNlk251KLyEjt9Tt3lhCieeQFu4="></latexit>

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="sTK/AfUXiiQwAhdpnZtMgIlGJbE="></latexit>

y
<latexit sha1_base64="kI7RlH5Xx88yj+zAtipGByUNV1Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kwxJRhiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlGlmRQPJo2pH+GxYCEj2FjpcRBhMwnCLJ0NqzW37s6BVolXkBoUaA2rX4ORJElEhSEca9333Nj4GVaGEU5nlUGiaYzJFI9p31KBI6r9bJ54hs6sMkKhVPYJg+bq740MR1qnUWAn84R62cvF/7x+YsJrP2MiTgwVZPFRmHBkJMrPRyOmKDE8tQQTxWxWRCZYYWJsSRVbgrd88irpNOreRb1xf1lr3hR1lOEETuEcPLiCJtxBC9pAQMAzvMKbo50X5935WIyWnGLnGP7A+fwBABuRIQ==</latexit>

⌦⌫,J (x1;x2) =

Z
ddy

<latexit sha1_base64="YCpdZKczdVFhVnBZe2iIWGWll7k="></latexit>

d

2
+ i⌫, J

<latexit sha1_base64="oyaG//une+oPl08QVW99NOC626A=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQlJKZ2teu6EZcVbAPaEvJpJk2NJMZkoxYhvkVNy4UceuPuPNvTB+Cih64cDjnXu69xw05UxqhDyu1srq2vpHezGxt7+zuZfdzLRVEktAmCXggOy5WlDNBm5ppTjuhpNh3OW27k8uZ376jUrFA3OppSPs+HgnmMYK1kQbZXM+TmMTDJHaSU9YT0dn1IJtHBVQu1YoIokIJ2ZVazRCEytWiA21DZsiDJRqD7HtvGJDIp0ITjpXq2ijU/RhLzQinSaYXKRpiMsEj2jVUYJ+qfjy/PYHHRhlCL5CmhIZz9ftEjH2lpr5rOn2sx+q3NxP/8rqR9qr9mIkw0lSQxSIv4lAHcBYEHDJJieZTQzCRzNwKyRibMLSJK2NC+PoU/k9aTsEuFpyb83z9YhlHGhyCI3ACbFABdXAFGqAJCLgHD+AJPFuJ9Wi9WK+L1pS1nDkAP2C9fQIKoZRz</latexit>

d

2
� i⌫, J

<latexit sha1_base64="aY9puL8KJQ8aWRKVyGPQi3lpa7M=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwoSUzta9d0Y24qmAf0JaSSTNtaCYzJBmxDPMrblwo4tYfceffmD4EFT1w4XDOvdx7jxtypjRCH1ZqZXVtfSO9mdna3tndy+7nWiqIJKFNEvBAdlysKGeCNjXTnHZCSbHvctp2J5czv31HpWKBuNXTkPZ9PBLMYwRrIw2yuZ4nMYmHSewkZ6wnotPrQTaPCqhcqhURRIUSsiu1miEIlatFB9qGzJAHSzQG2ffeMCCRT4UmHCvVtVGo+zGWmhFOk0wvUjTEZIJHtGuowD5V/Xh+ewKPjTKEXiBNCQ3n6veJGPtKTX3XdPpYj9Vvbyb+5XUj7VX7MRNhpKkgi0VexKEO4CwIOGSSEs2nhmAimbkVkjE2YWgTV8aE8PUp/J+0nIJdLDg35/n6xTKONDgER+AE2KAC6uAKNEATEHAPHsATeLYS69F6sV4XrSlrOXMAfsB6+wQNtZR1</latexit>

 d
2�i⌫,J

<latexit sha1_base64="giH85dffQgnVvBYOxZjTB9czaHE=">AAACBHicbVDLSsNAFJ34rPUVddlNsAguNKRt0HZXdCOuKtgHNCFMppN26GQSZiZCCVm48VfcuFDErR/hzr9x0lbxdeDC4Zx7ufceP6ZESMt61xYWl5ZXVgtrxfWNza1tfWe3I6KEI9xGEY14z4cCU8JwWxJJcS/mGIY+xV1/fJ773RvMBYnYtZzE2A3hkJGAICiV5OklZwzjGHqpE3CI0kGWVrNj4rDk6DLz9HLFtKYwLLNq1227ochc+bTKYI6Wp785gwglIWYSUShEv2LF0k0hlwRRnBWdROAYojEc4r6iDIZYuOn0icw4UMrACCKuikljqn6fSGEoxCT0VWcI5Uj89nLxP6+fyKDupoTFicQMzRYFCTVkZOSJGAPCMZJ0oghEnKhbDTSCKg2pciuqECyzkePk6+W/pFM1KzWzdmWXm2fzOAqgBPbBIaiAU9AEF6AF2gCBW3APHsGTdqc9aM/ay6x1QZvP7IEf0F4/ADexmJk=</latexit>

+
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

y1
<latexit sha1_base64="DMHr/LoDUN8871sFfad8jki+rNA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2G7rBWdxrOHHiVuCWpQ4n2sPbljWKaRkwaKojWA9dJjJ8TZTgVbFb1Us0SQqdkzAaWShIx7efzzDN8bpURDmNlnzR4rv7eyEmkdRYFdrLIqJe9QvzPG6QmvPFzLpPUMEkXh8JUYBPjogA84opRIzJLCFXcZsV0QhShxtZUtSW4y19eJd1mw71sNB+u6q3bso4KnMIZXIAL19CCe2hDBygk8Ayv8IZS9ILe0cdidA2VOyfwB+jzBy01kcU=</latexit>

y2
<latexit sha1_base64="hY9c0eGuEB+wuRNPX5whnwa6LQc=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GzWGt7jScOfAqcUtShxLtYe3LG8U0jZg0VBCtB66TGD8nynAq2KzqpZolhE7JmA0slSRi2s/nmWf43CojHMbKPmnwXP29kZNI6ywK7GSRUS97hfifN0hNeOPnXCapYZIuDoWpwCbGRQF4xBWjRmSWEKq4zYrphChCja2paktwl7+8SrrNhnvZaD5c1Vu3ZR0VOIUzuAAXrqEF99CGDlBI4Ble4Q2l6AW9o4/F6Boqd07gD9DnDy65kcY=</latexit>

y3
<latexit sha1_base64="pS8fSGSoq1WIKGNi7qtd4wUx0zM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStoMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtptNuth6uGp3bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAwPZHH</latexit>

y4
<latexit sha1_base64="GyFb35RRM9SK9BXWv/gq2AH2pEk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtpnPVbD20G53bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAxwZHI</latexit>

 d
2+i⌫,J

<latexit sha1_base64="/s9jPt6+gkr81p2dRmos4iSC/mw=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiCEtI2aLsruhFXFewDmhAm00k7dDIJMxOhhCzc+CtuXCji1o9w5984aav4OnDhcM693HuPH1MipGW9awuLS8srq4W14vrG5ta2vrPbEVHCEW6jiEa850OBKWG4LYmkuBdzDEOf4q4/Ps/97g3mgkTsWk5i7IZwyEhAEJRK8vSSM4ZxDL3UCThE6SBLq9kRcVhyfJl5erliWlMYllm167bdUGSufFplMEfL09+cQYSSEDOJKBSiX7Fi6aaQS4IozopOInAM0RgOcV9RBkMs3HT6RGYcKGVgBBFXxaQxVb9PpDAUYhL6qjOEciR+e7n4n9dPZFB3U8LiRGKGZouChBoyMvJEjAHhGEk6UQQiTtStBhpBlYZUuRVVCJbZyHHy9fJf0qmalZpZu7LLzbN5HAVQAvvgEFTAKWiCC9ACbYDALbgHj+BJu9MetGftZda6oM1n9sAPaK8fNJuYlw==</latexit>

y1
<latexit sha1_base64="DMHr/LoDUN8871sFfad8jki+rNA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2G7rBWdxrOHHiVuCWpQ4n2sPbljWKaRkwaKojWA9dJjJ8TZTgVbFb1Us0SQqdkzAaWShIx7efzzDN8bpURDmNlnzR4rv7eyEmkdRYFdrLIqJe9QvzPG6QmvPFzLpPUMEkXh8JUYBPjogA84opRIzJLCFXcZsV0QhShxtZUtSW4y19eJd1mw71sNB+u6q3bso4KnMIZXIAL19CCe2hDBygk8Ayv8IZS9ILe0cdidA2VOyfwB+jzBy01kcU=</latexit>

y2
<latexit sha1_base64="hY9c0eGuEB+wuRNPX5whnwa6LQc=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GzWGt7jScOfAqcUtShxLtYe3LG8U0jZg0VBCtB66TGD8nynAq2KzqpZolhE7JmA0slSRi2s/nmWf43CojHMbKPmnwXP29kZNI6ywK7GSRUS97hfifN0hNeOPnXCapYZIuDoWpwCbGRQF4xBWjRmSWEKq4zYrphChCja2paktwl7+8SrrNhnvZaD5c1Vu3ZR0VOIUzuAAXrqEF99CGDlBI4Ble4Q2l6AW9o4/F6Boqd07gD9DnDy65kcY=</latexit>

y3
<latexit sha1_base64="pS8fSGSoq1WIKGNi7qtd4wUx0zM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStoMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtptNuth6uGp3bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAwPZHH</latexit>

y4
<latexit sha1_base64="GyFb35RRM9SK9BXWv/gq2AH2pEk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtpnPVbD20G53bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAxwZHI</latexit>

O d
2+i⌫,J

<latexit sha1_base64="/T67k/wrXB69ebkekt+fLU/wLJ8=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRZBUEpmWm27K7oRN1awD2hLyaSZNjSTGZKMUMZZ+CtuXCji1t9w59+YPgQVPXDhcM693HuPG3KmNEIf1tz8wuLScmolvbq2vrGZ2dquqyCShNZIwAPZdLGinAla00xz2gwlxb7LacMdno/9xi2VigXiRo9C2vFxXzCPEayN1M3sXnXjticxiXtJ7CRHrC2i48ukm8minO0US8iGKHd6gor5siEIlYuFMrQNGSMLZqh2M+/tXkAinwpNOFaqZaNQd2IsNSOcJul2pGiIyRD3actQgX2qOvHk/gQeGKUHvUCaEhpO1O8TMfaVGvmu6fSxHqjf3lj8y2tF2it1YibCSFNBpou8iEMdwHEYsMckJZqPDMFEMnMrJANs0tAmsrQJ4etT+D+pOzk7n3OuC9nK2SyOFNgD++AQ2KAIKuACVEENEHAHHsATeLburUfrxXqdts5Zs5kd8APW2ydDlZZG</latexit>

O d
2�i⌫,J

<latexit sha1_base64="hNljr+CmuX/sg9uKDLCkzfMmbik=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRbBhZbMtNp2V3QjbqxgH9CWkkkzbWgmMyQZoYyz8FfcuFDErb/hzr8xfQgqeuDC4Zx7ufceN+RMaYQ+rLn5hcWl5dRKenVtfWMzs7VdV0EkCa2RgAey6WJFORO0ppnmtBlKin2X04Y7PB/7jVsqFQvEjR6FtOPjvmAeI1gbqZvZverGbU9iEveS2EmOWVtER5dJN5NFOdsplpANUe70BBXzZUMQKhcLZWgbMkYWzFDtZt7bvYBEPhWacKxUy0ah7sRYakY4TdLtSNEQkyHu05ahAvtUdeLJ/Qk8MEoPeoE0JTScqN8nYuwrNfJd0+ljPVC/vbH4l9eKtFfqxEyEkaaCTBd5EYc6gOMwYI9JSjQfGYKJZOZWSAbYpKFNZGkTwten8H9Sd3J2PudcF7KVs1kcKbAH9sEhsEERVMAFqIIaIOAOPIAn8GzdW4/Wi/U6bZ2zZjM74Aest09Gq5ZI</latexit>

=<latexit sha1_base64="hbJZ2Rq4vdFIdgVXsNor2t2/hcs=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1atVa87RSv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/QullYz4</latexit>



Example: four-point exchange for scalar fields 

Two types of contributions:

d

2
+ i⌫ = �+

<latexit sha1_base64="v7XLObWHTgVEYmi1QG2AJxpGw5g=">AAACAnicbVDLSsNAFJ3UV62vqitxM1gEoRCSVqtdCEVduKxgH9CUMplO2qGTSZiZCCUEN/6KGxeKuPUr3Pk3TtpSfB24cDjnXu69xw0ZlcqyPo3MwuLS8kp2Nbe2vrG5ld/eacogEpg0cMAC0XaRJIxy0lBUMdIOBUG+y0jLHV2mfuuOCEkDfqvGIen6aMCpRzFSWurl9xxPIBz3k7iUFKnDo3PnijCFesVevmCZll2yTirQMssl265UoW1aE8xJAcxQ7+U/nH6AI59whRmSsmNboerGSCiKGUlyTiRJiPAIDUhHU458Irvx5IUEHmqlD71A6OIKTtTvEzHypRz7ru70kRrK314q/ud1IuWddWPKw0gRjqeLvIhBFcA0D9ingmDFxpogLKi+FeIh0pkonVpuEkI1ReXv73PSLJl22SzfHBdqF7M4smAfHIAjYINTUAPXoA4aAIN78AiewYvxYDwZr8bbtDVjzGZ2wQ8Y718X2Zdf</latexit>

1

As required by the

boundary condition

lim
z!0

' (z,y) = O�+,0 (y) z
�+

<latexit sha1_base64="qCqMNcpN2mANCKrQ0xE4MBJimUY="></latexit>

Exchanged single particle state

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

y1
<latexit sha1_base64="DMHr/LoDUN8871sFfad8jki+rNA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2G7rBWdxrOHHiVuCWpQ4n2sPbljWKaRkwaKojWA9dJjJ8TZTgVbFb1Us0SQqdkzAaWShIx7efzzDN8bpURDmNlnzR4rv7eyEmkdRYFdrLIqJe9QvzPG6QmvPFzLpPUMEkXh8JUYBPjogA84opRIzJLCFXcZsV0QhShxtZUtSW4y19eJd1mw71sNB+u6q3bso4KnMIZXIAL19CCe2hDBygk8Ayv8IZS9ILe0cdidA2VOyfwB+jzBy01kcU=</latexit>

y2
<latexit sha1_base64="hY9c0eGuEB+wuRNPX5whnwa6LQc=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GzWGt7jScOfAqcUtShxLtYe3LG8U0jZg0VBCtB66TGD8nynAq2KzqpZolhE7JmA0slSRi2s/nmWf43CojHMbKPmnwXP29kZNI6ywK7GSRUS97hfifN0hNeOPnXCapYZIuDoWpwCbGRQF4xBWjRmSWEKq4zYrphChCja2paktwl7+8SrrNhnvZaD5c1Vu3ZR0VOIUzuAAXrqEF99CGDlBI4Ble4Q2l6AW9o4/F6Boqd07gD9DnDy65kcY=</latexit>

y3
<latexit sha1_base64="pS8fSGSoq1WIKGNi7qtd4wUx0zM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStoMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtptNuth6uGp3bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAwPZHH</latexit>

y4
<latexit sha1_base64="GyFb35RRM9SK9BXWv/gq2AH2pEk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtpnPVbD20G53bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAxwZHI</latexit>

Harmonic Analysis in EAdSd+1

,

1

O d
2+i⌫,0

<latexit sha1_base64="4VC2iT+2BjH0zSmzNUddOxND6To=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIglIy02rbXdGNOyvYB7SlZNJMG5rJDElGKOMs/BU3LhRx62+4829MH4KKHrhwOOde7r3HDTlTGqEPK7WwuLS8kl7NrK1vbG5lt3caKogkoXUS8EC2XKwoZ4LWNdOctkJJse9y2nRHFxO/eUulYoG40eOQdn08EMxjBGsj9bJ7V72440lM4n4SO8kx64joBCW9bA7lbadURjZE+bNTVCpUDEGoUipWoG3IBDkwR62Xfe/0AxL5VGjCsVJtG4W6G2OpGeE0yXQiRUNMRnhA24YK7FPVjaf3J/DQKH3oBdKU0HCqfp+Isa/U2HdNp4/1UP32JuJfXjvSXrkbMxFGmgoyW+RFHOoATsKAfSYp0XxsCCaSmVshGWKThjaRZUwIX5/C/0nDyduFvHNdzFXP53GkwT44AEfABiVQBZegBuqAgDvwAJ7As3VvPVov1uusNWXNZ3bBD1hvnxwTliw=</latexit>

y1
<latexit sha1_base64="DMHr/LoDUN8871sFfad8jki+rNA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2G7rBWdxrOHHiVuCWpQ4n2sPbljWKaRkwaKojWA9dJjJ8TZTgVbFb1Us0SQqdkzAaWShIx7efzzDN8bpURDmNlnzR4rv7eyEmkdRYFdrLIqJe9QvzPG6QmvPFzLpPUMEkXh8JUYBPjogA84opRIzJLCFXcZsV0QhShxtZUtSW4y19eJd1mw71sNB+u6q3bso4KnMIZXIAL19CCe2hDBygk8Ayv8IZS9ILe0cdidA2VOyfwB+jzBy01kcU=</latexit>

y2
<latexit sha1_base64="hY9c0eGuEB+wuRNPX5whnwa6LQc=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GzWGt7jScOfAqcUtShxLtYe3LG8U0jZg0VBCtB66TGD8nynAq2KzqpZolhE7JmA0slSRi2s/nmWf43CojHMbKPmnwXP29kZNI6ywK7GSRUS97hfifN0hNeOPnXCapYZIuDoWpwCbGRQF4xBWjRmSWEKq4zYrphChCja2paktwl7+8SrrNhnvZaD5c1Vu3ZR0VOIUzuAAXrqEF99CGDlBI4Ble4Q2l6AW9o4/F6Boqd07gD9DnDy65kcY=</latexit>

y3
<latexit sha1_base64="pS8fSGSoq1WIKGNi7qtd4wUx0zM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStoMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtptNuth6uGp3bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAwPZHH</latexit>

y4
<latexit sha1_base64="GyFb35RRM9SK9BXWv/gq2AH2pEk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtpnPVbD20G53bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAxwZHI</latexit>

2

Z 1

�1
<latexit sha1_base64="M+Q/YwwjlMSd+l2rPkRCnoMFSE8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBDeWmSrosujGZQV7gXYcMmmmDc1khuSMMIxd+CpuXCji1tdw59uYXhbaeiDh4//PISd/kAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXD67HfemBK81jeQZYwLyJ9yUNOCRjJtw+qXS7h3lwhZH5+OoWRb5edijMpvAjuDMpoVnXf/ur2YppGTAIVROuO6yTg5UQBp4KNSt1Us4TQIemzjkFJIqa9fLL/CB8bpYfDWJkjAU/U3xM5ibTOosB0RgQGet4bi/95nRTCSy/nMkmBSTp9KEwFhhiPw8A9rhgFkRkgVHGzK6YDoggFE1nJhODOf3kRmtWKe1ap3p6Xa1ezOIroEB2hE+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7S1YM1m9tGfsj5/AFmtllI=</latexit>

Z 1

�1
d⌫

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="kNlk251KLyEjt9Tt3lhCieeQFu4="></latexit>

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="sTK/AfUXiiQwAhdpnZtMgIlGJbE="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

 d
2+i⌫,0

<latexit sha1_base64="te0KlbiVMrDpCCf1ULaDL3CGUx0=">AAACBHicbVDLSsNAFJ3UV62vqstugkUQlJC2Qdtd0Y3LCvYBTQmTyaQdOpkMMxOhhCzc+CtuXCji1o9w5984fSi+Dlw4nHMv997jc0qksu13I7e0vLK6ll8vbGxube8Ud/c6Mk4Ewm0U01j0fCgxJQy3FVEU97jAMPIp7vrji6nfvcFCkphdqwnHgwgOGQkJgkpLXrHkjiHn0EvdUECUBllazY6Jy5ITO/OK5Yplz2DaVtWpO05Dk4XyaZXBAi2v+OYGMUoizBSiUMp+xeZqkEKhCKI4K7iJxByiMRzivqYMRlgO0tkTmXmolcAMY6GLKXOmfp9IYSTlJPJ1ZwTVSP72puJ/Xj9RYX2QEsYThRmaLwoTaqrYnCZiBkRgpOhEE4gE0beaaAR1GkrnVtAh2FZjitOvl/+STtWq1KzalVNuni/iyIMSOABHoALOQBNcghZoAwRuwT14BE/GnfFgPBsv89acsZjZBz9gvH4ADRmYfQ==</latexit>

2

d

2
+ i⌫ = �+

<latexit sha1_base64="v7XLObWHTgVEYmi1QG2AJxpGw5g=">AAACAnicbVDLSsNAFJ3UV62vqitxM1gEoRCSVqtdCEVduKxgH9CUMplO2qGTSZiZCCUEN/6KGxeKuPUr3Pk3TtpSfB24cDjnXu69xw0ZlcqyPo3MwuLS8kp2Nbe2vrG5ld/eacogEpg0cMAC0XaRJIxy0lBUMdIOBUG+y0jLHV2mfuuOCEkDfqvGIen6aMCpRzFSWurl9xxPIBz3k7iUFKnDo3PnijCFesVevmCZll2yTirQMssl265UoW1aE8xJAcxQ7+U/nH6AI59whRmSsmNboerGSCiKGUlyTiRJiPAIDUhHU458Irvx5IUEHmqlD71A6OIKTtTvEzHypRz7ru70kRrK314q/ud1IuWddWPKw0gRjqeLvIhBFcA0D9ingmDFxpogLKi+FeIh0pkonVpuEkI1ReXv73PSLJl22SzfHBdqF7M4smAfHIAjYINTUAPXoA4aAIN78AiewYvxYDwZr8bbtDVjzGZ2wQ8Y718X2Zdf</latexit>

d

2
+ i⌫ = ��

<latexit sha1_base64="4Dk6Chymv1Y9XMy1iMQVDsmT2oM=">AAACAnicbVDLSsNAFJ3UV62vqitxM1gEQQxJq9UuhKIuXFawD2hCmUwn7dDJJMxMhBKKG3/FjQtF3PoV7vwbp2kpvg5cOJxzL/fe40WMSmVZn0Zmbn5hcSm7nFtZXVvfyG9uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS7HfvOOCElDfquGEXED1OPUpxgpLXXyO44vEE66o6Q4OqQOj8+dK8IU6hx18gXLtOyidVKGllkq2na5Am3TSjEjBTBFrZP/cLohjgPCFWZIyrZtRcpNkFAUMzLKObEkEcID1CNtTTkKiHST9IUR3NdKF/qh0MUVTNXvEwkKpBwGnu4MkOrL395Y/M9rx8o/cxPKo1gRjieL/JhBFcJxHrBLBcGKDTVBWFB9K8R9pDNROrVcGkJljPLf32ekUTTtklm6OS5UL6ZxZMEu2AMHwAanoAquQQ3UAQb34BE8gxfjwXgyXo23SWvGmM5sgx8w3r8AGuGXYQ==</latexit>

Original contour

contour can only be closed 

on the negative imaginary axis

Im [⌫]
<latexit sha1_base64="oKEOCYBC3OQnb6h6H5n4GXgy1nA=">AAACAnicbVDJSgNBEO2JW4xb1JN4aQyCpzBZ1ZvoRW8RjAqZIfR0apImPT1Dd40YhuDFX/HiQRGvfoU3/8bJAq4PCh7vVVFVz4ukMGjbH1ZmZnZufiG7mFtaXlldy69vXJow1hyaPJShvvaYASkUNFGghOtIAws8CVde/2TkX92ANiJUFziIwA1YVwlfcIap1M5vOQi3mJwFQ0eCjy1HxY4W3R667XzBLtaqh+VKjU5I3Z6Sap2WivYYBTJFo51/dzohjwNQyCUzplWyI3QTplFwCcOcExuIGO+zLrRSqlgAxk3GLwzpbqp0qB/qtBTSsfp9ImGBMYPASzsDhj3z2xuJ/3mtGP0DNxEqihEUnyzyY0kxpKM8aEdo4CgHKWFci/RWyntMM45parlxCIcjfL38l1yWi6VKsXJeLRwdT+PIkm2yQ/ZIieyTI3JKGqRJOLkjD+SJPFv31qP1Yr1OWjPWdGaT/ID19gnD/ph3</latexit>

Re [⌫]
<latexit sha1_base64="QE7FWyK1XPIbW7gTJRYA+mr2Td8=">AAACAnicbVDJSgNBEO2JW4xb1JN4aQyCpzBZ1ZvoxWMUo0JmCD2dmqRJT8/QXSOGIXjxV7x4UMSrX+HNv3GygOuDgsd7VVTV8yIpDNr2h5WZmZ2bX8gu5paWV1bX8usblyaMNYcmD2Worz1mQAoFTRQo4TrSwAJPwpXXPxn5VzegjQjVBQ4icAPWVcIXnGEqtfNbDsItJucwdCT42HJU7GjR7aHbzhfsYq16WK7U6ITU7Smp1mmpaI9RIFM02vl3pxPyOACFXDJjWiU7QjdhGgWXMMw5sYGI8T7rQiuligVg3GT8wpDupkqH+qFOSyEdq98nEhYYMwi8tDNg2DO/vZH4n9eK0T9wE6GiGEHxySI/lhRDOsqDdoQGjnKQEsa1SG+lvMc045imlhuHcDjC18t/yWW5WKoUK2fVwtHxNI4s2SY7ZI+UyD45IqekQZqEkzvyQJ7Is3VvPVov1uukNWNNZzbJD1hvn8WcmHg=</latexit>

d

2
+ i⌫ = �3 +�4 + 2m

<latexit sha1_base64="X9s+y7Cv+pW91CCuG9X2R96sHOI="></latexit>

2 ,

Two-particle states 
bulk “contact" terms 

y1
<latexit sha1_base64="DMHr/LoDUN8871sFfad8jki+rNA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2G7rBWdxrOHHiVuCWpQ4n2sPbljWKaRkwaKojWA9dJjJ8TZTgVbFb1Us0SQqdkzAaWShIx7efzzDN8bpURDmNlnzR4rv7eyEmkdRYFdrLIqJe9QvzPG6QmvPFzLpPUMEkXh8JUYBPjogA84opRIzJLCFXcZsV0QhShxtZUtSW4y19eJd1mw71sNB+u6q3bso4KnMIZXIAL19CCe2hDBygk8Ayv8IZS9ILe0cdidA2VOyfwB+jzBy01kcU=</latexit>

y2
<latexit sha1_base64="hY9c0eGuEB+wuRNPX5whnwa6LQc=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwVdFl047KCfUBnKJk004ZmMkOSEYahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvtLa+sbm1Xdmp7u7tHxzWjo67Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gumd4Xfe2JK81g+mixhfkTGkoecEmMlz4uImQRhns2GzWGt7jScOfAqcUtShxLtYe3LG8U0jZg0VBCtB66TGD8nynAq2KzqpZolhE7JmA0slSRi2s/nmWf43CojHMbKPmnwXP29kZNI6ywK7GSRUS97hfifN0hNeOPnXCapYZIuDoWpwCbGRQF4xBWjRmSWEKq4zYrphChCja2paktwl7+8SrrNhnvZaD5c1Vu3ZR0VOIUzuAAXrqEF99CGDlBI4Ble4Q2l6AW9o4/F6Boqd07gD9DnDy65kcY=</latexit>

y3
<latexit sha1_base64="pS8fSGSoq1WIKGNi7qtd4wUx0zM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStoMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtptNuth6uGp3bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAwPZHH</latexit>

y4
<latexit sha1_base64="GyFb35RRM9SK9BXWv/gq2AH2pEk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1oMuiG5cV7AOaUCbTSTt0MgkzEyGE/oYbF4q49Wfc+TdO0iy09cDA4Zx7uWeOH3OmtG1/W5WNza3tnepubW//4PCofnzSV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wROVikXiUacx9UI8FSxgBGsjuW6I9cwPsnQxbo/rDbtpF0DrxClJA0p0x/UvdxKRJKRCE46VGjl2rL0MS80Ip4uamygaYzLHUzoyVOCQKi8rMi/QhVEmKIikeUKjQv29keFQqTT0zWSeUa16ufifN0p0cONlTMSJpoIsDwUJRzpCeQFowiQlmqeGYCKZyYrIDEtMtKmpZkpwVr+8TvqtpnPVbD20G53bso4qnME5XIID19CBe+hCDwjE8Ayv8GYl1ov1bn0sRytWuXMKf2B9/gAxwZHI</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, 0
<latexit sha1_base64="pxmRsIZviUfo4MhaKbOQ0GYjuPQ=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxX3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHODJEF</latexit>

�4, 0
<latexit sha1_base64="zCI7CcTydf7XYqfb7YwS0C31tv8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNHSqbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDPlJEG</latexit>

, n, m 2 N
<latexit sha1_base64="hOT2GICFqivMbn7CHJeWB8Or0do=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF2WYtoO2u6IbV1LBPqBTSiZN29AkMyQZoQwFf8WNC0Xc+h3u/BszbRVfBwKHc+7lnpwgYlRp1323MkvLK6tr2fXcxubW9o69u9dUYSwxaeCQhbIdIEUYFaShqWakHUmCeMBIKxhfpH7rlkhFQ3GjJxHpcjQUdEAx0kbq2Qei4Be4X/CpgD5HehQEydW0Z+eLjjsDdJ2SV/G8qiEL5dPKgwXqPfvN74c45kRozJBSnaIb6W6CpKaYkWnOjxWJEB6jIekYKhAnqpvM4k/hsVH6cBBK84SGM/X7RoK4UhMemMk0ofrtpeJ/XifWg0o3oSKKNRF4fmgQM6hDmHYB+1QSrNnEEIQlNVkhHiGJsDaN5UwJrlNNcfr15b+kWXKKZad87eVr54s6suAQHIETUARnoAYuQR00AAYJuAeP4Mm6sx6sZ+tlPpqxFjv74Aes1w9uXpVO</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>



ū
<latexit sha1_base64="eWiotPreeJqZT5CtVHKtMyZH46Q=">AAAB73icbVDLSsNAFJ3UV62vqks3g0VwFZK2tumu6MZlBfuANpTJdNIOnUzizEQooT/hxoUibv0dd/6NkzSIrwMXDufcy733eBGjUlnWh1FYW9/Y3Cpul3Z29/YPyodHPRnGApMuDlkoBh6ShFFOuooqRgaRICjwGOl786vU798TIWnIb9UiIm6Appz6FCOlpUEy8pCA8XJcrlim5TSc+gW0zGbVaVmOJlYGaOekAnJ0xuX30STEcUC4wgxJObStSLkJEopiRpalUSxJhPAcTclQU44CIt0ku3cJz7QygX4odHEFM/X7RIICKReBpzsDpGbyt5eK/3nDWPmOm1AexYpwvFrkxwyqEKbPwwkVBCu20ARhQfWtEM+QQFjpiEpZCK0Uja+X/5Je1bRrZu2mXmlf5nEUwQk4BefABk3QBtegA7oAAwYewBN4Nu6MR+PFeF21Fox85hj8gPH2CW95kGA=</latexit>

Harmonic Analysis in EAdSd+1

In momentum space, Conformal Partial Waves factorise:

The Mellin-Barnes representation for the exchange is inherited from the 3pt factors: 

In the view of extending to dS, we turn to the Mellin-Barnes representation in momentum space

Fourier transform

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

Z 1

�1
d⌫

1�
d
2 + i⌫

� �
d
2 � i⌫

�
��+��

<latexit sha1_base64="kNlk251KLyEjt9Tt3lhCieeQFu4="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1 _base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

Key point: At the level of the Mellin representation, the spectral integral can be lifted!

u
<latexit sha1_base64="c92G2a9Y+f7rmNpXjVK48LutXm8=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuwqStbborunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984SYP4OnDhcM693HuPG3EmFUIfxtr6xubWdmGnuLu3f3BYOjruyTAWhHZJyEMxcLGknAW0q5jidBAJin2X0747v079/j0VkoXBrVpE1PHxNGAeI1hpqROPS2VkIrtu1y4hMhsVu4lsTVAGaOWkDHK0x6X30SQksU8DRTiWcmihSDkJFooRTpfFUSxphMkcT+lQ0wD7VDpJdugSnmtlAr1Q6AoUzNTvEwn2pVz4ru70sZrJ314q/ucNY+XZTsKCKFY0IKtFXsyhCmH6NZwwQYniC00wEUzfCskMC0yUzqaYhdBMUf96+S/pVUyralY7tXLrKo+jAE7BGbgAFmiAFrgBbdAFBFDwAJ7As3FnPBovxuuqdc3IZ07ADxhvn1mmjXE=</latexit>

y
<latexit sha1_base64="kI7RlH5Xx88yj+zAtipGByUNV1Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kwxJRhiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlGlmRQPJo2pH+GxYCEj2FjpcRBhMwnCLJ0NqzW37s6BVolXkBoUaA2rX4ORJElEhSEca9333Nj4GVaGEU5nlUGiaYzJFI9p31KBI6r9bJ54hs6sMkKhVPYJg+bq740MR1qnUWAn84R62cvF/7x+YsJrP2MiTgwVZPFRmHBkJMrPRyOmKDE8tQQTxWxWRCZYYWJsSRVbgrd88irpNOreRb1xf1lr3hR1lOEETuEcPLiCJtxBC9pAQMAzvMKbo50X5935WIyWnGLnGP7A+fwBABuRIQ==</latexit>

⌦⌫,J (x1;x2) =

Z
ddy

<latexit sha1_base64="YCpdZKczdVFhVnBZe2iIWGWll7k="></latexit>

d

2
+ i⌫, J

<latexit sha1_base64="oyaG//une+oPl08QVW99NOC626A=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQlJKZ2teu6EZcVbAPaEvJpJk2NJMZkoxYhvkVNy4UceuPuPNvTB+Cih64cDjnXu69xw05UxqhDyu1srq2vpHezGxt7+zuZfdzLRVEktAmCXggOy5WlDNBm5ppTjuhpNh3OW27k8uZ376jUrFA3OppSPs+HgnmMYK1kQbZXM+TmMTDJHaSU9YT0dn1IJtHBVQu1YoIokIJ2ZVazRCEytWiA21DZsiDJRqD7HtvGJDIp0ITjpXq2ijU/RhLzQinSaYXKRpiMsEj2jVUYJ+qfjy/PYHHRhlCL5CmhIZz9ftEjH2lpr5rOn2sx+q3NxP/8rqR9qr9mIkw0lSQxSIv4lAHcBYEHDJJieZTQzCRzNwKyRibMLSJK2NC+PoU/k9aTsEuFpyb83z9YhlHGhyCI3ACbFABdXAFGqAJCLgHD+AJPFuJ9Wi9WK+L1pS1nDkAP2C9fQIKoZRz</latexit>

d

2
� i⌫, J

<latexit sha1_base64="aY9puL8KJQ8aWRKVyGPQi3lpa7M=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwoSUzta9d0Y24qmAf0JaSSTNtaCYzJBmxDPMrblwo4tYfceffmD4EFT1w4XDOvdx7jxtypjRCH1ZqZXVtfSO9mdna3tndy+7nWiqIJKFNEvBAdlysKGeCNjXTnHZCSbHvctp2J5czv31HpWKBuNXTkPZ9PBLMYwRrIw2yuZ4nMYmHSewkZ6wnotPrQTaPCqhcqhURRIUSsiu1miEIlatFB9qGzJAHSzQG2ffeMCCRT4UmHCvVtVGo+zGWmhFOk0wvUjTEZIJHtGuowD5V/Xh+ewKPjTKEXiBNCQ3n6veJGPtKTX3XdPpYj9Vvbyb+5XUj7VX7MRNhpKkgi0VexKEO4CwIOGSSEs2nhmAimbkVkjE2YWgTV8aE8PUp/J+0nIJdLDg35/n6xTKONDgER+AE2KAC6uAKNEATEHAPHsATeLYS69F6sV4XrSlrOXMAfsB6+wQNtZR1</latexit>

d

2
+ i⌫, J

<latexit sha1_base64="oyaG//une+oPl08QVW99NOC626A=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQlJKZ2teu6EZcVbAPaEvJpJk2NJMZkoxYhvkVNy4UceuPuPNvTB+Cih64cDjnXu69xw05UxqhDyu1srq2vpHezGxt7+zuZfdzLRVEktAmCXggOy5WlDNBm5ppTjuhpNh3OW27k8uZ376jUrFA3OppSPs+HgnmMYK1kQbZXM+TmMTDJHaSU9YT0dn1IJtHBVQu1YoIokIJ2ZVazRCEytWiA21DZsiDJRqD7HtvGJDIp0ITjpXq2ijU/RhLzQinSaYXKRpiMsEj2jVUYJ+qfjy/PYHHRhlCL5CmhIZz9ftEjH2lpr5rOn2sx+q3NxP/8rqR9qr9mIkw0lSQxSIv4lAHcBYEHDJJieZTQzCRzNwKyRibMLSJK2NC+PoU/k9aTsEuFpyb83z9YhlHGhyCI3ACbFABdXAFGqAJCLgHD+AJPFuJ9Wi9WK+L1pS1nDkAP2C9fQIKoZRz</latexit>

d

2
� i⌫, J

<latexit sha1_base64="aY9puL8KJQ8aWRKVyGPQi3lpa7M=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwoSUzta9d0Y24qmAf0JaSSTNtaCYzJBmxDPMrblwo4tYfceffmD4EFT1w4XDOvdx7jxtypjRCH1ZqZXVtfSO9mdna3tndy+7nWiqIJKFNEvBAdlysKGeCNjXTnHZCSbHvctp2J5czv31HpWKBuNXTkPZ9PBLMYwRrIw2yuZ4nMYmHSewkZ6wnotPrQTaPCqhcqhURRIUSsiu1miEIlatFB9qGzJAHSzQG2ffeMCCRT4UmHCvVtVGo+zGWmhFOk0wvUjTEZIJHtGuowD5V/Xh+ewKPjTKEXiBNCQ3n6veJGPtKTX3XdPpYj9Vvbyb+5XUj7VX7MRNhpKkgi0VexKEO4CwIOGSSEs2nhmAimbkVkjE2YWgTV8aE8PUp/J+0nIJdLDg35/n6xTKONDgER+AE2KAC6uAKNEATEHAPHsATeLYS69F6sV4XrSlrOXMAfsB6+wQNtZR1</latexit>

d

2
+ i⌫, J

<latexit sha1_base64="oyaG//une+oPl08QVW99NOC626A=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQlJKZ2teu6EZcVbAPaEvJpJk2NJMZkoxYhvkVNy4UceuPuPNvTB+Cih64cDjnXu69xw05UxqhDyu1srq2vpHezGxt7+zuZfdzLRVEktAmCXggOy5WlDNBm5ppTjuhpNh3OW27k8uZ376jUrFA3OppSPs+HgnmMYK1kQbZXM+TmMTDJHaSU9YT0dn1IJtHBVQu1YoIokIJ2ZVazRCEytWiA21DZsiDJRqD7HtvGJDIp0ITjpXq2ijU/RhLzQinSaYXKRpiMsEj2jVUYJ+qfjy/PYHHRhlCL5CmhIZz9ftEjH2lpr5rOn2sx+q3NxP/8rqR9qr9mIkw0lSQxSIv4lAHcBYEHDJJieZTQzCRzNwKyRibMLSJK2NC+PoU/k9aTsEuFpyb83z9YhlHGhyCI3ACbFABdXAFGqAJCLgHD+AJPFuJ9Wi9WK+L1pS1nDkAP2C9fQIKoZRz</latexit>

d

2
� i⌫, J

<latexit sha1_base64="aY9puL8KJQ8aWRKVyGPQi3lpa7M=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwoSUzta9d0Y24qmAf0JaSSTNtaCYzJBmxDPMrblwo4tYfceffmD4EFT1w4XDOvdx7jxtypjRCH1ZqZXVtfSO9mdna3tndy+7nWiqIJKFNEvBAdlysKGeCNjXTnHZCSbHvctp2J5czv31HpWKBuNXTkPZ9PBLMYwRrIw2yuZ4nMYmHSewkZ6wnotPrQTaPCqhcqhURRIUSsiu1miEIlatFB9qGzJAHSzQG2ffeMCCRT4UmHCvVtVGo+zGWmhFOk0wvUjTEZIJHtGuowD5V/Xh+ewKPjTKEXiBNCQ3n6veJGPtKTX3XdPpYj9Vvbyb+5XUj7VX7MRNhpKkgi0VexKEO4CwIOGSSEs2nhmAimbkVkjE2YWgTV8aE8PUp/J+0nIJdLDg35/n6xTKONDgER+AE2KAC6uAKNEATEHAPHsATeLYS69F6sV4XrSlrOXMAfsB6+wQNtZR1</latexit>



Mellin representation of AdS exchanges 

�AdS (u, ū) =
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<latexit sha1_base64="1yLNP9+bSkZEXFdSh40/4Wlmkbg="></latexit>

The factor �AdS (u, ū)
<latexit sha1_base64="6ht9iBCZID5cM8KHMyH/RP1gisM=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoOgImFXBT36uHiMaDSQDWF2tjcZMvtgplcMy/6DF3/FiwdFvHrx5t84iTloYkFDUdVNd5eXSKHRtr+swtT0zOxccb60sLi0vFJeXbvRcao41HksY9XwmAYpIqijQAmNRAELPQm3Xu984N/egdIijq6xn0ArZJ1IBIIzNFK7vOv6IJG1MxfhHrNT/yrPXQkBbqd7mesxRdPcVaLTxZ12uWJX7SHoJHFGpEJGqLXLn64f8zSECLlkWjcdO8FWxhQKLiEvuamGhPEe60DT0IiFoFvZ8KecbhnFp0GsTEVIh+rviYyFWvdDz3SGDLt63BuI/3nNFIPjViaiJEWI+M+iIJUUYzoIiPpCAUfZN4RxJcytlHeZYhxNjCUTgjP+8iS52a86B9X9y8PKydkojiLZIJtkmzjkiJyQC1IjdcLJA3kiL+TVerSerTfr/ae1YI1m1skfWB/fxHiesg==</latexit>

is an entire function:

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>



=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

Conformal Partial Wave 1

2

The poles in u, ū
<latexit sha1_base64="AvF0VqhOVGap9cnYS8kWSLnGNUc=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclJJY8bErunFZwT6gCWUynbRDJ5MwD6GE/oYbF4q49Wfc+TcmaRC1HrhwOOde7r3HjzlT2rY/raXlldW19dJGeXNre2e3srffUZGRhLZJxCPZ87GinAna1kxz2oslxaHPadef3GR+94FKxSJxr6cx9UI8EixgBOtUck3NrSWujyUys0GlatftHGiROAWpQoHWoPLhDiNiQio04VipvmPH2kuw1IxwOiu7RtEYkwke0X5KBQ6p8pL85hk6TpUhCiKZltAoV39OJDhUahr6aWeI9Vj99TLxP69vdHDpJUzERlNB5osCw5GOUBYAGjJJiebTlGAiWXorImMsMdFpTOU8hKsM598vL5LOad1p1Bt3Z9XmdRFHCQ7hCE7AgQtowi20oA0EYniEZ3ixjPVkvVpv89Ylq5g5gF+w3r8AcciRcA==</latexit>

are associated to states exchanged in the direct channel!

integration contour

Exchanged single-particle state:

�AdS (u, ū) =
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<latexit sha1_base64="1yLNP9+bSkZEXFdSh40/4Wlmkbg="></latexit>

Bulk contact terms:

Mellin representation of AdS exchanges 

-1-2-3 0

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

. . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>2

1

+
iµ

2
<latexit sha1_base64="LwngnDIieWxI7GWmsiqAFVKKZOQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIIQk1Wp3RTcuK9gHNKFMppN26OTBzESoIV/ixoUibv0Ud/6Nk7QUXwcuHM65l3vv8WJGhTTNT620srq2vlHerGxt7+xW9b39rogSjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl50+vc790TLmgU3slZTNwAjUPqU4ykkoZ69dTxOcIpdYIkS+1sqNdMw7Rs87wBTaNuW1ajCS3DLLAkNbBAe6h/OKMIJwEJJWZIiIFlxtJNEZcUM5JVnESQGOEpGpOBoiEKiHDT4vAMHitlBP2IqwolLNTvEykKhJgFnuoMkJyI314u/ucNEulfuikN40SSEM8X+QmDMoJ5CnBEOcGSzRRBmFN1K8QTpIKQKqtKEUIzR+Pv70vStQ2rbtRvz2qtq0UcZXAIjsAJsMAFaIEb0AYdgEECHsEzeNEetCftVXubt5a0xcwB+AHt/QsdsZOJ</latexit>

� iµ

2
<latexit sha1_base64="VKE2DVeE7HWDhiixGFIOZSYBJtg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCG0OSarW7ohuXFewDmlAm00k7dPJgZiLUkC9x40IRt36KO//GSVqKrwMXDufcy733eDGjQprmp1ZaWV1b3yhvVra2d3ar+t5+V0QJx6SDIxbxvocEYTQkHUklI/2YExR4jPS86XXu9+4JFzQK7+QsJm6AxiH1KUZSSUO9eur4HOGUOkGSpXY21GumYVq2ed6AplG3LavRhJZhFliSGligPdQ/nFGEk4CEEjMkxMAyY+mmiEuKGckqTiJIjPAUjclA0RAFRLhpcXgGj5Uygn7EVYUSFur3iRQFQswCT3UGSE7Eby8X//MGifQv3ZSGcSJJiOeL/IRBGcE8BTiinGDJZoogzKm6FeIJUkFIlVWlCKGZo/H39yXp2oZVN+q3Z7XW1SKOMjgER+AEWOACtMANaIMOwCABj+AZvGgP2pP2qr3NW0vaYuYA/ID2/gUg1ZOL</latexit>

kI < 1
<latexit sha1_base64="qRRho0TU/stlzGgYzahI5ZrWqxo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtdVpwUXSjuwr2Ae1QMmmmDZPJDElGKKUf4caFIm79Hnf+jZm2gooeuHA4517uvcdPOFMaoQ8rt7K6tr6R3yxsbe/s7hX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8cOrzO/cU6lYLO70JKFehEeCBYxgbaROOLiBF9AZFEvIdspuDTkQ2ednyK3UDUGo7lbr0DEkQwks0RwU3/vDmKQRFZpwrFTPQYn2plhqRjidFfqpogkmIR7RnqECR1R50/m5M3hilCEMYmlKaDhXv09McaTUJPJNZ4T1WP32MvEvr5fqoOZNmUhSTQVZLApSDnUMs9/hkElKNJ8Ygolk5lZIxlhiok1CBRPC16fwf9Iu207FLt9WS43LZRx5cASOwSlwgAsa4Bo0QQsQEIIH8ASercR6tF6s10VrzlrOHIIfsN4+AS06jtI=</latexit>

kI > 1
<latexit sha1_base64="VMLmyRPKUWX9fa1miiWlAD6ztbU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtddqNFN3oroJ9QDuUTJppw2QyQ5IRSulHuHGhiFu/x51/Y6atoKIHLhzOuZd77/ETzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/PAq8zv3VCoWizs9SagX4ZFgASNYG6kTDm7gBXQGxRKynbJbQw5E9vkZcit1QxCqu9U6dAzJUAJLNAfF9/4wJmlEhSYcK9VzUKK9KZaaEU5nhX6qaIJJiEe0Z6jAEVXedH7uDJ4YZQiDWJoSGs7V7xNTHCk1iXzTGWE9Vr+9TPzL66U6qHlTJpJUU0EWi4KUQx3D7Hc4ZJISzSeGYCKZuRWSMZaYaJNQwYTw9Sn8n7TLtlOxy7fVUuNyGUceHIFjcAoc4IIGuAZN0AIEhOABPIFnK7EerRfrddGas5Yzh+AHrLdPMEaO1A==</latexit>

m2R2 = ��+��
<latexit sha1_base64="h0NGWLWL0aRfK7w75dRpiZzZMUw=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWARBGlIUq12IRR14bKKfUCbhsl02g6dPJiZCCXUjb/ixoUibv0Ld/6NSRqKrwOXezjnXmbusX1GhdS0TyUzN7+wuJRdzq2srq1v5De3GsILOCZ17DGPt2wkCKMuqUsqGWn5nCDHZqRpjy5iv3lHuKCeeyvHPjEdNHBpn2IkI8nK7zhd46ZrnBU7l4RJZB2mvWjlC5qq6YZ2XIaaWjJ0vVyBuqolmJECSFGz8h+dnocDh7gSMyREW9d8aYaIS4oZmeQ6gSA+wiM0IO2IusghwgyTCyZwP1J6sO/xqFwJE/X7RogcIcaOHU06SA7Fby8W//PageyfmiF1/UASF08f6gcMSg/GccAe5QRLNo4IwpxGf4V4iDjCMgotl4RQiVH+e/uMNAxVL6ml66NC9TyNIwt2wR44ADo4AVVwBWqgDjC4B4/gGbwoD8qT8qq8TUczSrqzDX5Aef8CpByV4g==</latexit>

�± =
d

2
± iµ

<latexit sha1_base64="RwKkmregeWK2YWUJT5BZMzMvkMs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgKiStVrsQirpwWcE+oAlhMp20Q2eSMDMRSujOjb/ixoUibv0Fd/6N0wfF14ELZ865l7n3BAmjUtn2p5FbWFxaXsmvFtbWNza3zO2dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCweXYb90RIWkc3aphQjyOehENKUZKS765714RppDvJvzcDQXCWXeUlUb6CanLU98s2pbtlOyTCrStcslxKlXoWPYEc1IEM9R988PtxjjlJFKYISk7jp0oL0NCUczIqOCmkiQID1CPdDSNECfSyyZ3jOChVrowjIWuSMGJ+n0iQ1zKIQ90J0eqL397Y/E/r5Oq8MzLaJSkikR4+lGYMqhiOA4FdqkgWLGhJggLqneFuI90GkpHV5iEUB2j8vf2OWmWLKdslW+Oi7WLWRx5sAcOwBFwwCmogWtQBw2AwT14BM/gxXgwnoxX423amjNmM7vgB4z3L2W2mcw=</latexit>

The factor �AdS (u, ū)
<latexit sha1_base64="6ht9iBCZID5cM8KHMyH/RP1gisM=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoOgImFXBT36uHiMaDSQDWF2tjcZMvtgplcMy/6DF3/FiwdFvHrx5t84iTloYkFDUdVNd5eXSKHRtr+swtT0zOxccb60sLi0vFJeXbvRcao41HksY9XwmAYpIqijQAmNRAELPQm3Xu984N/egdIijq6xn0ArZJ1IBIIzNFK7vOv6IJG1MxfhHrNT/yrPXQkBbqd7mesxRdPcVaLTxZ12uWJX7SHoJHFGpEJGqLXLn64f8zSECLlkWjcdO8FWxhQKLiEvuamGhPEe60DT0IiFoFvZ8KecbhnFp0GsTEVIh+rviYyFWvdDz3SGDLt63BuI/3nNFIPjViaiJEWI+M+iIJUUYzoIiPpCAUfZN4RxJcytlHeZYhxNjCUTgjP+8iS52a86B9X9y8PKydkojiLZIJtkmzjkiJyQC1IjdcLJA3kiL+TVerSerTfr/ae1YI1m1skfWB/fxHiesg==</latexit>

is an entire function:

Two types of poles contribute to the direct channel expansion in the limit kI ! 0
<latexit sha1_base64="XGIopdUyuFX4aq2nA2r3j+v3uYQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxo8bErutFdBfuQdiiZNNOGJpkhyQhl6Fe4caGIWz/HnX9jOh3E14HA4Zx7yT0niDnTxnU/nMLC4tLySnG1tLa+sblV3t5p6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++54qzSJ5ayYx9QUeShYygo2V7sb9a9QzEXL75YpbdTOgv8TLSQVyNPrl994gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/zQ6eogOrDFAYKfukQZn6fSPFQuuJCOykwGakf3sz8T+vm5jwzE+ZjBNDJZl/FCYc2Yiz9GjAFCWGTyzBRDF7KyIjrDAxtqNSVsL5DCdfkf+S1lHVO67WbmqV+kVeRxH2YB8OwYNTqMMVNKAJBAQ8wBM8O8p5dF6c1/lowcl3duEHnLdPqy+Pzg==</latexit>

:



Their residues generate non-analytic terms in kI
<latexit sha1_base64="wVDsCYBQ1AaJzAI/tllDj/OzQQc=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKbnRXwT6gDWUynbRDZyZhZiKU0F9w40IRt/6QO//GJA2i1gMXDufcy733+BFn2jjOp1VaWl5ZXSuvVzY2t7Z37N29tg5jRWiLhDxUXR9rypmkLcMMp91IUSx8Tjv+5DrzOw9UaRbKezONqCfwSLKAEWwyaTK4RQO76tScHGiRuAWpQoHmwP7oD0MSCyoN4VjrnutExkuwMoxwOqv0Y00jTCZ4RHsplVhQ7SX5rTN0lCpDFIQqLWlQrv6cSLDQeir8tFNgM9Z/vUz8z+vFJrjwEiaj2FBJ5ouCmCMTouxxNGSKEsOnKcFEsfRWRMZYYWLSeCp5CJcZzr5fXiTtk5pbr9XvTquNqyKOMhzAIRyDC+fQgBtoQgsIjOERnuHFEtaT9Wq9zVtLVjGzD79gvX8Bi4WODA==</latexit>

:

Mellin representation of AdS exchanges 
On type 1 poles the exchange factorises 

-1-2-3 0

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

. . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>2

1

+
iµ

2
<latexit sha1_base64="LwngnDIieWxI7GWmsiqAFVKKZOQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIIQk1Wp3RTcuK9gHNKFMppN26OTBzESoIV/ixoUibv0Ud/6Nk7QUXwcuHM65l3vv8WJGhTTNT620srq2vlHerGxt7+xW9b39rogSjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl50+vc790TLmgU3slZTNwAjUPqU4ykkoZ69dTxOcIpdYIkS+1sqNdMw7Rs87wBTaNuW1ajCS3DLLAkNbBAe6h/OKMIJwEJJWZIiIFlxtJNEZcUM5JVnESQGOEpGpOBoiEKiHDT4vAMHitlBP2IqwolLNTvEykKhJgFnuoMkJyI314u/ucNEulfuikN40SSEM8X+QmDMoJ5CnBEOcGSzRRBmFN1K8QTpIKQKqtKEUIzR+Pv70vStQ2rbtRvz2qtq0UcZXAIjsAJsMAFaIEb0AYdgEECHsEzeNEetCftVXubt5a0xcwB+AHt/QsdsZOJ</latexit>

� iµ

2
<latexit sha1_base64="VKE2DVeE7HWDhiixGFIOZSYBJtg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCG0OSarW7ohuXFewDmlAm00k7dPJgZiLUkC9x40IRt36KO//GSVqKrwMXDufcy733eDGjQprmp1ZaWV1b3yhvVra2d3ar+t5+V0QJx6SDIxbxvocEYTQkHUklI/2YExR4jPS86XXu9+4JFzQK7+QsJm6AxiH1KUZSSUO9eur4HOGUOkGSpXY21GumYVq2ed6AplG3LavRhJZhFliSGligPdQ/nFGEk4CEEjMkxMAyY+mmiEuKGckqTiJIjPAUjclA0RAFRLhpcXgGj5Uygn7EVYUSFur3iRQFQswCT3UGSE7Eby8X//MGifQv3ZSGcSJJiOeL/IRBGcE8BTiinGDJZoogzKm6FeIJUkFIlVWlCKGZo/H39yXp2oZVN+q3Z7XW1SKOMjgER+AEWOACtMANaIMOwCABj+AZvGgP2pP2qr3NW0vaYuYA/ID2/gUg1ZOL</latexit>

kI < 1
<latexit sha1_base64="qRRho0TU/stlzGgYzahI5ZrWqxo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtdVpwUXSjuwr2Ae1QMmmmDZPJDElGKKUf4caFIm79Hnf+jZm2gooeuHA4517uvcdPOFMaoQ8rt7K6tr6R3yxsbe/s7hX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8cOrzO/cU6lYLO70JKFehEeCBYxgbaROOLiBF9AZFEvIdspuDTkQ2ednyK3UDUGo7lbr0DEkQwks0RwU3/vDmKQRFZpwrFTPQYn2plhqRjidFfqpogkmIR7RnqECR1R50/m5M3hilCEMYmlKaDhXv09McaTUJPJNZ4T1WP32MvEvr5fqoOZNmUhSTQVZLApSDnUMs9/hkElKNJ8Ygolk5lZIxlhiok1CBRPC16fwf9Iu207FLt9WS43LZRx5cASOwSlwgAsa4Bo0QQsQEIIH8ASercR6tF6s10VrzlrOHIIfsN4+AS06jtI=</latexit>

kI > 1
<latexit sha1_base64="VMLmyRPKUWX9fa1miiWlAD6ztbU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtddqNFN3oroJ9QDuUTJppw2QyQ5IRSulHuHGhiFu/x51/Y6atoKIHLhzOuZd77/ETzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/PAq8zv3VCoWizs9SagX4ZFgASNYG6kTDm7gBXQGxRKynbJbQw5E9vkZcit1QxCqu9U6dAzJUAJLNAfF9/4wJmlEhSYcK9VzUKK9KZaaEU5nhX6qaIJJiEe0Z6jAEVXedH7uDJ4YZQiDWJoSGs7V7xNTHCk1iXzTGWE9Vr+9TPzL66U6qHlTJpJUU0EWi4KUQx3D7Hc4ZJISzSeGYCKZuRWSMZaYaJNQwYTw9Sn8n7TLtlOxy7fVUuNyGUceHIFjcAoc4IIGuAZN0AIEhOABPIFnK7EerRfrddGas5Yzh+AHrLdPMEaO1A==</latexit>

m2R2 = ��+��
<latexit sha1_base64="h0NGWLWL0aRfK7w75dRpiZzZMUw=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWARBGlIUq12IRR14bKKfUCbhsl02g6dPJiZCCXUjb/ixoUibv0Ld/6NSRqKrwOXezjnXmbusX1GhdS0TyUzN7+wuJRdzq2srq1v5De3GsILOCZ17DGPt2wkCKMuqUsqGWn5nCDHZqRpjy5iv3lHuKCeeyvHPjEdNHBpn2IkI8nK7zhd46ZrnBU7l4RJZB2mvWjlC5qq6YZ2XIaaWjJ0vVyBuqolmJECSFGz8h+dnocDh7gSMyREW9d8aYaIS4oZmeQ6gSA+wiM0IO2IusghwgyTCyZwP1J6sO/xqFwJE/X7RogcIcaOHU06SA7Fby8W//PageyfmiF1/UASF08f6gcMSg/GccAe5QRLNo4IwpxGf4V4iDjCMgotl4RQiVH+e/uMNAxVL6ml66NC9TyNIwt2wR44ADo4AVVwBWqgDjC4B4/gGbwoD8qT8qq8TUczSrqzDX5Aef8CpByV4g==</latexit>

�± =
d

2
± iµ

<latexit sha1_base64="RwKkmregeWK2YWUJT5BZMzMvkMs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgKiStVrsQirpwWcE+oAlhMp20Q2eSMDMRSujOjb/ixoUibv0Fd/6N0wfF14ELZ865l7n3BAmjUtn2p5FbWFxaXsmvFtbWNza3zO2dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCweXYb90RIWkc3aphQjyOehENKUZKS765714RppDvJvzcDQXCWXeUlUb6CanLU98s2pbtlOyTCrStcslxKlXoWPYEc1IEM9R988PtxjjlJFKYISk7jp0oL0NCUczIqOCmkiQID1CPdDSNECfSyyZ3jOChVrowjIWuSMGJ+n0iQ1zKIQ90J0eqL397Y/E/r5Oq8MzLaJSkikR4+lGYMqhiOA4FdqkgWLGhJggLqneFuI90GkpHV5iEUB2j8vf2OWmWLKdslW+Oi7WLWRx5sAcOwBFwwCmogWtQBw2AwT14BM/gxXgwnoxX423amjNmM7vgB4z3L2W2mcw=</latexit>

Characteristic signal of a single particle exchange!

integration contour

⇠ #
�
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+ . . .

⌘
+ analytic

<latexit sha1_base64="Tce3QNGoQDKOpYJzRYE0frbQQMQ="></latexit>

Energy of exchanged single-particle state descendent contributions

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> Disck2
I<latexit sha1_base64="hN6gwJixxA5fOUGeNcHi0gk61l8=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9FjUg94q2A9oY9hsN+3SzSbsTsQQ4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/JgzBbb9bSwtr6yurZc2yptb2zu75t5+W0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpz4nQcqFYvEHaQxdUM8FCxgBIOWPLPSB/oI2RVTJPey8X3du8k9s2rX7CmsReIUpIoKND3zqz+ISBJSAYRjpXqOHYObYQmMcJqX+4miMSZjPKQ9TQUOqXKz6fG5daSVgRVEUpcAa6r+nshwqFQa+rozxDBS895E/M/rJRCcuxkTcQJUkNmiIOEWRNYkCWvAJCXAU00wkUzfapERlpiAzqusQ3DmX14k7XrNOanVb0+rjYsijhI6QIfoGDnoDDXQNWqiFiIoRc/oFb0ZT8aL8W58zFqXjGKmgv7A+PwBCaGVAw==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>
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Mellin representation of AdS exchanges 
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<latexit sha1_base64="jdU4V2QJGPJRHoDbWjU/HFQ9Sdc="></latexit>
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⌘

<latexit sha1_base64="msN3RSdAV3M0UJgkoYSdKQJ4leg="></latexit>

-1-2-3 0

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

. . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>2

1

+
iµ

2
<latexit sha1_base64="LwngnDIieWxI7GWmsiqAFVKKZOQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIIQk1Wp3RTcuK9gHNKFMppN26OTBzESoIV/ixoUibv0Ud/6Nk7QUXwcuHM65l3vv8WJGhTTNT620srq2vlHerGxt7+xW9b39rogSjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl50+vc790TLmgU3slZTNwAjUPqU4ykkoZ69dTxOcIpdYIkS+1sqNdMw7Rs87wBTaNuW1ajCS3DLLAkNbBAe6h/OKMIJwEJJWZIiIFlxtJNEZcUM5JVnESQGOEpGpOBoiEKiHDT4vAMHitlBP2IqwolLNTvEykKhJgFnuoMkJyI314u/ucNEulfuikN40SSEM8X+QmDMoJ5CnBEOcGSzRRBmFN1K8QTpIKQKqtKEUIzR+Pv70vStQ2rbtRvz2qtq0UcZXAIjsAJsMAFaIEb0AYdgEECHsEzeNEetCftVXubt5a0xcwB+AHt/QsdsZOJ</latexit>

� iµ

2
<latexit sha1_base64="VKE2DVeE7HWDhiixGFIOZSYBJtg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCG0OSarW7ohuXFewDmlAm00k7dPJgZiLUkC9x40IRt36KO//GSVqKrwMXDufcy733eDGjQprmp1ZaWV1b3yhvVra2d3ar+t5+V0QJx6SDIxbxvocEYTQkHUklI/2YExR4jPS86XXu9+4JFzQK7+QsJm6AxiH1KUZSSUO9eur4HOGUOkGSpXY21GumYVq2ed6AplG3LavRhJZhFliSGligPdQ/nFGEk4CEEjMkxMAyY+mmiEuKGckqTiJIjPAUjclA0RAFRLhpcXgGj5Uygn7EVYUSFur3iRQFQswCT3UGSE7Eby8X//MGifQv3ZSGcSJJiOeL/IRBGcE8BTiinGDJZoogzKm6FeIJUkFIlVWlCKGZo/H39yXp2oZVN+q3Z7XW1SKOMjgER+AEWOACtMANaIMOwCABj+AZvGgP2pP2qr3NW0vaYuYA/ID2/gUg1ZOL</latexit>

kI < 1
<latexit sha1_base64="qRRho0TU/stlzGgYzahI5ZrWqxo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtdVpwUXSjuwr2Ae1QMmmmDZPJDElGKKUf4caFIm79Hnf+jZm2gooeuHA4517uvcdPOFMaoQ8rt7K6tr6R3yxsbe/s7hX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8cOrzO/cU6lYLO70JKFehEeCBYxgbaROOLiBF9AZFEvIdspuDTkQ2ednyK3UDUGo7lbr0DEkQwks0RwU3/vDmKQRFZpwrFTPQYn2plhqRjidFfqpogkmIR7RnqECR1R50/m5M3hilCEMYmlKaDhXv09McaTUJPJNZ4T1WP32MvEvr5fqoOZNmUhSTQVZLApSDnUMs9/hkElKNJ8Ygolk5lZIxlhiok1CBRPC16fwf9Iu207FLt9WS43LZRx5cASOwSlwgAsa4Bo0QQsQEIIH8ASercR6tF6s10VrzlrOHIIfsN4+AS06jtI=</latexit>

kI > 1
<latexit sha1_base64="VMLmyRPKUWX9fa1miiWlAD6ztbU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtddqNFN3oroJ9QDuUTJppw2QyQ5IRSulHuHGhiFu/x51/Y6atoKIHLhzOuZd77/ETzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/PAq8zv3VCoWizs9SagX4ZFgASNYG6kTDm7gBXQGxRKynbJbQw5E9vkZcit1QxCqu9U6dAzJUAJLNAfF9/4wJmlEhSYcK9VzUKK9KZaaEU5nhX6qaIJJiEe0Z6jAEVXedH7uDJ4YZQiDWJoSGs7V7xNTHCk1iXzTGWE9Vr+9TPzL66U6qHlTJpJUU0EWi4KUQx3D7Hc4ZJISzSeGYCKZuRWSMZaYaJNQwYTw9Sn8n7TLtlOxy7fVUuNyGUceHIFjcAoc4IIGuAZN0AIEhOABPIFnK7EerRfrddGas5Yzh+AHrLdPMEaO1A==</latexit>

m2R2 = ��+��
<latexit sha1_base64="h0NGWLWL0aRfK7w75dRpiZzZMUw=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWARBGlIUq12IRR14bKKfUCbhsl02g6dPJiZCCXUjb/ixoUibv0Ld/6NSRqKrwOXezjnXmbusX1GhdS0TyUzN7+wuJRdzq2srq1v5De3GsILOCZ17DGPt2wkCKMuqUsqGWn5nCDHZqRpjy5iv3lHuKCeeyvHPjEdNHBpn2IkI8nK7zhd46ZrnBU7l4RJZB2mvWjlC5qq6YZ2XIaaWjJ0vVyBuqolmJECSFGz8h+dnocDh7gSMyREW9d8aYaIS4oZmeQ6gSA+wiM0IO2IusghwgyTCyZwP1J6sO/xqFwJE/X7RogcIcaOHU06SA7Fby8W//PageyfmiF1/UASF08f6gcMSg/GccAe5QRLNo4IwpxGf4V4iDjCMgotl4RQiVH+e/uMNAxVL6ml66NC9TyNIwt2wR44ADo4AVVwBWqgDjC4B4/gGbwoD8qT8qq8TUczSrqzDX5Aef8CpByV4g==</latexit>

�± =
d

2
± iµ

<latexit sha1_base64="RwKkmregeWK2YWUJT5BZMzMvkMs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgKiStVrsQirpwWcE+oAlhMp20Q2eSMDMRSujOjb/ixoUibv0Fd/6N0wfF14ELZ865l7n3BAmjUtn2p5FbWFxaXsmvFtbWNza3zO2dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCweXYb90RIWkc3aphQjyOehENKUZKS765714RppDvJvzcDQXCWXeUlUb6CanLU98s2pbtlOyTCrStcslxKlXoWPYEc1IEM9R988PtxjjlJFKYISk7jp0oL0NCUczIqOCmkiQID1CPdDSNECfSyyZ3jOChVrowjIWuSMGJ+n0iQ1zKIQ90J0eqL397Y/E/r5Oq8MzLaJSkikR4+lGYMqhiOA4FdqkgWLGhJggLqneFuI90GkpHV5iEUB2j8vf2OWmWLKdslW+Oi7WLWRx5sAcOwBFwwCmogWtQBw2AwT14BM/gxXgwnoxX423amjNmM7vgB4z3L2W2mcw=</latexit>

integration contour

Note: CPWs generate two families of non-analytic terms

Their residues generate non-analytic terms in kI
<latexit sha1_base64="wVDsCYBQ1AaJzAI/tllDj/OzQQc=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKbnRXwT6gDWUynbRDZyZhZiKU0F9w40IRt/6QO//GJA2i1gMXDufcy733+BFn2jjOp1VaWl5ZXSuvVzY2t7Z37N29tg5jRWiLhDxUXR9rypmkLcMMp91IUSx8Tjv+5DrzOw9UaRbKezONqCfwSLKAEWwyaTK4RQO76tScHGiRuAWpQoHmwP7oD0MSCyoN4VjrnutExkuwMoxwOqv0Y00jTCZ4RHsplVhQ7SX5rTN0lCpDFIQqLWlQrv6cSLDQeir8tFNgM9Z/vUz8z+vFJrjwEiaj2FBJ5ouCmCMTouxxNGSKEsOnKcFEsfRWRMZYYWLSeCp5CJcZzr5fXiTtk5pbr9XvTquNqyKOMhzAIRyDC+fQgBtoQgsIjOERnuHFEtaT9Wq9zVtLVjGzD79gvX8Bi4WODA==</latexit>

:

⇠ #
�
k2I

��+� d
2

⇣
1 + k2I +

�
k2I

�2
+ . . .

⌘
+ analytic

<latexit sha1_base64="Tce3QNGoQDKOpYJzRYE0frbQQMQ="></latexit>

Energy of exchanged single-particle state descendent contributions

Characteristic signal of a single particle exchange!

On type 1 poles the exchange factorises 

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> Disck2
I<latexit sha1_base64="hN6gwJixxA5fOUGeNcHi0gk61l8=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9FjUg94q2A9oY9hsN+3SzSbsTsQQ4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/JgzBbb9bSwtr6yurZc2yptb2zu75t5+W0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpz4nQcqFYvEHaQxdUM8FCxgBIOWPLPSB/oI2RVTJPey8X3du8k9s2rX7CmsReIUpIoKND3zqz+ISBJSAYRjpXqOHYObYQmMcJqX+4miMSZjPKQ9TQUOqXKz6fG5daSVgRVEUpcAa6r+nshwqFQa+rozxDBS895E/M/rJRCcuxkTcQJUkNmiIOEWRNYkCWvAJCXAU00wkUzfapERlpiAzqusQ3DmX14k7XrNOanVb0+rjYsijhI6QIfoGDnoDDXQNWqiFiIoRc/oFb0ZT8aL8W58zFqXjGKmgv7A+PwBCaGVAw==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

1CPW



Mellin representation of AdS exchanges 
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<latexit sha1_base64="msN3RSdAV3M0UJgkoYSdKQJ4leg="></latexit>

�AdS (u, ū)
<latexit sha1_base64="6MyLt7CEek1FDMZ7Y43b1cjgwfo="></latexit>

                projects away the shadow contributions!

 = zeros of �AdS (u, ū)
<latexit sha1_base64="Ef/iCxmGoqA+t0mOKpeYfZPSg4o=">AAACE3icdVDJSgNBEO1xN25Rj14ag6AiYcbdm8vFY0SjQiaEnp6apLFnobtGDMP8gxd/xYsHRbx68ebf2FkE1wcFj/eqqKrnJVJotO13a2BwaHhkdGy8MDE5NT1TnJ0713GqOFR5LGN16TENUkRQRYESLhMFLPQkXHhXRx3/4hqUFnF0hu0E6iFrRiIQnKGRGsVV1weJrJG5CDeYHfinee5KCHA5Xctcjyma5q4SzRauNIolu7xlO3vbDv1NnLLdRYn0UWkU31w/5mkIEXLJtK45doL1jCkUXEJecFMNCeNXrAk1QyMWgq5n3Z9yumQUnwaxMhUh7apfJzIWat0OPdMZMmzpn15H/MurpRjs1jMRJSlCxHuLglRSjGknIOoLBRxl2xDGlTC3Ut5iinE0MRZMCJ+f0v/J+XrZ2Sivn2yW9g/7cYyRBbJIlolDdsg+OSYVUiWc3JJ78kierDvrwXq2XnqtA1Z/Zp58g/X6ASQDnvQ=</latexit>

-1-2-3 0

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

. . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>2

1

+
iµ

2
<latexit sha1_base64="LwngnDIieWxI7GWmsiqAFVKKZOQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIIQk1Wp3RTcuK9gHNKFMppN26OTBzESoIV/ixoUibv0Ud/6Nk7QUXwcuHM65l3vv8WJGhTTNT620srq2vlHerGxt7+xW9b39rogSjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl50+vc790TLmgU3slZTNwAjUPqU4ykkoZ69dTxOcIpdYIkS+1sqNdMw7Rs87wBTaNuW1ajCS3DLLAkNbBAe6h/OKMIJwEJJWZIiIFlxtJNEZcUM5JVnESQGOEpGpOBoiEKiHDT4vAMHitlBP2IqwolLNTvEykKhJgFnuoMkJyI314u/ucNEulfuikN40SSEM8X+QmDMoJ5CnBEOcGSzRRBmFN1K8QTpIKQKqtKEUIzR+Pv70vStQ2rbtRvz2qtq0UcZXAIjsAJsMAFaIEb0AYdgEECHsEzeNEetCftVXubt5a0xcwB+AHt/QsdsZOJ</latexit>

� iµ

2
<latexit sha1_base64="VKE2DVeE7HWDhiixGFIOZSYBJtg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCG0OSarW7ohuXFewDmlAm00k7dPJgZiLUkC9x40IRt36KO//GSVqKrwMXDufcy733eDGjQprmp1ZaWV1b3yhvVra2d3ar+t5+V0QJx6SDIxbxvocEYTQkHUklI/2YExR4jPS86XXu9+4JFzQK7+QsJm6AxiH1KUZSSUO9eur4HOGUOkGSpXY21GumYVq2ed6AplG3LavRhJZhFliSGligPdQ/nFGEk4CEEjMkxMAyY+mmiEuKGckqTiJIjPAUjclA0RAFRLhpcXgGj5Uygn7EVYUSFur3iRQFQswCT3UGSE7Eby8X//MGifQv3ZSGcSJJiOeL/IRBGcE8BTiinGDJZoogzKm6FeIJUkFIlVWlCKGZo/H39yXp2oZVN+q3Z7XW1SKOMjgER+AEWOACtMANaIMOwCABj+AZvGgP2pP2qr3NW0vaYuYA/ID2/gUg1ZOL</latexit>

kI < 1
<latexit sha1_base64="qRRho0TU/stlzGgYzahI5ZrWqxo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtdVpwUXSjuwr2Ae1QMmmmDZPJDElGKKUf4caFIm79Hnf+jZm2gooeuHA4517uvcdPOFMaoQ8rt7K6tr6R3yxsbe/s7hX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8cOrzO/cU6lYLO70JKFehEeCBYxgbaROOLiBF9AZFEvIdspuDTkQ2ednyK3UDUGo7lbr0DEkQwks0RwU3/vDmKQRFZpwrFTPQYn2plhqRjidFfqpogkmIR7RnqECR1R50/m5M3hilCEMYmlKaDhXv09McaTUJPJNZ4T1WP32MvEvr5fqoOZNmUhSTQVZLApSDnUMs9/hkElKNJ8Ygolk5lZIxlhiok1CBRPC16fwf9Iu207FLt9WS43LZRx5cASOwSlwgAsa4Bo0QQsQEIIH8ASercR6tF6s10VrzlrOHIIfsN4+AS06jtI=</latexit>

kI > 1
<latexit sha1_base64="VMLmyRPKUWX9fa1miiWlAD6ztbU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtddqNFN3oroJ9QDuUTJppw2QyQ5IRSulHuHGhiFu/x51/Y6atoKIHLhzOuZd77/ETzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/PAq8zv3VCoWizs9SagX4ZFgASNYG6kTDm7gBXQGxRKynbJbQw5E9vkZcit1QxCqu9U6dAzJUAJLNAfF9/4wJmlEhSYcK9VzUKK9KZaaEU5nhX6qaIJJiEe0Z6jAEVXedH7uDJ4YZQiDWJoSGs7V7xNTHCk1iXzTGWE9Vr+9TPzL66U6qHlTJpJUU0EWi4KUQx3D7Hc4ZJISzSeGYCKZuRWSMZaYaJNQwYTw9Sn8n7TLtlOxy7fVUuNyGUceHIFjcAoc4IIGuAZN0AIEhOABPIFnK7EerRfrddGas5Yzh+AHrLdPMEaO1A==</latexit>

m2R2 = ��+��
<latexit sha1_base64="h0NGWLWL0aRfK7w75dRpiZzZMUw=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWARBGlIUq12IRR14bKKfUCbhsl02g6dPJiZCCXUjb/ixoUibv0Ld/6NSRqKrwOXezjnXmbusX1GhdS0TyUzN7+wuJRdzq2srq1v5De3GsILOCZ17DGPt2wkCKMuqUsqGWn5nCDHZqRpjy5iv3lHuKCeeyvHPjEdNHBpn2IkI8nK7zhd46ZrnBU7l4RJZB2mvWjlC5qq6YZ2XIaaWjJ0vVyBuqolmJECSFGz8h+dnocDh7gSMyREW9d8aYaIS4oZmeQ6gSA+wiM0IO2IusghwgyTCyZwP1J6sO/xqFwJE/X7RogcIcaOHU06SA7Fby8W//PageyfmiF1/UASF08f6gcMSg/GccAe5QRLNo4IwpxGf4V4iDjCMgotl4RQiVH+e/uMNAxVL6ml66NC9TyNIwt2wR44ADo4AVVwBWqgDjC4B4/gGbwoD8qT8qq8TUczSrqzDX5Aef8CpByV4g==</latexit>

�± =
d

2
± iµ

<latexit sha1_base64="RwKkmregeWK2YWUJT5BZMzMvkMs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgKiStVrsQirpwWcE+oAlhMp20Q2eSMDMRSujOjb/ixoUibv0Fd/6N0wfF14ELZ865l7n3BAmjUtn2p5FbWFxaXsmvFtbWNza3zO2dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCweXYb90RIWkc3aphQjyOehENKUZKS765714RppDvJvzcDQXCWXeUlUb6CanLU98s2pbtlOyTCrStcslxKlXoWPYEc1IEM9R988PtxjjlJFKYISk7jp0oL0NCUczIqOCmkiQID1CPdDSNECfSyyZ3jOChVrowjIWuSMGJ+n0iQ1zKIQ90J0eqL397Y/E/r5Oq8MzLaJSkikR4+lGYMqhiOA4FdqkgWLGhJggLqneFuI90GkpHV5iEUB2j8vf2OWmWLKdslW+Oi7WLWRx5sAcOwBFwwCmogWtQBw2AwT14BM/gxXgwnoxX423amjNmM7vgB4z3L2W2mcw=</latexit>

integration contour

�
k2I

��+� d
2

⇣
1 + k2I +

�
k2I

�2
+ . . .

⌘

<latexit sha1_base64="jdU4V2QJGPJRHoDbWjU/HFQ9Sdc="></latexit>

Note: CPWs generate two families of non-analytic terms

Their residues generate non-analytic terms in kI
<latexit sha1_base64="wVDsCYBQ1AaJzAI/tllDj/OzQQc=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKbnRXwT6gDWUynbRDZyZhZiKU0F9w40IRt/6QO//GJA2i1gMXDufcy733+BFn2jjOp1VaWl5ZXSuvVzY2t7Z37N29tg5jRWiLhDxUXR9rypmkLcMMp91IUSx8Tjv+5DrzOw9UaRbKezONqCfwSLKAEWwyaTK4RQO76tScHGiRuAWpQoHmwP7oD0MSCyoN4VjrnutExkuwMoxwOqv0Y00jTCZ4RHsplVhQ7SX5rTN0lCpDFIQqLWlQrv6cSLDQeir8tFNgM9Z/vUz8z+vFJrjwEiaj2FBJ5ouCmCMTouxxNGSKEsOnKcFEsfRWRMZYYWLSeCp5CJcZzr5fXiTtk5pbr9XvTquNqyKOMhzAIRyDC+fQgBtoQgsIjOERnuHFEtaT9Wq9zVtLVjGzD79gvX8Bi4WODA==</latexit>

:

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> Disck2
I<latexit sha1_base64="hN6gwJixxA5fOUGeNcHi0gk61l8=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9FjUg94q2A9oY9hsN+3SzSbsTsQQ4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/JgzBbb9bSwtr6yurZc2yptb2zu75t5+W0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpz4nQcqFYvEHaQxdUM8FCxgBIOWPLPSB/oI2RVTJPey8X3du8k9s2rX7CmsReIUpIoKND3zqz+ISBJSAYRjpXqOHYObYQmMcJqX+4miMSZjPKQ9TQUOqXKz6fG5daSVgRVEUpcAa6r+nshwqFQa+rozxDBS895E/M/rJRCcuxkTcQJUkNmiIOEWRNYkCWvAJCXAU00wkUzfapERlpiAzqusQ3DmX14k7XrNOanVb0+rjYsijhI6QIfoGDnoDDXQNWqiFiIoRc/oFb0ZT8aL8W58zFqXjGKmgv7A+PwBCaGVAw==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

1CPW

Characteristic signal of a single particle exchange!

On type 1 poles the exchange factorises 

⇠ #
�
k2I

��+� d
2

⇣
1 + k2I +

�
k2I

�2
+ . . .

⌘
+ analytic

<latexit sha1_base64="Tce3QNGoQDKOpYJzRYE0frbQQMQ="></latexit>

Energy of exchanged single-particle state descendent contributions



The type 2 poles encode bulk contact terms, which give only analytic terms in  ,kI
<latexit sha1_base64="wVDsCYBQ1AaJzAI/tllDj/OzQQc=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKbnRXwT6gDWUynbRDZyZhZiKU0F9w40IRt/6QO//GJA2i1gMXDufcy733+BFn2jjOp1VaWl5ZXSuvVzY2t7Z37N29tg5jRWiLhDxUXR9rypmkLcMMp91IUSx8Tjv+5DrzOw9UaRbKezONqCfwSLKAEWwyaTK4RQO76tScHGiRuAWpQoHmwP7oD0MSCyoN4VjrnutExkuwMoxwOqv0Y00jTCZ4RHsplVhQ7SX5rTN0lCpDFIQqLWlQrv6cSLDQeir8tFNgM9Z/vUz8z+vFJrjwEiaj2FBJ5ouCmCMTouxxNGSKEsOnKcFEsfRWRMZYYWLSeCp5CJcZzr5fXiTtk5pbr9XvTquNqyKOMhzAIRyDC+fQgBtoQgsIjOERnuHFEtaT9Wq9zVtLVjGzD79gvX8Bi4WODA==</latexit>

with cmn =
(�1)m

22nm!

(d� 3 + 2n+m)!⇣
d
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2
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d
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2

⌘

n+1
<latexit sha1_base64="qbCrw6zlHbZUyIodMQDLITO3T1c="></latexit>

d
2 + iµ

<latexit sha1_base64="+Y3mFkQioGulwNHIhSpBjqmNiOU=">AAAB+nicdVDLSsNAFJ3UV62vVJduBosgCCFJQ1t3RTcuK1hbaEKZTCbt0MmDmYlSYj/FjQtF3Pol7vwbJ20FFT1w4XDOvdx7j58yKqRpfmilldW19Y3yZmVre2d3T6/u34gk45h0ccIS3veRIIzGpCupZKSfcoIin5GeP7ko/N4t4YIm8bWcpsSL0CimIcVIKmmoV10ZcoTzYJbbs1PqRtlQr5nGWathOw1oGqbZtGyrIHbTqTvQUkqBGliiM9Tf3SDBWURiiRkSYmCZqfRyxCXFjMwqbiZIivAEjchA0RhFRHj5/PQZPFZKAMOEq4olnKvfJ3IUCTGNfNUZITkWv71C/MsbZDJseTmN00ySGC8WhRmDMoFFDjCgnGDJpoogzKm6FeIxUlFIlVZFhfD1Kfyf3NiGVTfsK6fWPl/GUQaH4AicAAs0QRtcgg7oAgzuwAN4As/avfaovWivi9aStpw5AD+gvX0C0aOUXw==</latexit>

d
2 � iµ

<latexit sha1_base64="qM2fNDX7uXnGM0lde3d8du+sAYs=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgxpCkoa27ohuXFawtNKFMJpN26OTBzEQpsZ/ixoUibv0Sd/6Nk7aCih64cDjnXu69x08ZFdI0P7TSyura+kZ5s7K1vbO7p1f3b0SScUy6OGEJ7/tIEEZj0pVUMtJPOUGRz0jPn1wUfu+WcEGT+FpOU+JFaBTTkGIklTTUq64MOcJ5MMvt2Sl1o2yo10zjrNWwnQY0DdNsWrZVELvp1B1oKaVADSzRGervbpDgLCKxxAwJMbDMVHo54pJiRmYVNxMkRXiCRmSgaIwiIrx8fvoMHislgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhm2vJzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYqSikSquiQvj6FP5PbmzDqhv2lVNrny/jKINDcAROgAWaoA0uQQd0AQZ34AE8gWftXnvUXrTXRWtJW84cgB/Q3j4B1LOUYQ==</latexit>

Mellin representation of AdS exchanges 

-1-2-3 0

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

. . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>2

1

+
iµ

2
<latexit sha1_base64="LwngnDIieWxI7GWmsiqAFVKKZOQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIIQk1Wp3RTcuK9gHNKFMppN26OTBzESoIV/ixoUibv0Ud/6Nk7QUXwcuHM65l3vv8WJGhTTNT620srq2vlHerGxt7+xW9b39rogSjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl50+vc790TLmgU3slZTNwAjUPqU4ykkoZ69dTxOcIpdYIkS+1sqNdMw7Rs87wBTaNuW1ajCS3DLLAkNbBAe6h/OKMIJwEJJWZIiIFlxtJNEZcUM5JVnESQGOEpGpOBoiEKiHDT4vAMHitlBP2IqwolLNTvEykKhJgFnuoMkJyI314u/ucNEulfuikN40SSEM8X+QmDMoJ5CnBEOcGSzRRBmFN1K8QTpIKQKqtKEUIzR+Pv70vStQ2rbtRvz2qtq0UcZXAIjsAJsMAFaIEb0AYdgEECHsEzeNEetCftVXubt5a0xcwB+AHt/QsdsZOJ</latexit>

� iµ

2
<latexit sha1_base64="VKE2DVeE7HWDhiixGFIOZSYBJtg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCG0OSarW7ohuXFewDmlAm00k7dPJgZiLUkC9x40IRt36KO//GSVqKrwMXDufcy733eDGjQprmp1ZaWV1b3yhvVra2d3ar+t5+V0QJx6SDIxbxvocEYTQkHUklI/2YExR4jPS86XXu9+4JFzQK7+QsJm6AxiH1KUZSSUO9eur4HOGUOkGSpXY21GumYVq2ed6AplG3LavRhJZhFliSGligPdQ/nFGEk4CEEjMkxMAyY+mmiEuKGckqTiJIjPAUjclA0RAFRLhpcXgGj5Uygn7EVYUSFur3iRQFQswCT3UGSE7Eby8X//MGifQv3ZSGcSJJiOeL/IRBGcE8BTiinGDJZoogzKm6FeIJUkFIlVWlCKGZo/H39yXp2oZVN+q3Z7XW1SKOMjgER+AEWOACtMANaIMOwCABj+AZvGgP2pP2qr3NW0vaYuYA/ID2/gUg1ZOL</latexit>

kI < 1
<latexit sha1_base64="qRRho0TU/stlzGgYzahI5ZrWqxo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtdVpwUXSjuwr2Ae1QMmmmDZPJDElGKKUf4caFIm79Hnf+jZm2gooeuHA4517uvcdPOFMaoQ8rt7K6tr6R3yxsbe/s7hX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8cOrzO/cU6lYLO70JKFehEeCBYxgbaROOLiBF9AZFEvIdspuDTkQ2ednyK3UDUGo7lbr0DEkQwks0RwU3/vDmKQRFZpwrFTPQYn2plhqRjidFfqpogkmIR7RnqECR1R50/m5M3hilCEMYmlKaDhXv09McaTUJPJNZ4T1WP32MvEvr5fqoOZNmUhSTQVZLApSDnUMs9/hkElKNJ8Ygolk5lZIxlhiok1CBRPC16fwf9Iu207FLt9WS43LZRx5cASOwSlwgAsa4Bo0QQsQEIIH8ASercR6tF6s10VrzlrOHIIfsN4+AS06jtI=</latexit>

kI > 1
<latexit sha1_base64="VMLmyRPKUWX9fa1miiWlAD6ztbU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtddqNFN3oroJ9QDuUTJppw2QyQ5IRSulHuHGhiFu/x51/Y6atoKIHLhzOuZd77/ETzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/PAq8zv3VCoWizs9SagX4ZFgASNYG6kTDm7gBXQGxRKynbJbQw5E9vkZcit1QxCqu9U6dAzJUAJLNAfF9/4wJmlEhSYcK9VzUKK9KZaaEU5nhX6qaIJJiEe0Z6jAEVXedH7uDJ4YZQiDWJoSGs7V7xNTHCk1iXzTGWE9Vr+9TPzL66U6qHlTJpJUU0EWi4KUQx3D7Hc4ZJISzSeGYCKZuRWSMZaYaJNQwYTw9Sn8n7TLtlOxy7fVUuNyGUceHIFjcAoc4IIGuAZN0AIEhOABPIFnK7EerRfrddGas5Yzh+AHrLdPMEaO1A==</latexit>

m2R2 = ��+��
<latexit sha1_base64="h0NGWLWL0aRfK7w75dRpiZzZMUw=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWARBGlIUq12IRR14bKKfUCbhsl02g6dPJiZCCXUjb/ixoUibv0Ld/6NSRqKrwOXezjnXmbusX1GhdS0TyUzN7+wuJRdzq2srq1v5De3GsILOCZ17DGPt2wkCKMuqUsqGWn5nCDHZqRpjy5iv3lHuKCeeyvHPjEdNHBpn2IkI8nK7zhd46ZrnBU7l4RJZB2mvWjlC5qq6YZ2XIaaWjJ0vVyBuqolmJECSFGz8h+dnocDh7gSMyREW9d8aYaIS4oZmeQ6gSA+wiM0IO2IusghwgyTCyZwP1J6sO/xqFwJE/X7RogcIcaOHU06SA7Fby8W//PageyfmiF1/UASF08f6gcMSg/GccAe5QRLNo4IwpxGf4V4iDjCMgotl4RQiVH+e/uMNAxVL6ml66NC9TyNIwt2wR44ADo4AVVwBWqgDjC4B4/gGbwoD8qT8qq8TUczSrqzDX5Aef8CpByV4g==</latexit>

�± =
d

2
± iµ

<latexit sha1_base64="RwKkmregeWK2YWUJT5BZMzMvkMs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgKiStVrsQirpwWcE+oAlhMp20Q2eSMDMRSujOjb/ixoUibv0Fd/6N0wfF14ELZ865l7n3BAmjUtn2p5FbWFxaXsmvFtbWNza3zO2dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCweXYb90RIWkc3aphQjyOehENKUZKS765714RppDvJvzcDQXCWXeUlUb6CanLU98s2pbtlOyTCrStcslxKlXoWPYEc1IEM9R988PtxjjlJFKYISk7jp0oL0NCUczIqOCmkiQID1CPdDSNECfSyyZ3jOChVrowjIWuSMGJ+n0iQ1zKIQ90J0eqL397Y/E/r5Oq8MzLaJSkikR4+lGYMqhiOA4FdqkgWLGhJggLqneFuI90GkpHV5iEUB2j8vf2OWmWLKdslW+Oi7WLWRx5sAcOwBFwwCmogWtQBw2AwT14BM/gxXgwnoxX423amjNmM7vgB4z3L2W2mcw=</latexit>

integration contour

These comprise the EFT expansion of the exchange amplitude

Example: External conformally coupled scalars
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<latexit sha1_base64="TH83TWElUKALax7dfRQX4HLUB1k="></latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

Resu+ū=�n
<latexit sha1_base64="Ii4hWkwgd/diVM+LKnyj+s+XH3c=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOtqBtBdOOyilWhLSWT3mowkxmSO2IJ8xVu/BU3LhRxK+78G9Ox4PNA4HDOfeWEiRQGff/dGxkdG5+YLEwVp2dm5+ZLC4unJk41hwaPZazPQ2ZACgUNFCjhPNHAolDCWXh1MPDPrkEbEasT7CfQjtiFEj3BGTqpU9poIdxgPseGkvGrzOaKPQaTZR2brttWyDRNs90NlXVKZb+yVd3ZqtWoX/FzfJFgSMpkiHqn9NbqxjyNQCGXzJhm4CfYtkyj4BKyYis1kLit7AKajioWgWnb/JyMrjqlS3uxdk8hzdXvHZZFxvSj0FVGDC/Nb28g/uc1U+zttK1QSYqg+OeiXiopxnSQEe0KDRxl3xHGtXC3Un7JNOPokiy6EILfX/5LTquVoFapHm2W9/aHcRTIMlkhayQg22SPHJI6aRBObsk9eSRP3p334D17L5+lI96wZ4n8gPf6AaydoOo=</latexit>

/
�
k2I

�n
<latexit sha1_base64="48HVvcA8pgZvpYNOOTjJ0LqZUOQ=">AAACBXicbVC7SgNBFJ31GeMraqnFYhBiE3ajoGXQRrsI5gHZTZidzCZDZneGmbtCWNLY+Cs2ForY+g92/o2TZAtNPDBwOOde7pwTSM40OM63tbS8srq2ntvIb25t7+wW9vYbWiSK0DoRXKhWgDXlLKZ1YMBpSyqKo4DTZjC8nvjNB6o0E/E9jCT1I9yPWcgIBiN1C0eeVEKCsD1OQygNO5XuradYfwCnHWMXnbIzhb1I3IwUUYZat/Dl9QRJIhoD4VjrtutI8FOsgBFOx3kv0VRiMsR92jY0xhHVfjpNMbZPjNKzQ6HMi8Geqr83UhxpPYoCMxlhGOh5byL+57UTCC/9lMUyARqT2aEw4bZJPanE7jFFCfCRIZgoZv5qkwFWmIApLm9KcOcjL5JGpeyelSt358XqVVZHDh2iY1RCLrpAVXSDaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QPdDpgo</latexit>

Resu+ū=�n
<latexit sha1_base64="Ii4hWkwgd/diVM+LKnyj+s+XH3c=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOtqBtBdOOyilWhLSWT3mowkxmSO2IJ8xVu/BU3LhRxK+78G9Ox4PNA4HDOfeWEiRQGff/dGxkdG5+YLEwVp2dm5+ZLC4unJk41hwaPZazPQ2ZACgUNFCjhPNHAolDCWXh1MPDPrkEbEasT7CfQjtiFEj3BGTqpU9poIdxgPseGkvGrzOaKPQaTZR2brttWyDRNs90NlXVKZb+yVd3ZqtWoX/FzfJFgSMpkiHqn9NbqxjyNQCGXzJhm4CfYtkyj4BKyYis1kLit7AKajioWgWnb/JyMrjqlS3uxdk8hzdXvHZZFxvSj0FVGDC/Nb28g/uc1U+zttK1QSYqg+OeiXiopxnSQEe0KDRxl3xHGtXC3Un7JNOPokiy6EILfX/5LTquVoFapHm2W9/aHcRTIMlkhayQg22SPHJI6aRBObsk9eSRP3p334D17L5+lI96wZ4n8gPf6AaydoOo=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

Coefficient admits expansion in 1/m2
<latexit sha1_base64="wyLpl2mUcD2ZtkDv9t2dH1yDWro=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0zS2NZb0YvHCqYttLFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0gYlcqyPozCyura+kZxs7S1vbO7V94/aMs4FZh4OGax6AZIEkY58RRVjHQTQVAUMNIJJle537knQtKY36ppQvwIjTgNKUZKS559Ft05g3LFMi8aNcetQcu0rLrt2Dlx6m7VhbZWclTAEq1B+b0/jHEaEa4wQ1L2bCtRfoaEopiRWamfSpIgPEEj0tOUo4hIP5sfO4MnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eb1UhQ0/ozxJFeF4sShMGVQxzD+HQyoIVmyqCcKC6lshHiOBsNL5lHQIX5/C/0nbMe2qeX7jVpqXyziK4Agcg1NggzpogmvQAh7AgIIH8ASeDW48Gi/G66K1YCxnDsEPGG+fOfKOUg==</latexit>

m =
<latexit sha1_base64="pZCo3bpSwAs5nFcDHaBCjjnD0pI=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GmamY1sXQtGNyyr2Ae1QMmmmDU0yQ5IRSukfuHGhiFv/yJ1/Y6atoKIHLhzOuZd77wkTRpV2nA8rt7K6tr6R3yxsbe/s7hX3D1oqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph+OrzG/fE6loLO70JCEBR0NBI4qRNtItv+gXS459Xqt4fgU6tuNUXc/NiFf1yz50jZKhBJZo9IvvvUGMU06Exgwp1XWdRAdTJDXFjMwKvVSRBOExGpKuoQJxooLp/NIZPDHKAEaxNCU0nKvfJ6aIKzXhoenkSI/Uby8T//K6qY5qwZSKJNVE4MWiKGVQxzB7Gw6oJFiziSEIS2puhXiEJMLahFMwIXx9Cv8nLc92y/bZjV+qXy7jyIMjcAxOgQuqoA6uQQM0AQYReABP4NkaW4/Wi/W6aM1Zy5lD8APW2ye5tI2B</latexit>

mass of exchanged particle

m2R2 = �
�
d
2 + iµ

� �
d
2 � iµ

�
<latexit sha1_base64="58LHHxF9Zhn17Eqt2ozuPPpV6sw="></latexit>



This form is fixed by a combination of Boundary Conditions and Conformal Symmetry!

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

Boundary

conditions

cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

EFT

On-shell particle exchange (CPW)

Four-point exchange of generic scalars

Mellin representation of AdS exchanges 



This form is fixed by a combination of Boundary Conditions and Conformal Symmetry!

Four-point exchange of generic scalars

The corresponding exchange amplitude in de Sitter takes the same form

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

On-shell particle exchange (CPW)

Boundary

conditions

EFT

An entire function which now implements 
 the early-time boundary condition (Bunch Davies)

Mellin representation of (A)dS exchanges 

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

Boundary

conditions

cosec (⇡ (u+ ū)) �AdS (u, ū)
<latexit sha1_base64="0gqN6uUIYOAEEXpa2CvNbRDNSNk="></latexit>

EFT

On-shell particle exchange (CPW)



s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

Mellin representation of (A)dS exchanges 

exp
⇥
±
�
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2

�
�� d
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��
⇡i
⇤

<latexit sha1_base64="Xv6fmnipqPdvFLZ+ZI1gEvi3C3k="></latexit>

=<latexit sha1_base64="hbJZ2Rq4vdFIdgVXsNor2t2/hcs=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1atVa87RSv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/QullYz4</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

�, J
<latexit sha1_base64="FefrVLOivEHFkZZjf/ec8BobSdk=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBQwlJGtt6K+pBPFWwtdiEstlu2qWbTdjdCKX0X3jxoIhX/403/42btoKKPhh4vDfDzLwgYVQqy/owckvLK6tr+fXCxubW9k5xd68t41Rg0sIxi0UnQJIwyklLUcVIJxEERQEjt8HoPPNv74mQNOY3apwQP0IDTkOKkdLSnXdBmEJlr3zVK5Ys87ReddwqtEzLqtmOnRGn5lZcaGslQwks0OwV371+jNOIcIUZkrJrW4nyJ0goihmZFrxUkgThERqQrqYcRUT6k9nFU3iklT4MY6GLKzhTv09MUCTlOAp0Z4TUUP72MvEvr5uqsO5PKE9SRTieLwpTBlUMs/dhnwqCFRtrgrCg+laIh0ggrHRIBR3C16fwf9J2TLtinly7pcbZIo48OACH4BjYoAYa4BI0QQtgwMEDeALPhjQejRfjdd6aMxYz++AHjLdP4jmQaw==</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

�, J
<latexit sha1_base64="FefrVLOivEHFkZZjf/ec8BobSdk=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBQwlJGtt6K+pBPFWwtdiEstlu2qWbTdjdCKX0X3jxoIhX/403/42btoKKPhh4vDfDzLwgYVQqy/owckvLK6tr+fXCxubW9k5xd68t41Rg0sIxi0UnQJIwyklLUcVIJxEERQEjt8HoPPNv74mQNOY3apwQP0IDTkOKkdLSnXdBmEJlr3zVK5Ys87ReddwqtEzLqtmOnRGn5lZcaGslQwks0OwV371+jNOIcIUZkrJrW4nyJ0goihmZFrxUkgThERqQrqYcRUT6k9nFU3iklT4MY6GLKzhTv09MUCTlOAp0Z4TUUP72MvEvr5uqsO5PKE9SRTieLwpTBlUMs/dhnwqCFRtrgrCg+laIh0ggrHRIBR3C16fwf9J2TLtinly7pcbZIo48OACH4BjYoAYa4BI0QQtgwMEDeALPhjQejRfjdd6aMxYz++AHjLdP4jmQaw==</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>

Sum contributions from each branch of the in-in contour, keeping the two bulk points separated:

u, ū<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit> =exp [± (u� ū)⇡i]
<latexit sha1_base64="E0AVjJl82w/RPoyAtVgTCjuqZA0="></latexit>

=<latexit sha1_base64="hbJZ2Rq4vdFIdgVXsNor2t2/hcs=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1atVa87RSv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/QullYz4</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, J
<latexit sha1_base64="h9oSfw4qe4EoUXCn3f0QoWoC/KM=">AAAB8XicbVDLSgMxFM34rPVVdekmWARBGTJtrXZX1IW4qmAf2A4lk6ZtaCYzJBmhDP0LNy4UcevfuPNvzExL8XXgwuGce7n3Hi/kTGmEPq2FxaXlldXMWnZ9Y3NrO7ez21BBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN7pM/OYDlYoF4k6PQ+r6eCBYnxGsjXTfuaJc4+7xyU03l0c2cgrotAyRXSw4TrkCHRulmJM8mKHWzX10egGJfCo04ViptoNC7cZYakY4nWQ7kaIhJiM8oG1DBfapcuP04gk8NEoP9gNpSmiYqt8nYuwrNfY90+ljPVS/vUT8z2tHun/uxkyEkaaCTBf1Iw51AJP3YY9JSjQfG4KJZOZWSIZYYqJNSNk0hEqC8t/f56RRsJ2iXbot5asXszgyYB8cgCPggDNQBdegBuqAAAEewTN4sZT1ZL1ab9PWBWs2swd+wHr/AtIckIE=</latexit>

��, J
<latexit sha1_base64="hcCUaJqtUImTKjmbvjDPEoZzIQs=">AAAB8XicbVDLSgMxFM34rPVVdekmWAQXOmTaWu2uqAtxVcE+sB1KJk3b0ExmSDJCGfoXblwo4ta/ceffmJmW4uvAhcM593LvPV7ImdIIfVoLi0vLK6uZtez6xubWdm5nt6GCSBJaJwEPZMvDinImaF0zzWkrlBT7HqdNb3SZ+M0HKhULxJ0eh9T18UCwPiNYG+m+c0W5xt2T45tuLo9s5BTQaRkiu1hwnHIFOjZKMSd5MEOtm/vo9AIS+VRowrFSbQeF2o2x1IxwOsl2IkVDTEZ4QNuGCuxT5cbpxRN4aJQe7AfSlNAwVb9PxNhXaux7ptPHeqh+e4n4n9eOdP/cjZkII00FmS7qRxzqACbvwx6TlGg+NgQTycytkAyxxESbkLJpCJUE5b+/z0mjYDtFu3RbylcvZnFkwD44AEfAAWegCq5BDdQBAQI8gmfwYinryXq13qatC9ZsZg/8gPX+BdUokIM=</latexit>

m, J<latexit sha1_base64="potLE4Wrz3eGS7ssMzNsWO+8kWc=">AAAB7HicdVDLSgMxFM34rPVVdekmWAQXpUzqo+2u6EZcVXDaQjuUTJppQ5PMkGSEMvQb3LhQxK0f5M6/MdNWUNEDFw7n3Mu99wQxZ9q47oeztLyyurae28hvbm3v7Bb29ls6ShShHol4pDoB1pQzST3DDKedWFEsAk7bwfgq89v3VGkWyTsziakv8FCykBFsrOSJUq900y8U3bLrugghmBFUvXAtqddrFVSDKLMsimCBZr/w3htEJBFUGsKx1l3kxsZPsTKMcDrN9xJNY0zGeEi7lkosqPbT2bFTeGyVAQwjZUsaOFO/T6RYaD0Rge0U2Iz0by8T//K6iQlrfspknBgqyXxRmHBoIph9DgdMUWL4xBJMFLO3QjLCChNj88nbEL4+hf+TVqWMTsvnt2fFxuUijhw4BEfgBCBQBQ1wDZrAAwQw8ACewLMjnUfnxXmdty45i5kD8APO2yc8pI5U</latexit>

,,

Contributions from each branch of the in-in contour are obtained by multiplying each leg with the appropriate phase:



Mellin representation of dS exchanges 

This reflects the boundary (late-time) behaviour of fields in dS:

The sine factors originate from the constituent 3pt diagrams: 

forbidden by 
Dirichlet b.c. in AdS

lim
⌘!0

' (⌘,k) = O�+ (k)⌘�+ +O�� (k)⌘��

<latexit sha1_base64="58uTD73neXNKF9sv5AFn7Mxd7+c="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

= sin
⇣⇣

�1+�2+�±�d
2

⌘
⇡
⌘

<latexit sha1_base64="Qm25B40GB0+MzRiv2HETffnxH/k="></latexit>

�1
<latexit sha1_base64="sfAQxVHH7yq4v4A2TfM3OCF9VXE=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadlN1iTegnrwGME8IFnC7GQ2GTL7cGZWCEt+wosHRbz6O978G2eTCCpa0FBUddPd5cWcSWVZH0ZuZXVtfSO/Wdja3tndK+4ftGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHm1xmfueeCsmi8FZNY+oGeBQynxGstNTtX1Gu8MAeFEuWeV6vlp0qskzLqtllOyPlmlNxkK2VDCVYojkovveHEUkCGirCsZQ924qVm2KhGOF0VugnksaYTPCI9jQNcUClm87vnaETrQyRHwldoUJz9ftEigMpp4GnOwOsxvK3l4l/eb1E+XU3ZWGcKBqSxSI/4UhFKHseDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmlXzLMbp9S4WMaRhyM4hlOwoQYNuIYmtIAAhwd4gmfjzng0XozXRWvOWM4cwg8Yb5/r94/p</latexit>

�2
<latexit sha1_base64="0caHvZqFjkZ+ntHB8VUT+z3G3gc=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadndrEm8BfXgMYJ5QLKE2clsMmT24UyvEEJ+wosHRbz6O978G2eTCCpa0FBUddPd5SeCK7CsDyO3srq2vpHfLGxt7+zuFfcPWipOJWVNGotYdnyimOARawIHwTqJZCT0BWv748vMb98zqXgc3cIkYV5IhhEPOCWgpU7vigkgfadfLFnmea3iuBVsmZZVtR07I07VLbvY1kqGElqi0S++9wYxTUMWARVEqa5tJeBNiQROBZsVeqliCaFjMmRdTSMSMuVN5/fO8IlWBjiIpa4I8Fz9PjEloVKT0NedIYGR+u1l4l9eN4Wg5k15lKTAIrpYFKQCQ4yz5/GAS0ZBTDQhVHJ9K6YjIgkFHVFBh/D1Kf6ftBzTLptnN26pfrGMI4+O0DE6RTaqojq6Rg3URBQJ9ICe0LNxZzwaL8brojVnLGcO0Q8Yb5/te4/q</latexit>

�±
<latexit sha1_base64="qZYCTGixP3Jt2gWOTpDZPDwC1Vw=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpP6aLsr6sJlBfvAzlAyaaYNTTJDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feE8ScaeO6H05uaXlldS2/XtjY3NreKe7utXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJxpeZ37mnSrNI3ppJTH2Bh5KFjGBjpTvvinKD+14s+sWSW3ZdFyEEM4Kq564l9XqtgmoQZZZFCSzQ7BffvUFEEkGlIRxr3UNubPwUK8MIp9OCl2gaYzLGQ9qzVGJBtZ/OLp7CI6sMYBgpW9LAmfp9IsVC64kIbKfAZqR/e5n4l9dLTFjzUybjxFBJ5ovChEMTwex9OGCKEsMnlmCimL0VkhFWmBgbUsGG8PUp/J+0K2V0Uj67OS01LhZx5MEBOATHAIEqaIBr0AQtQIAED+AJPDvaeXRenNd5a85ZzOyDH3DePgG5dJD5</latexit> �1

<latexit sha1_base64="sfAQxVHH7yq4v4A2TfM3OCF9VXE=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadlN1iTegnrwGME8IFnC7GQ2GTL7cGZWCEt+wosHRbz6O978G2eTCCpa0FBUddPd5cWcSWVZH0ZuZXVtfSO/Wdja3tndK+4ftGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHm1xmfueeCsmi8FZNY+oGeBQynxGstNTtX1Gu8MAeFEuWeV6vlp0qskzLqtllOyPlmlNxkK2VDCVYojkovveHEUkCGirCsZQ924qVm2KhGOF0VugnksaYTPCI9jQNcUClm87vnaETrQyRHwldoUJz9ftEigMpp4GnOwOsxvK3l4l/eb1E+XU3ZWGcKBqSxSI/4UhFKHseDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmlXzLMbp9S4WMaRhyM4hlOwoQYNuIYmtIAAhwd4gmfjzng0XozXRWvOWM4cwg8Yb5/r94/p</latexit>

�2
<latexit sha1_base64="0caHvZqFjkZ+ntHB8VUT+z3G3gc=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadndrEm8BfXgMYJ5QLKE2clsMmT24UyvEEJ+wosHRbz6O978G2eTCCpa0FBUddPd5SeCK7CsDyO3srq2vpHfLGxt7+zuFfcPWipOJWVNGotYdnyimOARawIHwTqJZCT0BWv748vMb98zqXgc3cIkYV5IhhEPOCWgpU7vigkgfadfLFnmea3iuBVsmZZVtR07I07VLbvY1kqGElqi0S++9wYxTUMWARVEqa5tJeBNiQROBZsVeqliCaFjMmRdTSMSMuVN5/fO8IlWBjiIpa4I8Fz9PjEloVKT0NedIYGR+u1l4l9eN4Wg5k15lKTAIrpYFKQCQ4yz5/GAS0ZBTDQhVHJ9K6YjIgkFHVFBh/D1Kf6ftBzTLptnN26pfrGMI4+O0DE6RTaqojq6Rg3URBQJ9ICe0LNxZzwaL8brojVnLGcO0Q8Yb5/te4/q</latexit>

�±
<latexit sha1_base64="qZYCTGixP3Jt2gWOTpDZPDwC1Vw=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpP6aLsr6sJlBfvAzlAyaaYNTTJDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feE8ScaeO6H05uaXlldS2/XtjY3NreKe7utXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJxpeZ37mnSrNI3ppJTH2Bh5KFjGBjpTvvinKD+14s+sWSW3ZdFyEEM4Kq564l9XqtgmoQZZZFCSzQ7BffvUFEEkGlIRxr3UNubPwUK8MIp9OCl2gaYzLGQ9qzVGJBtZ/OLp7CI6sMYBgpW9LAmfp9IsVC64kIbKfAZqR/e5n4l9dLTFjzUybjxFBJ5ovChEMTwex9OGCKEsMnlmCimL0VkhFWmBgbUsGG8PUp/J+0K2V0Uj67OS01LhZx5MEBOATHAIEqaIBr0AQtQIAED+AJPDvaeXRenNd5a85ZzOyDH3DePgG5dJD5</latexit>

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>

Conformal Partial Wave 1

2

ds2 = R2�d⌘2 + dy2

⌘2
<latexit sha1_base64="8kTVuSbMlY4hl3dvLw8naYjMdJI="></latexit>

⌘ = �e�t
<latexit sha1_base64="YArq9qnk+BZxQ8AD00G+k9rbHuU=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4yTAxEZODEPTiMYJZIImhp1OTNOlZ6K4RwpDf8OJBEa/+jDf/xs4iuD4oeLxXRVU9N5JCo+O8W6ml5ZXVtfR6ZmNza3snu7vX0GGsONR5KEPVcpkGKQKoo0AJrUgB810JTXd0OfWbd6C0CIMbHEfQ9dkgEJ7gDI3U6QCy8zzcJnmc9LI5xy5Vyk6xQn+Tgu3MkCML1HrZt04/5LEPAXLJtG4XnAi7CVMouIRJphNriBgfsQG0DQ2YD7qbzG6e0COj9KkXKlMB0pn6dSJhvtZj3zWdPsOh/ulNxb+8doxeuZuIIIoRAj5f5MWSYkinAdC+UMBRjg1hXAlzK+VDphhHE1PGhPD5Kf2fNE7sQtE+vS7lqheLONLkgBySY1IgZ6RKrkiN1AknEbknj+TJiq0H69l6mbemrMXMPvkG6/UDC4KRuA==</latexit>

The exchanged single particle state is now signaled by two families of non-analytic terms

⇠ sin
⇣⇣

�1+�2+�+�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+�+�d

2

⌘
⇡
⌘ �

k2I
��+�d

2
�
1 + k2I + . . .

�
<latexit sha1_base64="AKMt92guYSJJ+BZMNUAtdPjHryI="></latexit>

+sin
⇣⇣

�1+�2+���d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+���d

2

⌘
⇡
⌘ �

k2I
����d

2
�
1 + k2I + . . .

�
<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>

1



Mellin representation of dS exchanges 

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>

Conformal Partial Wave 1

2

In de Sitter there are two types of exchanged particles:

0  m <
d

2
H ! d

2 < �+  d, 0  ��  d
2

<latexit sha1_base64="tZkTLlT7ZoMmUW1yft+9TWQ8swk="></latexit>

Light particles: 0  m/H <
d
2

<latexit sha1_base64="S3W5rvgmNHD0baz0f7r/N1ObSA4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiZV0YWLopsuK9gHNKFMJpN26MwkzkyEEoIbf8WNC0Xc+hXu/Bunj4W2HrhwOOde7r0nSBhV2nG+rYXFpeWV1cJacX1jc2vb3tltqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMbkZ+64FIRWNxp4cJ8TnqCRpRjLSRuva+Az1G7iE/qcEr6OlIIpyFeVbJu3bJKTtjwHniTkkJTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRvOiliiQID1CPdAwViBPlZ+MXcnhklBBGsTQlNByrvycyxJUa8sB0cqT7atYbif95nVRHl35GRZJqIvBkUZQyqGM4ygOGVBKs2dAQhCU1t0LcRyYFbVIrmhDc2ZfnSbNSdk/L57dnper1NI4COACH4Bi44AJUQQ3UQQNg8AiewSt4s56sF+vd+pi0LljTmT3wB9bnDzAclgw=</latexit>

power law
�
k2I

��±� d
2

<latexit sha1_base64="8Urj50/nrVMPbS8Lh2NVPzYosKA="></latexit>

Massive particles: m � d

2
H ! �± =

d

2
± i⌫, ⌫ 2 R

<latexit sha1_base64="/lfbMpRmOS4eGHOfRWhM/+HcpA0="></latexit>

m/H � d
2

<latexit sha1_base64="ZYbZvsUhuY9b0nLHTJGDMCQqNdQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkKrosuumygn1AE8pkOmmHzkzizEQoMQt/xY0LRdz6G+78G6dtFtp64MLhnHu5954gZlRpx/m2CkvLK6trxfXSxubW9o69u9dSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjdTPz2A5GKRuJOj2PiczQQNKQYaSP17APIT+vQG5B76OlQIpz2s7Sa9eyyU3GmgIvEzUkZ5Gj07C+vH+GEE6ExQ0p1XSfWfoqkppiRrOQlisQIj9CAdA0ViBPlp9P7M3hslD4MI2lKaDhVf0+kiCs15oHp5EgP1bw3Ef/zuokOr/yUijjRRODZojBhUEdwEgbsU0mwZmNDEJbU3ArxEJkUtImsZEJw519eJK1qxT2rXNyel2vXeRxFcAiOwAlwwSWogTpogCbA4BE8g1fwZj1ZL9a79TFrLVj5zD74A+vzB9OulV0=</latexit>

oscillations
�
k2I

�±i⌫

<latexit sha1_base64="MnA2MEQQrEjN8D/iw9W9bAFmusw=">AAACB3icbVDJSgNBEO1xjXGLehSkMQh6GSaL2y3oRW8RjAqZcejp9CRNenqG7hohDLl58Ve8eFDEq7/gzb+xsyhuDwoe71VRVS9IBNfgOO/WxOTU9Mxsbi4/v7C4tFxYWb3Qcaooa9BYxOoqIJoJLlkDOAh2lShGokCwy6B7PPAvb5jSPJbn0EuYF5G25CGnBIzkFzZcwULY7l6X/VNX8XYHdq4zN4kwx65M+36hWLKdIbBj71Ur1f1dQ8bKp1VEY9T9wpvbimkaMQlUEK2bJScBLyMKOBWsn3dTzRJCu6TNmoZKEjHtZcM/+njLKC0cxsqUBDxUv09kJNK6FwWmMyLQ0b+9gfif10whPPAyLpMUmKSjRWEqMMR4EApuccUoiJ4hhCpubsW0QxShYKLLmxAc+3CAva+X/5KLsl2q2JWzarF2NI4jh9bRJtpGJbSPaugE1VEDUXSL7tEjerLurAfr2XoZtU5Y45k19APW6wdLcJkY</latexit>

(m2 = H
2�+��)

<latexit sha1_base64="0l4ONbroBMsGBxwpwq/Tg/srMMc=">AAACAnicbVDLSsNAFJ3UV62vqitxM1iEiljSp3YhFHXRZQX7gD7CZDpph04mYWYilFDc+CtuXCji1q9w59+YpAGfBy73cM69zNxjuoxKpesfWmJhcWl5JbmaWlvf2NxKb++0pOMJTJrYYY7omEgSRjlpKqoY6biCINtkpG1OLkO/fUuEpA6/UVOX9G004tSiGKlAMtJ7WXtQOK8PCr0rwhQyjuN+cmSkM3quXKoWimU4JxU9JqUKzOf0CBkQo2Gk33tDB3s24QozJGU3r7uq7yOhKGZklup5krgIT9CIdAPKkU1k349OmMHDQBlCyxFBcQUj9fuGj2wpp7YZTNpIjeVvLxT/87qess76PuWupwjH84csj0HlwDAPOKSCYMWmAUFY0OCvEI+RQFgFqaWiEKohvk7+S1qFXL6YK16XMrWLOI4k2AcHIAvy4BTUQB00QBNgcAcewBN41u61R+1Fe52PJrR4Zxf8gPb2CTojljU=</latexit>

The exchanged single particle state is now signaled by two families of non-analytic terms

⇠ sin
⇣⇣

�1+�2+�+�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+�+�d

2

⌘
⇡
⌘ �

k2I
��+�d

2
�
1 + k2I + . . .

�
<latexit sha1_base64="AKMt92guYSJJ+BZMNUAtdPjHryI="></latexit>

+sin
⇣⇣

�1+�2+���d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+���d

2

⌘
⇡
⌘ �

k2I
����d

2
�
1 + k2I + . . .

�
<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>

1



Mellin representation of dS exchanges 

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>

Conformal Partial Wave 1
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�

<latexit sha1_base64="TAr2OWKITiiQPc1aZQhhsGIl/S0="></latexit>

⇠ sin

✓✓
�1+�2�

d
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d
2+i⌫

2

◆
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◆�
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�

<latexit sha1_base64="7vBxbyYwy5v2hbUOoAGVCkRMtXs="></latexit>

/ sin
⇥
� (⌫) + ⌫ log

�
k2I

�⇤
<latexit sha1_base64="dQogVJSxD7hQodaKAvStE7q+7+8="></latexit>

+ . . .
<latexit sha1_base64="MxlwHybWTpwlvIcCCqe25nRGkIM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevEYwTwgWcLs7CQZMju7zPQKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYkUBl332ymsrK6tbxQ3S1vbO7t75f2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIm+YBSt1DrryjBG0ytX3Ko7A1kmXk4qkKPeK391w5ilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7d0JOrBKSfqxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K/Rs/EypJkSs2X9RPJcGYTH8nodCcoRxbQpkW9lbChlRThjahkg3BW3x5mTTPq95F9erhslK7zeMowhEcwyl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PeWvByWcO4Q+czx8ljo90</latexit>

For an exchanged massive particle                              m
2 = H

2
�
d
2 + i⌫

� �
d
2 � i⌫

�
<latexit sha1_base64="xwKeUSFhhJ+aT53BRJMMgYCum4s=">AAACLHicbVDLSsNAFJ3UV62vqks3wSJUxJJERTdCsZsuK9gHNG2ZTCft0MkkzNwIJfSD3PgrgriwiFu/w+ljUVsPXDiccy/33uNFnCmwrLGRWlvf2NxKb2d2dvf2D7KHRzUVxpLQKgl5KBseVpQzQavAgNNGJCkOPE7r3qA08evPVCoWiicYRrQV4J5gPiMYtNTJloK2c19uOy6nPuRd8CUmSXeUOKML5orYlazXh/NV93LB7WRzVsGawlwl9pzk0ByVTvbd7YYkDqgAwrFSTduKoJVgCYxwOsq4saIRJgPco01NBQ6oaiXTZ0fmmVa6ph9KXQLMqbo4keBAqWHg6c4AQ18texPxP68Zg3/XSpiIYqCCzBb5MTchNCfJmV0mKQE+1AQTyfStJuljnQjofDM6BHv55VVScwr2VeHm8TpXfJjHkUYn6BTlkY1uURGVUQVVEUEv6A19orHxanwYX8b3rDVlzGeO0R8YP7/AWKiS</latexit>

we have

Arkani-Hamed and Maldacena [hep-th] 1503.08043!

Recovers and effortlessly generalises the analysis of 



Mellin representation of dS exchanges 

The EFT part of the dS exchange is equal to that of the AdS exchange, up to a sine factor

This is to be expected since the EFT expansion is a sum of contact terms, and we know that: 

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

��, 0
<latexit sha1_base64="AkMWkSVa9Ri24bGgwhTuyvW5ZTc=">AAAB83icbVDLSgMxFM34rPVVdekmWAQXdci0Wu2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ptNSfB24cDjnXu69x485UxqhT2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66nfvuBSsUica/HMfVCPBAsYARrI7nuDeUa905Lbgn1CkVkI6eMzqsQ2ZWy41Rr0LFRhgUpgjkavcKH249IElKhCcdKdR0Uay/FUjPC6STvJorGmIzwgHYNFTikykuzmyfw2Ch9GETSlNAwU79PpDhUahz6pjPEeqh+e1PxP6+b6ODSS5mIE00FmS0KEg51BKcBwD6TlGg+NgQTycytkAyxxESbmPJZCLUpqn9/X5BW2XYqduXurFi/mseRA4fgCJwAB1yAOrgFDdAEBMTgETyDFyuxnqxX623WumTNZw7AD1jvX8xrkQQ=</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>

Conformal Partial Wave 1

2

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="t+s+xYh/4AJRh4lOLTbJ1qgQq6s=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2NZb0YvHirYW2lA22027dPPB7kYooT/BiwdFvPqLvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngtA2iXksuj6WlLOIthVTnHYTQXHoc3rnTy5z/+6eCsni6FZNE+qFeBSxgBGstHQjB+6gXLHM80bNcWvIMi2rbjt2Tpy6W3WRrZUcFViiNSi/94cxSUMaKcKxlD3bSpSXYaEY4XRW6qeSJphM8Ij2NI1wSKWXzU+doROtDFEQC12RQnP1+0SGQymnoa87Q6zG8reXi395vVQFDS9jUZIqGpHFoiDlSMUo/xsNmaBE8akmmAimb0VkjAUmSqdT0iF8fYr+Jx3HtKvm2bVbaV4s4yjCERzDKdhQhyZcQQvaQGAED/AEzwY3Ho0X43XRWjCWM4fwA8bbJ2rxjec=</latexit>
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<latexit sha1_base64="RtCTd/OBph/+PVBWKV76sfvKWbw="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="t+s+xYh/4AJRh4lOLTbJ1qgQq6s=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2NZb0YvHirYW2lA22027dPPB7kYooT/BiwdFvPqLvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngtA2iXksuj6WlLOIthVTnHYTQXHoc3rnTy5z/+6eCsni6FZNE+qFeBSxgBGstHQjB+6gXLHM80bNcWvIMi2rbjt2Tpy6W3WRrZUcFViiNSi/94cxSUMaKcKxlD3bSpSXYaEY4XRW6qeSJphM8Ij2NI1wSKWXzU+doROtDFEQC12RQnP1+0SGQymnoa87Q6zG8reXi395vVQFDS9jUZIqGpHFoiDlSMUo/xsNmaBE8akmmAimb0VkjAUmSqdT0iF8fYr+Jx3HtKvm2bVbaV4s4yjCERzDKdhQhyZcQQvaQGAED/AEzwY3Ho0X43XRWjCWM4fwA8bbJ2rxjec=</latexit>

Resu+ū=�n
<latexit sha1_base64="Ii4hWkwgd/diVM+LKnyj+s+XH3c=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOtqBtBdOOyilWhLSWT3mowkxmSO2IJ8xVu/BU3LhRxK+78G9Ox4PNA4HDOfeWEiRQGff/dGxkdG5+YLEwVp2dm5+ZLC4unJk41hwaPZazPQ2ZACgUNFCjhPNHAolDCWXh1MPDPrkEbEasT7CfQjtiFEj3BGTqpU9poIdxgPseGkvGrzOaKPQaTZR2brttWyDRNs90NlXVKZb+yVd3ZqtWoX/FzfJFgSMpkiHqn9NbqxjyNQCGXzJhm4CfYtkyj4BKyYis1kLit7AKajioWgWnb/JyMrjqlS3uxdk8hzdXvHZZFxvSj0FVGDC/Nb28g/uc1U+zttK1QSYqg+OeiXiopxnSQEe0KDRxl3xHGtXC3Un7JNOPokiy6EILfX/5LTquVoFapHm2W9/aHcRTIMlkhayQg22SPHJI6aRBObsk9eSRP3p334D17L5+lI96wZ4n8gPf6AaydoOo=</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

(mR)2 = �+��
<latexit sha1_base64="6GrRo9Pq0CuJN4ZcVMF6VtT+KH8="></latexit>
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<latexit sha1_base64="RtCTd/OBph/+PVBWKV76sfvKWbw="></latexit>

Resu+ū=�n
<latexit sha1_base64="Ii4hWkwgd/diVM+LKnyj+s+XH3c=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOtqBtBdOOyilWhLSWT3mowkxmSO2IJ8xVu/BU3LhRxK+78G9Ox4PNA4HDOfeWEiRQGff/dGxkdG5+YLEwVp2dm5+ZLC4unJk41hwaPZazPQ2ZACgUNFCjhPNHAolDCWXh1MPDPrkEbEasT7CfQjtiFEj3BGTqpU9poIdxgPseGkvGrzOaKPQaTZR2brttWyDRNs90NlXVKZb+yVd3ZqtWoX/FzfJFgSMpkiHqn9NbqxjyNQCGXzJhm4CfYtkyj4BKyYis1kLit7AKajioWgWnb/JyMrjqlS3uxdk8hzdXvHZZFxvSj0FVGDC/Nb28g/uc1U+zttK1QSYqg+OeiXiopxnSQEe0KDRxl3xHGtXC3Un7JNOPokiy6EILfX/5LTquVoFapHm2W9/aHcRTIMlkhayQg22SPHJI6aRBObsk9eSRP3p334D17L5+lI96wZ4n8gPf6AaydoOo=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

�+, 0
<latexit sha1_base64="VRKKi35nMYRdtPz9z3DWZRZnToA=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi5cVrC20BlKJs20oZnMkGSEUvobblwo4tafceffmJmW4uvAhcM593LvPX7MmdIIfVq5peWV1bX8emFjc2t7p7i7d6+iRBLaIhGPZMfHinImaEszzWknlhSHPqdtf3SV+u0HKhWLxJ0ex9QL8UCwgBGsjeS615Rr3Dspu2XUK5aQjZwKOqtBZFcrjlOrQ8dGGRakBOZo9oofbj8iSUiFJhwr1XVQrL0JlpoRTqcFN1E0xmSEB7RrqMAhVd4ku3kKj4zSh0EkTQkNM/X7xASHSo1D33SGWA/Vby8V//O6iQ4uvAkTcaKpILNFQcKhjmAaAOwzSYnmY0MwkczcCskQS0y0iamQhVBPUfv7+4LcV2ynaldvT0uNy3kceXAADsExcMA5aIAb0AQtQEAMHsEzeLES68l6td5mrTlrPrMPfsB6/wLJW5EC</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>



Particles with spin



Particles with spin
Conformal Symmetry + Boundary Conditions imply

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

= cosec (u+ ū) �dS (u, ū)
<latexit sha1_base64="636iG6BGKiv7xtM0Zm+xji3znjo="></latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

ū
<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

��, J
<latexit sha1_base64="pSCAntSDDrNL5cnrpHwhp1vy20w=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qEOm1Wp3RV2Iqwr2AZ2hZNJMG5p5kGSEMvQ33LhQxK0/486/MTMtxdeBC4dz7uXee9yIM6kQ+jRyS8srq2v59cLG5tb2TnF3ry3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vgq9TsPVEgWBvdqElHHx8OAeYxgpSXbvqZc4f5J2S7f9oslZCKrgs5qEJnVimXV6tAyUYYFKYE5mv3ihz0ISezTQBGOpexZKFJOgoVihNNpwY4ljTAZ4yHtaRpgn0onyW6ewiOtDKAXCl2Bgpn6fSLBvpQT39WdPlYj+dtLxf+8Xqy8CydhQRQrGpDZIi/mUIUwDQAOmKBE8YkmmAimb4VkhAUmSsdUyEKop6j9/X1B2hXTqprVu9NS43IeRx4cgENwDCxwDhrgBjRBCxAQgUfwDF6M2HgyXo23WWvOmM/sgx8w3r8A89ORHg==</latexit>

(mR)2 = �+�� + J
<latexit sha1_base64="adOWAUSH21uYw9C+0ZTZHP0aXhc="></latexit>

Boundary

conditionsEFT

On-shell particle exchange (CPW)

3pt Witten diagrams are known for any triplet of spinning fields in position space  

We just need to determine their Mellin-Barnes representation in momentum space! 

C.S. and M. Taronna [hep-th] 1603.00022

C.S. and M. Taronna [hep-th] 1702.08619

�1, J1
<latexit sha1_base64="Da3EDEhpOxSjgO3vlEZzjm1sXUY=">AAAB9XicbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV2Iqwq2FZoYJtNJO3TyYGailND/cONCEbf+izv/xkkbxdeBC4dz7uXee7yYUSEN410rLCwuLa8UV0tr6xubW+Xtna6IEo5JB0cs4tceEoTRkHQklYxcx5ygwGOk541PM793S7igUXglJzFxAjQMqU8xkkq6sc8Ik8g1q3b1wjXdcsXUjRmgodeshmU1FcmVT6sCcrTd8ps9iHASkFBihoTom0YsnRRxSTEj05KdCBIjPEZD0lc0RAERTjq7egoPlDKAfsRVhRLO1O8TKQqEmASe6gyQHInfXib+5/UT6TeclIZxIkmI54v8hEEZwSwCOKCcYMkmiiDMqboV4hHiCEsVVEmFYOjNDEdfL/8l3Zpu1vX6pVVpneRxFMEe2AeHwATHoAXOQRt0AAYc3INH8KTdaQ/as/Yyby1o+cwu+AHt9QMev5HB</latexit>

�2, J2
<latexit sha1_base64="j++Oo2cGmp9SAR68YIOLsm9qZzc=">AAAB9XicbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV2Iqwq2FZoYJtNJO3TyYGailND/cONCEbf+izv/xkkbxdeBC4dz7uXee7yYUSEN410rLCwuLa8UV0tr6xubW+Xtna6IEo5JB0cs4tceEoTRkHQklYxcx5ygwGOk541PM793S7igUXglJzFxAjQMqU8xkkq6sc8Ik8itVe3qhVtzyxVTN2aAhl6zGpbVVCRXPq0KyNF2y2/2IMJJQEKJGRKibxqxdFLEJcWMTEt2IkiM8BgNSV/REAVEOOns6ik8UMoA+hFXFUo4U79PpCgQYhJ4qjNAciR+e5n4n9dPpN9wUhrGiSQhni/yEwZlBLMI4IBygiWbKIIwp+pWiEeIIyxVUCUVgqE3Mxx9vfyXdGu6Wdfrl1aldZLHUQR7YB8cAhMcgxY4B23QARhwcA8ewZN2pz1oz9rLvLWg5TO74Ae01w8hzZHD</latexit>

�3, J3
<latexit sha1_base64="AN5oyNt3PrzVVA8HY9tolb/4xgQ=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSK4KCFpgra7oi7EVQXbCk0Mk+mkHTqZhJmJUkr/w40LRdz6L+78GydtFF8HLhzOuZd77wkSSoQ0zXetsLC4tLxSXC2trW9sbpW3dzoiTjnCbRTTmF8HUGBKGG5LIim+TjiGUUBxNxidZn73FnNBYnYlxwn2IjhgJCQISiXduGeYSujbVbd64dt+uWIZ5gy6adScuuM0FMmVT6sCcrT88pvbj1EaYSYRhUL0LDOR3gRySRDF05KbCpxANIID3FOUwQgLbzK7eqofKKWvhzFXxaQ+U79PTGAkxDgKVGcE5VD89jLxP6+XyrDuTQhLUokZmi8KU6rLWM8i0PuEYyTpWBGIOFG36mgIOURSBVVSIZhGI8PR18t/SadmWLZhXzqV5kkeRxHsgX1wCCxwDJrgHLRAGyDAwT14BE/anfagPWsv89aCls/sgh/QXj8AJNuRxQ==</latexit>

y1
<latexit sha1_base64="EH/fwz+i03xmO+m8TplDdBzpOLI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy4r2Ac0oUymk3boZBJmJkII/Q03LhRx68+482+cpEHUemDgcM693DPHjzlT2rY/rcrS8srqWnW9trG5tb1T393rqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3uR+74FKxSJxr9OYeiEeCxYwgrWRXDfEeuIHWTobOsN6w27aBdAicUrSgBLtYf3DHUUkCanQhGOlBo4day/DUjPC6azmJorGmEzxmA4MFTikysuKzDN0ZJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRUK0q4ynH+/eVF0j1pOqfN07uzRuu6rKMKB3AIx+DABbTgFtrQAQIxPMIzvFiJ9WS9Wm/z0YpV7uzDL1jvX0Svkfg=</latexit>

y2
<latexit sha1_base64="xEXN37r2BMZNsf4mPS/aGJl8fFo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSt+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SGfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26k6z3rw7q7WuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gVGM5H5</latexit>

y3
<latexit sha1_base64="wxE4HB9x/Jvfajb7lDN+PlEnKT0=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclcSKj13RjcsK9gFNKJPppB06mYSZiRBCf8ONC0Xc+jPu/BsnaRC1Hhg4nHMv98zxY86Utu1Pa2l5ZXVtvbJR3dza3tmt7e13VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOdPb3K/90ClYpG412lMvRCPBQsYwdpIrhtiPfGDLJ0Nm8Na3W7YBdAicUpShxLtYe3DHUUkCanQhGOlBo4day/DUjPC6azqJorGmEzxmA4MFTikysuKzDN0bJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRULUq4ynH+/eVF0j1tOM1G8+6s3rou66jAIRzBCThwAS24hTZ0gEAMj/AML1ZiPVmv1tt8dMkqdw7gF6z3L0e3kfo=</latexit>



u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

(mR)2 = �+�� + J
<latexit sha1_base64="adOWAUSH21uYw9C+0ZTZHP0aXhc="></latexit>

On-shell particle exchange (CPW)

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

= cosec (u+ ū) �dS (u, ū)
<latexit sha1_base64="636iG6BGKiv7xtM0Zm+xji3znjo="></latexit>

Boundary

conditionsEFT

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

ū
<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

��, J
<latexit sha1_base64="pSCAntSDDrNL5cnrpHwhp1vy20w=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qEOm1Wp3RV2Iqwr2AZ2hZNJMG5p5kGSEMvQ33LhQxK0/486/MTMtxdeBC4dz7uXee9yIM6kQ+jRyS8srq2v59cLG5tb2TnF3ry3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vgq9TsPVEgWBvdqElHHx8OAeYxgpSXbvqZc4f5J2S7f9oslZCKrgs5qEJnVimXV6tAyUYYFKYE5mv3ihz0ISezTQBGOpexZKFJOgoVihNNpwY4ljTAZ4yHtaRpgn0onyW6ewiOtDKAXCl2Bgpn6fSLBvpQT39WdPlYj+dtLxf+8Xqy8CydhQRQrGpDZIi/mUIUwDQAOmKBE8YkmmAimb4VkhAUmSsdUyEKop6j9/X1B2hXTqprVu9NS43IeRx4cgENwDCxwDhrgBjRBCxAQgUfwDF6M2HgyXo23WWvOmM/sgx8w3r8A89ORHg==</latexit>

The simplest case is a spin-J field exchanged between scalars

The constituent 3pt Witten diagrams in this case are proportional to a single conformal structure 

y1
<latexit sha1_base64="EH/fwz+i03xmO+m8TplDdBzpOLI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy4r2Ac0oUymk3boZBJmJkII/Q03LhRx68+482+cpEHUemDgcM693DPHjzlT2rY/rcrS8srqWnW9trG5tb1T393rqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3uR+74FKxSJxr9OYeiEeCxYwgrWRXDfEeuIHWTobOsN6w27aBdAicUrSgBLtYf3DHUUkCanQhGOlBo4day/DUjPC6azmJorGmEzxmA4MFTikysuKzDN0ZJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRUK0q4ynH+/eVF0j1pOqfN07uzRuu6rKMKB3AIx+DABbTgFtrQAQIxPMIzvFiJ9WS9Wm/z0YpV7uzDL1jvX0Svkfg=</latexit>

y2
<latexit sha1_base64="xEXN37r2BMZNsf4mPS/aGJl8fFo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSt+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SGfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26k6z3rw7q7WuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gVGM5H5</latexit>

y3
<latexit sha1_base64="wxE4HB9x/Jvfajb7lDN+PlEnKT0=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclcSKj13RjcsK9gFNKJPppB06mYSZiRBCf8ONC0Xc+jPu/BsnaRC1Hhg4nHMv98zxY86Utu1Pa2l5ZXVtvbJR3dza3tmt7e13VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOdPb3K/90ClYpG412lMvRCPBQsYwdpIrhtiPfGDLJ0Nm8Na3W7YBdAicUpShxLtYe3DHUUkCanQhGOlBo4day/DUjPC6azqJorGmEzxmA4MFTikysuKzDN0bJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRULUq4ynH+/eVF0j1tOM1G8+6s3rou66jAIRzBCThwAS24hTZ0gEAMj/AML1ZiPVmv1tt8dMkqdw7gF6z3L0e3kfo=</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit> / 1

|y12|�1+�2��3+J |y23|�2+�3��1�J |y31|�1+�3��2�J
<latexit sha1_base64="hrSP88WXubahEUFw3+CxjE2GmM8="></latexit>

✓
y12 · ⇠
|y12|2

� y13 · ⇠
|y13|2

◆J

<latexit sha1_base64="v5B5WpMsA3U3pJBjVC+OM+25F2I="></latexit>

⇠2 = 0
<latexit sha1_base64="KjuM1Wxa+21ja5tG/F2KmNxLtyQ=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQVHwuh6MZlBfuANpbJdNIOnUzCzEQsoR/hxoUibv0ed/6NkzSIWg9cOJxzL/fe40WcKW3bn9bC4tLyymphrbi+sbm1XdrZbakwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG1+lfvueSsVCcasnEXUDPBTMZwRrI7V7D+yuemH3S2W7YmdA88TJSRlyNPqlj94gJHFAhSYcK9V17Ei7CZaaEU6nxV6saITJGA9p11CBA6rcJDt3ig6NMkB+KE0JjTL150SCA6UmgWc6A6xH6q+Xiv953Vj7Z27CRBRrKshskR9zpEOU/o4GTFKi+cQQTCQztyIywhITbRIqZiGcpzj5fnmetKoVp1ap3RyX65d5HAXYhwM4AgdOoQ7X0IAmEBjDIzzDixVZT9ar9TZrXbDymT34Bev9C46ajzE=</latexit>

,

Particles with spin

Polarization



Particles with spin
Spinning Witten diagrams can be obtained by acting with differential operators on a scalar seed

= (⇠ · D)J
<latexit sha1_base64="RGN1ecz0Ifc4imMQdiAD58OxQdw="></latexit>

y1
<latexit sha1_base64="EH/fwz+i03xmO+m8TplDdBzpOLI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy4r2Ac0oUymk3boZBJmJkII/Q03LhRx68+482+cpEHUemDgcM693DPHjzlT2rY/rcrS8srqWnW9trG5tb1T393rqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3uR+74FKxSJxr9OYeiEeCxYwgrWRXDfEeuIHWTobOsN6w27aBdAicUrSgBLtYf3DHUUkCanQhGOlBo4day/DUjPC6azmJorGmEzxmA4MFTikysuKzDN0ZJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRUK0q4ynH+/eVF0j1pOqfN07uzRuu6rKMKB3AIx+DABbTgFtrQAQIxPMIzvFiJ9WS9Wm/z0YpV7uzDL1jvX0Svkfg=</latexit>

y2
<latexit sha1_base64="xEXN37r2BMZNsf4mPS/aGJl8fFo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSt+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SGfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26k6z3rw7q7WuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gVGM5H5</latexit>

y3
<latexit sha1_base64="wxE4HB9x/Jvfajb7lDN+PlEnKT0=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclcSKj13RjcsK9gFNKJPppB06mYSZiRBCf8ONC0Xc+jPu/BsnaRC1Hhg4nHMv98zxY86Utu1Pa2l5ZXVtvbJR3dza3tmt7e13VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOdPb3K/90ClYpG412lMvRCPBQsYwdpIrhtiPfGDLJ0Nm8Na3W7YBdAicUpShxLtYe3DHUUkCanQhGOlBo4day/DUjPC6azqJorGmEzxmA4MFTikysuKzDN0bJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRULUq4ynH+/eVF0j1tOM1G8+6s3rou66jAIRzBCThwAS24hTZ0gEAMj/AML1ZiPVmv1tt8dMkqdw7gF6z3L0e3kfo=</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�3, 0
<latexit sha1_base64="2bSP9h62m+xdTYoA8CvlikS/oB0=">AAAB8XicbVDLSsNAFJ3UV62vqks3wSK4kJC0QdtdURcuK9gHtqFMpjft0MkkzEyEUvoXblwo4ta/ceffOGmj+Dpw4XDOvdx7jx8zKpVtvxu5peWV1bX8emFjc2t7p7i715JRIgg0ScQi0fGxBEY5NBVVDDqxABz6DNr++CL123cgJI34jZrE4IV4yGlACVZauu1dAlO4Xzmx+8WSY9lzmLZVdquuW9MkUz6tEsrQ6BffeoOIJCFwRRiWsuvYsfKmWChKGMwKvURCjMkYD6GrKcchSG86v3hmHmllYAaR0MWVOVe/T0xxKOUk9HVniNVI/vZS8T+vm6ig6k0pjxMFnCwWBQkzVWSm75sDKoAoNtEEE0H1rSYZYYGJ0iEVdAi2VUtx+vXyX9IqW07Fqly7pfp5FkceHaBDdIwcdIbq6Ao1UBMRxNE9ekRPhjQejGfjZdGaM7KZffQDxusHrwOQaQ==</latexit>

Differential operator

in the boundary co-ordinates

�2+J, 0
<latexit sha1_base64="58RYdagaTW+JKGB3T7ySAoqtXl0=">AAACCXicbVDJSgNBEO1xjXGLevTSGARBGSYLmtyCehBPEUwiZELo6VS0Sc9Cd40Yhly9+CtePCji1T/w5t/YWRS3BwWP96q6up4XSaHRcd6tqemZ2bn51EJ6cWl5ZTWztl7XYaw41HgoQ3XhMQ1SBFBDgRIuIgXM9yQ0vN7R0G9cg9IiDM6xH0HLZ5eB6ArO0EjtDHWPQSJr512EGxy9l3gyhkGyezrYc/ecdiabs50RqGPni6VisWzIRPm0smSCajvz5nZCHvsQIJdM62bOibCVMIWCSxik3VhDxHiPXULT0ID5oFvJaPOAbhulQ7uhMhUgHanfJxLma933PdPpM7zSv72h+J/XjLFbaiUiiGKEgI8XdWNJMaTDWGhHKOAo+4YwroT5K+VXTDGOJry0CcGxy0Psf538l9Tzdq5gF86K2crhJI4U2SRbZIfkyAGpkBNSJTXCyS25J4/kybqzHqxn62XcOmVNZjbID1ivH2tlmko=</latexit>

y1
<latexit sha1_base64="EH/fwz+i03xmO+m8TplDdBzpOLI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy4r2Ac0oUymk3boZBJmJkII/Q03LhRx68+482+cpEHUemDgcM693DPHjzlT2rY/rcrS8srqWnW9trG5tb1T393rqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3uR+74FKxSJxr9OYeiEeCxYwgrWRXDfEeuIHWTobOsN6w27aBdAicUrSgBLtYf3DHUUkCanQhGOlBo4day/DUjPC6azmJorGmEzxmA4MFTikysuKzDN0ZJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRUK0q4ynH+/eVF0j1pOqfN07uzRuu6rKMKB3AIx+DABbTgFtrQAQIxPMIzvFiJ9WS9Wm/z0YpV7uzDL1jvX0Svkfg=</latexit>

y2
<latexit sha1_base64="xEXN37r2BMZNsf4mPS/aGJl8fFo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSt+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SGfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26k6z3rw7q7WuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gVGM5H5</latexit>

y3
<latexit sha1_base64="wxE4HB9x/Jvfajb7lDN+PlEnKT0=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclcSKj13RjcsK9gFNKJPppB06mYSZiRBCf8ONC0Xc+jPu/BsnaRC1Hhg4nHMv98zxY86Utu1Pa2l5ZXVtvbJR3dza3tmt7e13VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOdPb3K/90ClYpG412lMvRCPBQsYwdpIrhtiPfGDLJ0Nm8Na3W7YBdAicUpShxLtYe3DHUUkCanQhGOlBo4day/DUjPC6azqJorGmEzxmA4MFTikysuKzDN0bJQRCiJpntCoUH9uZDhUKg19M5lnVH+9XPzPGyQ6uPQyJuJEU0Hmh4KEIx2hvAA0YpISzVNDMJHMZEVkgiUm2tRULUq4ynH+/eVF0j1tOM1G8+6s3rou66jAIRzBCThwAS24hTZ0gEAMj/AML1ZiPVmv1tt8dMkqdw7gF6z3L0e3kfo=</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>

Shifted scaling dimensions



(⇠ · D̃)J
<latexit sha1_base64="aCDYK7g0R8aKrCEDq0cmdAjaHmQ="></latexit>

Particles with spin
Spinning Witten diagrams can be obtained by acting with differential operators on a scalar seed

= (⇠ · D)J
<latexit sha1_base64="RGN1ecz0Ifc4imMQdiAD58OxQdw="></latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�3, 0
<latexit sha1_base64="2bSP9h62m+xdTYoA8CvlikS/oB0=">AAAB8XicbVDLSsNAFJ3UV62vqks3wSK4kJC0QdtdURcuK9gHtqFMpjft0MkkzEyEUvoXblwo4ta/ceffOGmj+Dpw4XDOvdx7jx8zKpVtvxu5peWV1bX8emFjc2t7p7i715JRIgg0ScQi0fGxBEY5NBVVDDqxABz6DNr++CL123cgJI34jZrE4IV4yGlACVZauu1dAlO4Xzmx+8WSY9lzmLZVdquuW9MkUz6tEsrQ6BffeoOIJCFwRRiWsuvYsfKmWChKGMwKvURCjMkYD6GrKcchSG86v3hmHmllYAaR0MWVOVe/T0xxKOUk9HVniNVI/vZS8T+vm6ig6k0pjxMFnCwWBQkzVWSm75sDKoAoNtEEE0H1rSYZYYGJ0iEVdAi2VUtx+vXyX9IqW07Fqly7pfp5FkceHaBDdIwcdIbq6Ao1UBMRxNE9ekRPhjQejGfjZdGaM7KZffQDxusHrwOQaQ==</latexit>

Differential operator

in the boundary momenta

�2+J, 0
<latexit sha1_base64="58RYdagaTW+JKGB3T7ySAoqtXl0=">AAACCXicbVDJSgNBEO1xjXGLevTSGARBGSYLmtyCehBPEUwiZELo6VS0Sc9Cd40Yhly9+CtePCji1T/w5t/YWRS3BwWP96q6up4XSaHRcd6tqemZ2bn51EJ6cWl5ZTWztl7XYaw41HgoQ3XhMQ1SBFBDgRIuIgXM9yQ0vN7R0G9cg9IiDM6xH0HLZ5eB6ArO0EjtDHWPQSJr512EGxy9l3gyhkGyezrYc/ecdiabs50RqGPni6VisWzIRPm0smSCajvz5nZCHvsQIJdM62bOibCVMIWCSxik3VhDxHiPXULT0ID5oFvJaPOAbhulQ7uhMhUgHanfJxLma933PdPpM7zSv72h+J/XjLFbaiUiiGKEgI8XdWNJMaTDWGhHKOAo+4YwroT5K+VXTDGOJry0CcGxy0Psf538l9Tzdq5gF86K2crhJI4U2SRbZIfkyAGpkBNSJTXCyS25J4/kybqzHqxn62XcOmVNZjbID1ivH2tlmko=</latexit>

Their Mellin-Barnes representation is inherited from that of the scalar seed!

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

Shifted scaling dimensions



Particles with spin
Spinning Witten diagrams can be obtained by acting with differential operators on a scalar seed

For the corresponding amplitude in de Sitter we have:
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<latexit sha1_base64="Xv6fmnipqPdvFLZ+ZI1gEvi3C3k="></latexit>

=<latexit sha1_base64="hbJZ2Rq4vdFIdgVXsNor2t2/hcs=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1atVa87RSv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/QullYz4</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

since �2 ! �2 + J
<latexit sha1_base64="jmHGSNMTKPpjy+35pWpcxDEB+rY=">AAACAHicbVBLSwMxGMz6rPW16sGDl2ARBGHZ3Wq1t6IexFMF+4DusmTTbBuafZBkhVJ68a948aCIV3+GN/+N2W0tvgYCk5nvI5nxE0aFNM0PbW5+YXFpubBSXF1b39jUt7abIk45Jg0cs5i3fSQIoxFpSCoZaSecoNBnpOUPLjK/dUe4oHF0K4cJcUPUi2hAMZJK8vRd55IwiTwbOjKGX5eja08vmYZp2eZJBZpG2basShVahpljRkpgirqnvzvdGKchiSRmSIiOZSbSHSEuKWZkXHRSQRKEB6hHOopGKCTCHeUBxvBAKV0YxFydSMJc/b4xQqEQw9BXkyGSffHby8T/vE4qgzN3RKMklSTCk4eClEGVNWsDdiknWLKhIghzqv4KcR9xhKXqrJiXUM1Q+Zt9Rpq2YZWN8s1xqXY+raMA9sA+OAQWOAU1cAXqoAEwGIMH8ASetXvtUXvRXiejc9p0Zwf8gPb2CQ5glY8=</latexit>

in the scalar seed

Recall:

(⇠ · D̃)J
<latexit sha1_base64="aCDYK7g0R8aKrCEDq0cmdAjaHmQ="></latexit>

= (⇠ · D)J
<latexit sha1_base64="RGN1ecz0Ifc4imMQdiAD58OxQdw="></latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�3, 0
<latexit sha1_base64="2bSP9h62m+xdTYoA8CvlikS/oB0=">AAAB8XicbVDLSsNAFJ3UV62vqks3wSK4kJC0QdtdURcuK9gHtqFMpjft0MkkzEyEUvoXblwo4ta/ceffOGmj+Dpw4XDOvdx7jx8zKpVtvxu5peWV1bX8emFjc2t7p7i715JRIgg0ScQi0fGxBEY5NBVVDDqxABz6DNr++CL123cgJI34jZrE4IV4yGlACVZauu1dAlO4Xzmx+8WSY9lzmLZVdquuW9MkUz6tEsrQ6BffeoOIJCFwRRiWsuvYsfKmWChKGMwKvURCjMkYD6GrKcchSG86v3hmHmllYAaR0MWVOVe/T0xxKOUk9HVniNVI/vZS8T+vm6ig6k0pjxMFnCwWBQkzVWSm75sDKoAoNtEEE0H1rSYZYYGJ0iEVdAi2VUtx+vXyX9IqW07Fqly7pfp5FkceHaBDdIwcdIbq6Ao1UBMRxNE9ekRPhjQejGfjZdGaM7KZffQDxusHrwOQaQ==</latexit>

Differential operator

in the boundary momenta

�2+J, 0
<latexit sha1_base64="58RYdagaTW+JKGB3T7ySAoqtXl0=">AAACCXicbVDJSgNBEO1xjXGLevTSGARBGSYLmtyCehBPEUwiZELo6VS0Sc9Cd40Yhly9+CtePCji1T/w5t/YWRS3BwWP96q6up4XSaHRcd6tqemZ2bn51EJ6cWl5ZTWztl7XYaw41HgoQ3XhMQ1SBFBDgRIuIgXM9yQ0vN7R0G9cg9IiDM6xH0HLZ5eB6ArO0EjtDHWPQSJr512EGxy9l3gyhkGyezrYc/ecdiabs50RqGPni6VisWzIRPm0smSCajvz5nZCHvsQIJdM62bOibCVMIWCSxik3VhDxHiPXULT0ID5oFvJaPOAbhulQ7uhMhUgHanfJxLma933PdPpM7zSv72h+J/XjLFbaiUiiGKEgI8XdWNJMaTDWGhHKOAo+4YwroT5K+VXTDGOJry0CcGxy0Psf538l9Tzdq5gF86K2crhJI4U2SRbZIfkyAGpkBNSJTXCyS25J4/kybqzHqxn62XcOmVNZjbID1ivH2tlmko=</latexit>

Their Mellin-Barnes representation is inherited from that of the scalar seed!

Shifted scaling dimensions

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>
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<latexit sha1_base64="vstf+arH8ro8oenV0oHqJitgOZc="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>

�, 0
<latexit sha1_base64="ifWirLaJ7UkQNgfcNSB9bH5uzvw=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgQZZsu7b1VtSDxwq2FtqlZNNsG5rNrklWKEv/hBcPinj173jz35htK6jog4HHezPMzPNjzpRG6MPKLS2vrK7l1wsbm1vbO8XdvbaKEkloi0Q8kh0fK8qZoC3NNKedWFIc+pze+uOLzL+9p1KxSNzoSUy9EA8FCxjB2kid3iXlGp+gfrGE7LN6texWIbIRqjllJyPlmltxoWOUDCWwQLNffO8NIpKEVGjCsVJdB8XaS7HUjHA6LfQSRWNMxnhIu4YKHFLlpbN7p/DIKAMYRNKU0HCmfp9IcajUJPRNZ4j1SP32MvEvr5vooO6lTMSJpoLMFwUJhzqC2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mXbadin167pcb5Io48OACH4Bg4oAYa4Ao0QQsQwMEDeALP1p31aL1Yr/PWnLWY2Qc/YL19Apz0j7U=</latexit>

�, 0
<latexit sha1_base64="ifWirLaJ7UkQNgfcNSB9bH5uzvw=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgQZZsu7b1VtSDxwq2FtqlZNNsG5rNrklWKEv/hBcPinj173jz35htK6jog4HHezPMzPNjzpRG6MPKLS2vrK7l1wsbm1vbO8XdvbaKEkloi0Q8kh0fK8qZoC3NNKedWFIc+pze+uOLzL+9p1KxSNzoSUy9EA8FCxjB2kid3iXlGp+gfrGE7LN6texWIbIRqjllJyPlmltxoWOUDCWwQLNffO8NIpKEVGjCsVJdB8XaS7HUjHA6LfQSRWNMxnhIu4YKHFLlpbN7p/DIKAMYRNKU0HCmfp9IcajUJPRNZ4j1SP32MvEvr5vooO6lTMSJpoLMFwUJhzqC2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mXbadin167pcb5Io48OACH4Bg4oAYa4Ao0QQsQwMEDeALP1p31aL1Yr/PWnLWY2Qc/YL19Apz0j7U=</latexit>



(mR)2 = �+�� + J
<latexit sha1_base64="adOWAUSH21uYw9C+0ZTZHP0aXhc="></latexit>

Particles with spin

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

Conformal Partial Wave 1

2

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

��, J
<latexit sha1_base64="pSCAntSDDrNL5cnrpHwhp1vy20w=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qEOm1Wp3RV2Iqwr2AZ2hZNJMG5p5kGSEMvQ33LhQxK0/486/MTMtxdeBC4dz7uXee9yIM6kQ+jRyS8srq2v59cLG5tb2TnF3ry3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vgq9TsPVEgWBvdqElHHx8OAeYxgpSXbvqZc4f5J2S7f9oslZCKrgs5qEJnVimXV6tAyUYYFKYE5mv3ihz0ISezTQBGOpexZKFJOgoVihNNpwY4ljTAZ4yHtaRpgn0onyW6ewiOtDKAXCl2Bgpn6fSLBvpQT39WdPlYj+dtLxf+8Xqy8CydhQRQrGpDZIi/mUIUwDQAOmKBE8YkmmAimb4VkhAUmSsdUyEKop6j9/X1B2hXTqprVu9NS43IeRx4cgENwDCxwDhrgBjRBCxAQgUfwDF6M2HgyXo23WWvOmM/sgx8w3r8A89ORHg==</latexit>

In the soft limit kI ! 0
<latexit sha1_base64="XGIopdUyuFX4aq2nA2r3j+v3uYQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxo8bErutFdBfuQdiiZNNOGJpkhyQhl6Fe4caGIWz/HnX9jOh3E14HA4Zx7yT0niDnTxnU/nMLC4tLySnG1tLa+sblV3t5p6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++54qzSJ5ayYx9QUeShYygo2V7sb9a9QzEXL75YpbdTOgv8TLSQVyNPrl994gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/zQ6eogOrDFAYKfukQZn6fSPFQuuJCOykwGakf3sz8T+vm5jwzE+ZjBNDJZl/FCYc2Yiz9GjAFCWGTyzBRDF7KyIjrDAxtqNSVsL5DCdfkf+S1lHVO67WbmqV+kVeRxH2YB8OwYNTqMMVNKAJBAQ8wBM8O8p5dF6c1/lowcl3duEHnLdPqy+Pzg==</latexit>

we have
Gegenbauer

polynomial

⇠ C
( d�2

2 )
J (cos ✓)

<latexit sha1_base64="s8+XmKzbANB9TODKn3ITlDP/+RY="></latexit>

⇠ C
( d�2

2 )
J (cos ✓)


sin

✓
⇡

✓
�+ + J + (⌫1 + ⌫2) i

2

◆◆
sin

✓
⇡

✓
�+ + J + (⌫3 + ⌫4) i

2

◆◆�
k2I

�i⌫
+

<latexit sha1_base64="/TZxJpXHlEEJnxYIfOBMNQkpzSQ="></latexit>

⇠C
(d�2

2)
J(cos✓)


sin

✓
⇡

✓
�++J+(⌫1+⌫2)i

2

◆◆
sin

✓
⇡

✓
�++J+(⌫3+⌫4)i

2

◆◆�
k2I

�i⌫
+

<latexit sha1_base64="/TZxJpXHlEEJnxYIfOBMNQkpzSQ="></latexit>

+ . . .
<latexit sha1_base64="pkkDSACMC+8m8INcHrfFC2m31AE=">AAAB73icbVDLSsNAFL3xWeur6tLNYBEEoSRWfOyKblxWsA9oQ5lMJu3QySTOTIQS+hNuXCji1t9x5984SYOo9cCFwzn3cu89XsyZ0rb9aS0sLi2vrJbWyusbm1vblZ3dtooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa88XXmdx6oVCwSd3oSUzfEQ8ECRrA2UvcY9bkfaTWoVO2anQPNE6cgVSjQHFQ++n5EkpAKTThWqufYsXZTLDUjnE7L/UTRGJMxHtKeoQKHVLlpfu8UHRrFR0EkTQmNcvXnRIpDpSahZzpDrEfqr5eJ/3m9RAcXbspEnGgqyGxRkHCkI5Q9j3wmKdF8YggmkplbERlhiYk2EZXzEC4znH2/PE/aJzWnXqvfnlYbV0UcJdiHAzgCB86hATfQhBYQ4PAIz/Bi3VtP1qv1NmtdsIqZPfgF6/0Lkm2Pzg==</latexit>

sin
⇣⇣

�1+�2+�++J�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+�++J�d

2

⌘
⇡
⌘ �

k2I
��+� d

2

<latexit sha1_base64="H8k1yuHINtjdjNuik5lTaDLZ1Ew="></latexit>

+sin
⇣⇣

�1+�2+��+J�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+��+J�d

2

⌘
⇡
⌘ �

k2I
���� d

2

<latexit sha1_base64="3p/IFw4c4YfOSo+u5lcj9tgeNNI="></latexit>

1

The angular dependence arises from

 the contraction of tensor structures:

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

��, J
<latexit sha1_base64="pSCAntSDDrNL5cnrpHwhp1vy20w=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qEOm1Wp3RV2Iqwr2AZ2hZNJMG5p5kGSEMvQ33LhQxK0/486/MTMtxdeBC4dz7uXee9yIM6kQ+jRyS8srq2v59cLG5tb2TnF3ry3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vgq9TsPVEgWBvdqElHHx8OAeYxgpSXbvqZc4f5J2S7f9oslZCKrgs5qEJnVimXV6tAyUYYFKYE5mv3ihz0ISezTQBGOpexZKFJOgoVihNNpwY4ljTAZ4yHtaRpgn0onyW6ewiOtDKAXCl2Bgpn6fSLBvpQT39WdPlYj+dtLxf+8Xqy8CydhQRQrGpDZIi/mUIUwDQAOmKBE8YkmmAimb4VkhAUmSsdUyEKop6j9/X1B2hXTqprVu9NS43IeRx4cgENwDCxwDhrgBjRBCxAQgUfwDF6M2HgyXo23WWvOmM/sgx8w3r8A89ORHg==</latexit>

✓
<latexit sha1_base64="JNrnXQl3jBdfE7pbIOjtXbiojgw=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuwqSt1e6KblxWsA9oQ5lMp+3YSSbM3Agl9B/cuFDErf/jzr8xSUvxdeDC4Zx7ufceL5TCACGf1srq2vrGZm4rv72zu7dfODhsGRVpxptMSaU7HjVcioA3QYDknVBz6nuSt73Jdeq3H7g2QgV3MA2569NRIIaCUUikVg/GHGi/UCQ2cUrkvIqJXS45TrWGHZtkWJIiWqDRL3z0BopFPg+ASWpM1yEhuDHVIJjks3wvMjykbEJHvJvQgPrcuHF27QyfJsoAD5VOKgCcqd8nYuobM/W9pNOnMDa/vVT8z+tGMLx0YxGEEfCAzRcNI4lB4fR1PBCaM5DThFCmRXIrZmOqKYMkoHwWQi1F9e/vS9Iq2U7ZrtxWivWrRRw5dIxO0Bly0AWqoxvUQE3E0D16RM/oxVLWk/Vqvc1bV6zFzBH6Aev9C/Luj4U=</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

J
<latexit sha1_base64="ciyNOZ+nCGSEFB2LjajTSk8YPGo=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTP2oe6kNtFKIU3Qh8wbR52c98HMvEAe/oI2LYpo209q179pnhpU1IELh3Pu5d57vEgKbTD+cDJLyyura9n13Mbm1vZOfnevpcNYMd5koQxV26OaSxHwphFG8nakOPU9yW+98WXq395zpUUY3JhJxF2fDgMxEIwaKzWue/kCLmKMCSEoJaR8ji2pVislUkEktSwKsEC9l3/v9kMW+zwwTFKtOwRHxk2oMoJJPs11Y80jysZ0yDuWBtTn2k1mh07RkVX6aBAqW4FBM/X7REJ9rSe+Zzt9akb6t5eKf3md2AwqbiKCKDY8YPNFg1giE6L0a9QXijMjJ5ZQpoS9FbERVZQZm03OhvD1KfqftEpFclI8a5wWaheLOLJwAIdwDATKUIMrqEMTGHB4gCd4du6cR+fFeZ23ZpzFzD78gPP2Ce+7jQs=</latexit>

J
<latexit sha1_base64="ciyNOZ+nCGSEFB2LjajTSk8YPGo=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTP2oe6kNtFKIU3Qh8wbR52c98HMvEAe/oI2LYpo209q179pnhpU1IELh3Pu5d57vEgKbTD+cDJLyyura9n13Mbm1vZOfnevpcNYMd5koQxV26OaSxHwphFG8nakOPU9yW+98WXq395zpUUY3JhJxF2fDgMxEIwaKzWue/kCLmKMCSEoJaR8ji2pVislUkEktSwKsEC9l3/v9kMW+zwwTFKtOwRHxk2oMoJJPs11Y80jysZ0yDuWBtTn2k1mh07RkVX6aBAqW4FBM/X7REJ9rSe+Zzt9akb6t5eKf3md2AwqbiKCKDY8YPNFg1giE6L0a9QXijMjJ5ZQpoS9FbERVZQZm03OhvD1KfqftEpFclI8a5wWaheLOLJwAIdwDATKUIMrqEMTGHB4gCd4du6cR+fFeZ23ZpzFzD78gPP2Ce+7jQs=</latexit>

J
<latexit sha1_base64="ciyNOZ+nCGSEFB2LjajTSk8YPGo=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTP2oe6kNtFKIU3Qh8wbR52c98HMvEAe/oI2LYpo209q179pnhpU1IELh3Pu5d57vEgKbTD+cDJLyyura9n13Mbm1vZOfnevpcNYMd5koQxV26OaSxHwphFG8nakOPU9yW+98WXq395zpUUY3JhJxF2fDgMxEIwaKzWue/kCLmKMCSEoJaR8ji2pVislUkEktSwKsEC9l3/v9kMW+zwwTFKtOwRHxk2oMoJJPs11Y80jysZ0yDuWBtTn2k1mh07RkVX6aBAqW4FBM/X7REJ9rSe+Zzt9akb6t5eKf3md2AwqbiKCKDY8YPNFg1giE6L0a9QXijMjJ5ZQpoS9FbERVZQZm03OhvD1KfqftEpFclI8a5wWaheLOLJwAIdwDATKUIMrqEMTGHB4gCd4du6cR+fFeZ23ZpzFzD78gPP2Ce+7jQs=</latexit>

J
<latexit sha1_base64="ciyNOZ+nCGSEFB2LjajTSk8YPGo=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTP2oe6kNtFKIU3Qh8wbR52c98HMvEAe/oI2LYpo209q179pnhpU1IELh3Pu5d57vEgKbTD+cDJLyyura9n13Mbm1vZOfnevpcNYMd5koQxV26OaSxHwphFG8nakOPU9yW+98WXq395zpUUY3JhJxF2fDgMxEIwaKzWue/kCLmKMCSEoJaR8ji2pVislUkEktSwKsEC9l3/v9kMW+zwwTFKtOwRHxk2oMoJJPs11Y80jysZ0yDuWBtTn2k1mh07RkVX6aBAqW4FBM/X7REJ9rSe+Zzt9akb6t5eKf3md2AwqbiKCKDY8YPNFg1giE6L0a9QXijMjJ5ZQpoS9FbERVZQZm03OhvD1KfqftEpFclI8a5wWaheLOLJwAIdwDATKUIMrqEMTGHB4gCd4du6cR+fFeZ23ZpzFzD78gPP2Ce+7jQs=</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>
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<latexit sha1_base64="vstf+arH8ro8oenV0oHqJitgOZc="></latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

�1, 0
<latexit sha1_base64="48xr/U7fQuHCO+0moURZP3I3Ylw=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNLSrbtUaliu2aS0ALbPmNBynqUmufFoVkKM9LL+5owgnIeEKMyTlwLZi5aVIKIoZmZfcRJIY4Skak4GmHIVEeuni5jk80coIBpHQxRVcqN8nUhRKOQt93RkiNZG/vUz8zxskKmh4KeVxogjHy0VBwqCKYBYAHFFBsGIzTRAWVN8K8QQJhJWOqaRDsMxmhrOvl/+Sbs2062b9xqm0LvI4iuAIHINTYINz0ALXoA06AIMY3INH8GQkxoPxbLwsWwtGPnMIfsB4/QDK/JED</latexit>

�2, 0
<latexit sha1_base64="aa4pQSJ2esmQzrA/pt0gl+QYzAA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSBm13RV24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cdJG8XXgwuGce7n3Hj9mVCrLejcKK6tr6xvFzdLW9s7uXnn/oCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3qZ+b07IiSN+K2axcQL0ZjTgGKktOS6V4QpNKxV3ao1LFds01oAWmbNaThOU5Nc+bQqIEd7WH5zRxFOQsIVZkjKgW3FykuRUBQzMi+5iSQxwlM0JgNNOQqJ9NLFzXN4opURDCKhiyu4UL9PpCiUchb6ujNEaiJ/e5n4nzdIVNDwUsrjRBGOl4uChEEVwSwAOKKCYMVmmiAsqL4V4gkSCCsdU0mHYJnNDGdfL/8l3Zpp1836jVNpXeRxFMEROAanwAbnoAWuQRt0AAYxuAeP4MlIjAfj2XhZthaMfOYQ/IDx+gHMhJEE</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="EwSTz3IH0nP7kG/ynBggh1F0TLU=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSaNVrsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJC3F14ELh3Pu5d57/JgzpRH6tAorq2vrG8XN0tb2zu5eef+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdKcG7qBcQTZyqui8BpHtVh2nVoeOjXIsSQUs0ByUP/rDiCQhFZpwrFTPQbH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aX7qDJ4YZQiDSJoSGubq94kUh0pNQ990hliP1W8vE//zeokOLr2UiTjRVJD5oiDhUEcw+xsOmaRE86khmEhmboVkjCUm2qRTykOoZ6j9/X1J2lXbcW339qzSuFrEUQRH4BicAgdcgAa4AU3QAgSMwCN4Bi8Wt56sV+tt3lqwFjOH4Aes9y9Vv435</latexit>

�3, J
<latexit sha1_base64="bCpmQcCoKEFAeHfXOv5UwDNL1Wg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwUULSaLW7oi7EVQVrC00ok+mkHTqZhJmJUEJ/w40LRdz6M+78GydpKb4OXDiccy/33uPHjEplWZ9GYWl5ZXWtuF7a2Nza3inv7t3LKBGYtHHEItH1kSSMctJWVDHSjQVBoc9Ixx9fZn7ngQhJI36nJjHxQjTkNKAYKS257hVhCvWdqlu96ZcrlmnZNeu0Di3Tqdl2vQFt08qxIBUwR6tf/nAHEU5CwhVmSMqebcXKS5FQFDMyLbmJJDHCYzQkPU05Con00vzmKTzSygAGkdDFFczV7xMpCqWchL7uDJEayd9eJv7n9RIVnHsp5XGiCMezRUHCoIpgFgAcUEGwYhNNEBZU3wrxCAmElY6plIfQyFD/+/uC3NdM2zGd25NK82IeRxEcgENwDGxwBprgGrRAG2AQg0fwDF6MxHgyXo23WWvBmM/sgx8w3r8A/QORJA==</latexit>



(mR)2 = �+�� + J
<latexit sha1_base64="adOWAUSH21uYw9C+0ZTZHP0aXhc="></latexit>

Particles with spin

cosec (⇡ (u+ ū)) �dS (u, ū)
<latexit sha1_base64="Hygfszqc4qEl6IGxoPe+cS0KM8I="></latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit> ū

<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

Conformal Partial Wave 1

2

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

��, J
<latexit sha1_base64="pSCAntSDDrNL5cnrpHwhp1vy20w=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qEOm1Wp3RV2Iqwr2AZ2hZNJMG5p5kGSEMvQ33LhQxK0/486/MTMtxdeBC4dz7uXee9yIM6kQ+jRyS8srq2v59cLG5tb2TnF3ry3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vgq9TsPVEgWBvdqElHHx8OAeYxgpSXbvqZc4f5J2S7f9oslZCKrgs5qEJnVimXV6tAyUYYFKYE5mv3ihz0ISezTQBGOpexZKFJOgoVihNNpwY4ljTAZ4yHtaRpgn0onyW6ewiOtDKAXCl2Bgpn6fSLBvpQT39WdPlYj+dtLxf+8Xqy8CydhQRQrGpDZIi/mUIUwDQAOmKBE8YkmmAimb4VkhAUmSsdUyEKop6j9/X1B2hXTqprVu9NS43IeRx4cgENwDCxwDhrgBjRBCxAQgUfwDF6M2HgyXo23WWvOmM/sgx8w3r8A89ORHg==</latexit>

Gegenbauer

polynomial

⇠ C
( d�2

2 )
J (cos ✓)

<latexit sha1_base64="s8+XmKzbANB9TODKn3ITlDP/+RY="></latexit>

⇠ C
( d�2

2 )
J (cos ✓)


sin

✓
⇡

✓
�+ + J + (⌫1 + ⌫2) i

2

◆◆
sin

✓
⇡

✓
�+ + J + (⌫3 + ⌫4) i

2

◆◆�
k2I

�i⌫
+

<latexit sha1_base64="/TZxJpXHlEEJnxYIfOBMNQkpzSQ="></latexit>

⇠C
(d�2

2)
J(cos✓)


sin

✓
⇡

✓
�++J+(⌫1+⌫2)i

2

◆◆
sin

✓
⇡

✓
�++J+(⌫3+⌫4)i

2

◆◆�
k2I

�i⌫
+

<latexit sha1_base64="/TZxJpXHlEEJnxYIfOBMNQkpzSQ="></latexit>

+ . . .
<latexit sha1_base64="pkkDSACMC+8m8INcHrfFC2m31AE=">AAAB73icbVDLSsNAFL3xWeur6tLNYBEEoSRWfOyKblxWsA9oQ5lMJu3QySTOTIQS+hNuXCji1t9x5984SYOo9cCFwzn3cu89XsyZ0rb9aS0sLi2vrJbWyusbm1vblZ3dtooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa88XXmdx6oVCwSd3oSUzfEQ8ECRrA2UvcY9bkfaTWoVO2anQPNE6cgVSjQHFQ++n5EkpAKTThWqufYsXZTLDUjnE7L/UTRGJMxHtKeoQKHVLlpfu8UHRrFR0EkTQmNcvXnRIpDpSahZzpDrEfqr5eJ/3m9RAcXbspEnGgqyGxRkHCkI5Q9j3wmKdF8YggmkplbERlhiYk2EZXzEC4znH2/PE/aJzWnXqvfnlYbV0UcJdiHAzgCB86hATfQhBYQ4PAIz/Bi3VtP1qv1NmtdsIqZPfgF6/0Lkm2Pzg==</latexit>

1

✓
<latexit sha1_base64="JNrnXQl3jBdfE7pbIOjtXbiojgw=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuwqSt1e6KblxWsA9oQ5lMp+3YSSbM3Agl9B/cuFDErf/jzr8xSUvxdeDC4Zx7ufceL5TCACGf1srq2vrGZm4rv72zu7dfODhsGRVpxptMSaU7HjVcioA3QYDknVBz6nuSt73Jdeq3H7g2QgV3MA2569NRIIaCUUikVg/GHGi/UCQ2cUrkvIqJXS45TrWGHZtkWJIiWqDRL3z0BopFPg+ASWpM1yEhuDHVIJjks3wvMjykbEJHvJvQgPrcuHF27QyfJsoAD5VOKgCcqd8nYuobM/W9pNOnMDa/vVT8z+tGMLx0YxGEEfCAzRcNI4lB4fR1PBCaM5DThFCmRXIrZmOqKYMkoHwWQi1F9e/vS9Iq2U7ZrtxWivWrRRw5dIxO0Bly0AWqoxvUQE3E0D16RM/oxVLWk/Vqvc1bV6zFzBH6Aev9C/Luj4U=</latexit>

kI
<latexit sha1_base64="QVlZXq3e4oh/qHRGhSvUyzHSIAg=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4GjJtrXZXdKO7CrYWOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3Zqal+DoQOJxzL/fk+DFnSiP0aRVWVtfWN4qbpa3tnd298v5BV0WJJLRDIh7Jno8V5UzQjmaa014sKQ59Tu/9yVXm3z9QqVgk7vQ0pl6IR4IFjGBtJNcNsR77QTqZDW4G5QqykVNFZw2I7FrVcRpN6Ngox5JUwALtQfnDHUYkCanQhGOl+g6KtZdiqRnhdFZyE0VjTCZ4RPuGChxS5aV55hk8McoQBpE0T2iYq983UhwqNQ19M5llVL+9TPzP6yc6uPBSJuJEU0Hmh4KEQx3BrAA4ZJISzaeGYCKZyQrJGEtMtKmplJfQzND4+/cl6VZtp2bXb+uV1uWijiI4AsfgFDjgHLTANWiDDiAgBo/gGbxYifVkvVpv89GCtdg5BD9gvX8BidySKA==</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

k1
<latexit sha1_base64="rJaUG7WnzY5b5mZTgQ4DLviyXLs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP50BlWa3bdzoGWiVOQGhRoD6sf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGig0svZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJVxma319eJt2zunNeb9w1aq3roo4yHMExnIIDF9CCW2hDBwjE8AjP8GIl1pP1ar0tRktWsXMIv2C9fwEvn5Hr</latexit>

k2
<latexit sha1_base64="MQigv6D+6HG9GkGOViqXGVmDEkY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMuk26s5ZvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUxI5Hs</latexit>

k4
<latexit sha1_base64="d9mmdL2eB+sPMJu8Yg48Lx34zQg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaqu6KblxWsA9oQplMJ+3QySTMTIQS+htuXCji1p9x5984SYOo9cDA4Zx7uWeOH3OmtG1/WqWV1bX1jfJmZWt7Z3evun/QVVEiCe2QiEey72NFORO0o5nmtB9LikOf054/vcn83gOVikXiXs9i6oV4LFjACNZGct0Q64kfpNP5sDGs1uy6nQMtE6cgNSjQHlY/3FFEkpAKTThWauDYsfZSLDUjnM4rbqJojMkUj+nAUIFDqrw0zzxHJ0YZoSCS5gmNcvXnRopDpWahbyazjOqvl4n/eYNEB5deykScaCrI4lCQcKQjlBWARkxSovnMEEwkM1kRmWCJiTY1VfISrjI0v7+8TLpndee83rhr1FrXRR1lOIJjOAUHLqAFt9CGDhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wI0K5Hu</latexit>

k3
<latexit sha1_base64="toDitmsw3uAMTJDT7im18U78ZUk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiS2+NgV3bisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9xkgZR64GBwzn3cs8cP+ZMadv+tEorq2vrG+XNytb2zu5edf+gq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epP5vQcqFYvEvZ7F1AvxWLCAEayN5Loh1hM/SKfzYWNYrdl1OwdaJk5BalCgPax+uKOIJCEVmnCs1MCxY+2lWGpGOJ1X3ETRGJMpHtOBoQKHVHlpnnmOTowyQkEkzRMa5erPjRSHSs1C30xmGdVfLxP/8waJDi69lIk40VSQxaEg4UhHKCsAjZikRPOZIZhIZrIiMsESE21qquQlXGU4//7yMume1Z1GvXnXrLWuizrKcATHcAoOXEALbqENHSAQwyM8w4uVWE/Wq/W2GC1Zxc4h/IL1/gUyp5Ht</latexit>

For an exchanged massive spin J particle,                              ,  we have�± =
d

2
± i⌫

<latexit sha1_base64="9UPGgt7df5lMHDegFrzuZcZwiBs=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsxURTdCURcuK9hW6AxDJs20oUlmSDJCGWbnxl9x40IRt/6CO//GtJ2Fth64cHLOveTeEyaMKu0431ZpYXFpeaW8Wllb39jcsrd32ipOJSYtHLNY3odIEUYFaWmqGblPJEE8ZKQTDq/GfueBSEVjcadHCfE56gsaUYy0kQJ737smTKPAS/iFF0mEs16e1XPzhNQTaWBXnZozAZwnbkGqoEAzsL+8XoxTToTGDCnVdZ1E+xmSmmJG8oqXKpIgPER90jVUIE6Un03uyOGhUXowiqUpoeFE/T2RIa7UiIemkyM9ULPeWPzP66Y6OvczKpJUE4GnH0UpgzqG41Bgj0qCNRsZgrCkZleIB8ikoU10FROCO3vyPGnXa+5x7fT2pNq4LOIogz1wAI6AC85AA9yAJmgBDB7BM3gFb9aT9WK9Wx/T1pJVzOyCP7A+fwAa2pl4</latexit>
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<latexit sha1_base64="sbb1Ao+90uVnLdcvnRaovSuYRq0="></latexit>
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<latexit sha1_base64="F6aWAyHmoJ+nxDeSQ2f0VHBtwJY="></latexit>

/ C
( d�2

2 )
J (cos ✓) sin

⇥
� (⌫) + ⌫ log

�
k2I

�⇤
+ . . .

<latexit sha1_base64="ZgLr4JCf58q9qV9uuW+hmrPRI8s="></latexit>

C
( d�2

2 )
J (cos ✓)

<latexit sha1_base64="7viZlIFv91WiJpuXjGdG56bbxQE="></latexit>

Arkani-Hamed and Maldacena [hep-th] 1503.08043!

Recovers and effortlessly generalises the analysis of 

d = 3
<latexit sha1_base64="D533cj2wCZ7onptujYgtJnwFuNg=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSa2wWYhFN24rGgf0IYymUzaoZNJmJkIpfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQpZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVslmSS0RRKeyG6AFeVM0JZmmtNuKimOA047wfgq9zv3VCqWiDs9Sakf46FgESNYG+k2vKgOyhVkI9dzHQSR7SLHq+bE8+o114WOjeaogCWag/J7P0xIFlOhCcdK9RyUan+KpWaE01mpnymaYjLGQ9ozVOCYKn86P3UGT4wSwiiRpoSGc/X7xBTHSk3iwHTGWI/Uby8X//J6mY7q/pSJNNNUkMWiKONQJzD/G4ZMUqL5xBBMJDO3QjLCEhNt0imZEL4+hf+T9pntVG33plZpXC7jKIIjcAxOgQPOQQNcgyZoAQKG4AE8gWeLW4/Wi/W6aC1Yy5lD8APW2ycvJ43B</latexit>

PJ (cos ✓)
<latexit sha1_base64="1naX9i56Tk4aQeoFo2jNWKuqD4Q=">AAACB3icdVDLSgNBEJz1bXxFPQoyGAS9LLPqormJXsRTBKNCNoTZSW8yOPtgplcIS25e/BUvHhTx6i9482+cxAgqWtBQVHXT3RVmShpk7N0ZG5+YnJqemS3NzS8sLpWXVy5MmmsBdZGqVF+F3ICSCdRRooKrTAOPQwWX4fXxwL+8AW1kmpxjL4NmzDuJjKTgaKVWeb3WKk77gYIItwKRGhpgF5DTQMtOF7db5QpzmV/1PUaZ6zOvujsg1erBnu9Tz2VDVMgItVb5LWinIo8hQaG4MQ2PZdgsuEYpFPRLQW4g4+Kad6BhacJjMM1i+EefblqlTaNU20qQDtXvEwWPjenFoe2MOXbNb28g/uU1cowOmoVMshwhEZ+LolxRTOkgFNqWGgSqniVcaGlvpaLLNRdooyvZEL4+pf+Tix3X23X9s73K4dEojhmyRjbIFvHIPjkkJ6RG6kSQW3JPHsmTc+c8OM/Oy2frmDOaWSU/4Lx+AL8ZmUI=</latexit>



u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

= cosec (u+ ū) �dS (u, ū)
<latexit sha1_base64="636iG6BGKiv7xtM0Zm+xji3znjo="></latexit>

u
<latexit sha1_base64="iDZXDBWR1IBaeW1hKJrmtg0HTmU=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5ct2Ae0oUymN+3YySTMTIRS+gVuXCji1k9y5984SUvxdeDC4Zx7ufceP+ZMacf5tFZW19Y3NnNb+e2d3b39wsFhS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPvjm9RvP4BULBJ3ehKDF5KhYAGjRBupkfQLRcd23JJzUcGOXS65bqWKXdvJsCRFtEC9X/joDSKahCA05USpruvE2psSqRnlMMv3EgUxoWMyhK6hgoSgvGl26AyfGmWAg0iaEhpn6veJKQmVmoS+6QyJHqnfXir+53UTHVx5UybiRIOg80VBwrGOcPo1HjAJVPOJIYRKZm7FdEQkodpkk89CqKao/P19SVol2y3b5cZ5sXa9iCOHjtEJOkMuukQ1dIvqqIkoAvSIntGLdW89Wa/W27x1xVrMHKEfsN6/ADBhjVU=</latexit>

s1
<latexit sha1_base64="OoX3SaG5T93wcTVjt4oDHMtUZlg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c2sNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9LKI3y</latexit>

s2
<latexit sha1_base64="DVBz31Yzxe+tE1sV5/WjM/mn3r8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cVoflim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9MrI3z</latexit>

�+, J
<latexit sha1_base64="va9H1DAJqgbNe9G76aW5AHt3zFM=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIliHTarW7oi7EVQX7gM5QMmmmDc08SDJCGfobblwo4tafceffmJmW4uvAhcM593LvPW7EmVQIfRq5peWV1bX8emFjc2t7p7i715ZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3yV+p0HKiQLg3s1iajj42HAPEaw0pJtX1OucP+kbJdv+8USMpFVQWc1iMxqxbJqdWiZKMOClMAczX7xwx6EJPZpoAjHUvYsFCknwUIxwum0YMeSRpiM8ZD2NA2wT6WTZDdP4ZFWBtALha5AwUz9PpFgX8qJ7+pOH6uR/O2l4n9eL1behZOwIIoVDchskRdzqEKYBgAHTFCi+EQTTATTt0IywgITpWMqZCHUU9T+/r4g7YppVc3q3WmpcTmPIw8OwCE4BhY4Bw1wA5qgBQiIwCN4Bi9GbDwZr8bbrDVnzGf2wQ8Y71/ww5Ec</latexit>

ū
<latexit sha1_base64="D0cCYWceRp2EZk92qQBXnusGNDk=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiStVrsrunFZwT6gDWUynbZDJ5M4MxFK6E+4caGIW3/HnX/jJC3F14ELh3Pu5d57/IgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqtx+oVCwUd3oaUS/AI8GGjGBtpE7S87FE8axfLDm245ad8ypy7ErZdas15NpOhiUpwQKNfvGjNwhJHFChCcdKdV0n0l6CpWaE01mhFysaYTLBI9o1VOCAKi/J7p2hE6MM0DCUpoRGmfp9IsGBUtPAN50B1mP120vF/7xurIeXXsJEFGsqyHzRMOZIhyh9Hg2YpETzqSGYSGZuRWSMJSbaRFTIQqilqP79fUlaZdut2JXbs1L9ahFHHo7gGE7BhQuoww00oAkEODzCM7xY99aT9Wq9zVtz1mLmEH7Aev8CRjSQRA==</latexit>

s3
<latexit sha1_base64="vevON76jWRk2uD0KX80x9ZSlxms=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0c1oblim1aCyDLrDp1x2lokiufVgVytIblt8EoIklAQ0U4lrJvW7FyUywUI5zOS4NE0hiTKR7TvqYhDqh008Wpc3SilRHyI6ErVGihfp9IcSDlLPB0Z4DVRP72MvE/r58ov+6mLIwTRUOyXOQnHKkIZX+jEROUKD7TBBPB9K2ITLDAROl0SjoEy2xkOPt6+S/pVE27ZtaunUrzIo+jCEdwDKdgwzk04Qpa0AYCY7iHR3gyuPFgPBsvy9aCkc8cwg8Yrx9OMI30</latexit>

s4
<latexit sha1_base64="mkLe5MLtozQifgCzswSA0IQmSSk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiRt0HZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vepn53TsqJIvCWzWLqRvgcch8RrDS0o0cOsNyxTatBZBlVp264zQ0yZVPqwI5WsPy22AUkSSgoSIcS9m3rVi5KRaKEU7npUEiaYzJFI9pX9MQB1S66eLUOTrRygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfif10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6JR2CZTYynH29/Jd0qqZdM2vXTqV5kcdRhCM4hlOw4RyacAUtaAOBMdzDIzwZ3Hgwno2XZWvByGcO4QeM1w9PtI31</latexit>

��, J
<latexit sha1_base64="pSCAntSDDrNL5cnrpHwhp1vy20w=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qEOm1Wp3RV2Iqwr2AZ2hZNJMG5p5kGSEMvQ33LhQxK0/486/MTMtxdeBC4dz7uXee9yIM6kQ+jRyS8srq2v59cLG5tb2TnF3ry3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vgq9TsPVEgWBvdqElHHx8OAeYxgpSXbvqZc4f5J2S7f9oslZCKrgs5qEJnVimXV6tAyUYYFKYE5mv3ihz0ISezTQBGOpexZKFJOgoVihNNpwY4ljTAZ4yHtaRpgn0onyW6ewiOtDKAXCl2Bgpn6fSLBvpQT39WdPlYj+dtLxf+8Xqy8CydhQRQrGpDZIi/mUIUwDQAOmKBE8YkmmAimb4VkhAUmSsdUyEKop6j9/X1B2hXTqprVu9NS43IeRx4cgENwDCxwDhrgBjRBCxAQgUfwDF6M2HgyXo23WWvOmM/sgx8w3r8A89ORHg==</latexit>

(mR)2 = �+�� + J
<latexit sha1_base64="adOWAUSH21uYw9C+0ZTZHP0aXhc="></latexit>

Boundary

conditionsEFT

On-shell particle exchange (CPW)

Thank you!


