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What will this talk be about?

Conformal Field Theories techniques to study String/M-theory
scattering amplitudes on AdS

Based on

L.F.A. and X. Zhou [arXiv:2006.06653] and [arXiv:2006.12505].

L. F. A., C. Behan, P. Ferrero and X. Zhou [arXiv:2103.15830].

Organisation

1 Scattering of gravitons (closed strings) and main techniques.

2 Scattering of gluons (open strings).
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Scattering amplitudes

Scattering Amplitudes

Probability that two particles colliding (with momenta p1, p2) result into
two other particles (with momenta p3, p4).

<latexit sha1_base64="WLnUvS9F+tQEWdwuVJDFOQDLCA0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Qe0oWy2m3bpZhN2J0IJBf+AFw+KePUXefPfuE170NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7e9/rlilt1c5BV4i1IBRao98tfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz/LT52SM6sMSBhrWwpJrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLli80VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nroupdVb3GZaXWeJrHUYQTOIVz8OAaanAHdWgCgyE8wyu8OdJ5cd6dj3lrwVlEeAx/4Hz+APssjg0=</latexit>

P1

<latexit sha1_base64="W6CEXiMDEhzetaVk/rLK9L6xfYU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7er/SLJbfszkHWibckJVii3i9+9QYxSyOukElqTNdzE/QzqlEwyaeFXmp4QtmYDnnXUkUjbvxsfuqUXFhlQMJY21JI5urviYxGxkyiwHZGFEdm1ZuJ/3ndFMMbPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nYINwVt9eZ20KmWvWvYaV6Va42kRRx7O4BwuwYNrqMEd1KEJDIbwDK/w5kjnxXl3PhatOWcZ4Sn8gfP5A/ywjg4=</latexit>

P2

<latexit sha1_base64="LiyLzKLp1joIRH9ZvFfhC2Q7YNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4TNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqtx65NiJWDzhOuB/RgRKhYBStdF/rXfaKJbfszkBWibcgJVig1it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsduqEnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMMbPxMqSZErNl8UppJgTKZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0L8reVdmrV0rV+tM8jjycwCmcgwfXUIU7qEEDGAzgGV7hzZHOi/PufMxbc84iwmP4A+fzB/40jg8=</latexit>

P3

<latexit sha1_base64="42wqMGGuYrlXyxpC3hpU5nfeZRI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7er/SLJbfszkHWibckJVii3i9+9QYxSyOukElqTNdzE/QzqlEwyaeFXmp4QtmYDnnXUkUjbvxsfuqUXFhlQMJY21JI5urviYxGxkyiwHZGFEdm1ZuJ/3ndFMMbPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nYINwVt9eZ20rspetew1KqVa42kRRx7O4BwuwYNrqMEd1KEJDIbwDK/w5kjnxXl3PhatOWcZ4Sn8gfP5A/+4jhA=</latexit>

P4

= A(g , s, t, u)

A(g , s, t, u) depends on many things:

Which particles you are scattering (their masses, charges, etc)
The parameters of your theory g .
The momenta of the particles being scattered:

s = −(p1 + p2)2, t = −(p1 − p3)2, u = −(p1 − p4)2
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Scattering amplitudes

Why scattering amplitudes?

They allow to test the predictions of our theory.

They can teach us much about its structures/symmetries

On-shell Methods.
Color/kinematic duality and double copy.
Positive geometry.
· · ·

We would like to study string theory scattering amplitudes
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String theory scattering amplitudes - Flat space

The computation organises in a genus expansion

+ + ...+

A(genus 0)(α′, s, t, u)+g2
s A

(genus 1)(α′, s, t, u)+g4
s A

(genus 2)(α′, s, t, u)+· · ·

At tree level and in flat space: Virasoro-Shapiro amplitude

A(genus 0)(α′, s, t, u) =
Γ(−α′s

4 )Γ(−α′t
4 )Γ(−α′u

4 )

Γ(1 + α′s
4 )Γ(1 + α′t

4 )Γ(1 + α′u
4 )

A(genus 0)(α′, s, t, u) ∼ 1

s t u︸︷︷︸
sugra

+α′3 + α′5(s2 + t2 + u2) + · · ·︸ ︷︷ ︸
stringy corrections
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String theory scattering amplitudes - Flat space

It mimics the structure of the low energy effective action

<latexit sha1_base64="7jSfgrinSVunh9G/Gv2P0JUxQtU="></latexit>

A(genus 0)(↵0, s, t, u) ⇠ 1

s t u
+ ↵03 + ↵05(s2 + t2 + u2) + · · ·

<latexit sha1_base64="ELtMmvOdnlqztX8pl+tkldH/Ie0="></latexit>

LST = Lsugra + ↵03R4 + ↵05@4R4 + · · ·

But being an on-shell quantity is easier to study.

What can we say about string theory amplitudes on AdS?
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AdS/CFT

String amplitudes on AdS ↔ Correlators of local operators
in the CFT at the boundary.

<latexit sha1_base64="+ewe5t9sSWmlqYVeMDC0EI+xlRM=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJliEuikzIuqy4MadLdgHtEPJpLdtaCYzJpliGQr+CzcuFHHrj3HnvzF9LLT1QODjnBtyc4JYcG1c99tZWV1b39jMbGW3d3b39nMHhzUdJYphlUUiUo2AahRcYtVwI7ARK6RhILAeDG4meX2ISvNI3ptRjH5Ie5J3OaPGWn7aYlSQu3Hhse2dtXN5t+hORZbBm0Me5iq3c1+tTsSSEKVhgmrd9NzY+ClVhjOB42wr0RhTNqA9bFqUNETtp9Olx+TUOh3SjZQ90pCp+/tGSkOtR2FgJ0Nq+noxm5j/Zc3EdK/9lMs4MSjZ7KFuIoiJyKQB0uEKmREjC5QpbnclrE8VZcb2lLUleItfXobaedG7LHqVi3yp8jSrIwPHcAIF8OAKSnALZagCgwd4hld4c4bOi/PufMxGV5x5hUfwR87nD7gxkd0=</latexit>O(x1)

<latexit sha1_base64="+aklUrw0fVX0psdcd1z4akyulNg=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZKaIuC27c2YJ9QDuUTJppQ5PMmGSKZSj4L9y4UMStP8ad/8b0sdDWA4GPc27IzQlizrRx3W8ns7a+sbmV3c7t7O7tH+QPjxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsObad4cUaVZJO/NOKa+wH3JQkawsZafdgjm6G5SfOyWz7v5gltyZ0Kr4C2gAAtVu/mvTi8iiaDSEI61bntubPwUK8MIp5NcJ9E0xmSI+7RtUWJBtZ/Olp6gM+v0UBgpe6RBM/f3jRQLrccisJMCm4Fezqbmf1k7MeG1nzIZJ4ZKMn8oTDgyEZo2gHpMUWL42AImitldERlghYmxPeVsCd7yl1ehUS55lyWvdlGo1J7mdWThBE6hCB5cQQVuoQp1IPAAz/AKb87IeXHenY/5aMZZVHgMf+R8/gC5tpHe</latexit>O(x2)

<latexit sha1_base64="8Jqlf9Qw/uDEVAVdXVxRW2SLfxc=">AAAB9HicbZBLSwMxFIVv6qvWV9Wlm2AR6qbMqKjLght3tmAf0A4lk2ba0ExmTDLFMhT8F25cKOLWH+POf2P6WGjrgcDHOTfk5vix4No4zjfKrKyurW9kN3Nb2zu7e/n9g7qOEkVZjUYiUk2faCa4ZDXDjWDNWDES+oI1/MHNJG8MmdI8kvdmFDMvJD3JA06JsZaXtikR+G5cfOycn3byBafkTIWXwZ1DAeaqdPJf7W5Ek5BJQwXRuuU6sfFSogyngo1z7USzmNAB6bGWRUlCpr10uvQYn1ini4NI2SMNnrq/b6Qk1HoU+nYyJKavF7OJ+V/WSkxw7aVcxolhks4eChKBTYQnDeAuV4waMbJAqOJ2V0z7RBFqbE85W4K7+OVlqJ+V3MuSW70olKtPszqycATHUAQXrqAMt1CBGlB4gGd4hTc0RC/oHX3MRjNoXuEh/BH6/AG7O5Hf</latexit>O(x3)

<latexit sha1_base64="G4Ij5Z1DfMFl5nTkFP3AFHdx5pQ=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZkaIuC27c2YJ9QDuUTJppQzPJmGSKZSj4L9y4UMStP8ad/8b0sdDWA4GPc27IzQlizrRx3W8ns7a+sbmV3c7t7O7tH+QPjxpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBmmjdHVGkmxb0Zx9SPcF+wkBFsrOWnHYI5upsUH7vl826+4JbcmdAqeAsowELVbv6r05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k9nS0/QmXV6KJTKHmHQzP19I8WR1uMosJMRNgO9nE3N/7J2YsJrP2UiTgwVZP5QmHBkJJo2gHpMUWL42AImitldERlghYmxPeVsCd7yl1ehcVHyLkterVyo1J7mdWThBE6hCB5cQQVuoQp1IPAAz/AKb87IeXHenY/5aMZZVHgMf+R8/gC8wJHg</latexit>O(x4)

A(gs , α
′, s, t, u)↔ 〈O(x1)O(x2)O(x3)O(x4)〉
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AdS/CFT

String theory on AdS5 × S5 ↔ 4d N = 4 SYM
(gs ,R) (gYM ,N)

gs ≈
1

N
,

R2

α′
=
√
g2
YMN ≡

√
λ

<latexit sha1_base64="Mz96czhTHzUPlEPW3NVH8xywbpg=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjNifewqblxJpVaFTi2ZzG0NzWSG5I5Yhn6LG3/FjQtFXQl+jGntQq0HAodz7uXkniCRwqDrfji5qemZ2bn8fGFhcWl5pbi6dmHiVHNo8FjG+ipgBqRQ0ECBEq4SDSwKJFwGveOhf3kL2ohYnWM/gVbEukp0BGdopXbx0E9VCHq4nvkId5jVUQvVpSyy8ZiGYGis6IAehfV2hfooIqvUryuDdrHklt0R6CTxxqRExqi1i29+GPM0AoVcMmOanptgK2MaBZcwKPipgYTxHutC01LFbFIrG504oFtWCWkn1vYppCP150bGImP6UWAnI4Y35q83FP/zmil2DlqZUEmKoPh3UCeVFGM67IuGQgNH2beEcS3sXym/YZpxtK0WbAne35MnycVO2dsre2e7perpuI482SCbZJt4ZJ9UyQmpkQbh5J48kmfy4jw4T86r8/49mnPGO+vkF5zPL8hwpGY=</latexit>

String amplitudes on AdS5 ⇥ S5 <latexit sha1_base64="cDlikFmsU9V8F+ljNMFQtWp9wDk=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZUZE3QhCN24URVuVTimZ9LYNZpIhuSOWYX7Fjb/ixoUi3Yk/Y/pY+DoQOJxzLjf3RIkUFn3/w5uanpmdmy8sFBeXlldWS2vrdatTw6HGtdTmJmIWpFBQQ4ESbhIDLI4kXEd31aF/fQ/GCq2usJ9AM2ZdJTqCM3RSq3QYpqoNZjiehQgPmFW1MSAZamOpUDTPQs4kPcuP9ug4QC9vT/O8VSr7FX8E+pcEE1ImE5y3SoOwrXkag0IumbWNwE+wmTGDgkvIi2FqIWH8jnWh4ahiMdhmNrowp9tOadOONu4ppCP1+0TGYmv7ceSSMcOe/e0Nxf+8Roqdw2YmVJIiKD5e1EklRU2HddG2MMBR9h1h3Aj3V8p7zDCOrtSiKyH4ffJfUt+tBPuV4GKvfHw2qaNANskW2SEBOSDH5ISckxrh5JE8k1fy5j15L967NxhHp7zJzAb5Ae/zC8GYpHw=</latexit>

Correlators in N = 4 SYM

<latexit sha1_base64="opKGMJwqWz5lcY6UddQA79eftfM=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmFXRC0DFlpJBPOAJITZyU0yZHZ2mbkrCWsKf8XGQhFbf8POv3GSbKGJBwYO55zLvXP8SAqDrvvtZJaWV1bXsuu5jc2t7Z387l7VhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBq4tceQBsRqnscRdAKWE+JruAMrdTOHzQRhphcg4oNhWHE1CQ6bucLbtGdgi4SLyUFkqLczn81OyGPA1DIJTOm4bkRthKmUXAJ41wzNhAxPmA9aFiqWACmlUzvH9Njq3RoN9T2KaRT9fdEwgJjRoFvkwHDvpn3JuJ/XiPG7mUrESqKERSfLerGkmJIJ2XQjtDAUY4sYVwLeyvlfaYZR1tZzpbgzX95kVRPi9550bs7K5Ru0zqy5JAckRPikQtSIjekTCqEk0fyTF7Jm/PkvDjvzscsmnHSmX3yB87nD9IPlqk=</latexit>

Genus expansion

<latexit sha1_base64="IIZ09ZddgXHDHwg3y1PQqlktk6I=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdVlw40oq2ge0oUymk3ToZBJmbsQQ+gFu/BU3LhRx6we482+ctFlo64GBwzn3cuccLxZcg21/W6Wl5ZXVtfJ6ZWNza3unurvX1lGiKGvRSESq6xHNBJesBRwE68aKkdATrOONL3O/c8+U5pG8gzRmbkgCyX1OCRhpUK31gT1AdguKyyDFNFKK0dzSGCKsk0CRiZmy6/YUeJE4BamhAs1B9as/jGgSMglUEK17jh2DmxEFnAo2qfQTzWJCxyRgPUMlCZl2s2mYCT4yyhD7kTJPAp6qvzcyEmqdhp6ZDAmM9LyXi/95vQT8CzfjMk6ASTo75Cciz5k3g4c8jy5SQwhV3PwV0xFRhILpr2JKcOYjL5L2Sd05qzs3p7XGdVFHGR2gQ3SMHHSOGugKNVELUfSIntErerOerBfr3fqYjZasYmcf/YH1+QPso5w0</latexit>

Stringy corrections to sugra

<latexit sha1_base64="PDE4zvrh/pDK7pOeRZxPmdogirE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZEXVZcaErqWgf0A4lk8m0oZnMkNwplrELf8WNC0Xc+hvu/BvTx0JbD/fC4Zx7yc3xE8E1OM63lVtYXFpeya8W1tY3Nrfs7Z2ajlNFWZXGIlYNn2gmuGRV4CBYI1GMRL5gdb93OfLrfaY0j+U9DBLmRaQjecgpASO17b0WsAfIrhTpc4glNnUR3A3bdtEpOWPgeeJOSRFNUWnbX60gpmnEJFBBtG66TgJeRhRwKtiw0Eo1SwjtkQ5rGipJxLSXje8f4kOjBDiMlWkJeKz+3shIpPUg8s1kRKCrZ72R+J/XTCE89zIukxSYpJOHwlRgiPEoDBxwxSiIgSGEKm5uxbRLFKFgIiuYENzZL8+T2nHJPS25tyfF8s00jjzaRwfoCLnoDJXRNaqgKqLoET2jV/RmPVkv1rv1MRnNWdOdXfQH1ucP6syWEQ==</latexit>

Graviton on AdS

<latexit sha1_base64="MwxsfpUB2EPHlMDXDoVNH/fvy14=">AAACBHicbVDLSgNBEJz1GeNr1WMug0HwYtgVX8eAFyEgEY0KSQyzk44ZMjuzzPSKYcnBi7/ixYMiXv0Ib/6Nk5iDr4KGoqqb7q4okcJiEHx4E5NT0zOzubn8/MLi0rK/snpudWo41LiW2lxGzIIUCmooUMJlYoDFkYSLqHc49C9uwFih1Rn2E2jG7FqJjuAMndTyCw2EW8wqla1Yt8FSrSh2gQ7o6dVuyy8GpWAE+peEY1IkY1Rb/nujrXkag0IumbX1MEiwmTGDgksY5BuphYTxHruGuqOKxWCb2eiJAd1wSpt2tHGlkI7U7xMZi63tx5HrjBl27W9vKP7n1VPsHDQzoZIUQfGvRZ1UUtR0mAhtCwMcZd8Rxo1wt1LeZYZxdLnlXQjh75f/kvPtUrhXCk92iuXjcRw5UiDrZJOEZJ+UyRGpkhrh5I48kCfy7N17j96L9/rVOuGNZ9bID3hvn088l0M=</latexit>

KK-modes on the S5

<latexit sha1_base64="v9pclniZuiwWTSs/KFXMKiSl5uY=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyyCqzojoi4LblyVCvYBbSmZ9LYNzWSG5I60DAV/xY0LRdz6He78GzNtF9p6IHA451zuzfEjKQy67reTWVldW9/Ibua2tnd29/L7BzUTxppDlYcy1A2fGZBCQRUFSmhEGljgS6j7w9vUrz+CNiJUDziOoB2wvhI9wRlaqZM/8s7LtIUwwoTCKGIqTU46+YJbdKegy8SbkwKZo9LJf7W6IY8DUMglM6bpuRG2E6ZRcAmTXCs2EDE+ZH1oWqpYAKadTM+f0FOrdGkv1PYppFP190TCAmPGgW+TAcOBWfRS8T+vGWPvpp0IFcUIis8W9WJJMaRpF7QrNHCUY0sY18LeSvmAacbRNpazJXiLX14mtYuid1X07i8LpfK8jiw5JifkjHjkmpTIHamQKuEkIc/klbw5T86L8+58zKIZZz5zSP7A+fwBwiWVaw==</latexit>

1/N expansion

<latexit sha1_base64="hNtXlzH/2nMzLsEpBUKe1KHUPjo=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFc1UREXRbcuJIK9gFNKJPJtB06yYSZG7GErtz4K25cKOLWb3Dn3zhps9DWAwOHc+7lzjlBIrgGx/m2FhaXlldWS2vl9Y3NrW17Z7epZaooa1AppGoHRDPBY9YADoK1E8VIFAjWCoZXud+6Z0pzGd/BKGF+RPox73FKwEhd+8A98YQZDwn2gD1AhqlUitHc1eOuXXGqzgR4nrgFqaAC9a795YWSphGLgQqidcd1EvAzooBTwcZlL9UsIXRI+qxjaEwipv1sEmOMj4wS4p5U5sWAJ+rvjYxEWo+iwExGBAZ61svF/7xOCr1LP+NxkgKL6fRQLxUYJM47wSHPE4uRIYQqbv6K6YAoQsE0VzYluLOR50nztOqeV93bs0rtpqijhPbRITpGLrpANXSN6qiBKHpEz+gVvVlP1ov1bn1MRxesYmcP/YH1+QMrj5kA</latexit>

1/� corrections

<latexit sha1_base64="5g/ebEIAox7YRSf2KmjbI25zTH0="></latexit>O2 : protected scalar of dim. 2

in the stress-tensor multiplet
<latexit sha1_base64="xI1aWAK8Mo0LI1wcuD9l5wgo1xQ=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBA8hV2RKJ4CXjz5AKOBJITeSa8Omd1ZZnrVsORPvPgrXjwoIt78GycxBzUWDBRV3fRUhamSlnz/05uanpmdmy8sFBeXlldWS2vrl1ZnRmBdaKVNIwSLSiZYJ0kKG6lBiEOFV2HvaOhf3aKxUicX1E+xHcN1IiMpgJzUKVXzlgDFTwed3iFvEd5TTvoODdcRt84Bx1I0QNrYodaVcYX3Bp1S2a/4I/BJEoxJmY1x1il9tLpaZDEmJBRY2wz8lNo5GJJC4aDYyiymIHpwjU1HE4jRtvNRvgHfdkqXR9q4lxAfqT83coit7cehm4yBbuxfbyj+5zUzig7auUzSjDAR34eiTHHSfFiWS2tQkOo7AsJI91cubsCAIFdp0ZUQ/I08SS53K0G1EpzvlWsn4zoKbJNtsR0WsH1WY8fsjNWZYA/sib2wV+/Re/bevPfv0SlvvLPBfsH7/AK1maLM</latexit>Ok : tower of scalar operators of dim. k

Compute 〈Ok1(x1)Ok2(x2)Ok3(x3)Ok4(x4)〉 in a 1/N and 1/λ expansion.
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4d N = 4 SYM - Kinematics

The symmetry

PSU(2, 2|4) ⊃ SO(2, 4)︸ ︷︷ ︸
conformal symmetry

⊕ SO(6)︸ ︷︷ ︸
R-symmetry

The operators

OI1···Ik (x)︸ ︷︷ ︸
symmetric traceless of SO(6)

→ Ok(x , y) = OI1···Ik (x)y I1 · · · y Ik , y2 = 0

The observable

〈Ok1(x1, y1)Ok2(x2, y2)Ok3(x3, y3)Ok4(x4, y4)〉

Luis Fernando Alday Gluon Scattering in AdS from CFT



4d N = 4 SYM - Kinematics

Bosonic symmetry

〈Ok(x1, y1) · · · Ok(x4, y4)〉 =

(
y12y34

x2
12x

2
34

)k

G(U,V ;σ, τ)︸ ︷︷ ︸
degree k pol. in σ, τ

U =
x2

12x
2
34

x2
13x

2
24
,V =

x2
14x

2
23

x2
13x

2
24
, σ = y1·y3y2·y4

y1·y2y3·y4
, τ = y1·y4y2·y3

y1·y2y3·y4

Super-conformal Ward identities

(z∂z − α∂α)G(z , z̄ ;α, ᾱ)|α=1/z = 0

(z∂z − ᾱ∂ᾱ)G(z , z̄ ;α, ᾱ)|ᾱ=1/z = 0

U = zz̄ ,V = (1− z)(1− z̄), σ = αᾱ, τ = (1− α)(1− ᾱ)
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1/N expansion

Genus-0 amplitudes → leading non-trivial term in a 1/N expansion.
Dropping 1/λ corrections gives the supergravity approximation.

G(U,V ;σ, τ) = Gdisc(U,V ;σ, τ)︸ ︷︷ ︸
disconnected

+
1

N2

(
G(sugra)(U,V ;σ, τ) + · · ·

)
+· · ·

Standard recipe

1 Perform a KK reduction of the 10D Sugra effective action on S5.
2 This give us an effective action on AdS5, from where we can read

off cubic and quartic vertices.
3 Write down & compute all exchange and contact Witten diagrams.

<latexit sha1_base64="1z/b1icBZMoinJIFXtGysoR3slk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAZBCIQZEfUY9OIxglkgGUJPpyZp0rPQXSPGIfgrXjwo4tX/8ObfOJPMQRMfFDzeq6KqnhtJodGyvo3C0vLK6lpxvbSxubW9Y+7uNXUYKw4NHspQtV2mQYoAGihQQjtSwHxXQssdXWd+6x6UFmFwh+MIHJ8NAuEJzjCVeuZBhXYRHjChXIVaQ59OaKVnlq2qNQVdJHZOyiRHvWd+dfshj30IkEumdce2InQSplBwCZNSN9YQMT5iA+ikNGA+aCeZXj+hx3G21gtVWgHSqfp7ImG+1mPfTTt9hkM972Xif14nRu/SSUQQxQgBny3yYkkxpFkUtC8UcJTjlDCuRHor5UOmGMc0sFIagj3/8iJpnlbt86p9e1auXeVxFMkhOSInxCYXpEZuSJ00CCeP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz8av5Rb</latexit>

+ crossed +
<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1 <latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="BfcSHq3hEQktbsbAGnMBUu9EvNw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6GPXOe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QP8042b</latexit>

k3

<latexit sha1_base64="BfcSHq3hEQktbsbAGnMBUu9EvNw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6GPXOe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QP8042b</latexit>

k3

<latexit sha1_base64="8aBsmI6kWSPTFAgzLVaJ935ujow=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5l1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH+V42c</latexit>

k4 <latexit sha1_base64="8aBsmI6kWSPTFAgzLVaJ935ujow=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5l1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH+V42c</latexit>

k4

<latexit sha1_base64="IVs70XGjTESBLt2ZII4EhZKBU+I=">AAAB/HicbVDJSgNBEO2JW4xbNEcvjUHwNMyIqMegF48RzALJEHo6laRJz0J3jWQYxl/x4kERr36IN//GznLQxAcFj/eqqKrnx1JodJxvq7C2vrG5Vdwu7ezu7R+UD4+aOkoUhwaPZKTaPtMgRQgNFCihHStggS+h5Y9vp37rEZQWUfiAaQxewIahGAjO0Ei9cqWrk6CXdREmmMGEj+w875Wrju3MQFeJuyBVskC9V/7q9iOeBBAil0zrjuvE6GVMoeAS8lI30RAzPmZD6BgasgC0l82Oz+mpUfp0EClTIdKZ+nsiY4HWaeCbzoDhSC97U/E/r5Pg4NrLRBgnCCGfLxokkmJEp0nQvlDAUaaGMK6EuZXyEVOMo8mrZEJwl19eJc1z27203fuLau1mEUeRHJMTckZcckVq5I7USYNwkpJn8krerCfrxXq3PuatBWsxUyF/YH3+AJ7+lWY=</latexit> X

exch.

<latexit sha1_base64="ztvyV6XN84VF4us2vTN4UPLhZdg=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSxCvZRERL0IRQ96rGA/oI1ls920SzebsLsRSgj4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzDw/5kxpx/m2FhaXlldWC2vF9Y3NrW17Z7ehokQSWicRj2TLx4pyJmhdM81pK5YUhz6nTX94Pfabj1QqFol7PYqpF+K+YAEjWBupa++nHYI5uske0rJK+hIfZ+gSde2SU3EmQPPEzUkJctS69lenF5EkpEITjpVqu06svRRLzQinWbGTKBpjMsR92jZU4JAqL52cn6Ejo/RQEElTQqOJ+nsixaFSo9A3nSHWAzXrjcX/vHaigwsvZSJONBVkuihIONIRGmeBekxSovnIEEwkM7ciMsASE20SK5oQ3NmX50njpOKeVdy701L1Ko+jAAdwCGVw4RyqcAs1qAOBFJ7hFd6sJ+vFerc+pq0LVj6zB39gff4AwsKUtA==</latexit>

G(sugra) =

<latexit sha1_base64="8Tsl6ckt2oKgMFN4zdqVpB45Rek=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U2GzD6cmQ2GZb/DiwdFvPox3vwbJ8keNLGgoajqprvLiwVX2ra/rcLK6tr6RnGztLW9s7tX3j9oqiiRDBssEpFse1Sh4CE2NNcC27FEGngCW97oZuq3xigVj8IHPYnRDegg5D5nVBvJTbuMCnKX9VJ8ynrlil21ZyDLxMlJBXLUe+Wvbj9iSYChZoIq1XHsWLsplZozgVmpmyiMKRvRAXYMDWmAyk1nR2fkxCh94kfSVKjJTP09kdJAqUngmc6A6qFa9Kbif14n0f6Vm/IwTjSGbL7ITwTREZkmQPpcItNiYghlkptbCRtSSZk2OZVMCM7iy8ukeVZ1LqrO/Xmldp3HUYQjOIZTcOASanALdWgAg0d4hld4s8bWi/VufcxbC1Y+cwh/YH3+ANrhkik=</latexit>Oex
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Standard recipe

Several problems

Effective action extremely hard to compute - 15 pp!

Huge amount of Witten
diagrams!

Which are very hard to
compute!

For AdS5 × S5 some
heroic progress. [Arutyunov,

Frolov, Dolan, Osborn, Sokatchev, ...]

Hopeless for AdS7 × S4

and AdS4 × S7!

Issue: No clear understanding of the underlying organising principles.

We need a better way!
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The right language: Mellin space

G(U,V ;σ, τ)→M(s, t, u;σ, τ) ≡M(s, t;σ, τ), with s + t + u = 4k .

G(U,V ;σ, τ) =

∫ i∞

−i∞
dsdtUsV t Γ{ki}(s, t, u)

︸ ︷︷ ︸
A prefactor

M(s, t;σ, τ)︸ ︷︷ ︸
string amplitude in AdS5 × S5

M(s, t;σ, τ) is a meromorphic function with very nice properties:

1 Crossing symmetry. X
2 Exchanged operators lead to simple poles:

Mexch(s, t) =
∞∑

m=0

λ2
∆,`

Q`,m(u, t)

s − (∆− `)− 2m
+ regular X

3 Superconformal Ward identities:

(Shift operator) ◦M(s, t;σ, τ) = 0 X

Rather than the effective action use 1+2+3!
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MRV amplitudes

One can produce results case by case, and its ok for AdS5 × S5
[Rastelli,

Zhou], but its hard to generalise to other cases...

We need a new idea!

Maximally R-symmetry violating amplitudes

Each operator depends on a 4d point x and a 6d null vector y :
<latexit sha1_base64="SvyiUQQHgyUpmUZmo/7kAIqD3VU="></latexit>hOk(x1, y1)Ok(x2, y2)Ok(x3, y3)Ok(x4, y4)i

<latexit sha1_base64="J1dSwmwE0NbjuNATO2fOX1GMi+o=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExoCoBBIyVWJhQQfQhtaVyXLe16jiRfYOoosws/AoLAwix8gVs/A1OmwFajmTp6Jx75XOPFwquwXG+rdzc/MLiUn65sLK6tr5hb27VdBApyqo0EIFqeEQzwSWrAgfBGqFixPcEq3vDi9Sv3zOleSBvYRSytk/6kvc4JWCkjr3bAvYAcSXgEjCXOMEtn8DA8+Kb5C52D4+Tjl10Ss4YeJa4GSmiDJWO/dXqBjTymQQqiNZN1wmhHRMFnAqWFFqRZiGhQ9JnTUMl8Zlux+NTErxvlC7uBco8k2is/t6Iia/1yPfMZJpTT3up+J/XjKB33o65DCNgkk4+6kUCQ4DTXnCXK0ZBjAwhVHGTFdMBUYSCaa9gSnCnT54ltaOSe1pyr0+K5ausjjzaQXvoALnoDJXRJaqgKqLoET2jV/RmPVkv1rv1MRnNWdnONvoD6/MHzRiaWw==</latexit>

Point in R1,3
<latexit sha1_base64="6nQigwVIwNUdOlWlx8N9Z3TpwyE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEpHosePFUKtgPaEPZbDbt0s0m7E6KJRT8K148KOLV3+HNf+O2zUFbHww83pthZp6fCK7Bcb6twtr6xuZWcbu0s7u3f2AfHrV0nCrKmjQWser4RDPBJWsCB8E6iWIk8gVr+6Pbmd8eM6V5LB9gkjAvIgPJQ04JGKlvn/SAPUJWT4XA1QCPGYVYTft22ak4c+BV4uakjHI0+vZXL4hpGjEJVBCtu66TgJcRBZwKNi31Us0SQkdkwLqGShIx7WXz86f43CgBDmNlSgKeq78nMhJpPYl80xkRGOplbyb+53VTCG+8jMskBSbpYlGYCgwxnmWBA67Mv2JiCKGKm1sxHRJFKJjESiYEd/nlVdK6rLjVint/Va7V8ziK6BSdoQvkomtUQ3eogZqIogw9o1f0Zj1ZL9a79bFoLVj5zDH6A+vzBzXzlbA=</latexit>

Null 6d vector

Choose a configuration where y1, y3 are aligned → σ = 0, τ = 1.

MRV (s, t) =M(s, t; 0, 1)

This suppresses all sugra exchanges in the u-channel (as y1 · y3 = 0) and
the amplitude simplifies drastically!

Luis Fernando Alday Gluon Scattering in AdS from CFT



MRV amplitudes

Stress tensor multiplet four-point function in AdS5 × S5

In[]:= ℳ2 =

-192 - 80 s + 8 s2 - 224 t + 76 s t - 6 s2 t + 92 t2 - 22 s t2 + s2 t2 - 16 t3 + 2 s t3 + t4 -

64 σ + 128 s σ - 16 s2 σ + 48 t σ - 112 s t σ + 12 s2 t σ - 8 t2 σ + 28 s t2 σ - 2 s2 t2 σ -

2 s t3 σ + 64 σ
2
- 48 s σ

2
+ 8 s2 σ

2
- 48 t σ

2
+ 36 s t σ

2
- 6 s2 t σ

2
+ 8 t2 σ

2
- 6 s t2 σ

2
+

s2 t2 σ
2
- 192 τ + 80 s τ - 8 s2 τ + 80 t τ + 32 s t τ - 20 s2 t τ + 2 s3 t τ - 8 t2 τ -

20 s t2 τ + 4 s2 t2 τ + 2 s t3 τ - 64 σ τ + 48 s σ τ - 8 s2 σ τ + 128 t σ τ - 112 s t σ τ +

28 s2 t σ τ - 2 s3 t σ τ - 16 t2 σ τ + 12 s t2 σ τ - 2 s2 t2 σ τ + 192 τ
2
- 224 s τ

2
+ 92 s2 τ

2
-

16 s3 τ
2
+ s4 τ

2
- 80 t τ

2
+ 76 s t τ

2
- 22 s2 t τ

2
+ 2 s3 t τ

2
+ 8 t2 τ

2
- 6 s t2 τ

2
+ s2 t2 τ

2


(2 (-2 + s) (-2 + t) (-6 + s + t));

Much simpler in the MRV limit!

MRV (s, t) = (u − 4)(u − 6)

(
1

s − 2
+

1

t − 2

)
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MRV amplitudes

Stress tensor multiplet four-point function in AdS5 × S5

In[]:= ℳ2 =

-192 - 80 s + 8 s2 - 224 t + 76 s t - 6 s2 t + 92 t2 - 22 s t2 + s2 t2 - 16 t3 + 2 s t3 + t4 -

64 σ + 128 s σ - 16 s2 σ + 48 t σ - 112 s t σ + 12 s2 t σ - 8 t2 σ + 28 s t2 σ - 2 s2 t2 σ -

2 s t3 σ + 64 σ
2
- 48 s σ

2
+ 8 s2 σ

2
- 48 t σ

2
+ 36 s t σ

2
- 6 s2 t σ

2
+ 8 t2 σ

2
- 6 s t2 σ

2
+

s2 t2 σ
2
- 192 τ + 80 s τ - 8 s2 τ + 80 t τ + 32 s t τ - 20 s2 t τ + 2 s3 t τ - 8 t2 τ -

20 s t2 τ + 4 s2 t2 τ + 2 s t3 τ - 64 σ τ + 48 s σ τ - 8 s2 σ τ + 128 t σ τ - 112 s t σ τ +

28 s2 t σ τ - 2 s3 t σ τ - 16 t2 σ τ + 12 s t2 σ τ - 2 s2 t2 σ τ + 192 τ
2
- 224 s τ

2
+ 92 s2 τ

2
-

16 s3 τ
2
+ s4 τ

2
- 80 t τ

2
+ 76 s t τ

2
- 22 s2 t τ

2
+ 2 s3 t τ

2
+ 8 t2 τ

2
- 6 s t2 τ

2
+ s2 t2 τ

2


(2 (-2 + s) (-2 + t) (-6 + s + t));

Much simpler in the MRV limit!

MRV (s, t) = (u − 4)(u − 6)

(
1

s − 2
+

1

t − 2

)
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MRV amplitudes

MRV (s, t) = (u − 4)(u − 6)︸ ︷︷ ︸
double zero




1

s − 2
+

1

t − 2︸ ︷︷ ︸
no poles in the u-channel




No poles in u and always a double-zero.

Highly non-trivial at the level of exchange Witten diagrams.
Powerful relations among cubic couplings!

We can write down the general MRV amplitude for all k1, k2, k3, k4!

R−symmetry can be used to restore the full σ, τ dependence!

<latexit sha1_base64="R421gSCxzdK4EvsB7GlLmVPmJ6c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQQUoioh4LXrwoVewHtKFstpt26WYTdydCCf0TXjwo4tW/481/47bNQVsfDDzem2Fmnh8LrtFxvq3c0vLK6lp+vbCxubW9U9zda+goUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0h1cTv/nElOaRfMBRzLyQ9CUPOCVopNbNfaOsT/C4Wyw5FWcKe5G4GSlBhlq3+NXpRTQJmUQqiNZt14nRS4lCTgUbFzqJZjGhQ9JnbUMlCZn20um9Y/vIKD07iJQpifZU/T2RklDrUeibzpDgQM97E/E/r51gcOmlXMYJMklni4JE2BjZk+ftHleMohgZQqji5labDogiFE1EBROCO//yImmcVtzzint3VqreZnHk4QAOoQwuXEAVrqEGdaAg4Ble4c16tF6sd+tj1pqzspl9+APr8wfP7Y81</latexit>

MRV (s, t)
<latexit sha1_base64="BbjaE+BjARoex1lee2O9hlnXv4E=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAIEULYFVGPAS9elAjmAdkQeieTZMjsg5leISzBi7/ixYMiXv0Kb/6Nk2QPmljQUFR1093lRVJotO1vK7O0vLK6ll3PbWxube/kd/fqOowV4zUWylA1PdBcioDXUKDkzUhx8D3JG97wauI3HrjSIgzucRTxtg/9QPQEAzRSJ3+QuAwkvRkXdQlLrhZ9H0ouQnzSyRfssj0FXSROSgokRbWT/3K7IYt9HiCToHXLsSNsJ6BQMMnHOTfWPAI2hD5vGRqAz3U7mb4wpsdG6dJeqEwFSKfq74kEfK1Hvmc6fcCBnvcm4n9eK8beZTsRQRQjD9hsUS+WFEM6yYN2heIM5cgQYEqYWykbgAKGJrWcCcGZf3mR1E/LznnZuTsrVG7TOLLkkByRInHIBamQa1IlNcLII3kmr+TNerJerHfrY9aasdKZffIH1ucP1D2Wdw==</latexit>M(s, t,�, ⌧)

<latexit sha1_base64="Cto2YM9hZGOaowKWEvLID5rjJs8=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwY0lE1GXBje6q2Ae0oUymN+3QyYOZGzXEfoobF4q49Uvc+TdO2yy09cDA4Zx7uWeOFwuu0La/jcLS8srqWnG9tLG5tb1jlnebKkokgwaLRCTbHlUgeAgN5CigHUuggSeg5Y0uJ37rHqTiUXiHaQxuQAch9zmjqKWeWe4iPGJ2e6zSIACU6bhnVuyqPYW1SJycVEiOes/86vYjlgQQIhNUqY5jx+hmVCJnAsalbqIgpmxEB9DRNKQBKDebRh9bh1rpW34k9QvRmqq/NzIaKB3N05MBxaGa9ybif14nQf/CzXgYJwghmx3yE2FhZE16sPpcAkORakKZ5DqrxYZUUoa6rZIuwZn/8iJpnlSds6pzc1qpXed1FMk+OSBHxCHnpEauSJ00CCMP5Jm8kjfjyXgx3o2P2WjByHf2yB8Ynz8DeJSE</latexit>

R-symmetry
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Final (supergravity) solution

Representation where contact terms are actually absent!
<latexit sha1_base64="Emxgvu/1JcwB3iPX9UDr23Gpfc8="></latexit>

M(sugra)(s, t;�, ⌧) =
X

i,j

�i⌧ j
⇣
Mi,j

s (s, t) + Mi,j
t (s, t) + Mi,j

u (s, t)
⌘

<latexit sha1_base64="mA5jW3p3Mg2QEZPhWX57SC0e7+M=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoUEsioi4LblxJFfuApobJdNKMnUzCzEQoIWs3/oobF4q49Qvc+TdO2yy0euDC4Zx7ufceL2ZUKsv6Mgpz8wuLS8Xl0srq2vqGubnVklEiMGniiEWi4yFJGOWkqahipBMLgkKPkbY3PB/77XsiJI34jRrFpBeiAac+xUhpyTV3HZmEbgAdXyCcXrvBbUqrd1lFVZODLJWHQeaaZatmTQD/EjsnZZCj4ZqfTj/CSUi4wgxJ2bWtWPVSJBTFjGQlJ5EkRniIBqSrKUchkb108koG97XSh34kdHEFJ+rPiRSFUo5CT3eGSAVy1huL/3ndRPlnvZTyOFGE4+kiP2FQRXCcC+xTQbBiI00QFlTfCnGAdChKp1fSIdizL/8lraOafVKzr47L9cs8jiLYAXugAmxwCurgAjRAE2DwAJ7AC3g1Ho1n4814n7YWjHxmG/yC8fEN1LKaYw==</latexit>X

h

Ri,j
h (t, u)

s � h

<latexit sha1_base64="k8z23KfRFyQWgPsWOWCj+t824Ao=">AAACAXicbVDLSsNAFJ34rPUVdSO4GS2Cq5KIqMuCG1dSwT6gDWUyuW2HTiZhZlJaQt34K25cKOLWv3Dn3zhps9DWAwOHc+7lzjl+zJnSjvNtLS2vrK6tFzaKm1vbO7v23n5dRYmkUKMRj2TTJwo4E1DTTHNoxhJI6HNo+IObzG8MQSoWiQc9jsELSU+wLqNEG6ljH7Y1jHQKI3OMmvUx7rEhiONJxy45ZWcKvEjcnJRQjmrH/moHEU1CEJpyolTLdWLtpURqRjlMiu1EQUzogPSgZaggISgvnSaY4FOjBLgbSfOExlP190ZKQqXGoW8mQ6L7at7LxP+8VqK7117KRJxoEHR2qJtwrCOc1YEDJoFmsQNGqGTmr5j2iSRUm9KKpgR3PvIiqZ+X3cuye39RqtzldRTQETpBZ8hFV6iCblEV1RBFj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ADP7l2c=</latexit>

explicitly given!

Compact and explicit expression for all supergravity amplitudes!

For AdS5 × S5 this proves the results by Rastelli and Zhou.

But even more...

It actually works for all maximally susy theories, holographically
dual to AdS7 × S4, AdS5 × S5 and AdS4 × S7!
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Gluon scattering in AdS

Let’s now scatter gluons!

Gluons → open strings → add branes

Add M D7 branes wrapping AdS5 and S3 ⊂ S5 (M � N)
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Gluon scattering in AdS

The presence of D7−branes breaks the symmetry

N = 4 SYM → N = 2 SYM with flavours

SO(6) → SO(4)× SO(2) = SU(2)L × SU(2)R × U(1)︸ ︷︷ ︸
4d N = 2 R-symmetry

The global flavour symmetry gives rise to a spin-1 current multiplet

<latexit sha1_base64="xI1aWAK8Mo0LI1wcuD9l5wgo1xQ=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBA8hV2RKJ4CXjz5AKOBJITeSa8Omd1ZZnrVsORPvPgrXjwoIt78GycxBzUWDBRV3fRUhamSlnz/05uanpmdmy8sFBeXlldWS2vrl1ZnRmBdaKVNIwSLSiZYJ0kKG6lBiEOFV2HvaOhf3aKxUicX1E+xHcN1IiMpgJzUKVXzlgDFTwed3iFvEd5TTvoODdcRt84Bx1I0QNrYodaVcYX3Bp1S2a/4I/BJEoxJmY1x1il9tLpaZDEmJBRY2wz8lNo5GJJC4aDYyiymIHpwjU1HE4jRtvNRvgHfdkqXR9q4lxAfqT83coit7cehm4yBbuxfbyj+5zUzig7auUzSjDAR34eiTHHSfFiWS2tQkOo7AsJI91cubsCAIFdp0ZUQ/I08SS53K0G1EpzvlWsn4zoKbJNtsR0WsH1WY8fsjNWZYA/sib2wV+/Re/bevPfv0SlvvLPBfsH7/AK1maLM</latexit>Ok : tower of scalar operators of dim. k

<latexit sha1_base64="XPvWgzCPMbef8nePNbxPsohry+I=">AAACFXicbVBNSwMxEM36bf2qevQSbAUPUnZF1KPiQU9S0WqhLSWbnWpoNrskE7Es/RNe/CtePCjiVfDmvzH9OGjrQODNe/OYzAtTKQz6/rc3MTk1PTM7N59bWFxaXsmvrl2bxGoOFZ7IRFdDZkAKBRUUKKGaamBxKOEmbJ/09Jt70EYk6go7KTRidqtES3CGjmrmd+pWRaB79qyO8IDZqbSJoix229FGYKjrisfRZbHbbeYLfsnvFx0HwRAUyLDKzfxXPUq4jUEhl8yYWuCn2MiYRsEldHN1ayBlvM1uoeagYjGYRta/qku3HBPRVqLdU0j77G9HxmJjOnHoJmOGd2ZU65H/aTWLrcNGJlRqERQfLGpZSTGhvYhoJDRwlB0HGNfC/ZXyO6YZRxdkzoUQjJ48Dq53S8F+KbjYKxydD+OYIxtkk2yTgByQI3JGyqRCOHkkz+SVvHlP3ov37n0MRie8oWed/Cnv8wcSGZ9i</latexit>

Gluon amplitudes on AdS
<latexit sha1_base64="4UW7x6L97gEM9TJI7qbOIrI5ksQ="></latexit>

Correlators in N = 2 SYM w/flavours

<latexit sha1_base64="P/CC718Iv+RN/Iyk1aBs9xz9Lpc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLiQldS0T6gDWUymbRDJ5MwcyOWUH/FjQtF3Poh7vwbp20W2nq4Fw7n3MvcOX4iuAbH+bYKS8srq2vF9dLG5tb2jr2719Rxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlDy8nfuuBKc1jeQ+jhHkR6UseckrASD273AX2CNmVSGOJTV0Ed+OeXXGqzhR4kbg5qaAc9Z791Q1imkZMAhVE647rJOBlRAGngo1L3VSzhNAh6bOOoZJETHvZ9PgxPjRKgMNYmZaAp+rvjYxEWo8i30xGBAZ63puI/3mdFMJzL+MySYFJOnsoTAWGGE+SwAFXjIIYGUKo4uZWTAdEEQomr5IJwZ3/8iJpHlfd06p7e1Kp3eRxFNE+OkBHyEVnqIauUR01EEUj9Ixe0Zv1ZL1Y79bHbLRg5Ttl9AfW5w91cJSu</latexit>

Gluon on AdS
<latexit sha1_base64="vRe3S85JZ338g67Q8kJjxJOnlOY=">AAACGHicbVC7SgNBFJ31GeMramkzGASruBtExSpgY6URzAOSEGYnd5MhszvLzF0xLPkMG3/FxkIR23T+jZNHoYkHBg7n3Mudc/xYCoOu++0sLa+srq1nNrKbW9s7u7m9/apRieZQ4UoqXfeZASkiqKBACfVYAwt9CTW/fz32a4+gjVDRAw5iaIWsG4lAcIZWaudO0yZnkt4N28Ur2kR4wpTGWiFwhA411mOaqoB2RFigxWG2ncu7BXcCuki8GcmTGcrt3KjZUTwJIUIumTENz42xlTKNgksYZpuJgZjxPutCw9KIhWBa6STYkB5bpUMDpe2LkE7U3xspC40ZhL6dDBn2zLw3Fv/zGgkGl61URHGCEPHpoSCRFBUdt2TjatuAHFjCuBb2r5T3mGa2FW3GJXjzkRdJtVjwzgve/Vm+dDurI0MOyRE5IR65ICVyQ8qkQjh5Jq/knXw4L86b8+l8TUeXnNnOAfkDZ/QDm9Ge4w==</latexit>O2 : protected scalar of dim. 2

<latexit sha1_base64="UeRCA2aZnbcwow1WqmrOE0OlMi0=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELQM2VhLBPCBZwuzkbjJk9sHMXTEsaW38FRsLRWz9Azv/xtlkC008MHA459479x4/kUKj43xbS8srq2vrpY3y5tb2zq69t9/Ucao4NHgsY9X2mQYpImigQAntRAELfQktf3SV+617UFrE0R2OE/BCNohEIDhDI/Vs2kV4wExEFIdAeaoUREjDVKJIJOCk3LMrTtWZgi4StyAVUqDes7+6/ZinoZnDJdO64zoJehlTKLiESbmbakgYH7EBdAyNWAjay6aXTOixUfo0iJV5Zo+p+rsjY6HW49A3lSHDoZ73cvE/r5NicOmZM5MUIeKzj4JUUoxpHgvtCwUc5dgQxpUwu1I+ZIpxNOHlIbjzJy+S5mnVPa+6t2eV2k0RR4kckiNyQlxyQWrkmtRJg3DySJ7JK3mznqwX6936mJUuWUXPAfkD6/MH39Waew==</latexit>

in the current multiplet

<latexit sha1_base64="1gLa+XENKbmvQvm2sZuBqDRGwhw=">AAACBnicbVA9SwNBEN2LXzF+RS1FWIyCjeFORS0FG0EQRWMCyRn2NhOzZG/32J0Tw5HKxr9iY6GIrb/Bzn/jJV6hxgcDj/dmmJkXRFJYdN1PJzc2PjE5lZ8uzMzOzS8UF5eurI4NhwrXUptawCxIoaCCAiXUIgMsDCRUg+7RwK/egrFCq0vsReCH7EaJtuAMU6lZXG0g3GFycrIV6hZYqhXFDtD1i+ud9X6hWSy5ZXcIOkq8jJRIhrNm8aPR0jwOQSGXzNq650boJ8yg4BL6hUZsIWK8y26gnlLFQrB+MnyjTzdSpUXb2qSlkA7VnxMJC63thUHaGTLs2L/eQPzPq8fYPvAToaIYQfHvRe1YUtR0kAltCQMcZS8ljBuR3kp5hxnGMU1uEIL39+VRcrVd9vbK3vlu6fA0iyNPVsga2SQe2SeH5JickQrh5J48kmfy4jw4T86r8/bdmnOymWXyC877F/RLl4c=</latexit>

KK-modes on the S3
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Gluon scattering in AdS

The operators

<latexit sha1_base64="zScewOwmKszQly3Fyufkzyg3W5Q="></latexit>

OI
↵1 · · ·↵k| {z };↵̄1 · · · ↵̄k�2| {z }

(x)

<latexit sha1_base64="16jWCVnJUMAGIsOOwJhcljViK3w=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MixMswI6IeI168KBHNAkkIPT09SZuehe4aMYw5+CtePCji1d/w5t/YWQ6a+KDg8V4VVfXcWHAFtv1tZObmFxaXssu5ldW19Q1zc6uqokRSVqGRiGTdJYoJHrIKcBCsHktGAlewmts7H/q1eyYVj8Jb6MesFZBOyH1OCWipbe40gT1AeubdWTjyceGmUrw8KAzaZt627BHwLHEmJI8mKLfNr6YX0SRgIVBBlGo4dgytlEjgVLBBrpkoFhPaIx3W0DQkAVOtdHT/AO9rxcN+JHWFgEfq74mUBEr1A1d3BgS6atobiv95jQT801bKwzgBFtLxIj8RGCI8DAN7XDIKoq8JoZLrWzHtEkko6MhyOgRn+uVZUj20nGPLuT7Kl64mcWTRLtpDReSgE1RCF6iMKoiiR/SMXtGb8WS8GO/Gx7g1Y0xmttEfGJ8/mqmUkg==</latexit>

Adj. of SU(M)

<latexit sha1_base64="U7D9trqw74o/qV5cYZqNQ9USUUI=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUmKqMuCG1dSH31AW8pkOmmHTiZh5kYsIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89XiS4Bsf5thYWl5ZXVnNr+fWNza1te2e3rsNYUVajoQhV0yOaCS5ZDTgI1owUI4EnWMMbXoz9xj1TmofyDkYR6wSkL7nPKQEjde2Dtq8ITYZpUk5xG9gDJDj0cYpva8XycfemaxeckjMBniduRgooQ7Vrf7V7IY0DJoEKonXLdSLoJEQBp4Kl+XasWUTokPRZy1BJAqY7yeSRFB8ZpYf9UJmSgCfq74mEBFqPAs90BgQGetYbi/95rRj8807CZRQDk3S6yI8FhhCPU8E9rhgFMTKEUMXNrZgOiEkGTHZ5E4I7+/I8qZdL7mnJvT4pVK6yOHJoHx2iInLRGaqgS1RFNUTRI3pGr+jNerJerHfrY9q6YGUze+gPrM8fGamYwg==</latexit>

k

2
of SU(2)R

<latexit sha1_base64="K74xNiR9kiuv7CuEqrvbaj/h2ok=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SDEwrC7iFoGbCxEIpoHZEOYncwmQ2YfzNwVw7K1jb9iY6GIrV9g5984SbbQxAMXDufcy733uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8GLsN++ZVDwM7mAUsY5P+gH3OCWgpW5x3/Ekocnw2E4TO8UOsAdIcOjhFN/Wy/ZR96pbLJkVcwI8T6yMlFCGWrf45fRCGvssACqIUm3LjKCTEAmcCpYWnFixiNAh6bO2pgHxmeokk1dSfKiVHvZCqSsAPFF/TyTEV2rku7rTJzBQs95Y/M9rx+CddxIeRDGwgE4XebHAEOJxLrjHJaMgRpoQKrm+FdMB0dmATq+gQ7BmX54nDbtinVasm5NS9TqLI4/20AEqIwudoSq6RDVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9gfP4A+d6ZLw==</latexit>

k � 2

2
of SU(2)L

<latexit sha1_base64="RxwOIM4Uo4OAzcLDYmkjoFLlYys="></latexit>

OI
k(x, v, v̄) = OI

↵1···↵k;↵̄1···↵̄k�2
(x)v↵1 · · · v↵k v̄↵̄1 · · · v̄↵̄k�2

<latexit sha1_base64="dllk/qSqthtqgxlPn58OPOLIjUU=">AAAB/3icbVA9SwNBEN2LXzF+nQo2NouJEJtwF0QtAzZWEtF8QHKEvc0mWbK3d+zOieFM4V+xsVDE1r9h579xk1yhiQ8GHu/NMDPPjwTX4DjfVmZpeWV1Lbue29jc2t6xd/fqOowVZTUailA1faKZ4JLVgINgzUgxEviCNfzh5cRv3DOleSjvYBQxLyB9yXucEjBSxz5oA3uApHBbK5ZPClhHXIZKjzt23ik5U+BF4qYkj1JUO/ZXuxvSOGASqCBat1wnAi8hCjgVbJxrx5pFhA5Jn7UMlSRg2kum94/xsVG6uBcqUxLwVP09kZBA61Hgm86AwEDPexPxP68VQ+/CS7iMYmCSzhb1YoEhxJMwcJcrRkGMDCFUcXMrpgOiCAUTWc6E4M6/vEjq5ZJ7VnJvTvOV6zSOLDpER6iIXHSOKugKVVENUfSIntErerOerBfr3fqYtWasdGYf/YH1+QO8lJVT</latexit>

SU(2) spinors

The observable

〈OI1
k (x1, v1, v̄1) · · · OI4

k (x4, v4, v̄4)〉 = pref.× GI1I2I3I4(U,V ;α, β)︸ ︷︷ ︸
degree k in α, k − 2 in β

α = v1·v3v2·v4
v1·v2v3·v4

, β = v̄1·v̄3v̄2·v̄4
v̄1·v̄2v̄3·v̄4
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Gluon scattering in AdS

Super-conformal Ward identities

(z∂z − α∂α)GI1I2I3I4(z , z̄ ;α, β)
∣∣∣
α=1/z

= 0

Naively half as powerful, as we don’t have α↔ β...

But the independent flavour structures give rise to more
constraints:

Super-conformal Ward identities hold for all R ∈ Adj × Adj

Ends up being as powerful!
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Gluon scattering in AdS

We are interested in the tree-level amplitude

MI1I2I3I4
(tree) (s, t;α, β)

To leading order in 1/N the exchange of gravitons is suppressed.

The procedure

Consider the MRV limit (v1, v3 aligned)

MRV (s, t, β) =M(s, t;α = 0, β)

1 No poles in u.
2 Zero at u = 2k .

Again a powerful set of constraints which fully fix the MRV answer.

Again use R-symmetry to get the full amplitude!
<latexit sha1_base64="Cto2YM9hZGOaowKWEvLID5rjJs8=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwY0lE1GXBje6q2Ae0oUymN+3QyYOZGzXEfoobF4q49Uvc+TdO2yy09cDA4Zx7uWeOFwuu0La/jcLS8srqWnG9tLG5tb1jlnebKkokgwaLRCTbHlUgeAgN5CigHUuggSeg5Y0uJ37rHqTiUXiHaQxuQAch9zmjqKWeWe4iPGJ2e6zSIACU6bhnVuyqPYW1SJycVEiOes/86vYjlgQQIhNUqY5jx+hmVCJnAsalbqIgpmxEB9DRNKQBKDebRh9bh1rpW34k9QvRmqq/NzIaKB3N05MBxaGa9ybif14nQf/CzXgYJwghmx3yE2FhZE16sPpcAkORakKZ5DqrxYZUUoa6rZIuwZn/8iJpnlSds6pzc1qpXed1FMk+OSBHxCHnpEauSJ00CCMP5Jm8kjfjyXgx3o2P2WjByHf2yB8Ynz8DeJSE</latexit>

R-symmetry
<latexit sha1_base64="SGxpTdI5BkD3x6xbMOrvp9avcas=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxChBB2RdRjwIsXJYJ5QDaE3skkGTL7YKZXCEvAi7/ixYMiXv0Jb/6Nk2QPmljQUFR1093lRVJotO1vK7O0vLK6ll3PbWxube/kd/fqOowV4zUWylA1PdBcioDXUKDkzUhx8D3JG97wauI3HrjSIgzucRTxtg/9QPQEAzRSJ3+QuAwkvRkXdQlLLshoACXX4wgnnXzBLttT0EXipKRAUlQ7+S+3G7LY5wEyCVq3HDvCdgIKBZN8nHNjzSNgQ+jzlqEB+Fy3k+kPY3pslC7thcpUgHSq/p5IwNd65Hum0wcc6HlvIv7ntWLsXbYTEUQx8oDNFvViSTGkk0BoVyjOUI4MAaaEuZWyAShgaGLLmRCc+ZcXSf207JyXnbuzQuU2jSNLDskRKRKHXJAKuSZVUiOMPJJn8krerCfrxXq3PmatGSud2Sd/YH3+AG1Wlsg=</latexit>M(s, t,↵,�)

<latexit sha1_base64="HZgM/0PvGFDF4azEYieqZesAmbg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQoZRERD0WvHhRqtgPaGPZbLft0s0m7E6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD8SXKPjfFuZpeWV1bXsem5jc2t7J7+7V9dhrCir0VCEqukTzQSXrIYcBWtGipHAF6zhDy8nfuORKc1DeY+jiHkB6Uve45SgkR6u7+pFXcJS22dIjjv5glN2prAXiZuSAqSodvJf7W5I44BJpIJo3XKdCL2EKORUsHGuHWsWETokfdYyVJKAaS+ZXj22j4zStXuhMiXRnqq/JxISaD0KfNMZEBzoeW8i/ue1YuxdeAmXUYxM0tmiXixsDO1JBHaXK0ZRjAwhVHFzq00HRBGKJqicCcGdf3mR1E/K7lnZvT0tVG7SOLJwAIdQBBfOoQJXUIUaUFDwDK/wZj1ZL9a79TFrzVjpzD78gfX5AwCGkZU=</latexit>

MRV (s, t,�)
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Gluon scattering in AdS

Gluon amplitudes on AdS

<latexit sha1_base64="k8z23KfRFyQWgPsWOWCj+t824Ao=">AAACAXicbVDLSsNAFJ34rPUVdSO4GS2Cq5KIqMuCG1dSwT6gDWUyuW2HTiZhZlJaQt34K25cKOLWv3Dn3zhps9DWAwOHc+7lzjl+zJnSjvNtLS2vrK6tFzaKm1vbO7v23n5dRYmkUKMRj2TTJwo4E1DTTHNoxhJI6HNo+IObzG8MQSoWiQc9jsELSU+wLqNEG6ljH7Y1jHQKI3OMmvUx7rEhiONJxy45ZWcKvEjcnJRQjmrH/moHEU1CEJpyolTLdWLtpURqRjlMiu1EQUzogPSgZaggISgvnSaY4FOjBLgbSfOExlP190ZKQqXGoW8mQ6L7at7LxP+8VqK7117KRJxoEHR2qJtwrCOc1YEDJoFmsQNGqGTmr5j2iSRUm9KKpgR3PvIiqZ+X3cuye39RqtzldRTQETpBZ8hFV6iCblEV1RBFj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ADP7l2c=</latexit>

explicitly given!

<latexit sha1_base64="pnZ8jRCOciUlpdpSA6zCpwliuoo="></latexit>

MI1I2I3I4

(tree) (s, t;↵,�) = csMs(s, t;↵,�) + ctMt(s, t;↵,�) + cuMu(s, t;↵,�)

<latexit sha1_base64="CZm2qTYBJDJB/N7TPNuCB3OOods=">AAACEXicbVDJSgNBEO1xN25Rj14agxAhhhkRFbwEvHiSKGaBTBhqOj2Zxp6F7hohDPkFL/6KFw+KePXmzb+xsxzcHhQ83quiqp6fSqHRtj+tmdm5+YXFpeXCyura+kZxc6upk0wx3mCJTFTbB82liHkDBUreThWHyJe85d+ej/zWHVdaJPENDlLejaAfi0AwQCN5xbKrs8gLqRsoYPm1F5axkp25INMQKq7PEfaHuT4Ih16xZFftMehf4kxJiUxR94ofbi9hWcRjZBK07jh2it0cFAom+bDgZpqnwG6hzzuGxhBx3c3HHw3pnlF6NEiUqRjpWP0+kUOk9SDyTWcEGOrf3kj8z+tkGJx2cxGnGfKYTRYFmaSY0FE8tCcUZygHhgBTwtxKWQgmGzQhFkwIzu+X/5LmYdU5rjpXR6Xa5TSOJbJDdkmZOOSE1MgFqZMGYeSePJJn8mI9WE/Wq/U2aZ2xpjPb5Aes9y/ePp0V</latexit>X

h

Rh(t, u;↵,�)

s � h

<latexit sha1_base64="KNJK/9zdSs9MqA1eeNnYvBzSFUU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZJa1I1QcGO7kAr2AW0Mk+mkHTqZhJmJUELWbvwVNy4UcesXuPNvnLRdaOuBC2fOuZc793gRo1JZ1reRW1peWV3Lrxc2Nre2d8zdvZYMY4FJE4csFB0PScIoJ01FFSOdSBAUeIy0vdFV5rcfiJA05HdqHBEnQANOfYqR0pJrHmJXwkvo3yc114Y1twzrafaqa36qq5K6ZtEqWRPARWLPSBHM0HDNr14/xHFAuMIMSdm1rUg5CRKKYkbSQi+WJEJ4hAakqylHAZFOMjklhcda6UM/FLq4ghP190SCAinHgac7A6SGct7LxP+8bqz8CyehPIoV4Xi6yI8ZVCHMcoF9KghWbKwJwoLqv0I8RAJhpdMr6BDs+ZMXSatcss9K9m2lWL2ZxZEHB+AInAAbnIMquAYN0AQYPIJn8ArejCfjxXg3PqatOWM2sw/+wPj8AcLJl88=</latexit>

cs = f I1I2JfJI3I4

All colour dependence through cs , ct , cu (as in flat space).

Representation where contact terms are absent.

The same method works for a variety of theories!

4d N = 2 from D3−branes near F-theory singularities X
5d Seiberg exceptional theories X
6d E-string theory X
Probe branes in 3d and 4d (the case discussed here) X
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Conclusions

We now have all tree level amplitudes, in a variety of maximally and
half-maximally susy CFTs, in 3, 4, 5 and 6 dimensions.

Wealth of CFT-data encoded in these correlators. Can we feed this
into other approaches?

Loops and gravitational interactions?

How much of the beautiful structure present in flat space is present
in AdS? Consider higher point functions!
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