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Idea: break n-point functions of local operators in planar limit in simpler pieces (hexagons)

Hexagons

Decomposition is related to triangulation of punctured spheres

<latexit sha1_base64="FquA8jckoxqFHB3a3QM1zskccH0="></latexit>

Fn ! H1 ⌦H2 . . .⌦H2(n�2)

[BB,Komatsu,Vieira] 
[Fleury,Komatsu] 
[Eden,Sfondrini]

Ex. 4-point function of half-BPS operators See also Grisha’s talk

Each operator                can be viewed as a spin chain of length
<latexit sha1_base64="6J+jV3+uarxIfPCzyKVE0u3wRA0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHsRTBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2casZ9FstYt0NquBSK+yhQ8naiOY1CyVvh+Gbmt564NiJWjzhJeBDRoRIDwShayb/vZWLaK1fcqjsHWSVeTiqQo9Erf3X7MUsjrpBJakzHcxMMMqpRMMmnpW5qeELZmA55x1JFI26CbH7slJxZpU8GsbalkMzV3xMZjYyZRKHtjCiOzLI3E//zOikOroNMqCRFrthi0SCVBGMy+5z0heYM5cQSyrSwtxI2opoytPmUbAje8surpHlR9WrV2sNlpX6bx1GEEziFc/DgCupwBw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+MajsM=</latexit>

Ji
<latexit sha1_base64="2UkMqprlZ7RU4JLI0GdpCmKE044=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgIWFXJFoGtBCrCHlhEsPsZJIMmdldZu6KYdnCxl+xsVDE1o+w82+cTVJo4oHLPZxzLzP3eKHgGhzn28osLa+srmXXcxubW9s79u5eXQeRoqxGAxGopkc0E9xnNeAgWDNUjEhPsIY3ukj9xj1Tmgd+FcYh60gy8HmfUwJG6tr5NrAHUDKuqqR9jG+7MU/u4uu0JV274BSdCfAicWekgGaodO2vdi+gkWQ+UEG0brlOCJ2YKOBUsCTXjjQLCR2RAWsZ6hPJdCeeHJHgQ6P0cD9QpnzAE/X3Rkyk1mPpmUlJYKjnvVT8z2tF0D/vxNwPI2A+nT7UjwSGAKeJ4B5XjIIYG0Ko4uavmA6JIhRMbjkTgjt/8iKpnxTdUrF0c1ooX87iyKI8OkBHyEVnqIyuUAXVEEWP6Bm9ojfryXqx3q2P6WjGmu3soz+wPn8AeIqYpg==</latexit>

TrZJi
i

The planar correlator is triangulated into four hexagons 
by following the pattern of Wick contractions <latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>

1

<latexit sha1_base64="m3JunzQ8XuU2/5moiDkMk4yKxbM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DevCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8MJME/YgOJQ85o8ZKjUq/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXKXrVcbVyVandZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYBNjMM=</latexit>

2

<latexit sha1_base64="ReMoruFovWBKpPaBZP6ZTl6CjHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8qVe+yOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4HRjMQ=</latexit>

3

<latexit sha1_base64="Ox7aFt6RQGBFb4X9xjx0jTJALus=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rGgB48V7Ae0oWy2k3btZhN2N0IJ/QVePChe/U3e/Ddu2xy09cHA470ZZuaFqeDaeN63U9rY3NreKe+6e/sHh0cV97itk0wxbLFEJKobUo2CS2wZbgR2U4U0DgV2wsnt3O88o9I8kY9mmmIQ05HkEWfUWOnhalCpejVvAbJO/IJUoUBzUPnqDxOWxSgNE1Trnu+lJsipMpwJnLn9TGNK2YSOsGeppDHqIF8cOiPnVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9NhlwhM2JqCWWK21sJG1NFmbHZuDYEf/XlddK+rPn1Wr3auCvCKMMpnMEF+HANDbiHJrSAAcILvMG78+S8Oh/LxpJTTJzAHzifPxjPi5s=</latexit>
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Idea: break n-point functions of local operators in planar limit in simpler pieces (hexagons)

Hexagons

Decomposition is related to triangulation of punctured spheres

Ex. 3-point functions (structure constants)

<latexit sha1_base64="FquA8jckoxqFHB3a3QM1zskccH0="></latexit>

Fn ! H1 ⌦H2 . . .⌦H2(n�2)

<latexit sha1_base64="t/tslDnH0vy0slI2k5mHjAGDHlM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQA8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7TK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9W7LI48nMApnIMHV1CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCQ+YzO</latexit>=

Two hexagons suffice to cover both the front and back of the pair-of-pants geometry

[BB,Komatsu,Vieira] 
[Fleury,Komatsu] 
[Eden,Sfondrini]

L

L2L1

p1

p2
<latexit sha1_base64="IU+o5LoVzZC2ZBWgxAcQB5kbaf8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPYinBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6StjNs=</latexit>

J

<latexit sha1_base64="jlj6ptl2rlg8uEEQiUG7lOsoqXs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHsRTBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2casZ9FstYt0NquBSK+yhQ8naiOY1CyVvh+Gbmt564NiJWjzhJeBDRoRIDwShayb/vZd60V664VXcOskq8nFQgR6NX/ur2Y5ZGXCGT1JiO5yYYZFSjYJJPS93U8ISyMR3yjqWKRtwE2fzYKTmzSp8MYm1LIZmrvycyGhkziULbGVEcmWVvJv7ndVIcXAeZUEmKXLHFokEqCcZk9jnpC80ZyokllGlhbyVsRDVlaPMp2RC85ZdXSfOi6tWqtYfLSv02j6MIJ3AK5+DBFdThDhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB44Cjos=</latexit>

J1
<latexit sha1_base64="qUXgSVIckHli+m+AN8U1X5apFa8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rGgB/FUwbSFtpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dtfWNza7uwU9zd2z84LB0dN3WcKoY+i0Ws2gHVKLhE33AjsJ0opFEgsBWMb2Z+6wmV5rF8NJMEexEdSh5yRo2V/Pt+Vp32S2W34s5BVomXkzLkaPRLX91BzNIIpWGCat3x3MT0MqoMZwKnxW6qMaFsTIfYsVTSCHUvmx87JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif95ndSE172MyyQ1KNliUZgKYmIy+5wMuEJmxMQSyhS3txI2oooyY/Mp2hC85ZdXSbNa8WqV2sNluX6bx1GAUziDC/DgCupwBw3wgQGHZ3iFN0c6L86787FoXXPymRP4A+fzB4+Hjow=</latexit>

J2



Magnons on spin chains describe operators - those on mirror cuts describe fluctuations 
of the open strings stretching between two operators

Gluing procedure entails summing over 1) all possible ways of distributing physical magnons 
on the two hexagons and 2) a complete basis of mirror magnons along each mirror cut

Hexagons: in some detail
Hexagons are bounded by 3 spin chains and 3 mirror cuts

They describe form factors for absorption of magnons on edges 
<latexit sha1_base64="au68lazSl6Z4hDJoztuKlu3Hl0w="></latexit>

h(u1, . . . , un) = 〈H|χ(u1) . . .χ(un)〉

<latexit sha1_base64="m7XxT8uUN8s37ILRVNavClJhmQk=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEUFUJQoWxgoWxSPQhtVHkOE5r1bEj20Gqogws/AoLAwix8hFs/A1umwFaju6Vjs65V/Y9QcKo0o7zbZXW1jc2t8rblZ3dvf0D+/Coq0QqMelgwYTsB0gRRjnpaKoZ6SeSoDhgpBdMbmZ+74FIRQW/19OEeDEacRpRjLSRfLua+pmb1+FwUSwUWsE6NCrPfbvmNJw54CpxC1IDBdq+/TUMBU5jwjVmSKmB6yTay5DUFDOSV4apIgnCEzQiA0M5ionysvkROTw1SggjIU1zDefq740MxUpN48BMxkiP1bI3E//zBqmOrryM8iTVhOPFQ1HKoBZwlggMqSRYs6khCEtq/grxGEmEtcmtYkJwl09eJd3zhttsNO8uaq3rIo4yqIITcAZccAla4Ba0QQdg8AiewSt4s56sF+vd+liMlqxi5xj8gfX5AyFRloU=</latexit>u1, . . . , un

<latexit sha1_base64="gQOXol6Bq7/vgR1QAeklkfuROaw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXXRZwT5gOpRMmmlDM8mQZIQy9DPcuFDErV/jzr8x085CWw8EDufcS849YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3uV+74kqzaR4NLOEBjEeCxYxgo2V/EGMzYRgnrXmw2rNrbsLoHXiFaQGBdrD6tdgJEkaU2EIx1r7npuYIMPKMMLpvDJINU0wmeIx9S0VOKY6yBaR5+jCKiMUSWWfMGih/t7IcKz1LA7tZB5Rr3q5+J/npya6DTImktRQQZYfRSlHRqL8fjRiihLDZ5ZgopjNisgEK0yMbaliS/BWT14n3au616g3Hq5rzfuijjKcwTlcggc30IQWtKEDBCQ8wyu8OcZ5cd6dj+VoySl2TuEPnM8ffx2Raw==</latexit>

H

They obey stringent integrable bootstrap constraints that determine them at any coupling



Sum over a complete basis of mirror states along each seam 

States are labelled by rapidities and bound states labels

<latexit sha1_base64="Vpo/vgPIRRntfqxiRezFFkNFAxE="></latexit>

C��• = N ⇥

X

L

X

R

X

B

e�`LEL�`RER�`BEB |H|
2

They determine                   rep. and energy of the magnon

<latexit sha1_base64="lKyKiAmBMAvDzuLIb/7vSTUFtBM="></latexit>

X
=

1X

N=0

NY

i=1

1X

ai=1

Z
dui

2⇡
µai(ui)

Y

i<j

pai,aj (ui, uj)

<latexit sha1_base64="gunx9sAidoN9PTQfP/RQbSmuP/w=">AAACFnicbVDLSgMxFM34rPU16tJNsAgt0jIjRd0oBRFcVrAPaMdyJ03b0MyDJCOWYb7Cjb/ixoUibsWdf2Om7UJbD4R7OOdebu5xQ86ksqxvY2FxaXllNbOWXd/Y3No2d3brMogEoTUS8EA0XZCUM5/WFFOcNkNBwXM5bbjDy9Rv3FMhWeDfqlFIHQ/6PusxAkpLHbPY9kANCPD4KunEkOSjAj7HbR704/zDXdw6AidJa1HXQtIxc1bJGgPPE3tKcmiKasf8ancDEnnUV4SDlC3bCpUTg1CMcJpk25GkIZAh9GlLUx88Kp14fFaCD7XSxb1A6OcrPFZ/T8TgSTnyXN2ZHiFnvVT8z2tFqnfmxMwPI0V9MlnUizhWAU4zwl0mKFF8pAkQwfRfMRmAAKJ0klkdgj178jypH5fsk1L5ppyrXEzjyKB9dIDyyEanqIKuURXVEEGP6Bm9ojfjyXgx3o2PSeuCMZ3ZQ39gfP4Adw+e7Q==</latexit>

Ea(u) = log (x[+a]x[�a])
<latexit sha1_base64="KJit0CE9wRASDWsn24vMklp5xp4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyUpRV1JwY3LCvYBbSyT6aQdOnkwcyOWmF9x40IRt/6IO//GSZuFth4YOJxzL/fMcSPBFVjWt1FYW9/Y3Cpul3Z29/YPzMNyR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353QcmFQ+DO5hFzPHJOOAepwS0NDTLA5/ABCBRcVqtP9XP7utDs2LVrDnwKrFzUkE5WkPzazAKaeyzAKggSvVtKwInIRI4FSwtDWLFIkKnZMz6mgbEZ8pJ5tlTfKqVEfZCqV8AeK7+3kiIr9TMd/VkllQte5n4n9ePwbt0Eh5EMbCALg55scAQ4qwIPOKSURAzTQiVXGfFdEIkoaDrKukS7OUvr5JOvWaf1xq3jUrzKq+jiI7RCaoiG12gJrpBLdRGFD2iZ/SK3ozUeDHejY/FaMHId47QHxifP02Lk/M=</latexit>

su(2|2)2

Hexagons sums

L R

BBPS BPS

Non BPS

<latexit sha1_base64="d8tNO2wqWZDi/9i6zddlvuB/pOo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEEsSRFqhuhoAspLirYBzQhTKaTduhkEmYmQgnZu/FX3LhQxK0/4M6/cdpmoa0HLnM4517u3OPHjEplWd/G0vLK6tp6YaO4ubW9s2vu7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+uJn7ngQhJI36vxjFxQzTgNKAYKS15ZskhjHnpbQYvoRMIhNOGl9rZSeNUv9Us0+WZZatiTQEXiZ2TMsjR9Mwvpx/hJCRcYYak7NlWrNwUCUUxI1nRSSSJER6hAelpylFIpJtOb8ngkVb6MIiELq7gVP09kaJQynHo684QqaGc9ybif14vUcGFm1IeJ4pwPFsUJAyqCE6CgX0qCFZsrAnCguq/QjxEOhGl4yvqEOz5kxdJu1qxa5Xa3Vm5fp3HUQCHoASOgQ3OQR3cgCZoAQwewTN4BW/Gk/FivBsfs9YlI585AH9gfP4AlCiaJg==</latexit>

!L =
J1 + J � J2

2

<latexit sha1_base64="e0ewJFWrZTrSgJ4nOGGf6kyhuYM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEEsSRFqhuhqAvpqoJ9QBPCZDpph04mYWYilJC9G3/FjQtF3PoD7vwbp20W2npgLodz7uXOPX7MqFSW9W0sLa+srq0XNoqbW9s7u+befltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/uh64nceiJA04vdqHBM3RANOA4qR0pJnlhzCmJdeZfASOoFAOG14qZ2d6FrNThuZrp5ZtirWFHCR2DkpgxxNz/xy+hFOQsIVZkjKnm3Fyk2RUBQzkhWdRJIY4REakJ6mHIVEuun0lgweaaUPg0joxxWcqr8nUhRKOQ593RkiNZTz3kT8z+slKrhwU8rjRBGOZ4uChEEVwUkwsE8FwYqNNUFYUP1XiIdIJ6J0fEUdgj1/8iJpVyt2rVK7OyvXb/I4CuAQlMAxsME5qINb0AQtgMEjeAav4M14Ml6Md+Nj1rpk5DMH4A+Mzx+FKJoc</latexit>

!B =
J1 + J2 � J

2

Bridge lengths (count Wick contractions on each side)

<latexit sha1_base64="DKz6tz1AxeVSfixT248EXGnke9g=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSiFQ3QkEXIi6q2Ae0IUymN+3QyYOZiVBCNv6KGxeKuPUz3Pk3TtsstPXAhTPn3Mvce7yYM6ks69soLCwuLa8UV0tr6xubW+b2TlNGiaDQoBGPRNsjEjgLoaGY4tCOBZDA49Dyhpdjv/UIQrIofFCjGJyA9EPmM0qUllxzrwucu+l9hi/wDT7G0+dt5pplq2JNgOeJnZMyylF3za9uL6JJAKGinEjZsa1YOSkRilEOWambSIgJHZI+dDQNSQDSSScHZPhQKz3sR0JXqPBE/T2RkkDKUeDpzoCogZz1xuJ/XidR/rmTsjBOFIR0+pGfcKwiPE4D95gAqvhIE0IF07tiOiCCUKUzK+kQ7NmT50nzpGJXK9W703LtKo+jiPbRATpCNjpDNXSN6qiBKMrQM3pFb8aT8WK8Gx/T1oKRz+yiPzA+fwDZm5VQ</latexit>

!R = J � !L



L R

B

Integrand follows from hexagon form factors after summing over all flavours
<latexit sha1_base64="3iLfimJ46zVsY7poO/aIdPsNhGg="></latexit>

|H|
2 =

NL,NR,NBY

i,j,k

WL
ai
(ui)WR

bj
(vj)WB

ck(wk)

paibj (ui, vj)

[BB,Gonçalves,Komatsu,Vieira]

Hexagons sums

BPS BPS

Non BPS

Sum over a complete basis of mirror states along each seam 

<latexit sha1_base64="Vpo/vgPIRRntfqxiRezFFkNFAxE="></latexit>

C��• = N ⇥

X

L

X

R

X

B

e�`LEL�`RER�`BEB |H|
2

Remarks: Nicely it factorizes into adjacents (L&R) and bottom channel (B)

<latexit sha1_base64="Kul4RmFR3tPS278j0buBrW3IfMA="></latexit>

C◦◦• = N (J)⇥A(!L, !R)⇥ B(!B)

The integrand develops a double pole when two magnons in adjacent channels 
share the same quantum numbers (same rapidity and bound state label)

<latexit sha1_base64="RmGvTNFdT3O4hNNStHSHkJlBPHU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VIQUtSpLos6MJlBfuAJobJdNoOnSTDzKRQQn/Bjb/ixoUibt2582+cpllo9cDA4ZxzuXNPwBmVyra/jMLK6tr6RnGztLW9s7tn7h+0ZZwITFo4ZrHoBkgSRiPSUlQx0uWCoDBgpBOMr+Z+Z0KEpHF0p6aceCEaRnRAMVJa8k2L+ykKZlZyCicV6HIRcxVDKzmbVO5r0O0TplCW8M2yXbUzwL/EyUkZ5Gj65qfbj3ESkkhhhqTsOTZXXoqEopiRWclNJOEIj9GQ9DSNUEikl2YXzeCJVvpwEAv9IgUz9edEikIpp2GgkyFSI7nszcX/vF6iBpdeSiOeKBLhxaJBwqA+el4P7FNBsGJTTRAWVP8V4hESCCtdYkmX4Cyf/Je0a1WnXq3fnpcb13kdRXAEjoEFHHABGuAGNEELYPAAnsALeDUejWfjzXhfRAtGPnMIfsH4+AZ4VJwz</latexit>

pab(u, v) / (u� v)2δab



The method is valid up to wrapping order

General solution (for all wrappings) is still unknown for general structure constants 

Hexagons sums
L R

B

For a single non-BPS operator some simplifications emerge from Lüscher formula

They produce terms ~           reminiscent to wrapping effects from the TBA for the spectrum problem
<latexit sha1_base64="HDfiXy/dbLMrFRHRLLwoUeVqL7c=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuLEkItVlQQVxVcE+oI1hMp22QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjlexJlUlvVtFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0Xbw5JyFtCGYorTdiQo9j1OW97oIvNbD1RIFgZ3ahxRx8eDgPUZwUpLrrlH75PjG9T1sRoSzJOr1E1wmrpm2apYE6B5YuekDDnqrvnV7YUk9mmgCMdSdmwrUk6ChWKE07TUjSWNMBnhAe1oGmCfSieZ5E/RoVZ6qB8K/QKFJurvjQT7Uo59T09mOeWsl4n/eZ1Y9c+dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUmXYM9+eZ40Typ2tVK9PS3XLvM6irAPB3AENpxBDa6hDg0g8AjP8ApvxpPxYrwbH9PRgpHv7MIfGJ8/5xOWEQ==</latexit>

e�JEa

[BB,Gonçalves,Komatsu]
[BB,Caetano,Fleury]

Div. indicate that magnons wrapping around excited operator need a separate 
treament; similarly to UV divergences, a renormalization is needed

Variety of “wrappings”

usual type cubic type

See also Didina’s talk



Overall structure conjectured to stay the same

Weights of mirror magnons on mirror cuts absorb all the corrections (up to normalization factor)

Weights are given by transfer matrices of asymptotic (large charge) symmetry algebra

L R

B

<latexit sha1_base64="Vpo/vgPIRRntfqxiRezFFkNFAxE="></latexit>

C��• = N ⇥

X

L

X

R

X

B

e�`LEL�`RER�`BEB |H|
2

Asymptotic solution

Conjecture for wrapping corrections

<latexit sha1_base64="onrGqMUy1SbsKLjCwG4HetnTNMk=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KUoq6k4MZlBfuANpTJdNIOnUzCzE2hxP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh8LrsFxvq3CxubW9k5xt7S3f3B4ZB+ftHWUKMpaNBKR6vpEM8ElawEHwbqxYiT0Bev4k7vM70yZ0jySjzCLmReSkeQBpwSMNLDtfkhgDJDqZF6pPdUuB3bZqToL4HXi5qSMcjQH9ld/GNEkZBKoIFr3XCcGLyUKOBVsXuonmsWETsiI9QyVJGTaSxfJ5/jCKEMcRMo8CXih/t5ISaj1LPTNZJZTr3qZ+J/XSyC48VIu4wSYpMtDQSIwRDirAQ+5YhTEzBBCFTdZMR0TRSiYskqmBHf1y+ukXau6V9X6Q73cuM3rKKIzdI4qyEXXqIHuURO1EEVT9Ixe0ZuVWi/Wu/WxHC1Y+c4p+gPr8wccnJNP</latexit>

su(2|2) transfer matrices
<latexit sha1_base64="LaxU+zAylfF34eIvO/rSSOg5yM0=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARWih1Roq6UQpuXFbsDdpSMmmmDc1cSM6IdZjHcOOruHGhiNvufBvTy0JbDwR+/u8cTs7vhIIrsKxvI7Wyura+kd7MbG3v7O6Z+wd1FUSSshoNRCCbDlFMcJ/VgINgzVAy4jmCNZzhzYQ3HphUPPCrMApZxyN9n7ucEtBW1zytdmOS5KI8vsJtYI8gvViBTNoFfK+JrVFhBhw3fkryXTNrFa1p4WVhz0UWzavSNcftXkAjj/lABVGqZVshdGIigVPBkkw7UiwkdEj6rKWlTzymOvH0sASfaKeH3UDq5wOeur8nYuIpNfIc3ekRGKhFNjH/Y60I3MtOzP0wAubT2SI3EhgCPEkJ97hkFMRIC0Il13/FdEAkoaCzzOgQ7MWTl0X9rGifF0t3pWz5eh5HGh2hY5RDNrpAZXSLKqiGKHpGr+gdfRgvxpvxaXzNWlPGfOYQ/Slj/AOFJZ93</latexit>

Ta(u) = strSa1(u, z)

<latexit sha1_base64="UmjZbkUYea+TnSBw8OE44S7bpLs="></latexit>

WR
a (u) =

Ta(u)

h1a(z, u)

<latexit sha1_base64="lWkAQ36JvX9zP99eyxbcj1+TB+A="></latexit>

WL
a (u) = ha1(u, z)Ta(u)Ex.

[BB,Gonçalves,Komatsu,Vieira]



Weights are given by transfer matrices of asymptotic (large charge) symmetry algebra

L R

B

<latexit sha1_base64="Vpo/vgPIRRntfqxiRezFFkNFAxE="></latexit>

C��• = N ⇥

X

L

X

R

X

B

e�`LEL�`RER�`BEB |H|
2

Asymptotic solution

Full solution

Weights are given by transfer matrices of full (finite charge) symmetry algebra

<latexit sha1_base64="YeDGz+Wlj/RYECouS/xPyrU2Ut4=">AAACI3icbVDLSgNBEJyNrxhfqx69DAZBEMKuBBVBCXjxqGAekI1hdtJJhsw+mOkVw7L/4sVf8eJBES8e/BcnMWCMFgzUVHXT3eXHUmh0nA8rNze/sLiUXy6srK6tb9ibWzUdJYpDlUcyUg2faZAihCoKlNCIFbDAl1D3Bxcjv34HSosovMFhDK2A9ULRFZyhkdr2qRcw7Pt+Ws/oGf353KYewj2qIGV6mGX0gHodkMimStp20Sk5Y9C/xJ2QIpngqm2/eZ2IJwGEyCXTuuk6MbZSplBwCVnBSzTEjA9YD5qGhiwA3UrHN2Z0zygd2o2UeSHSsTrdkbJA62Hgm8rRhnrWG4n/ec0EuyetVIRxghDy70HdRFKM6Cgw2hEKOMqhIYwrYXalvM8U42hiLZgQ3NmT/5LaYck9KpWvy8XK+SSOPNkhu2SfuOSYVMgluSJVwskDeSIv5NV6tJ6tN+v9uzRnTXq2yS9Yn19GwqVI</latexit>

W = Wasy + �W (wrapping

  induced)

Overall structure conjectured to stay the same

Conjecture for wrapping corrections

Weights of mirror magnons on mirror cuts absorb all the corrections (up to normalization factor)



with            the Y functions solving the TBA equations and 
<latexit sha1_base64="nqUNZf9JUwO8xNrapA5GnRHhz1Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUkAS8eI5iHJEuYnXSSIbOz68ysEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JezOO0Q/pQPI+Z9RYqfXQTekZcSfdYsktuzOQZeJlpAQZat3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2b0TcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+lZ9yGScGJZsv6ieCmIhMnyc9rpAZMbaEMsXtrYQNqaLM2IgKNgRv8eVl0jgvexflyl2lVL3O4sjDERzDKXhwCVW4hRrUgYGAZ3iFN+fReXHenY95a87JZg7hD5zPHxwAj1w=</latexit>

Ya,0
<latexit sha1_base64="jOIwtr9So8KgmIEQKWDGompBNew=">AAACA3icbVDLSgMxFM34rPU16k43wSJUlDIjRd0oBTcuXFSwD2mHIZOmbWgmGZKMUIYBN/6KGxeKuPUn3Pk3pu0stPXAhZNz7iX3niBiVGnH+bbm5hcWl5ZzK/nVtfWNTXtru65ELDGpYcGEbAZIEUY5qWmqGWlGkqAwYKQRDK5GfuOBSEUFv9PDiHgh6nHapRhpI/n27o2foBRewDYTvaToHt2b9zF00sPUtwtOyRkDzhI3IwWQoerbX+2OwHFIuMYMKdVynUh7CZKaYkbSfDtWJEJ4gHqkZShHIVFeMr4hhQdG6cCukKa4hmP190SCQqWGYWA6Q6T7atobif95rVh3z72E8ijWhOPJR92YQS3gKBDYoZJgzYaGICyp2RXiPpIIaxNb3oTgTp88S+onJfe0VL4tFyqXWRw5sAf2QRG44AxUwDWoghrA4BE8g1fwZj1ZL9a79TFpnbOymR3wB9bnD05tlgU=</latexit>

La = log (1 + Ya,0)

Take a nicer form in terms of the super-conformal transfer matrices
<latexit sha1_base64="qpiht+LTMnU/192b/8ifFNZLQ/M=">AAACPXicbZBLS8NAFIUn9VXrK+rSzWARhNqaSFE3SsGNywp9SRvCZDJph04ezEyEEvLH3Pgf3Llz40IRt26dplnU6oGBw3fv5c49TsSokIbxohWWlldW14rrpY3Nre0dfXevI8KYY9LGIQt5z0GCMBqQtqSSkV7ECfIdRrrO+GZa7z4QLmgYtOQkIpaPhgH1KEZSIVtv3dsJOoEihVdw4ITMTVrpjFTMdIFUFTmdZxUzm5wj1YzYetmoGZngX2PmpgxyNW39eeCGOPZJIDFDQvRNI5JWgrikmJG0NIgFiRAeoyHpKxsgnwgrya5P4ZEiLvRCrl4gYUbnJxLkCzHxHdXpIzkSi7Up/K/Wj6V3aSU0iGJJAjxb5MUMyhBOo4Qu5QRLNlEGYU7VXyEeIY6wVIGXVAjm4sl/TeesZp7X6nf1cuM6j6MIDsAhOAYmuAANcAuaoA0weASv4B18aE/am/apfc1aC1o+sw9+Sfv+AXocrGg=</latexit>

Ya,s = Ta,s+1Ta,s�1/Ta+1,sTa�1,s

giving
<latexit sha1_base64="zaHf4uyMXZ9dFK0ZVIhyN9QRSqk="></latexit>

WL
a (u) = e

1
2LEa(u)Ta,1(u)

T�
a,0(u)

<latexit sha1_base64="OhRqhrvzv38Zb8FWYVGALJmV+6s="></latexit>

WR
a (u) = e

1
2LEa(u)Ta,1(u)

T+
a,0(u)

[Gromov,Kazakov,Leurent,Volin]

[Gromov,Kazakov,Vieira]

<latexit sha1_base64="hLMMRqO+GDSmGjWn8CGpDiyKS80=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKkhNSlE3SsGNywq9QRPDZDJth04mYWYilJDncOOruHGhiDtx49s4bbPQ6g8DP985hzPn92NGpbKsL6OwtLyyulZcL21sbm3vmLt7HRklApM2jlgkej6ShFFO2ooqRnqxICj0Gen64+tpvXtPhKQRb6lJTNwQDTkdUIyURp5pO37EgrSVeSk6gTK7S504zOAlXOCVRHNIT2vHnlm2qtZM8K+xc1MGuZqe+eEEEU5CwhVmSMq+bcXKTZFQFDOSlZxEkhjhMRqSvrYchUS66ey0DB5pEsBBJPTjCs7oz4kUhVJOQl93hkiN5GJtCv+r9RM1uHBTyuNEEY7niwYJgyqC05xgQAXBik20QVhQ/VeIR0ggrHSaJR2CvXjyX9OpVe2zav22Xm5c5XEUwQE4BBVgg3PQADegCdoAgwfwBF7Aq/FoPBtvxvu8tWDkM/vgl4zPb9HooA8=</latexit>

T±
a,s = Ta,s(u± i/2)

with

<latexit sha1_base64="PQUBwB7eMfPWSeUcujLGakjH8ME="></latexit>

e�LEa(u)WL
a (u)WR

a (u) =
Ya,0

1 + Ya,0
<latexit sha1_base64="iBhT26VmnHdgSSNiVEI8nTyCGzg="></latexit>

WL
a (u)

WR
a (u)

= pa1(u, z) e
i
P

b

R
dv
2⇡Lb(v)@v log pba(v,u)

Examples in adjacent channels
Emerging relations [BB,Caetano,Fleury] 

[BB,Georgoudis,Klemenchuk]



Exact weights 

<latexit sha1_base64="S14AJy4MQVrSYWQlFqDh1S/otFQ="></latexit>

WB
a (u) = e�

1
2LEa(u)ta,1(u)

They come with a prescription for integrating the double poles
<latexit sha1_base64="rZ4LccJ14ZOhz+b2UekDb+thbNE=">AAACFHicbVDLSgMxFM3UV62vUZdugkVoqZYZKepKCm5cVrAPaIchk6ZtaCYZkkylDP0IN/6KGxeKuHXhzr8xbUfQ6oELh3Pu5d57gohRpR3n08osLa+srmXXcxubW9s79u5eQ4lYYlLHggnZCpAijHJS11Qz0ookQWHASDMYXk395ohIRQW/1eOIeCHqc9qjGGkj+XYp8hMUTArxMRwVYUfS/kAjKcUd/DZK1DHeCXWKvp13ys4M8C9xU5IHKWq+/dHpChyHhGvMkFJt14m0lyCpKWZkkuvEikQID1GftA3lKCTKS2ZPTeCRUbqwJ6QpruFM/TmRoFCpcRiYzhDpgVr0puJ/XjvWvQsvoTyKNeF4vqgXM6gFnCYEu1QSrNnYEIQlNbdCPEASYW1yzJkQ3MWX/5LGadk9K1duKvnqZRpHFhyAQ1AALjgHVXANaqAOMLgHj+AZvFgP1pP1ar3NWzNWOrMPfsF6/wIcV5zx</latexit>

pab(u, v) ! pab(u+ i0, v � i0)

Remark: transfer matrices in general are only defined up to gauge transformations

<latexit sha1_base64="zaHf4uyMXZ9dFK0ZVIhyN9QRSqk="></latexit>

WL
a (u) = e

1
2LEa(u)Ta,1(u)

T�
a,0(u)

<latexit sha1_base64="OhRqhrvzv38Zb8FWYVGALJmV+6s="></latexit>

WR
a (u) = e

1
2LEa(u)Ta,1(u)

T+
a,0(u)

<latexit sha1_base64="TvHgOJQN8arhnFg2fZoDow2L1V8="></latexit>

Ta,s ! g[a+s]
1 g[a�s]

2 g[s�a]
3 g[�a�s]

4 Ta,s

In our case the gauge is fixed and the T-t’s are normalised as in GKLV 

s

a

T3,1

t2,1

s

a

T-hook L-hook

Conjecture

[Gromov,Kazakov,Leurent,Volin]
[Kazakov,Leurent,Volin]



Exact weights 

<latexit sha1_base64="S14AJy4MQVrSYWQlFqDh1S/otFQ="></latexit>

WB
a (u) = e�

1
2LEa(u)ta,1(u)

They come with a prescription for integrating the double poles
<latexit sha1_base64="rZ4LccJ14ZOhz+b2UekDb+thbNE=">AAACFHicbVDLSgMxFM3UV62vUZdugkVoqZYZKepKCm5cVrAPaIchk6ZtaCYZkkylDP0IN/6KGxeKuHXhzr8xbUfQ6oELh3Pu5d57gohRpR3n08osLa+srmXXcxubW9s79u5eQ4lYYlLHggnZCpAijHJS11Qz0ookQWHASDMYXk395ohIRQW/1eOIeCHqc9qjGGkj+XYp8hMUTArxMRwVYUfS/kAjKcUd/DZK1DHeCXWKvp13ys4M8C9xU5IHKWq+/dHpChyHhGvMkFJt14m0lyCpKWZkkuvEikQID1GftA3lKCTKS2ZPTeCRUbqwJ6QpruFM/TmRoFCpcRiYzhDpgVr0puJ/XjvWvQsvoTyKNeF4vqgXM6gFnCYEu1QSrNnYEIQlNbdCPEASYW1yzJkQ3MWX/5LGadk9K1duKvnqZRpHFhyAQ1AALjgHVXANaqAOMLgHj+AZvFgP1pP1ar3NWzNWOrMPfsF6/wIcV5zx</latexit>

pab(u, v) ! pab(u+ i0, v � i0)

Remark: transfer matrices can be computed efficiently using QSC and Q functions

<latexit sha1_base64="zaHf4uyMXZ9dFK0ZVIhyN9QRSqk="></latexit>

WL
a (u) = e

1
2LEa(u)Ta,1(u)

T�
a,0(u)

<latexit sha1_base64="OhRqhrvzv38Zb8FWYVGALJmV+6s="></latexit>

WR
a (u) = e

1
2LEa(u)Ta,1(u)

T+
a,0(u)

[Gromov,Kazakov,Leurent,Volin]
[Kazakov,Leurent,Volin]

s

a

T3,1

t2,1

s

a

T-hook L-hook

Conjecture

Last ingredient is the normalization factor          - it is believed to be given in terms of an 
infinite dimensional determinant associated with the TBA equations

<latexit sha1_base64="TBwNCO1Na4Epp0MJSdgUs4hfiBQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVBF66kgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OR+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rztqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4g7kXE=</latexit>

N



Fishnets



Wheeled 3pt functions
Conjecture for N = 4 three-point functions admit a “reduction” to the fishnet theory

One should consider structure constants for 2 open-string operators and 1 closed string operator 

Simplest case is when the closed string operator is the spin chain vacuum

These structure constants receive contributions from wheeled diagrams

<latexit sha1_base64="qzPzTIRzP9RIr4jsRkJdsGO5fo8="></latexit>

C123 = 〈ZJ1
1 (1)OJ,S(0)Z

J2
2 (∞)〉

<latexit sha1_base64="xDR8JnOaofv9JSDUWvMWt/rBzEA=">AAACFnicbVBNS8NAFNzUr1q/qh69LBZBQUsiol6Egh7Ei4pWxSaWzXbTLt1swu6LWEJ+hRf/ihcPingVb/4bN7UHtQ4sDDPv8XbGjwXXYNufVmFkdGx8ojhZmpqemZ0rzy9c6ChRlNVpJCJ15RPNBJesDhwEu4oVI6Ev2KXf3c/9y1umNI/kOfRi5oWkLXnAKQEjNcsbbkigQ4lIj7NmerSOz/bsbNVew3vYBXYHKkzPVeau4+ub9Chrlit21e4DDxNnQCpogJNm+cNtRTQJmQQqiNYNx47BS4kCTgXLSm6iWUxol7RZw1BJQqa9tB8rwytGaeEgUuZJwH3150ZKQq17oW8m8xD6r5eL/3mNBIJdL+UyToBJ+n0oSASGCOcd4RZXjILoGUKo4uavmHaIIhRMkyVTgvM38jC52Kw629Xt061K7WBQRxEtoWW0ihy0g2roEJ2gOqLoHj2iZ/RiPVhP1qv19j1asAY7i+gXrPcv8YKeAg==</latexit>

OJ,S=0(0) = TrZJ

<latexit sha1_base64="TGjMv7aOy/aIFwSulodjElAqzVw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMePEkCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbmt55QaR7LBzNO0I/oQPKQM2qsVL/oFUtu2Z2DrBIvIyXIUOsVv7r9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mj90Ss6s0idhrGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVIT3vgTLpPUoGSLRWEqiInJ7GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LslcpV+pXpep9FkceTuAUzsGDa6jCHdSgAQwQnuEV3pxH58V5dz4WrTknmzmGP3A+fwB4s4zG</latexit>

+
<latexit sha1_base64="DiGNU1/wnpqmfaJvmAZ0rdyDols=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseCF09SwX5AG8pms2mXbrJxdyKU0j/hxYMiXv073vw3btsctPXBwOO9GWbmBakUBl3321lZXVvf2CxsFbd3dvf2SweHTaMyzXiDKal0O6CGS5HwBgqUvJ1qTuNA8lYwvJn6rSeujVDJA45S7se0n4hIMIpWap+TrgwVml6p7FbcGcgy8XJShhz1XumrGyqWxTxBJqkxHc9N0R9TjYJJPil2M8NTyoa0zzuWJjTmxh/P7p2QU6uEJFLaVoJkpv6eGNPYmFEc2M6Y4sAselPxP6+TYXTtj0WSZsgTNl8UZZKgItPnSSg0ZyhHllCmhb2VsAHVlKGNqGhD8BZfXibNi4pXrVTvL8u1uzyOAhzDCZyBB1dQg1uoQwMYSHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgNOPrg==</latexit>

+ . . .

Tree 1-wheel

<latexit sha1_base64="TGjMv7aOy/aIFwSulodjElAqzVw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMePEkCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbmt55QaR7LBzNO0I/oQPKQM2qsVL/oFUtu2Z2DrBIvIyXIUOsVv7r9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mj90Ss6s0idhrGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVIT3vgTLpPUoGSLRWEqiInJ7GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LslcpV+pXpep9FkceTuAUzsGDa6jCHdSgAQwQnuEV3pxH58V5dz4WrTknmzmGP3A+fwB4s4zG</latexit>

+

2-wheel



Wheeled 3pt functions

Diagrammatic picture for hexagon sums: wheels = mirror magnons

Magnons are describing states flowing along the wheels (scalar fields and derivatives thereof)

Divergences of hexagon construction originate from UV divergences of the wheels

It may be possible to perform the “renormalization” rigorously

Hexagon form factors can be constructed more rigorously using SoV techniques [Derkachov,Olivucci] 
[Olivucci]

[Gurdogan,Kazakov]

(In particular for the vacuum structure constants via OPE for 4pt functions of protected operators)

[BB,Caetano,Fleury]



Wheeled 3pt functions
N = 4 conjecture simplifies in the fishnet theory

1) Less components to consider: bottom channel contribution is absent here

2) Reduced spectrum of magnons to match fields in the fishnet theory 

3) Connection with XXX spin chain: meromorphic functions of rapidities (no cuts)

All we need to write conjectures are Y-functions and transfer matrices for fishnet T-hook


(should be constructible using Q functions as in N = 4 SYM)

Interesting open problem: Can we perform the sum over the bound states in this limit?


And make contact with SoV like representations See Fedor’s talk 



Small spin limit



Motivation

Small spin limit behaves as a near BPS expansion

Advantage: many problems linearize in this limit and can be studied at any coupling

Evaluating hexagon sums is remarkably difficult in general

State of the art:


5 loops at weak coupling (for ratio of structure constants) & classical limit at strong coupling 

Simplifications occur if we move away from integer spins and expand around S = 0

It proved useful in study of the spectral problem, notably to explore strong coupling regime [BB][Gromov] 
[Gromov,Valatka] 

[Gromov,Levkovich-Maslyuk,Sizov,Valatka]



QSC at small spin

QSC solution can be constructed very explicitly for any J in terms of Bessel functions
[Gromov,Levkovich-Maslyuk,Sizov,Valatka]

Focus on simplest family of states on leading Regge trajectory ( minimal dimension                      )

<latexit sha1_base64="E48a4WwAUEDM+D7a1bYjFLsL6PM="></latexit>

P1 = P4 = εx�J/2 , P2 = �P3 = �εxJ/2
1X

n= J/2+1

I2n�1x
1�2n

P3 = P2 = ε
⇣
x�J/2 � xJ/2

⌘

P4 = �P1 = εxJ/2
1X

n= J/2+1

I2n�1x
1�2n � εx�J/2

1X

n=1�J/2

I2n�1x
2n�1

<latexit sha1_base64="H4GIEdEYoIX0RllAQ9+NR0USfSA="></latexit>

ε2 =
2πiS

JIJ (4πg)
! 0

This may be used to fix scaling dimension to all loops at small spin [BB][Gromov]

<latexit sha1_base64="3izbbt5AKPiNMdpBvOo3tdFuo1g=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKdWNUHSjuwr2AW0Ik+mkHTp5MDMRSij4K25cKOLW73Dn3zhNs9DWA5d7OOde5s7xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wdtGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGNzO/80iFZFH4oCYxdQI8DJnPCFZacs2jOzcdT9EVynql1o8ZGp65ZtmqWhnQMrFzUoYcTdf86g8ikgQ0VIRjKXu2FSsnxUIxwum01E8kjTEZ4yHtaRrigEonzc6folOtDJAfCV2hQpn6eyPFgZSTwNOTAVYjuejNxP+8XqL8SydlYZwoGpL5Q37CkYrQLAs0YIISxSeaYCKYvhWRERaYKJ1YSYdgL355mbTPq3a9Wr+vlRvXeRxFOIYTqIANF9CAW2hCCwik8Ayv8GY8GS/Gu/ExHy0Y+c4h/IHx+QMwqJRc</latexit>

Ik = Ik(4⇡g) = Bessel

<latexit sha1_base64="RUbqUdqK/Ay96kPFl2B1r+vcfic="></latexit>

� = �� S � J = �(1)
J S +O

�
S2

�
, �(1)

J =
4⇡gIJ+1(4⇡g)

JIJ(4⇡g)

One may also construct NLO solution and extract exact integral rep for so-called curvature function 

<latexit sha1_base64="FQGdWr3Y4NbgQwKBqTtGjvxrLLU=">AAAB/3icbZC7SgNBFIbPxluMt1XBxmYwCLEJuyLRRgiYQqwimgskyzI7mU2GzF6YmRXCmsJXsbFQxNbXsPNtnCRbaOIPAx//OYdz5vdizqSyrG8jt7S8srqWXy9sbG5t75i7e00ZJYLQBol4JNoelpSzkDYUU5y2Y0Fx4HHa8oZXk3rrgQrJovBejWLqBLgfMp8RrLTlmgfdGuUKo0s0Aze9GZfuTlyzaJWtqdAi2BkUIVPdNb+6vYgkAQ0V4VjKjm3FykmxUIxwOi50E0ljTIa4TzsaQxxQ6aTT+8foWDs95EdCv1Chqft7IsWBlKPA050BVgM5X5uY/9U6ifIvnJSFcaJoSGaL/IQjFaFJGKjHBCWKjzRgIpi+FZEBFpgoHVlBh2DPf3kRmqdlu1Ku3J4Vq7UsjjwcwhGUwIZzqMI11KEBBB7hGV7hzXgyXox342PWmjOymX34I+PzBxY1lOI=</latexit>

� = �J (S)



Hexagons at small spin
Using this data one may obtain exact representations for components of the structure constants

A small transfer matrix implies that the mirror sum can be truncated to 1-magnon exchange

Recall 
<latexit sha1_base64="yOF0KAcCRK09ahBakpnXPfibCfU="></latexit>

C123 = N ⇥A(!A)⇥ B(!B)

<latexit sha1_base64="p/pFNdLattpQUKwOfRDYxTdQ0yY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEEsSRFqhuhogvpqoJ9QBPCZDpph04mYWYilJC9G3/FjQtF3PoD7vwbp20W2nrgModz7uXOPX7MqFSW9W0sLa+srq0XNoqbW9s7u+befltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/uh64nceiJA04vdqHBM3RANOA4qR0pJnlhzCmJdeZfASOoFAOG14qZ2dNE71W80yXZ5ZtirWFHCR2DkpgxxNz/xy+hFOQsIVZkjKnm3Fyk2RUBQzkhWdRJIY4REakJ6mHIVEuun0lgweaaUPg0jo4gpO1d8TKQqlHIe+7gyRGsp5byL+5/USFVy4KeVxogjHs0VBwqCK4CQY2KeCYMXGmiAsqP4rxEOkE1E6vqIOwZ4/eZG0qxW7VqndnZXrN3kcBXAISuAY2OAc1MEtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w+CU5ob</latexit>

!A =
J1 + J � J2

2
<latexit sha1_base64="e0ewJFWrZTrSgJ4nOGGf6kyhuYM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEEsSRFqhuhqAvpqoJ9QBPCZDpph04mYWYilJC9G3/FjQtF3PoD7vwbp20W2npgLodz7uXOPX7MqFSW9W0sLa+srq0XNoqbW9s7u+befltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/uh64nceiJA04vdqHBM3RANOA4qR0pJnlhzCmJdeZfASOoFAOG14qZ2d6FrNThuZrp5ZtirWFHCR2DkpgxxNz/xy+hFOQsIVZkjKnm3Fyk2RUBQzkhWdRJIY4REakJ6mHIVEuun0lgweaaUPg0joxxWcqr8nUhRKOQ593RkiNZTz3kT8z+slKrhwU8rjRBGOZ4uChEEVwUkwsE8FwYqNNUFYUP1XiIdIJ6J0fEUdgj1/8iJpVyt2rVK7OyvXb/I4CuAQlMAxsME5qINb0AQtgMEjeAav4M14Ml6Md+Nj1rpk5DMH4A+Mzx+FKJoc</latexit>

!B =
J1 + J2 � J

2Bottom (B) component is function of the transfer matrix 
<latexit sha1_base64="XE/NBgoageGgjQgJR9UHOtquwuc="></latexit>

ta,1(u) = �

4X

b=1

P[+a]
b (u)ePb [�a](u) +O

�
S2

�

<latexit sha1_base64="ESJEaaN5drqCun6pdJSnmu10vy0="></latexit>

B = 1 +
1X

a=1

Z
du

2⇡
e�

1
2 (J1+J2)Ea(u)µa(u) ta,1(u) +O

�
S2

�



mirror

roots

A-component through analytic continuation
The A component can also be cast in the same form through analytic continuation 

Combine mirror and root contours together and deform to upper cut

mirror

roots

Result is same as for B up to small modifications

<latexit sha1_base64="IfG1zJV8xLTLF/a4aZZJ8pYNWSs=">AAAB63icbVBNSwMxEJ2tX7V+VT16CS2Cp7IrUr0IBS+epIL9gHZps2m2DU2yS5IVytK/4MWDIl79Q978N2bbPWj1wcDjvRlm5gUxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gulN5nceqdIskg9mFlNf4LFkISPYZNJweF0ZlKtuzV0A/SVeTqqQozkof/ZHEUkElYZwrHXPc2Pjp1gZRjidl/qJpjEmUzymPUslFlT76eLWOTq1ygiFkbIlDVqoPydSLLSeicB2CmwmetXLxP+8XmLCKz9lMk4MlWS5KEw4MhHKHkcjpigxfGYJJorZWxGZYIWJsfGUbAje6st/Sfu85tVr9fuLauMuj6MIJ1CBM/DgEhpwC01oAYEJPMELvDrCeXbenPdla8HJZ47hF5yPb1twjdg=</latexit>

“ = ”



Structure constants at small spin
The A component can also be cast in the same form through analytic continuation 

<latexit sha1_base64="FWa+UTI6IV3fFIXiGQAmTvV8u1o="></latexit>

A = 1 + S FJ(�!A) +O
�
S2

�
, B = 1 + S FJ(!B) +O

�
S2

�

Same function F for both A and B but different arguments

<latexit sha1_base64="SEeiyZQzejK6EUcY89lrWhtDAt4="></latexit>

FJ(!) = � ig

2

I
dxdy

(2π)2xy

x� y

xy � 1
tJ(x, y)(ψ(1 + iu� iv)� ψ(1) + (u $ v))

This function can be given to all loops as

With       related to the transfer matrix (generating function of ratio of Bessel functions)

Representation is reminiscent of the one obtained for the curvature function

[BB,Georgoudis]

Unfortunately, it is not clear how to perform a similar expansion for the normalization (at finite coupling)

<latexit sha1_base64="ovbvaH6HhmG8DhrOE2vhodFr0fM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHsRTBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2casZ9FstYt0NquBSK+yhQ8naiOY1CyVvh+Gbmt564NiJWjzhJeBDRoRIDwShaycdedj/tlStu1Z2DrBIvJxXI0eiVv7r9mKURV8gkNabjuQkGGdUomOTTUjc1PKFsTIe8Y6miETdBNj92Ss6s0ieDWNtSSObq74mMRsZMotB2RhRHZtmbif95nRQH10EmVJIiV2yxaJBKgjGZfU76QnOGcmIJZVrYWwkbUU0Z2nxKNgRv+eVV0ryoerVq7eGyUr/N4yjCCZzCOXhwBXW4gwb4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AfRPjs4=</latexit>

tJ



<latexit sha1_base64="BlROUfxuW6RrCGxrXg584YVuFlA=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoSsuMSHUjFBSRrirYB7RDyaSZNjSTGZKMUIb+gxt/xY0LRdy6ceffmE5nUVsPBM49515u7nFDRqWyrB8js7S8srqWXc9tbG5t75i7ew0ZRAKTOg5YIFoukoRRTuqKKkZaoSDIdxlpusPrid98JELSgD+oUUgcH/U59ShGSktd8+S2G1fHhQ5h7BheQW+mOk2rYrWYCF0zb5WsBHCR2CnJgxS1rvnd6QU48glXmCEp27YVKidGQlHMyDjXiSQJER6iPmlrypFPpBMnN43hkVZ60AuEflzBRJ2diJEv5ch3daeP1EDOexPxP68dKe/SiSkPI0U4ni7yIgZVACcBwR4VBCs20gRhQfVfIR4ggbDSMeZ0CPb8yYukcVayy6Xy/Xm+cpPGkQUH4BAUgA0uQAXcgRqoAwyewAt4A+/Gs/FqfBif09aMkc7sgz8wvn4ByL2bmw==</latexit>

FJ(!) = fJ (!) + fJ(�J � !)

Explicit results

General representation

with

where  
<latexit sha1_base64="zsWTkGeAQKnDetQGJ6Z+xSK7ycM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCPVgSkepFKOjBYwX7AW0om+2mXbrZhN2NUmJ/ihcPinj1l3jz37htc9DWBwOP92aYmefHnCntON9WbmV1bX0jv1nY2t7Z3bOL+00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aPrqd96oFKxSNzrcUy9EA8ECxjB2kg9u9ilsWI8EmVxgq7QqYt6dsmpODOgZeJmpAQZ6j37q9uPSBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVTgkCovnZ0+QcdG6aMgkqaERjP190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKsh8UZBwpCM0zQH1maRE87EhmEhmbkVkiCUm2qRVMCG4iy8vk+ZZxa1WqnfnpdpNFkceDuEIyuDCBdTgFurQAAKP8Ayv8GY9WS/Wu/Uxb81Z2cwB/IH1+QPZm5Jy</latexit>

ε(n) = �1 for n negative and  
<latexit sha1_base64="yZcMNExj9Y4/upZhsLoHkFWAbZw=">AAAB+XicbVBNSwMxEJ31s9avVY9egkWol7IrUr0IBT14rGA/oF1KNs22odlkSbKFsvSfePGgiFf/iTf/jWm7B219MPB4b4aZeWHCmTae9+2srW9sbm0Xdoq7e/sHh+7RcVPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHN3N/NaYKs2keDKThAYxHggWMYKNlXqu26WJZlyKsrhAt8hHPbfkVbw50Crxc1KCHPWe+9XtS5LGVBjCsdYd30tMkGFlGOF0WuymmiaYjPCAdiwVOKY6yOaXT9G5VfooksqWMGiu/p7IcKz1JA5tZ4zNUC97M/E/r5Oa6CbImEhSQwVZLIpSjoxEsxhQnylKDJ9Ygoli9lZEhlhhYmxYRRuCv/zyKmleVvxqpfp4Vard53EU4BTOoAw+XEMNHqAODSAwhmd4hTcnc16cd+dj0brm5DMn8AfO5w9rWpI7</latexit>

ε(n) = 1 otherwise

<latexit sha1_base64="rDSApTBgSedAkmApNKUxaZ6TLv4="></latexit>

fJ(!) =
∞X

k=1

X

n∈Z

(�1)k+!+1g2k+1�(2k)�(2k + 2) ζ2k+1 ε(n) I2n−J−1

�(1 + k + n)�(2 + k � n)�(k + !+ n)�(1 + k � !� n)

Ex. For shortest operators

and

<latexit sha1_base64="T5UgaJZLccQXuJzNucJhDWRHR/s="></latexit>

FJ =2(�1) =� 8g2ζ3 + g4(�32ζ2ζ3 + 90ζ5) + g6(160ζ3ζ4 + 288ζ2ζ5 � 1120ζ7)

+ g8(�1440ζ4ζ5 � 896ζ3ζ6 � 3360ζ2ζ7 + 14700ζ9) +O
�
g10

�

<latexit sha1_base64="PCPGbu2fF3csa2TewQdDPovNhQI=">AAACInicbZDLSsNAFIYn9VbrLerSzWAR6qYkpVRdCAVd2K4q2As0pUymk3boZBJmJkIJeRY3voobF4q6EnwYJ21Bbf1h4Oc753Dm/G7IqFSW9WlkVlbX1jeym7mt7Z3dPXP/oCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yV1tv3REga8Ds1CUnPR0NOPYqR0qhvXjhuwAZxLenHPIGX0PEEwnHJCSmspahQTu3wNInrKaj/gL6Zt4rWVHDZ2HOTB3M1+ua7Mwhw5BOuMENSdm0rVL0YCUUxI0nOiSQJER6jIelqy5FPZC+enpjAE00G0AuEflzBKf09ESNfyonv6k4fqZFcrKXwv1o3Ut55L6Y8jBTheLbIixhUAUzzggMqCFZsog3Cguq/QjxCOiSlU83pEOzFk5dNq1S0K8XKbTlfvZ7HkQVH4BgUgA3OQBXcgAZoAgwewBN4Aa/Go/FsvBkfs9aMMZ85BH9kfH0DHTeixQ==</latexit>

In =
2⇡In(4⇡g)

JIJ(4⇡g)



Strong coupling



Strong coupling

Significant progress has been made in studying structure constants at strong coupling wt string theory

Using reduction to flat-space string theory, dispersive sum rules and analyticity/sv

Small spin provides valuable data for fixing structure constants at strong coupling

Suitable ansatz allows one to connect this limit to regime short physical operators and classical strings 

[Alday,Hansen] 
[Alday,Hansen,Silva] 

[Julius,Sokolova]



A string ansatz
Ansatz:

<latexit sha1_base64="I9KhQ0zRDgHrkBkPZC6BbW+2iwU="></latexit>

C123

C(0)
123

=
�(AdS)

�(Sphere)
⇥ D

λS/4�
�
1 + S

2

�

<latexit sha1_base64="J186KKFX+eTVRzJsHImp+A2xcKg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVRFy4r2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJbe53n5g2XMlHmCYsiMlI8ohTAlby+zGBMSUiu5sNqjW37s6BV4lXkBoq0BpUv/pDRdOYSaCCGON7bgJBRjRwKtis0k8NSwidkBHzLZUkZibI5pFn+MwqQxwpbZ8EPFd/b2QkNmYah3Yyj2iWvVz8z/NTiK6DjMskBSbp4qMoFRgUzu/HQ64ZBTG1hFDNbVZMx0QTCralii3BWz55lXQu6l6j3ni4rDVvijrK6ASdonPkoSvURPeohdqIIoWe0St6c8B5cd6dj8VoySl2jtEfOJ8/eG+RZQ==</latexit>D

<latexit sha1_base64="Bmjp+xsXR6rpBBrQwTEwARsxiNM="></latexit>

�
�
�1��2+�+S

2

�
�
�
�2��1+�+S

2

�
�
�
�1+�2��+S

2

�
�
�
�1+�1+�+S

2

�
p

�(�+ S)�(�+ S � 1)

<latexit sha1_base64="Yk7MtFaceRwDN3yNdLbYblRJc9E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSLUS0lEqheh6kGPFe0HtKFMNpt26W4SdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPC/mTGnb/raWlldW19ZzG/nNre2d3cLefkNFiSS0TiIeyZYHinIW0rpmmtNWLCkIj9OmN7iZ+M0hlYpF4aMexdQV0AtZwAhoI7mdWxACSlf+wwm+7BaKdtmeAi8SJyNFlKHWLXx1/IgkgoaacFCq7dixdlOQmhFOx/lOomgMZAA92jY0BEGVm06PHuNjo/g4iKSpUOOp+nsiBaHUSHimU4Duq3lvIv7ntRMdXLgpC+NE05DMFgUJxzrCkwSwzyQlmo8MASKZuRWTPkgg2uSUNyE48y8vksZp2amUK/dnxep1FkcOHaIjVEIOOkdVdIdqqI4IekLP6BW9WUPrxXq3PmatS1Y2c4D+wPr8AfDXkOw=</latexit>

�(AdS) =

Insight comes from structure of 3pt functions in string theory


Gamma functions capture contribution from cubic Witten diagram


Rest is meant to capture flat-space string amplitude and its 
curvature corrections

Gamma factors:

Similarly for the sphere with
<latexit sha1_base64="ngw/joeLRlMxHJJPGCPZByNMhyM=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAgWMeyKRMuAKcQqonlANoTZyWwyZPbBzF0lLPkKG3/FxkIRW7Hzb5xNtoiJ53LhcM69zNzjRoIrsKwfY2l5ZXVtPbeR39za3tk19/YbKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7rDq9RvPjCpeBjcwyhiHZ/0A+5xSkBLXfP0zpG8PwAiZfiILaeIi9gppoWdKhNAZu2brlmwStYEeJHYGSmgDLWu+e30Qhr7LAAqiFJt24qgkxAJnAo2zjuxYhGhQ9JnbU0D4jPVSSZnjfGxVnrYC6XuAPBEnd1IiK/UyHf1pE9goOa9VPzPa8fgXXYSHkQxsIBOH/JigSHEaUa4xyWjIEaaECq5/iumAyIJBZ1kXodgz5+8SBpnJbtcKt+eFyrVLI4cOkRH6ATZ6AJV0DWqoTqi6Am9oDf0bjwbr8aH8TkdXTKynQP0B8bXL4dhncM=</latexit>

S ! 0 , ∆ ! J

[Bargheer,Minahan,Pereira][Minahan,Pereira] 
[Costa,Goncalves,Penedones][Alday,Hansen,Silva]

<latexit sha1_base64="Y99HjXZ87jbii3cQk1KjOEgGMJE=">AAACF3icbVDLSgMxFM3UV62vqks3wSLUTZmpUt0IhboQF1LBtkI7Dpk004ZmMmOSEUqYv3Djr7hxoYhb3fk3po+Fth7I5XDOvdzc48eMSmXb31ZmYXFpeSW7mltb39jcym/vNGWUCEwaOGKRuPWRJIxy0lBUMXIbC4JCn5GWP6iN/NYDEZJG/EYNY+KGqMdpQDFSRvLypdqdLtqHqaed8lEKz2AnEAjrjrwXSl8aNYWmlk1NU32VevmCXbLHgPPEmZICmKLu5b863QgnIeEKMyRl27Fj5WokFMWMpLlOIkmM8AD1SNtQjkIiXT2+K4UHRunCIBLmcQXH6u8JjUIph6FvOkOk+nLWG4n/ee1EBaeupjxOFOF4sihIGFQRHIUEu1QQrNjQEIQFNX+FuI9MMMpEmTMhOLMnz5NmueRUSpXr40L1fBpHFuyBfVAEDjgBVXAB6qABMHgEz+AVvFlP1ov1bn1MWjPWdGYX/IH1+QPWGJ6L</latexit>

C(0)
123 =

p
J1J2J

N
with



Regularity assumptions
D-coefficient has a simpler expansion than the structure constant C

Assumption 1: after taking the logarithm, it admits a strong coupling expansion

They parallel observations made for the square of the scaling dimension

with          a polynomial of degree k in S and J

[BB][Gromov,Valatka]

with coefficient        that is a polynomial of degree k in the spin S and angular momenta J’s  

Assumption 2: coefficients interpolate smoothly between small spin and classical limit

<latexit sha1_base64="qb5x2aINftJndgAjz0ei0slf7as="></latexit>

logD = D1 +
D2p
λ
+

D3

λ
+ . . .

<latexit sha1_base64="0R1/BOWRRySdcqg1ZMB4fiOwBD0="></latexit>

�2 = J2 +
p
λA1 +A2 +

A3p
λ
+ . . .

<latexit sha1_base64="HvJd272CwkxzxSUz+5SikgtArC4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCPXisYNpCG8pmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnLR2niqHPYhGrTkg1Ci7RN9wI7CQKaRQKbIeTu7nffkKleSwfzTTBIKIjyYecUWMlv9HPJrN+ueJW3QXIOvFyUoEczX75qzeIWRqhNExQrbuem5ggo8pwJnBW6qUaE8omdIRdSyWNUAfZ4tgZubDKgAxjZUsaslB/T2Q00noahbYzomasV725+J/XTc3wNsi4TFKDki0XDVNBTEzmn5MBV8iMmFpCmeL2VsLGVFFmbD4lG4K3+vI6aV1VvVq19nBdqTfyOIpwBudwCR7cQB3uoQk+MODwDK/w5kjnxXl3PpatBSefOYU/cD5/ANz0jr8=</latexit>

Dk

<latexit sha1_base64="ozMok81qKIElgNwnJoMCPmEfpVI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKHjxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJaPZpJgENGh5APOqLGSf9PLxtNeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuem5ggo8pwJnBa6qYaE8rGdIgdSyWNUAfZ/NgpObNKnwxiZUsaMld/T2Q00noShbYzomakl72Z+J/XSc3gOsi4TFKDki0WDVJBTExmn5M+V8iMmFhCmeL2VsJGVFFmbD4lG4K3/PIqaV5UvVq19nBZqd/lcRThBE7hHDy4gjrcQwN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+ANhcjrw=</latexit>

Ak

[BB,Georgoudis]



Regularity assumptions
D-coefficient has a simpler expansion than the structure constant C

Assumption 1: after taking the logarithm, it admits a strong coupling expansion

Ex. For scaling dimension of twist-2 operators [BB][Gromov,Valatka]

with coefficient        that is a polynomial of degree k in the spin S and angular momenta J’s  

Assumption 2: coefficients interpolate smoothly between small spin and classical limit

<latexit sha1_base64="qb5x2aINftJndgAjz0ei0slf7as="></latexit>

logD = D1 +
D2p
λ
+

D3

λ
+ . . .

<latexit sha1_base64="HvJd272CwkxzxSUz+5SikgtArC4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCPXisYNpCG8pmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnLR2niqHPYhGrTkg1Ci7RN9wI7CQKaRQKbIeTu7nffkKleSwfzTTBIKIjyYecUWMlv9HPJrN+ueJW3QXIOvFyUoEczX75qzeIWRqhNExQrbuem5ggo8pwJnBW6qUaE8omdIRdSyWNUAfZ4tgZubDKgAxjZUsaslB/T2Q00noahbYzomasV725+J/XTc3wNsi4TFKDki0XDVNBTEzmn5MBV8iMmFpCmeL2VsLGVFFmbD4lG4K3+vI6aV1VvVq19nBdqTfyOIpwBudwCR7cQB3uoQk+MODwDK/w5kjnxXl3PpatBSefOYU/cD5/ANz0jr8=</latexit>

Dk

[BB,Georgoudis]

<latexit sha1_base64="Sy9ffdHHgKcIkVvv1YynANXcFiI="></latexit>
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p

λS +

✓
4� S +

3

2
S2

◆
+

1
p
λ

✓
15

4
S +

3� 24ζ3
8
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◆
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1
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◆



Evidence from two-loop string data
Recent two-loop string data for shortest operators support these assumptions [Alday,Hansen] 

[Alday,Hansen,Silva] 
[Caron-Huot,Coronado,Zahraee]

After converting this data to the D-coefficient we find for 

<latexit sha1_base64="M8keYKaRBLP+TRuazWQrUfzLxz8="></latexit>

logD222 =
1
p
λ


5

8
S �

7� 4ζ3
16

S2

�

+
1

λ


�
13 + 24ζ3

32
S �

49� 8ζ3
64

S2 +
25� 12ζ3 � 12ζ5

64
S3

�

+O

✓
1

λ3/2

◆

<latexit sha1_base64="LJg3jzci7Vc0O+U09DpMFPOULLY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSpLoRCroQVxXsA9oQJtNpO3QyCTMToYSCv+LGhSJu/Q53/o3TNAttPXC5h3PuZe6cIOZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEeyE2BFORO0qZnmtBNLisOA03Ywvp757UcqFYvEg57E1AvxULABI1gbybeP7vzUnaIrZHo166aqvl12Kk4GtEzcnJQhR8O3v3r9iCQhFZpwrFTXdWLtpVhqRjidlnqJojEmYzykXUMFDqny0uz8KTo1Sh8NImlKaJSpvzdSHCo1CQMzGWI9UoveTPzP6yZ6cOmlTMSJpoLMHxokHOkIzbJAfSYp0XxiCCaSmVsRGWGJiTaJlUwI7uKXl0mrWnFrldr9ebl+k8dRhGM4gTNw4QLqcAsNaAKBFJ7hFd6sJ+vFerc+5qMFK985hD+wPn8AScuTIg==</latexit>

J1 = J2 = J = 2

Each coefficient is a polynomial in S with degree = k = loop order +1

Consistent with our ansatz ( for              )

Further evidence comes from classical string (for terms of maximal degree                           )

<latexit sha1_base64="pCL/fPTV0XjwB2gAuUbRpa6pfaQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6Egj14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xnS7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHI79ztPVGkWyQczjakv8EiykBFsrPTYGKTeDN0gd1CuuFU3A1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU+2l28AydWWWIwkjZkgZl6u+JFAutpyKwnQKbsV725uJ/Xi8x4bWfMhknhkqyWBQmHJkIzb9HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6R9UfVq1dr9ZaXeyOMowgmcwjl4cAV1uIMmtICAgGd4hTdHOS/Ou/OxaC04+cwx/IHz+QMnCo9a</latexit>

D1 = 0
<latexit sha1_base64="sB+BH3pCHXs9FLIa3BXpslthuCw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQipJIgVBgrwcBYBH1ITagcx2mt2kmwHaQqyszCr7AwgBArX8DG3+C2GaDlSFc6Oude+97jxYxKZVnfxtz8wuLScmGluLq2vrFpbm03ZZQITBo4YpFoe0gSRkPSUFQx0o4FQdxjpOUNLkZ+64EISaPwVg1j4nLUC2lAMVJa6pp7jqQc3tylgyM7Oy478l6o1GH6AR9lh1rOumbJqlhjwFli56QEctS75pfjRzjhJFSYISk7thUrN0VCUcxIVnQSSWKEB6hHOpqGiBPppuNTMnigFR8GkdAVKjhWf0+kiEs55J7u5Ej15bQ3Ev/zOokKzt2UhnGiSIgnHwUJgyqCo1ygTwXBig01QVhQvSvEfSQQVjq9og7Bnj55ljRPKna1Ur0+LdUu8zgKYBfsgzKwwRmogStQBw2AwSN4Bq/gzXgyXox342PSOmfkMzvgD4zPH7h9mlM=</latexit>

∼ Sk+1/(
√
λ)k



Classical analysis
<latexit sha1_base64="yjkUybsXhPbUGwLrgc0/Q9ZUXCA=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQyCBwm7ItFjUA/iKWJemE3C7GSSDJl9MNMrhmXx4q948aCIV7/Cm3/jJNmDJhY0FFXddHe5oeAKLOvbmJtfWFxazqxkV9fWNzbNre2qCiJJWYUGIpB1lygmuM8qwEGweigZ8VzBau7gYuTX7plUPPDLMAxZ0yM9n3c5JaCltrnrAHsA6cVlmThH+LIV3yb4rhVfJ20zZ+WtMfAssVOSQylKbfPL6QQ08pgPVBClGrYVQjMmEjgVLMk6kWIhoQPSYw1NfeIx1YzHLyT4QCsd3A2kLh/wWP09ERNPqaHn6k6PQF9NeyPxP68RQfesGXM/jID5dLKoGwkMAR7lgTtcMgpiqAmhkutbMe0TSSjo1LI6BHv65VlSPc7bhXzh5iRXPE/jyKA9tI8OkY1OURFdoRKqIIoe0TN6RW/Gk/FivBsfk9Y5I53ZQX9gfP4A49CXHQ==</latexit>

TrDSZJ

<latexit sha1_base64="QUBr1kFGSuNioPadVqvcvKDOi2g=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQyCBwm7QaLHoBfxFCEvzMZldjJJhsw+mOkVw7J48Ve8eFDEq1/hzb9xkuxBEwsaiqpuuru8SHAFlvVtLCwuLa+s5tby6xubW9vmzm5DhbGkrE5DEcqWRxQTPGB14CBYK5KM+J5gTW94Ofab90wqHgY1GEWs45N+wHucEtCSa+47wB5A+klNps4JvnWTUnqXXLul1DULVtGaAM8TOyMFlKHqml9ON6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTjJ5IcVHWuniXih1BYAn6u+JhPhKjXxPd/oEBmrWG4v/ee0YeuedhAdRDCyg00W9WGAI8TgP3OWSURAjTQiVXN+K6YBIQkGnltch2LMvz5NGqWiXi+Wb00LlIosjhw7QITpGNjpDFXSFqqiOKHpEz+gVvRlPxovxbnxMWxeMbGYP/YHx+QP4sJcq</latexit>

TrZJ2
2

<latexit sha1_base64="qXSl3ALd2DYjd93NPJwLgnyjT6U=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEDxJmRKLHoBfxFCEbJuPQ0+lJmvQsdNeIYRi8+CtePCji1a/w5t/YWQ6a+KDg8V4VVfW8WHAFlvVt5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4HPnNeyYVj8IaDGPmBKQXcp9TAlpyzb0OsAeQQVqTWecY37qpnd2l166duWbRKllj4HliT0kRTVF1za9ON6JJwEKggijVtq0YnJRI4FSwrNBJFIsJHZAea2sakoApJx2/kOFDrXSxH0ldIeCx+nsiJYFSw8DTnQGBvpr1RuJ/XjsB/9xJeRgnwEI6WeQnAkOER3ngLpeMghhqQqjk+lZM+0QSCjq1gg7Bnn15njROSna5VL45LVYupnHk0T46QEfIRmeogq5QFdURRY/oGb2iN+PJeDHejY9Ja86YzuyiPzA+fwD1oJco</latexit>

TrZJ1
1

Classical spinning strings

Structure constant controlled by Area of minimal surface in AdS

<latexit sha1_base64="QJSu9v1a4msh21vE741z8Kik4fw=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVFVSocJYCQbEVAR9SE0UOY7TWnWcYDtIVdRPYOFXWBhAiJWRjb/BbTNAy5FtHZ1zr+17/IRRqSzr2ygsLa+srhXXSxubW9s75u5eW8apwKSFYxaLro8kYZSTlqKKkW4iCIp8Rjr+8GLidx6IkDTmd2qUEDdCfU5DipHSkmce31bgtV5eZldqY+hIGunjXqjMYfqWAGmt34e2Z5atqjUFXCR2TsogR9Mzv5wgxmlEuMIMSdmzrUS5GRKKYkbGJSeVJEF4iPqkpylHEZFuNh1oDI+0EsAwFnpzBafq744MRVKOIl9XRkgN5Lw3Ef/zeqkKz92M8iRVhOPZQ2HKoIrhJB0YUEGwYiNNEBZU/xXiARIIK51hSYdgz4+8SNq1ql2v1m9Oy43LPI4iOACH4ATY4Aw0wBVoghbA4BE8g1fwZjwZL8a78TErLRh5zz74A+PzB2Ximv4=</latexit>

S, J, J1,2 ∼
√
λ # 1



Classical string data

<latexit sha1_base64="4h8dWB+/bk19stpLbs6YEIRnxxs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipQfulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDx4mM8g==</latexit>a
<latexit sha1_base64="w012IAKBs9jNq8X9+MBhPJxF+1Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipEfRLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHyQ2M8w==</latexit>

b
<latexit sha1_base64="CU/fM/U2k69QQd+RQzAqIJDrHss=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WNBDx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqEccJ9yM6UCIUjKKVHs6DXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NLJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOEUbQje4svLpHlR8aqV6v1luXabx1GAYziBM/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwAyYY0q</latexit>

�b <latexit sha1_base64="CSdZ0XSd3bDGY4lIcWVPepHJHek=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WNBDx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSwzntlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNVK9f6yXLvN4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifPzDdjSk=</latexit>�a

<latexit sha1_base64="YmkPZyceN5/YAOZfnQGmJ4rb3XA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+pljQk=</latexit>x

<latexit sha1_base64="z8irQ7ND5DEU+1kfJtPy2O0HWG8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WNBDx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw7nXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6v1luXabx1GAYziBM/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwDoDoz5</latexit>�1
<latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>

1

Complete spectral data (solution) encoded in resolvent

Elliptic curve with parameters controlling angular momentum J, spin S and energy E of the string

[Kazakov,Marshakov,Minahan,Zarembo] 
[Kostov,Staudacher][Casteill,Kristjansen][Gromov]

<latexit sha1_base64="Nq4+S/B72C+vGTSc45jB+6Lhf44="></latexit>

V ′(x) = sgn(x)� 2J x

x2 � 1

<latexit sha1_base64="7ZrWGo7eMN7OQ26ELS1/DzQbl1c="></latexit>

R(x) = 2x

Z b

a

dy V ′(y)

x2 � y2

s
(x2 � b2)(x2 � a2)

(b2 � y2)(y2 � a2)

<latexit sha1_base64="8WdN5gSYjahAmgYa41vlDZ5Igyw="></latexit>
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K

✓
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◆
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2⇡ab
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◆
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✓
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◆
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1� a2
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◆�

<latexit sha1_base64="TJnnEyYLlL327QC4tRMBX5YUhPQ=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KolIdSMUdCGuKtgHNKFMJpN26OThzEQoIQs3/oobF4q49SPc+TdO2yy09cDA4Zx7uHOPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdDnxOw9USBZHd2qcUDfEg4gFjGClpb5ZcQKBSXaTZ468FypzuM76OM/RBeqbVatmTYEWiV2QKhRo9s0vx49JGtJIEY6l7NlWotwMC8UIp3nZSSVNMBnhAe1pGuGQSjebHpGjI634KIiFfpFCU/V3IsOhlOPQ05MhVkM5703E/7xeqoJzN2NRkioakdmiIOVIxWjSCPKZoETxsSaYCKb/isgQ61aU7q2sS7DnT14k7ZOaXa/Vb0+rjauijhJU4BCOwYYzaMA1NKEFBB7hGV7hzXgyXox342M2umQUmQP4A+PzB/pWmFA=</latexit>

Jp
λ
=

<latexit sha1_base64="CFV2wtv1v15FTzVsKlf8N9Lnlj8=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KolIdSMUdOGyon1AE8pkMmmHTh7OTIQSsnDjr7hxoYhbP8Kdf+O0zUJbDwwczrmHO/d4CWdSWda3sbS8srq2Xtoob25t7+yae/ttGaeC0BaJeSy6HpaUs4i2FFOcdhNBcehx2vFGlxO/80CFZHF0p8YJdUM8iFjACFZa6psVJxCYZLd55sh7oTKH66yP8xxdoL5ZtWrWFGiR2AWpQoFm3/xy/JikIY0U4VjKnm0lys2wUIxwmpedVNIEkxEe0J6mEQ6pdLPpETk60oqPgljoFyk0VX8nMhxKOQ49PRliNZTz3kT8z+ulKjh3MxYlqaIRmS0KUo5UjCaNIJ8JShQfa4KJYPqviAyxbkXp3sq6BHv+5EXSPqnZ9Vr95rTauCrqKEEFDuEYbDiDBlxDE1pA4BGe4RXejCfjxXg3PmajS0aROYA/MD5/AAi9mFk=</latexit>

Sp
λ
=

<latexit sha1_base64="WM6FD6hKthNoKTOEaVShqHAOKac=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYo2IXLCvYBTSiTyaQdOnk4cyOUkK0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7Z+49XiK4Asv6Nkorq2vrG+XNytb2zu6euX/QUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX0/97gOTisfRHUwS5oZkGPGAUwJaGpjYCSShmdNkAkieOepeQuYI/YBP8hxf4YFZtWrWDHiZ2AWpogKtgfnl+DFNQxYBFUSpvm0l4GZEAqeC5RUnVSwhdEyGrK9pREKm3Gx2SY5PtOLjIJa6IsAz9fdERkKlJqGnO0MCI7XoTcX/vH4KwaWb8ShJgUV0/lGQCgwxnsaCfS4ZBTHRhFDJ9a6YjoiOBnR4FR2CvXjyMumc1ex6rX57Xm00izjK6Agdo1NkowvUQDeohdqIokf0jF7Rm/FkvBjvxse8tWQUM4foD4zPH+/vmn4=</latexit>

�p
λ
=



Classical structure constant
Classica Area

Components:
<latexit sha1_base64="wAiMpfFRTNS+wtzyLibTb6/E30U="></latexit>

Acl = Acl
asy + I1[LA] + I1[J � LA]

Bcl = I�1[LB ] + I1[J + LB ]

N cl = N cl
asy � I2[J ]

<latexit sha1_base64="FB5gJiG/T9eP6jqVSVsKrQnfaiE=">AAACMXicbVDLSsNAFJ3UV62vqEs3g0UQxJIUqW6Eii6KuKhgH9CEMplO2qGTBzMToYT8khv/RNx0oYhbf8JJG6QPDwycc+69zL3HCRkV0jDGWm5ldW19I79Z2Nre2d3T9w+aIog4Jg0csIC3HSQIoz5pSCoZaYecIM9hpOUMb9N665lwQQP/SY5CYnuo71OXYiSV1dVrlofkACMWPyTd+CaB19ByOcLxn3+vfDM5n9Pl5GxGJ0pbXb1olIwJ4DIxM1IEGepd/c3qBTjyiC8xQ0J0TCOUdoy4pJiRpGBFgoQID1GfdBT1kUeEHU8uTuCJcnrQDbh6voQTd3YiRp4QI89RnemeYrGWmv/VOpF0r+yY+mEkiY+nH7kRgzKAaXywRznBko0UQZhTtSvEA6QCkyrkggrBXDx5mTTLJbNSqjxeFKt3WRx5cASOwSkwwSWoghqogwbA4AW8gw/wqb1qY+1L+5625rRs5hDMQfv5BQloq14=</latexit>

LA =
J1 � J2 + J

2
<latexit sha1_base64="ZeYHkHi5hfgAj74U4zHcfIsetso=">AAACMXicbVDLSsNAFJ3UV62vqEs3g0UQxJIUqW6Eoi6KuKhgH9CEMplO2qGTBzMToYT8khv/RNx0oYhbf8JJG6QPDwycc+69zL3HCRkV0jDGWm5ldW19I79Z2Nre2d3T9w+aIog4Jg0csIC3HSQIoz5pSCoZaYecIM9hpOUMb9N665lwQQP/SY5CYnuo71OXYiSV1dVrlofkACMWPyTd+CaB19ByOcLxn3+vfDM5m9Pl5HxGJ0pbXb1olIwJ4DIxM1IEGepd/c3qBTjyiC8xQ0J0TCOUdoy4pJiRpGBFgoQID1GfdBT1kUeEHU8uTuCJcnrQDbh6voQTd3YiRp4QI89RnemeYrGWmv/VOpF0r+yY+mEkiY+nH7kRgzKAaXywRznBko0UQZhTtSvEA6QCkyrkggrBXDx5mTTLJbNSqjxeFKt3WRx5cASOwSkwwSWoghqogwbA4AW8gw/wqb1qY+1L+5625rRs5hDMQfv5BQsGq18=</latexit>

LB =
J1 + J2 � J

2

<latexit sha1_base64="j/v4UbDaxBMYdPuwyo+aEh0dbVw="></latexit>

Iq[L] =
Z

U�

dx (x� 1/x)

8⇡2x

h
Li2

⇣
e

4⇡iLx
x2�1

+iqR(x)
⌘
+ Li2

⇣
e

4⇡iLx
x2�1

�iqR(1/x)
⌘i

� (same with R ! 0) ,

Mirror integral:

<latexit sha1_base64="0QMPJ28VRkwTwRATk7OVwNc5oK8="></latexit>

logC123 ∼
√
λ×

�
Area = Acl + Bcl +N cl

�

<latexit sha1_base64="3uOoAoHoSWV8jPLNdRM6SMuXEzs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6rKgC5cV7AOaUCaTSTp0MokzN0INxV9x40IRt/6HO//G6WOhrQcGDufcw71zgkxwDY7zbS0tr6yurZc2yptb2zu79t5+S6e5oqxJU5GqTkA0E1yyJnAQrJMpRpJAsHYwuBr77QemNE/lHQwz5ickljzilICRevahp+8VFJ4wkZCMsBfH2O3ZFafqTIAXiTsjFTRDo2d/eWFK84RJoIJo3XWdDPyCKOBUsFHZyzXLCB2QmHUNlSRh2i8m14/wiVFCHKXKPAl4ov5OFCTRepgEZjIh0Nfz3lj8z+vmEF36BZdZDkzS6aIoFxhSPK4Ch1wxCmJoCKGKm1sx7RNFKJjCyqYEd/7Li6R1VnVr1drteaV+PaujhI7QMTpFLrpAdXSDGqiJKHpEz+gVvVlP1ov1bn1MR5esWeYA/YH1+QMIZJT2</latexit>√
λ " 1

Asymptotic integral:

[Kazama,Komatsu,Nishimura]

Classical bridge lengths

<latexit sha1_base64="OFMHou+eAbYzRyaV25o72lXb1Vs="></latexit>

N cl
asy = �

Z b

a

dx(x� 1/x)

4π2x

h
Li2

⇣
e�2⇡⇢(x)

⌘
+ π2ρ2(x)� ζ2

i
,

[Gromov,Sever,Vieira]



Classical structure constant
Goal: plug elliptic solution in Area and compute integrals when

Tricky: Resolvent R & Integral I are singular in this limit

We still get some terms that are singular in the end

Analysis more tractable if first take small spin limit and then send lengths to zero

But magic is that they all cancel out after dividing by ratio of Gamma functions for D-coefficient

<latexit sha1_base64="9whMG3uruk+x9QL8apCaDjK3L8U=">AAACJHicbVDLSsNAFJ34rPUVdelmsAgupCRFquCmoAtxVcE+oAlhMp20QyeTMDNRSsjHuPFX3LjwgQs3fouTNovaemDgzDn3cu89fsyoVJb1bSwtr6yurZc2yptb2zu75t5+W0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cr3Ow9ESBrxezWOiRuiAacBxUhpyTMvnRCpIUYsvc1O4czHS+15oZZBR9DBUCEhokdoeWbFqloTwEViF6QCCjQ988PpRzgJCVeYISl7thUrN0VCUcxIVnYSSWKER2hAeppyFBLpppMjM3islT4MIqEfV3CiznakKJRyHPq6Ml9aznu5+J/XS1Rw4aaUx4kiHE8HBQmDKoJ5YrBPBcGKjTVBWFC9K8RDJBBWOteyDsGeP3mRtGtVu16t351VGtdFHCVwCI7ACbDBOWiAG9AELYDBE3gBb+DdeDZejU/ja1q6ZBQ9B+APjJ9fNYSlLA==</latexit>

J ,J1,J2 ! 0

<latexit sha1_base64="89u1LNEOdX7Z/3frWCjv9Ch1qd4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEpHos6MFjRfsBTSiT7bZdusmG3Y1SQvHiX/HiQRGv/gpv/hs3bQ7a+mDg8d4MM/OCmDOlHefbKiwtr6yuFddLG5tb2zv27l5TiUQS2iCCC9kOQFHOItrQTHPajiWFMOC0FYwuM791T6ViIrrT45j6IQwi1mcEtJG69oEXgh4S4OntBHuSDYYapBQP2OnaZafiTIEXiZuTMspR79pfXk+QJKSRJhyU6rhOrP0UpGaE00nJSxSNgYxgQDuGRhBS5afTFyb42Cg93BfSVKTxVP09kUKo1DgMTGd2sJr3MvE/r5Po/oWfsihONI3IbFE/4VgLnOWBe0xSovnYECCSmVsxGYIEok1qJROCO//yImmeVtxqpXpzVq5d5XEU0SE6QifIReeohq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifPyQql0g=</latexit>

S ! 01) (short cut limit, a <-> b)

2)

<latexit sha1_base64="+cyZVWCO5gQFwm1drnVcVwdxvXc=">AAACMXicbVDLSsNAFJ3UV62vqEs3g0VwISUpUl0WdFFcVbS10IQwmU7boZNJmJkoJeSX3Pgn4qYLRdz6E07aILb1wMC559zL3Hv8iFGpLGtiFFZW19Y3ipulre2d3T1z/6Atw1hg0sIhC0XHR5IwyklLUcVIJxIEBT4jD/7oKvMfHomQNOT3ahwRN0ADTvsUI6Ulz2w4AVJDjFhyl57B3+JmvvASe1GoptARdDBUSIjwCVqeWbYq1hRwmdg5KYMcTc98dXohjgPCFWZIyq5tRcpNkFAUM5KWnFiSCOERGpCuphwFRLrJ9OIUnmilB/uh0I8rOFX/TiQokHIc+LozW1ouepn4n9eNVf/STSiPYkU4nn3UjxlUIczigz0qCFZsrAnCgupdIR4igbDSIZd0CPbiycukXa3YtUrt9rxcv87jKIIjcAxOgQ0uQB00QBO0AAbP4A28gw/jxZgYn8bXrLVg5DOHYA7G9w+e86p7</latexit>

S,J ,J1,J2 ! 0

Similar to spectrum 
[Gromov,Valatka]



Classical structure constant
Ex. At leading order at small spin

<latexit sha1_base64="sgGcyeKHykrVdvSloalzLyKZC8g="></latexit>

D
cl = D

cl
1 S +O

�
S
2
�

where
<latexit sha1_base64="IrhFhGplQ68eL9FA54kVTMZg5UE="></latexit>

Dcl
1 = �1

4
log

�
1 + J 2

�
+

1X

k=1

ζ2k+1

2k + 1
ck(J )Pk(J1,J2,J )

<latexit sha1_base64="0qpcg3C/P6X2pPuXGZKcodpgFZM="></latexit>

Pk = �2J 2k +
1

22k+1J
X

�1,�2 =±
(J + �1J1 + �2J2)

2k+1

with        a homogeneous polynomial of deg 2k in the lengths

and
<latexit sha1_base64="4cfAP8K6Oz+crwvPiBGOSJhjgwg="></latexit>

ck(J ) =
p

1 + J 2

1X

n= k

(�1)n
�( 12 + n)

�( 12 )�(1 + n)
J 2(n�k)

Importantly it is regular in all 3 lengths 
<latexit sha1_base64="dTr6HYfYqr5bj49slfyWY2R2YsA=">AAACFnicbVDLSsNAFL2pr1pfUZduBovgQktSpLos6EJcVbAPaEOYTCft0MmDmYlQQr/Cjb/ixoUibsWdf+OkzaK2Hhg4c8693HuPF3MmlWX9GIWV1bX1jeJmaWt7Z3fP3D9oySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3us789iMVkkXhgxrH1AnwIGQ+I1hpyTXPewFWQ4J5ejc5Q3MfN7UXherENctWxZoCLRM7J2XI0XDN714/IklAQ0U4lrJrW7FyUiwUI5xOSr1E0hiTER7QrqYhDqh00ulZE3SilT7yI6FfqNBUne9IcSDlOPB0ZbamXPQy8T+vmyj/yklZGCeKhmQ2yE84UhHKMkJ9JihRfKwJJoLpXREZYoGJ0kmWdAj24snLpFWt2LVK7f6iXL/J4yjCERzDKdhwCXW4hQY0gcATvMAbvBvPxqvxYXzOSgtG3nMIf2B8/QJkz5+L</latexit>

J ,J1,J2

<latexit sha1_base64="Z2NzG/eYpzVYgN0/pNDCHeHncO0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpr6xubW+Xtys7u3v5B9fCobZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknN3O/88i1EYl6wGnKg5iOlIgEo2glvzXIJ7NBtebW3QXIX+IVpAYFWoPqZ3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyJlVhiRKtC2FZKH+nMhpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl/+S9kXda9Qb95e15m0RRxlO4BTOwYMraMIdtMAHBgKe4AVeHeU8O2/O+7K15BQzx/ALzsc371SOyw==</latexit>

Pk



Classical structure constant
Higher order terms display higher singularities but simplifications still observed for D-coefficients

Natural all-order decomposition
<latexit sha1_base64="ddxLXIRzoMeHZTUmFt3WrtN+OFY=">AAACSXicfVC7SgNBFJ1NfMT4ilraDAZBEMKuiNoIgiksI5goZNd1dnJjBmcfzNwV47K/Z2Nn5z/YWChi5eRR+D4wcDjnXO6dEyRSaLTtR6tQnJicmi7NlGfn5hcWK0vLLR2nikOTxzJWZwHTIEUETRQo4SxRwMJAwmlwdTjwT69BaRFHJ9hPwAvZZSS6gjM0kl+5cEOGPc5kVs/PMxfhBlWYcZnndJ/+6fmZq3pxTjf/jdwCstyvVO2aPQT9SZwxqZIxGn7lwe3EPA0hQi6Z1m3HTtDLmELBJeRlN9WQMH7FLqFtaMRC0F42bCKn60bp0G6szIuQDtXPExkLte6HgUkODtffvYH4m9dOsbvnZSJKUoSIjxZ1U0kxpoNaaUco4Cj7hjCuhLmV8h5TjKMpv2xKcL5/+SdpbdWcndrO8Xb1oD6uo0RWyRrZIA7ZJQfkiDRIk3ByR57IC3m17q1n6816H0UL1nhmhXxBofgBxb+2cQ==</latexit>

Dcl = Dcl
ρ +Dcl

ζ

Zeta free part controlled by density

Easily checked (empirically) to be smooth in all variables  
<latexit sha1_base64="2PEBtFafnRwiMs7LOoLd8P+UlPY="></latexit>

D
cl
⇢ =�

1

4
log

�
1 + J

2
�
S �

7 + 4J 2

16 (1 + J 2)3/2
S
2 +

150 + 120J 2 + 29J 4

384 (1 + J 2)3
S
3

�
1785 + 1748J 2 + 640J 4 + 86J 6

3072 (1 + J 2)9/2
S
4 +O

�
S
5
�

<latexit sha1_base64="z/1zd8Wg8wJnn3jERXOC38AMiXo="></latexit>

Dcl
⇢ = �

Z b

a

(x� 1/x) dx

4⇡x
⇢(x) log


(x2 � 1)2⇢2(x)

2eSx2

�



Classical structure constant
Higher order terms display higher singularities but simplifications still observed for D-coefficients

Natural all-order decomposition
<latexit sha1_base64="ddxLXIRzoMeHZTUmFt3WrtN+OFY=">AAACSXicfVC7SgNBFJ1NfMT4ilraDAZBEMKuiNoIgiksI5goZNd1dnJjBmcfzNwV47K/Z2Nn5z/YWChi5eRR+D4wcDjnXO6dEyRSaLTtR6tQnJicmi7NlGfn5hcWK0vLLR2nikOTxzJWZwHTIEUETRQo4SxRwMJAwmlwdTjwT69BaRFHJ9hPwAvZZSS6gjM0kl+5cEOGPc5kVs/PMxfhBlWYcZnndJ/+6fmZq3pxTjf/jdwCstyvVO2aPQT9SZwxqZIxGn7lwe3EPA0hQi6Z1m3HTtDLmELBJeRlN9WQMH7FLqFtaMRC0F42bCKn60bp0G6szIuQDtXPExkLte6HgUkODtffvYH4m9dOsbvnZSJKUoSIjxZ1U0kxpoNaaUco4Cj7hjCuhLmV8h5TjKMpv2xKcL5/+SdpbdWcndrO8Xb1oD6uo0RWyRrZIA7ZJQfkiDRIk3ByR57IC3m17q1n6816H0UL1nhmhXxBofgBxb+2cQ==</latexit>

Dcl = Dcl
ρ +Dcl

ζ

Zeta full part controlled by resolvent

Where

<latexit sha1_base64="apUqzvqUXN99PLkrPxPLHnArqLw="></latexit>

Dcl
ζ =

X

L∈L

Z [RL]� Z
⇥
2RJ /2

⇤

<latexit sha1_base64="hFfO1BoMqxnBP7WDmixnR3DTmOg="></latexit>

Z [RL] =

i1∫

�i1

(x+ 1/x)

(2⇡)2i



1

2
log

�
(
1� RL(x)

2⇡

)

�
(
1 + RL(x)

2⇡

) � �ERL(x)

2⇡



 dRL(x)� (RL ! R̂L)

And
<latexit sha1_base64="nRLdF2WFUxrNwTddN/y4Vg8EL1o="></latexit>

RL(x) =
4⇡Lx
x2 � 1

+R(x) , bRL(x) =
4⇡Lx
x2 � 1

Much easier to expand at small R!

<latexit sha1_base64="TXn6dmCkk8I2rINfuFmcbTCtHjA=">AAACTHicbVBLS8NAGNxUrbW+oh69LBZBUEsiUr0I9XEQ6aGCfUATwma7bZduHuxuhBLyA7148Oav8OJBEcFNG8S2DiwMM/PxfTtuyKiQhvGq5RYWl/LLhZXi6tr6xqa+td0UQcQxaeCABbztIkEY9UlDUslIO+QEeS4jLXd4nfqtR8IFDfwHOQqJ7aG+T3sUI6kkR8c1eAGt2PKQHGDE4lrixJfJEfwV7pLjOXNauZqOH86YVuLoJaNsjAHniZmREshQd/QXqxvgyCO+xAwJ0TGNUNox4pJiRpKiFQkSIjxEfdJR1EceEXY8LiOB+0rpwl7A1fMlHKt/J2LkCTHyXJVMDxWzXir+53Ui2Tu3Y+qHkSQ+nizqRQzKAKbNwi7lBEs2UgRhTtWtEA8QR1iq/ouqBHP2y/OkeVI2K+XK/WmpepPVUQC7YA8cABOcgSq4BXXQABg8gTfwAT61Z+1d+9K+J9Gcls3sgCnk8j8u57Sz</latexit>

L = {LA,J � LA,�LB ,J + LB}



2-loop prediction
Polynomiality + small spin data + classical limit yield a prediction for 2-loop structure constant

Extend existing string data to operators of arbitrary lengths

<latexit sha1_base64="Gl6i6Okoco/tpL8WECDSDxDStEs="></latexit>

logDJ1J2J

=
1
p
λ


5

8
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7� 4ζ3
16

S2

�

+
1

λ

"�
19� 8J2

�
+ 8

�
1 + J2

� #J 2
�
ζ3

32
S �

49� 8ζ3
64

S2 +
25� 12ζ3 � 12ζ5

64
S3

#

+O

✓
1

λ3/2

◆



Regge limit
Consider a four-point function of chiral primary operators

<latexit sha1_base64="0vbqB51atWvesflckKwaNDU4Xco="></latexit>

G22pp =
π2i

p
λ

Z(p)

Z ∞

−∞

S′dν

ν

γS(ν)γS(�ν)⌦i⌫(ρ)

(
p
λσ)1+S

e
i⇡S
2 �

�
�S

2

�

�
�
1 + S

2

� D222Dpp2

<latexit sha1_base64="bsU3vy080abhbP+AlVf4qyoRjq8="></latexit>

〈TrZ2
1 TrZ

2
2 TrZ

p
3 TrZ

p
4 〉 ∝ G22pp(z, z̄)

Regge limit = short distance limit on 2nd sheet
<latexit sha1_base64="QSQDFVcvP4D5zI759MBZcA1PDxw=">AAACI3icbVDLSgMxFM3UV62vUZdugkVwUcuMSBVBKOjCZQX7gE4td9K0Dc08mmSEdph/ceOvuHGhFDcu/BfTx8K2HggczjmXm3vckDOpLOvbSK2srq1vpDczW9s7u3vm/kFFBpEgtEwCHoiaC5Jy5tOyYorTWigoeC6nVbd3O/arz1RIFviPahDShgcdn7UZAaWlpnk9xDfYkazjAaZPsSO6QeLkcA47/X4ELey4IOJhMhc6m6aaZtbKWxPgZWLPSBbNUGqaI6cVkMijviIcpKzbVqgaMQjFCKdJxokkDYH0oEPrmvrgUdmIJzcm+EQrLdwOhH6+whP170QMnpQDz9VJD1RXLnpj8T+vHqn2VSNmfhgp6pPponbEsQrwuDDcYoISxQeaABFM/xWTLgggStea0SXYiycvk8p53i7kCw8X2eLdrI40OkLH6BTZ6BIV0T0qoTIi6AW9oQ/0abwa78bI+JpGU8Zs5hDNwfj5BRkDo2I=</latexit>

z = �e⇢ , z̄ = �e�⇢

<latexit sha1_base64="uJB6wEttp6k5dF4IG+24t9SCq5I=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6rKgC5cV7AOaUCbTSTp0HmFmotRQ/BU3LhRx63+482+ctllo64ELh3Pu5d57opRRbTzv21laXlldWy9tlDe3tnd23b39lpaZwqSJJZOqEyFNGBWkaahhpJMqgnjESDsaXk389j1RmkpxZ0YpCTlKBI0pRsZKPfcw0DThCAaKJgODlJIP0Ou5Fa/qTQEXiV+QCijQ6LlfQV/ijBNhMENad30vNWGOlKGYkXE5yDRJER6ihHQtFYgTHebT68fwxCp9GEtlSxg4VX9P5IhrPeKR7eTIDPS8NxH/87qZiS/DnIo0M0Tg2aI4Y9BIOIkC9qki2LCRJQgram+FeIAUwsYGVrYh+PMvL5LWWdWvVWu355X6dRFHCRyBY3AKfHAB6uAGNEATYPAInsEreHOenBfn3fmYtS45xcwB+APn8wcWopUC</latexit>

� ! 0

<latexit sha1_base64="b5QOWf1I7DyohQowFgdJ+t/HOsI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsmMwg==</latexit>
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<latexit sha1_base64="aiM2gAOfdYVRkZBGCmpHlMirXo8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vI4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfUWMwQ==</latexit>

0
<latexit sha1_base64="iBN8HaIkrao6KeQFnRKAwN3/oO8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+1tjQs=</latexit>z

2nd sheet

Factorization formula [Costa,Gonçalves,Penedones] 
[Costa,Drummond,Gonçalves,Penedones]

Here S = spin as function of scaling dimension <latexit sha1_base64="VohSnvAdX3I2lRZeNOl3KPvVdK8="></latexit>
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◆<latexit sha1_base64="hJpgr6mfcn913OIOMeEMV/4pJkE=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6EUImIPHCOYB2SXMTjrJkNnZdaY3EJZ8hxcPinj1Y7z5N04eB00saCiquunuChMpDLrut7O2vrG5tZ3bye/u7R8cFo6OGyZONYc6j2WsWyEzIIWCOgqU0Eo0sCiU0AyHd1O/OQJtRKwecZxAELG+Ej3BGVop8KsgkdFbKnyVdgpFt+TOQFeJtyBFskCtU/jyuzFPI1DIJTOm7bkJBhnTKLiESd5PDSSMD1kf2pYqFoEJstnRE3pulS7txdqWQjpTf09kLDJmHIW2M2I4MMveVPzPa6fYuwkyoZIUQfH5ol4qKcZ0mgDtCg0c5dgSxrWwt1I+YJpxtDnlbQje8surpHFZ8sql8sNVsVJdxJEjp+SMXBCPXJMKuSc1UiecPJFn8krenJHz4rw7H/PWNWcxc0L+wPn8AbxwkXQ=</latexit>

� = i⌫

Spin is naturally small in this regime!

Remark appearance of scale       
<latexit sha1_base64="npSkDN3EsvTAulzUcP+iig7Ctds=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQsqMSHUjFHThsoJ9QGcomUymDU0yY5IRy9CdG3/FjQtF3PoL7vwb03YW2nogcDjnHm7uCRJGlXacb6uwsLi0vFJcLa2tb2xu2ds7TRWnEpMGjlks2wFShFFBGppqRtqJJIgHjLSCweXYb90TqWgsbvUwIT5HPUEjipE2Utfe9x4ovICeupM685gJhmjkHUOj0B5HXbvsVJwJ4Dxxc1IGOepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnmpIgnCA9QjHUMF4kT52eSOETw0SgijWJonNJyovxMZ4koNeWAmOdJ9NeuNxf+8Tqqjcz+jIkk1EXi6KEoZ1DEclwJDKgnWbGgIwpKav0LcRxJhbaormRLc2ZPnSfOk4lYr1ZvTcu0qr6MI9sABOAIuOAM1cA3qoAEweATP4BW8WU/Wi/VufUxHC1ae2QV/YH3+ANZZmK4=</latexit>

ξ =
p
λσ

Pomeron dominates when 
<latexit sha1_base64="XNbzGr5iznlAxiBJ04vmEQlq7Y8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0W9OCxgv2Q7lKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8fXM7zxSpVks780koYHAQ8kiRrCx0oP/xJDPOfL65YpbdedAq8TLSQVyNPvlL38Qk1RQaQjHWvc8NzFBhpVhhNNpyU81TTAZ4yHtWSqxoDrI5gdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpSa6CjImk9RQSRaLopQjE6PZ92jAFCWGTyzBRDF7KyIjrDAxNqOSDcFbfnmVtC+qXq1au7usNG7yOIpwAqdwDh7UoQG30IQWEBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AMeaj8M=</latexit>

⇠ ! 1 otherwise all trajectories contribute



Outlook

Small spin hexagon provides valuable data for fixing structure constants at strong coupling

Hard to be rigorous here - a polynomial ansatz is needed to relate this data to string theory

Polynomiality also proved useful for studying structure constants of sub-leading trajectories 
[Julius,Sokolova]

Interesting to understand general structure at strong coupling for all these 
trajectories and if connections to hexagon representation can be established

Hexagons are useful tools to explore structure constants in various 
regimes as well as the connections with QSC in SYM and fishnet theory

Re-summation techniques must be designed to perform mirror sums


