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This talk is mainly based on:

• M. Billo, M. Frau, A. L., A. Pini, P. Vallarino, “Strong coupling expansions in N=2
quiver gauge theories”, JHEP 01 (2023) 119, arXiv:2211.11795

• M. Billo, M. Frau, A. L., A. Pini, P. Vallarino, “Localization vs holography in 4d
N=2 quiver theories”, JHEP 10 (2022) 020, arXiv:2207.08846

• M. Billo, M. Frau, A. L., A. Pini, P. Vallarino, “Structure Constants in N=2
Superconformal Quiver Theories at Strong Coupling and Holography”, Phys.
Rev. Lett. 129 (2022) 031602, arXiv:2206.13582

but it builds on a very vast literature …
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The analysis of the strong-coupling regime in an interacting theory is a very
difficult problem but, when there is a high amount of symmetry, significant
progress can be made.

This is the case of SYM where several exact results have been obtained
over the years, especially in the planar limit:

They include:
• 2- and 3-point functions of protected scalar operators
• v.e.v. of BPS circular Wilson-loop
• cusp anomalous dimension
• Brehmsstrahlung function
• integrated 4-point functions of superconformal primaries
• “octagon” form factors in 4-point functions of very heavy scalar operators
• …

The main tools that are used are:
integrability, localization and holography.

Introduction
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• SYM is the “simplest” gauge theory

• It is a superconformal theory and possess a holographic dual ( )

• Field content in language :
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• SYM is the “simplest” gauge theory

• It is a superconformal theory and possess a holographic dual ( )

• Field content in language :

• Simplest observables:

• Chiral operators

• Wilson loop
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• 2-point functions

• 3-point functions

• In the ‘t Hooft planar limit the structure constants

are independent of the coupling. Lee, Minwalla, Rangamani, Seiberg, 1998

<latexit sha1_base64="POQCnnWm1RhOWrsIo/QxP7di1nI="></latexit>⌦
On(x)On(y)

↵
=

Gn

|x� y|2n

<latexit sha1_base64="4C8fyJJYt8Kzhz5+CA+nGLAJjl4="></latexit>⌦
On1(x)On2(y)On3(z)

↵
=

Gn1,n2,n3

|x� z|2n1 |y � z|2n2

<latexit sha1_base64="BxK/tEHpzDOnoEQ2JLry9GXKTYQ="></latexit>

Cn1,n2,n3 =
Gn1,n2,n3p

Gn1

p
Gn2

p
Gn3

=

p
n1 n2 n3

N

<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="j/K8oKv/CmPiy3AM897jrZXAlgg=">AAAB+HicdVC7TsNAEDyHVwivACXNiQiJyrITk0cXiYYySOQhJVF0vmzCkfPZulsjhSj/QAsVHaLlbyj4FxwTJEAw1WhmVzs7fiSFQcd5szIrq2vrG9nN3Nb2zu5efv+gZcJYc2jyUIa64zMDUihookAJnUgDC3wJbX9yvvDbt6CNCNUVTiPoB2ysxEhwhonU6gk1wukgX3Bsp1Yu1qrUsYvumVMuJ8RzS6WKR13bSVEgSzQG+ffeMORxAAq5ZMZ0XSfC/oxpFFzCPNeLDUSMT9gYuglVLADTn6Vp5/QkNgxDGoGmQtJUhO8bMxYYMw38ZDJgeG1+ewvxL68b46janwkVxQiKLw6hkJAeMlyLpAagQ6EBkS2SAxWKcqYZImhBGeeJGCe95JI+vp6m/5NW0XbLtnfpFerespksOSLH5JS4pELq5II0SJNwckPuyQN5tO6sJ+vZevkczVjLnUPyA9brB+mMlAg=</latexit>1<latexit sha1_base64="oZRGB5HRmjhqOHsU2zTav+rzmas=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJmFdYEbiRePkIiQwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xQUxUaN1qlR1p6srSJQ0yNiblVtb39jcym8Xdnb39g+Kh0c3Jk61gLaIVay7ATegZARtlKigm2jgYaCgE0wuF37nDrSRcXSN0wT8kI8jOZKCYya12KBYYjare+V6jTK77Fwwz8uI61QqVZc6NluiRFZoDorv/WEs0hAiFIob03NYgv6Ma5RCwbzQTw0kXEz4GHoZjXgIxp8tg87pWWo4xjQBTaWiSxG+b8x4aMw0DLLJkOOt+e0txL+8Xoqjmj+TUZIiRGJxCKWC5SEjtMwaADqUGhD5IjlQGVHBNUcELSkXIhPTrJJC1sfX0/R/clO2Hc92W26p4a6ayZMTckrOiUOqpEGuSJO0iSBA7skDebRS68l6tl4+R3PWaueY/ID1+gGGjZGA</latexit>

0
weak coupling strong coupling

SYM perturbation 
theory

(Feynman diagrams)

AdS/CFT 
correspondence

(Witten diagrams)

<latexit sha1_base64="w7/dWo2DEWD9KsY4rEbMxtsRAKw="></latexit>

Cn1,n2,n3 =

p
n1 n2 n3

N



A less simple example is given by the v.e.v. of the circular Wilson loop for 
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<latexit sha1_base64="ax9uVcCzPBmneCGhrLC0T/s3GZI=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIneGqCWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrW9YbXm1t0cfJV4BamxAq1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0q6F3Xvst5oN2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxaYkTU=</latexit>

1
<latexit sha1_base64="q3a/l5OnBMB0vu4d0srlgdROXfY=">AAAB83icbVDLSsNAFJ3UV62vqks3g0UQhJJIUZcFNy5bsA9oQ5lMb+vQySTM3BFK6Be41ZU7cesHufBfTGIW2npWh3Pu5Z57glgKg6776ZTW1jc2t8rblZ3dvf2D6uFR10RWc+jwSEa6HzADUijooEAJ/VgDCwMJvWB2m/m9R9BGROoe5zH4IZsqMRGcYSq1L0bVmlt3c9BV4hWkRgq0RtWv4TjiNgSFXDJjBp4bo58wjYJLWFSG1kDM+IxNYZBSxUIwfpIHXdAzaxhGNAZNhaS5CL83EhYaMw+DdDJk+GCWvUz8zxtYnNz4iVCxRVA8O4RCQn7IcC3SBoCOhQZEliUHKhTlTDNE0IIyzlPRppVU0j685e9XSfey7l3VG+1GrdkomimTE3JKzolHrkmT3JEW6RBOgDyRZ/LiWOfVeXPef0ZLTrFzTP7A+fgGDT6RLw==</latexit>

+
<latexit sha1_base64="q3a/l5OnBMB0vu4d0srlgdROXfY=">AAAB83icbVDLSsNAFJ3UV62vqks3g0UQhJJIUZcFNy5bsA9oQ5lMb+vQySTM3BFK6Be41ZU7cesHufBfTGIW2npWh3Pu5Z57glgKg6776ZTW1jc2t8rblZ3dvf2D6uFR10RWc+jwSEa6HzADUijooEAJ/VgDCwMJvWB2m/m9R9BGROoe5zH4IZsqMRGcYSq1L0bVmlt3c9BV4hWkRgq0RtWv4TjiNgSFXDJjBp4bo58wjYJLWFSG1kDM+IxNYZBSxUIwfpIHXdAzaxhGNAZNhaS5CL83EhYaMw+DdDJk+GCWvUz8zxtYnNz4iVCxRVA8O4RCQn7IcC3SBoCOhQZEliUHKhTlTDNE0IIyzlPRppVU0j685e9XSfey7l3VG+1GrdkomimTE3JKzolHrkmT3JEW6RBOgDyRZ/LiWOfVeXPef0ZLTrFzTP7A+fgGDT6RLw==</latexit>

+
<latexit sha1_base64="o08gHPZfja/VITWRqj0cphtDa/c=">AAAB+XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0WvHisYD+gLWWzndalm03YnQgl9Ed41ZM38eqv8eB/MYk5aPWdHu/NMG+eHylpyXU/nNLK6tr6RnmzsrW9s7tX3T/o2DA2AtsiVKHp+dyikhrbJElhLzLIA19h159dZ373AY2Vob6jeYTDgE+1nEjBKZW6ZwMxDsmOqjW37uZgf4lXkBoUaI2qn4NxKOIANQnFre17bkTDhBuSQuGiMogtRlzM+BT7KdU8QDtM8rgLdhJbTiGL0DCpWC7iz42EB9bOAz+dDDjd22UvE//z+jFNroaJ1FFMqEV2iKTC/JAVRqY9IBtLg0Q8S45Maia44URoJONCpGKcFlNJ+/CWv/9LOud176LeuG3Umo2imTIcwTGcggeX0IQbaEEbBMzgEZ7g2UmcF+fVefseLTnFziH8gvP+Bcyhk+Q=</latexit>

+ · · ·

Erickson, Semenoff, Zarembo, 2000
Maldacena, 1998

Erickson, Semenoff, Zarembo, 2000;
Drukker, Gross, 2000; …

<latexit sha1_base64="/IxjZZYZqafVBjdI67Pi9/5nCMc="></latexit>
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As mentioned above, there are many other examples of exact results in SYM
<latexit sha1_base64="RD0zZ1nFMzyH82JyJDL0Jc18ryA=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBA8LbubxcdBCHjxJApGA8kSeicdHZx9ONMryJKDX+FVT97Eq5/iwX9xN0ZQ0ToVVd10dYWpkoYc582amJyanpmtzFXnFxaXlmsrq2cmybTAlkhUotshGFQyxhZJUthONUIUKjwPrw5K//wGtZFJfEq3KQYRXMRyIAVQIQXdCOhSgMqPhvt+r1Z3bGdvu+HscMf2XK/huQXx3Ybv7XLXdkaoszGOe7X3bj8RWYQxCQXGdFwnpSAHTVIoHFa7mcEUxBVcYKegMURognwUesg3MwOU8BQ1l4qPRPy+kUNkzG0UFpNlSPPbK8W/vE5Gg90gl3GaEcaiPERS4eiQEVoWbSDvS41EUCZHLmMuQAMRaslBiELMinqqRR9fT/P/yZlnu9u2f+LXm/64mQpbZxtsi7lshzXZITtmLSbYNbtnD+zRurOerGfr5XN0whrvrLEfsF4/AKmYlqM=</latexit>

N = 4

Finding exact results in non-maximally supersymmetric theories
like                theories is more challenging!                

<latexit sha1_base64="Wl+Ujz7855raLbbXvmP4ZUBzZOs=">AAAB/3icdVA9SwNBEN3z2/gVtbRZDILVcTnPJBaCYGMlEUwMJIfMrWNc3Ptwd04IRwp/ha1WdmLrT7Hwv3gXI6joqx7vzTBvXpAoachx3qyJyanpmdm5+dLC4tLySnl1rW3iVAtsiVjFuhOAQSUjbJEkhZ1EI4SBwrPg+rDwz25RGxlHpzRI0A+hH8lLKYByye+FQFcCVHY83HfPyxXH3mvU3F2XO7bj1N2dWkHcuufu8GquFKiwMZrn5ffeRSzSECMSCozpVp2E/Aw0SaFwWOqlBhMQ19DHbk4jCNH42Sj0kG+lBijmCWouFR+J+H0jg9CYQRjkk0VI89srxL+8bkqXDT+TUZISRqI4RFLh6JARWuZtIL+QGomgSI5cRlyABiLUkoMQuZjm9ZTyPr6e5v+TtmtXa7Z34lUOvHEzc2yDbbJtVmV1dsCOWJO1mGA37J49sEfrznqynq2Xz9EJa7yzzn7Aev0AtdOWqw==</latexit>

N = 2

In the following I will discuss a class of conformal theories in 4d

• where one can find exact results, that are valid for all values of the
coupling constant

• where one can test the AdS/CFT holographic correspondence in a non-
maximally supersymmetric context

<latexit sha1_base64="Wl+Ujz7855raLbbXvmP4ZUBzZOs=">AAAB/3icdVA9SwNBEN3z2/gVtbRZDILVcTnPJBaCYGMlEUwMJIfMrWNc3Ptwd04IRwp/ha1WdmLrT7Hwv3gXI6joqx7vzTBvXpAoachx3qyJyanpmdm5+dLC4tLySnl1rW3iVAtsiVjFuhOAQSUjbJEkhZ1EI4SBwrPg+rDwz25RGxlHpzRI0A+hH8lLKYByye+FQFcCVHY83HfPyxXH3mvU3F2XO7bj1N2dWkHcuufu8GquFKiwMZrn5ffeRSzSECMSCozpVp2E/Aw0SaFwWOqlBhMQ19DHbk4jCNH42Sj0kG+lBijmCWouFR+J+H0jg9CYQRjkk0VI89srxL+8bkqXDT+TUZISRqI4RFLh6JARWuZtIL+QGomgSI5cRlyABiLUkoMQuZjm9ZTyPr6e5v+TtmtXa7Z34lUOvHEzc2yDbbJtVmV1dsCOWJO1mGA37J49sEfrznqynq2Xz9EJa7yzzn7Aev0AtdOWqw==</latexit>

N = 2

quiver gauge theories 
<latexit sha1_base64="Wl+Ujz7855raLbbXvmP4ZUBzZOs=">AAAB/3icdVA9SwNBEN3z2/gVtbRZDILVcTnPJBaCYGMlEUwMJIfMrWNc3Ptwd04IRwp/ha1WdmLrT7Hwv3gXI6joqx7vzTBvXpAoachx3qyJyanpmdm5+dLC4tLySnl1rW3iVAtsiVjFuhOAQSUjbJEkhZ1EI4SBwrPg+rDwz25RGxlHpzRI0A+hH8lLKYByye+FQFcCVHY83HfPyxXH3mvU3F2XO7bj1N2dWkHcuufu8GquFKiwMZrn5ffeRSzSECMSCozpVp2E/Aw0SaFwWOqlBhMQ19DHbk4jCNH42Sj0kG+lBijmCWouFR+J+H0jg9CYQRjkk0VI89srxL+8bkqXDT+TUZISRqI4RFLh6JARWuZtIL+QGomgSI5cRlyABiLUkoMQuZjm9ZTyPr6e5v+TtmtXa7Z34lUOvHEzc2yDbbJtVmV1dsCOWJO1mGA37J49sEfrznqynq2Xz9EJa7yzzn7Aev0AtdOWqw==</latexit>

N = 2
<latexit sha1_base64="MvAaNfcu/ANys/vKMRuZOCt9Pms="></latexit>

SU(N)⇥ SU(N)⇥ · · ·⇥ SU(N)

<latexit sha1_base64="m6xhly8PM8HUC3hnksVFWVLbxi0=">AAAB+XicdVDLSsNAFJ3UV62vqks3g0VwFZK0tnVXcKO7CvYBTSiT6W0dOnkwcyOU0I9wqyt34tavceG/mNQKKnpWh3Pu5Z57/FgKjZb1ZhRWVtfWN4qbpa3tnd298v5BV0eJ4tDhkYxU32capAihgwIl9GMFLPAl9PzpRe737kBpEYU3OIvBC9gkFGPBGWZSz/XFZOKmw3LFMs+bdefMoZZpWQ2nWs+J06g5VWpnSo4KWaI9LL+7o4gnAYTIJdN6YFsxeilTKLiEeclNNMSMT9kEBhkNWQDaSxdx5/Qk0QwjGoOiQtKFCN83UhZoPQv8bDJgeKt/e7n4lzdIcNz0UhHGCULI80MoJCwOaa5E1gPQkVCAyPLkQEVIOVMMEZSgjPNMTLJiSlkfX0/T/0nXMe26WbuuVVpXy2aK5Igck1NikwZpkUvSJh3CyZTckwfyaKTGk/FsvHyOFozlziH5AeP1A3hrlGU=</latexit> ⇢

<latexit sha1_base64="RhJApeWWseJSC3q/JmxKdWxbB3g=">AAACBHicdVC7TgJBFJ3FF+Jr1dJmIjGxIsuCgB2JjY0JJiIkQMjscMEJs4/M3CUhGyz9Clut7Iyt/2HhvziLmKjRU52ce2/OuceLpNDoOG9WZml5ZXUtu57b2Nza3rF39651GCsOTR7KULU9pkGKAJooUEI7UsB8T0LLG5+l89YElBZhcIXTCHo+GwViKDhDI/Vt++K26zO8UX6Cwgc969t5p3Baq7gnLnUKjlN1S5WUuNWyW6JFo6TIkwUaffu9Owh57EOAXDKtO0Unwl7CFAouYZbrxhoixsdsBB1DA2Zcesk8+YwexZphSCNQVEg6F+H7RcJ8rae+ZzbTlPr3LBX/mnViHNZ6iQiiGCHgqREKCXMjzZUwlQAdCAWILE0OVASUM8UQQQnKODdibDrKmT6+nqb/k2u3UKwUypflfL28aCZLDsghOSZFUiV1ck4apEk4mZB78kAerTvryXq2Xj5XM9biZp/8gPX6AZsGmNk=</latexit>

M times

For simplicity in this talk I will consider the case 
<latexit sha1_base64="9u4s1ZKIvpnE1tly1h7W+2hYyIw=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgadkNax4HIeDFixDRPCAJYXbSiUNmH8z0KmHJJ3jVkzfx6vd48F/cXSOoaJ2Kqm66utxQCo2W9WbklpZXVtfy64WNza3tneLuXlsHkeLQ4oEMVNdlGqTwoYUCJXRDBcxzJXTc6Vnqd25BaRH41zgLYeCxiS/GgjNMpKuL0/KwWLJMq+7U7DK1zLJ9UqtbCXHsqlOpUtu0MpTIAs1h8b0/CnjkgY9cMq17thXiIGYKBZcwL/QjDSHjUzaBXkJ95oEexFnUOT2KNMOAhqCokDQT4ftGzDytZ56bTHoMb/RvLxX/8noRjmuDWPhhhODz9BAKCdkhzZVIOgA6EgoQWZocqPApZ4ohghKUcZ6IUVJKIenj62n6P2mXTbtiOpdOqeEsmsmTA3JIjolNqqRBzkmTtAgnE3JPHsijcWc8Gc/Gy+dozljs7JMfMF4/AK4CkiI=</latexit>

M = 2



It is the “next-to-simplest” 4d gauge theory after SYM

It arises as a orbifold of SYM

It admits a simple string theory realization in terms of fractional D3-branes

It is usually represented by the 2-node quiver diagram N N

I = 0 I = 1

1

<latexit sha1_base64="rTXj8e+2G06QaQ9NefMix+Gk7e4=">AAAB/3icdVA9SwNBEN2L3/ErammzGASrYy8eRgtBsLESBaNCcsjcOolL9j7cnRPkSOGvsNXKTmz9KRb+F+9iBBV91eO9GebNC1OtLAnx5lTGxicmp6ZnqrNz8wuLtaXlU5tkRmJLJjox5yFY1CrGFinSeJ4ahCjUeBb290v/7AaNVUl8QrcpBhH0YtVVEqiQgk4EdCVB54eDXf+iVheu2PG3N5tcuA1vqyFK4nubjabgniuGqLMRji5q753LRGYRxiQ1WNv2REpBDoaU1DiodjKLKcg+9LBd0BgitEE+DD3g65kFSniKhivNhyJ+38ghsvY2CovJMqT97ZXiX147o+52kKs4zQhjWR4ipXF4yEqjijaQXyqDRFAmR65iLsEAERrFQcpCzIp6qkUfX0/z/8lpw/W2XP/Yr+/5o2am2SpbYxvMY022xw7YEWsxya7ZPXtgj86d8+Q8Oy+foxVntLPCfsB5/QC145ar</latexit>

N = 4
<latexit sha1_base64="rTXj8e+2G06QaQ9NefMix+Gk7e4=">AAAB/3icdVA9SwNBEN2L3/ErammzGASrYy8eRgtBsLESBaNCcsjcOolL9j7cnRPkSOGvsNXKTmz9KRb+F+9iBBV91eO9GebNC1OtLAnx5lTGxicmp6ZnqrNz8wuLtaXlU5tkRmJLJjox5yFY1CrGFinSeJ4ahCjUeBb290v/7AaNVUl8QrcpBhH0YtVVEqiQgk4EdCVB54eDXf+iVheu2PG3N5tcuA1vqyFK4nubjabgniuGqLMRji5q753LRGYRxiQ1WNv2REpBDoaU1DiodjKLKcg+9LBd0BgitEE+DD3g65kFSniKhivNhyJ+38ghsvY2CovJMqT97ZXiX147o+52kKs4zQhjWR4ipXF4yEqjijaQXyqDRFAmR65iLsEAERrFQcpCzIp6qkUfX0/z/8lpw/W2XP/Yr+/5o2am2SpbYxvMY022xw7YEWsxya7ZPXtgj86d8+Q8Oy+foxVntLPCfsB5/QC145ar</latexit>

N = 4
<latexit sha1_base64="reyLaZmKMo0tryKlPh843gK/A5w=">AAAB/nicdVDLSsNAFJ3UV62vqks3g0VwFdIY27oruHFZwT6wCWUyva1DJw9mboQSCn6FW125E7f+igv/xaRWUNGzOpxzL/fc48dSaLSsN6OwtLyyulZcL21sbm3vlHf3OjpKFIc2j2Skej7TIEUIbRQooRcrYIEvoetPznO/ewtKiyi8wmkMXsDGoRgJzjCTXDdgeOP76fVsYA/KFcs8a9TsU5tapmXV7ZNaTuy6Y5/QaqbkqJAFWoPyuzuMeBJAiFwyrftVK0YvZQoFlzAruYmGmPEJG0M/oyELQHvpPPOMHiWaYURjUFRIOhfh+0bKAq2ngZ9N5hn1by8X//L6CY4aXirCOEEIeX4IhYT5Ic2VyMoAOhQKEFmeHKgIKWeKIYISlHGeiUnWTinr4+tp+j/p2Ga1ZjqXTqXpLJopkgNySI5JldRJk1yQFmkTTmJyTx7Io3FnPBnPxsvnaMFY7OyTHzBePwAri5Zj</latexit>

Z2

SYM
<latexit sha1_base64="pkMCR6LJMwYM5KHFJHTi7kPwbFU=">AAACA3icdVC7TgJBFJ3FF+ID1NJmIjHBZjMLKJQkNlYGozwSIGR2uODE2Udm7pqQDaVfYauVnbH1Qyz8F3cREzV6qpNz7s0997ihkgYZe7MyS8srq2vZ9dzG5tZ2vrCz2zZBpAW0RKAC3XW5ASV9aKFEBd1QA/dcBR335jT1O7egjQz8K5yGMPD4xJdjKTgm0rCQ73scr7UXX7ZmpfL50bBQZLbDWK12TJlddspOvZKQqlOpshp1bDZHkSzQHBbe+6NARB74KBQ3puewEAcx1yiFglmuHxkIubjhE+gl1OcemEE8Dz6jh5HhGNAQNJWKzkX4vhFzz5ip5yaTaUzz20vFv7xehOP6IJZ+GCH4Ij2EUsH8kBFaJo0AHUkNiDxNDlT6VHDNEUFLyoVIxCipKJf08fU0/Z+0y7ZzYlcvqsUGWzSTJfvkgJSIQ2qkQc5Ik7SIIBG5Jw/k0bqznqxn6+VzNGMtdvbID1ivHxaBl0s=</latexit>

SU(2N)

<latexit sha1_base64="f/60o1Wo4GqtxKvqk8+rVpaE3Pg=">AAAB/3icdVA9SwNBEN3z2/gVtbRZDILVsRdPYyMINlaiYDSQHGFuM9HFvQ935wQ5UvgrbLWyE1t/ioX/xbsYQUVf9XhvhnnzwlQrS0K8OWPjE5NT0zOzlbn5hcWl6vLKmU0yI7EpE52YVggWtYqxSYo0tlKDEIUaz8Org9I/v0FjVRKf0m2KQQQXseorCVRIQScCupSg86PBnt+t1oTrCdFobHPh1r26t7tVEN/b8kWDe64YosZGOO5W3zu9RGYRxiQ1WNv2REpBDoaU1DiodDKLKcgruMB2QWOI0Ab5MPSAb2QWKOEpGq40H4r4fSOHyNrbKCwmy5D2t1eKf3ntjPq7Qa7iNCOMZXmIlMbhISuNKtpA3lMGiaBMjlzFXIIBIjSKg5SFmBX1VIo+vp7m/5OzuuvtuP6JX9sXo2Zm2BpbZ5vMYw22zw7ZMWsyya7ZPXtgj86d8+Q8Oy+fo2POaGeV/YDz+gGlOpad</latexit>

N = 4
<latexit sha1_base64="S2B7m/f3BzRBqyCAHUEYSOa3B9k=">AAACA3icdVA9SwNBEN2L3/ErammzGASrYy+JxsIiYGOpYD4gCWFuHeOSvb1jd06RkNJfYauVndj6Qyz8L15iBBV91eO9GebNCxOtHAnx5uVmZufmFxaX8ssrq2vrhY3NhotTK7EuYx3bVggOtTJYJ0UaW4lFiEKNzXBwPPab12idis053SbYjaBv1KWSQJnUK6x3dGz6VvWvCKyNb3qFovADIarVfS78UlAKDssZqQTliqjywBcTFNkUp73Ce+cilmmEhqQG59qBSKg7BEtKahzlO6nDBOQA+tjOqIEIXXc4CT7iu6kDinmClivNJyJ+3xhC5NxtFGaTEdCV++2Nxb+8dkqXh92hMklKaOT4ECmNk0NOWpU1gvxCWSSCcXLkynAJFojQKg5SZmKaVZTP+vh6mv9PGiU/OPArZ5Vi7WjazCLbZjtsjwWsymrshJ2yOpMsZffsgT16d96T9+y9fI7mvOnOFvsB7/UDqWiYVg==</latexit>�!

<latexit sha1_base64="WSgbqxvvOV9Mm2p3BBYn8VzvJE4=">AAAB/3icdVA9SwNBEN3z2/gVtbRZDILVsZdEYyMINlYSwRghOWRuM9Elex/uzglypPBX2GplJ7b+FAv/i3cxgoq+6vHeDPPmBYlWloR4cyYmp6ZnZufmSwuLS8sr5dW1MxunRmJLxjo25wFY1CrCFinSeJ4YhDDQ2A4Gh4XfvkFjVRyd0m2CfgiXkeorCZRLfjcEupKgs+PhfvWiXBGuJ0SjscOFW/Wq3l4tJ3WvVhcN7rlihAobo3lRfu/2YpmGGJHUYG3HEwn5GRhSUuOw1E0tJiAHcImdnEYQovWzUegh30otUMwTNFxpPhLx+0YGobW3YZBPFiHtb68Q//I6KfX3/ExFSUoYyeIQKY2jQ1YalbeBvKcMEkGRHLmKuAQDRGgUBylzMc3rKeV9fD3N/ydnVdfbdesn9cqBGDczxzbYJttmHmuwA3bEmqzFJLtm9+yBPTp3zpPz7Lx8jk4445119gPO6weiHJab</latexit>

N = 2 SYM
<latexit sha1_base64="azZSAqNNDr65uFnxSnrcpXP79+Y=">AAACAHicdVC7TgJBFJ31ifhCLW0mEhNsNrOAQkliY2UwyiMBJLPDBSfMPjJz14RsaPwKW63sjK1/YuG/uIuYqNFTnZxzb+65xw2VNMjYm7WwuLS8sppZy65vbG5t53Z2myaItICGCFSg2y43oKQPDZSooB1q4J6roOWOT1O/dQvayMC/wkkIPY+PfDmUgmMiXXc9jjfaiy8b08L5UT+XZ7bDWKVyTJlddIpOtZSQslMqswp1bDZDnsxR7+feu4NARB74KBQ3puOwEHsx1yiFgmm2GxkIuRjzEXQS6nMPTC+epZ7Sw8hwDGgImkpFZyJ834i5Z8zEc5PJNKX57aXiX14nwmG1F0s/jBB8kR5CqWB2yAgtkzqADqQGRJ4mByp9KrjmiKAl5UIkYpT0k036+Hqa/k+aRds5scsX5XyNzZvJkH1yQArEIRVSI2ekThpEEE3uyQN5tO6sJ+vZevkcXbDmO3vkB6zXDyVglt4=</latexit>

SU(N)
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• gauge group:

• in each node:

• between nodes: hyper-multiplets in the bi-fundamental

• Local operators:

N N
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• We are interested in studying the 2- and 3-point functions and the
corresponding structure constants in the planar limit:

• The coefficients are non-trivial functions of and

• How can we compute these functions?
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• At weak coupling one could use standard Feynman diagrams:

• at tree level ( )

• at loop level

• This is doable at the first orders, but with a lot of effort!
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• A much more efficient way to compute these correlators is through

localization
which for a theory on a compact manifold (like a 4-sphere) reduces path   
integrals to finite dimensional integrals in a 

matrix model 

• This method applies to the partition function, the v.e.v. of circular Wilson 
loops, and the chiral/anti-chiral correlators

Localization

Pestun, 2007

Baggio, Niarchos, Papadodimas, 2014, 2015;
Gerchkovitz, Gomis, Ishtiaque et al, 2016;
Rodriguez-Gomez, Russo, 2016; …
Billo, Fucito, A.L. , Morales, Stanev, Wen, 2017;  …
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Matrix model

Quiver theory
on    
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• For our quiver theory the matrix model contains two Hermitian
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• The partition function is
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Since , one may think that :

However, do not have self-contractions, while do. So the right map
is through normal-ordering

Thus

and similarly for the 3-point functions. Everything is reduced to a calculation of
v.e.v’s in the interacting matrix model.

Matrix model

<latexit sha1_base64="2Up/uNtYskRAOzQLYt2hg0LvNH8="></latexit>

�I(x) �! aI

Quiver theory
on    

<latexit sha1_base64="LBSeKh3zDkZfkla3LeyUuetwxlU=">AAAB/nicdVDLSsNAFJ3UV62vqks3g0VwFZISa90V3LisYh/Q1DKZ3tahkwczN0IJBb/Cra7ciVt/xYX/YpJWUNGzOpxzL/fc40VSaLSsd6OwtLyyulZcL21sbm3vlHf32jqMFYcWD2Wouh7TIEUALRQooRspYL4noeNNzjO/cwdKizC4xmkEfZ+NAzESnGEqua7P8NbzkqvZjTMoVyzTOnNsu04ts2qf1Oq1lDhzYptWjgpZoDkof7jDkMc+BMgl07pnWxH2E6ZQcAmzkhtriBifsDH0UhowH3Q/yTPP6FGsGYY0AkWFpLkI3zcS5ms99b10Msuof3uZ+JfXi3FU7yciiGKEgGeHUEjID2muRFoG0KFQgMiy5EBFQDlTDBGUoIzzVIzTdkppH19P0/9Ju2raNdO5dCoNZ9FMkRyQQ3JMbHJKGuSCNEmLcBKRB/JInox749l4MV7nowVjsbNPfsB4+wQy/5Zp</latexit>

R4

Quiver theory
on    

<latexit sha1_base64="F9EO4xL0NsLvXffsS8Tmh2SwFl8=">AAAB/nicdVDLSsNAFJ3UV62vqks3g0VwFZISa90V3LisaB/Q1DKZ3tahkwczN0IJBb/Cra7ciVt/xYX/YpJWUNGzOpxzL/fc40VSaLSsd6OwtLyyulZcL21sbm3vlHf32jqMFYcWD2Wouh7TIEUALRQooRspYL4noeNNzjO/cwdKizC4xmkEfZ+NAzESnGEqua7P8NbzkqvZjTMoVyzTOnNsu04ts2qf1Oq1lDhzYptWjgpZoDkof7jDkMc+BMgl07pnWxH2E6ZQcAmzkhtriBifsDH0UhowH3Q/yTPP6FGsGYY0AkWFpLkI3zcS5ms99b10Msuof3uZ+JfXi3FU7yciiGKEgGeHUEjID2muRFoG0KFQgMiy5EBFQDlTDBGUoIzzVIzTdkppH19P0/9Ju2raNdO5dCoNZ9FMkRyQQ3JMbHJKGuSCNEmLcBKRB/JInox749l4MV7nowVjsbNPfsB4+wQ0kZZq</latexit>

S4
Matrix
model

conformal map localization

<latexit sha1_base64="fs8WN95T0E3AVL864RklRzZmyJM="></latexit>

O
±
k (x) =

1
p
2

⇣
tr�0(x)

k
± tr�1(x)

k
⌘

�!
1
p
2

⇣
tr ak0 ± tr ak1

⌘
⌘ A±

k

<latexit sha1_base64="HLfETfiFgmbE4WHz32VGUtRKZQ0="></latexit>

O
±
k (x)

<latexit sha1_base64="9CHAUjhsqKtnDpL+UNeqhQnHY+8="></latexit>

A±
k

<latexit sha1_base64="MljY2Fe3NQPi9dBJhIhqYGetLsA="></latexit>

O
±
k (x) �! O

±
k = A

±
k =

X

`k

Mk` A
±
`

<latexit sha1_base64="0FPLFEX8mVxt4newVXNhebX1/ns="></latexit>⌦
O

±
k (x)O

±
k (y)

↵
=

Gk

|x� y|2
 !

⌦
O

±
k O

±
k

↵
= Gk



• In the free Gaussian model, in the planar limit, one finds

• Defining the normalized operators , one has

Preliminary step: the free matrix model     
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The interaction action of the quiver matrix model

can be rewritten as

where

or
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The interacting matrix model

This convolution of Bessel functions contains the exact dependence
on the coupling constant !

Beccaria, Billo, Galvagno, Hasan, A.L., 2020.



• The structure of the X matrix is

• Thus it is convenient to define  
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The X matrix



Now we can compute the 2-point functions. 

• For the untwisted operators we have

• For the twisted operators we have

Doing the contractions we find

The 2-point functions

This formula is 
exact in l
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• Doing the normal ordering                                                          we arrive at the 
final result

where                                and,  for example,

<latexit sha1_base64="ibPy/Q/luHVmfd5N9hZXuRJ5tsI="></latexit>

P
�
k �! O

�
k =

p
Gk P

�
k

The 2-point functions

<latexit sha1_base64="UxY3Cgcn/4fXpC3PPmywAmDkhBY="></latexit>

G
�
2n =

⌦
O

�
2n O

�
2n

↵
= G2n

det
�
1� Xeven

[n+1]

�

det
�
1� Xeven

[n]

�

G
�
2n+1 =

⌦
O

�
2n+1 O

�
2n+1

↵
= G2n+1

det
�
1� Xodd

[n+1]

�

det
�
1� Xodd

[n]

�

<latexit sha1_base64="iosKfO/F2ktHvFj8lvrzc24J9rA="></latexit>

Gk = k
⇣N
2

⌘k

<latexit sha1_base64="82N7eXM++1AknzIh7CaSNZG7JZU="></latexit>

Xeven
[2] =

0

BBB@

X2,2 X2,4 X2,6 · · ·
X4,2 X4,4 X4,6 · · ·
X6,2 X6,4 X6,6 · · ·
...

...
...

. . .

1

CCCA

<latexit sha1_base64="d75fN8ZkFM+gq+IM178jTrA4krA="></latexit>

Xodd
[3] =

0

BBB@

X3,3 X3,5 X3,7 · · ·
X5,3 X5,5 X5,7 · · ·
X7,3 X7,5 X7,7 · · ·
...

...
...

. . .

1

CCCA

These formulas are valid for any value of l
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• Using the small expansion of the Bessel functions, it is quite straightforward
to obtain the weak-coupling expansions. For example:

• The radius of convergence of these perturbative expansions is located at
. But they can be re-summed a la Padé and extended beyond that

limit.
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�

The 2-point functions

<latexit sha1_base64="m+O8NauvxyLJBxjS+IHVj/ItFHw="></latexit>

G�
2n+1 = G2n+1

det
�
1� Xodd

[n+1]

�

det
�
1� Xodd

[n]

�

<latexit sha1_base64="XAB5HLF37eOoQRZK/Q0ScFkulhw="></latexit>

G
�
3 =

3N3

8


1� 5 ⇣5

256⇡6
�
3 +

105 ⇣7
4096⇡8

�
4 � 1701 ⇣9

65536⇡10
�
5

+
⇣ 25 ⇣25
65536⇡12

+
12705 ⇣11
524288⇡12

⌘
�
6 + · · · + O(�160)

�



<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="j/K8oKv/CmPiy3AM897jrZXAlgg=">AAAB+HicdVC7TsNAEDyHVwivACXNiQiJyrITk0cXiYYySOQhJVF0vmzCkfPZulsjhSj/QAsVHaLlbyj4FxwTJEAw1WhmVzs7fiSFQcd5szIrq2vrG9nN3Nb2zu5efv+gZcJYc2jyUIa64zMDUihookAJnUgDC3wJbX9yvvDbt6CNCNUVTiPoB2ysxEhwhonU6gk1wukgX3Bsp1Yu1qrUsYvumVMuJ8RzS6WKR13bSVEgSzQG+ffeMORxAAq5ZMZ0XSfC/oxpFFzCPNeLDUSMT9gYuglVLADTn6Vp5/QkNgxDGoGmQtJUhO8bMxYYMw38ZDJgeG1+ewvxL68b46janwkVxQiKLw6hkJAeMlyLpAagQ6EBkS2SAxWKcqYZImhBGeeJGCe95JI+vp6m/5NW0XbLtnfpFerespksOSLH5JS4pELq5II0SJNwckPuyQN5tO6sJ+vZevkczVjLnUPyA9brB+mMlAg=</latexit>1<latexit sha1_base64="oZRGB5HRmjhqOHsU2zTav+rzmas=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJmFdYEbiRePkIiQwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xQUxUaN1qlR1p6srSJQ0yNiblVtb39jcym8Xdnb39g+Kh0c3Jk61gLaIVay7ATegZARtlKigm2jgYaCgE0wuF37nDrSRcXSN0wT8kI8jOZKCYya12KBYYjare+V6jTK77Fwwz8uI61QqVZc6NluiRFZoDorv/WEs0hAiFIob03NYgv6Ma5RCwbzQTw0kXEz4GHoZjXgIxp8tg87pWWo4xjQBTaWiSxG+b8x4aMw0DLLJkOOt+e0txL+8Xoqjmj+TUZIiRGJxCKWC5SEjtMwaADqUGhD5IjlQGVHBNUcELSkXIhPTrJJC1sfX0/R/clO2Hc92W26p4a6ayZMTckrOiUOqpEGuSJO0iSBA7skDebRS68l6tl4+R3PWaueY/ID1+gGGjZGA</latexit>

0

weak coupling strong coupling

• More interestingly, using the asymptotic behaviour of the Bessel functions for 
large we can derive analytically the strong-coupling expansions of the 2-
point functions. In particular one finds  

<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="Zt4fqLydh+1/xzn/qftp3q/0DOc="></latexit>

�!1

<latexit sha1_base64="/pFxYWDluDChos0HuS4Rw69NBOo="></latexit>

Xodd ⇠
�!1

� �

16⇡2

0

BBBBBBBBBBBB@

1 � 1p
15

0 0 0 0 · · ·
� 1p

15
1
3 � 2

3
p
35

0 0 0 · · ·
0 � 2

3
p
35

1
6 � 1

6
p
7

0 0 · · ·
0 0 � 1

6
p
7

1
10 � 2

15
p
11

0 · · ·
0 0 0 � 2

15
p
11

1
15 � 1

3
p
143

· · ·
0 0 0 0 � 1

3
p
143

1
21 · · ·

...
...

...
...

...
...

. . .

1

CCCCCCCCCCCCA

+ O(�0)

Beccaria, Dunne, Tseytlin, 2021;
Beccaria, Billo, Frau, A.L. , Pini, 2021 + … 

The 2-point functions

<latexit sha1_base64="m+O8NauvxyLJBxjS+IHVj/ItFHw="></latexit>

G�
2n+1 = G2n+1

det
�
1� Xodd

[n+1]

�

det
�
1� Xodd

[n]

�



<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="j/K8oKv/CmPiy3AM897jrZXAlgg=">AAAB+HicdVC7TsNAEDyHVwivACXNiQiJyrITk0cXiYYySOQhJVF0vmzCkfPZulsjhSj/QAsVHaLlbyj4FxwTJEAw1WhmVzs7fiSFQcd5szIrq2vrG9nN3Nb2zu5efv+gZcJYc2jyUIa64zMDUihookAJnUgDC3wJbX9yvvDbt6CNCNUVTiPoB2ysxEhwhonU6gk1wukgX3Bsp1Yu1qrUsYvumVMuJ8RzS6WKR13bSVEgSzQG+ffeMORxAAq5ZMZ0XSfC/oxpFFzCPNeLDUSMT9gYuglVLADTn6Vp5/QkNgxDGoGmQtJUhO8bMxYYMw38ZDJgeG1+ewvxL68b46janwkVxQiKLw6hkJAeMlyLpAagQ6EBkS2SAxWKcqYZImhBGeeJGCe95JI+vp6m/5NW0XbLtnfpFerespksOSLH5JS4pELq5II0SJNwckPuyQN5tO6sJ+vZevkczVjLnUPyA9brB+mMlAg=</latexit>1<latexit sha1_base64="oZRGB5HRmjhqOHsU2zTav+rzmas=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJmFdYEbiRePkIiQwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xQUxUaN1qlR1p6srSJQ0yNiblVtb39jcym8Xdnb39g+Kh0c3Jk61gLaIVay7ATegZARtlKigm2jgYaCgE0wuF37nDrSRcXSN0wT8kI8jOZKCYya12KBYYjare+V6jTK77Fwwz8uI61QqVZc6NluiRFZoDorv/WEs0hAiFIob03NYgv6Ma5RCwbzQTw0kXEz4GHoZjXgIxp8tg87pWWo4xjQBTaWiSxG+b8x4aMw0DLLJkOOt+e0txL+8Xoqjmj+TUZIiRGJxCKWC5SEjtMwaADqUGhD5IjlQGVHBNUcELSkXIhPTrJJC1sfX0/R/clO2Hc92W26p4a6ayZMTckrOiUOqpEGuSJO0iSBA7skDebRS68l6tl4+R3PWaueY/ID1+gGGjZGA</latexit>

0

weak coupling strong coupling

• More interestingly, using the asymptotic behaviour of the Bessel functions for 
large we can derive analytically the strong-coupling expansions of the 2-
point functions. In particular one finds  

• Heuristically

<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="Zt4fqLydh+1/xzn/qftp3q/0DOc="></latexit>

�!1

<latexit sha1_base64="sws0EqbofulCvkF5RLHXeZq+5+g="></latexit>

Xodd ⇠
�!1

�� S + O(�0)

<latexit sha1_base64="DSqAvUX2B08o19BPocRX81RK/eg="></latexit>

det (1� Xodd) ⇠
�!1

det(� S)
<latexit sha1_base64="FxDYYHx36QuNl20SxeMcY7Fzdxw=">AAACA3icdVA9SwNBEN3zM8avqKXNYhCsjrvjjLETbCwsIhgVkhDm1jEu7u0du3NKCJb+Clut7MTWH2Lhf3ETI6joqx7vzTBvXpIraSkI3ryJyanpmdnSXHl+YXFpubKyemKzwghsikxl5iwBi0pqbJIkhWe5QUgThafJ1f7QP71GY2Wmj6mfYyeFnpYXUgA5qVtZbh9mumdk75LAmOymW6kGfrBbi2q7PPCjMK5HkSNxuLPtlNAPRqiyMRrdynv7PBNFipqEAmtbYZBTZwCGpFB4W24XFnMQV9DDlqMaUrSdwSj4Ld8sLFDGczRcKj4S8fvGAFJr+2niJlOgS/vbG4p/ea2CLuqdgdR5QajF8BBJhaNDVhjpGkF+Lg0SwTA5cqm5AANEaCQHIZxYuIrKro+vp/n/5CTyw5ofH8XVvXjcTImtsw22xUK2w/bYAWuwJhOsYPfsgT16d96T9+y9fI5OeOOdNfYD3usHm7iYSQ==</latexit>

=)
<latexit sha1_base64="lh1xESR/RW/QSdlWKEN9bB/vvOE="></latexit>

det
�
1� Xodd

[n+1]

�

det
�
1� Xodd

[n]

� ⇠
�!1

1

�

The 2-point functions

<latexit sha1_base64="m+O8NauvxyLJBxjS+IHVj/ItFHw="></latexit>

G�
2n+1 = G2n+1

det
�
1� Xodd

[n+1]

�

det
�
1� Xodd

[n]

�



<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="j/K8oKv/CmPiy3AM897jrZXAlgg=">AAAB+HicdVC7TsNAEDyHVwivACXNiQiJyrITk0cXiYYySOQhJVF0vmzCkfPZulsjhSj/QAsVHaLlbyj4FxwTJEAw1WhmVzs7fiSFQcd5szIrq2vrG9nN3Nb2zu5efv+gZcJYc2jyUIa64zMDUihookAJnUgDC3wJbX9yvvDbt6CNCNUVTiPoB2ysxEhwhonU6gk1wukgX3Bsp1Yu1qrUsYvumVMuJ8RzS6WKR13bSVEgSzQG+ffeMORxAAq5ZMZ0XSfC/oxpFFzCPNeLDUSMT9gYuglVLADTn6Vp5/QkNgxDGoGmQtJUhO8bMxYYMw38ZDJgeG1+ewvxL68b46janwkVxQiKLw6hkJAeMlyLpAagQ6EBkS2SAxWKcqYZImhBGeeJGCe95JI+vp6m/5NW0XbLtnfpFerespksOSLH5JS4pELq5II0SJNwckPuyQN5tO6sJ+vZevkczVjLnUPyA9brB+mMlAg=</latexit>1<latexit sha1_base64="oZRGB5HRmjhqOHsU2zTav+rzmas=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJmFdYEbiRePkIiQwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xQUxUaN1qlR1p6srSJQ0yNiblVtb39jcym8Xdnb39g+Kh0c3Jk61gLaIVay7ATegZARtlKigm2jgYaCgE0wuF37nDrSRcXSN0wT8kI8jOZKCYya12KBYYjare+V6jTK77Fwwz8uI61QqVZc6NluiRFZoDorv/WEs0hAiFIob03NYgv6Ma5RCwbzQTw0kXEz4GHoZjXgIxp8tg87pWWo4xjQBTaWiSxG+b8x4aMw0DLLJkOOt+e0txL+8Xoqjmj+TUZIiRGJxCKWC5SEjtMwaADqUGhD5IjlQGVHBNUcELSkXIhPTrJJC1sfX0/R/clO2Hc92W26p4a6ayZMTckrOiUOqpEGuSJO0iSBA7skDebRS68l6tl4+R3PWaueY/ID1+gGGjZGA</latexit>

0

weak coupling strong coupling

• More interestingly, using the asymptotic behaviour of the Bessel functions for 
large we can derive analytically the strong-coupling expansions of the 2-
point functions. In particular one finds  

• More rigorously,

<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="Zt4fqLydh+1/xzn/qftp3q/0DOc="></latexit>

�!1

<latexit sha1_base64="sws0EqbofulCvkF5RLHXeZq+5+g="></latexit>

Xodd ⇠
�!1

�� S + O(�0)

The 2-point functions

<latexit sha1_base64="m+O8NauvxyLJBxjS+IHVj/ItFHw="></latexit>
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det
�
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�

<latexit sha1_base64="fUslo5fr/JnLw8e2DFqrmX4a25k="></latexit>

G
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+ O(�� 3
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G
�
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8⇡2
n (2n� 1)

�
+ O(�� 3
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<latexit sha1_base64="+mIlZrGTW8ByjTUPhND0oplvtU0=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTeuibkFvHhUMCaQhNA76eiQ2QczvUJY/AivevImXv0aD/6LkzWCitapqKqmuytMlTTkeW/O3PzC4tLyymppbX1jc6u8vXNlkkwLbIlEJboTgkElY2yRJIWdVCNEocJ2OD6d+u1b1EYm8SVNUuxHcB3LkRRAVmr3lI0OYVCueK7XqFUbJ9xzq/6xV6tZEvhHR/WA+65XoMJmOB+U33vDRGQRxiQUGNP1vZT6OWiSQuFdqZcZTEGM4Rq7lsYQoennxbl3/CAzQAlPUXOpeCHi94kcImMmUWiTEdCN+e1Nxb+8bkajk34u4zQjjMV0EUmFxSIjtLQ9IB9KjUQwvRy5jLkADUSoJQchrJjZYkq2j6+n+f/kqur6NTe4CCrNYNbMCttj++yQ+azOmuyMnbMWE2zM7tkDe3Ry58l5dl4+o3PObGaX/YDz+gFmipRJ</latexit>

�

<latexit sha1_base64="j/K8oKv/CmPiy3AM897jrZXAlgg=">AAAB+HicdVC7TsNAEDyHVwivACXNiQiJyrITk0cXiYYySOQhJVF0vmzCkfPZulsjhSj/QAsVHaLlbyj4FxwTJEAw1WhmVzs7fiSFQcd5szIrq2vrG9nN3Nb2zu5efv+gZcJYc2jyUIa64zMDUihookAJnUgDC3wJbX9yvvDbt6CNCNUVTiPoB2ysxEhwhonU6gk1wukgX3Bsp1Yu1qrUsYvumVMuJ8RzS6WKR13bSVEgSzQG+ffeMORxAAq5ZMZ0XSfC/oxpFFzCPNeLDUSMT9gYuglVLADTn6Vp5/QkNgxDGoGmQtJUhO8bMxYYMw38ZDJgeG1+ewvxL68b46janwkVxQiKLw6hkJAeMlyLpAagQ6EBkS2SAxWKcqYZImhBGeeJGCe95JI+vp6m/5NW0XbLtnfpFerespksOSLH5JS4pELq5II0SJNwckPuyQN5tO6sJ+vZevkczVjLnUPyA9brB+mMlAg=</latexit>1<latexit sha1_base64="oZRGB5HRmjhqOHsU2zTav+rzmas=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJmFdYEbiRePkIiQwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xQUxUaN1qlR1p6srSJQ0yNiblVtb39jcym8Xdnb39g+Kh0c3Jk61gLaIVay7ATegZARtlKigm2jgYaCgE0wuF37nDrSRcXSN0wT8kI8jOZKCYya12KBYYjare+V6jTK77Fwwz8uI61QqVZc6NluiRFZoDorv/WEs0hAiFIob03NYgv6Ma5RCwbzQTw0kXEz4GHoZjXgIxp8tg87pWWo4xjQBTaWiSxG+b8x4aMw0DLLJkOOt+e0txL+8Xoqjmj+TUZIiRGJxCKWC5SEjtMwaADqUGhD5IjlQGVHBNUcELSkXIhPTrJJC1sfX0/R/clO2Hc92W26p4a6ayZMTckrOiUOqpEGuSJO0iSBA7skDebRS68l6tl4+R3PWaueY/ID1+gGGjZGA</latexit>

0

weak coupling strong coupling

Padé
Strong coupling
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• Actually, one can do more and derive the full strong-coupling expansion:

where

<latexit sha1_base64="q5X+TPaJdNzwLDfec9CUIMF/yVk="></latexit>

log
h
det

�
1� Xeven

[n]

�i
=

p
�

4
�

⇣
2n� 3

2

⌘
log

⇣p�

4⇡

⌘
+B2n�1 + f2n�1

log
h
det

�
1� Xodd

[n]

�i
=

p
�

4
�

⇣
2n� 1

2

⌘
log

⇣p�

4⇡

⌘
+B2n + f2n

<latexit sha1_base64="KCWhvGH6hdAIhkPxky1mrlIl1fE="></latexit>

Bk = �6 logA+
1

2
+

1

6
log 2� k log 2 + log�(k)

<latexit sha1_base64="4iqqhD3LXOmBH8MvTg00FO0U4Kc="></latexit>

fk =
1

16
(2k � 3)(2k � 1) log

⇣
�
0

�

⌘
+ (2k � 5)(2k � 3)(4k2 � 1)

⇣3

32�0 3/2

� (2k � 7)(2k � 5)(4k2 � 9)(4k2 � 1)
3 ⇣5

256�0 5/2

� (2k � 5)(2k � 3)(4k2 � 1)(4k2 � 8k � 17)
3 ⇣23
64�0 3 +O

⇣ 1

�0 7/2

⌘

<latexit sha1_base64="6kcefagnBwiaqG5DCKCcGahohtw="></latexit>p
�0 =

p
�� 4 log 2

Beccaria, Korchemsky, Tseytlin, 2022

+ non-perturbative 
terms

Gleisher constant

The 2-point functions



• Using these results, one can prove in full generality that
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• A similar analysis can be done for the 3-point functions.

• The key observation is that the 3-point functions are related to the 2-point 
functions by an exact Ward-like identity

• Thus, knowing the 2-point functions, we know also the 3-point functions and 
the structure constants

Billo, Frau, A.L. , Pini, Vallarino, 2022

The 3-point functions and structure constants
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Structure constants
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N = 4
It should follow from the AdS/CFT 
correspondence. And indeed it does!!

Billo, Frau, A.L. , Pini, Vallarino, 2022

<latexit sha1_base64="fWFxvR8JxcLgpWYRCPiTNnriqSs="></latexit>

C�
k,`,p ⇠

�!0

p
k ` pp
2N

<latexit sha1_base64="Lzss6FV5n/BVBNcOieNaTMsf3+E="></latexit>

C�
k,`,p ⇠

�!1

p
k (`� 1) (p� 1)p

2N

<latexit sha1_base64="9bBjPoNL9y83QDjQk5OMG2y4SJQ="></latexit>

C�
k,`,p =

1p
2N

q
k + �@�

�
logG+

k

� q
`+ �@�

�
logG�

`

�q
p+ �@�

�
logG�

p
�



• The untwisted operators        are dual to 

• Their effective action (derived from Type II B sugra in d=10) is

• Note that
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Holographic description: untwisted sector

Maldacena, 1997; 
Lee, Minwalla, Rangamani, Seiberg, 1998; …
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Lee, Minwalla, Rangamani, Seiberg, 1998
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From

using the holographic dictionary, one computes the 2- and 3- point functions 
from Witten diagrams

and finds
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• The twisted operators        are dual to 

• Their effective action (derived from localizing Type II B sugra at the orbifold 
fixed point) is

where

Holographic description:   twisted sector

Gukov, 1998; 
Billo, Frau, Galvagno, A.L., Pini, 2021.

K.K. modes of the twisted scalars obtained by wrapping     
the NS-NS and R-R 2-forms on the exceptional 2-cycle:  
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• The twisted operators        are dual to 

• Their effective action (derived from localizing Type II B sugra at the orbifold 
fixed point) is

• Note that

Holographic description:   twisted sector

Gukov, 1998; 
Billo, Frau, Galvagno, A.L., Pini, 2021.

K.K. modes of the twisted scalars obtained by wrapping     
the NS-NS and R-R 2-forms on the exceptional 2-cycle:  
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From

using the holographic dictionary, one computes the 2- and 3- point functions 
from Witten diagrams

and finds

in perfect agreement
with the localization results 

Holographic description:   twisted sector
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• In this SCFT there exists a non-trivial relation between the 2- and 3-point 
functions of scalar operators, valid for all couplings in the planar limit

• The structure constants can be written in a very compact and exact way

• The 2-point functions (and hence the structure constants) are known for all 
couplings in terms of the matrix X (convolution of Bessel functions).

• At strong coupling

in perfect agreement with the holographic results (Billò et al 2022). 

Conclusions
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This is the first explicit check of the AdS/CFT correspondence in a
non-maximally supersymmetric set-up. 
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• In this SCFT there exists a non-trivial relation between the 2- and 3-point 
functions of scalar operators, valid for all couplings in the planar limit

• The structure constants can be written in a very compact and exact way

• The 2-point functions (and hence the structure constants) are known for all 
couplings in terms of the matrix X (convolution of Bessel functions).

• A systematic strong coupling expansion can be worked out

• This expansion has the same form expected from closed string amplitudes and, 
since at the moment explicit calculations beyond the supergravity limit do not 
seem to be possible, this analysis provides a very strong prediction for the string 
corrections.

Conclusions
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• The X matrix we have used for the structure constants in the               quiver 
theory 

is very similar to the X matrix that is used in the study of the cusp anomalous    
dimension in               SYM via the BES equation:

• Like for the cusp anomalous dimensions, also for the structure constants one 
should find in a systematic way the non-perturbative exponentially small 
corrections.

• It seems that the formalism of the X matrix is much more general than it seems 
at first sight and it would be nice to uncover a general pattern.

Conclusions
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N = 4

<latexit sha1_base64="S0tt90Fj2iwFAbohp/jUOZd72HM=">AAAB/3icdVA9SwNBEN2L3/ErammzGASr4y6cMRaCYGMlEYwKySFz6yQu2ftwd04IRwp/ha1WdmLrT7Hwv3iXRFDRVz3em2HevCBR0pDjvFulqemZ2bn5hfLi0vLKamVt/dzEqRbYErGK9WUABpWMsEWSFF4mGiEMFF4E/aPCv7hDbWQcndEgQT+EXiS7UgDlkt8JgW4EqOxkeFC7qlQd29n3XLfBHbvm7tYb9Zx4Y+LazghVNkHzqvLRuY5FGmJEQoExbddJyM9AkxQKh+VOajAB0YcetnMaQYjGz0ahh3w7NUAxT1BzqfhIxO8bGYTGDMIgnyxCmt9eIf7ltVPqNvxMRklKGIniEEmFo0NGaJm3gfxaaiSCIjlyGXEBGohQSw5C5GKa11PO+/h6mv9Pzmu2W7e9U6966E2amWebbIvtMJftsUN2zJqsxQS7ZQ/skT1Z99az9WK9jkdL1mRng/2A9fYJyEmWuA==</latexit>

N = 2

<latexit sha1_base64="+Mq2HAVqL/75/1HXlhle38yoNVs="></latexit>
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<latexit sha1_base64="ts+NyClYQxfbhLN3HBCZhghiL0w="></latexit>
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Thanks a lot for 
listening!


