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Introduction

• Perturbation theory is one of the few universal tools to study quantum field 
theories
• However, to fully understand an interacting quantum field theory, it is 

necessary to go beyond perturbation theory and eventually explore also the 
strong-coupling regime
• This is in general a very difficult problem but, when there is a high amount of 

symmetry, significant progress can be made, thanks to the combined use of

• Integrability
• Localization
• Holography



• This is in fact the case of                SYM, where several exact results have been 
obtained over the years:

• 2- and 3-point functions of protected scalar operators
• v.e.v. of BPS 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
• …
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• SU(N) SYM is the “simplest” gauge theory

• It is a superconformal theory with                        as holographic dual

• Simplest operators involving the fields of the vector multiplet (in              language) 

• Chiral operators

• Wilson loop
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• Since the theory is conformal the form of 2 and 3 point functions is fixed

• 2-point function

• 3-point function

• In the t’Hooft planar limit (              ) the structure constants

are independent on the coupling !
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• This result has been obtained in the weak and in the strong regime with very
different techniques

• In this case we have a simple weak/strong extrapolation!

Structure Constant
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• The case is different for the circular Wilson

Wilson loop
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0

weak coupling strong coupling

SYM perturbation 
theory

<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

<latexit sha1_base64="aQercEYUgKcIaQoaRhWr9v8qmNI="></latexit>

hW i = 1 +
�

8
+

�2

192
+ · · ·



• The case is different for the circular Wilson

Wilson loop
<latexit sha1_base64="9Upq+tRu57dnQovz3aZtgA5q3SY=">AAAB/HicdVA9SwNBEN3z2/gVtbRZDIJVuNPExEII2liJglExCTK3meiSvb1jd04IR/wVtlrZia3/xcL/4iZGUNFXPd6bYd68MFHSku+/eWPjE5NT0zOzubn5hcWl/PLKmY1TI7AuYhWbixAsKqmxTpIUXiQGIQoVnofdg4F/fovGylifUi/BVgTXWnakAHLSZdYUoPhRf690lS/4xUp5y4H7RX8IR4Lqdmm3zIORUmAjHF/l35vtWKQRahIKrG0EfkKtDAxJobCfa6YWExBduMaGoxoitK1smLjPN1ILFPMEDZeKD0X8vpFBZG0vCt1kBHRjf3sD8S+vkVKn2sqkTlJCLQaHSCocHrLCSFcF8rY0SASD5Mil5gIMEKGRHIRwYuq6ybk+vp7m/5OzrWKwUyyflAq1/VEzM2yNrbNNFrAKq7FDdszqTDDN7tkDe/TuvCfv2Xv5HB3zRjur7Ae81w++MJUC</latexit>

N = 4

<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

<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

AdS/CFT 
correspondence

Maldacena, 1998

minimal area law
in AdS5

<latexit sha1_base64="aQercEYUgKcIaQoaRhWr9v8qmNI="></latexit>

hW i = 1 +
�

8
+

�2

192
+ · · ·

<latexit sha1_base64="yq+MahBJSs+Wkt/TZeNlG+VFCz8="></latexit>

hW i = e
p
�� 3

4 log �+ 1
2 log 2

⇡+···



• The case is different for the circular Wilson

Wilson loop
<latexit sha1_base64="9Upq+tRu57dnQovz3aZtgA5q3SY=">AAAB/HicdVA9SwNBEN3z2/gVtbRZDIJVuNPExEII2liJglExCTK3meiSvb1jd04IR/wVtlrZia3/xcL/4iZGUNFXPd6bYd68MFHSku+/eWPjE5NT0zOzubn5hcWl/PLKmY1TI7AuYhWbixAsKqmxTpIUXiQGIQoVnofdg4F/fovGylifUi/BVgTXWnakAHLSZdYUoPhRf690lS/4xUp5y4H7RX8IR4Lqdmm3zIORUmAjHF/l35vtWKQRahIKrG0EfkKtDAxJobCfa6YWExBduMaGoxoitK1smLjPN1ILFPMEDZeKD0X8vpFBZG0vCt1kBHRjf3sD8S+vkVKn2sqkTlJCLQaHSCocHrLCSFcF8rY0SASD5Mil5gIMEKGRHIRwYuq6ybk+vp7m/5OzrWKwUyyflAq1/VEzM2yNrbNNFrAKq7FDdszqTDDN7tkDe/TuvCfv2Xv5HB3zRjur7Ae81w++MJUC</latexit>

N = 4

<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

<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

AdS/CFT 
correspondence

Maldacena, 1998

minimal area law
in AdS5
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<latexit sha1_base64="hU1CHy6wN6rfE6iPCug1QyhPxAI=">AAACB3icdVDLSgNBEJz1GeMr6tHLYBA8LbObJepN8OIxglEhCaF30tHB2QczvUoIfoBf4VVP3sSrn+HBf3ESI6honYqqLrq74lwrS0K8eVPTM7Nz86WF8uLS8spqZW391GaFkdiUmc7MeQwWtUqxSYo0nucGIYk1nsVXhyP/7BqNVVl6QoMcOwlcpKqvJJCTupUN0dbYJzAmu+Ft7YI96Faqwhf79ZrY5cIPg7AWBo5EQS0K93jgizGqbIJGt/Le7mWySDAlqcHaViBy6gzBkJIab8vtwmIO8gousOVoCgnaznB8/C3fLixQxnM0XGk+FvF7YgiJtYMkdpMJ0KX97Y3Ev7xWQf29zlCleUGYytEiUhrHi6w0yrWCvKcMEsHocuQq5RIMEKFRHKR0YuFqKrs+vp7m/5PT0A/qfnQcVQ+iSTMltsm22A4L2C47YEeswZpMsgG7Zw/s0bvznrxn7+VzdMqbZDbYD3ivH8B5mWI=</latexit>
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Introduction
• As mentioned, there are many other examples of exact results in                SYM
• Finding exact results in non-maximally supersymmetric theories like 

theories is more challenging!      

• In this talk I discuss a class of              conformal theories in 4d where:
• One can find exact results, valid for all values of the coupling constant
• One can test the AdS/CFT holographic correspondence in a non-maximally 

supersymmetric context

<latexit sha1_base64="hY+LyPglL2ZPXb0Hf2n1nA+OP8Y=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy44mGgRB8OJJFIwGkyC9YycOmZ1dZnoFWeJXeNWTN/Hqv3jwX9zECCpap6Kqm66uMNHKURC8eYWx8YnJqemZ4uzc/MJiaWn5zMWplViXsY5tIwSHWhmskyKNjcQiRKHG87B3MPDPb9A6FZtTuk2wHUHXqI6SQLl0kbUkaH7U36tclsqBH4jtqqjxwBe1oFoTOalUhdjZ4sIPhiizEY4vS++tq1imERqSGpxriiChdgaWlNTYL7ZShwnIHnSxmVMDEbp2Nkzc5+upA4p5gpYrzYcift/IIHLuNgrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTfFvI+vp/n/5GzTF9t+9aRS3t8dNTPNVtka22CC7bB9dsiOWZ1JZtg9e2CP3p335D17L5+jBW+0s8J+wHv9ANJhlQk=</latexit>

N = 4
<latexit sha1_base64="6qL5UXimGpKG+22+mcYEAcSztK8=">AAAB/XicdVDLSgNBEJyNrxhfUY9eBoPgadnRRIMgBLx4kgjGCEkIvZNWB2cfzPQKYQl+hVc9eROvfosH/8XdGEFF61RUddPV5cdaWfK8N6cwNT0zO1ecLy0sLi2vlFfXzm2UGIktGenIXPhgUasQW6RI40VsEAJfY9u/Ocr99i0aq6LwjIYx9gK4CtWlkkCZ1Em7EjQ/GR3ulPrliud6Yq8m6txzRd2r1UVGqjUh9ne5cL0xKmyCZr/83h1EMgkwJKnB2o7wYuqlYEhJjaNSN7EYg7yBK+xkNIQAbS8dRx7xrcQCRTxGw5XmYxG/b6QQWDsM/GwyALq2v71c/MvrJHRZ76UqjBPCUOaHSGkcH7LSqKwL5ANlkAjy5MhVyCUYIEKjOEiZiUlWTt7H19P8f3K+44o9t3ZarTQOJs0U2QbbZNtMsH3WYMesyVpMsojdswf26Nw5T86z8/I5WnAmO+vsB5zXDwdKlRs=</latexit>

N = 2

<latexit sha1_base64="EEF9VC3mKJwac/99erEu4WMKRgQ=">AAAB/XicdVDLSgNBEJyNrxhfUY9eBoPgKexG4wsEwYsnUTAP2Cyhd9KJg7MPZnqFsAS/wquevIlXv8WD/+JujKCidSqquunq8mMlDdn2m1WYmp6ZnSvOlxYWl5ZXyqtrTRMlWmBDRCrSbR8MKhligyQpbMcaIfAVtvyb09xv3aI2MgqvaBijF8AglH0pgDLJTTsCFD8fHddK3XLFru7Xaxm4XbXHyIhzsLN7WOfORKmwCS665fdOLxJJgCEJBca4jh2Tl4ImKRSOSp3EYAziBgboZjSEAI2XjiOP+FZigCIeo+ZS8bGI3zdSCIwZBn42GQBdm99eLv7luQn1D7xUhnFCGIr8EEmF40NGaJl1gbwnNRJBnhy5DLkADUSoJQchMjHJysn7+Hqa/0+ataqzV61f7lZOjibNFNkG22TbzGH77ISdsQvWYIJF7J49sEfrznqynq2Xz9GCNdlZZz9gvX4A8KKVDA==</latexit>

N = 2



Introduction
• As mentioned, there are many other examples of exact results in                SYM
• Finding exact results in non-maximally supersymmetric theories like 

theories is more challenging!      

• In this talk I discuss a class of              conformal theories in 4d:

• For simplicity in this talk I will consider the case M=2

<latexit sha1_base64="hY+LyPglL2ZPXb0Hf2n1nA+OP8Y=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy44mGgRB8OJJFIwGkyC9YycOmZ1dZnoFWeJXeNWTN/Hqv3jwX9zECCpap6Kqm66uMNHKURC8eYWx8YnJqemZ4uzc/MJiaWn5zMWplViXsY5tIwSHWhmskyKNjcQiRKHG87B3MPDPb9A6FZtTuk2wHUHXqI6SQLl0kbUkaH7U36tclsqBH4jtqqjxwBe1oFoTOalUhdjZ4sIPhiizEY4vS++tq1imERqSGpxriiChdgaWlNTYL7ZShwnIHnSxmVMDEbp2Nkzc5+upA4p5gpYrzYcift/IIHLuNgrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTfFvI+vp/n/5GzTF9t+9aRS3t8dNTPNVtka22CC7bB9dsiOWZ1JZtg9e2CP3p335D17L5+jBW+0s8J+wHv9ANJhlQk=</latexit>

N = 4
<latexit sha1_base64="6qL5UXimGpKG+22+mcYEAcSztK8=">AAAB/XicdVDLSgNBEJyNrxhfUY9eBoPgadnRRIMgBLx4kgjGCEkIvZNWB2cfzPQKYQl+hVc9eROvfosH/8XdGEFF61RUddPV5cdaWfK8N6cwNT0zO1ecLy0sLi2vlFfXzm2UGIktGenIXPhgUasQW6RI40VsEAJfY9u/Ocr99i0aq6LwjIYx9gK4CtWlkkCZ1Em7EjQ/GR3ulPrliud6Yq8m6txzRd2r1UVGqjUh9ne5cL0xKmyCZr/83h1EMgkwJKnB2o7wYuqlYEhJjaNSN7EYg7yBK+xkNIQAbS8dRx7xrcQCRTxGw5XmYxG/b6QQWDsM/GwyALq2v71c/MvrJHRZ76UqjBPCUOaHSGkcH7LSqKwL5ANlkAjy5MhVyCUYIEKjOEiZiUlWTt7H19P8f3K+44o9t3ZarTQOJs0U2QbbZNtMsH3WYMesyVpMsojdswf26Nw5T86z8/I5WnAmO+vsB5zXDwdKlRs=</latexit>
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quiver gauge theories 
<latexit sha1_base64="EEF9VC3mKJwac/99erEu4WMKRgQ=">AAAB/XicdVDLSgNBEJyNrxhfUY9eBoPgKexG4wsEwYsnUTAP2Cyhd9KJg7MPZnqFsAS/wquevIlXv8WD/+JujKCidSqquunq8mMlDdn2m1WYmp6ZnSvOlxYWl5ZXyqtrTRMlWmBDRCrSbR8MKhligyQpbMcaIfAVtvyb09xv3aI2MgqvaBijF8AglH0pgDLJTTsCFD8fHddK3XLFru7Xaxm4XbXHyIhzsLN7WOfORKmwCS665fdOLxJJgCEJBca4jh2Tl4ImKRSOSp3EYAziBgboZjSEAI2XjiOP+FZigCIeo+ZS8bGI3zdSCIwZBn42GQBdm99eLv7luQn1D7xUhnFCGIr8EEmF40NGaJl1gbwnNRJBnhy5DLkADUSoJQchMjHJysn7+Hqa/0+ataqzV61f7lZOjibNFNkG22TbzGH77ISdsQvWYIJF7J49sEfrznqynq2Xz9GCNdlZZz9gvX4A8KKVDA==</latexit>

N = 2
<latexit sha1_base64="d5O7knfGAoww6bdVVVhLDdjsv24="></latexit>

SU(N)⇥ SU(N)⇥ · · ·⇥ SU(N)

<latexit sha1_base64="EUeBttq5Qsb7vZvr3CUQWiIGxAk=">AAAB+XicdVDLSgNBEJz1GeMr6tHLYBA8LbsxMfEW8KK3COYByRJmJ504ZHZ2mekVwpKP8Konb+LVr/HgvziJEVS0TkVVN11dYSKFQc97c5aWV1bX1nMb+c2t7Z3dwt5+y8Sp5tDksYx1J2QGpFDQRIESOokGFoUS2uH4Yua370AbEasbnCQQRGykxFBwhlZq90IxGvWyfqHoudVKyYJ6rjeHJX7ttHxeof5CKZIFGv3Ce28Q8zQChVwyY7q+l2CQMY2CS5jme6mBhPExG0HXUsUiMEE2jzulx6lhGNMENBWSzkX4vpGxyJhJFNrJiOGt+e3NxL+8borDWpAJlaQIis8OoZAwP2S4FrYHoAOhAZHNkgMVinKmGSJoQRnnVkxtMXnbx9fT9H/SKrn+mVu5LhfrV4tmcuSQHJET4pMqqZNL0iBNwsmY3JMH8uhkzpPz7Lx8ji45i50D8gPO6wddFpRU</latexit> ⇢

M times

<latexit sha1_base64="EEF9VC3mKJwac/99erEu4WMKRgQ=">AAAB/XicdVDLSgNBEJyNrxhfUY9eBoPgKexG4wsEwYsnUTAP2Cyhd9KJg7MPZnqFsAS/wquevIlXv8WD/+JujKCidSqquunq8mMlDdn2m1WYmp6ZnSvOlxYWl5ZXyqtrTRMlWmBDRCrSbR8MKhligyQpbMcaIfAVtvyb09xv3aI2MgqvaBijF8AglH0pgDLJTTsCFD8fHddK3XLFru7Xaxm4XbXHyIhzsLN7WOfORKmwCS665fdOLxJJgCEJBca4jh2Tl4ImKRSOSp3EYAziBgboZjSEAI2XjiOP+FZigCIeo+ZS8bGI3zdSCIwZBn42GQBdm99eLv7luQn1D7xUhnFCGIr8EEmF40NGaJl1gbwnNRJBnhy5DLkADUSoJQchMjHJysn7+Hqa/0+ataqzV61f7lZOjibNFNkG22TbzGH77ISdsQvWYIJF7J49sEfrznqynq2Xz9GCNdlZZz9gvX4A8KKVDA==</latexit>

N = 2



Plan of the talk

• quiver gauge theories:

• Exact results from localization

• Strong coupling expansion

• Wilson loop

• Conclusions

<latexit sha1_base64="Yi5XeHPPOKHrqKDanW8x/GBjlDE=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKnZUfN4yIEvXgSBaNiEqR37MTB2dllplcIS/wKr3ryJl79Fw/+i5sYQUXrVFR109UVJlo5CoI3b2x8YnJqema2MDe/sLhUXF45dXFqJTZkrGN7HoJDrQw2SJHG88QiRKHGs/Bmf+Cf3aJ1KjYn1EuwHUHXqI6SQLl0kbUkaH7Y3926LJYCPxCVsqjxwBe1oFwTOdkpC1Hd5sIPhiixEY4ui++tq1imERqSGpxriiChdgaWlNTYL7RShwnIG+hiM6cGInTtbJi4zzdSBxTzBC1Xmg9F/L6RQeRcLwrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTeFvI+vp/n/5HTLFxW/fLxTqu+Nmplha2ydbTLBqqzODtgRazDJDLtnD+zRu/OevGfv5XN0zBvtrLIf8F4/ANGrlQ8=</latexit>

N = 2



Quiver Theory
<latexit sha1_base64="WdZNcrCAw6w32s0vJPeOCvdWvSQ=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgQgl48SQQTA0kIvZNWh8w+mOkVwhL8Cq968iZe/RYP/ou7awQVrVNR1U1Xlxsqaci236yZ2bn5hcXcUn55ZXVtvbCx2TZBpAW2RKAC3XHBoJI+tkiSwk6oETxX4aU7Okn9y1vURgb+BY1D7Htw7csrKYASqRv3BCh+Njkq5weFol2qVcsJuF2yMyTEqe9XDqvcmSpFNkVzUHjvDQMReeiTUGBM17FD6segSQqFk3wvMhiCGME1dhPqg4emH2eRJ3w3MkABD1FzqXgm4veNGDxjxp6bTHpAN+a3l4p/ed2Irur9WPphROiL9BBJhdkhI7RMukA+lBqJIE2OXPpcgAYi1JKDEIkYJeWkfXw9zf8n7XLJOShVzyvFxvG0mRzbZjtsjzmsxhrslDVZiwkWsHv2wB6tO+vJerZePkdnrOnOFvsB6/UD8wqVFA==</latexit>

N = 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

Quiver Theory
<latexit sha1_base64="WdZNcrCAw6w32s0vJPeOCvdWvSQ=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgQgl48SQQTA0kIvZNWh8w+mOkVwhL8Cq968iZe/RYP/ou7awQVrVNR1U1Xlxsqaci236yZ2bn5hcXcUn55ZXVtvbCx2TZBpAW2RKAC3XHBoJI+tkiSwk6oETxX4aU7Okn9y1vURgb+BY1D7Htw7csrKYASqRv3BCh+Njkq5weFol2qVcsJuF2yMyTEqe9XDqvcmSpFNkVzUHjvDQMReeiTUGBM17FD6segSQqFk3wvMhiCGME1dhPqg4emH2eRJ3w3MkABD1FzqXgm4veNGDxjxp6bTHpAN+a3l4p/ed2Irur9WPphROiL9BBJhdkhI7RMukA+lBqJIE2OXPpcgAYi1JKDEIkYJeWkfXw9zf8n7XLJOShVzyvFxvG0mRzbZjtsjzmsxhrslDVZiwkWsHv2wB6tO+vJerZePkdnrOnOFvsB6/UD8wqVFA==</latexit>

N = 2

<latexit sha1_base64="PkH+3bLY00pmO66uDPPQA51Z1hg=">AAACAHicdVC7TsNAEDyHVwivACXNiQiJKrJDQgJVJBrKIJGHSEx0vmzCKeeH7tZIkZWGr6CFig7R8icU/Au2MRIgmGo0s6udHSeQQqNpvhm5hcWl5ZX8amFtfWNzq7i909F+qDi0uS991XOYBik8aKNACb1AAXMdCV1nepb43VtQWvjeJc4CsF028cRYcIaxdB0NXIY3jkOv5sNKYVgsmeV6rRKDmmUzRUysxlH1pEatTCmRDK1h8X0w8nnogodcMq37lhmgHTGFgkuYFwahhoDxKZtAP6Yec0HbUZp6Tg9CzdCnASgqJE1F+L4RMVfrmevEk0lI/dtLxL+8fojjhh0JLwgRPJ4cQiEhPaS5EnEdQEdCASJLkgMVHuVMMURQgjLOYzGM+0n6+Hqa/k86lbJ1XK5dVEvN06yZPNkj++SQWKROmuSctEibcKLIPXkgj8ad8WQ8Gy+fozkj29klP2C8fgCmq5aW</latexit>Z2

<latexit sha1_base64="hY+LyPglL2ZPXb0Hf2n1nA+OP8Y=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy44mGgRB8OJJFIwGkyC9YycOmZ1dZnoFWeJXeNWTN/Hqv3jwX9zECCpap6Kqm66uMNHKURC8eYWx8YnJqemZ4uzc/MJiaWn5zMWplViXsY5tIwSHWhmskyKNjcQiRKHG87B3MPDPb9A6FZtTuk2wHUHXqI6SQLl0kbUkaH7U36tclsqBH4jtqqjxwBe1oFoTOalUhdjZ4sIPhiizEY4vS++tq1imERqSGpxriiChdgaWlNTYL7ZShwnIHnSxmVMDEbp2Nkzc5+upA4p5gpYrzYcift/IIHLuNgrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTfFvI+vp/n/5GzTF9t+9aRS3t8dNTPNVtka22CC7bB9dsiOWZ1JZtg9e2CP3p335D17L5+jBW+0s8J+wHv9ANJhlQk=</latexit>

N = 4
<latexit sha1_base64="hY+LyPglL2ZPXb0Hf2n1nA+OP8Y=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy44mGgRB8OJJFIwGkyC9YycOmZ1dZnoFWeJXeNWTN/Hqv3jwX9zECCpap6Kqm66uMNHKURC8eYWx8YnJqemZ4uzc/MJiaWn5zMWplViXsY5tIwSHWhmskyKNjcQiRKHG87B3MPDPb9A6FZtTuk2wHUHXqI6SQLl0kbUkaH7U36tclsqBH4jtqqjxwBe1oFoTOalUhdjZ4sIPhiizEY4vS++tq1imERqSGpxriiChdgaWlNTYL7ZShwnIHnSxmVMDEbp2Nkzc5+upA4p5gpYrzYcift/IIHLuNgrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTfFvI+vp/n/5GzTF9t+9aRS3t8dNTPNVtka22CC7bB9dsiOWZ1JZtg9e2CP3p335D17L5+jBW+0s8J+wHv9ANJhlQk=</latexit>

N = 4

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)

<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)

<latexit sha1_base64="d+snRV7KxCWQUe7dUIztbwPvaDw=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBA8LbNJNDkGvHiMYB6YXcLspBOHzD6Y6RXCEvArvOrJm3j1Vzz4L+7GCCpap6Kqm64uP1bSIGNv1tLyyuraemGjuLm1vbNb2tvvmCjRAtoiUpHu+dyAkiG0UaKCXqyBB76Crj85z/3uLWgjo/AKpzF4AR+HciQFx0xy3YDjje+n17NBZVAqM9thrF4/pcyuOBWnUc1IzanWWJ06NpujTBZoDUrv7jASSQAhCsWN6TssRi/lGqVQMCu6iYGYiwkfQz+jIQ/AeOk884weJ4ZjRGPQVCo6F+H7RsoDY6aBn03mGc1vLxf/8voJjhpeKsM4QQhFfgilgvkhI7TMygA6lBoQeZ4cqAyp4JojgpaUC5GJSdZOMevj62n6P+lUbOfMrl3Wyk22aKZADskROSEOqZMmuSAt0iaCxOSePJBH6856sp6tl8/RJWuxc0B+wHr9ABfUllM=</latexit>

Z2



• SU(N) x SU(N) gauge group

• In each node: in the adjoint

• Between nodes: 2N bi-fundamental hypermultiplets

• Local operators:

Quiver Theory
<latexit sha1_base64="WdZNcrCAw6w32s0vJPeOCvdWvSQ=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgQgl48SQQTA0kIvZNWh8w+mOkVwhL8Cq968iZe/RYP/ou7awQVrVNR1U1Xlxsqaci236yZ2bn5hcXcUn55ZXVtvbCx2TZBpAW2RKAC3XHBoJI+tkiSwk6oETxX4aU7Okn9y1vURgb+BY1D7Htw7csrKYASqRv3BCh+Njkq5weFol2qVcsJuF2yMyTEqe9XDqvcmSpFNkVzUHjvDQMReeiTUGBM17FD6segSQqFk3wvMhiCGME1dhPqg4emH2eRJ3w3MkABD1FzqXgm4veNGDxjxp6bTHpAN+a3l4p/ed2Irur9WPphROiL9BBJhdkhI7RMukA+lBqJIE2OXPpcgAYi1JKDEIkYJeWkfXw9zf8n7XLJOShVzyvFxvG0mRzbZjtsjzmsxhrslDVZiwkWsHv2wB6tO+vJerZePkdnrOnOFvsB6/UD8wqVFA==</latexit>

N = 2

N N

I = 0 I = 1

1

<latexit sha1_base64="C+Pw2TgXHI0bm09u4eQZaPugPK0=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadnRPPYY8KK3KOYBSQizk04cMvtgpjcQlvyBVz15E6/+jwf/xc0aQUXrVFR109XlRUoadJw3K7eyura+kd8sbG3v7O4V9w9aJoy1gKYIVag7HjegZABNlKigE2ngvqeg7U0uFn57CtrIMLjFWQR9n48DOZKCYyrd9JJBseTYDqtWmEsdm7lOxWUpKVcYq51TZjsZSmSJxqD43huGIvYhQKG4MV3mRNhPuEYpFMwLvdhAxMWEj6Gb0oD7YPpJlnROT2LDMaQRaCoVzUT4vpFw35iZ76WTPsc789tbiH953RhHbj+RQRQjBGJxCKWC7JARWqYVAB1KDYh8kRyoDKjgmiOClpQLkYpx2kkh7ePrafo/aZ3ZrGpXrsul+tWymTw5IsfklDBSI3VySRqkSQQZkXvyQB6tqfVkPVsvn6M5a7lzSH7Aev0AphaSPA==</latexit>

{1 vector 

1 complex scalar

+ fermions

<latexit sha1_base64="NioeOAzZuap0Mb61YSbE2ZBqvWA=">AAAB+HicdVDLSgNBEJz1GeMr6tHLYBA8LTuaF54CXvQWwTwgiWF20knGzD6Y6RViyD941ZM38erfePBf3F0jqGidiqpuurrcUEmDjvNmLSwuLa+sZtay6xubW9u5nd2GCSItoC4CFeiWyw0o6UMdJSpohRq45ypouuOzxG/egjYy8K9wEkLX40NfDqTgGEuNTjiS1xe9XN6xHVYqsgp1bFZxihUWk0KRsfIJZbaTIk/mqPVy751+ICIPfBSKG9NmTojdKdcohYJZthMZCLkY8yG0Y+pzD0x3mqad0cPIcAxoCJpKRVMRvm9MuWfMxHPjSY/jyPz2EvEvrx3hoNKdSj+MEHyRHEKpID1khJZxDUD7UgMiT5IDlT4VXHNE0JJyIWIxinvJxn18PU3/J41jm5Xs4mUhXz2dN5Mh++SAHBFGyqRKzkmN1IkgN+SePJBH6856sp6tl8/RBWu+s0d+wHr9AHQLk8I=</latexit>

�I

<latexit sha1_base64="QdyaodNjzD4+rg5x0FfJoOlBCcM=">AAAB+3icdVC7TsNAEDyHd3gFKGlOREhUlg/iEFGBaKADiUBQEqLzsQmn3NnW3RoJWfkKWqjoEC0fQ8G/YJsgAYKpRjO72tkJYiUtet6bU5qYnJqemZ0rzy8sLi1XVlbPbZQYAU0Rqci0Am5ByRCaKFFBKzbAdaDgIhge5v7FLRgro/AM72Loaj4IZV8Kjpl0edBLOzoZXR33KlXP9VjdZw3quazh+Q2WkZrP2O4OZa5XoErGOOlV3jvXkUg0hCgUt7bNvBi7KTcohYJRuZNYiLkY8gG0MxpyDbabFoFHdDOxHCMag6FS0UKE7xsp19be6SCb1Bxv7G8vF//y2gn2G91UhnGCEIr8EEoFxSErjMyaAHotDSDyPDlQGVLBDUcEIykXIhOTrJpy1sfX0/R/cr7tsrrrn9aq+3vjZmbJOtkgW4SRXbJPjsgJaRJBNLknD+TRGTlPzrPz8jlacsY7a+QHnNcP0reVGQ==</latexit>

AI
µ

b – function = 0

untwisted

(       symmetric ) 

twisted

(       anti-symmetric ) 

<latexit sha1_base64="3t0NNPGgYwK0ADlTQt+g8WzD0Tc=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBC8GHY18XUSvHhTwTxgE0PvpKNDZh/M9AphCX6FVz15E69+iwf/xd24gorWqajqpqvLi5Q0ZNtv1sTk1PTMbGGuOL+wuLRcWlltmDDWAusiVKFueWBQyQDrJElhK9IIvqew6Q1OMr95i9rIMLikYYQdH64D2ZcCKJXcpC1A8bPR1XaxWyrblf3aTgpuV+wxUuIc7FYPa9zJlTLLcd4tvbd7oYh9DEgoMMZ17Ig6CWiSQuGo2I4NRiAGcI1uSgPw0XSSceQR34wNUMgj1FwqPhbx+0YCvjFD30snfaAb89vLxL88N6b+QSeRQRQTBiI7RFLh+JARWqZdIO9JjUSQJUcuAy5AAxFqyUGIVIzTcrI+vp7m/5PGTsXZq9QuquXjo7yZAltnG2yLOWyfHbNTds7qTLCQ3bMH9mjdWU/Ws/XyOTph5Ttr7Aes1w8eJZUp</latexit>

O
�

<latexit sha1_base64="uyX/eNCFroCcRW/G/L6Dbj+UqHM=">AAAB/nicdVDLSsNAFJ3UV62vqks3g0VwFZLS1uqq4MZlBfvAJpTJ9LYOTh7M3AglFPwKt7pyJ279FRf+i0laQUXP6nDOvdxzjxdJodGy3o3C0vLK6lpxvbSxubW9U97d6+owVhw6PJSh6ntMgxQBdFCghH6kgPmehJ53e575vTtQWoTBFU4jcH02CcRYcIap5Dg+wxvPS65nw+qwXLFM67Rm201qmVW73mg2UlKbE9u0clTIAu1h+cMZhTz2IUAumdYD24rQTZhCwSXMSk6sIWL8lk1gkNKA+aDdJM88o0exZhjSCBQVkuYifN9ImK/11PfSySyj/u1l4l/eIMZx001EEMUIAc8OoZCQH9JcibQMoCOhAJFlyYGKgHKmGCIoQRnnqRin7ZTSPr6epv+TbtW0G2b9slZpnS2aKZIDckiOiU1OSItckDbpEE4i8kAeyZNxbzwbL8brfLRgLHb2yQ8Yb59AIZZ3</latexit>Z2

<latexit sha1_base64="ReYRLb7BZHHmurMXJr39Iv+as1A=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBAEIexq4uskePGmgnnAJobeSUeHzD6Y6RXCEvwKr3ryJl79Fg/+i7txBRWtU1HVTVeXFylpyLbfrInJqemZ2cJccX5hcWm5tLLaMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xucZH7zFrWRYXBJwwg7PlwHsi8FUCq5SVuA4mejq+1it1S2K/u1nRTcrthjpMQ52K0e1riTK2WW47xbem/3QhH7GJBQYIzr2BF1EtAkhcJRsR0bjEAM4BrdlAbgo+kk48gjvhkboJBHqLlUfCzi940EfGOGvpdO+kA35reXiX95bkz9g04igygmDER2iKTC8SEjtEy7QN6TGokgS45cBlyABiLUkoMQqRin5WR9fD3N/yeNnYqzV6ldVMvHR3kzBbbONtgWc9g+O2an7JzVmWAhu2cP7NG6s56sZ+vlc3TCynfW2A9Yrx8bBZUn</latexit>

O
+

<latexit sha1_base64="uyX/eNCFroCcRW/G/L6Dbj+UqHM=">AAAB/nicdVDLSsNAFJ3UV62vqks3g0VwFZLS1uqq4MZlBfvAJpTJ9LYOTh7M3AglFPwKt7pyJ279FRf+i0laQUXP6nDOvdxzjxdJodGy3o3C0vLK6lpxvbSxubW9U97d6+owVhw6PJSh6ntMgxQBdFCghH6kgPmehJ53e575vTtQWoTBFU4jcH02CcRYcIap5Dg+wxvPS65nw+qwXLFM67Rm201qmVW73mg2UlKbE9u0clTIAu1h+cMZhTz2IUAumdYD24rQTZhCwSXMSk6sIWL8lk1gkNKA+aDdJM88o0exZhjSCBQVkuYifN9ImK/11PfSySyj/u1l4l/eIMZx001EEMUIAc8OoZCQH9JcibQMoCOhAJFlyYGKgHKmGCIoQRnnqRin7ZTSPr6epv+TbtW0G2b9slZpnS2aKZIDckiOiU1OSItckDbpEE4i8kAeyZNxbzwbL8brfLRgLHb2yQ8Yb59AIZZ3</latexit>Z2

<latexit sha1_base64="GUP4bqKkBaN/0oGTSf2xVCBtSDg="></latexit>

O
±
k (x) =

1
p
2

⇣
tr�0(x)

k
± tr�1(x)

k
⌘



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

• The coefficients are non trivial functions of N and
• How can we compute them?

Quiver Theory
<latexit sha1_base64="WdZNcrCAw6w32s0vJPeOCvdWvSQ=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgQgl48SQQTA0kIvZNWh8w+mOkVwhL8Cq968iZe/RYP/ou7awQVrVNR1U1Xlxsqaci236yZ2bn5hcXcUn55ZXVtvbCx2TZBpAW2RKAC3XHBoJI+tkiSwk6oETxX4aU7Okn9y1vURgb+BY1D7Htw7csrKYASqRv3BCh+Njkq5weFol2qVcsJuF2yMyTEqe9XDqvcmSpFNkVzUHjvDQMReeiTUGBM17FD6segSQqFk3wvMhiCGME1dhPqg4emH2eRJ3w3MkABD1FzqXgm4veNGDxjxp6bTHpAN+a3l4p/ed2Irur9WPphROiL9BBJhdkhI7RMukA+lBqJIE2OXPpcgAYi1JKDEIkYJeWkfXw9zf8n7XLJOShVzyvFxvG0mRzbZjtsjzmsxhrslDVZiwkWsHv2wB6tO+vJerZePkdnrOnOFvsB6/UD8wqVFA==</latexit>

N = 2

<latexit sha1_base64="NVSsTCbjJPHpWnqF5bmv5ug1dNU="></latexit>

⌦
O

±
k (x)O

±
k (y)

↵
=

G±
k

|x� y|2k
<latexit sha1_base64="aBXlK8o4bEv+esxIiCaOUlI8QNs="></latexit>

⌦
O

+
k (x)O

±
` (y)O

±
p (z)

↵
=

G±
k,`,p

|x� z|2k|y � z|2`

<latexit sha1_base64="izDM895m0EU3EDWmjoJKNGJ0hHA="></latexit>

C±
k,`,p =

G±
k,`,pq

G+
k

q
G±

`

q
G±

p

<latexit sha1_base64="pGIfpij/2ZGd8infBbxaghJ7iKs="></latexit>

(p = k + `)

<latexit sha1_base64="0gEWqeC/UOjtvWOPDHJ0w9vjO3M="></latexit>

G±
k , G±

k,`,p , C±
k,`,p

<latexit sha1_base64="8mk5/FzNPKWoPaVi/Jd+i//Z26k="></latexit>

�



• At weak coupling one could use standard Feynman diagrams

• at tree level ( )

• at loop level

done at the first orders….

Quiver Theory
<latexit sha1_base64="WdZNcrCAw6w32s0vJPeOCvdWvSQ=">AAAB/XicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgQgl48SQQTA0kIvZNWh8w+mOkVwhL8Cq968iZe/RYP/ou7awQVrVNR1U1Xlxsqaci236yZ2bn5hcXcUn55ZXVtvbCx2TZBpAW2RKAC3XHBoJI+tkiSwk6oETxX4aU7Okn9y1vURgb+BY1D7Htw7csrKYASqRv3BCh+Njkq5weFol2qVcsJuF2yMyTEqe9XDqvcmSpFNkVzUHjvDQMReeiTUGBM17FD6segSQqFk3wvMhiCGME1dhPqg4emH2eRJ3w3MkABD1FzqXgm4veNGDxjxp6bTHpAN+a3l4p/ed2Irur9WPphROiL9BBJhdkhI7RMukA+lBqJIE2OXPpcgAYi1JKDEIkYJeWkfXw9zf8n7XLJOShVzyvFxvG0mRzbZjtsjzmsxhrslDVZiwkWsHv2wB6tO+vJerZePkdnrOnOFvsB6/UD8wqVFA==</latexit>

N = 2

free propagators
<latexit sha1_base64="d0IEBNlPtYcUSJ1qftsSdlfFc/c="></latexit>

O
±
k (x)

<latexit sha1_base64="/TBKdaMDbTNDdv19Zuc+2PgvTA8="></latexit>

O
±
k (y)

<latexit sha1_base64="PB4GroxQBEyfsWiU8mBCqI905RY="></latexit>

� = 0

interaction vertices

<latexit sha1_base64="d0IEBNlPtYcUSJ1qftsSdlfFc/c="></latexit>

O
±
k (x)

<latexit sha1_base64="/TBKdaMDbTNDdv19Zuc+2PgvTA8="></latexit>

O
±
k (y)

Billò, Fucito, Lerda, Morales, Stanev, Wen, 2017
Billò, Galvagno, Lerda, 2019



• 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 
Billò, Fucito, Lerda, Morales, Stanev, Wen, 2017 
…



• We are interested in computing correlators in but, since our theory is
conformal, we can easily map them to correlators in

• and then exploit the power of localization to reduce the computation to a
matrix model correlator

Localization
<latexit sha1_base64="KA7InTn8Fq5Salt2GmlEVATR0EE=">AAAB/3icdVC7TsNAEDzzJrwClDQnIiQq62xiSDokGkpAhCAlJjofm3Di/OBujRRZKfgKWqjoEC2fQsG/YJsgAYKpRjO72tkJEiUNMvZmTUxOTc/Mzs1XFhaXlleqq2tnJk61gJaIVazPA25AyQhaKFHBeaKBh4GCdnB9UPjtW9BGxtEpDhPwQz6IZF8KjrnkZ92Q41UQ0JPRRb1XrTGbNdkOa1Jmu8xrOG5O6sxxPY86NitRI2Mc9arv3ctYpCFEKBQ3puOwBP2Ma5RCwajSTQ0kXFzzAXRyGvEQjJ+VoUd0KzUcY5qAplLRUoTvGxkPjRmGQT5ZZDS/vUL8y+uk2G/4mYySFCESxSGUCspDRmiZtwH0UmpA5EVyoDKigmuOCFpSLkQupnk9lbyPr6fp/+TMtZ1d2zuu1/Yb42bmyAbZJNvEIXtknxySI9IigtyQe/JAHq0768l6tl4+Ryes8c46+QHr9QNq95Z/</latexit>

R4
<latexit sha1_base64="rzfSQxgk4Mq0H2BzIuJ6NuAN42U=">AAAB/3icdVC7TsNAEDzzJrwClDQnIiQq62xiSDokGkoQhCAlJjofm3Di/OBujRRZKfgKWqjoEC2fQsG/YJsgAYKpRjO72tkJEiUNMvZmTUxOTc/Mzs1XFhaXlleqq2tnJk61gJaIVazPA25AyQhaKFHBeaKBh4GCdnB9UPjtW9BGxtEpDhPwQz6IZF8KjrnkZ92Q41UQ0JPRRb1XrTGbNdkOa1Jmu8xrOG5O6sxxPY86NitRI2Mc9arv3ctYpCFEKBQ3puOwBP2Ma5RCwajSTQ0kXFzzAXRyGvEQjJ+VoUd0KzUcY5qAplLRUoTvGxkPjRmGQT5ZZDS/vUL8y+uk2G/4mYySFCESxSGUCspDRmiZtwH0UmpA5EVyoDKigmuOCFpSLkQupnk9lbyPr6fp/+TMtZ1d2zuu1/Yb42bmyAbZJNvEIXtknxySI9IigtyQe/JAHq0768l6tl4+Ryes8c46+QHr9QNsiZaA</latexit>

S4

matrix model

<latexit sha1_base64="J0uQG6HaYs9bjOyCbwj+l48df4w="></latexit>

R4

<latexit sha1_base64="mGfViuG0wShRXO5tzO/DBCZL9ZM="></latexit>

S4

<latexit sha1_base64="80CNi/flLa3lqOBhj2gEvyvOVQ8="></latexit>

hOk(0)Ok(1)i

<latexit sha1_base64="i2ZA+H2AHQZWC/RhfSo1ZuVr5aw="></latexit>

hOk(N)Ok(S)i

<latexit sha1_base64="f9Dx9CQ8cnLty8dfYFlUOh6JAss="></latexit>

Ok(N)

<latexit sha1_base64="10kiQNAKFWq8LH4JbuyTHnVHwqk="></latexit>

Ok(S)

<latexit sha1_base64="WsNOfDE4SXXEWQoUJcG4Seh7YXo="></latexit>

O(0)
<latexit sha1_base64="WO5ACFG1CbrXQ5h9ERZqjCM8M/s="></latexit>

O(1)

<latexit sha1_base64="nUIFxYud1Qme2lqHbU3iz2dIgz0="></latexit>

�!

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



• For our quiver theory the matrix model contains two N x N Hermitian
matrices and , corresponding to the v.e.v.’s of and

• The partition function is

with and, in the large N limit

Matrix model
<latexit sha1_base64="uyX/eNCFroCcRW/G/L6Dbj+UqHM=">AAAB/nicdVDLSsNAFJ3UV62vqks3g0VwFZLS1uqq4MZlBfvAJpTJ9LYOTh7M3AglFPwKt7pyJ279FRf+i0laQUXP6nDOvdxzjxdJodGy3o3C0vLK6lpxvbSxubW9U97d6+owVhw6PJSh6ntMgxQBdFCghH6kgPmehJ53e575vTtQWoTBFU4jcH02CcRYcIap5Dg+wxvPS65nw+qwXLFM67Rm201qmVW73mg2UlKbE9u0clTIAu1h+cMZhTz2IUAumdYD24rQTZhCwSXMSk6sIWL8lk1gkNKA+aDdJM88o0exZhjSCBQVkuYifN9ImK/11PfSySyj/u1l4l/eIMZx001EEMUIAc8OoZCQH9JcibQMoCOhAJFlyYGKgHKmGCIoQRnnqRin7ZTSPr6epv+TbtW0G2b9slZpnS2aKZIDckiOiU1OSItckDbpEE4i8kAeyZNxbzwbL8brfLRgLHb2yQ8Yb59AIZZ3</latexit>Z2

<latexit sha1_base64="Eshf3IVwTivPMmBhgcbn4EqK2GQ=">AAAB93icdVDLSgNBEJyNrxhfUY9eBoPgKezGxMRbwIvHCOYByRJ6J504ZPbBTK8QQr7Bq568iVc/x4P/4m5cQUXrVFR109XlRUoasu03K7eyura+kd8sbG3v7O4V9w86Joy1wLYIVah7HhhUMsA2SVLYizSC7ynsetPL1O/eoTYyDG5oFqHrwySQYymAEqkNQ6dQGBZLdrleqyTgdtleIiFO46x6UeNOppRYhtaw+D4YhSL2MSChwJi+Y0fkzkGTFAoXhUFsMAIxhQn2ExqAj8adL8Mu+ElsgEIeoeZS8aWI3zfm4Bsz871k0ge6Nb+9VPzL68c0brhzGUQxYSDSQyQVLg8ZoWXSAvKR1EgEaXLkMuACNBChlhyESMQ4qSXt4+tp/j/pVMrOebl2XS01G1kzeXbEjtkpc1idNdkVa7E2E0yye/bAHq2Z9WQ9Wy+fozkr2zlkP2C9fgBDq5Jo</latexit>a1
<latexit sha1_base64="zMQbFtxAYJLhF7fFYJJeci937C8=">AAAB9nicdVDLTgJBEJzFF+IL9ehlIjHxRHYRBG8kXjxiIo8ECOkdGpgw+8hMr5EQfsGrnrwZr/6OB//F3RUTNVqnSlV3urrcUElDtv1mZVZW19Y3spu5re2d3b38/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qZ+O1b1EYG/g3NQux7MPblSAqgRIKBnRvkC3axWinF4HbRThETp3ZWvqhwZ6kU2BKNQf69NwxE5KFPQoExXccOqT8HTVIoXOR6kcEQxBTG2I2pDx6a/jzNuuAnkQEKeIiaS8VTEb9vzMEzZua58aQHNDG/vUT8y+tGNKr159IPI0JfJIdIKkwPGaFlXALyodRIBEly5NLnAjQQoZYchIjFKG4l6ePraf4/aZWKznmxcl0u1GvLZrLsiB2zU+awKquzK9ZgTSbYhN2zB/Zo3VlP1rP18jmasZY7h+wHrNcPDJWSUw==</latexit>a0

<latexit sha1_base64="cC3lhMyKXzfpIaMha3y2X+FZejY=">AAAB+nicdVC7TsNAEDyHVzCvACXNiQiJyrJDQkIXiYYySOQhJVZ0vmySU84P3a2RopCfoIWKDtHyMxT8C7YxEiCYajSzq50dL5JCo22/GYWV1bX1jeKmubW9s7tX2j/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje7TP3uLSgtwuAG5xG4PpsEYiw4w0TqDaKpGDqmOSyVbateqySgtmVnSIjTOKte1KiTK2WSozUsvQ9GIY99CJBLpnXfsSN0F0yh4BKW5iDWEDE+YxPoJzRgPmh3keVd0pNYMwxpBIoKSTMRvm8smK/13PeSSZ/hVP/2UvEvrx/juOEuRBDFCAFPD6GQkB3SXImkCKAjoQCRpcmBioByphgiKEEZ54kYJ82kfXw9Tf8nnYrlnFu162q52cibKZIjckxOiUPqpEmuSIu0CSeS3JMH8mjcGU/Gs/HyOVow8p1D8gPG6wemhJPC</latexit>

�1
<latexit sha1_base64="9PvyMYaycz8Iv6967RQnE0WT6B8=">AAAB+nicdVC7TsNAEDyHVzCvACXNiQiJyrJDQkIXiYYySOQhJVZ0vmySU84P3a2RopCfoIWKDtHyMxT8C7YxEiCYajSzq50dL5JCo22/GYWV1bX1jeKmubW9s7tX2j/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje7TP3uLSgtwuAG5xG4PpsEYiw4w0TqDaKpGNqmOSyVbateqySgtmVnSIjTOKte1KiTK2WSozUsvQ9GIY99CJBLpnXfsSN0F0yh4BKW5iDWEDE+YxPoJzRgPmh3keVd0pNYMwxpBIoKSTMRvm8smK/13PeSSZ/hVP/2UvEvrx/juOEuRBDFCAFPD6GQkB3SXImkCKAjoQCRpcmBioByphgiKEEZ54kYJ82kfXw9Tf8nnYrlnFu162q52cibKZIjckxOiUPqpEmuSIu0CSeS3JMH8mjcGU/Gs/HyOVow8p1D8gPG6wek85PB</latexit>

�0

=1 when N             <latexit sha1_base64="NEqZ9u32It/g9UODAmmbquVQ+M8=">AAAB+XicdVDLSsNAFJ3UV62vqks3g0VwFZLS1roruHFZwT6gDWUyva1DJ5MwcyOU0I9wqyt34tavceG/mKQVVPSsDufcyz33+JEUBh3n3SqsrW9sbhW3Szu7e/sH5cOjrgljzaHDQxnqvs8MSKGggwIl9CMNLPAl9PzZVeb37kEbEapbnEfgBWyqxERwhqnUGwo1wXlpVK44tnNZc90mdeyqW280GympLYlrOzkqZIX2qPwxHIc8DkAhl8yYgetE6CVMo+ASFqVhbCBifMamMEipYgEYL8njLuhZbBiGNAJNhaS5CN83EhYYMw/8dDJgeGd+e5n4lzeIcdL0EqGiGEHx7BAKCfkhw7VIewA6FhoQWZYcqFCUM80QQQvKOE/FOC0m6+Prafo/6VZtt2HXb2qVVm3VTJGckFNyTlxyQVrkmrRJh3AyIw/kkTxZifVsvVivy9GCtdo5Jj9gvX0CJ8mUIg==</latexit>1

<latexit sha1_base64="Hluz2OtEE3fTi+Yn+no0i2iqPbw="></latexit>

Sint = 2
1X

m=2

2mX

k=2

(�1)m+k
⇣ �

8⇡2N

⌘m
✓
2m

k

◆
⇣2m�1

2m

�
tr a2m�k

0 � tr a2m�k
1

��
tr ak0 � tr ak1

�
odd Riemann z-values

Galvagno, Preti 2020

<latexit sha1_base64="bNvjP4IMzeXFTZtyR2FgZv3CFbc="></latexit>

Z =

Z ⇣ Y

I=0,1

daI e�tr a2
I

⌘
|Z1�loop Zinst|2

<latexit sha1_base64="pNHuzgo/hbJsp05VGJyvN93DYRc="></latexit>

|Z1�loop|2 = e�Sint



• Since one may think that

• However, ‘s do not have self-contractions, while ‘s do, so the correct
map has to send into the normal-ordered operator

• and we have

and similarly for the
3-point functions

Matrix model
<latexit sha1_base64="JG78ZnTZGahKaB+WtuAK0bEMzD8="></latexit>

�I(x) �! aI
<latexit sha1_base64="UOvJnasyz+OG+zn96U2+PgH1058="></latexit>

O
±
k (x) =

1
p
2

⇣
tr�0(x)

k
± tr�1(x)

k
⌘

�!

<latexit sha1_base64="/TO4Ub4QHiM0ldEZTCcAkKPo1NY="></latexit>

1p
2

⇣
tr ak0 ± tr ak1

⌘
⌘ A±

k

<latexit sha1_base64="kLdA548N94UfQd+1y9ONtdFQmsY="></latexit>

A±
k

<latexit sha1_base64="V4jo04FYjoVOZ0JKCoOV4BnAYDE="></latexit>

O
±
k (x)

<latexit sha1_base64="/Aon9OWrBpsnJ7eBFLvNS2PCxeo="></latexit>

O
±
k (x) �! O

±
k = A

±
k =

X

`k

Mk` A
±
`

<latexit sha1_base64="znFFEszWnZTfquzGHE7sieInb0E=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoOgl2U3JDHeAl68qWBUSGLonXR0yOyDmV4xLvkBv8KrnryJV//Cg//iboygonUqqrrp6vIiJQ05zps1MTk1PTObm8vPLywuLRdWVk9NGGuBDRGqUJ97YFDJABskSeF5pBF8T+GZ19/P/LNr1EaGwQkNImz7cBnInhRAqdQprLd8oCsBKjkcdvoXrcjfvtnpFIqO7eyVXbfGHbvkVqq1akrKn8S1nRGKbIyjTuG91Q1F7GNAQoExTdeJqJ2AJikUDvOt2GAEog+X2ExpAD6adjJKP+RbsQEKeYSaS8VHIn7fSMA3ZuB76WSW1fz2MvEvrxlTr9ZOZBDFhIHIDpFUODpkhJZpLci7UiMRZMmRy4AL0ECEWnIQIhXjtKd82sfX0/x/clqy3apdOS4X67VxMzm2wTbZNnPZLquzA3bEGkywW3bPHtijdWc9Wc/Wy+fohDXeWWM/YL1+ALcSmfA=</latexit>

O
±
k (x)

<latexit sha1_base64="ceG49sea1/d7EzJNXge4ZT8MdxI="></latexit>

⌦
O

±
k (x)O

±
k (y)

↵
=

G
±
k

|x� y|2
 !

⌦
O

±
k O

±
k

↵
= G

±
k



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

• Defining the normalized operators , with
one has

Free matrix model  (            )<latexit sha1_base64="ERZ0VFMCpcj/ee3zY0aNTwRHYyk="></latexit>

Sint = 0

<latexit sha1_base64="d7b84FyutVwagdek4XU+vTduRlU="></latexit>

⌦
O

+
k O

±
` O

±
p

↵
0
=

k ` p

2
p
2

⇣
N

2

⌘ k+`+p
2 �1

�k+`,p

<latexit sha1_base64="FJ/6IBVtIWJVtMY7nA8zMygqbmw="></latexit>⌦
O

±
k O

±
`

↵
0
= k

⇣
N

2

⌘k
�k,`

<latexit sha1_base64="ypUS7IKFWVyTNDbdr+/iecpGHeo="></latexit>

P
±
k =

1p
Gk

O
±
k

��
0

<latexit sha1_base64="RW0otM6Y07ay1CHJdybu1J1ECq4="></latexit>

Gk ⌘ k
⇣N
2

⌘k

<latexit sha1_base64="BDWJh0om1V7N7W19ZQ+4UHIkjoI="></latexit>⌦
P±
k P±

`

↵
0
= �k,`

<latexit sha1_base64="Yek68p0eZRP/LmWfLuz0mbBQJD0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIS2nRXcOOyBfuANpTJ9LYOnTyYuRFK6Be41ZU7cesHufBfTGIFFT2rwzn3cs89fiyFRst6M0obm1vbO+Xdyt7+weFR9fikr6NEcejxSEZq6DMNUoTQQ4EShrECFvgSBv7iKvcHd6C0iMIbXMbgBWweipngDDOpu5hUa5ZpN+uu61LLrLtOs2VnxGk4rt2itmkVqJE1OpPq+3ga8SSAELlkWo9sK0YvZQoFl7CqjBMNMeMLNodRRkMWgPbSIuiKXiSaYURjUFRIWojwfSNlgdbLwM8mA4a3+reXi395owRnrpeKME4QQp4fQiGhOKS5ElkDQKdCASLLkwMVIeVMMURQgjLOMzHJKqlkfXw9Tf8n/bppN0yn69TazrqZMjkj5+SS2KRJ2uSadEiPcALknjyQRyMxnoxn4+VztGSsd07JDxivHwGPkdA=</latexit>

k
<latexit sha1_base64="xMFuaS6ym7Z2nz+k+x7s2q07yZw=">AAAB9nicdVDLSsNAFJ3UV62vqks3g0VwFZIS2nRXcOOygm2FNpTJ9LYdOnkwcyOW0F9wqyt34tbfceG/mMQKKnpWh3Pu5Z57/FgKjZb1ZpTW1jc2t8rblZ3dvf2D6uFRT0eJ4tDlkYzUjc80SBFCFwVKuIkVsMCX0PfnF7nfvwWlRRRe4yIGL2DTUEwEZ5hLQ5ByVK1Zpt2su65LLbPuOs2WnRGn4bh2i9qmVaBGVuiMqu/DccSTAELkkmk9sK0YvZQpFFzCsjJMNMSMz9kUBhkNWQDaS4usS3qWaIYRjUFRIWkhwveNlAVaLwI/mwwYzvRvLxf/8gYJTlwvFWGcIIQ8P4RCQnFIcyWyEoCOhQJElicHKkLKmWKIoARlnGdikrVSyfr4epr+T3p1026YzpVTazurZsrkhJySc2KTJmmTS9IhXcLJjNyTB/Jo3BlPxrPx8jlaMlY7x+QHjNcPSXyTHA==</latexit>

`

<latexit sha1_base64="6mHhR5dDC6ZRdRpxwVlmIU04ZYY=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIS2nRXcOOyBfuANpTJ9LYOnTyYuRFK6Be41ZU7cesHufBfTGIFFT2rwzn3cs89fiyFRst6M0obm1vbO+Xdyt7+weFR9fikr6NEcejxSEZq6DMNUoTQQ4EShrECFvgSBv7iKvcHd6C0iMIbXMbgBWweipngDDOpG0+qNcu0m3XXdall1l2n2bIz4jQc125R27QK1MganUn1fTyNeBJAiFwyrUe2FaOXMoWCS1hVxomGmPEFm8MooyELQHtpEXRFLxLNMKIxKCokLUT4vpGyQOtl4GeTAcNb/dvLxb+8UYIz10tFGCcIIc8PoZBQHNJciawBoFOhAJHlyYGKkHKmGCIoQRnnmZhklVSyPr6epv+Tft20G6bTdWptZ91MmZyRc3JJbNIkbXJNOqRHOAFyTx7Io5EYT8az8fI5WjLWO6fkB4zXDwlakdU=</latexit>p

<latexit sha1_base64="ZUDnRQ6HFuUnS/9Rn92tSiSFuxg=">AAAB83icdVDLSgNBEJz1GeMr6tHLYBA8LbshifEW8OIxAfOAZAmzk04cMvtgpkcIS77Aq568iVc/yIP/4u4mgorWqajqpqvLj6XQ6Djv1tr6xubWdmGnuLu3f3BYOjru6sgoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59dZ37vHpQWUXiL8xi8gE1DMRGcYSq1Z6NS2bGdq6rrNqhjV9xavVFPSXVJXNvJUSYrtEalj+E44iaAELlkWg9cJ0YvYQoFl7AoDo2GmPEZm8IgpSELQHtJHnRBz41mGNEYFBWS5iJ830hYoPU88NPJgOGd/u1l4l/ewOCk4SUijA1CyLNDKCTkhzRXIm0A6FgoQGRZcqAipJwphghKUMZ5Kpq0kmLax9fT9H/Srdhu3a61q+VmddVMgZySM3JBXHJJmuSGtEiHcALkgTySJ8tYz9aL9bocXbNWOyfkB6y3T+mbkcE=</latexit>

k
<latexit sha1_base64="V1Dk5TSNdovSzqHzXc/sHIPDmRw=">AAAB93icdVDLSsNAFJ3UV62vqks3g0VwFZKS1roruHFZwbSFNpTJ9LYOnTyYuRFK6De41ZU7cevnuPBfTNIKKnpWh3Pu5Z57/FgKjZb1bpTW1jc2t8rblZ3dvf2D6uFRV0eJ4uDySEaq7zMNUoTgokAJ/VgBC3wJPX92lfu9e1BaROEtzmPwAjYNxURwhpnkDkHKyqhas0zr0rHtFrXMut1otpoZcZbENq0CNbJCZ1T9GI4jngQQIpdM64FtxeilTKHgEhaVYaIhZnzGpjDIaMgC0F5ahF3Qs0QzjGgMigpJCxG+b6Qs0Hoe+NlkwPBO//Zy8S9vkOCk5aUijBOEkOeHUEgoDmmuRNYC0LFQgMjy5EBFSDlTDBGUoIzzTEyyWvI+vp6m/5Nu3bSbZuPGqbWdVTNlckJOyTmxyQVpk2vSIS7hRJAH8kiejLnxbLwYr8vRkrHaOSY/YLx9Ame7kyE=</latexit>

`

like in              SYM (up to the 2 due to the orbifold)
<latexit sha1_base64="6lxzukQ/FZemaJrstsLu+elcwDo="></latexit>

N = 4

<latexit sha1_base64="THoSuAamWiTOX7sLxXb7MFsq95I="></latexit>⌦
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↵
0
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�k+`,p



• Let us notice that the interaction action 

depends only on the twisted operators:

with

Interacting matrix model

<latexit sha1_base64="40L79eVWOSWYerrqhNW3ksMz5AI="></latexit>

Sint = 2
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m=2

2mX

k=2

(�1)m+k
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k
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tr a2m�k

0 � tr a2m�k
1
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<latexit sha1_base64="phrCBrOZO2UDoHTEWp8Zh1lckhA="></latexit>
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2
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k Xk,` P

�
`

<latexit sha1_base64="wZAkyXv8xG7DpA5xHVtKsu1DOIM="></latexit>

Xk,` = �8
p
k `

1X

p=0

(�1)p
(k + `+ 2p)! 2

p!(k + p)!(`+ p)!(k + `+ p)!
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⇣ �

16⇡2
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2

with         both even or both odd, 
otherwise zero

<latexit sha1_base64="+4czZOnli0+ckWy5vEjC4TZTrfw=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwISEpaa27ghuXFewD2lAm09s6dPJg5kYosT/hVlfuxK0/48J/MUkrqOhZHc65l3vu8SIpNFrWu1FYWV1b3yhulra2d3b3yvsHHR3GikObhzJUPY9pkCKANgqU0IsUMN+T0PWml5nfvQOlRRjc4CwC12eTQIwFZ5hKvekZHYCUdFiuWKZ14dh2g1pm1a7VG/WUOAtim1aOClmiNSx/DEYhj30IkEumdd+2InQTplBwCfPSINYQMT5lE+inNGA+aDfJ887pSawZhjQCRYWkuQjfNxLmaz3zvXTSZ3irf3uZ+JfXj3HccBMRRDFCwLNDKCTkhzRXIi0C6EgoQGRZcqAioJwphghKUMZ5KsZpM6W0j6+n6f+kUzXtulm7dipNZ9lMkRyRY3JKbHJOmuSKtEibcCLJA3kkT8a98Wy8GK+L0YKx3DkkP2C8fQIa3JQM</latexit>
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• Let us notice that the interaction action 

depends only on the twisted operators:

with

Interacting matrix model

<latexit sha1_base64="40L79eVWOSWYerrqhNW3ksMz5AI="></latexit>
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Beccaria, Billò, Galvagno, Hasan, Lerda, 2020
Beccaria, Dunne, Tseytlin, 2021;
Beccaria, Billo, M.F., Lerda, Pini, 2021  + … 

with         both even or both odd, 
otherwise zero

<latexit sha1_base64="+4czZOnli0+ckWy5vEjC4TZTrfw=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwISEpaa27ghuXFewD2lAm09s6dPJg5kYosT/hVlfuxK0/48J/MUkrqOhZHc65l3vu8SIpNFrWu1FYWV1b3yhulra2d3b3yvsHHR3GikObhzJUPY9pkCKANgqU0IsUMN+T0PWml5nfvQOlRRjc4CwC12eTQIwFZ5hKvekZHYCUdFiuWKZ14dh2g1pm1a7VG/WUOAtim1aOClmiNSx/DEYhj30IkEumdd+2InQTplBwCfPSINYQMT5lE+inNGA+aDfJ887pSawZhjQCRYWkuQjfNxLmaz3zvXTSZ3irf3uZ+JfXj3HccBMRRDFCwLNDKCTkhzRXIi0C6EgoQGRZcqAioJwphghKUMZ5KsZpM6W0j6+n6f+kUzXtulm7dipNZ9lMkRyRY3JKbHJOmuSKtEibcCLJA3kkT8a98Wy8GK+L0YKx3DkkP2C8fQIa3JQM</latexit>
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• Let us notice that the interaction action 

depends only on the twisted operators:

with

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

<latexit sha1_base64="K2i/jl57LqvsyN7ZYY+QqigHTyg=">AAAB+XicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgLePEY0TwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/OLuuoKJ1Kqq66eryIik02vabtbS8srq2Xtgobm5t7+yW9va7OowVhw4PZaj6HtMgRQAdFCihHylgvieh580uUr93B0qLMLjBeQSuz6aBmAjO0Ei961EiAlyMSmW70qhXDahdsTMY4jRPa+d16uRKmeRoj0rvw3HIYx8C5JJpPXDsCN2EKRRcwqI4jDVEjM/YFAaGBswH7SZZ3AU9jjXDkEagqJA0E+H7RsJ8ree+ZyZ9hrf6t5eKf3mDGCdN1zwUxQgBTw+hkJAd0lwJ0wPQsVCAyNLkQEVAOVMMEZSgjHMjxqaYounj62n6P+lWK85ZpX5VK7eaeTMFckiOyAlxSIO0yCVpkw7hZEbuyQN5tBLryXq2Xj5Hl6x854D8gPX6AZgPlGw=</latexit>
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with         both even or both odd, 
otherwise zero
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<latexit sha1_base64="b5hZle8mr3BMDZ0WG1xpdFG9c8c="></latexit>
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0
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X2,2 0 X2,4 0 X2,6 0 · · ·
0 X3,3 0 X3,5 0 X3,7 · · ·

X4,2 0 X4,4 0 X4,6 0 · · ·
0 X5,3 0 X5,5 0 X5,7 · · ·

X6,2 0 X6,4 0 X6,6 0 · · ·
0 X7,3 0 X7,5 0 X7,7 · · ·
...

...
...

...
...

...
. . .
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<latexit sha1_base64="Oj/HDe/kauygsNc4n2Z+tCKWp7M="></latexit>
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X2,2 X2,4 X2,6 · · ·
X4,2 X4,4 X4,6 · · ·
X6,2 X6,4 X6,6 · · ·
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. . .
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<latexit sha1_base64="SThCwuNDgvGXyziVFtZA30XdBCY="></latexit>

Xodd =

0
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X3,3 X3,5 X3,7 · · ·
X5,3 X5,5 X5,7 · · ·
X7,3 X7,5 X7,7 · · ·
...

...
...

. . .

1

CCCA

The X matrix

The structure of 
the X matrix is

Thus it is convenient to define  



• Given this expression for the interaction action 

• the 2-point functions of the untwisted operators do not change, and in the 
planar limit one has 

Interacting matrix model
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• Given this expression for the interaction action 

• For the twisted operators instead

Interacting matrix model
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<latexit sha1_base64="UI3ImOs5qNHv8Ca2ubn/Lr637D8=">AAAB83icdVDLSsNAFJ3UV62vqks3g0UQhJDUWNNdwY3LFuwD2lAm09s6dPJg5kYopV/gVlfuxK0f5MJ/MYkVVPSsDufcyz33+LEUGi3rzSisrK6tbxQ3S1vbO7t75f2Djo4SxaHNIxmpns80SBFCGwVK6MUKWOBL6PrTq8zv3oHSIgpvcBaDF7BJKMaCM0yl1tmwXLFMy63X3Rq1TLvuXtQycu7aVtWhtmnlqJAlmsPy+2AU8SSAELlkWvdtK0ZvzhQKLmFRGiQaYsanbAL9lIYsAO3N86ALepJohhGNQVEhaS7C9405C7SeBX46GTC81b+9TPzL6yc4dr25COMEIeTZIRQS8kOaK5E2AHQkFCCyLDlQEVLOFEMEJSjjPBWTtJJS2sfX0/R/0qmads10Wk6l4SybKZIjckxOiU0uSYNckyZpE06A3JMH8mgkxpPxbLx8jhaM5c4h+QHj9QOYjZGM</latexit>

+
<latexit sha1_base64="UI3ImOs5qNHv8Ca2ubn/Lr637D8=">AAAB83icdVDLSsNAFJ3UV62vqks3g0UQhJDUWNNdwY3LFuwD2lAm09s6dPJg5kYopV/gVlfuxK0f5MJ/MYkVVPSsDufcyz33+LEUGi3rzSisrK6tbxQ3S1vbO7t75f2Djo4SxaHNIxmpns80SBFCGwVK6MUKWOBL6PrTq8zv3oHSIgpvcBaDF7BJKMaCM0yl1tmwXLFMy63X3Rq1TLvuXtQycu7aVtWhtmnlqJAlmsPy+2AU8SSAELlkWvdtK0ZvzhQKLmFRGiQaYsanbAL9lIYsAO3N86ALepJohhGNQVEhaS7C9405C7SeBX46GTC81b+9TPzL6yc4dr25COMEIeTZIRQS8kOaK5E2AHQkFCCyLDlQEVLOFEMEJSjjPBWTtJJS2sfX0/R/0qmads10Wk6l4SybKZIjckxOiU0uSYNckyZpE06A3JMH8mgkxpPxbLx8jhaM5c4h+QHj9QOYjZGM</latexit>

+
<latexit sha1_base64="/PrresPsjdNkcthLrdKgdK3oVBY=">AAAB+XicdVDLSsNAFJ3UV62vqks3g0UQhJBorOmu4MZlBfuANpTJ9LYOnTyYuRFK6Ee41ZU7cevXuPBfTGIFFT2rwzn3cs89fiyFRst6M0pLyyura+X1ysbm1vZOdXevo6NEcWjzSEaq5zMNUoTQRoESerECFvgSuv70Mve7d6C0iMIbnMXgBWwSirHgDDOpezLgowj1sFqzTMttNNw6tUy74Z7Xc3Lm2tapQ23TKlAjC7SG1ffBKOJJACFyybTu21aMXsoUCi5hXhkkGmLGp2wC/YyGLADtpUXcOT1KNMOIxqCokLQQ4ftGygKtZ4GfTQYMb/VvLxf/8voJjl0vFWGcIIQ8P4RCQnFIcyWyHoCOhAJElicHKkLKmWKIoARlnGdikhVTyfr4epr+Tzqnpl03nWun1nQWzZTJATkkx8QmF6RJrkiLtAknU3JPHsijkRpPxrPx8jlaMhY7++QHjNcPV/+UQQ==</latexit>

+ · · ·
<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`
<latexit sha1_base64="MbaTUM079Gff04/s3ifwXCgYVgw=">AAACA3icdVA9SwNBEN2L3/EjUUubxSBYyHGnMV66gI1lBKOBJIS5zSQu2ftgd06QI6W/wlYrO7H1h1j4X7yLEVT0VY/3Zpg3z4+VNOQ4b1Zhbn5hcWl5pbi6tr5RKm9uXZoo0QJbIlKRbvtgUMkQWyRJYTvWCIGv8Mofn+b+1Q1qI6Pwgm5j7AUwCuVQCqBM6pdL3QEqgn46PuiiUpN+ueLYjlevezXu2G7dO67l5MhzncMqd21nigqbodkvv3cHkUgCDEkoMKbjOjH1UtAkhcJJsZsYjEGMYYSdjIYQoOml0+ATvpcYoIjHqLlUfCri940UAmNuAz+bDICuzW8vF//yOgkNvV4qwzghDEV+iKTC6SEjtMwaQT6QGokgT45chlyABiLUkoMQmZhkFRWzPr6e5v+Ty0PbrdnV82qlUZ01s8x22C7bZy47YQ12xpqsxQRL2D17YI/WnfVkPVsvn6MFa7azzX7Aev0AOnSYCw==</latexit>

�k,`
<latexit sha1_base64="4kXVpxwwQVWqmy9sKJ5m7QPYCzA=">AAACC3icdVC7SgNBFJ2NrxhfUQsLm8EgWEjYjYmJXcDGMoJ5QBLD7OQmDpl9MHNXCMt+gl9hq5Wd2PoRFv6LkzWCip7qcM693HOPG0qh0bbfrMzC4tLySnY1t7a+sbmV395p6SBSHJo8kIHquEyDFD40UaCETqiAea6Etjs5n/ntW1BaBP4VTkPoe2zsi5HgDI00yO/FPY/hjR7FnSS5Lg3iyXEPpEwG+YJdrFZKBtQu2ikMcWon5bMKdeZKgczRGOTfe8OARx74yCXTuuvYIfZjplBwCUmuF2kIGZ+wMXQN9ZkHuh+nDyT0MNIMAxqCokLSVITvGzHztJ56rplM0/72ZuJfXjfCUa0fCz+MEHw+O4RCQnpIcyVMM0CHQgEimyUHKnzKmWKIoARlnBsxMlXlTB9fT9P/SatUdE6LlctyoV6eN5Ml++SAHBGHVEmdXJAGaRJOEnJPHsijdWc9Wc/Wy+doxprv7JIfsF4/AI1Dm4I=</latexit>

X2
k,`

<latexit sha1_base64="c1C91yMW+fFOnPY9gz1O1bts+Go=">AAACCXicdVDLSgNBEJyNrxhfq+LJy2AQPEjYjYmJt4AXjxFMDCQhzE46ccjsg5leISz7BX6FVz15E69+hQf/xckaQUXrVFR109XlRVJodJw3K7ewuLS8kl8trK1vbG7Z2zttHcaKQ4uHMlQdj2mQIoAWCpTQiRQw35Nw7U3OZ/71LSgtwuAKpxH0fTYOxEhwhkYa2HtJz2d4o0dJJ00HyeS4B1KmA7volGrVsgF1Sk4GQ9z6SeWsSt25UiRzNAf2e28Y8tiHALlkWnddJ8J+whQKLiEt9GINEeMTNoauoQHzQfeTLH5KD2PNMKQRKCokzUT4vpEwX+up75nJLOtvbyb+5XVjHNX7iQiiGCHgs0MoJGSHNFfC9AJ0KBQgsllyoCKgnCmGCEpQxrkRY1NUwfTx9TT9n7TLJfe0VL2sFBuVeTN5sk8OyBFxSY00yAVpkhbhJCH35IE8WnfWk/VsvXyO5qz5zi75Aev1A1Kamt4=</latexit>

Xk,`
<latexit sha1_base64="p7aSJHfTMAFbMARZBc7UKs379QU=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgLePEYwTwgG8LspBOHzD6Y6RXCEvArvOrJm3j1Vzz4L86uK6honYqqbrq6vEgKjbb9Zi0tr6yurRc2iptb2zu7pb39rg5jxaHDQxmqvsc0SBFABwVK6EcKmO9J6Hmzi9Tv3YLSIgyucR7B0GfTQEwEZ2gkN3F9hjd6kvQXi1GpbFca9aoBtSt2BkOc5mntvE6dXCmTHO1R6d0dhzz2IUAumdYDx45wmDCFgktYFN1YQ8T4jE1hYGjAfNDDJMu8oMexZhjSCBQVkmYifN9ImK/13PfMZBbxt5eKf3mDGCfNYSKCKEYIeHoIhYTskOZKmDKAjoUCRJYmByoCypliiKAEZZwbMTbtFE0fX0/T/0m3WnHOKvWrWrlVy5spkENyRE6IQxqkRS5Jm3QIJxG5Jw/k0bqznqxn6+VzdMnKdw7ID1ivH8+Llsw=</latexit>

X
<latexit sha1_base64="p7aSJHfTMAFbMARZBc7UKs379QU=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgLePEYwTwgG8LspBOHzD6Y6RXCEvArvOrJm3j1Vzz4L86uK6honYqqbrq6vEgKjbb9Zi0tr6yurRc2iptb2zu7pb39rg5jxaHDQxmqvsc0SBFABwVK6EcKmO9J6Hmzi9Tv3YLSIgyucR7B0GfTQEwEZ2gkN3F9hjd6kvQXi1GpbFca9aoBtSt2BkOc5mntvE6dXCmTHO1R6d0dhzz2IUAumdYDx45wmDCFgktYFN1YQ8T4jE1hYGjAfNDDJMu8oMexZhjSCBQVkmYifN9ImK/13PfMZBbxt5eKf3mDGCfNYSKCKEYIeHoIhYTskOZKmDKAjoUCRJYmByoCypliiKAEZZwbMTbtFE0fX0/T/0m3WnHOKvWrWrlVy5spkENyRE6IQxqkRS5Jm3QIJxG5Jw/k0bqznqxn6+VzdMnKdw7ID1ivH8+Llsw=</latexit>

X
<latexit sha1_base64="p7aSJHfTMAFbMARZBc7UKs379QU=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBA8hd2YmHgLePEYwTwgG8LspBOHzD6Y6RXCEvArvOrJm3j1Vzz4L86uK6honYqqbrq6vEgKjbb9Zi0tr6yurRc2iptb2zu7pb39rg5jxaHDQxmqvsc0SBFABwVK6EcKmO9J6Hmzi9Tv3YLSIgyucR7B0GfTQEwEZ2gkN3F9hjd6kvQXi1GpbFca9aoBtSt2BkOc5mntvE6dXCmTHO1R6d0dhzz2IUAumdYDx45wmDCFgktYFN1YQ8T4jE1hYGjAfNDDJMu8oMexZhjSCBQVkmYifN9ImK/13PfMZBbxt5eKf3mDGCfNYSKCKEYIeHoIhYTskOZKmDKAjoUCRJYmByoCypliiKAEZZwbMTbtFE0fX0/T/0m3WnHOKvWrWrlVy5spkENyRE6IQxqkRS5Jm3QIJxG5Jw/k0bqznqxn6+VzdMnKdw7ID1ivH8+Llsw=</latexit>

X



• Given this expression for the interaction action 

• For the twisted operators instead

Interacting matrix model

<latexit sha1_base64="phrCBrOZO2UDoHTEWp8Zh1lckhA="></latexit>

Sint = �1

2

X

k,`

P�
k Xk,` P

�
`

<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`<latexit sha1_base64="e2Bop3jllSso12mfGJzE1OQ9UGk=">AAACB3icdVBNS8NAEN34bf2q9uhlsQieQiKx1pvgxWMFa4U2lMl2Whc3m7A7UUroD/BXeNWTN/Hqz/DgfzGtFVT0nR7vzTBvXpQqacnz3pyZ2bn5hcWl5dLK6tr6Rnlz68ImmRHYFIlKzGUEFpXU2CRJCi9TgxBHClvR9cnYb92gsTLR5zRMMYxhoGVfCqBC6pYrHZXogcI+GTm4IjAmue2Wq57rHQW+X+eeu+8f1Oq1ggSfxHe9Capsika3/N7pJSKLUZNQYG3b91IKczAkhcJRqZNZTEFcwwDbBdUQow3zSfgR380sUMJTNFwqPhHx+0YOsbXDOComY6Ar+9sbi3957Yz69TCXOs0ItRgfIqlwcsgKI4tWkPekQSIYJ0cuNRdggAiN5CBEIWZFTaWij6+n+f/kYt/1a25wFlSPg2kzS2yb7bA95rNDdsxOWYM1mWBDds8e2KNz5zw5z87L5+iMM92psB9wXj8AFcCaOg==</latexit> !

Exact expression in l!

<latexit sha1_base64="Jc+mn8qS0tgTLoSTLYplqmqEhco="></latexit>⌦
P�
k P�

`

↵
= �k,` + Xk,` + X2

k,` + · · · =
⇣ 1

1� X

⌘

k,`
⌘ Dk,`



• Also the 3-point functions can be computed in a similar way

• Defining one gets

Interacting matrix model

<latexit sha1_base64="oZmyxCJAJDf8lr2ak99oI8WCAkU="></latexit>⌦
P+
k P�

` P�
p

↵
=

<latexit sha1_base64="rRtNyWP6KCYfspGJne32bsOX/ZI=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0UQhJDUWNNdwY3LCvYBbSiT6W0dOnkwcyOU2p9wqyt34tafceG/mMQKKnpWh3Pu5Z57/FgKjZb1ZhSWlldW14rrpY3Nre2d8u5eW0eJ4tDikYxU12capAihhQIldGMFLPAldPzJReZ3bkFpEYXXOI3BC9g4FCPBGaZS94T2+TBCPShXLNNy63W3Ri3TrrtntYycurZVdahtWjkqZIHmoPzeH0Y8CSBELpnWPduK0ZsxhYJLmJf6iYaY8QkbQy+lIQtAe7M875weJZphRGNQVEiai/B9Y8YCraeBn04GDG/0by8T//J6CY5cbybCOEEIeXYIhYT8kOZKpEUAHQoFiCxLDlSElDPFEEEJyjhPxSRtppT28fU0/Z+0q6ZdM50rp9JwFs0UyQE5JMfEJuekQS5Jk7QIJ5LckwfyaNwZT8az8fI5WjAWO/vkB4zXD6/FlGs=</latexit>

+ · · ·

<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`

<latexit sha1_base64="4cGcge67etTTTtKDFLB7YGM0puw=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa141GlapmW22i4dWqZdsO9qOfk3LWtmkNt0ypQJUu0RpX34TjiSQAhcsm0HthWjF7KFAouYVEeJhpixmdsCoOMhiwA7aVF0AU9TTTDiMagqJC0EOH7RsoCreeBn00GDG/1by8X//IGCU5cLxVhnCCEPD+EQkJxSHMlsgaAjoUCRJYnBypCypliiKAEZZxnYpJVUs76+Hqa/k+6NdOum07bqTadZTMlckxOyBmxySVpkmvSIh3CCZB78kAejcR4Mp6Nl8/RFWO5c0R+wHj9AAQnkdE=</latexit>p

<latexit sha1_base64="UI3ImOs5qNHv8Ca2ubn/Lr637D8=">AAAB83icdVDLSsNAFJ3UV62vqks3g0UQhJDUWNNdwY3LFuwD2lAm09s6dPJg5kYopV/gVlfuxK0f5MJ/MYkVVPSsDufcyz33+LEUGi3rzSisrK6tbxQ3S1vbO7t75f2Djo4SxaHNIxmpns80SBFCGwVK6MUKWOBL6PrTq8zv3oHSIgpvcBaDF7BJKMaCM0yl1tmwXLFMy63X3Rq1TLvuXtQycu7aVtWhtmnlqJAlmsPy+2AU8SSAELlkWvdtK0ZvzhQKLmFRGiQaYsanbAL9lIYsAO3N86ALepJohhGNQVEhaS7C9405C7SeBX46GTC81b+9TPzL6yc4dr25COMEIeTZIRQS8kOaK5E2AHQkFCCyLDlQEVLOFEMEJSjjPBWTtJJS2sfX0/R/0qmads10Wk6l4SybKZIjckxOiU0uSYNckyZpE06A3JMH8mgkxpPxbLx8jhaM5c4h+QHj9QOYjZGM</latexit>

+
<latexit sha1_base64="UI3ImOs5qNHv8Ca2ubn/Lr637D8=">AAAB83icdVDLSsNAFJ3UV62vqks3g0UQhJDUWNNdwY3LFuwD2lAm09s6dPJg5kYopV/gVlfuxK0f5MJ/MYkVVPSsDufcyz33+LEUGi3rzSisrK6tbxQ3S1vbO7t75f2Djo4SxaHNIxmpns80SBFCGwVK6MUKWOBL6PrTq8zv3oHSIgpvcBaDF7BJKMaCM0yl1tmwXLFMy63X3Rq1TLvuXtQycu7aVtWhtmnlqJAlmsPy+2AU8SSAELlkWvdtK0ZvzhQKLmFRGiQaYsanbAL9lIYsAO3N86ALepJohhGNQVEhaS7C9405C7SeBX46GTC81b+9TPzL6yc4dr25COMEIeTZIRQS8kOaK5E2AHQkFCCyLDlQEVLOFEMEJSjjPBWTtJJS2sfX0/R/0qmads10Wk6l4SybKZIjckxOiU0uSYNckyZpE06A3JMH8mgkxpPxbLx8jhaM5c4h+QHj9QOYjZGM</latexit>

+

<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`

<latexit sha1_base64="4cGcge67etTTTtKDFLB7YGM0puw=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa141GlapmW22i4dWqZdsO9qOfk3LWtmkNt0ypQJUu0RpX34TjiSQAhcsm0HthWjF7KFAouYVEeJhpixmdsCoOMhiwA7aVF0AU9TTTDiMagqJC0EOH7RsoCreeBn00GDG/1by8X//IGCU5cLxVhnCCEPD+EQkJxSHMlsgaAjoUCRJYnBypCypliiKAEZZxnYpJVUs76+Hqa/k+6NdOum07bqTadZTMlckxOyBmxySVpkmvSIh3CCZB78kAejcR4Mp6Nl8/RFWO5c0R+wHj9AAQnkdE=</latexit>p

<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>

k
<latexit sha1_base64="cGylXGtfUWvtfkyVXUEN/r8HTag=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJyrKDCU4XiYYySOQhJVZ0vmySU84P3a0RUZRfoIWKDtHyOxT8C7YJEiCYajSzq50dP5ZCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1lGiOLR4JCPV9ZkGKUJooUAJ3VgBC3wJHX96mfmdW1BaROENzmLwAjYOxUhwhpnUBykH5YplWm697taoZdp197yWkTPXtqoOtU0rR4Us0RyU3/vDiCcBhMgl07pnWzF6c6ZQcAmLUj/REDM+ZWPopTRkAWhvnmdd0JNEM4xoDIoKSXMRvm/MWaD1LPDTyYDhRP/2MvEvr5fgyPXmIowThJBnh1BIyA9prkRaAtChUIDIsuRARUg5UwwRlKCM81RM0lZKaR9fT9P/Sbtq2jXTuXYqDWfZTJEckWNySmxyQRrkijRJi3AyIffkgTwad8aT8Wy8fI4WjOXOIfkB4/UDREmTGA==</latexit>

`

<latexit sha1_base64="4cGcge67etTTTtKDFLB7YGM0puw=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa141GlapmW22i4dWqZdsO9qOfk3LWtmkNt0ypQJUu0RpX34TjiSQAhcsm0HthWjF7KFAouYVEeJhpixmdsCoOMhiwA7aVF0AU9TTTDiMagqJC0EOH7RsoCreeBn00GDG/1by8X//IGCU5cLxVhnCCEPD+EQkJxSHMlsgaAjoUCRJYnBypCypliiKAEZZxnYpJVUs76+Hqa/k+6NdOum07bqTadZTMlckxOyBmxySVpkmvSIh3CCZB78kAejcR4Mp6Nl8/RFWO5c0R+wHj9AAQnkdE=</latexit>p

<latexit sha1_base64="8MmmzKjdd9TOsaYe6f9/dAjg7iM=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJjTXcFNy5bsA9oQ5lMb+vQyYOZG6GEfoFbXbkTt36QC//FJFZQ0bM6nHMv99zjx1JotKw3Y2V1bX1js7RV3t7Z3duvHBx2dZQoDh0eyUj1faZBihA6KFBCP1bAAl9Cz59d5X7vDpQWUXiD8xi8gE1DMRGcYSa1Z6NK1TItt9Fw69Qy7YZ7Uc/JuWtbNYfaplWgSpZojSrvw3HEkwBC5JJpPbCtGL2UKRRcwqI8TDTEjM/YFAYZDVkA2kuLoAt6mmiGEY1BUSFpIcL3jZQFWs8DP5sMGN7q314u/uUNEpy4XirCOEEIeX4IhYTikOZKZA0AHQsFiCxPDlSElDPFEEEJyjjPxCSrpJz18fU0/Z90a6ZdN522U206y2ZK5JickDNik0vSJNekRTqEEyD35IE8GonxZDwbL5+jK8Zy54j8gPH6AfxNkcw=</latexit>
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• The 2-point functions

• The 3-point functions

• Everything is formally expressed in terms of the X matrix
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Interacting matrix model          Recap

These formulas contains the exact dependence on the coupling constant !
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• The 2-point functions

• The 3-point functions

• However the        are NOT the operators         we are interested in, since

, but 

• The correlators of the       ‘s are combinations of the one of the       ‘s
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• After the normal 
ordering one finds

• where                             and,  for example,

2-point functions
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• After the normal 
ordering one finds

2-point functions
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These formulas are valid for any value of l !



• Using the small l expansion of the Bessel functions, one obtains the weak-
coupling expansions. For example:

• The perturbative expansions have a finite radius of convergence , but
they can be re-summed a la Padé and extended beyond that limit.

2-point functions

<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

<latexit sha1_base64="hU1CHy6wN6rfE6iPCug1QyhPxAI=">AAACB3icdVDLSgNBEJz1GeMr6tHLYBA8LbObJepN8OIxglEhCaF30tHB2QczvUoIfoBf4VVP3sSrn+HBf3ESI6honYqqLrq74lwrS0K8eVPTM7Nz86WF8uLS8spqZW391GaFkdiUmc7MeQwWtUqxSYo0nucGIYk1nsVXhyP/7BqNVVl6QoMcOwlcpKqvJJCTupUN0dbYJzAmu+Ft7YI96Faqwhf79ZrY5cIPg7AWBo5EQS0K93jgizGqbIJGt/Le7mWySDAlqcHaViBy6gzBkJIab8vtwmIO8gousOVoCgnaznB8/C3fLixQxnM0XGk+FvF7YgiJtYMkdpMJ0KX97Y3Ev7xWQf29zlCleUGYytEiUhrHi6w0yrWCvKcMEsHocuQq5RIMEKFRHKR0YuFqKrs+vp7m/5PT0A/qfnQcVQ+iSTMltsm22A4L2C47YEeswZpMsgG7Zw/s0bvznrxn7+VzdMqbZDbYD3ivH8B5mWI=</latexit>

0 
� <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="Q5p4eSzJcTdVIAVJ8aKcLPVWjHk="></latexit>

G
�
3 =

3N3

8


1� 5 ⇣5

256⇡6
�
3 +

105 ⇣7
4096⇡8

�
4 � 1701 ⇣9

65536⇡10
�
5 + · · · + O(�160)

�

<latexit sha1_base64="Z7lCAS/G/tVv4DPgrnz9ynw3luQ=">AAACB3icdVDLSgNBEJz1bXxFPXoZDIKnZTfEGG8BLx4VjArZNfRO2jhk9uFMrxBCPsCv8Konb+LVz/DgvzgbI6honYqqarq7okxJQ5735kxNz8zOzS8slpaWV1bXyusbZybNtcCWSFWqLyIwqGSCLZKk8CLTCHGk8DzqHxb++S1qI9PklAYZhjH0EnklBZCVOuXNQNlwFwIjY7zhQSYvq51yxXO9g5rvN7jnVv29eqNuSe2T+K43RoVNcNwpvwfdVOQxJiQUGNP2vYzCIWiSQuGoFOQGMxB96GHb0gRiNOFwfPyI7+QGKOUZai4VH4v4fWIIsTGDOLLJGOja/PYK8S+vndNVIxzKJMsJE1EsIqlwvMgILW0ryLtSIxEUlyOXCReggQi15CCEFXNbU8n28fU0/5+cVV2/7tZOapVmddLMAtti22yX+WyfNdkRO2YtJtiA3bMH9ujcOU/Os/PyGZ1yJjOb7Aec1w+vDJlV</latexit>

� ' ⇡2



• More interestingly, we can derive analytically the strong-coupling expansions 
of the 2-point functions. In fact

2-point functions
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The X matrix at large l
The large l behaviour of the X matrix can be obtained by Mellin-Barnes techniques

Beccaria, Billò, M.F., Lerda , Pini, 2021  
Beccaria, Dunne, Tseytlin, 2021 + …
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• More interestingly, we can derive analytically the strong-coupling expansions 
of the 2-point functions. In fact

• Heuristically

2-point functions
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• More interestingly, we can derive analytically the strong-coupling expansions 
of the 2-point functions. In fact

2-point functions
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2-point functions Numerical checks
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2-point functions
• Actually, one can do more and derive the full strong-coupling expansion

where
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+ non-perturbative terms

A  = Gleisher constant
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• A similar analysis can be done for 3-point functions
• The calculations are simplified by observing that 3-point functions are 

related to the 2-point functions by an exact Ward-like identity

• From these results one sees that at the leading order in l

3-point functions
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Billò, M.F.,Lerda, Pini, Vallarino, 2022
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• A similar analysis can be done for 3-point functions
• The calculations are simplified by observing that 3-point functions are 

related to the 2-point functions by an exact Ward-like identity

• From these results one can derive the structure constants

3-point functions
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Structure constants
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It follows  from the AdS/CFT correspondence !
Billò, M.F.,Lerda, Pini, Vallarino, 2022
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Holographic description
• The holographic dual of the quiver theory is the orbifold

whose fixed locus is
• As in any orbifold, we have the untwisted and the twisted sectors

<latexit sha1_base64="xpbg+a1vLmLrI2o03imOzUCNFnw=">AAACDXicdVDLTgJBEJz1ifhCPRkvE4mJp80uAcQbxotHDIIkgGR2aHHC7CMzvSZkQ/wEv8KrnrwZr36DB//FWcBEjdapUtWd6i4vkkKj47xbc/MLi0vLmZXs6tr6xmZua7upw1hxaPBQhqrlMQ1SBNBAgRJakQLmexIuveFp6l/egtIiDC5wFEHXZ4NAXAvO0Ei93G7HZ3ij/OSkXx/3SrSDwgdN61duL5d3bOe46LoV6tgFt1SulA0pTolrOxPkyQy1Xu6j0w957EOAXDKt264TYTdhCgWXMM52Yg0R40M2gLahATNB3WTywpgexJphSCNQVEg6EeH7RsJ8rUe+ZybTg/VvLxX/8toxXle6iQiiGCHgaRAKCZMgzZUw3QDtCwWILL0cqAgoZ4ohghKUcW7E2JSVNX18PU3/J82C7Zbt0nkxX63MmsmQPbJPDolLjkiVnJEaaRBO7sgDeSRP1r31bL1Yr9PROWu2s0N+wHr7BL/bm4Q=</latexit>
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Holographic description
• The holographic dual of the quiver theory is the orbifold

whose fixed locus is
• As in any orbifold, we have the untwisted and the twisted sectors

• The untwisted operators        are dual to K.K. modes of the metric and the R-R 4-
form fluctuations (as in             )     , whose effective action (derived from Type II  
B sugra in d=10) is
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Maldacena, 1997; 
Lee, Minwalla, Rangamani, Seiberg, 1998; …



Holographic description
• From this action, using the holographic dictionary

, 

• one computes the 2- and 3- point 
functions from Witten diagrams

• and gets 

like in 
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• The twisted operators        are dual to K.K. modes of the twisted scalars    

obtained by wrapping the NS-NS and R-R 2-forms on the exceptional 2-cycle

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

point) is

Holographic description
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Holographic description
• From this action, using the holographic dictionary

, 

• one computes the 2- and 3- point 
functions from Witten diagrams

• and gets 

• in agreement with the localization result!
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• The systematic strong-coupling expansion found for the structure constant

once the gauge/gravity dictionary                     is used, has the same form 
expected for 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.

• There is however a case in which a check of the AdS/CFT correspondence at the 
string level seems possible…

Holographic description open questions
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• When we consider a        quiver theory with            , also 3-point functions of only 
twisted operator are non trivial 

• From the field (and matrix) theory they are on the same footing of the others 
and, at strong coupling

Holographic description open questions
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• When we consider a        quiver theory with            , also 3-point functions of only 
twisted operator are non trivial 

• From the holographic point of view, since                      , this means that the TTT-
couplings must have an extra power of      with respect to the UTT ones

stringy coupling!

Holographic description open questions
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Wilson loop
• Localization can also be exploited to compute correlators of local operators in a 

defect CFT with Wilson loop. 
• In case of circular Wilson loop in the fundamental representation, this amounts 

to insert in the matrix model correlators the operator

• In               many exacts results are known and in particular 
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Wilson loop
• In               some exacts results are known for the large N limit in the quiver 

theory (or its orientifold       E-theory)

• 1-point function of twisted chiral operator in presence of Wilson loop:

where                    can be  obtained in the same way 
discussed for local operators, for instance
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Wilson loop
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These formulas are valid for any value of l !
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Wilson loop
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• 1-point function of twisted chiral operator in presence of Wilson loop:

• The strong coupling regime is obtained by carefully studying the ratio
with a mix of analytical and numerical techniques           

Pini, Vallarino 2023
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Pini, Vallarino 2023
Korchemsky, Pini, Vallarino, work in progress
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Mass deformation of 
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N = 4



Gauge theories
• gauge theories are mass deformation of               in which we give mass 

to the scalars of the adjoint hypers

• The sphere partition function of                has a non-trivial mass dependence 
coming from               and, at leading order in       , 
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N = 2⇤
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N = 4
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Z1�loop
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Gauge theories
• gauge theories are mass deformation of               in which we give mass 

to the adjoint hypers

• The sphere partition function of                has a non-trivial mass dependence 
coming from               and, at leading order in       , 

• This leading term is interesting because

Binder, Chester, Pufu, Wang 2019
Dorigoni, Green, Wen 2021 + …

<latexit sha1_base64="04QB9TaWmzD7GVNpyYQFCzeTsW8=">AAAB/3icdVA9SwNBEN2L3/ErammzGASxCHfRaCwE0cZKIpgoJKfMrWNcsvfh7pwQjhT+Clut7MTWn2Lhf/HujKCir3q8N8O8eV6kpCHbfrMKI6Nj4xOTU8Xpmdm5+dLCYsuEsRbYFKEK9ZkHBpUMsEmSFJ5FGsH3FJ56vYPMP71FbWQYnFA/QteHbiCvpABKJTfpCFD8aLBbPV8vXpTKdmW7Vk3B7YqdIyVOfWNzp8adoVJmQzQuSu+dy1DEPgYkFBjTduyI3AQ0SaFwUOzEBiMQPehiO6UB+GjcJA894KuxAQp5hJpLxXMRv28k4BvT97100ge6Nr+9TPzLa8d0VXcTGUQxYSCyQyQV5oeM0DJtA/ml1EgEWXLkMuACNBChlhyESMU4rSfr4+tp/j9pVSvOVqV2vFne2x82M8mW2QpbYw7bZnvskDVYkwl2w+7ZA3u07qwn69l6+RwtWMOdJfYD1usHGNCVsA==</latexit>

N = 2⇤
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Gauge theories
• gauge theories are mass deformation of               in which we give mass 

to the scalars of the adjoint hypers

• The sphere partition function of                has a non-trivial mass dependence 
coming from               and, at leading order in       , 

• The local operator               can be expressed in a form very similar to          of the 
quiver theory in term of an infinite matrix 
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<latexit sha1_base64="0rEkP4oO430a3Yp1ouLIaTI1J8A=">AAACB3icdVDLTgJBEJzFF+IL5ehlIjHx4maXAOKNxItHTOQRgZDZocEJs4/M9JqQzX6AX+FVT96MVz/Dg//i7oKJGq1Tpao7XV1OIIVGy3o3ciura+sb+c3C1vbO7l5x/6Cj/VBxaHNf+qrnMA1SeNBGgRJ6gQLmOhK6zuwi9bt3oLTwvWucBzB02dQTE8EZJtKoWLoZRfbpwGV4q9xI+n4Qx6Ni2TKt86ptN6hlVuxavVFPSHVBbNPKUCZLtEbFj8HY56ELHnLJtO7bVoDDiCkUXEJcGIQaAsZnbAr9hHrMBT2MsvAxPQ41Q58GoKiQNBPh+0bEXK3nrpNMpin1by8V//L6IU4aw0h4QYjg8fQQCgnZIc2VSFoBOhYKEFmaHKjwKGeKIYISlHGeiGFSUyHp4+tp+j/pVEy7btauquVmfdlMnhySI3JCbHJGmuSStEibcDInD+SRPBn3xrPxYrwuRnPGcqdEfsB4+wSDS5nj</latexit>

Z1�loop

<latexit sha1_base64="fexaup9CdKVW7TKtEHdUhDU8/9E=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKjJJguEg1lEOQhJSY6XzbhxPmhuzUosvIJtFDRIVq+h4J/wXaCBAimGs3samfHi6TQaFnvRmFpeWV1rbhe2tjc2t4p7+51dBgrDm0eylD1PKZBigDaKFBCL1LAfE9C17s9y/zuHSgtwuAKpxG4PpsEYiw4w1S69K+rw3LFMq3Tmm071DKrdr3hNFJSmxPbtHJUyAKtYfljMAp57EOAXDKt+7YVoZswhYJLmJUGsYaI8Vs2gX5KA+aDdpM86owexZphSCNQVEiai/B9I2G+1lPfSyd9hjf6t5eJf3n9GMeOm4ggihECnh1CISE/pLkSaQdAR0IBIsuSAxUB5UwxRFCCMs5TMU5LKaV9fD1N/yedqmk3zPpFrdJ0Fs0UyQE5JMfEJiekSc5Ji7QJJxPyQB7Jk3FvPBsvxut8tGAsdvbJDxhvnxmTkms=</latexit>

m2

<latexit sha1_base64="FoIoI4SsijLmAZMNidn0SKVtLIQ=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHxtNklgHgj8eIRowgJbMjs0OCE2Udmek3Iho/wqidvxqtf48F/cXbBRI3WqVLVna4uP5ZCo+O8W4WV1bX1jeJmaWt7Z3evvH9wq6NEcejwSEaq5zMNUoTQQYESerECFvgSuv70IvO796C0iMIbnMXgBWwSirHgDI3UvR6mIsT5sFxxbOe85rpN6thVt95oNgypLYhrOzkqZIn2sPwxGEU8CSBELpnWfdeJ0UuZQsElzEuDREPM+JRNoG9oyALQXprHndOTRDOMaAyKCklzEb5vpCzQehb4ZjJgeKd/e5n4l9dPcNz0zENxghDy7BAKCfkhzZUwPQAdCQWILEsOVISUM8UQQQnKODdiYoopmT6+nqb/k9uq7Tbs+lWt0moumymSI3JMTolLzkiLXJI26RBOpuSBPJInK7WerRfrdTFasJY7h+QHrLdPxiyUiw==</latexit>

Sint

<latexit sha1_base64="kyGW4c0ySMwit3O4mJ+XUXECz0A="></latexit>

M(�) = hM(�, a) i0
<latexit sha1_base64="j+/FnuTWzIKAyBuLsP8qKoRwkps="></latexit>

ZN=2⇤ = ZN=4

�
1 +m

2
M(�) +O(m4)

�

<latexit sha1_base64="PYYkF75qPpmJuM214JxWuZsenSE=">AAACDnicdVDLSgNBEJz1bXxFvellMAgKsuxKjPEW8OJFiGBUSELonXR0yOyDmV5BloCf4Fd41ZM38eovePBfnI0RVLRORVUX3V1BoqQhz3tzxsYnJqemZ2YLc/MLi0vF5ZUzE6daYEPEKtYXARhUMsIGSVJ4kWiEMFB4HvQPc//8GrWRcXRKNwm2Q7iMZE8KICt1ims8a4VAV0GPHw/4VkvZaBd2OGzzTrHkud5B2fer3HN3/b1KtWJJ+ZP4rjdEiY1Q7xTfW91YpCFGJBQY0/S9hNoZaJJC4aDQSg0mIPpwiU1LIwjRtLPhDwO+mRqgmCeouVR8KOL3RAahMTdhYCfze81vLxf/8pop9artTEZJShiJfBFJhcNFRmhpy0HelRqJIL8cuYy4AA1EqCUHIayY2rYKto+vp/n/5GzX9Svu3km5VKuMmplh62yDbTGf7bMaO2J11mCC3bJ79sAenTvnyXl2Xj5Hx5xRZpX9gPP6Ab18mtE=</latexit>

M(�, a)

<latexit sha1_base64="+b26HeiiRArQJ8bGxLu24/AbIF8="></latexit>

Kk,` = �(�1)
k+`
2

p
k `
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⌘

slightly different kernel from X !

<latexit sha1_base64="3zoaUj1OFchJ7yQ16AdnPNtxFgQ=">AAACB3icdVDLSgNBEJyNrxhf0Ry9DAbBgyy7IYnrLeBF8BLBPCAJYXbSiUNmH8z0CmHJB/gVXvXkTbz6GR78F3c3EVS0TkVVN11dbiiFRst6N3Irq2vrG/nNwtb2zu5ecf+grYNIcWjxQAaq6zINUvjQQoESuqEC5rkSOu70IvU7d6C0CPwbnIUw8NjEF2PBGSbSsFjqewxv9Ti+mg/j6WkfpJwPi2XLtM6rtu1Qy6zYtbpTT0h1QWzTylAmSzSHxY/+KOCRBz5yybTu2VaIg5gpFFzCvNCPNISMT9kEegn1mQd6EGfh5/Q40gwDGoKiQtJMhO8bMfO0nnluMplF/e2l4l9eL8KxM4iFH0YIPk8PoZCQHdJciaQVoCOhAJGlyYEKn3KmGCIoQRnniRglNRWSPr6epv+TdsW062btulpuOMtm8uSQHJETYpMz0iCXpElahJMZeSCP5Mm4N56NF+N1MZozljsl8gPG2yeN6pno</latexit>

Kk,`

<latexit sha1_base64="cFC6qHnSQ3ZERexmuuoevsTpvQs=">AAACAHicdVC7SgNBFJ31GeMramkzGAQLWXY0jy0DNpYRzAOSNcxObuKQ2Yczd4WwpPErbLWyE1v/xMJ/cRMjqOipDufcyz33+LGSBh3nzVpYXFpeWc2t5dc3Nre2Czu7TRMlWkBDRCrSbZ8bUDKEBkpU0I418MBX0PJHZ1O/dQvayCi8xHEMXsCHoRxIwTGTrkbHtAtK0e4QbijrFYqO7bBKmbnUsZnrlF2WkVKZseopZbYzQ5HMUe8V3rv9SCQBhCgUN6bDnBi9lGuUQsEk300MxFyM+BA6GQ15AMZLZ6kn9DAxHCMag6ZS0ZkI3zdSHhgzDvxsMuB4bX57U/Evr5PgwPVSGcYJQiimh1AqmB0yQsusDqB9qQGRT5MDlSEVXHNE0JJyITIxyfrJZ318PU3/J80Tm1Xs8kWpWCvNm8mRfXJAjggjVVIj56ROGkQQTe7JA3m07qwn69l6+RxdsOY7e+QHrNcP8YCWIg==</latexit>

k, ` � 1

<latexit sha1_base64="y045WWhORH7VZkB8MQDIS6vkmAU="></latexit>

M =
1X

k,`=0

Kk,`PkP`



Gauge theories
• gauge theories are mass deformation of               in which we give mass 

to the adjoint hypers

• The sphere partition function of                has a non-trivial mass dependence 
coming from               and, at leading order in       , 

• In terms of           one easily finds

<latexit sha1_base64="04QB9TaWmzD7GVNpyYQFCzeTsW8=">AAAB/3icdVA9SwNBEN2L3/ErammzGASxCHfRaCwE0cZKIpgoJKfMrWNcsvfh7pwQjhT+Clut7MTWn2Lhf/HujKCir3q8N8O8eV6kpCHbfrMKI6Nj4xOTU8Xpmdm5+dLCYsuEsRbYFKEK9ZkHBpUMsEmSFJ5FGsH3FJ56vYPMP71FbWQYnFA/QteHbiCvpABKJTfpCFD8aLBbPV8vXpTKdmW7Vk3B7YqdIyVOfWNzp8adoVJmQzQuSu+dy1DEPgYkFBjTduyI3AQ0SaFwUOzEBiMQPehiO6UB+GjcJA894KuxAQp5hJpLxXMRv28k4BvT97100ge6Nr+9TPzLa8d0VXcTGUQxYSCyQyQV5oeM0DJtA/ml1EgEWXLkMuACNBChlhyESMU4rSfr4+tp/j9pVSvOVqV2vFne2x82M8mW2QpbYw7bZnvskDVYkwl2w+7ZA3u07qwn69l6+RwtWMOdJfYD1usHGNCVsA==</latexit>

N = 2⇤

<latexit sha1_base64="YqXcwjyJV2zBWYbSNsyyqTme3RY=">AAAB/3icdVDLSgNBEJz1bXxFPXoZDIJ4WHbUaBAEwYsnUTCJkKyhd9Lq4OzDmV5Blhz8Cq968iZe/RQP/ou7MYKK1qmo6qarK0i0suR5b87Q8Mjo2PjEZGlqemZ2rjy/0LBxaiTWZaxjcxqARa0irJMijaeJQQgDjc3gar/wmzdorIqjE7pN0A/hIlLnSgLlkp+1JWh+2NtdP1srdcoVz/XEVlXUuOeKmletiZxsVoXY3uDC9fqosAGOOuX3djeWaYgRSQ3WtoSXkJ+BISU19krt1GIC8gousJXTCEK0ftYP3eMrqQWKeYKGK837In7fyCC09jYM8skQ6NL+9grxL6+V0nnNz1SUpISRLA6R0tg/ZKVReRvIu8ogERTJkauISzBAhEZxkDIX07yeoo+vp/n/pLHuii23erxZ2dsZNDPBltgyW2WCbbM9dsCOWJ1Jds3u2QN7dO6cJ+fZefkcHXIGO4vsB5zXDy0Blbc=</latexit>

N = 2⇤
<latexit sha1_base64="hY+LyPglL2ZPXb0Hf2n1nA+OP8Y=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy44mGgRB8OJJFIwGkyC9YycOmZ1dZnoFWeJXeNWTN/Hqv3jwX9zECCpap6Kqm66uMNHKURC8eYWx8YnJqemZ4uzc/MJiaWn5zMWplViXsY5tIwSHWhmskyKNjcQiRKHG87B3MPDPb9A6FZtTuk2wHUHXqI6SQLl0kbUkaH7U36tclsqBH4jtqqjxwBe1oFoTOalUhdjZ4sIPhiizEY4vS++tq1imERqSGpxriiChdgaWlNTYL7ZShwnIHnSxmVMDEbp2Nkzc5+upA4p5gpYrzYcift/IIHLuNgrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTfFvI+vp/n/5GzTF9t+9aRS3t8dNTPNVtka22CC7bB9dsiOWZ1JZtg9e2CP3p335D17L5+jBW+0s8J+wHv9ANJhlQk=</latexit>

N = 4

<latexit sha1_base64="YqXcwjyJV2zBWYbSNsyyqTme3RY=">AAAB/3icdVDLSgNBEJz1bXxFPXoZDIJ4WHbUaBAEwYsnUTCJkKyhd9Lq4OzDmV5Blhz8Cq968iZe/RQP/ou7MYKK1qmo6qarK0i0suR5b87Q8Mjo2PjEZGlqemZ2rjy/0LBxaiTWZaxjcxqARa0irJMijaeJQQgDjc3gar/wmzdorIqjE7pN0A/hIlLnSgLlkp+1JWh+2NtdP1srdcoVz/XEVlXUuOeKmletiZxsVoXY3uDC9fqosAGOOuX3djeWaYgRSQ3WtoSXkJ+BISU19krt1GIC8gousJXTCEK0ftYP3eMrqQWKeYKGK837In7fyCC09jYM8skQ6NL+9grxL6+V0nnNz1SUpISRLA6R0tg/ZKVReRvIu8ogERTJkauISzBAhEZxkDIX07yeoo+vp/n/pLHuii23erxZ2dsZNDPBltgyW2WCbbM9dsCOWJ1Jds3u2QN7dO6cJ+fZefkcHXIGO4vsB5zXDy0Blbc=</latexit>

N = 2⇤
<latexit sha1_base64="0rEkP4oO430a3Yp1ouLIaTI1J8A=">AAACB3icdVDLTgJBEJzFF+IL5ehlIjHx4maXAOKNxItHTOQRgZDZocEJs4/M9JqQzX6AX+FVT96MVz/Dg//i7oKJGq1Tpao7XV1OIIVGy3o3ciura+sb+c3C1vbO7l5x/6Cj/VBxaHNf+qrnMA1SeNBGgRJ6gQLmOhK6zuwi9bt3oLTwvWucBzB02dQTE8EZJtKoWLoZRfbpwGV4q9xI+n4Qx6Ni2TKt86ptN6hlVuxavVFPSHVBbNPKUCZLtEbFj8HY56ELHnLJtO7bVoDDiCkUXEJcGIQaAsZnbAr9hHrMBT2MsvAxPQ41Q58GoKiQNBPh+0bEXK3nrpNMpin1by8V//L6IU4aw0h4QYjg8fQQCgnZIc2VSFoBOhYKEFmaHKjwKGeKIYISlHGeiGFSUyHp4+tp+j/pVEy7btauquVmfdlMnhySI3JCbHJGmuSStEibcDInD+SRPBn3xrPxYrwuRnPGcqdEfsB4+wSDS5nj</latexit>

Z1�loop

<latexit sha1_base64="fexaup9CdKVW7TKtEHdUhDU8/9E=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKjJJguEg1lEOQhJSY6XzbhxPmhuzUosvIJtFDRIVq+h4J/wXaCBAimGs3samfHi6TQaFnvRmFpeWV1rbhe2tjc2t4p7+51dBgrDm0eylD1PKZBigDaKFBCL1LAfE9C17s9y/zuHSgtwuAKpxG4PpsEYiw4w1S69K+rw3LFMq3Tmm071DKrdr3hNFJSmxPbtHJUyAKtYfljMAp57EOAXDKt+7YVoZswhYJLmJUGsYaI8Vs2gX5KA+aDdpM86owexZphSCNQVEiai/B9I2G+1lPfSyd9hjf6t5eJf3n9GMeOm4ggihECnh1CISE/pLkSaQdAR0IBIsuSAxUB5UwxRFCCMs5TMU5LKaV9fD1N/yedqmk3zPpFrdJ0Fs0UyQE5JMfEJiekSc5Ji7QJJxPyQB7Jk3FvPBsvxut8tGAsdvbJDxhvnxmTkms=</latexit>

m2

<latexit sha1_base64="j+/FnuTWzIKAyBuLsP8qKoRwkps="></latexit>

ZN=2⇤ = ZN=4

�
1 +m

2
M(�) +O(m4)

�
<latexit sha1_base64="kyGW4c0ySMwit3O4mJ+XUXECz0A="></latexit>

M(�) = hM(�, a) i0
<latexit sha1_base64="3zoaUj1OFchJ7yQ16AdnPNtxFgQ=">AAACB3icdVDLSgNBEJyNrxhf0Ry9DAbBgyy7IYnrLeBF8BLBPCAJYXbSiUNmH8z0CmHJB/gVXvXkTbz6GR78F3c3EVS0TkVVN11dbiiFRst6N3Irq2vrG/nNwtb2zu5ecf+grYNIcWjxQAaq6zINUvjQQoESuqEC5rkSOu70IvU7d6C0CPwbnIUw8NjEF2PBGSbSsFjqewxv9Ti+mg/j6WkfpJwPi2XLtM6rtu1Qy6zYtbpTT0h1QWzTylAmSzSHxY/+KOCRBz5yybTu2VaIg5gpFFzCvNCPNISMT9kEegn1mQd6EGfh5/Q40gwDGoKiQtJMhO8bMfO0nnluMplF/e2l4l9eL8KxM4iFH0YIPk8PoZCQHdJciaQVoCOhAJGlyYEKn3KmGCIoQRnniRglNRWSPr6epv+T dsW062btulpuOMtm8uSQHJETYpMz0iCXpElahJMZeSCP5Mm4N56NF+N1MZozljsl8gPG2yeN6pno</latexit>

Kk,`
<latexit sha1_base64="r+vDTJXyrgVxxkwS9ba4RopZ7A0="></latexit>

M(�) = N2 K00 = N2

Z 1
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t
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Gauge theories
• gauge theories are mass deformation of               in which we give mass 

to the adjoint hypers

• The sphere partition function of                has a non-trivial mass dependence 
coming from               and, at leading order in       , 

• In terms of           one easily finds

• These are exact expressions in l and their strong coupling limit can be studied 
with the techniques discussed for the scalar correlators!

<latexit sha1_base64="04QB9TaWmzD7GVNpyYQFCzeTsW8=">AAAB/3icdVA9SwNBEN2L3/ErammzGASxCHfRaCwE0cZKIpgoJKfMrWNcsvfh7pwQjhT+Clut7MTWn2Lhf/HujKCir3q8N8O8eV6kpCHbfrMKI6Nj4xOTU8Xpmdm5+dLCYsuEsRbYFKEK9ZkHBpUMsEmSFJ5FGsH3FJ56vYPMP71FbWQYnFA/QteHbiCvpABKJTfpCFD8aLBbPV8vXpTKdmW7Vk3B7YqdIyVOfWNzp8adoVJmQzQuSu+dy1DEPgYkFBjTduyI3AQ0SaFwUOzEBiMQPehiO6UB+GjcJA894KuxAQp5hJpLxXMRv28k4BvT97100ge6Nr+9TPzLa8d0VXcTGUQxYSCyQyQV5oeM0DJtA/ml1EgEWXLkMuACNBChlhyESMU4rSfr4+tp/j9pVSvOVqV2vFne2x82M8mW2QpbYw7bZnvskDVYkwl2w+7ZA3u07qwn69l6+RwtWMOdJfYD1usHGNCVsA==</latexit>

N = 2⇤

<latexit sha1_base64="YqXcwjyJV2zBWYbSNsyyqTme3RY=">AAAB/3icdVDLSgNBEJz1bXxFPXoZDIJ4WHbUaBAEwYsnUTCJkKyhd9Lq4OzDmV5Blhz8Cq968iZe/RQP/ou7MYKK1qmo6qarK0i0suR5b87Q8Mjo2PjEZGlqemZ2rjy/0LBxaiTWZaxjcxqARa0irJMijaeJQQgDjc3gar/wmzdorIqjE7pN0A/hIlLnSgLlkp+1JWh+2NtdP1srdcoVz/XEVlXUuOeKmletiZxsVoXY3uDC9fqosAGOOuX3djeWaYgRSQ3WtoSXkJ+BISU19krt1GIC8gousJXTCEK0ftYP3eMrqQWKeYKGK837In7fyCC09jYM8skQ6NL+9grxL6+V0nnNz1SUpISRLA6R0tg/ZKVReRvIu8ogERTJkauISzBAhEZxkDIX07yeoo+vp/n/pLHuii23erxZ2dsZNDPBltgyW2WCbbM9dsCOWJ1Jds3u2QN7dO6cJ+fZefkcHXIGO4vsB5zXDy0Blbc=</latexit>

N = 2⇤
<latexit sha1_base64="hY+LyPglL2ZPXb0Hf2n1nA+OP8Y=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy44mGgRB8OJJFIwGkyC9YycOmZ1dZnoFWeJXeNWTN/Hqv3jwX9zECCpap6Kqm66uMNHKURC8eYWx8YnJqemZ4uzc/MJiaWn5zMWplViXsY5tIwSHWhmskyKNjcQiRKHG87B3MPDPb9A6FZtTuk2wHUHXqI6SQLl0kbUkaH7U36tclsqBH4jtqqjxwBe1oFoTOalUhdjZ4sIPhiizEY4vS++tq1imERqSGpxriiChdgaWlNTYL7ZShwnIHnSxmVMDEbp2Nkzc5+upA4p5gpYrzYcift/IIHLuNgrzyQjo2v32BuJfXjOlTq2dKZOkhEYODpHSODzkpFV5FcivlEUiGCRHrgyXYIEIreIgZS6meTfFvI+vp/n/5GzTF9t+9aRS3t8dNTPNVtka22CC7bB9dsiOWZ1JZtg9e2CP3p335D17L5+jBW+0s8J+wHv9ANJhlQk=</latexit>

N = 4

<latexit sha1_base64="YqXcwjyJV2zBWYbSNsyyqTme3RY=">AAAB/3icdVDLSgNBEJz1bXxFPXoZDIJ4WHbUaBAEwYsnUTCJkKyhd9Lq4OzDmV5Blhz8Cq968iZe/RQP/ou7MYKK1qmo6qarK0i0suR5b87Q8Mjo2PjEZGlqemZ2rjy/0LBxaiTWZaxjcxqARa0irJMijaeJQQgDjc3gar/wmzdorIqjE7pN0A/hIlLnSgLlkp+1JWh+2NtdP1srdcoVz/XEVlXUuOeKmletiZxsVoXY3uDC9fqosAGOOuX3djeWaYgRSQ3WtoSXkJ+BISU19krt1GIC8gousJXTCEK0ftYP3eMrqQWKeYKGK837In7fyCC09jYM8skQ6NL+9grxL6+V0nnNz1SUpISRLA6R0tg/ZKVReRvIu8ogERTJkauISzBAhEZxkDIX07yeoo+vp/n/pLHuii23erxZ2dsZNDPBltgyW2WCbbM9dsCOWJ1Jds3u2QN7dO6cJ+fZefkcHXIGO4vsB5zXDy0Blbc=</latexit>

N = 2⇤
<latexit sha1_base64="0rEkP4oO430a3Yp1ouLIaTI1J8A=">AAACB3icdVDLTgJBEJzFF+IL5ehlIjHx4maXAOKNxItHTOQRgZDZocEJs4/M9JqQzX6AX+FVT96MVz/Dg//i7oKJGq1Tpao7XV1OIIVGy3o3ciura+sb+c3C1vbO7l5x/6Cj/VBxaHNf+qrnMA1SeNBGgRJ6gQLmOhK6zuwi9bt3oLTwvWucBzB02dQTE8EZJtKoWLoZRfbpwGV4q9xI+n4Qx6Ni2TKt86ptN6hlVuxavVFPSHVBbNPKUCZLtEbFj8HY56ELHnLJtO7bVoDDiCkUXEJcGIQaAsZnbAr9hHrMBT2MsvAxPQ41Q58GoKiQNBPh+0bEXK3nrpNMpin1by8V//L6IU4aw0h4QYjg8fQQCgnZIc2VSFoBOhYKEFmaHKjwKGeKIYISlHGeiGFSUyHp4+tp+j/pVEy7btauquVmfdlMnhySI3JCbHJGmuSStEibcDInD+SRPBn3xrPxYrwuRnPGcqdEfsB4+wSDS5nj</latexit>

Z1�loop
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Gauge theories
• The same reasoning can be applied to the study of the vev of a circular Wilson 

loop in                 gauge theories, where we may expect that 

• Using the method discussed before one sees that, in the large N limit

Pufu, Rodriguez, Wang 2023
Billò, M.F., Galvagno, Lerda, work in progress
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Gauge theories
• The same reasoning can be applied to the study of the vev of a circular Wilson 

loop in                 gauge theories, where we may expect that 

• Using the method discussed before one sees that, in the large N limit

Pufu, Rodriguez, Wang 2023
Billò, M.F., Galvagno, Lerda, work in progress
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Gauge theories
• The same reasoning can be applied to the study of the vev of a circular Wilson 

loop in                 gauge theories, where we may expect that 

• This method reproduce the known results in the simple case of                , where 
the leading         contributions can be computed in the free matrix model

• But it can be used also to compute the effects of mass deformations in theories
(like the quiver gauge theory we have discussed) that are associated to 
interacting matrix models!

Pufu, Rodriguez, Wang 2023
Billò, M.F., Galvagno, Lerda, work in progress
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Conclusions and Perspectives
• The X matrix we have used for the study of the               quiver theory is very 

similar to the K matrix that appear in the study of the mass deformed theories 
and also to the matrix that is used for the analysis of the cusp anomalous 
dimension in               SYM via the BES equation

• In this case non-perturbative exponentially small corrections were systematically  
studied and a resurgent transseries structure for the cusp anomalous dimension 
was discovered.

• It would be nice to see if the same studies could be done for the observables we 
just discussed along the lines initiated in Beccaria, Korchemsky, Tseytlin, 2022
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Conclusions and Perspectives
• The X matrix we have used for the study of the               quiver theory is very 

similar to the K matrix that appear in the study of the mass deformed theories 
and also to the matrix that is used in the study of the cusp anomalous dimension 
in               SYM via the BES equation

• In any case 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!
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Thank you for your attention!


