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The Polyakov bootstrap
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Wilson-Nobel lecture 1982





• Wilson-Fisher fixed point.

• 3d Ising model (critical point of water)

• 2d Ising model 

• XY model 
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1970’s: RG

This is an asymptotic series! 



Your 
reaction at 
being told 
to verify 
this !!



Conformal scream



A new incarnation of the conformal bootstrap will 
enable us to produce the Wilson-Fisher results 
algebraically, including yielding new results for 
OPE. No Feynman diagrams will be needed.
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Review of standard bootstrap

Operator Product Expansion
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“direct-
channel”

“crossed-
channel”

Crossing

h�(x1)�(x2)�(x3)�(x4)i = h�(x1)�(x4)�(x3)�(x2)i

Early work: Ferrara, Gatto, Grillo; Polyakov; Modern revival: Rattazzi, Rychkov, Tonni, Vichi; Many, many others
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A(u, v)

“Cross-
ratios”

A(u, v) = (
u
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CROSSING EQUATION

NON-PERTURBATIVE!!

u = zz̄, v = (1� z)(1� z̄)
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<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

` 6= 0,� � d� 2 + `
<latexit sha1_base64="YpCzghE3fA7F8DisA1OkwABeTQs=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBUMtMEXRZ1IXLCvYBnVIy6W0bmsmMSUYoQ5du/BU3LhRx6ye482/MtLPQ1gMXTs65l9x7/IgzpR3n28otLC4tr+RXC2vrG5tb9vZOXYWxpFCjIQ9l0ycKOBNQ00xzaEYSSOBzaPjDq9RvPIBULBR3ehRBOyB9wXqMEm2kjr3vAeeegHvsnGDvGrgmXt+8uqfl49Tq2EWn5EyA54mbkSLKUO3YX143pHEAQlNOlGq5TqTbCZGaUQ7jghcriAgdkj60DBUkANVOJoeM8aFRurgXSlNC44n6eyIhgVKjwDedAdEDNeul4n9eK9a9i3bCRBRrEHT6US/mWIc4TQV3mQSq+cgQQiUzu2I6IJJQbbIrmBDc2ZPnSb1ccp2Se3tWrFxmceTRHjpAR8hF56iCblAV1RBFj+gZvaI368l6sd6tj2lrzspmdtEfWJ8/USyYPA==</latexit><latexit sha1_base64="YpCzghE3fA7F8DisA1OkwABeTQs=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBUMtMEXRZ1IXLCvYBnVIy6W0bmsmMSUYoQ5du/BU3LhRx6ye482/MtLPQ1gMXTs65l9x7/IgzpR3n28otLC4tr+RXC2vrG5tb9vZOXYWxpFCjIQ9l0ycKOBNQ00xzaEYSSOBzaPjDq9RvPIBULBR3ehRBOyB9wXqMEm2kjr3vAeeegHvsnGDvGrgmXt+8uqfl49Tq2EWn5EyA54mbkSLKUO3YX143pHEAQlNOlGq5TqTbCZGaUQ7jghcriAgdkj60DBUkANVOJoeM8aFRurgXSlNC44n6eyIhgVKjwDedAdEDNeul4n9eK9a9i3bCRBRrEHT6US/mWIc4TQV3mQSq+cgQQiUzu2I6IJJQbbIrmBDc2ZPnSb1ccp2Se3tWrFxmceTRHjpAR8hF56iCblAV1RBFj+gZvaI368l6sd6tj2lrzspmdtEfWJ8/USyYPA==</latexit><latexit sha1_base64="YpCzghE3fA7F8DisA1OkwABeTQs=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBUMtMEXRZ1IXLCvYBnVIy6W0bmsmMSUYoQ5du/BU3LhRx6ye482/MtLPQ1gMXTs65l9x7/IgzpR3n28otLC4tr+RXC2vrG5tb9vZOXYWxpFCjIQ9l0ycKOBNQ00xzaEYSSOBzaPjDq9RvPIBULBR3ehRBOyB9wXqMEm2kjr3vAeeegHvsnGDvGrgmXt+8uqfl49Tq2EWn5EyA54mbkSLKUO3YX143pHEAQlNOlGq5TqTbCZGaUQ7jghcriAgdkj60DBUkANVOJoeM8aFRurgXSlNC44n6eyIhgVKjwDedAdEDNeul4n9eK9a9i3bCRBRrEHT6US/mWIc4TQV3mQSq+cgQQiUzu2I6IJJQbbIrmBDc2ZPnSb1ccp2Se3tWrFxmceTRHjpAR8hF56iCblAV1RBFj+gZvaI368l6sd6tj2lrzspmdtEfWJ8/USyYPA==</latexit><latexit sha1_base64="YpCzghE3fA7F8DisA1OkwABeTQs=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBUMtMEXRZ1IXLCvYBnVIy6W0bmsmMSUYoQ5du/BU3LhRx6ye482/MtLPQ1gMXTs65l9x7/IgzpR3n28otLC4tr+RXC2vrG5tb9vZOXYWxpFCjIQ9l0ycKOBNQ00xzaEYSSOBzaPjDq9RvPIBULBR3ehRBOyB9wXqMEm2kjr3vAeeegHvsnGDvGrgmXt+8uqfl49Tq2EWn5EyA54mbkSLKUO3YX143pHEAQlNOlGq5TqTbCZGaUQ7jghcriAgdkj60DBUkANVOJoeM8aFRurgXSlNC44n6eyIhgVKjwDedAdEDNeul4n9eK9a9i3bCRBRrEHT6US/mWIc4TQV3mQSq+cgQQiUzu2I6IJJQbbIrmBDc2ZPnSb1ccp2Se3tWrFxmceTRHjpAR8hF56iCblAV1RBFj+gZvaI368l6sd6tj2lrzspmdtEfWJ8/USyYPA==</latexit>

` = 0,� � d� 2

2
<latexit sha1_base64="Q/ERQBsew5fW01B0KwJIqqHNgm4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCRF0I1Q1IXLCvYBTSiTyU07dPJwZiKUkK0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufceL+FMKsv6NhYWl5ZXVktr5fWNza1tc2e3JeNUUGjSmMei4xEJnEXQVExx6CQCSOhxaHvDq7HffgAhWRzdqVECbkj6EQsYJUpLPRM7wPmFdYyda+CKOH24x04gCM38k1qe1fKeWbGq1gR4ntgFqaACjZ755fgxTUOIFOVEyq5tJcrNiFCMcsjLTiohIXRI+tDVNCIhSDebfJLjQ634OIiFrkjhifp7IiOhlKPQ050hUQM5643F/7xuqoJzN2NRkiqI6HRRkHKsYjyOBftMAFV8pAmhgulbMR0QnYPS4ZV1CPbsy/OkVavaVtW+Pa3UL4s4SmgfHaAjZKMzVEc3qIGaiKJH9Ixe0ZvxZLwY78bHtHXBKGb20B8Ynz/AKpkZ</latexit><latexit sha1_base64="Q/ERQBsew5fW01B0KwJIqqHNgm4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCRF0I1Q1IXLCvYBTSiTyU07dPJwZiKUkK0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufceL+FMKsv6NhYWl5ZXVktr5fWNza1tc2e3JeNUUGjSmMei4xEJnEXQVExx6CQCSOhxaHvDq7HffgAhWRzdqVECbkj6EQsYJUpLPRM7wPmFdYyda+CKOH24x04gCM38k1qe1fKeWbGq1gR4ntgFqaACjZ755fgxTUOIFOVEyq5tJcrNiFCMcsjLTiohIXRI+tDVNCIhSDebfJLjQ634OIiFrkjhifp7IiOhlKPQ050hUQM5643F/7xuqoJzN2NRkiqI6HRRkHKsYjyOBftMAFV8pAmhgulbMR0QnYPS4ZV1CPbsy/OkVavaVtW+Pa3UL4s4SmgfHaAjZKMzVEc3qIGaiKJH9Ixe0ZvxZLwY78bHtHXBKGb20B8Ynz/AKpkZ</latexit><latexit sha1_base64="Q/ERQBsew5fW01B0KwJIqqHNgm4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCRF0I1Q1IXLCvYBTSiTyU07dPJwZiKUkK0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufceL+FMKsv6NhYWl5ZXVktr5fWNza1tc2e3JeNUUGjSmMei4xEJnEXQVExx6CQCSOhxaHvDq7HffgAhWRzdqVECbkj6EQsYJUpLPRM7wPmFdYyda+CKOH24x04gCM38k1qe1fKeWbGq1gR4ntgFqaACjZ755fgxTUOIFOVEyq5tJcrNiFCMcsjLTiohIXRI+tDVNCIhSDebfJLjQ634OIiFrkjhifp7IiOhlKPQ050hUQM5643F/7xuqoJzN2NRkiqI6HRRkHKsYjyOBftMAFV8pAmhgulbMR0QnYPS4ZV1CPbsy/OkVavaVtW+Pa3UL4s4SmgfHaAjZKMzVEc3qIGaiKJH9Ixe0ZvxZLwY78bHtHXBKGb20B8Ynz/AKpkZ</latexit><latexit sha1_base64="Q/ERQBsew5fW01B0KwJIqqHNgm4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCRF0I1Q1IXLCvYBTSiTyU07dPJwZiKUkK0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufceL+FMKsv6NhYWl5ZXVktr5fWNza1tc2e3JeNUUGjSmMei4xEJnEXQVExx6CQCSOhxaHvDq7HffgAhWRzdqVECbkj6EQsYJUpLPRM7wPmFdYyda+CKOH24x04gCM38k1qe1fKeWbGq1gR4ntgFqaACjZ755fgxTUOIFOVEyq5tJcrNiFCMcsjLTiohIXRI+tDVNCIhSDebfJLjQ634OIiFrkjhifp7IiOhlKPQ050hUQM5643F/7xuqoJzN2NRkiqI6HRRkHKsYjyOBftMAFV8pAmhgulbMR0QnYPS4ZV1CPbsy/OkVavaVtW+Pa3UL4s4SmgfHaAjZKMzVEc3qIGaiKJH9Ixe0ZvxZLwY78bHtHXBKGb20B8Ynz/AKpkZ</latexit>

Observe shape around mid-point. With non-zero spins satisfying unitarity 
bounds, it is impossible to satisfy the bootstrap constraints. We need at least 
one scalar in the OPE with some bounded conformal dimension. Plot 
allowed dimension of lightest scalar in OPE vs dimension of external scalar.

F�,` : Combination of conformal blocks
<latexit sha1_base64="JRPDZEAMh9s8uZ01FIiIAEIEKfM=">AAACHnicbVDJSgNBFOxxN25Rj14ag+BBwowoiicxIh4jmAUyIfR03iRNehm6e4QwJD/ixV/x4kERwZP+jZ3l4FbQUFTVo9+rKOHMWN//9GZm5+YXFpeWcyura+sb+c2tqlGpplChiitdj4gBziRULLMc6okGIiIOtahXGvm1O9CGKXlr+wk0BelIFjNKrJNa+eOrVhZeArfkIATOB2dZqAUuKRExOY4MVTykSsZKC8KHEVe0ZwatfMEv+mPgvySYkgKaotzKv4dtRVMB0lJOjGkEfmKbGdGWUQ6DXJgaSAjtkQ40HJVEgGlm4/MGeM8pbew2cE9aPFa/T2REGNMXkUsKYrvmtzcS//MaqY1PmxmTSWpB0slHccqxVXjUFW4zDdTyviOEauZ2xbRLNKHWNZpzJQS/T/5LqofFwC8GN0eF84tpHUtoB+2ifRSgE3SOrlEZVRBF9+gRPaMX78F78l69t0l0xpvObKMf8D6+AG+go/M=</latexit><latexit sha1_base64="JRPDZEAMh9s8uZ01FIiIAEIEKfM=">AAACHnicbVDJSgNBFOxxN25Rj14ag+BBwowoiicxIh4jmAUyIfR03iRNehm6e4QwJD/ixV/x4kERwZP+jZ3l4FbQUFTVo9+rKOHMWN//9GZm5+YXFpeWcyura+sb+c2tqlGpplChiitdj4gBziRULLMc6okGIiIOtahXGvm1O9CGKXlr+wk0BelIFjNKrJNa+eOrVhZeArfkIATOB2dZqAUuKRExOY4MVTykSsZKC8KHEVe0ZwatfMEv+mPgvySYkgKaotzKv4dtRVMB0lJOjGkEfmKbGdGWUQ6DXJgaSAjtkQ40HJVEgGlm4/MGeM8pbew2cE9aPFa/T2REGNMXkUsKYrvmtzcS//MaqY1PmxmTSWpB0slHccqxVXjUFW4zDdTyviOEauZ2xbRLNKHWNZpzJQS/T/5LqofFwC8GN0eF84tpHUtoB+2ifRSgE3SOrlEZVRBF9+gRPaMX78F78l69t0l0xpvObKMf8D6+AG+go/M=</latexit><latexit sha1_base64="JRPDZEAMh9s8uZ01FIiIAEIEKfM=">AAACHnicbVDJSgNBFOxxN25Rj14ag+BBwowoiicxIh4jmAUyIfR03iRNehm6e4QwJD/ixV/x4kERwZP+jZ3l4FbQUFTVo9+rKOHMWN//9GZm5+YXFpeWcyura+sb+c2tqlGpplChiitdj4gBziRULLMc6okGIiIOtahXGvm1O9CGKXlr+wk0BelIFjNKrJNa+eOrVhZeArfkIATOB2dZqAUuKRExOY4MVTykSsZKC8KHEVe0ZwatfMEv+mPgvySYkgKaotzKv4dtRVMB0lJOjGkEfmKbGdGWUQ6DXJgaSAjtkQ40HJVEgGlm4/MGeM8pbew2cE9aPFa/T2REGNMXkUsKYrvmtzcS//MaqY1PmxmTSWpB0slHccqxVXjUFW4zDdTyviOEauZ2xbRLNKHWNZpzJQS/T/5LqofFwC8GN0eF84tpHUtoB+2ifRSgE3SOrlEZVRBF9+gRPaMX78F78l69t0l0xpvObKMf8D6+AG+go/M=</latexit><latexit sha1_base64="JRPDZEAMh9s8uZ01FIiIAEIEKfM=">AAACHnicbVDJSgNBFOxxN25Rj14ag+BBwowoiicxIh4jmAUyIfR03iRNehm6e4QwJD/ixV/x4kERwZP+jZ3l4FbQUFTVo9+rKOHMWN//9GZm5+YXFpeWcyura+sb+c2tqlGpplChiitdj4gBziRULLMc6okGIiIOtahXGvm1O9CGKXlr+wk0BelIFjNKrJNa+eOrVhZeArfkIATOB2dZqAUuKRExOY4MVTykSsZKC8KHEVe0ZwatfMEv+mPgvySYkgKaotzKv4dtRVMB0lJOjGkEfmKbGdGWUQ6DXJgaSAjtkQ40HJVEgGlm4/MGeM8pbew2cE9aPFa/T2REGNMXkUsKYrvmtzcS//MaqY1PmxmTSWpB0slHccqxVXjUFW4zDdTyviOEauZ2xbRLNKHWNZpzJQS/T/5LqofFwC8GN0eF84tpHUtoB+2ifRSgE3SOrlEZVRBF9+gRPaMX78F78l69t0l0xpvObKMf8D6+AG+go/M=</latexit>

1 =
X

�,`

c�,`F�,`(z, z̄)

<latexit sha1_base64="oGYqJ32J/CF6yEn51KJ0FEnRKjw=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoUMqMCLopFBVxWcE+oDOUTHrbhmYeJBmhHfo1bvwVNy4qIu78FNN2Frb1QODcc+7l5h4v4kwqy/o2MmvrG5tb2e3czu7e/oF5eFSXYSwo1GjIQ9H0iATOAqgppjg0IwHE9zg0vMHt1G88g5AsDJ7UMALXJ72AdRklSktts2yXHRn77cS5A65I0QHOx3SxxPeLdWFUdDwi8Oi8beatkjUDXiV2SvIoRbVtTpxOSGMfAkU5kbJlW5FyEyIUoxzGOSeWEBE6ID1oaRoQH6SbzM4c4zOtdHA3FPoFCs/UvxMJ8aUc+p7u9Inqy2VvKv7ntWLVvXYTFkSxgoDOF3VjjlWIp5nhDhNAFR9qQqhg+q+Y9okgVOlkczoEe/nkVVK/KNlWyX68zFdu0jiy6ASdogKy0RWqoAdURTVE0Qt6QxP0Ybwa78an8TVvzRjpzDFagPHzC6nvpT0=</latexit><latexit sha1_base64="oGYqJ32J/CF6yEn51KJ0FEnRKjw=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoUMqMCLopFBVxWcE+oDOUTHrbhmYeJBmhHfo1bvwVNy4qIu78FNN2Frb1QODcc+7l5h4v4kwqy/o2MmvrG5tb2e3czu7e/oF5eFSXYSwo1GjIQ9H0iATOAqgppjg0IwHE9zg0vMHt1G88g5AsDJ7UMALXJ72AdRklSktts2yXHRn77cS5A65I0QHOx3SxxPeLdWFUdDwi8Oi8beatkjUDXiV2SvIoRbVtTpxOSGMfAkU5kbJlW5FyEyIUoxzGOSeWEBE6ID1oaRoQH6SbzM4c4zOtdHA3FPoFCs/UvxMJ8aUc+p7u9Inqy2VvKv7ntWLVvXYTFkSxgoDOF3VjjlWIp5nhDhNAFR9qQqhg+q+Y9okgVOlkczoEe/nkVVK/KNlWyX68zFdu0jiy6ASdogKy0RWqoAdURTVE0Qt6QxP0Ybwa78an8TVvzRjpzDFagPHzC6nvpT0=</latexit><latexit sha1_base64="oGYqJ32J/CF6yEn51KJ0FEnRKjw=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoUMqMCLopFBVxWcE+oDOUTHrbhmYeJBmhHfo1bvwVNy4qIu78FNN2Frb1QODcc+7l5h4v4kwqy/o2MmvrG5tb2e3czu7e/oF5eFSXYSwo1GjIQ9H0iATOAqgppjg0IwHE9zg0vMHt1G88g5AsDJ7UMALXJ72AdRklSktts2yXHRn77cS5A65I0QHOx3SxxPeLdWFUdDwi8Oi8beatkjUDXiV2SvIoRbVtTpxOSGMfAkU5kbJlW5FyEyIUoxzGOSeWEBE6ID1oaRoQH6SbzM4c4zOtdHA3FPoFCs/UvxMJ8aUc+p7u9Inqy2VvKv7ntWLVvXYTFkSxgoDOF3VjjlWIp5nhDhNAFR9qQqhg+q+Y9okgVOlkczoEe/nkVVK/KNlWyX68zFdu0jiy6ASdogKy0RWqoAdURTVE0Qt6QxP0Ybwa78an8TVvzRjpzDFagPHzC6nvpT0=</latexit><latexit sha1_base64="oGYqJ32J/CF6yEn51KJ0FEnRKjw=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoUMqMCLopFBVxWcE+oDOUTHrbhmYeJBmhHfo1bvwVNy4qIu78FNN2Frb1QODcc+7l5h4v4kwqy/o2MmvrG5tb2e3czu7e/oF5eFSXYSwo1GjIQ9H0iATOAqgppjg0IwHE9zg0vMHt1G88g5AsDJ7UMALXJ72AdRklSktts2yXHRn77cS5A65I0QHOx3SxxPeLdWFUdDwi8Oi8beatkjUDXiV2SvIoRbVtTpxOSGMfAkU5kbJlW5FyEyIUoxzGOSeWEBE6ID1oaRoQH6SbzM4c4zOtdHA3FPoFCs/UvxMJ8aUc+p7u9Inqy2VvKv7ntWLVvXYTFkSxgoDOF3VjjlWIp5nhDhNAFR9qQqhg+q+Y9okgVOlkczoEe/nkVVK/KNlWyX68zFdu0jiy6ASdogKy0RWqoAdURTVE0Qt6QxP0Ybwa78an8TVvzRjpzDFagPHzC6nvpT0=</latexit>

CROSSING EQUATION



1309.5089, El-Showk, Paulos, Poland, 
Rychkov, Simmons-Duffin, Vichi 
building on 2008 work by Rattazzi, 
Rychkov, Tonni and Vichi

Numerical bounds in fractional 
dimensions



Kos, Poland, Simmons-Duffin, Vichi 
2016

Islands from multiple correlators

Do islands shrink to 
point?



Numerical vs Analytical

u = zz̄, v = (1� z)(1� z̄)
<latexit sha1_base64="wQTfnwxrazwVaTJB6lAddHOqdeA=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECxCC1pmRNBNoejGZQX7gHYomTTThmYeJJlCO3Tlxl9x40IRt36DO//GtJ2Fth64l8M595Lc40acSWVZ30ZmZXVtfSO7mdva3tndM/cP6jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDm6nfmNIhWRh8KBGEXV83AuYxwhWWuqYx3F5jNouFmh8hoblgn0+Luo2V4odM2+VrBnQMrFTkocU1Y751e6GJPZpoAjHUrZsK1JOgoVihNNJrh1LGmEywD3a0jTAPpVOMjtjgk610kVeKHQFCs3U3xsJ9qUc+a6e9LHqy0VvKv7ntWLlXTsJC6JY0YDMH/JijlSIppmgLhOUKD7SBBPB9F8R6WOBidLJ5XQI9uLJy6R+UbKtkn1/ma/cpHFk4QhOoAA2XEEF7qAKNSDwCM/wCm/Gk/FivBsf89GMke4cwh8Ynz8JHpZG</latexit><latexit sha1_base64="wQTfnwxrazwVaTJB6lAddHOqdeA=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECxCC1pmRNBNoejGZQX7gHYomTTThmYeJJlCO3Tlxl9x40IRt36DO//GtJ2Fth64l8M595Lc40acSWVZ30ZmZXVtfSO7mdva3tndM/cP6jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDm6nfmNIhWRh8KBGEXV83AuYxwhWWuqYx3F5jNouFmh8hoblgn0+Luo2V4odM2+VrBnQMrFTkocU1Y751e6GJPZpoAjHUrZsK1JOgoVihNNJrh1LGmEywD3a0jTAPpVOMjtjgk610kVeKHQFCs3U3xsJ9qUc+a6e9LHqy0VvKv7ntWLlXTsJC6JY0YDMH/JijlSIppmgLhOUKD7SBBPB9F8R6WOBidLJ5XQI9uLJy6R+UbKtkn1/ma/cpHFk4QhOoAA2XEEF7qAKNSDwCM/wCm/Gk/FivBsf89GMke4cwh8Ynz8JHpZG</latexit><latexit sha1_base64="wQTfnwxrazwVaTJB6lAddHOqdeA=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECxCC1pmRNBNoejGZQX7gHYomTTThmYeJJlCO3Tlxl9x40IRt36DO//GtJ2Fth64l8M595Lc40acSWVZ30ZmZXVtfSO7mdva3tndM/cP6jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDm6nfmNIhWRh8KBGEXV83AuYxwhWWuqYx3F5jNouFmh8hoblgn0+Luo2V4odM2+VrBnQMrFTkocU1Y751e6GJPZpoAjHUrZsK1JOgoVihNNJrh1LGmEywD3a0jTAPpVOMjtjgk610kVeKHQFCs3U3xsJ9qUc+a6e9LHqy0VvKv7ntWLlXTsJC6JY0YDMH/JijlSIppmgLhOUKD7SBBPB9F8R6WOBidLJ5XQI9uLJy6R+UbKtkn1/ma/cpHFk4QhOoAA2XEEF7qAKNSDwCM/wCm/Gk/FivBsf89GMke4cwh8Ynz8JHpZG</latexit><latexit sha1_base64="wQTfnwxrazwVaTJB6lAddHOqdeA=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECxCC1pmRNBNoejGZQX7gHYomTTThmYeJJlCO3Tlxl9x40IRt36DO//GtJ2Fth64l8M595Lc40acSWVZ30ZmZXVtfSO7mdva3tndM/cP6jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDm6nfmNIhWRh8KBGEXV83AuYxwhWWuqYx3F5jNouFmh8hoblgn0+Luo2V4odM2+VrBnQMrFTkocU1Y751e6GJPZpoAjHUrZsK1JOgoVihNNJrh1LGmEywD3a0jTAPpVOMjtjgk610kVeKHQFCs3U3xsJ9qUc+a6e9LHqy0VvKv7ntWLlXTsJC6JY0YDMH/JijlSIppmgLhOUKD7SBBPB9F8R6WOBidLJ5XQI9uLJy6R+UbKtkn1/ma/cpHFk4QhOoAA2XEEF7qAKNSDwCM/wCm/Gk/FivBsf89GMke4cwh8Ynz8JHpZG</latexit>

z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

z̄
<latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit><latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit><latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit><latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit>

1

1

Numerical

Analytical

u ! 0, v ! 0
<latexit sha1_base64="O6f1hy+NOXRi7vTdLdtQmsFvvv0=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCCykzIuiy6MZlBfuAdiiZNG1DM8mQZCpl6M6Nv+LGhSJu/QV3/o1pOwvbeuDCyTn3kntPGHOmjef9OLmV1bX1jfxmYWt7Z3fP3T+oaZkoQqtEcqkaIdaUM0GrhhlOG7GiOAo5rYeD24lfH1KlmRQPZhTTIMI9wbqMYGOltnuctBTr9Q1WSj4i7xwN595tt+iVvCnQMvEzUoQMlbb73epIkkRUGMKx1k3fi02QYmUY4XRcaCWaxpgMcI82LRU4ojpIp3eM0alVOqgrlS1h0FT9O5HiSOtRFNrOCJu+XvQm4n9eMzHd6yBlIk4MFWT2UTfhyEg0CQV1mKLE8JElmChmd0WkjxUmxkZXsCH4iycvk9pFyfdK/v1lsXyTxZGHIziBM/DhCspwBxWoAoEneIE3eHeenVfnw/mcteacbOYQ5uB8/QJhDJj4</latexit><latexit sha1_base64="O6f1hy+NOXRi7vTdLdtQmsFvvv0=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCCykzIuiy6MZlBfuAdiiZNG1DM8mQZCpl6M6Nv+LGhSJu/QV3/o1pOwvbeuDCyTn3kntPGHOmjef9OLmV1bX1jfxmYWt7Z3fP3T+oaZkoQqtEcqkaIdaUM0GrhhlOG7GiOAo5rYeD24lfH1KlmRQPZhTTIMI9wbqMYGOltnuctBTr9Q1WSj4i7xwN595tt+iVvCnQMvEzUoQMlbb73epIkkRUGMKx1k3fi02QYmUY4XRcaCWaxpgMcI82LRU4ojpIp3eM0alVOqgrlS1h0FT9O5HiSOtRFNrOCJu+XvQm4n9eMzHd6yBlIk4MFWT2UTfhyEg0CQV1mKLE8JElmChmd0WkjxUmxkZXsCH4iycvk9pFyfdK/v1lsXyTxZGHIziBM/DhCspwBxWoAoEneIE3eHeenVfnw/mcteacbOYQ5uB8/QJhDJj4</latexit><latexit sha1_base64="O6f1hy+NOXRi7vTdLdtQmsFvvv0=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCCykzIuiy6MZlBfuAdiiZNG1DM8mQZCpl6M6Nv+LGhSJu/QV3/o1pOwvbeuDCyTn3kntPGHOmjef9OLmV1bX1jfxmYWt7Z3fP3T+oaZkoQqtEcqkaIdaUM0GrhhlOG7GiOAo5rYeD24lfH1KlmRQPZhTTIMI9wbqMYGOltnuctBTr9Q1WSj4i7xwN595tt+iVvCnQMvEzUoQMlbb73epIkkRUGMKx1k3fi02QYmUY4XRcaCWaxpgMcI82LRU4ojpIp3eM0alVOqgrlS1h0FT9O5HiSOtRFNrOCJu+XvQm4n9eMzHd6yBlIk4MFWT2UTfhyEg0CQV1mKLE8JElmChmd0WkjxUmxkZXsCH4iycvk9pFyfdK/v1lsXyTxZGHIziBM/DhCspwBxWoAoEneIE3eHeenVfnw/mcteacbOYQ5uB8/QJhDJj4</latexit><latexit sha1_base64="O6f1hy+NOXRi7vTdLdtQmsFvvv0=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCCykzIuiy6MZlBfuAdiiZNG1DM8mQZCpl6M6Nv+LGhSJu/QV3/o1pOwvbeuDCyTn3kntPGHOmjef9OLmV1bX1jfxmYWt7Z3fP3T+oaZkoQqtEcqkaIdaUM0GrhhlOG7GiOAo5rYeD24lfH1KlmRQPZhTTIMI9wbqMYGOltnuctBTr9Q1WSj4i7xwN595tt+iVvCnQMvEzUoQMlbb73epIkkRUGMKx1k3fi02QYmUY4XRcaCWaxpgMcI82LRU4ojpIp3eM0alVOqgrlS1h0FT9O5HiSOtRFNrOCJu+XvQm4n9eMzHd6yBlIk4MFWT2UTfhyEg0CQV1mKLE8JElmChmd0WkjxUmxkZXsCH4iycvk9pFyfdK/v1lsXyTxZGHIziBM/DhCspwBxWoAoEneIE3eHeenVfnw/mcteacbOYQ5uB8/QJhDJj4</latexit>

u = v =
1

4
<latexit sha1_base64="A+yQHPGzCRGTmyapWwPL2BPYAtU=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoJBL14jGAekCxhdjKbDJmdXeYRiEu+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0w5U9rzvp3CxubW9k5xt7S3f3BYdo+OWyoxktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H47u5355QqVgiHvU0pUGMh4JFjGBtpb5bNrVJrRdJTDJ/ll3N+m7Fq3oLoHXi56QCORp996s3SIiJqdCEY6W6vpfqIMNSM8LprNQziqaYjPGQdi0VOKYqyBaHz9C5VQYoSqQtodFC/T2R4VipaRzazhjrkVr15uJ/Xtfo6CbImEiNpoIsF0WGI52geQpowCQlmk8twUQyeysiI2xT0Darkg3BX315nbQuq75X9R+uKvXbPI4inMIZXIAP11CHe2hAEwgYeIZXeHOenBfn3flYthacfOYE/sD5/AF20pLz</latexit><latexit sha1_base64="A+yQHPGzCRGTmyapWwPL2BPYAtU=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoJBL14jGAekCxhdjKbDJmdXeYRiEu+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0w5U9rzvp3CxubW9k5xt7S3f3BYdo+OWyoxktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H47u5355QqVgiHvU0pUGMh4JFjGBtpb5bNrVJrRdJTDJ/ll3N+m7Fq3oLoHXi56QCORp996s3SIiJqdCEY6W6vpfqIMNSM8LprNQziqaYjPGQdi0VOKYqyBaHz9C5VQYoSqQtodFC/T2R4VipaRzazhjrkVr15uJ/Xtfo6CbImEiNpoIsF0WGI52geQpowCQlmk8twUQyeysiI2xT0Darkg3BX315nbQuq75X9R+uKvXbPI4inMIZXIAP11CHe2hAEwgYeIZXeHOenBfn3flYthacfOYE/sD5/AF20pLz</latexit><latexit sha1_base64="A+yQHPGzCRGTmyapWwPL2BPYAtU=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoJBL14jGAekCxhdjKbDJmdXeYRiEu+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0w5U9rzvp3CxubW9k5xt7S3f3BYdo+OWyoxktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H47u5355QqVgiHvU0pUGMh4JFjGBtpb5bNrVJrRdJTDJ/ll3N+m7Fq3oLoHXi56QCORp996s3SIiJqdCEY6W6vpfqIMNSM8LprNQziqaYjPGQdi0VOKYqyBaHz9C5VQYoSqQtodFC/T2R4VipaRzazhjrkVr15uJ/Xtfo6CbImEiNpoIsF0WGI52geQpowCQlmk8twUQyeysiI2xT0Darkg3BX315nbQuq75X9R+uKvXbPI4inMIZXIAP11CHe2hAEwgYeIZXeHOenBfn3flYthacfOYE/sD5/AF20pLz</latexit><latexit sha1_base64="A+yQHPGzCRGTmyapWwPL2BPYAtU=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoJBL14jGAekCxhdjKbDJmdXeYRiEu+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0w5U9rzvp3CxubW9k5xt7S3f3BYdo+OWyoxktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H47u5355QqVgiHvU0pUGMh4JFjGBtpb5bNrVJrRdJTDJ/ll3N+m7Fq3oLoHXi56QCORp996s3SIiJqdCEY6W6vpfqIMNSM8LprNQziqaYjPGQdi0VOKYqyBaHz9C5VQYoSqQtodFC/T2R4VipaRzazhjrkVr15uJ/Xtfo6CbImEiNpoIsF0WGI52geQpowCQlmk8twUQyeysiI2xT0Darkg3BX315nbQuq75X9R+uKvXbPI4inMIZXIAP11CHe2hAEwgYeIZXeHOenBfn3flYthacfOYE/sD5/AF20pLz</latexit>

A(u, v) = (
u

v
)��A(v, u)

<latexit sha1_base64="Gavcudj7Y6URf92L0rxr5PTvSBU="></latexit><latexit sha1_base64="Gavcudj7Y6URf92L0rxr5PTvSBU="></latexit><latexit sha1_base64="Gavcudj7Y6URf92L0rxr5PTvSBU="></latexit><latexit sha1_base64="Gavcudj7Y6URf92L0rxr5PTvSBU="></latexit>
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The simplest question: 2d Ising model

A(u, v) =
1p
2v

1
8

q
1 +

p
u+

p
v

<latexit sha1_base64="1AIgTryMN+DCLzxrbLx4lg3fing=">AAACK3icbZDLSgMxFIYz9VbrbdSlm8EiVJQyUwW7EWrduKxgL9CpJZNm2tDMxSQzUIa8jxtfxYUuvODW9zDtDKLVAyEf/38OyfmdkBIuTPNNyy0sLi2v5FcLa+sbm1v69k6LBxFDuIkCGrCOAzmmxMdNQQTFnZBh6DkUt53x5dRvx5hxEvg3YhLingeHPnEJgkJJfb1+UYqO48Nz22UQJZZMbH7HRFKR8W3yrVWllKluHaV3JDOIpezrRbNszsr4C1YGRZBVo68/2YMARR72BaKQ865lhqKXQCYIolgW7IjjEKIxHOKuQh96mPeS2a7SOFDKwHADpo4vjJn6cyKBHucTz1GdHhQjPu9Nxf+8biTcai8hfhgJ7KP0ITeihgiMaXDGgDCMBJ0ogIgR9VcDjaBKSKh4CyoEa37lv9CqlK2Tsnl9WqzVszjyYA/sgxKwwBmogSvQAE2AwD14BC/gVXvQnrV37SNtzWnZzC74VdrnFwsIqXk=</latexit>
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The simplest question: 2d Ising model

A(u, v) =
1p
2v

1
8

q
1 +

p
u+

p
v

<latexit sha1_base64="1AIgTryMN+DCLzxrbLx4lg3fing=">AAACK3icbZDLSgMxFIYz9VbrbdSlm8EiVJQyUwW7EWrduKxgL9CpJZNm2tDMxSQzUIa8jxtfxYUuvODW9zDtDKLVAyEf/38OyfmdkBIuTPNNyy0sLi2v5FcLa+sbm1v69k6LBxFDuIkCGrCOAzmmxMdNQQTFnZBh6DkUt53x5dRvx5hxEvg3YhLingeHPnEJgkJJfb1+UYqO48Nz22UQJZZMbH7HRFKR8W3yrVWllKluHaV3JDOIpezrRbNszsr4C1YGRZBVo68/2YMARR72BaKQ865lhqKXQCYIolgW7IjjEKIxHOKuQh96mPeS2a7SOFDKwHADpo4vjJn6cyKBHucTz1GdHhQjPu9Nxf+8biTcai8hfhgJ7KP0ITeihgiMaXDGgDCMBJ0ogIgR9VcDjaBKSKh4CyoEa37lv9CqlK2Tsnl9WqzVszjyYA/sgxKwwBmogSvQAE2AwD14BC/gVXvQnrV37SNtzWnZzC74VdrnFwsIqXk=</latexit>

Diagonal limit : z ! z̄
<latexit sha1_base64="OUnNstg8Si1FObWfVy8H0rObWvw=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U4FxUrUwlLBqJALYW6zSRb349idU5Ij/gUb/4qNhSK2Vnb+GzcxhV8PBh7vzTAzL0mlcBiGH8HI6Nj4xOTUdGFmdm5+obi4dO5MZhmvMCONvUzAcSk0r6BAyS9Ty0Elkl8kV4d9/+KaWyeMPsNOymsKWlo0BQP0Ur24kcdW0SMBLaNB3kqhBO7RbmxFq41grbmhcQKWdnv1YikshwPQvyQakhIZ4qRefI8bhmWKa2QSnKtGYYq1HCwKJnmvEGeOp8CuoMWrnmpQ3NXywUs9uuaVBm0a60sjHajfJ3JQznVU4jsVYNv99vrif141w+ZuLRc6zZBr9rWomUmKhvbzoQ1hOUPZ8QSYFf5WytpggaFPseBDiH6//Jecb5ajrXJ4ul3aPxjGMUVWyCpZJxHZIfvkmJyQCmHkjjyQJ/Ic3AePwUvw+tU6EgxnlskPBG+fsBGeGg==</latexit>
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<latexit sha1_base64="1AIgTryMN+DCLzxrbLx4lg3fing=">AAACK3icbZDLSgMxFIYz9VbrbdSlm8EiVJQyUwW7EWrduKxgL9CpJZNm2tDMxSQzUIa8jxtfxYUuvODW9zDtDKLVAyEf/38OyfmdkBIuTPNNyy0sLi2v5FcLa+sbm1v69k6LBxFDuIkCGrCOAzmmxMdNQQTFnZBh6DkUt53x5dRvx5hxEvg3YhLingeHPnEJgkJJfb1+UYqO48Nz22UQJZZMbH7HRFKR8W3yrVWllKluHaV3JDOIpezrRbNszsr4C1YGRZBVo68/2YMARR72BaKQ865lhqKXQCYIolgW7IjjEKIxHOKuQh96mPeS2a7SOFDKwHADpo4vjJn6cyKBHucTz1GdHhQjPu9Nxf+8biTcai8hfhgJ7KP0ITeihgiMaXDGgDCMBJ0ogIgR9VcDjaBKSKh4CyoEa37lv9CqlK2Tsnl9WqzVszjyYA/sgxKwwBmogSvQAE2AwD14BC/gVXvQnrV37SNtzWnZzC74VdrnFwsIqXk=</latexit>

Diagonal limit : z ! z̄
<latexit sha1_base64="OUnNstg8Si1FObWfVy8H0rObWvw=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U4FxUrUwlLBqJALYW6zSRb349idU5Ij/gUb/4qNhSK2Vnb+GzcxhV8PBh7vzTAzL0mlcBiGH8HI6Nj4xOTUdGFmdm5+obi4dO5MZhmvMCONvUzAcSk0r6BAyS9Ty0Elkl8kV4d9/+KaWyeMPsNOymsKWlo0BQP0Ur24kcdW0SMBLaNB3kqhBO7RbmxFq41grbmhcQKWdnv1YikshwPQvyQakhIZ4qRefI8bhmWKa2QSnKtGYYq1HCwKJnmvEGeOp8CuoMWrnmpQ3NXywUs9uuaVBm0a60sjHajfJ3JQznVU4jsVYNv99vrif141w+ZuLRc6zZBr9rWomUmKhvbzoQ1hOUPZ8QSYFf5WytpggaFPseBDiH6//Jecb5ajrXJ4ul3aPxjGMUVWyCpZJxHZIfvkmJyQCmHkjjyQJ/Ic3AePwUvw+tU6EgxnlskPBG+fsBGeGg==</latexit>
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<latexit sha1_base64="Ue3e8pZ9USSaDWtlDvj0Ds5pKDk="></latexit>
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<latexit sha1_base64="1AIgTryMN+DCLzxrbLx4lg3fing=">AAACK3icbZDLSgMxFIYz9VbrbdSlm8EiVJQyUwW7EWrduKxgL9CpJZNm2tDMxSQzUIa8jxtfxYUuvODW9zDtDKLVAyEf/38OyfmdkBIuTPNNyy0sLi2v5FcLa+sbm1v69k6LBxFDuIkCGrCOAzmmxMdNQQTFnZBh6DkUt53x5dRvx5hxEvg3YhLingeHPnEJgkJJfb1+UYqO48Nz22UQJZZMbH7HRFKR8W3yrVWllKluHaV3JDOIpezrRbNszsr4C1YGRZBVo68/2YMARR72BaKQ865lhqKXQCYIolgW7IjjEKIxHOKuQh96mPeS2a7SOFDKwHADpo4vjJn6cyKBHucTz1GdHhQjPu9Nxf+8biTcai8hfhgJ7KP0ITeihgiMaXDGgDCMBJ0ogIgR9VcDjaBKSKh4CyoEa37lv9CqlK2Tsnl9WqzVszjyYA/sgxKwwBmogSvQAE2AwD14BC/gVXvQnrV37SNtzWnZzC74VdrnFwsIqXk=</latexit>

Diagonal limit : z ! z̄
<latexit sha1_base64="OUnNstg8Si1FObWfVy8H0rObWvw=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U4FxUrUwlLBqJALYW6zSRb349idU5Ij/gUb/4qNhSK2Vnb+GzcxhV8PBh7vzTAzL0mlcBiGH8HI6Nj4xOTUdGFmdm5+obi4dO5MZhmvMCONvUzAcSk0r6BAyS9Ty0Elkl8kV4d9/+KaWyeMPsNOymsKWlo0BQP0Ur24kcdW0SMBLaNB3kqhBO7RbmxFq41grbmhcQKWdnv1YikshwPQvyQakhIZ4qRefI8bhmWKa2QSnKtGYYq1HCwKJnmvEGeOp8CuoMWrnmpQ3NXywUs9uuaVBm0a60sjHajfJ3JQznVU4jsVYNv99vrif141w+ZuLRc6zZBr9rWomUmKhvbzoQ1hOUPZ8QSYFf5WytpggaFPseBDiH6//Jecb5ajrXJ4ul3aPxjGMUVWyCpZJxHZIfvkmJyQCmHkjjyQJ/Ic3AePwUvw+tU6EgxnlskPBG+fsBGeGg==</latexit>
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<latexit sha1_base64="Ue3e8pZ9USSaDWtlDvj0Ds5pKDk="></latexit>

� 2 Z
<latexit sha1_base64="MBTpbRp3Zh+2PCK/T0iBepfpny4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KooMuiLlxWsA9sQplMb9qhk0mYmQg1FH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6ZEyScKe04X1ZpYXFpeaW8Wllb39jcsrd3WipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXeZ++x6kYrG41eME/IgMBAsZJdpIPXvPuwKuiccE9iKih0GQ3U16dtWpOVPgv8QtSBUVaPTsT68f0zQCoSknSnVdJ9F+RqRmlMOk4qUKEkJHZABdQwWJQPnZNP0EHxqlj8NYmic0nqo/NzISKTWOAjOZJ1TzXi7+53VTHZ77GRNJqkHQ2aEw5VjHOK8C95kEqvnYEEIlM1kxHRJJqDaFVUwJ7vyX/5LWcc09qTk3p9X6RVFHGe2jA3SEXHSG6ugaNVATUfSAntALerUerWfrzXqfjZasYmcX/YL18Q1dkJUq</latexit>

1d-bootstrap
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<latexit sha1_base64="1AIgTryMN+DCLzxrbLx4lg3fing=">AAACK3icbZDLSgMxFIYz9VbrbdSlm8EiVJQyUwW7EWrduKxgL9CpJZNm2tDMxSQzUIa8jxtfxYUuvODW9zDtDKLVAyEf/38OyfmdkBIuTPNNyy0sLi2v5FcLa+sbm1v69k6LBxFDuIkCGrCOAzmmxMdNQQTFnZBh6DkUt53x5dRvx5hxEvg3YhLingeHPnEJgkJJfb1+UYqO48Nz22UQJZZMbH7HRFKR8W3yrVWllKluHaV3JDOIpezrRbNszsr4C1YGRZBVo68/2YMARR72BaKQ865lhqKXQCYIolgW7IjjEKIxHOKuQh96mPeS2a7SOFDKwHADpo4vjJn6cyKBHucTz1GdHhQjPu9Nxf+8biTcai8hfhgJ7KP0ITeihgiMaXDGgDCMBJ0ogIgR9VcDjaBKSKh4CyoEa37lv9CqlK2Tsnl9WqzVszjyYA/sgxKwwBmogSvQAE2AwD14BC/gVXvQnrV37SNtzWnZzC74VdrnFwsIqXk=</latexit>

Diagonal limit : z ! z̄
<latexit sha1_base64="OUnNstg8Si1FObWfVy8H0rObWvw=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U4FxUrUwlLBqJALYW6zSRb349idU5Ij/gUb/4qNhSK2Vnb+GzcxhV8PBh7vzTAzL0mlcBiGH8HI6Nj4xOTUdGFmdm5+obi4dO5MZhmvMCONvUzAcSk0r6BAyS9Ty0Elkl8kV4d9/+KaWyeMPsNOymsKWlo0BQP0Ur24kcdW0SMBLaNB3kqhBO7RbmxFq41grbmhcQKWdnv1YikshwPQvyQakhIZ4qRefI8bhmWKa2QSnKtGYYq1HCwKJnmvEGeOp8CuoMWrnmpQ3NXywUs9uuaVBm0a60sjHajfJ3JQznVU4jsVYNv99vrif141w+ZuLRc6zZBr9rWomUmKhvbzoQ1hOUPZ8QSYFf5WytpggaFPseBDiH6//Jecb5ajrXJ4ul3aPxjGMUVWyCpZJxHZIfvkmJyQCmHkjjyQJ/Ic3AePwUvw+tU6EgxnlskPBG+fsBGeGg==</latexit>
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<latexit sha1_base64="VEESF7L2PfpnDsCF9A612lg7zOQ="></latexit>

� 2 Z
<latexit sha1_base64="MBTpbRp3Zh+2PCK/T0iBepfpny4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KooMuiLlxWsA9sQplMb9qhk0mYmQg1FH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6ZEyScKe04X1ZpYXFpeaW8Wllb39jcsrd3WipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXeZ++x6kYrG41eME/IgMBAsZJdpIPXvPuwKuiccE9iKih0GQ3U16dtWpOVPgv8QtSBUVaPTsT68f0zQCoSknSnVdJ9F+RqRmlMOk4qUKEkJHZABdQwWJQPnZNP0EHxqlj8NYmic0nqo/NzISKTWOAjOZJ1TzXi7+53VTHZ77GRNJqkHQ2aEw5VjHOK8C95kEqvnYEEIlM1kxHRJJqDaFVUwJ7vyX/5LWcc09qTk3p9X6RVFHGe2jA3SEXHSG6ugaNVATUfSAntALerUerWfrzXqfjZasYmcX/YL18Q1dkJUq</latexit>
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<latexit sha1_base64="1AIgTryMN+DCLzxrbLx4lg3fing=">AAACK3icbZDLSgMxFIYz9VbrbdSlm8EiVJQyUwW7EWrduKxgL9CpJZNm2tDMxSQzUIa8jxtfxYUuvODW9zDtDKLVAyEf/38OyfmdkBIuTPNNyy0sLi2v5FcLa+sbm1v69k6LBxFDuIkCGrCOAzmmxMdNQQTFnZBh6DkUt53x5dRvx5hxEvg3YhLingeHPnEJgkJJfb1+UYqO48Nz22UQJZZMbH7HRFKR8W3yrVWllKluHaV3JDOIpezrRbNszsr4C1YGRZBVo68/2YMARR72BaKQ865lhqKXQCYIolgW7IjjEKIxHOKuQh96mPeS2a7SOFDKwHADpo4vjJn6cyKBHucTz1GdHhQjPu9Nxf+8biTcai8hfhgJ7KP0ITeihgiMaXDGgDCMBJ0ogIgR9VcDjaBKSKh4CyoEa37lv9CqlK2Tsnl9WqzVszjyYA/sgxKwwBmogSvQAE2AwD14BC/gVXvQnrV37SNtzWnZzC74VdrnFwsIqXk=</latexit>

Diagonal limit : z ! z̄
<latexit sha1_base64="OUnNstg8Si1FObWfVy8H0rObWvw=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U4FxUrUwlLBqJALYW6zSRb349idU5Ij/gUb/4qNhSK2Vnb+GzcxhV8PBh7vzTAzL0mlcBiGH8HI6Nj4xOTUdGFmdm5+obi4dO5MZhmvMCONvUzAcSk0r6BAyS9Ty0Elkl8kV4d9/+KaWyeMPsNOymsKWlo0BQP0Ur24kcdW0SMBLaNB3kqhBO7RbmxFq41grbmhcQKWdnv1YikshwPQvyQakhIZ4qRefI8bhmWKa2QSnKtGYYq1HCwKJnmvEGeOp8CuoMWrnmpQ3NXywUs9uuaVBm0a60sjHajfJ3JQznVU4jsVYNv99vrif141w+ZuLRc6zZBr9rWomUmKhvbzoQ1hOUPZ8QSYFf5WytpggaFPseBDiH6//Jecb5ajrXJ4ul3aPxjGMUVWyCpZJxHZIfvkmJyQCmHkjjyQJ/Ic3AePwUvw+tU6EgxnlskPBG+fsBGeGg==</latexit>
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<latexit sha1_base64="VEESF7L2PfpnDsCF9A612lg7zOQ="></latexit>
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<latexit sha1_base64="wNa23zEgJtbFvcuKLvQTnpu4Vbg="></latexit>

� 2 Z
<latexit sha1_base64="MBTpbRp3Zh+2PCK/T0iBepfpny4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KooMuiLlxWsA9sQplMb9qhk0mYmQg1FH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6ZEyScKe04X1ZpYXFpeaW8Wllb39jcsrd3WipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXeZ++x6kYrG41eME/IgMBAsZJdpIPXvPuwKuiccE9iKih0GQ3U16dtWpOVPgv8QtSBUVaPTsT68f0zQCoSknSnVdJ9F+RqRmlMOk4qUKEkJHZABdQwWJQPnZNP0EHxqlj8NYmic0nqo/NzISKTWOAjOZJ1TzXi7+53VTHZ77GRNJqkHQ2aEw5VjHOK8C95kEqvnYEEIlM1kxHRJJqDaFVUwJ7vyX/5LWcc09qTk3p9X6RVFHGe2jA3SEXHSG6ugaNVATUfSAntALerUerWfrzXqfjZasYmcX/YL18Q1dkJUq</latexit>
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>

Mellin transform of 
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>

C�=nM�=n(s)
n!1����! n�2s�1/2

<latexit sha1_base64="/HhlRENb+ycVq38P5LP6Odt9dDs="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>

Mellin transform of 
correlator

Mellin transform of 
block
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>

C�=nM�=n(s)
n!1����! n�2s�1/2

<latexit sha1_base64="/HhlRENb+ycVq38P5LP6Odt9dDs="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>

Does not converge 
everywhere. Needed to 
generate the s=1/4 pole

Mellin transform of 
correlator

Mellin transform of 
block
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<latexit sha1_base64="/HhlRENb+ycVq38P5LP6Odt9dDs="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>

Does not converge 
everywhere. Needed to 
generate the s=1/4 pole

Mellin transform of 
correlator

Mellin transform of 
block
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>

C�=nM�=n(s)
n!1����! n�2s�1/2

<latexit sha1_base64="/HhlRENb+ycVq38P5LP6Odt9dDs="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>

Does not converge 
everywhere. Needed to 
generate the s=1/4 pole

Mellin transform of 
correlator

Mellin transform of 
block
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<latexit sha1_base64="smH+lgkd2vrZ83yDMStE/i/tiK4="></latexit>

C�=nM�=n(s)
n!1����! n�2s�1/2

<latexit sha1_base64="/HhlRENb+ycVq38P5LP6Odt9dDs="></latexit>

s ! 1/4� s
<latexit sha1_base64="px8sNmjjXr9wwzAImqSTkHqxT+4=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL9ZdLeix6MVjBfsB7VKyadqGZpMlyapl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwpgzbTzv28mtrK6tb+Q3C1vbO7t77n6xoWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmObqZ+84EqzaS4N+OYBhEeCNZnBBsrdd2i7ig2GBqslHxE/lnlVHfdklf2ZkDLxM9ICTLUuu5XpydJElFhCMdat30vNkGKlWGE00mhk2gaYzLCA9q2VOCI6iCd3T5Bx1bpob5UtoRBM/X3RIojrcdRaDsjbIZ60ZuK/3ntxPSvgpSJODFUkPmifsKRkWgaBOoxRYnhY0swUczeisgQK0yMjatgQ/AXX14mjfOyf1H27iql6nUWRx4O4QhOwIdLqMIt1KAOBJ7gGV7hzZk4L8678zFvzTnZzAH8gfP5AxZXk80=</latexit>

Does not converge 
everywhere. Needed to 
generate the s=1/4 pole

Mellin transform of 
correlator

Mellin transform of 
block



X

�

C�M�(s)

| {z }
simple poles

=
X

�

C�M�(2�� � s)

| {z }
double poles

<latexit sha1_base64="gbCJ+q/x/E7sk53PXRiI6lycQX4="></latexit>

Position space: 
power law

Position space: 
logs

Close  
on right



M(s) =
�(� 1

4 + s)�(�s)

�(� 1
4 )<latexit sha1_base64="9iK6uLd4aaLsXtZGxzTYEqvyhFo=">AAACK3icbVBLS8NAGNzUV62vqEcvwSI0iCXRgl6EUg96ESrYBzShbLabduluEnY3Qgn5P178Kx704AOv/g+3bQRtO7AwOzMfu994ESVCWtaHlltaXlldy68XNja3tnf03b2mCGOOcAOFNORtDwpMSYAbkkiK2xHHkHkUt7zh1dhvPWAuSBjcy1GEXQb7AfEJglJJXb12WxLmpeNziBLnGjIGSyfTm50mlfRYmL+qMNNFCTPt6kWrbE1gzBM7I0WQod7VX5xeiGKGA4koFKJjW5F0E8glQRSnBScWOIJoCPu4o2gAGRZuMtk1NY6U0jP8kKsTSGOi/p1IIBNixDyVZFAOxKw3Fhd5nVj6F25CgiiWOEDTh/yYGjI0xsUZPcIxknSkCEScqL8aaABVD1LVW1Al2LMrz5Pmadk+K1t3lWK1ltWRBwfgEJSADc5BFdyAOmgABB7BM3gD79qT9qp9al/TaE7LZvbBP2jfPwSDplk=</latexit>

Symmetric under s ! 1

4
� s

<latexit sha1_base64="IRPKCI99vg7WRgtcDzayDdyE5go=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgEL5ZEC3osevFYwX5AU8pmu2mXbrJhd6OUEPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/P8mDOlHefbKiwtr6yuFddLG5tb2zv27l5TiUQS2iCCC9n2saKcRbShmea0HUuKQ5/Tlj+6nviteyoVE9GdHse0G+JBxAJGsDZSzz5QnmSDocZSigfkBRKT1M3SanaqenbZqThToEXi5qQMOeo9+8vrC5KENNKEY6U6rhPrboqlZoTTrOQlisaYjPCAdgyNcEhVN53+kKFjo/RRIKSpSKOp+nsixaFS49A3nSHWQzXvTcT/vE6ig8tuyqI40TQis0VBwpEWaBII6jNJieZjQzCRzNyKyBCbHLSJrWRCcOdfXiTNs4p7XnFuq+XaVR5HEQ7hCE7AhQuowQ3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHKqiX1g==</latexit>



M(s) =
�(� 1

4 + s)�(�s)

�(� 1
4 )<latexit sha1_base64="9iK6uLd4aaLsXtZGxzTYEqvyhFo=">AAACK3icbVBLS8NAGNzUV62vqEcvwSI0iCXRgl6EUg96ESrYBzShbLabduluEnY3Qgn5P178Kx704AOv/g+3bQRtO7AwOzMfu994ESVCWtaHlltaXlldy68XNja3tnf03b2mCGOOcAOFNORtDwpMSYAbkkiK2xHHkHkUt7zh1dhvPWAuSBjcy1GEXQb7AfEJglJJXb12WxLmpeNziBLnGjIGSyfTm50mlfRYmL+qMNNFCTPt6kWrbE1gzBM7I0WQod7VX5xeiGKGA4koFKJjW5F0E8glQRSnBScWOIJoCPu4o2gAGRZuMtk1NY6U0jP8kKsTSGOi/p1IIBNixDyVZFAOxKw3Fhd5nVj6F25CgiiWOEDTh/yYGjI0xsUZPcIxknSkCEScqL8aaABVD1LVW1Al2LMrz5Pmadk+K1t3lWK1ltWRBwfgEJSADc5BFdyAOmgABB7BM3gD79qT9qp9al/TaE7LZvbBP2jfPwSDplk=</latexit>

Symmetric under s ! 1

4
� s

<latexit sha1_base64="IRPKCI99vg7WRgtcDzayDdyE5go=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgEL5ZEC3osevFYwX5AU8pmu2mXbrJhd6OUEPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/P8mDOlHefbKiwtr6yuFddLG5tb2zv27l5TiUQS2iCCC9n2saKcRbShmea0HUuKQ5/Tlj+6nviteyoVE9GdHse0G+JBxAJGsDZSzz5QnmSDocZSigfkBRKT1M3SanaqenbZqThToEXi5qQMOeo9+8vrC5KENNKEY6U6rhPrboqlZoTTrOQlisaYjPCAdgyNcEhVN53+kKFjo/RRIKSpSKOp+nsixaFS49A3nSHWQzXvTcT/vE6ig8tuyqI40TQis0VBwpEWaBII6jNJieZjQzCRzNyKyBCbHLSJrWRCcOdfXiTNs4p7XnFuq+XaVR5HEQ7hCE7AhQuowQ3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHKqiX1g==</latexit>

1. Can we expand using a basis that makes this symmetry 
manifest: a crossing symmetric basis?



M(s) =
�(� 1

4 + s)�(�s)

�(� 1
4 )<latexit sha1_base64="9iK6uLd4aaLsXtZGxzTYEqvyhFo=">AAACK3icbVBLS8NAGNzUV62vqEcvwSI0iCXRgl6EUg96ESrYBzShbLabduluEnY3Qgn5P178Kx704AOv/g+3bQRtO7AwOzMfu994ESVCWtaHlltaXlldy68XNja3tnf03b2mCGOOcAOFNORtDwpMSYAbkkiK2xHHkHkUt7zh1dhvPWAuSBjcy1GEXQb7AfEJglJJXb12WxLmpeNziBLnGjIGSyfTm50mlfRYmL+qMNNFCTPt6kWrbE1gzBM7I0WQod7VX5xeiGKGA4koFKJjW5F0E8glQRSnBScWOIJoCPu4o2gAGRZuMtk1NY6U0jP8kKsTSGOi/p1IIBNixDyVZFAOxKw3Fhd5nVj6F25CgiiWOEDTh/yYGjI0xsUZPcIxknSkCEScqL8aaABVD1LVW1Al2LMrz5Pmadk+K1t3lWK1ltWRBwfgEJSADc5BFdyAOmgABB7BM3gD79qT9qp9al/TaE7LZvbBP2jfPwSDplk=</latexit>

Symmetric under s ! 1

4
� s

<latexit sha1_base64="IRPKCI99vg7WRgtcDzayDdyE5go=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgEL5ZEC3osevFYwX5AU8pmu2mXbrJhd6OUEPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/P8mDOlHefbKiwtr6yuFddLG5tb2zv27l5TiUQS2iCCC9n2saKcRbShmea0HUuKQ5/Tlj+6nviteyoVE9GdHse0G+JBxAJGsDZSzz5QnmSDocZSigfkBRKT1M3SanaqenbZqThToEXi5qQMOeo9+8vrC5KENNKEY6U6rhPrboqlZoTTrOQlisaYjPCAdgyNcEhVN53+kKFjo/RRIKSpSKOp+nsixaFS49A3nSHWQzXvTcT/vE6ig8tuyqI40TQis0VBwpEWaBII6jNJieZjQzCRzNyKyBCbHLSJrWRCcOdfXiTNs4p7XnFuq+XaVR5HEQ7hCE7AhQuowQ3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHKqiX1g==</latexit>

1. Can we expand using a basis that makes this symmetry 
manifest: a crossing symmetric basis?

2. Cannot just add the crossed block as it has double poles on 
the right which would be incompatible with s-channel OPE.



M(s) =
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4 )<latexit sha1_base64="9iK6uLd4aaLsXtZGxzTYEqvyhFo=">AAACK3icbVBLS8NAGNzUV62vqEcvwSI0iCXRgl6EUg96ESrYBzShbLabduluEnY3Qgn5P178Kx704AOv/g+3bQRtO7AwOzMfu994ESVCWtaHlltaXlldy68XNja3tnf03b2mCGOOcAOFNORtDwpMSYAbkkiK2xHHkHkUt7zh1dhvPWAuSBjcy1GEXQb7AfEJglJJXb12WxLmpeNziBLnGjIGSyfTm50mlfRYmL+qMNNFCTPt6kWrbE1gzBM7I0WQod7VX5xeiGKGA4koFKJjW5F0E8glQRSnBScWOIJoCPu4o2gAGRZuMtk1NY6U0jP8kKsTSGOi/p1IIBNixDyVZFAOxKw3Fhd5nVj6F25CgiiWOEDTh/yYGjI0xsUZPcIxknSkCEScqL8aaABVD1LVW1Al2LMrz5Pmadk+K1t3lWK1ltWRBwfgEJSADc5BFdyAOmgABB7BM3gD79qT9qp9al/TaE7LZvbBP2jfPwSDplk=</latexit>

Symmetric under s ! 1

4
� s

<latexit sha1_base64="IRPKCI99vg7WRgtcDzayDdyE5go=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgEL5ZEC3osevFYwX5AU8pmu2mXbrJhd6OUEPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/P8mDOlHefbKiwtr6yuFddLG5tb2zv27l5TiUQS2iCCC9n2saKcRbShmea0HUuKQ5/Tlj+6nviteyoVE9GdHse0G+JBxAJGsDZSzz5QnmSDocZSigfkBRKT1M3SanaqenbZqThToEXi5qQMOeo9+8vrC5KENNKEY6U6rhPrboqlZoTTrOQlisaYjPCAdgyNcEhVN53+kKFjo/RRIKSpSKOp+nsixaFS49A3nSHWQzXvTcT/vE6ig8tuyqI40TQis0VBwpEWaBII6jNJieZjQzCRzNyKyBCbHLSJrWRCcOdfXiTNs4p7XnFuq+XaVR5HEQ7hCE7AhQuowQ3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHKqiX1g==</latexit>

1. Can we expand using a basis that makes this symmetry 
manifest: a crossing symmetric basis?

2. Cannot just add the crossed block as it has double poles on 
the right which would be incompatible with s-channel OPE.

3. This gives a hint: we should add these spurious poles also 
in the s-channel with the hope that together with the 
crossed channel, they will cancel.



Can we use a crossing symmetric Witten diagram-like 
basis? A potential advantage is that in order to get 
something that is manifestly crossing symmetric we will 
not have to sum over an infinite number of operators. Flip 
side: check consistency with OPE.

M(s, t) =
X

�,`

c�,` ++ +

Mellin amplitude   ?=?  Sum over exchange Witten diagrams



Polyakov-Mellin bootstrap



Polyakov-Mellin bootstrap

What does this have to do with Witten 
diagrams?!!



• 1510.07770 (w K. Sen)

• 1609.00572, 1611.08407(w R. Gopakumar, 
A. Kaviraj and K. Sen), 1612.05032 (w A. 
Kaviraj and P. Dey), 1709.06110 (w P. Dey 
and Kausik Ghosh)

• 1809.10975 (w R. Gopakumar)
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• This new approach is connected to using tree 
level exchange Witten diagrams as a kinematical 
basis. 

• You should think about this as a crossing 
symmetric kinematical basis. Suggestive of a dual 
AdS description. 



Hjalmar Mellin (Finnish 
mathematician)

f(x) =

Z c+i1

c�i1
f̃(s)x�s ds
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M(s, t) : Mellin amplitude

Z
dsdt

(2⇡i)2
�(�t)2�(s+ t)2�(�� � s)2M(s, t)usvtA(u, v) =



=

1

4⇡i�(�� � s)2

Z i1

�i1
d⌫q[⌫]q[�⌫]=

q[⌫] =
�(h+⌫

2 � s)�2( 2���h+⌫
2 )

(�� h) + ⌫

M(⌫) = q[⌫]q[�⌫]
Spectral function. Polyakov gave a 
different physical argument for the 
double poles. Exactly the same form!! 
Momentum/position space are not 
ideal to see the simplification we see in 
Mellin space.

Witten diagrams in Polyakov’s 
paper

PRESENT  
DAY

1974

MELLIN SPACE

Mack; Penedones; Paulos

Witten diagrams in 1974



G�,`(u, v) =

Z i1

�i1
dsdt usvt�2(�t)�2(s+ t)�2(�� � s)

�(��`
2 � s)�̃( (2h���`)

2 � s)

�2(�� � s)
P�,`(s, t)

<latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit><latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit><latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit><latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit>

Conformal 
block—Dolan 
& Osborn

Mack 
polynomials

A(u, v) =
X

�,`

C�,`G�,`(u, v)

<latexit sha1_base64="UEa7kmKLxYcpdTSObU2+d6dl3U8=">AAACMXicbVBdSwJBFJ3t0+xrq8dehiQwENmNoHoILIPqzSBTcEVmx6sOzn4wMyvIsr+pl35J0EM9VPTan2hWfUjtwsC559zLnXPckDOpLOvNWFhcWl5Zzaxl1zc2t7bNnd1HGUSCQpUGPBB1l0jgzIeqYopDPRRAPJdDze2XU702ACFZ4D+oYQhNj3R91mGUKE21zLvY8YjqUcLxZZKPCoOjC0dGXit2roErUnCA8wSXZ/qb6X601zJzVtEaFZ4H9gTk0KQqLfPFaQc08sBXlBMpG7YVqmZMhGKUQ5J1IgkhoX3ShYaGPvFANuOR5QQfaqaNO4HQz1d4xP7diIkn5dBz9WTqT85qKfmf1ohU56wZMz+MFPh0fKgTcawCnOaH20wAVXyoAaGC6b9i2iOCUKVTzuoQ7FnL86B6XDwv2vcnudLVJI0M2kcHKI9sdIpK6BZVUBVR9IRe0Qf6NJ6Nd+PL+B6PLhiTnT00VcbPL/lAqZY=</latexit><latexit sha1_base64="UEa7kmKLxYcpdTSObU2+d6dl3U8=">AAACMXicbVBdSwJBFJ3t0+xrq8dehiQwENmNoHoILIPqzSBTcEVmx6sOzn4wMyvIsr+pl35J0EM9VPTan2hWfUjtwsC559zLnXPckDOpLOvNWFhcWl5Zzaxl1zc2t7bNnd1HGUSCQpUGPBB1l0jgzIeqYopDPRRAPJdDze2XU702ACFZ4D+oYQhNj3R91mGUKE21zLvY8YjqUcLxZZKPCoOjC0dGXit2roErUnCA8wSXZ/qb6X601zJzVtEaFZ4H9gTk0KQqLfPFaQc08sBXlBMpG7YVqmZMhGKUQ5J1IgkhoX3ShYaGPvFANuOR5QQfaqaNO4HQz1d4xP7diIkn5dBz9WTqT85qKfmf1ohU56wZMz+MFPh0fKgTcawCnOaH20wAVXyoAaGC6b9i2iOCUKVTzuoQ7FnL86B6XDwv2vcnudLVJI0M2kcHKI9sdIpK6BZVUBVR9IRe0Qf6NJ6Nd+PL+B6PLhiTnT00VcbPL/lAqZY=</latexit><latexit sha1_base64="UEa7kmKLxYcpdTSObU2+d6dl3U8=">AAACMXicbVBdSwJBFJ3t0+xrq8dehiQwENmNoHoILIPqzSBTcEVmx6sOzn4wMyvIsr+pl35J0EM9VPTan2hWfUjtwsC559zLnXPckDOpLOvNWFhcWl5Zzaxl1zc2t7bNnd1HGUSCQpUGPBB1l0jgzIeqYopDPRRAPJdDze2XU702ACFZ4D+oYQhNj3R91mGUKE21zLvY8YjqUcLxZZKPCoOjC0dGXit2roErUnCA8wSXZ/qb6X601zJzVtEaFZ4H9gTk0KQqLfPFaQc08sBXlBMpG7YVqmZMhGKUQ5J1IgkhoX3ShYaGPvFANuOR5QQfaqaNO4HQz1d4xP7diIkn5dBz9WTqT85qKfmf1ohU56wZMz+MFPh0fKgTcawCnOaH20wAVXyoAaGC6b9i2iOCUKVTzuoQ7FnL86B6XDwv2vcnudLVJI0M2kcHKI9sdIpK6BZVUBVR9IRe0Qf6NJ6Nd+PL+B6PLhiTnT00VcbPL/lAqZY=</latexit><latexit sha1_base64="UEa7kmKLxYcpdTSObU2+d6dl3U8=">AAACMXicbVBdSwJBFJ3t0+xrq8dehiQwENmNoHoILIPqzSBTcEVmx6sOzn4wMyvIsr+pl35J0EM9VPTan2hWfUjtwsC559zLnXPckDOpLOvNWFhcWl5Zzaxl1zc2t7bNnd1HGUSCQpUGPBB1l0jgzIeqYopDPRRAPJdDze2XU702ACFZ4D+oYQhNj3R91mGUKE21zLvY8YjqUcLxZZKPCoOjC0dGXit2roErUnCA8wSXZ/qb6X601zJzVtEaFZ4H9gTk0KQqLfPFaQc08sBXlBMpG7YVqmZMhGKUQ5J1IgkhoX3ShYaGPvFANuOR5QQfaqaNO4HQz1d4xP7diIkn5dBz9WTqT85qKfmf1ohU56wZMz+MFPh0fKgTcawCnOaH20wAVXyoAaGC6b9i2iOCUKVTzuoQ7FnL86B6XDwv2vcnudLVJI0M2kcHKI9sdIpK6BZVUBVR9IRe0Qf6NJ6Nd+PL+B6PLhiTnT00VcbPL/lAqZY=</latexit>

Impose crossing symmetry as a constraint.

d = 2h
<latexit sha1_base64="eCKWDWjKniuhqZD369RhSStDXp4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ9OKxgrGFNpTNZtMs3d2E3Y1QSv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhRln2rjut7Oyura+sVnZqm7v7O7t1w4OH3WaK0J9kvJUdUOsKWeS+oYZTruZoliEnHbC0W3hd56o0iyVD2ac0UDgoWQxI9gUUnTdTAa1uttwZ0DLxCtJHUq0B7WvfpSSXFBpCMda9zw3M8EEK8MIp9NqP9c0w2SEh7RnqcSC6mAyu3WKTq0SoThVtqRBM/X3xAQLrccitJ0Cm0QveoX4n9fLTXwZTJjMckMlmS+Kc45MiorHUcQUJYaPLcFEMXsrIglWmBgbT9WG4C2+vEz8ZuOq4d2f11s3ZRoVOIYTOAMPLqAFd9AGHwgk8Ayv8OYI58V5dz7mrStOOXMEf+B8/gDr/o2x</latexit><latexit sha1_base64="eCKWDWjKniuhqZD369RhSStDXp4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ9OKxgrGFNpTNZtMs3d2E3Y1QSv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhRln2rjut7Oyura+sVnZqm7v7O7t1w4OH3WaK0J9kvJUdUOsKWeS+oYZTruZoliEnHbC0W3hd56o0iyVD2ac0UDgoWQxI9gUUnTdTAa1uttwZ0DLxCtJHUq0B7WvfpSSXFBpCMda9zw3M8EEK8MIp9NqP9c0w2SEh7RnqcSC6mAyu3WKTq0SoThVtqRBM/X3xAQLrccitJ0Cm0QveoX4n9fLTXwZTJjMckMlmS+Kc45MiorHUcQUJYaPLcFEMXsrIglWmBgbT9WG4C2+vEz8ZuOq4d2f11s3ZRoVOIYTOAMPLqAFd9AGHwgk8Ayv8OYI58V5dz7mrStOOXMEf+B8/gDr/o2x</latexit><latexit sha1_base64="eCKWDWjKniuhqZD369RhSStDXp4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ9OKxgrGFNpTNZtMs3d2E3Y1QSv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhRln2rjut7Oyura+sVnZqm7v7O7t1w4OH3WaK0J9kvJUdUOsKWeS+oYZTruZoliEnHbC0W3hd56o0iyVD2ac0UDgoWQxI9gUUnTdTAa1uttwZ0DLxCtJHUq0B7WvfpSSXFBpCMda9zw3M8EEK8MIp9NqP9c0w2SEh7RnqcSC6mAyu3WKTq0SoThVtqRBM/X3xAQLrccitJ0Cm0QveoX4n9fLTXwZTJjMckMlmS+Kc45MiorHUcQUJYaPLcFEMXsrIglWmBgbT9WG4C2+vEz8ZuOq4d2f11s3ZRoVOIYTOAMPLqAFd9AGHwgk8Ayv8OYI58V5dz7mrStOOXMEf+B8/gDr/o2x</latexit><latexit sha1_base64="eCKWDWjKniuhqZD369RhSStDXp4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ9OKxgrGFNpTNZtMs3d2E3Y1QSv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhRln2rjut7Oyura+sVnZqm7v7O7t1w4OH3WaK0J9kvJUdUOsKWeS+oYZTruZoliEnHbC0W3hd56o0iyVD2ac0UDgoWQxI9gUUnTdTAa1uttwZ0DLxCtJHUq0B7WvfpSSXFBpCMda9zw3M8EEK8MIp9NqP9c0w2SEh7RnqcSC6mAyu3WKTq0SoThVtqRBM/X3xAQLrccitJ0Cm0QveoX4n9fLTXwZTJjMckMlmS+Kc45MiorHUcQUJYaPLcFEMXsrIglWmBgbT9WG4C2+vEz8ZuOq4d2f11s3ZRoVOIYTOAMPLqAFd9AGHwgk8Ayv8OYI58V5dz7mrStOOXMEf+B8/gDr/o2x</latexit>



AdS-Witten 
diagram

�( ⌧2 � s)�( ⌧̃2 � s)

�2(�� � s)
<latexit sha1_base64="LsPvDfzvj0HF26/+NNYVXRLFueQ="></latexit><latexit sha1_base64="LsPvDfzvj0HF26/+NNYVXRLFueQ="></latexit><latexit sha1_base64="LsPvDfzvj0HF26/+NNYVXRLFueQ="></latexit><latexit sha1_base64="LsPvDfzvj0HF26/+NNYVXRLFueQ="></latexit>

Conformal block

Do not look anything like each other!!



A quick derivation of the Witten 
diagram meromorphic piece

�(⌧/2� s)�(⌧̃/2� s)

�2(�� � s)
=

B(⌧/2� s| {z },�� � ⌧/2)�(⌧̃/2� s)

�(�� � ⌧/2)�(�� � s)

=
X

n

(�1)n(�� � ⌧/2� n)n
(⌧/2 + n� s)�(�� � ⌧/2)

�(⌧̃/2� ⌧/2� n)

�(�� � ⌧/2� n)
+ regular

=
�(h��)

(⌧/2� s)�2(�� � ⌧/2)
3F2


⌧/2� s, ⌧/2��� + 1, ⌧/2��� + 1

⌧/2� s+ 1,�� h+ 1
; 1

�

+regular This gets multiplied by 
the Mack polynomial
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�(h��)

⌧/2� s

sin2 ⇡(�� � s)

sin2 ⇡(�� � ⌧
2

<latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit><latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit><latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit><latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit>

)
<latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit><latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit><latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit><latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit>



A quick derivation of the Witten 
diagram meromorphic piece

�(⌧/2� s)�(⌧̃/2� s)

�2(�� � s)
=

B(⌧/2� s| {z },�� � ⌧/2)�(⌧̃/2� s)

�(�� � ⌧/2)�(�� � s)

=
X

n

(�1)n(�� � ⌧/2� n)n
(⌧/2 + n� s)�(�� � ⌧/2)

�(⌧̃/2� ⌧/2� n)

�(�� � ⌧/2� n)
+ regular

=
�(h��)

(⌧/2� s)�2(�� � ⌧/2)
3F2


⌧/2� s, ⌧/2��� + 1, ⌧/2��� + 1

⌧/2� s+ 1,�� h+ 1
; 1

�

+regular This gets multiplied by 
the Mack polynomial
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�(h��)

⌧/2� s

sin2 ⇡(�� � s)

sin2 ⇡(�� � ⌧
2

<latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit><latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit><latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit><latexit sha1_base64="2zH0YkC7hBjU9pmWhvA7J9Rnj7Q="></latexit>

)
<latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit><latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit><latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit><latexit sha1_base64="38xNAcQX4W+RZciXmO0WKYlRT4U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBLyURQb0VvXhswdhCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJb3ZpxgENGB5H3OqLFS46xbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3RCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/CjIuk9SgZPNF/VQQE5Pp16THFTIjxpZQpri9lbAhVZQZm03JhuAtvrxM/PPqddVrXFRqN3kaRTiCYzgFDy6hBndQBx8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4A3SOMgQ==</latexit>



• Polyakov’s observation (our modern 
interpretation Gopakumar, AS ‘18) is that to have a 
better behaviour at large imaginary s, it is 
better not to have this factor.

• However, we will now have spurious poles 
which will be inconsistent with OPE.
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M(s)
�,`(s, t) = W (s)

�,`

sin2 ⇡(�� � s)

sin2 ⇡(�� � ⌧
2 )

<latexit sha1_base64="YiZ3PTa6rct0kESLvq+tUzqyqEE="></latexit><latexit sha1_base64="YiZ3PTa6rct0kESLvq+tUzqyqEE="></latexit><latexit sha1_base64="YiZ3PTa6rct0kESLvq+tUzqyqEE="></latexit><latexit sha1_base64="YiZ3PTa6rct0kESLvq+tUzqyqEE="></latexit>

exp(⇡|s|)
<latexit sha1_base64="HYflaSrgd1W1MtWf2G+EHzz3hXA=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9IaE/VG9OIREysktJLtMoUN23azu1VJ4X948aDGqz/Gm//GBXpQ8CWTvLw3k5l5geBMadv+tgpLyyura8X10sbm1vZOeXfvTiWppODShCeyFRAFnMXgaqY5tIQEEgUcmsHgauI3H0AqlsS3eijAj0gvZiGjRBvp3oMngaueYHikRsedcsWu2VPgReLkpIJyNDrlL6+b0DSCWFNOlGo7ttB+RqRmlMO45KUKBKED0oO2oTGJQPnZ9OoxPjJKF4eJNBVrPFV/T2QkUmoYBaYzIrqv5r2J+J/XTnV47mcsFqmGmM4WhSnHOsGTCHCXSaCaDw0hVDJzK6Z9IgnVJqiSCcGZf3mRuCe1i5pzc1qpX+ZpFNEBOkRV5KAzVEfXqIFcRJFEz+gVvVmP1ov1bn3MWgtWPrOP/sD6/AH1N5G0</latexit><latexit sha1_base64="HYflaSrgd1W1MtWf2G+EHzz3hXA=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9IaE/VG9OIREysktJLtMoUN23azu1VJ4X948aDGqz/Gm//GBXpQ8CWTvLw3k5l5geBMadv+tgpLyyura8X10sbm1vZOeXfvTiWppODShCeyFRAFnMXgaqY5tIQEEgUcmsHgauI3H0AqlsS3eijAj0gvZiGjRBvp3oMngaueYHikRsedcsWu2VPgReLkpIJyNDrlL6+b0DSCWFNOlGo7ttB+RqRmlMO45KUKBKED0oO2oTGJQPnZ9OoxPjJKF4eJNBVrPFV/T2QkUmoYBaYzIrqv5r2J+J/XTnV47mcsFqmGmM4WhSnHOsGTCHCXSaCaDw0hVDJzK6Z9IgnVJqiSCcGZf3mRuCe1i5pzc1qpX+ZpFNEBOkRV5KAzVEfXqIFcRJFEz+gVvVmP1ov1bn3MWgtWPrOP/sD6/AH1N5G0</latexit><latexit sha1_base64="HYflaSrgd1W1MtWf2G+EHzz3hXA=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9IaE/VG9OIREysktJLtMoUN23azu1VJ4X948aDGqz/Gm//GBXpQ8CWTvLw3k5l5geBMadv+tgpLyyura8X10sbm1vZOeXfvTiWppODShCeyFRAFnMXgaqY5tIQEEgUcmsHgauI3H0AqlsS3eijAj0gvZiGjRBvp3oMngaueYHikRsedcsWu2VPgReLkpIJyNDrlL6+b0DSCWFNOlGo7ttB+RqRmlMO45KUKBKED0oO2oTGJQPnZ9OoxPjJKF4eJNBVrPFV/T2QkUmoYBaYzIrqv5r2J+J/XTnV47mcsFqmGmM4WhSnHOsGTCHCXSaCaDw0hVDJzK6Z9IgnVJqiSCcGZf3mRuCe1i5pzc1qpX+ZpFNEBOkRV5KAzVEfXqIFcRJFEz+gVvVmP1ov1bn3MWgtWPrOP/sD6/AH1N5G0</latexit><latexit sha1_base64="HYflaSrgd1W1MtWf2G+EHzz3hXA=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9IaE/VG9OIREysktJLtMoUN23azu1VJ4X948aDGqz/Gm//GBXpQ8CWTvLw3k5l5geBMadv+tgpLyyura8X10sbm1vZOeXfvTiWppODShCeyFRAFnMXgaqY5tIQEEgUcmsHgauI3H0AqlsS3eijAj0gvZiGjRBvp3oMngaueYHikRsedcsWu2VPgReLkpIJyNDrlL6+b0DSCWFNOlGo7ttB+RqRmlMO45KUKBKED0oO2oTGJQPnZ9OoxPjJKF4eJNBVrPFV/T2QkUmoYBaYzIrqv5r2J+J/XTnV47mcsFqmGmM4WhSnHOsGTCHCXSaCaDw0hVDJzK6Z9IgnVJqiSCcGZf3mRuCe1i5pzc1qpX+ZpFNEBOkRV5KAzVEfXqIFcRJFEz+gVvVmP1ov1bn3MWgtWPrOP/sD6/AH1N5G0</latexit>



G�,`(u, v) =

Z i1

�i1
dsdt usvt�2(�t)�2(s+ t)�2(�� � s)

�(��`
2 � s)�̃( (2h���`)

2 � s)

�2(�� � s)
P�,`(s, t)

<latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit><latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit><latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit><latexit sha1_base64="1U1cF+1lKuCa/MeLE0ZRsjWEkcI="></latexit>

⇣
W (s)

�,`(s, t) + ⇢(s, t)
⌘
sin2(�� � s)

<latexit sha1_base64="1eAJOo0oeh2BG9PHjz8tXb8dOVY="></latexit><latexit sha1_base64="1eAJOo0oeh2BG9PHjz8tXb8dOVY="></latexit><latexit sha1_base64="1eAJOo0oeh2BG9PHjz8tXb8dOVY="></latexit><latexit sha1_base64="1eAJOo0oeh2BG9PHjz8tXb8dOVY="></latexit>

w�,`(u, v) =

Z i1

�i1
dsdtusvt�2(�t)�2(s+ t)�2(�� � s)

⇣
W (s) +W (t) +W (u) + ⇢c(s, t)

⌘

<latexit sha1_base64="otG4HWsSdvb+UQWYG7qMDA26d7U="></latexit><latexit sha1_base64="otG4HWsSdvb+UQWYG7qMDA26d7U="></latexit><latexit sha1_base64="otG4HWsSdvb+UQWYG7qMDA26d7U="></latexit><latexit sha1_base64="otG4HWsSdvb+UQWYG7qMDA26d7U="></latexit>

Removal of zeroes introduces spurious poles. Demanding that these cancel gives 
consistency conditions.



• In the traditional approach we expand in 
terms of partial waves which are consistent 
with OPE.

• Impose crossing symmetry as constraint.

Sw
ap
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Key point in the logic then….
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Key point in the logic then….

Spurious pole cancellation conditions as consistency conditions



M(s)
�,s(s, t) !

⇣
W (s)

�,` +W (t)
�,` +W (u)

�,` + ⇢c(s, t)
⌘

<latexit sha1_base64="fN/nd49+7x18LnnL9RbQ3hthw3s="></latexit><latexit sha1_base64="fN/nd49+7x18LnnL9RbQ3hthw3s="></latexit><latexit sha1_base64="fN/nd49+7x18LnnL9RbQ3hthw3s="></latexit><latexit sha1_base64="fN/nd49+7x18LnnL9RbQ3hthw3s="></latexit>

M(s, t) =
X

�,`

c�,` ++ +

+
�(x1)

<latexit sha1_base64="cvYnjYJqEO4waaLKV/wHei+EyrE=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtsQ9lsN+3SzW7Y3Ygl9F948aDi1Z/jzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XstUEeoTyaVqh1hTzgT1DTOcthNFcRxy2gpH17nfeqRKMynuzDihQYwHgkWMYGOlh24yZLWnnndS7lWqbt2dAi0SryBVKNDsVb66fUnSmApDONa647mJCTKsDCOcTsrdVNMEkxEe0I6lAsdUB9n04gk6tkofRVLZEgZN1d8TGY61Hseh7YyxGep5Lxf/8zqpiS6CjIkkNVSQ2aIo5chIlL+P+kxRYvjYEkwUs7ciMsQKE2NDykPw5l9eJP5p/bLu3Z5VG1dFGiU4hCOogQfn0IAbaIIPBAQ8wyu8Odp5cd6dj1nrklPMHMAfOJ8/hR+Psg==</latexit><latexit sha1_base64="cvYnjYJqEO4waaLKV/wHei+EyrE=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtsQ9lsN+3SzW7Y3Ygl9F948aDi1Z/jzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XstUEeoTyaVqh1hTzgT1DTOcthNFcRxy2gpH17nfeqRKMynuzDihQYwHgkWMYGOlh24yZLWnnndS7lWqbt2dAi0SryBVKNDsVb66fUnSmApDONa647mJCTKsDCOcTsrdVNMEkxEe0I6lAsdUB9n04gk6tkofRVLZEgZN1d8TGY61Hseh7YyxGep5Lxf/8zqpiS6CjIkkNVSQ2aIo5chIlL+P+kxRYvjYEkwUs7ciMsQKE2NDykPw5l9eJP5p/bLu3Z5VG1dFGiU4hCOogQfn0IAbaIIPBAQ8wyu8Odp5cd6dj1nrklPMHMAfOJ8/hR+Psg==</latexit><latexit sha1_base64="cvYnjYJqEO4waaLKV/wHei+EyrE=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtsQ9lsN+3SzW7Y3Ygl9F948aDi1Z/jzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XstUEeoTyaVqh1hTzgT1DTOcthNFcRxy2gpH17nfeqRKMynuzDihQYwHgkWMYGOlh24yZLWnnndS7lWqbt2dAi0SryBVKNDsVb66fUnSmApDONa647mJCTKsDCOcTsrdVNMEkxEe0I6lAsdUB9n04gk6tkofRVLZEgZN1d8TGY61Hseh7YyxGep5Lxf/8zqpiS6CjIkkNVSQ2aIo5chIlL+P+kxRYvjYEkwUs7ciMsQKE2NDykPw5l9eJP5p/bLu3Z5VG1dFGiU4hCOogQfn0IAbaIIPBAQ8wyu8Odp5cd6dj1nrklPMHMAfOJ8/hR+Psg==</latexit><latexit sha1_base64="cvYnjYJqEO4waaLKV/wHei+EyrE=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtsQ9lsN+3SzW7Y3Ygl9F948aDi1Z/jzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XstUEeoTyaVqh1hTzgT1DTOcthNFcRxy2gpH17nfeqRKMynuzDihQYwHgkWMYGOlh24yZLWnnndS7lWqbt2dAi0SryBVKNDsVb66fUnSmApDONa647mJCTKsDCOcTsrdVNMEkxEe0I6lAsdUB9n04gk6tkofRVLZEgZN1d8TGY61Hseh7YyxGep5Lxf/8zqpiS6CjIkkNVSQ2aIo5chIlL+P+kxRYvjYEkwUs7ciMsQKE2NDykPw5l9eJP5p/bLu3Z5VG1dFGiU4hCOogQfn0IAbaIIPBAQ8wyu8Odp5cd6dj1nrklPMHMAfOJ8/hR+Psg==</latexit>

�(x2)
<latexit sha1_base64="D0YmwMMjdJVqfIKZA7mrGEzi5gc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBPVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxO32bhsOLdntdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4akj7M=</latexit><latexit sha1_base64="D0YmwMMjdJVqfIKZA7mrGEzi5gc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBPVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxO32bhsOLdntdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4akj7M=</latexit><latexit sha1_base64="D0YmwMMjdJVqfIKZA7mrGEzi5gc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBPVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxO32bhsOLdntdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4akj7M=</latexit><latexit sha1_base64="D0YmwMMjdJVqfIKZA7mrGEzi5gc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBPVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxO32bhsOLdntdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4akj7M=</latexit>

�(x3)
<latexit sha1_base64="wBD5xiGL7nFG068zI4zH3XNMNDY=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBahXkqignorevFYwdhiG8pmu2mXbjZhdyOW0H/hxYOKV3+ON/+NmzYHbX0w8Hhvhpl5QcKZ0o7zbZWWlldW18rrlY3Nre0de3fvXsWpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywus791iOVisXiTo8T6kd4IFjICNZGeugmQ1Z76p0eV3p21ak7U6BF4hakCgWaPfur249JGlGhCcdKdVwn0X6GpWaE00mlmyqaYDLCA9oxVOCIKj+bXjxBR0bpozCWpoRGU/X3RIYjpcZRYDojrIdq3svF/7xOqsMLP2MiSTUVZLYoTDnSMcrfR30mKdF8bAgmkplbERliiYk2IeUhuPMvLxLvpH5Zd2/Pqo2rIo0yHMAh1MCFc2jADTTBAwICnuEV3ixlvVjv1sestWQVM/vwB9bnD4gpj7Q=</latexit><latexit sha1_base64="wBD5xiGL7nFG068zI4zH3XNMNDY=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBahXkqignorevFYwdhiG8pmu2mXbjZhdyOW0H/hxYOKV3+ON/+NmzYHbX0w8Hhvhpl5QcKZ0o7zbZWWlldW18rrlY3Nre0de3fvXsWpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywus791iOVisXiTo8T6kd4IFjICNZGeugmQ1Z76p0eV3p21ak7U6BF4hakCgWaPfur249JGlGhCcdKdVwn0X6GpWaE00mlmyqaYDLCA9oxVOCIKj+bXjxBR0bpozCWpoRGU/X3RIYjpcZRYDojrIdq3svF/7xOqsMLP2MiSTUVZLYoTDnSMcrfR30mKdF8bAgmkplbERliiYk2IeUhuPMvLxLvpH5Zd2/Pqo2rIo0yHMAh1MCFc2jADTTBAwICnuEV3ixlvVjv1sestWQVM/vwB9bnD4gpj7Q=</latexit><latexit sha1_base64="wBD5xiGL7nFG068zI4zH3XNMNDY=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBahXkqignorevFYwdhiG8pmu2mXbjZhdyOW0H/hxYOKV3+ON/+NmzYHbX0w8Hhvhpl5QcKZ0o7zbZWWlldW18rrlY3Nre0de3fvXsWpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywus791iOVisXiTo8T6kd4IFjICNZGeugmQ1Z76p0eV3p21ak7U6BF4hakCgWaPfur249JGlGhCcdKdVwn0X6GpWaE00mlmyqaYDLCA9oxVOCIKj+bXjxBR0bpozCWpoRGU/X3RIYjpcZRYDojrIdq3svF/7xOqsMLP2MiSTUVZLYoTDnSMcrfR30mKdF8bAgmkplbERliiYk2IeUhuPMvLxLvpH5Zd2/Pqo2rIo0yHMAh1MCFc2jADTTBAwICnuEV3ixlvVjv1sestWQVM/vwB9bnD4gpj7Q=</latexit><latexit sha1_base64="wBD5xiGL7nFG068zI4zH3XNMNDY=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBahXkqignorevFYwdhiG8pmu2mXbjZhdyOW0H/hxYOKV3+ON/+NmzYHbX0w8Hhvhpl5QcKZ0o7zbZWWlldW18rrlY3Nre0de3fvXsWpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywus791iOVisXiTo8T6kd4IFjICNZGeugmQ1Z76p0eV3p21ak7U6BF4hakCgWaPfur249JGlGhCcdKdVwn0X6GpWaE00mlmyqaYDLCA9oxVOCIKj+bXjxBR0bpozCWpoRGU/X3RIYjpcZRYDojrIdq3svF/7xOqsMLP2MiSTUVZLYoTDnSMcrfR30mKdF8bAgmkplbERliiYk2IeUhuPMvLxLvpH5Zd2/Pqo2rIo0yHMAh1MCFc2jADTTBAwICnuEV3ixlvVjv1sestWQVM/vwB9bnD4gpj7Q=</latexit>

�(x4)
<latexit sha1_base64="zIJEnLNrGYLWTaVjZUMNrZBOh9o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxP3rHHZcG6btdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4muj7U=</latexit><latexit sha1_base64="zIJEnLNrGYLWTaVjZUMNrZBOh9o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxP3rHHZcG6btdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4muj7U=</latexit><latexit sha1_base64="zIJEnLNrGYLWTaVjZUMNrZBOh9o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxP3rHHZcG6btdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4muj7U=</latexit><latexit sha1_base64="zIJEnLNrGYLWTaVjZUMNrZBOh9o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrHFNpTNdtMu3WzC7kYsof/CiwcVr/4cb/4bN2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DexUlklCXRDySXR8rypmgrmaa024sKQ59Tjv+5DrzO49UKhaJOz2NqRfikWABI1gb6aEfj1n9adA8rQyqNbth50DLxClIDQq0B9Wv/jAiSUiFJhwr1XPsWHsplpoRTmeVfqJojMkEj2jPUIFDqrw0v3iGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0cvE/7xeooMLL2UiTjQVZL4oSDjSEcreR0MmKdF8aggmkplbERljiYk2IWUhOIsvLxP3rHHZcG6btdZVkUYZjuAY6uDAObTgBtrgAgEBz/AKb5ayXqx362PeWrKKmUP4A+vzB4muj7U=</latexit>



⇠
Z

dsdt

(2⇡i)2
�(�t)2�(s+ t)2�(�� � s)2

Q�
`,m(t)

s� ��`
2 �m

usvt

! incompatible with s� channel OPE

! conditions needed to cancel

NB: log u is genuinely spurious as it comes singly 
and not due to expanding some u-power

X

m

! u��+r log u, u��+r
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• Find it convenient to decompose the t dependence in terms of 
continuous Hahn polynomials (orthogonal polys in t).

M(s, t) =
X

q`0(s)Q
2s+`0

`0,0 (t)
<latexit sha1_base64="TdQ1kgRtKGBXANSkYwbIwiP00gU="></latexit><latexit sha1_base64="TdQ1kgRtKGBXANSkYwbIwiP00gU="></latexit><latexit sha1_base64="TdQ1kgRtKGBXANSkYwbIwiP00gU="></latexit><latexit sha1_base64="TdQ1kgRtKGBXANSkYwbIwiP00gU="></latexit>

q`0(s = �� + r) = 0
<latexit sha1_base64="50JoFZijJ0bSYb/86u8V9M8+4zE=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxiRSiJCOqhUNSDxwrGFpoQNttJu3Tz4e5GKKEXL/4VLx5UvPojvPlv3LY5aOuDgcd7M8zM8xNGhTTNb60wN7+wuFRcLq2srq1v6JtbdyJOOQGbxCzmLR8LYDQCW1LJoJVwwKHPoOn3L0d+8wG4oHF0KwcJuCHuRjSgBEslefruvZc5wNjBsCJqzhUwiT0n6dEjflgzPb1sVs0xjFli5aSMcjQ8/cvpxCQNIZKEYSHalplIN8NcUsJgWHJSAQkmfdyFtqIRDkG42fiLobGvlI4RxFxVJI2x+nsiw6EQg9BXnSGWPTHtjcT/vHYqgzM3o1GSSojIZFGQMkPGxigSo0M5EMkGimDCqbrVID3MMZEquJIKwZp+eZbYx9XzqnVzUq5f5GkU0Q7aQxVkoVNUR9eogWxE0CN6Rq/oTXvSXrR37WPSWtDymW30B9rnD2mUl2w=</latexit><latexit sha1_base64="50JoFZijJ0bSYb/86u8V9M8+4zE=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxiRSiJCOqhUNSDxwrGFpoQNttJu3Tz4e5GKKEXL/4VLx5UvPojvPlv3LY5aOuDgcd7M8zM8xNGhTTNb60wN7+wuFRcLq2srq1v6JtbdyJOOQGbxCzmLR8LYDQCW1LJoJVwwKHPoOn3L0d+8wG4oHF0KwcJuCHuRjSgBEslefruvZc5wNjBsCJqzhUwiT0n6dEjflgzPb1sVs0xjFli5aSMcjQ8/cvpxCQNIZKEYSHalplIN8NcUsJgWHJSAQkmfdyFtqIRDkG42fiLobGvlI4RxFxVJI2x+nsiw6EQg9BXnSGWPTHtjcT/vHYqgzM3o1GSSojIZFGQMkPGxigSo0M5EMkGimDCqbrVID3MMZEquJIKwZp+eZbYx9XzqnVzUq5f5GkU0Q7aQxVkoVNUR9eogWxE0CN6Rq/oTXvSXrR37WPSWtDymW30B9rnD2mUl2w=</latexit><latexit sha1_base64="50JoFZijJ0bSYb/86u8V9M8+4zE=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxiRSiJCOqhUNSDxwrGFpoQNttJu3Tz4e5GKKEXL/4VLx5UvPojvPlv3LY5aOuDgcd7M8zM8xNGhTTNb60wN7+wuFRcLq2srq1v6JtbdyJOOQGbxCzmLR8LYDQCW1LJoJVwwKHPoOn3L0d+8wG4oHF0KwcJuCHuRjSgBEslefruvZc5wNjBsCJqzhUwiT0n6dEjflgzPb1sVs0xjFli5aSMcjQ8/cvpxCQNIZKEYSHalplIN8NcUsJgWHJSAQkmfdyFtqIRDkG42fiLobGvlI4RxFxVJI2x+nsiw6EQg9BXnSGWPTHtjcT/vHYqgzM3o1GSSojIZFGQMkPGxigSo0M5EMkGimDCqbrVID3MMZEquJIKwZp+eZbYx9XzqnVzUq5f5GkU0Q7aQxVkoVNUR9eogWxE0CN6Rq/oTXvSXrR37WPSWtDymW30B9rnD2mUl2w=</latexit><latexit sha1_base64="50JoFZijJ0bSYb/86u8V9M8+4zE=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxiRSiJCOqhUNSDxwrGFpoQNttJu3Tz4e5GKKEXL/4VLx5UvPojvPlv3LY5aOuDgcd7M8zM8xNGhTTNb60wN7+wuFRcLq2srq1v6JtbdyJOOQGbxCzmLR8LYDQCW1LJoJVwwKHPoOn3L0d+8wG4oHF0KwcJuCHuRjSgBEslefruvZc5wNjBsCJqzhUwiT0n6dEjflgzPb1sVs0xjFli5aSMcjQ8/cvpxCQNIZKEYSHalplIN8NcUsJgWHJSAQkmfdyFtqIRDkG42fiLobGvlI4RxFxVJI2x+nsiw6EQg9BXnSGWPTHtjcT/vHYqgzM3o1GSSojIZFGQMkPGxigSo0M5EMkGimDCqbrVID3MMZEquJIKwZp+eZbYx9XzqnVzUq5f5GkU0Q7aQxVkoVNUR9eogWxE0CN6Rq/oTXvSXrR37WPSWtDymW30B9rnD2mUl2w=</latexit>

@sq`0(s = �� + r) = 0
<latexit sha1_base64="HRM7nmiCi1ZoQDeA8RsrUkcZToE=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZJRAh3IqhFIKiFZQTPBHLh2NtMkiV7H+7uCeHIT7Dxr9hYqNja2vlv3EtSaOKDgcd7M8zM82POpLKsbyO3sLi0vJJfLaytb2xumds7dzJKBAWHRjwSTZ9I4CwERzHFoRkLIIHPoeEPLjO/8QBCsii8VcMY2gHphazLKFFa8sySGxOhGOGexPde6gLnpVFZVt0r4Ip4btxnR+Kwanlm0apYY+B5Yk9JEU1R98wvtxPRJIBQUU6kbNlWrNpptoxyGBXcREJM6ID0oKVpSAKQ7XT80AgfaKWDu5HQFSo8Vn9PpCSQchj4ujMgqi9nvUz8z2slqnvWTlkYJwpCOlnUTThWEc7SwR0mgCo+1IRQwfStmPaJIFTpDAs6BHv25XniHFfOK/bNSbF2MU0jj/bQPiojG52iGrpGdeQgih7RM3pFb8aT8WK8Gx+T1pwxndlFf2B8/gD185wV</latexit><latexit sha1_base64="HRM7nmiCi1ZoQDeA8RsrUkcZToE=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZJRAh3IqhFIKiFZQTPBHLh2NtMkiV7H+7uCeHIT7Dxr9hYqNja2vlv3EtSaOKDgcd7M8zM82POpLKsbyO3sLi0vJJfLaytb2xumds7dzJKBAWHRjwSTZ9I4CwERzHFoRkLIIHPoeEPLjO/8QBCsii8VcMY2gHphazLKFFa8sySGxOhGOGexPde6gLnpVFZVt0r4Ip4btxnR+Kwanlm0apYY+B5Yk9JEU1R98wvtxPRJIBQUU6kbNlWrNpptoxyGBXcREJM6ID0oKVpSAKQ7XT80AgfaKWDu5HQFSo8Vn9PpCSQchj4ujMgqi9nvUz8z2slqnvWTlkYJwpCOlnUTThWEc7SwR0mgCo+1IRQwfStmPaJIFTpDAs6BHv25XniHFfOK/bNSbF2MU0jj/bQPiojG52iGrpGdeQgih7RM3pFb8aT8WK8Gx+T1pwxndlFf2B8/gD185wV</latexit><latexit sha1_base64="HRM7nmiCi1ZoQDeA8RsrUkcZToE=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZJRAh3IqhFIKiFZQTPBHLh2NtMkiV7H+7uCeHIT7Dxr9hYqNja2vlv3EtSaOKDgcd7M8zM82POpLKsbyO3sLi0vJJfLaytb2xumds7dzJKBAWHRjwSTZ9I4CwERzHFoRkLIIHPoeEPLjO/8QBCsii8VcMY2gHphazLKFFa8sySGxOhGOGexPde6gLnpVFZVt0r4Ip4btxnR+Kwanlm0apYY+B5Yk9JEU1R98wvtxPRJIBQUU6kbNlWrNpptoxyGBXcREJM6ID0oKVpSAKQ7XT80AgfaKWDu5HQFSo8Vn9PpCSQchj4ujMgqi9nvUz8z2slqnvWTlkYJwpCOlnUTThWEc7SwR0mgCo+1IRQwfStmPaJIFTpDAs6BHv25XniHFfOK/bNSbF2MU0jj/bQPiojG52iGrpGdeQgih7RM3pFb8aT8WK8Gx+T1pwxndlFf2B8/gD185wV</latexit><latexit sha1_base64="HRM7nmiCi1ZoQDeA8RsrUkcZToE=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZJRAh3IqhFIKiFZQTPBHLh2NtMkiV7H+7uCeHIT7Dxr9hYqNja2vlv3EtSaOKDgcd7M8zM82POpLKsbyO3sLi0vJJfLaytb2xumds7dzJKBAWHRjwSTZ9I4CwERzHFoRkLIIHPoeEPLjO/8QBCsii8VcMY2gHphazLKFFa8sySGxOhGOGexPde6gLnpVFZVt0r4Ip4btxnR+Kwanlm0apYY+B5Yk9JEU1R98wvtxPRJIBQUU6kbNlWrNpptoxyGBXcREJM6ID0oKVpSAKQ7XT80AgfaKWDu5HQFSo8Vn9PpCSQchj4ujMgqi9nvUz8z2slqnvWTlkYJwpCOlnUTThWEc7SwR0mgCo+1IRQwfStmPaJIFTpDAs6BHv25XniHFfOK/bNSbF2MU0jj/bQPiojG52iGrpGdeQgih7RM3pFb8aT8WK8Gx+T1pwxndlFf2B8/gD185wV</latexit>
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<latexit sha1_base64="l9hIhyDd1/GlXrA0dIOft7wTE7s=">AAACK3icbVDLSgMxFM3Ud31VXboJFkFRy4wI6kIQ68JlBavCzFgyadqGJpkhuSOUYT7Ijb8iiAsrbv0P08dCqwdCDufce5N7okRwA67bdwpT0zOzc/MLxcWl5ZXV0tr6rYlTTVmdxiLW9xExTHDF6sBBsPtEMyIjwe6ibnXg3z0ybXisbqCXsFCStuItTglYqVGqngUmlY1M7quc2Evlvtkxe3AQXDIBpBEkHb4bPkjsw0De3bPuhGenlN2KOwT+S7wxKaMxao3Sa9CMaSqZAiqIMb7nJhBmRAOnguXFIDUsIbRL2sy3VBHJTJgNl83xtlWauBVrexTgofqzIyPSmJ6MbKUk0DGT3kD8z/NTaJ2EGVdJCkzR0UOtVGCI8SA53OSaURA9SwjV3P4V0w7RhILNt2hD8CZX/kvqh5XTind9VD6/GKcxjzbRFtpBHjpG5+gK1VAdUfSEXtA76jvPzpvz4XyOSgvOuGcD/YLz9Q0SdqcQ</latexit><latexit sha1_base64="l9hIhyDd1/GlXrA0dIOft7wTE7s=">AAACK3icbVDLSgMxFM3Ud31VXboJFkFRy4wI6kIQ68JlBavCzFgyadqGJpkhuSOUYT7Ijb8iiAsrbv0P08dCqwdCDufce5N7okRwA67bdwpT0zOzc/MLxcWl5ZXV0tr6rYlTTVmdxiLW9xExTHDF6sBBsPtEMyIjwe6ibnXg3z0ybXisbqCXsFCStuItTglYqVGqngUmlY1M7quc2Evlvtkxe3AQXDIBpBEkHb4bPkjsw0De3bPuhGenlN2KOwT+S7wxKaMxao3Sa9CMaSqZAiqIMb7nJhBmRAOnguXFIDUsIbRL2sy3VBHJTJgNl83xtlWauBVrexTgofqzIyPSmJ6MbKUk0DGT3kD8z/NTaJ2EGVdJCkzR0UOtVGCI8SA53OSaURA9SwjV3P4V0w7RhILNt2hD8CZX/kvqh5XTind9VD6/GKcxjzbRFtpBHjpG5+gK1VAdUfSEXtA76jvPzpvz4XyOSgvOuGcD/YLz9Q0SdqcQ</latexit><latexit sha1_base64="l9hIhyDd1/GlXrA0dIOft7wTE7s=">AAACK3icbVDLSgMxFM3Ud31VXboJFkFRy4wI6kIQ68JlBavCzFgyadqGJpkhuSOUYT7Ijb8iiAsrbv0P08dCqwdCDufce5N7okRwA67bdwpT0zOzc/MLxcWl5ZXV0tr6rYlTTVmdxiLW9xExTHDF6sBBsPtEMyIjwe6ibnXg3z0ybXisbqCXsFCStuItTglYqVGqngUmlY1M7quc2Evlvtkxe3AQXDIBpBEkHb4bPkjsw0De3bPuhGenlN2KOwT+S7wxKaMxao3Sa9CMaSqZAiqIMb7nJhBmRAOnguXFIDUsIbRL2sy3VBHJTJgNl83xtlWauBVrexTgofqzIyPSmJ6MbKUk0DGT3kD8z/NTaJ2EGVdJCkzR0UOtVGCI8SA53OSaURA9SwjV3P4V0w7RhILNt2hD8CZX/kvqh5XTind9VD6/GKcxjzbRFtpBHjpG5+gK1VAdUfSEXtA76jvPzpvz4XyOSgvOuGcD/YLz9Q0SdqcQ</latexit><latexit sha1_base64="l9hIhyDd1/GlXrA0dIOft7wTE7s=">AAACK3icbVDLSgMxFM3Ud31VXboJFkFRy4wI6kIQ68JlBavCzFgyadqGJpkhuSOUYT7Ijb8iiAsrbv0P08dCqwdCDufce5N7okRwA67bdwpT0zOzc/MLxcWl5ZXV0tr6rYlTTVmdxiLW9xExTHDF6sBBsPtEMyIjwe6ibnXg3z0ybXisbqCXsFCStuItTglYqVGqngUmlY1M7quc2Evlvtkxe3AQXDIBpBEkHb4bPkjsw0De3bPuhGenlN2KOwT+S7wxKaMxao3Sa9CMaSqZAiqIMb7nJhBmRAOnguXFIDUsIbRL2sy3VBHJTJgNl83xtlWauBVrexTgofqzIyPSmJ6MbKUk0DGT3kD8z/NTaJ2EGVdJCkzR0UOtVGCI8SA53OSaURA9SwjV3P4V0w7RhILNt2hD8CZX/kvqh5XTind9VD6/GKcxjzbRFtpBHjpG5+gK1VAdUfSEXtA76jvPzpvz4XyOSgvOuGcD/YLz9Q0SdqcQ</latexit>

• Number of contact terms are exactly the same as the number of 
local AdS vertices that can be added for a given spin exchange.

• This provides a straightforward derivation of the results in 
Heemskerk, Penedones, Polchinski and Sully using our 
techniques.

• However, the point is that for a CFT an arbitrary set of contact 
terms cannot be added and further restrictions have to be put in 
place. This is the current challenge: what principle constrains the 
contact terms?

Holographic bootstrap[Gopakumar, AS;’18]
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<latexit sha1_base64="hTlQpHW65s7j5+xyyzAYjwmBUEw=">AAACGHicbVBNSwMxFMz6WetX1aOXYBEqQtkVQT0IRT14rODaQndbsulrG5rNLklWKEv/hhf/ihcPKl5789+Ytoto60BgmHnDy5sg5kxp2/6yFhaXlldWc2v59Y3Nre3Czu6DihJJwaURj2Q9IAo4E+BqpjnUYwkkDDjUgv712K89glQsEvd6EIMfkq5gHUaJNlKrYHs3wDVpeXGPXTrHnkrClsBe+0dspiVxNPQgVoxHomkiRbtsT4DniZORIspQbRVGXjuiSQhCU06Uajh2rP2USM0oh2HeSxTEhPZJFxqGChKC8tPJZUN8aJQ27kTSPKHxRP2dSEmo1CAMzGRIdE/NemPxP6+R6M65nzIRJxoEnS7qJBzrCI9rwm0mgWo+MIRQycxfMe0RSag2ZeZNCc7syfPEPSlflJ2702LlKmsjh/bRASohB52hCrpFVeQiip7QC3pD79az9Wp9WJ/T0QUry+yhP7BG39rioHE=</latexit><latexit sha1_base64="hTlQpHW65s7j5+xyyzAYjwmBUEw=">AAACGHicbVBNSwMxFMz6WetX1aOXYBEqQtkVQT0IRT14rODaQndbsulrG5rNLklWKEv/hhf/ihcPKl5789+Ytoto60BgmHnDy5sg5kxp2/6yFhaXlldWc2v59Y3Nre3Czu6DihJJwaURj2Q9IAo4E+BqpjnUYwkkDDjUgv712K89glQsEvd6EIMfkq5gHUaJNlKrYHs3wDVpeXGPXTrHnkrClsBe+0dspiVxNPQgVoxHomkiRbtsT4DniZORIspQbRVGXjuiSQhCU06Uajh2rP2USM0oh2HeSxTEhPZJFxqGChKC8tPJZUN8aJQ27kTSPKHxRP2dSEmo1CAMzGRIdE/NemPxP6+R6M65nzIRJxoEnS7qJBzrCI9rwm0mgWo+MIRQycxfMe0RSag2ZeZNCc7syfPEPSlflJ2702LlKmsjh/bRASohB52hCrpFVeQiip7QC3pD79az9Wp9WJ/T0QUry+yhP7BG39rioHE=</latexit><latexit sha1_base64="hTlQpHW65s7j5+xyyzAYjwmBUEw=">AAACGHicbVBNSwMxFMz6WetX1aOXYBEqQtkVQT0IRT14rODaQndbsulrG5rNLklWKEv/hhf/ihcPKl5789+Ytoto60BgmHnDy5sg5kxp2/6yFhaXlldWc2v59Y3Nre3Czu6DihJJwaURj2Q9IAo4E+BqpjnUYwkkDDjUgv712K89glQsEvd6EIMfkq5gHUaJNlKrYHs3wDVpeXGPXTrHnkrClsBe+0dspiVxNPQgVoxHomkiRbtsT4DniZORIspQbRVGXjuiSQhCU06Uajh2rP2USM0oh2HeSxTEhPZJFxqGChKC8tPJZUN8aJQ27kTSPKHxRP2dSEmo1CAMzGRIdE/NemPxP6+R6M65nzIRJxoEnS7qJBzrCI9rwm0mgWo+MIRQycxfMe0RSag2ZeZNCc7syfPEPSlflJ2702LlKmsjh/bRASohB52hCrpFVeQiip7QC3pD79az9Wp9WJ/T0QUry+yhP7BG39rioHE=</latexit><latexit sha1_base64="hTlQpHW65s7j5+xyyzAYjwmBUEw=">AAACGHicbVBNSwMxFMz6WetX1aOXYBEqQtkVQT0IRT14rODaQndbsulrG5rNLklWKEv/hhf/ihcPKl5789+Ytoto60BgmHnDy5sg5kxp2/6yFhaXlldWc2v59Y3Nre3Czu6DihJJwaURj2Q9IAo4E+BqpjnUYwkkDDjUgv712K89glQsEvd6EIMfkq5gHUaJNlKrYHs3wDVpeXGPXTrHnkrClsBe+0dspiVxNPQgVoxHomkiRbtsT4DniZORIspQbRVGXjuiSQhCU06Uajh2rP2USM0oh2HeSxTEhPZJFxqGChKC8tPJZUN8aJQ27kTSPKHxRP2dSEmo1CAMzGRIdE/NemPxP6+R6M65nzIRJxoEnS7qJBzrCI9rwm0mgWo+MIRQycxfMe0RSag2ZeZNCc7syfPEPSlflJ2702LlKmsjh/bRASohB52hCrpFVeQiip7QC3pD79az9Wp9WJ/T0QUry+yhP7BG39rioHE=</latexit>
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Wilson-Fisher epsilon expansion

2

4

Never been computed

using diagrams.



Kind of equations to solve

Agrees with Feynman diagram higher loop results!! And gives new results 
for OPE coefficients which have not been computed so far.
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Sampling of results

numeri
cs

us

old

stress tensor OPE
2nd order was known earlier



Table 2 : Comparison of OPE
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fr
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Si
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fin

: 
16

12
.0

84
71

O(✏3)

1609.00572 Gopakumar, 
Kaviraj, Sen, AS in PRL



Sampling of results

Conductivity superfluid-insulator quantum 
critical point O(2)

�(1)

�Q
= 0.36

�(1)

�Q
=

⇡

8
(1� 3

100
✏2 � 9

200
✏3) = 0.363

Witzcak-Krempa, Sorensen, Sachdev—Nature Physics 
2013

P. Dey, A. Kaviraj, A.S.—1612.05032



• Problem is that we will need to fix contact diagrams. 
Without contact diagrams, we would get an answer 
that does not agree with Feynman diagram results 
at O(ε3) for φ2[Gopakumar, AS, 2018].

• A puzzle is that we do not see any reason a priori 
why we need to add these contact diagrams. One 
would have hoped that some inconsistency would 
tell us the need to add them. May be mixed 
correlators will help.

• Leaves open the interesting possibility that solutions 
other than pQFT exist: either ways would be 
important to rule in/rule out.  43

Higher orders?



• Need to find a way to constrain contact terms in 
our basis—surely not arbitrary set of contact 
terms are possible. 

• Recently, Paulos and Mazac (11/2018) have made 
an important observation which claims to solve 
this problem for d=1.

• They find constraints by demanding the 
completeness of the basis. Let me summarise 
their logic.

 44

1d-fixing of contact terms



• The idea is to construct a “complete” set of 
functionals to act on the usual bootstrap equations 
(basically a kernel to integrate the u,v dependence). 
These functionals by design “isolate” the Mean Field 
solution by having zeros at the operator locations.

• The existence of these functionals is non-trivial. 
One can use these to act on the Witten diagram 
expansion.  What happens is that for the boson 
case, one of the equations is ill-defined as sum over 
the spectrum does not converge. Regulating this is 
the same as adding a specific contact Witten 
diagram! 



• In our language, this is simply to add a phi^4 
contact interaction.

• Operationally, we simply work with 
subtracted pair of equations—effectively 
we lose one equation.

• In d=1, we can understand this by 
observing that derivative contact 
interactions would make anomalous 
dimensions grow “too quickly” and would 
need an infinite number of contact 
interactions to make finite.

 46
[K. Ghosh, A. Zahed, L. F. Alday,  P. Ferrero, work in progress]



• Turns out that the simplest bootstrap that 
we can hope to solve analytically with 
current techniques is not the 2d Ising model. 
For 2d Ising you need other methods.

• There is a 1d problem. We can consider 
bootstrap in 1d (3 generators, no boosts).

• You can think of this as the diagonal limit of 
the bootstrap problem in higher dimensions. 
[Also Mazac, Paulos 2018]
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What is the “simplest” bootstrap?
with L. F.  Alday,  P. Ferrero, K. Ghosh and A. Zahed in progress 



• Start with Polyakov-Mellin bootstrap.

• In 1d there is no spin. To deform away from 
free theory add scalar contact term.

• Solve!!

 48

Steps to set up

Equivalently we could have computed loops in AdS2 but that is rather hard and even 
2 loops have not been calculated!!
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For d=1 
bootstrap all this 

goes away
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X

L=0

�(L)
n gL+1
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Expect this to be true 
at any loop which is 
the reason no further 
contact terms are 
necessary.

L here is the loop order 
in AdS2
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γn ∼ O(
1
n2

)
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At le
ast 1 operator here

Peculiarities: In contrast to usual numerics (only upper bound) we get an allowed band
—more constraining. Curiously a similar feature exists for the cyclic polytope approach 
(yesterday’s talk!).

PM bootstrap numerics
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Peculiarities: As a function of external operator dimension, the 1-loop anomalous 
dimensions seem to asymptote to a fixed value.
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Fitzpatrick et al 1007.0412—Effective field theory in AdS. Bootstrap 
produces exactly this thereby giving a derivation of EFT from bootstrap.

[K. Ghosh, A. Zahed, L. F. Alday,  P. Ferrero, work in progress]

Physics from an 
exchange interaction

With large dim ϕ3χ χ



• Lots of open questions. Need to understand the 
crossing symmetric contact diagrams in higher d. 

• A systematic perturbative method seems to cry 
out for a way to project out higher twist 
operators as well—what is so special about 
double trace (twist) ops?

• Bootstrapping composite operators in any 
approach seems to be lacking a systematic 
algorithm.
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Rich mathematics ahead



• The intermediate building blocks appear to be 
very rich in Mathematics. The key element appears 
to be very well poised 7F6 hypergeometric 
functions [Gopakumar, AS, 2018].
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• Very well poised 7F6 hypergeometric functions are 
generalised 6j symbols for non-compact groups [eg 

Raynal 1979]. 
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• The intermediate building blocks appear to be 
very rich in Mathematics. The key element appears 
to be very well poised 7F6 hypergeometric 
functions [Gopakumar, AS, 2018].

• Very well poised 7F6 hypergeometric functions are 
generalised 6j symbols for non-compact groups [eg 

Raynal 1979]. 

• Will have more role to play eventually—curiously 
one of Ramanujan’s work in his “lost notebook” 
was on very well poised 7F6!
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Rich mathematics ahead



Thank you.



Backup slides



Large spin asymptotics
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• Assume operator of minimum twist
• In small u,v limit, lhs has log v while rhs has log u. To produce log u, we can expand 

power of u on lhs by assuming a small anomalous dimension
• A finite number of log v’s cannot resum to a power of v. So we need infinite number of 

operators.
• To produce identity operator we will need double trace ops � = 2�� + `
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• By focusing on the u=0, v=0 limit, we can develop a systematic 
large spin asymptotic expansion for the anomalous dimensions 
of double trace operators which are supported by a single 
leading twist operator in the crossed channel.[Komargodski-Zhiboedov; 
Fitzpatrick et al; Alday et al; Kaviraj, Sen, AS]

• 3d Ising model data from Simmons-
duffin 2016 and asymptotic expansion 
in large spin (LSPT) from Alday-
Zhiboedov 2015. Seems to point at an 
analytic formula in spin. Conformal 
Froissart Gribov formula by Caron-
huot 2017.



Enter Mellin’s advisor!

Gosta Mittag-Leffler 
(Swedish mathematician)

Thm: Existence of meromorphic 
functions with prescribed poles
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Construct a function with residue n, poles 
at z=n for all positive integers n.
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Naive guess: Does not work as sum does 
not converge.

This works. Same as adding polynomials in 
z. [not unique]



Ex2

�(x) =
1X

n=0

(�1)n

n!(x+ n)

�(y)

�(y � n)
+ �1(x)

Entire function

�(x)�(y)

�(x+ y)
=

1X

n=0

(�1)n

n!(x+ n)

�(y)

�(y � n)

no extra entire 
function piece
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Ex2

�(x) =
1X

n=0

(�1)n

n!(x+ n)

�(y)

�(y � n)
+ �1(x)

Entire function

�(x)�(y)

�(x+ y)
=

1X

n=0

(�1)n

n!(x+ n)

�(y)

�(y � n)

no extra entire 
function piece

famous 
formula 
responsible 
for the birth 
of string 
theory!
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Thank you for listening!
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