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An open question: is there any interacting CFT in 5d  
(or above) without supersymmetry?

Deformations of free theory are all irrelevant.

SUSY example based on string theory construction.  
UV completion of supersymmetric gauge theories.



A promising setup: non-abelian gauge theories 
<latexit sha1_base64="iiZGSWpsP6d2Vy+AxX1gylo3mAs="></latexit>Z

d5x tr
1

4g2
[Fµ⌫F

µ⌫ ] (+ matter)

<latexit sha1_base64="RrAGZi7YVmGIvkuUr3IbgQxL3Js=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpFb0IRRE8VrAfkKZls920SzebsLtRSuj/8OJBEa/+F2/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHN1G89UqlYJB70OKZeiAeCBYxgbaSuO+hWPHSFbrvpmTPpFUt22Z4BLRMnIyXIUO8Vvzr9iCQhFZpwrJTr2LH2Uiw1I5xOCp1E0RiTER5Q11CBQ6q8dHb1BJ0YpY+CSJoSGs3U3xMpDpUah77pDLEeqkVvKv7nuYkOLr2UiTjRVJD5oiDhSEdoGgHqM0mJ5mNDMJHM3IrIEEtMtAmqYEJwFl9eJs1K2Tkv2/fVUu06iyMPR3AMp+DABdTgDurQAAISnuEV3qwn68V6tz7mrTkrmzmEP7A+fwB1VZEv</latexit>

[g2] = E�1

Gauge theory

???

free limit

<latexit sha1_base64="9dl0Tvl2pRG5Vkk0sKonBh8owyQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWag0f0rPatF+uuFU3A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPs2ik6scoAhVLZEgZl6u+JFEdaT6LAdkbYjPSiNxP/87qJCa/8lIk4MVSQ+aIw4chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheIsvL5NWrepdVN2780r9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AIquO1w==</latexit>

g�2



Interacting UV fixed point?  

free limit

CFT

CFT with a relevant deformation that corresponds to

        and flows to this EFT.

<latexit sha1_base64="9dl0Tvl2pRG5Vkk0sKonBh8owyQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWag0f0rPatF+uuFU3A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPs2ik6scoAhVLZEgZl6u+JFEdaT6LAdkbYjPSiNxP/87qJCa/8lIk4MVSQ+aIw4chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheIsvL5NWrepdVN2780r9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AIquO1w==</latexit>

g�2

<latexit sha1_base64="9dl0Tvl2pRG5Vkk0sKonBh8owyQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWag0f0rPatF+uuFU3A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPs2ik6scoAhVLZEgZl6u+JFEdaT6LAdkbYjPSiNxP/87qJCa/8lIk4MVSQ+aIw4chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheIsvL5NWrepdVN2780r9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AIquO1w==</latexit>

g�2

More restrictive:        only relevant deformation.
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CFT Gauge theory???

Gauge theory

Phase diagram:



Methods to study this problem

Epsilon-expansion

Lattice

Deformations of the SCFT

Bootstrap

[Benetti-Genolini, Honda, Kim, Tong, Vafa]

[Li, Poland]

Functional renormalization group

[Florio, Lopes, Matos, Penedones]

[Gies]



Epsilon-expansion

Dimensional continuation from 4d to d=4+2
<latexit sha1_base64="liHGlvQvtCGuzErtPvb7svQL7BU="></latexit>
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[Peskin] (1980)
weakly-coupled UV fixed point:
for           :
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? ? ?

To reach 5d: resummation and extrapolation. 
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Most updated analysis previous to our work:

[Morris] (2004) used  4 loop result and “optimal 
truncation” to extrapolate.

Evidence for existence of fixed point up to 5d 
for pure YM.

[Baykov, Chetyrkin, Kuhn, 1606.08659]
[Herzog et al, 1701.01404] [Luthe et al, 1709.07718]
[Chetyrkin et al, 1709.08541]

In the meantime: 5 loop beta function and 
mass anomalous dimension for non-abelian 
gauge theory with fermions.  



•Why reconsider it now?

•Can we trust this method? Should we worry about  
UV rather than IR fixed point?

Update with 5 loops and Borel-Padé resummation

New results from lattice

New proposed construction from SCFT

Analogy: Gross-Neveu and NLSM in <latexit sha1_base64="fh0/LIntp3pw7RlCSm87iOUY3O4=">AAAB83icbVBNS8NAEN34WetX1aOXxSIIQkmKqBeh6MVjBfsBTSibzaRdutksuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL5ScaeO6387K6tr6xmZpq7y9s7u3Xzk4bOs0UxRaNOWp6oZEA2cCWoYZDl2pgCQhh044upv6nSdQmqXi0YwlBAkZCBYzSoyV/Oimfu6D1Iynol+pujV3BrxMvIJUUYFmv/LlRynNEhCGcqJ1z3OlCXKiDKMcJmU/0yAJHZEB9CwVJAEd5LObJ/jUKhGOU2VLGDxTf0/kJNF6nIS2MyFmqBe9qfif18tMfB3kTMjMgKDzRXHGsUnxNAAcMQXU8LElhCpmb8V0SBShxsZUtiF4iy8vk3a95l3W3IeLauO2iKOEjtEJOkMeukINdI+aqIUokugZvaI3J3NenHfnY9664hQzR+gPnM8fbSmRSw==</latexit>
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•Applications?

A case study for asymptotic safety: 

simpler than gravity, cross-checks between 
functional RG and other methods

Extra-dimensional models: cutoff can be 
higher than        if CFT exists 

<latexit sha1_base64="9dl0Tvl2pRG5Vkk0sKonBh8owyQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWag0f0rPatF+uuFU3A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPs2ik6scoAhVLZEgZl6u+JFEdaT6LAdkbYjPSiNxP/87qJCa/8lIk4MVSQ+aIw4chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheIsvL5NWrepdVN2780r9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AIquO1w==</latexit>
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Knowledge of the phase diagrams of the 
higher dimensional theory can lead to 
constraints on lower dimensional theories, 
e.g. l iv ing on domain wal ls, or by 
dimensional reduction
[Gaiotto, Komargodski, Seiberg]



We considered              with      fundamental  
Dirac fermions. Results:                    
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Evidence for fixed point for            ,   
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Error bars are estimates, not rigorous.



We considered              with       fundamental  
Dirac fermions. Results:                    
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Similar evidence for             ,      up to 4 
and            ,      up to 4  

<latexit sha1_base64="98vLRUmFwmb4JZXtYw24AHhLrS8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortWU/JDfE7ZcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6qHq1qvtwWanf5nEU4QRO4Rw8uII63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/uI46l</latexit>

nf = 0

Error bars are estimates, not rigorous.
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<latexit sha1_base64="bs9z9HoSXMCnX6hy5q/L2d9DnEE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPusX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6tWq7v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH0nijc0=</latexit>nc
<latexit sha1_base64="WUN5+ALsl0trFIHfXvhkfeIfYgQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqBeh6MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortWWfkRtS65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdKqVb3LqvtwUanf5nEU4QRO4Rw8uII63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/sk46k</latexit>

nc = 2
<latexit sha1_base64="yOJ4OVcG9+S+ou0/Y55UHmRV7eo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9UP++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP05ujdA=</latexit>nf



We considered              with       fundamental  
Dirac fermions. Results:                    

<latexit sha1_base64="U/iZ78Z2bDzzJgNbDkh8hmUKFXw=">AAAB73icbVBNTwIxEJ3iF+IX6tFLIzHBC9k1Rj0SvXjE6AIJbEi3dKGh213brgnZ8Ce8eNAYr/4db/4bC+xBwZdM8vLeTGbmBYng2jjONyqsrK6tbxQ3S1vbO7t75f2Dpo5TRZlHYxGrdkA0E1wyz3AjWDtRjESBYK1gdDP1W09MaR7LBzNOmB+RgeQhp8RYqX3vVWWPnuJeueLUnBnwMnFzUoEcjV75q9uPaRoxaaggWndcJzF+RpThVLBJqZtqlhA6IgPWsVSSiGk/m907wSdW6eMwVrakwTP190RGIq3HUWA7I2KGetGbiv95ndSEV37GZZIaJul8UZgKbGI8fR73uWLUiLElhCpub8V0SBShxkZUsiG4iy8vk+ZZzb2oOXfnlfp1HkcRjuAYquDCJdThFhrgAQUBz/AKb+gRvaB39DFvLaB85hD+AH3+ALQUjxg=</latexit>

SU(nc)
<latexit sha1_base64="e4bL4S34StVZZSvqMbp0IkPMVGc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLahDhQbXm1b058CrxC1KDAs1B9as/jGkqmbJUEGN6vpfYICPacirYrNJPDUsInZAR6zmqiGQmyOa3zvCZU4Y4irUrZfFc/T2REWnMVIauUxI7NsteLv7n9VIb3QQZV0lqmaKLRVEqsI1x/jgecs2oFVNHCNXc3YrpmGhCrYun4kLwl19eJe2Lun9V9x4ua43bIo4ynMApnIMP19CAe2hCCyiM4Rle4Q1J9ILe0ceitYSKmWP4A/T5A6UJjfo=</latexit>nf

Error bars are estimates, not rigorous.
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<latexit sha1_base64="FcQEBuMwMCdy4aTyTddOShr9LAo=">AAACCnicbZDNSsNAFIUn9a/Wv6hLN9EiuCqJiLosCsVlBVsLSQyT6aQdOjMJMxOhhKzd+CpuXCji1idw59s4aSNo64GBj3PvZe49YUKJVLb9ZVQWFpeWV6qrtbX1jc0tc3unK+NUINxBMY1FL4QSU8JxRxFFcS8RGLKQ4ttwdFnUb++xkCTmN2qcYJ/BAScRQVBpKzD3PQbVULBMidxtBZnHUo+neevuh/zArNsNeyJrHpwS6qBUOzA/vX6MUoa5QhRK6Tp2ovwMCkUQxXnNSyVOIBrBAXY1csiw9LPJKbl1qJ2+FcVCP66sift7IoNMyjELdWexuJytFeZ/NTdV0bmfEZ6kCnM0/ShKqaViq8jF6hOBkaJjDRAJone10BAKiJROr6ZDcGZPnofuccM5bdjXJ/XmRRlHFeyBA3AEHHAGmuAKtEEHIPAAnsALeDUejWfjzXiftlaMcmYX/JHx8Q3kTJuo</latexit>

tr[Fµ⌫F
µ⌫ ]



We considered              with       fundamental  
Dirac fermions. Results:                    

<latexit sha1_base64="U/iZ78Z2bDzzJgNbDkh8hmUKFXw=">AAAB73icbVBNTwIxEJ3iF+IX6tFLIzHBC9k1Rj0SvXjE6AIJbEi3dKGh213brgnZ8Ce8eNAYr/4db/4bC+xBwZdM8vLeTGbmBYng2jjONyqsrK6tbxQ3S1vbO7t75f2Dpo5TRZlHYxGrdkA0E1wyz3AjWDtRjESBYK1gdDP1W09MaR7LBzNOmB+RgeQhp8RYqX3vVWWPnuJeueLUnBnwMnFzUoEcjV75q9uPaRoxaaggWndcJzF+RpThVLBJqZtqlhA6IgPWsVSSiGk/m907wSdW6eMwVrakwTP190RGIq3HUWA7I2KGetGbiv95ndSEV37GZZIaJul8UZgKbGI8fR73uWLUiLElhCpub8V0SBShxkZUsiG4iy8vk+ZZzb2oOXfnlfp1HkcRjuAYquDCJdThFhrgAQUBz/AKb+gRvaB39DFvLaB85hD+AH3+ALQUjxg=</latexit>

SU(nc)
<latexit sha1_base64="e4bL4S34StVZZSvqMbp0IkPMVGc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLahDhQbXm1b058CrxC1KDAs1B9as/jGkqmbJUEGN6vpfYICPacirYrNJPDUsInZAR6zmqiGQmyOa3zvCZU4Y4irUrZfFc/T2REWnMVIauUxI7NsteLv7n9VIb3QQZV0lqmaKLRVEqsI1x/jgecs2oFVNHCNXc3YrpmGhCrYun4kLwl19eJe2Lun9V9x4ua43bIo4ynMApnIMP19CAe2hCCyiM4Rle4Q1J9ILe0ceitYSKmWP4A/T5A6UJjfo=</latexit>nf

Error bars are estimates, not rigorous.

Scaling dimensions
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<latexit sha1_base64="BcvkRipGNGqxL/3gvKnCZXXV94k=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7AM6Y8mkmTY0yQxJRilD/8ONC0Xc+i/u/Bsz7Sy09cC9HM65l9ycMOFMG9f9dkorq2vrG+XNytb2zu5edf+greNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044vsn9ziNVmsXy3kwSGgg8lCxiBBsrPfghVpmfaDbNW79ac+vuDGiZeAWpQYFmv/rlD2KSCioN4VjrnucmJsiwMoxwOq34qaYJJmM8pD1LJRZUB9ns6ik6scoARbGyJQ2aqb83Miy0nojQTgpsRnrRy8X/vF5qoqsgYzJJDZVk/lCUcmRilEeABkxRYvjEEkwUs7ciMsIKE2ODqtgQvMUvL5P2Wd27qLt357XGdRFHGY7gGE7Bg0towC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AFPiS5A==</latexit>

 ̄ 



[DP, Serone]
Similar approach for conformal window of QCD:

Evidence for conformal window down to 
<latexit sha1_base64="pMEy4xlhOIdb3Ja7eIZ26o7xzdY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6yIEvXiMYB6QLGF20psMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8NOME/YgOJA85o8ZKLdkLyY1X7ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdKsVrzLysXDebl2m8dRgGM4gTPw4ApqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8ADKmOvQ==</latexit>

nf = 12



[DP, Serone]
Similar approach for conformal window of QCD:

Evidence for conformal window down to 
<latexit sha1_base64="pMEy4xlhOIdb3Ja7eIZ26o7xzdY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6yIEvXiMYB6QLGF20psMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8NOME/YgOJA85o8ZKLdkLyY1X7ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdKsVrzLysXDebl2m8dRgGM4gTPw4ApqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8ADKmOvQ==</latexit>

nf = 12



Typical growth of coefficients:
<latexit sha1_base64="slEHs6Q9yqP6XGrh6mFBP7tHShU=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7QInsquKHosevFYwX5Au5Zsmm1Dk+ySZIW69Jd48aCIV3+KN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7vlyt5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPz249UaRbJezOJqS/wULKQEWys1K+USV+inmYCySOEH6xSdWtuBrRMvJxUIUejX/nqDSKSCCoN4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWSiyo9tPs8Ck6scoAhZGyJQ3K1N8TKRZaT0RgOwU2I73ozcT/vG5iwis/ZTJODJVkvihMODIRmqWABkxRYvjEEkwUs7ciMsIKE2OzKtkQvMWXl0nrrOZd1Ny782r9Oo+jCIdwDKfgwSXU4RYa0AQCCTzDK7w5T86L8+58zFsLTj5zAH/gfP4AT/2SNg==</latexit>

cn ⇠ n!an for large <latexit sha1_base64="F1SstRATZTWwDwZvBN806C5UjPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2GOM9g==</latexit>n

Optimal truncation:

Minimizes the error: adding more terms the  
approximation gets worse

<latexit sha1_base64="g67WWjmUqCc/BsN+SAgDNZNAhJc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsyIosuiG5cV7AM6Y8lkMm1okhmSjFCms3Ljr7hxoYhbv8Gdf2PazkJbD1w4nHNvcu8JEkaVdpxvq7S0vLK6Vl6vbGxube/Yu3stFacSkyaOWSw7AVKEUUGammpGOokkiAeMtIPh9cRvPxCpaCzu9CghPkd9QSOKkTZSzz70FOWQ3GdeJBHO3Dwbo7HHzAMhyvOeXXVqzhRwkbgFqYICjZ795YUxTjkRGjOkVNd1Eu1nSGqKGckrXqpIgvAQ9UnXUIE4UX42PSOHx0YJYRRLU0LDqfp7IkNcqREPTCdHeqDmvYn4n9dNdXTpZ1QkqSYCzz6KUgZ1DCeZwJBKgjUbGYKwpGZXiAfI5KFNchUTgjt/8iJpndbc85pze1atXxVxlMEBOAInwAUXoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz8MWJmA</latexit>

⇠ e
1

|a|�

<latexit sha1_base64="MHNrbiSqwQu4h35qrzg+8wCp2fw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQUXRbduJIK9gFNKDeTSTt08mBmIpY0Ozf+ihsXirj1F9z5N07bLLT1wIXDOffO3Hu8hDOpLOvbWFhcWl5ZLa2V1zc2t7bNnd2mjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97gauy37qmQLI7u1DChbgi9iAWMgNJS1zy4wQ4kiYgfsBMIIJmdZyMYOVw/4UPeNStW1ZoAzxO7IBVUoN41vxw/JmlII0U4SNmxrUS5GQjFCKd52UklTYAMoEc7mkYQUulmkztyfKQVHwex0BUpPFF/T2QQSjkMPd0ZgurLWW8s/ud1UhVcuBmLklTRiEw/ClKOVYzHoWCfCUoUH2oCRDC9KyZ90HEoHV1Zh2DPnjxPmidV+6xq3Z5WapdFHCW0jw7RMbLROaqha1RHDUTQI3pGr+jNeDJejHfjY9q6YBQze+gPjM8fOyqZjg==</latexit>

N ⇡ 1

|a|�

<latexit sha1_base64="jwrHJvWYcGIOuKELffHnYkoTtx0=">AAACGHicbVBNS8MwGE7n15xfU49egkOYl9mKohdh6MXjBPcBa1fSLN3CkrQkqVDKfoYX/4oXD4p43c1/Y7b1oJsvJDw8HyTvE8SMKm3b31ZhZXVtfaO4Wdra3tndK+8ftFSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIORndTvf1EpKKReNRpTDyOBoKGFCNtKL98FlZdZux9dApdRbm5Eu5n4sYe91wqQp1C7AuYe3omUbFr9mzgMnByUAH5NPzyxO1HOOFEaMyQUl3HjrWXIakpZmRcchNFYoRHaEC6BgrEifKy2WJjeGKYPgwjaY7QcMb+TmSIK5XywDg50kO1qE3J/7RuosNrL6MiTjQReP5QmDCoIzhtCfapJFiz1ACEJTV/hXiIJMLadFkyJTiLKy+D1nnNuazZDxeV+m1eRxEcgWNQBQ64AnVwDxqgCTB4Bq/gHXxYL9ab9Wl9za0FK88cgj9jTX4Aw4qfng==</latexit>

f(�) ⇠
1X

n=0

cn�
n

<latexit sha1_base64="QsVGAsqYsGFPWk7r19oMw3E5zwc="></latexit>

f(�)�
NX

n=0

cn�
n = O(�N+1) however the series diverges.

non analytic in          .<latexit sha1_base64="yznh4qvIAXSStGhZdr02TcSMxVo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIohuh6MZlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GdDoLbT0QOJxzLrn3BAln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mOf22iIr91BtebW3RxomXgFqUGB5qD61Q9jkgoqDeFY657nJsbPsDKMcDqt9FNNE0zGeEh7lkosqPazfOEpOrFKiKJY2ScNytXfExkWWk9EYJMCm5Fe9Gbif14vNdGVnzGZpIZKMv8oSjkyMZpdj0KmKDF8YgkmitldERlhhYmxHVVsCd7iycukfVb3Luru/XmtcVPUUYYjOIZT8OASGnAHTWgBAQHP8ApvjnJenHfnYx4tOcXMIfyB8/kDMvOQAg==</latexit>

� = 0
<latexit sha1_base64="dFmOTg146Z0YI4DI/iROTcyc8zw=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqpsyIosuiG5cV7APboWQyd9rQTGZIMkIp/Qs3LhRx69+4829M21lo64HA4Zxzyb0nSAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqz0GFW6woZDetYrld2qOwNZJl5OypCj3it9dcOEZTFKwwTVuuO5qfHHVBnOBE6K3UxjStmQ9rFjqaQxan8823hCTq0SkihR9klDZurviTGNtR7FgU3G1Az0ojcV//M6mYmu/TGXaWZQsvlHUSaIScj0fBJyhcyIkSWUKW53JWxAFWXGllS0JXiLJy+T5nnVu6y69xfl2k1eRwGO4QQq4MEV1OAO6tAABhKe4RXeHO28OO/Oxzy64uQzR/AHzucPyeuQVg==</latexit>

f(�)

Some remarks about resummation of perturbation theory:

is divergent asymptotic, i.e.  



Our resummation technique: Borel-Padé

Borel resummation:
<latexit sha1_base64="MhC9vJCaPWs7klhu/6KzMy9JlOs="></latexit>

fB(�) =

Z 1

0
dt e�tBf(t�)

<latexit sha1_base64="tORceCoRx5s6L+q6uef9t0tgVF8=">AAACH3icbVDLSgMxFM34rPVVdekmWoS6KTPia1ModeOygn1Apy2ZNNOGZjJDckcow/yJG3/FjQtFxF3/xvSx0NYDgcM593BzjxcJrsG2x9bK6tr6xmZmK7u9s7u3nzs4rOswVpTVaChC1fSIZoJLVgMOgjUjxUjgCdbwhncTv/HElOahfIRRxNoB6Uvuc0rASN3ctRsQGFAikkrqF+Acl7Cr46CbyJKddlwufRhh11eEJrQr00SepBg6Jpi3i/YUeJk4c5JHc1S7uW+3F9I4YBKoIFq3HDuCdkIUcCpYmnVjzSJCh6TPWoZKEjDdTqb3pfjMKD3sh8o8CXiq/k4kJNB6FHhmcnKNXvQm4n9eKwb/tp1wGcXAJJ0t8mOBIcSTsnCPK0ZBjAwhVHHzV0wHxJQBptKsKcFZPHmZ1C+KzlXRfrjMlyvzOjLoGJ2iAnLQDSqje1RFNUTRM3pF7+jDerHerE/raza6Ys0zR+gPrPEPw82i0Q==</latexit>

Bf(t) =
1X

n=0

cn
n!

tn

Singularities expected: Instantons and Renormalons.

<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t

ambiguity signals that we are missing

<latexit sha1_base64="BR64zcdvDa5JU7iTykl840H7TGA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq7v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwbqjaA=</latexit>

t1

<latexit sha1_base64="dMzNQLsG4KyiheIjRx8EMqbf27U=">AAACAXicbVDLSgMxFM3UV62vUTeCm8EiuLHOiKLLohuXFewDOuOQyWTa0EwSkoxQhrrxV9y4UMStf+HOvzFtZ6GtBwKHc+7h5p5IUKK0635bpYXFpeWV8mplbX1jc8ve3mkpnkmEm4hTLjsRVJgShpuaaIo7QmKYRhS3o8H12G8/YKkIZ3d6KHCQwh4jCUFQGym093whudDcwff5sQ69E5+acAxHoV11a+4EzjzxClIFBRqh/eXHHGUpZhpRqFTXc4UOcig1QRSPKn6msIBoAHu4ayiDKVZBPrlg5BwaJXYSLs1j2pmovxM5TJUappGZTKHuq1lvLP7ndTOdXAY5YSLTmKHpoiSjjrl4XIcTE4mRpkNDIJLE/NVBfSgh0qa0iinBmz15nrROa955zb09q9avijrKYB8cgCPggQtQBzegAZoAgUfwDF7Bm/VkvVjv1sd0tGQVmV3wB9bnD/3Olpc=</latexit>

/ e�t1/�



Then why Borel resummation for something not Borel 
resummable?
Because the error is anyway better than 
optimal truncation

<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t

<latexit sha1_base64="gkR0F2O6peUUsxNDRp/B7hv/wX8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq7v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwVmjZ8=</latexit>

t0
<latexit sha1_base64="BR64zcdvDa5JU7iTykl840H7TGA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq7v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwbqjaA=</latexit>

t1

large-order behavior controlled by 
the singularity closest to the origin 

<latexit sha1_base64="kXd+jiCg6tABqm16CSk9Q1Mt8TU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0YtQ9OKxgv2QNpTNdtMu3WzC7kQoob/CiwdFvPpzvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrexwn3I/oQIlQMIpWesCeS66Id0J75YpbdWcgf4mXkwrkqPfKn91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/mx08IUdW6ZMw1rYUkpn6cyKjkTHjKLCdEcWhWfSm4n9eJ8Xw0s+ESlLkis0XhakkGJPp96QvNGcox5ZQpoW9lbAh1ZShzahkQ/AWX/5LmqdV77zq3p1Vatd5HEU4gEM4Bg8uoAa3UIcGMIjgCV7g1dHOs/PmvM9bC04+sw+/4Hx8A82hjxk=</latexit>

t0 = 1/a
<latexit sha1_base64="slEHs6Q9yqP6XGrh6mFBP7tHShU=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7QInsquKHosevFYwX5Au5Zsmm1Dk+ySZIW69Jd48aCIV3+KN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7vlyt5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPz249UaRbJezOJqS/wULKQEWys1K+USV+inmYCySOEH6xSdWtuBrRMvJxUIUejX/nqDSKSCCoN4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWSiyo9tPs8Ck6scoAhZGyJQ3K1N8TKRZaT0RgOwU2I73ozcT/vG5iwis/ZTJODJVkvihMODIRmqWABkxRYvjEEkwUs7ciMsIKE2OzKtkQvMWXl0nrrOZd1Ny782r9Oo+jCIdwDKfgwSXU4RYa0AQCCTzDK7w5T86L8+58zFsLTj5zAH/gfP4AT/2SNg==</latexit>

cn ⇠ n!an

Therefore:
<latexit sha1_base64="Y8WTm4WLsmxyXtTbKtRUU+ACuA8=">AAACDnicbVDLSgMxFM3UV62vqks3wVJwY50RRVdSdOOygn1AW4dMmmlDM5khuSOUab/Ajb/ixoUibl27829M20G09UDgcM493NzjRYJrsO0vK7OwuLS8kl3Nra1vbG7lt3dqOowVZVUailA1PKKZ4JJVgYNgjUgxEniC1b3+1div3zOleShvYRCxdkC6kvucEjCSmy+yu+RwCK49PGoJE+uQEb7AYxFc50dy8wW7ZE+A54mTkgJKUXHzn61OSOOASaCCaN107AjaCVHAqWCjXCvWLCK0T7qsaagkAdPtZHLOCBeN0sF+qMyTgCfq70RCAq0HgWcmAwI9PeuNxf+8Zgz+eTvhMoqBSTpd5McCQ4jH3eAOV4yCGBhCqOLmr5j2iCIUTIM5U4Ize/I8qR2XnNOSfXNSKF+mdWTRHtpHB8hBZ6iMrlEFVRFFD+gJvaBX69F6tt6s9+loxkozu+gPrI9vu1WbRg==</latexit>

e�|t0|/� > e�t1/�



So far, we imagined to know the full asymptotic series.

In practice we have a finite number of terms.

We use  Padé approximants:
<latexit sha1_base64="PbVgQYL6tdNHSD4FOvY43X4qRbk=">AAACHnicbVDLSsNAFJ34tr6iLt2MFqFuSiIW3QiiG1elgn1AE8NkOtGhk0mYuRFKyJe48VfcuFBEcKV/4/Sx0OqBgcM593LnnDAVXIPjfFkzs3PzC4tLy6WV1bX1DXtzq6WTTFHWpIlIVCckmgkuWRM4CNZJFSNxKFg77F8M/fY9U5on8hoGKfNjcit5xCkBIwV2revFBO4oEfl5EVXgwA/q+BR7OouDXJ46xU0de5EiNKeBLHK5W8CNxIFddqrOCPgvcSekjCZoBPaH10toFjMJVBCtu66Tgp8TBZwKVpS8TLOU0D65ZV1DJYmZ9vNRvALvG6WHo0SZJwGP1J8bOYm1HsShmRxm0dPeUPzP62YQnfg5l2kGTNLxoSgTGBI87Ar3uGIUxMAQQhU3f8X0jpgywDRaMiW405H/ktZh1a1Vnauj8tn5pI4ltIP2UAW56BidoUvUQE1E0QN6Qi/o1Xq0nq036308OmNNdrbRL1if30NCofQ=</latexit>

[Bf(t)]N =
NX

n=0

cn
n!

tn

<latexit sha1_base64="Afli6NEn18kTFfw6cG+5WGfHxKI="></latexit>

[Bf(t)][m,k] =

Pm
n=0 ant

n

1 +
Pk

n=1 bnt
n
, m+ k = N



Estimate of the error:

Convergence (1): variation of arbitrary 
parameter in the Borel transform

<latexit sha1_base64="z5n65ieJhbWr80elDoX7TdzCoxo="></latexit>

Bbf(t) =
1X

n=0

cn
�(n+ b+ 1)

tn
<latexit sha1_base64="XH0I++T35lhDThH3O6EdkMkJ2Go="></latexit>

fBb(�) =

Z 1

0
dt tb e�t Bbf(t�)

Convergence (2): diff. with lower order Padé

,

Non-perturbative corrections:
<latexit sha1_base64="BcNbeamv+mi3yks29RUUPJaOry0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAhuLEkRdVl047KCfUATy2R60w6dJMPMRCghWzf+ihsXirj1D9z5N07bLLT1wMDhnHu5c04gOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJUUmjThiewERAFnMTQ10xw6QgKJAg7tYHQ98dsPIBVL4js9FuBHZBCzkFGijdSzsSdkInSC4T479UJJaFbLMy8ATXoOJnnesytO1ZkCLxK3IBVUoNGzv7x+QtMIYk05UarrOkL7GZGaUQ552UsVCEJHZABdQ2MSgfKzaZIcHxulj8NEmhdrPFV/b2QkUmocBWYyInqo5r2J+J/XTXV46WcsFqmGmM4OhSnHJvmkFtxnEqjmY0MIlcz8FdMhMXVoU17ZlODOR14krVrVPa86t2eV+lVRRwkdoiN0glx0geroBjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHV0qaGg==</latexit>

/ e�
2

�0a

We sum these contributions.



Summary so far:

Evidence from resummation of epsilon-expansion  
that the fixed point survives up to 5d, for:

Observables:

YM

SU(2) QCD

SU(2) QCD with
<latexit sha1_base64="Edvf4mYoKXPuh5DobxCeOHlgiuI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ6kL2QdAU+kvNeueJW3RnIMvFyUoEc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7OIJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0fdLnCpkRY0soU9zeStiQKsqMDalkQ/AWX14mzbOqd1F1784rtes8jiIcwTGcggeXUINbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/g0aQKA==</latexit>

nf  4

pure YM with <latexit sha1_base64="7IQI+VQ6nB3IhXnYqr6LXuP8kqc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ6kD1GugIfyXmvXHGr7gxkmXg5qUCOeq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sdvGEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+RmXSWpQsvmiMBXExGT6PulzhcyIsSWUKW5vJWxIFWXGhlSyIXiLLy+T5lnVu6i6d+eV2nUeRxGO4BhOwYNLqMEt1KEBDCQ8wyu8Odp5cd6dj3lrwclnDuEPnM8ffqWQJQ==</latexit>

nc  4



Deformation of the SCFT

         SQCD with       flavors has UV completion

for                    :             SCFT 

<latexit sha1_base64="h7eSrofemAc5OWyHLAL8vtvHB5s=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLNHokevGI0QUS2JBu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZW8h/8av28X664NXcOtEq8nFQgR7Nf/uoNJEljKgzhWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5YKHFMdZPNjp+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif101NdB1kTCSpoYIsFkUpR0ai2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbTqNe+y5t5fVBo3eRxFOIFTqIIHV9CAO2iCDwQYPMMrvDnCeXHenY9Fa8HJZ47hD5zPH41ejds=</latexit>

SU(2)
<latexit sha1_base64="R1f6GWniOftlIcDCBYky+0fVznE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRiyepaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPdz1wl654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuqu79eaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8dWo2v</latexit>

Nf
<latexit sha1_base64="rFC+iv1hPwrE0HuBGBBnFHun+pQ=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJKHVZdONKKtgLtCFMppN26GQSZyaFEvomblwo4tY3cefbOE2z0NYfBj7+cw7nzB8knCntON9WaW19Y3OrvF3Z2d3bP7APj9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCca383pnQqVisXjU04R6ER4KFjKCtbF823b6nD6hez9EOdR9u+rUnFxoFdwCqlCo6dtf/UFM0ogKTThWquc6ifYyLDUjnM4q/VTRBJMxHtKeQYEjqrwsv3yGzowzQGEszRMa5e7viQxHSk2jwHRGWI/Ucm1u/lfrpTq89jImklRTQRaLwpQjHaN5DGjAJCWaTw1gIpm5FZERlphoE1bFhOAuf3kV2hc196rmPFxWGzdFHGU4gVM4Bxfq0IA7aEILCEzgGV7hzcqsF+vd+li0lqxi5hj+yPr8AbCzkmU=</latexit>

0  Nf  7
<latexit sha1_base64="JMRAykjQkoz9wcHs07Gk9SA9EmA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBEMquKHosiuBJKtgPbJclm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFpeWV1bXiemljc2t7p7y719RxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHF5P/NYTVZrF8sGMEuoL3JcsYgQbKz3eBNldEKETbxyUK27VnQItEi8nFchRD8pf3V5MUkGlIRxr3fHcxPgZVoYRTselbqppgskQ92nHUokF1X42vXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif14nNdGlnzGZpIZKMlsUpRyZGE3eRz2mKDF8ZAkmitlbERlghYmxIZVsCN78y4ukeVr1zqvu/VmldpXHUYQDOIRj8OACanALdWgAAQnP8ApvjnZenHfnY9ZacPKZffgD5/MHWm2QDQ==</latexit>

ENf+1 [Seiberg]

[Benetti-Genolini, Honda, Kim, Tong, Vafa] : SUSY-breaking 
relevant deformation of       as UV completion of            
YM.         

<latexit sha1_base64="Lkt5S3GKJxyrswvonG/XwWZWBvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8VjC20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjm6nfeuLaiEQ94DjlQUwHSkSCUbSSf9vLvUmvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2bETcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZl+TvpCc4ZybAllWthbCRtSTRnafCo2BG/x5WXyeFb3Luru/XmtcV3EUYYjOIZT8OASGnAHTfCBgYBneIU3RzkvzrvzMW8tOcXMIfyB8/kDg4COfQ==</latexit>

E1
<latexit sha1_base64="h7eSrofemAc5OWyHLAL8vtvHB5s=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLNHokevGI0QUS2JBu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZW8h/8av28X664NXcOtEq8nFQgR7Nf/uoNJEljKgzhWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5YKHFMdZPNjp+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif101NdB1kTCSpoYIsFkUpR0ai2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbTqNe+y5t5fVBo3eRxFOIFTqIIHV9CAO2iCDwQYPMMrvDnCeXHenY9Fa8HJZ47hD5zPH41ejds=</latexit>

SU(2)

<latexit sha1_base64="Lkt5S3GKJxyrswvonG/XwWZWBvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8VjC20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjm6nfeuLaiEQ94DjlQUwHSkSCUbSSf9vLvUmvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2bETcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZl+TvpCc4ZybAllWthbCRtSTRnafCo2BG/x5WXyeFb3Luru/XmtcV3EUYYjOIZT8OASGnAHTfCBgYBneIU3RzkvzrvzMW8tOcXMIfyB8/kDg4COfQ==</latexit>

E1

SYM
YM

CFT (?)
SUSY

SUSY

SYM’ SYM<latexit sha1_base64="Lkt5S3GKJxyrswvonG/XwWZWBvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8VjC20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjm6nfeuLaiEQ94DjlQUwHSkSCUbSSf9vLvUmvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2bETcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZl+TvpCc4ZybAllWthbCRtSTRnafCo2BG/x5WXyeFb3Luru/XmtcV3EUYYjOIZT8OASGnAHTfCBgYBneIU3RzkvzrvzMW8tOcXMIfyB8/kDg4COfQ==</latexit>

E1

YM’ YM

<latexit sha1_base64="9dl0Tvl2pRG5Vkk0sKonBh8owyQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWag0f0rPatF+uuFU3A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPs2ik6scoAhVLZEgZl6u+JFEdaT6LAdkbYjPSiNxP/87qJCa/8lIk4MVSQ+aIw4chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheIsvL5NWrepdVN2780r9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AIquO1w==</latexit>

g�2

CFT (?)



How can we test this scenario?

CFT (?)

<latexit sha1_base64="Lkt5S3GKJxyrswvonG/XwWZWBvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8VjC20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjm6nfeuLaiEQ94DjlQUwHSkSCUbSSf9vLvUmvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2bETcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZl+TvpCc4ZybAllWthbCRtSTRnafCo2BG/x5WXyeFb3Luru/XmtcV3EUYYjOIZT8OASGnAHTfCBgYBneIU3RzkvzrvzMW8tOcXMIfyB8/kDg4COfQ==</latexit>

E1

Monotonic quantity:

<latexit sha1_base64="4aIngB8TSwDL53qrrVrgucmP0sI=">AAACCHicbVDJSgNBEO1xjXGLevRgYxC8GGbE7SRBQfQWxSyQhKGn05M06ekZumvEMMzRi7/ixYMiXv0Eb/6NnQXUxAcFj/eqqKrnRYJrsO0va2p6ZnZuPrOQXVxaXlnNra1XdBgryso0FKGqeUQzwSUrAwfBapFiJPAEq3rd875fvWNK81DeQi9izYC0Jfc5JWAkN7e1d+EmDWD3kJQraYpP8Y9wdZOmbi5vF+wB8CRxRiSPRii5uc9GK6RxwCRQQbSuO3YEzYQo4FSwNNuINYsI7ZI2qxsqScB0Mxk8kuIdo7SwHypTEvBA/T2RkEDrXuCZzoBAR497ffE/rx6Df9JMuIxiYJIOF/mxwBDifiq4xRWjIHqGEKq4uRXTDlGEgskua0Jwxl+eJJX9gnNUOLw+yBfPRnFk0CbaRrvIQceoiC5RCZURRQ/oCb2gV+vRerberPdh65Q1mtlAf2B9fAMp95l1</latexit>�FUV > �FIR

<latexit sha1_base64="RafOR00WYkHZBtfsSageSlU+yZc=">AAAB+nicbVDLSgMxFM34rPU11aWbYBHcWGbEqhuhKIjLivaB7Thk0kwbmkmGJKOUsZ/ixoUibv0Sd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFtz8wuLS8u5lfzq2vrGpl3YqiuRSExqWDAhmwFShFFOappqRpqxJCgKGGkE/YuR33ggUlHBb/UgJl6EupyGFCNtJN8uHFzCM9hmogvv/PTmvjz07aJTcsaAs8TNSBFkqPr2V7sjcBIRrjFDSrVcJ9ZeiqSmmJFhvp0oEiPcR13SMpSjiCgvHZ8+hHtG6cBQSFNcw7H6eyJFkVKDKDCdEdI9Ne2NxP+8VqLDUy+lPE404XiyKEwY1AKOcoAdKgnWbGAIwpKaWyHuIYmwNmnlTQju9MuzpH5Yco9L5eujYuU8iyMHdsAu2AcuOAEVcAWqoAYweATP4BW8WU/Wi/VufUxa56xsZhv8gfX5Ax0wkqQ=</latexit>

�F = logZS5

It predicts the flow:

Hard to compute in interacting CFT. 
Possible in       thanks to SUSY.

<latexit sha1_base64="Lkt5S3GKJxyrswvonG/XwWZWBvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8VjC20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjm6nfeuLaiEQ94DjlQUwHSkSCUbSSf9vLvUmvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2bETcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZl+TvpCc4ZybAllWthbCRtSTRnafCo2BG/x5WXyeFb3Luru/XmtcV3EUYYjOIZT8OASGnAHTfCBgYBneIU3RzkvzrvzMW8tOcXMIfyB8/kDg4COfQ==</latexit>

E1

[Klebanov, Pufu, Safdi]

[Chang, Fluder, Lin, Wang]



We can compute            using epsilon expansion:
<latexit sha1_base64="nnIDLC8Wq1hrdsKjLH8PSrGlok8=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCG0sivpZFQXRXxT6gDWEynbRDJw9mbsQa8iVuXCji1k9x5984bbPQ1gMXDufcy733eLHgCizr2ygsLC4trxRXS2vrG5tlc2u7qaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vBz7rQcmFY/CexjFzAlIP+Q+pwS05Jrlwys37QJ7hPTmLsuwa1asqjUBnid2TiooR901v7q9iCYBC4EKolTHtmJwUiKBU8GyUjdRLCZ0SPqso2lIAqacdHJ4hve10sN+JHWFgCfq74mUBEqNAk93BgQGatYbi/95nQT8cyflYZwAC+l0kZ8IDBEep4B7XDIKYqQJoZLrWzEdEEko6KxKOgR79uV50jyq2qfVk9vjSu0ij6OIdtEeOkA2OkM1dI3qqIEoStAzekVvxpPxYrwbH9PWgpHP7KA/MD5/AFsmkuk=</latexit>�FIR

<latexit sha1_base64="52iWuVEWB8+QtmIu65hgH9il+iw=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBAEIeyG+LgIQS8eI5gHJEuYne1NhszOrDOzgRDyHV48KOLVj/Hm3zhJ9qCJBQ1FVTfdXUHCmTau++2srK6tb2zmtvLbO7t7+4WDw4aWqaJQp5JL1QqIBs4E1A0zHFqJAhIHHJrB4G7qN4egNJPi0YwS8GPSEyxilBgr+eFN5bzcgUQzLkW3UHRL7gx4mXgZKaIMtW7hqxNKmsYgDOVE67bnJsYfE2UY5TDJd1INCaED0oO2pYLEoP3x7OgJPrVKiCOpbAmDZ+rviTGJtR7Fge2MienrRW8q/ue1UxNd+2MmktSAoPNFUcqxkXiaAA6ZAmr4yBJCFbO3YtonilBjc8rbELzFl5dJo1zyLksXD5Vi9TaLI4eO0Qk6Qx66QlV0j2qojih6Qs/oFb05Q+fFeXc+5q0rTjZzhP7A+fwB5S+Rjg==</latexit>

d = 4 + 2✏with

Up to two loops:

+ + +

<latexit sha1_base64="hPsYQd/eAhjk68uHtI7P5DB6Ijk="></latexit>

F̃ = sin

✓
⇡d

2

◆
logZSd

[Klebanov, Giombi]



The flow is allowed! Remarkably close to      value.

Extrapolation:

<latexit sha1_base64="Lkt5S3GKJxyrswvonG/XwWZWBvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8VjC20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjm6nfeuLaiEQ94DjlQUwHSkSCUbSSf9vLvUmvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2bETcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZl+TvpCc4ZybAllWthbCRtSTRnafCo2BG/x5WXyeFb3Luru/XmtcV3EUYYjOIZT8OASGnAHTfCBgYBneIU3RzkvzrvzMW8tOcXMIfyB8/kDg4COfQ==</latexit>

E1



from [Peskin] (1980)

Thank You


