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AdS/CFT correspondence


Branes, duality


RG flows: Breaking conformal symmetry


Relevant operators


Flows to IR fixed points and C theorem


Confining flows + Chiral symmetry breaking
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Overview
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I. AdS/CFT correspondence and Renormalization Group


II.  Information flows and improved machine learning
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Duality:
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Entanglement entropy

Entanglement for space regions A B

Relation to quantum information



AdS/CFT correspondence
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SU(N) Super Yang-Mills theory
<latexit sha1_base64="syk3NJaMLtkhRJ0pEGUQny5HLTc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRUt0IRTeupIJ9QBvKZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zPFjzpR2nG+rsLa+sblV3C7t7O7tl+2Dw7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlN5nceqVQsEg96GlMvxCPBAkawNtLALvdDrMcE8/Ruhq5QbWBXnKozB1olbk4qkKM5sL/6w4gkIRWacKxUz3Vi7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tJ58Bk6NcoQBZE0T2g0V39vpDhUahr6ZjKLqZa9TPzP6yU6uPRSJuJEU0EWh4KEIx2hrAU0ZJISzaeGYCKZyYrIGEtMtOmqZEpwl7+8StrnVbderd3XKo3rvI4iHMMJnIELF9CAW2hCCwgk8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QOx6pJ3</latexit>

N = 4
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Holographic Renormalization Group Flows

Original AdS/CFT correspondence involves                  SU(N) Super Yang-Mills theory 
<latexit sha1_base64="syk3NJaMLtkhRJ0pEGUQny5HLTc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRUt0IRTeupIJ9QBvKZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zPFjzpR2nG+rsLa+sblV3C7t7O7tl+2Dw7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlN5nceqVQsEg96GlMvxCPBAkawNtLALvdDrMcE8/Ruhq5QbWBXnKozB1olbk4qkKM5sL/6w4gkIRWacKxUz3Vi7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tJ58Bk6NcoQBZE0T2g0V39vpDhUahr6ZjKLqZa9TPzP6yU6uPRSJuJEU0EWh4KEIx2hrAU0ZJISzaeGYCKZyYrIGEtMtOmqZEpwl7+8StrnVbderd3XKo3rvI4iHMMJnIELF9CAW2hCCwgk8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QOx6pJ3</latexit>

N = 4

Field content: One gauge field, four fermions, six real scalars


Beta function vanishes identically to all orders in perturbation theory


Theory at UV fixed point


Perturb by relevant operator preserving           supersymmetry
<latexit sha1_base64="LSv+v8iGKAkwzY4MomvdoEPFuXk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0NaFUHTjSirYB7ShTKaTduhkEmYmQg39EjcuFHHrp7jzb5y0FVT0wMDhnHu5Z06QMCqVbX8YhZXVtfWN4mZpa3tnt2zu7bdlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE0wuc79zR4SkMb9V04T4ERpxGlKMlJYGZrkfITXGiGXXM3gOnYFZsa2zetX1qtC2bLvmuE5O3Jp36kFHKzkqYInmwHzvD2OcRoQrzJCUPcdOlJ8hoShmZFbqp5IkCE/QiPQ05Sgi0s/mwWfwWCtDGMZCP67gXP2+kaFIymkU6Mk8pvzt5eJfXi9VYd3PKE9SRTheHApTBlUM8xbgkAqCFZtqgrCgOivEYyQQVrqrki7h66fwf9J2LadqeTdepXGxrKMIDsEROAEOqIEGuAJN0AIYpOABPIFn4954NF6M18VowVjuHIAfMN4+AQ18krY=</latexit>

N = 1

Leigh-Strassler flow

IR fixed point:



Holographic Renormalization Group Flows

Leigh-Strassler flow

C theorem:

For coefficients of conformal anomaly in conformal Ward identity
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Holographic Renormalization Group Flows

Gravity side of correspondence: Dual of Leigh-Strassler flow


Look for a solution of supergravity preserving the same global symmetries


Domain wall flow:


Conformal anomaly at IR fixed point exactly reproduced


<latexit sha1_base64="l4obGhgVeFsTa9pr1BApv7y8Q+k=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB/QLiWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPx3cxvP1FtmBSPdqJomOChYDEj2Dqp3VMjVtEX/VLZr/pzoFUS5KQMORr90ldvIEmaUGEJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh0VOKEmzObnTtG5UwYoltqVsGiu/p7IcGLMJIlcZ4LtyCx7M/E/r5va+CbMmFCppYIsFsUpR1ai2e9owDQllk8cwUQzdysiI6wxsS6hogshWH55lbQuq8FVtfZQK9dv8zgKcApnUIEArqEO99CAJhAYwzO8wpunvBfv3ftYtK55+cwJ/IH3+QOybo8p</latexit>

�(r)

First order RG equation from gradient flow



Entanglement entropy in Gauge/Gravity Duality





Part II: Quantifying information flows by relative entropy 

Deep neural networks and RG 

Relative entropy  - Kullback-Leibler divergence

J.E., Grosvenor, Jefferson 2107.06898 (SciPost)
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quantifies how much the target distribution q differs from initial distribution p 



Relative entropy for 1d Ising model
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Decimation RG

Relative Entropy
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Relative entropy for 1d Ising model

J.E., Grosvenor, Jefferson 2107.06898

The stronger the coupling, the larger the information stored in correlations



Feedforward random neural network
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activation function of variables on previous layer,

Weights and biases randomly distributed

Pre-activation
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Feedforward random neural network

Phase diagram

Figures from  `Statistical mechanics of deep learning’ 

by Bahry, Kadmon, Pennington, Schoenholz, Sohl-Dickstein, Ganguly, 

Annual Review of Condensed Matter Physics 2020

Trainability as function of weight variance and depth
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Feedforward random neural network - KL divergence

Variance ~

Correlations  of pre-activations

Relative entropy

After one step - thereafter more involved due to recursive nature
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Relative entropy (KL divergence) for feedforward random network (MNIST/CIFAR data) 

J.E., Grosvenor, Jefferson 2107.06898 (SciPost)

(Master thesis Yanck Thurn)



Conclusion and Outlook
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Gauge/Gravity Duality 


both fundamental interest and applications


Holographic RG flows implemented from supergravity equations of motion


(Gradient flow)  - Constructed to match global symmetries

Relative entropy (Kullback-Leibler divergence)


shows similar behaviour in Ising model and neural networks


May potentially be used to improve training in networks



