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Overview & Motivation

• Deep Learning is widely used as a toolbox, to 
approximate systems. 


• Can we come up with Neural Network 
architectures that can exactly represent some 
quantum field , without training? I.e. ab initio 
AI for qft? 
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Neural Network Field Theory Correspondence
In

pu
ts

 x

ou
tp

ut
 ϕ

(x
) • Initialize NN many times, do not train. 


• Statistical distribution over NN outputs  
can be cast in path integral formalism, as a 
field distribution. 
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Each initialized architecture corresponds to a 
unique field distribution!
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Free vs. Interacting NN Field Distributions

[Neal 1995]

[Yaida 2019], [Yang 2019], [Dyer et al. 2019], [Naveh 
et al. 2021], [Roberts et al. 2022], [Hanin 2022], 

[Zavatone-Veth et al. 2022], [Pehlevan et al. 2021]

[Berman et al. 2022], [Krippendorf et al. 2022], 
[De Luca et al. 2022], [Cotler et al. 2023]

[Albergo et al. 2019], [Hackett et al. 
2021], [Bachtis et al. 2021], [de Haan et 

al. 2021], [Bachtis et al. 2022], [Abbott et 
al. 2022], [Gerdes et al. 2022]

‣ ML for field theories on lattice
‣ Correspondences between learning dynamics 

and RG and Hamiltonian evolution

‣ Correspondences between 
initialized NNs and field theory

‣ Theory of NN and deep learning 
at finite width, and other 
aspects of CLT breaking

‣ Theory of NN at asymptotically 
large width
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• Central Limit Theorem (CLT) constrains NN 
field distributions as free ones.


• Three axis shows three ways to violate CLT, 
i.e. turn on field interactions. 

Infinite width , 
independently, identically  
distributed NN parameters
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Conditions for Central Limit Theorem

finite width N

Dissimilar NN 
parameter 

distributions

Correlated 
parameter 

distributions

Related works!



NN Field Theory Correspondence

NN 
architecture

? ??

Design some NN architecture

Q. Path integral 
language: what is 

action  for output 
distribution?

S[ϕ]



NN Field Action S[ϕ]

Free field action is easy to derive.
• Use NN architecture space to obtain connected parts of 

-pt functions.n

Then,



NN Field Action S[ϕ]

How to construct couplings  ingr(x1, ⋯, xr)

A new set of Feynman rules, to 
construct  using 
connected correlators .

gr(x1, ⋯, xr)
G(r)

c
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Example:    Finite ,   i.i.d. parametersN

Interacting NN field theory action

Quartic coupling



Constrain NN for Given S[ϕ]

How to constrain the architecture?

NN architecture Interacting field theory

To get field interactions 
of our choice



• Getting correct free theory action  is easy.Sfree[ϕ] ๏ 


๏ i.i.d. parameters 

lim N → ∞

P(h) := PG(h)

• Next, deform NN parameters at infinite ,N

๏  Redefine  P(h) := PG(h) e−λ ∫ ddx1⋯ddxr 𝒪ϕh
(x1,⋯,xr)

to insert in NN ensemble action. 

Constrain NN for Given S[ϕ]



Scalar  NN field theoryλϕ4

The architecture

lim N → ∞

∇2 :=
∂2

∂x2



Conclusion & Outlook

• NN output ensembles are field distributions. 


• CLT constrains NN field theory as a free one. Violation of CLT turns on interaction terms.


• NNFT action  can be obtained using new Feynman rules. 


• Some interacting NNFT are obtained by appropriately distorting NN parameter distributions. 


• E.g. an architecture for  scalar field theory is obtained at inf , via parameter deformations 
from i.i.d.


• Currently, we are working on NN architectures at initialization for fermionic field theories.

S[ϕ]
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