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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? l.e. ab initio
Al for gft?




Neural Network Field Theory Correspondence

output @(x)

ZIp) = Jche‘S[(”

* Initialize NN many times, do not train.

o Statistical distribution over NN outputs ¢(x)
can be cast in path integral formalism, as a
field distribution.

Each initialized architecture corresponds to a
unique field distribution!




Free vs. Interacting NN Field Distributions
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Dissimilar NN
parameter /
distributions | * Central Limit Theorem (CLT) constrains NN

Infinite width N, field distributions as free ones.

independently, identically
distributed NN parameters|

T * Three axis shows three ways to violate CLT,
: \inite width N| i.e. turn on field interactions.

Conditions for Central Limit Theorem




NN Field Theory Correspondence




NN Field Action S[¢]

Z[J] — /D¢ e_Sfree[Cb]—Sint-l—f dda:J(x)qb(g;)

|

Free field action is easy to derive.

* Use NN architecture space to obtain connected parts of

n-pt functions. G (o, ,20) = Elg(an) -+ $(aa)] = [ dP()O(a1) -+ 9l

1

Then, Stree @] = 5 /dd371 ATy ¢(21) GO (21, 22) ' P ()



NN Field Action S[¢]

How to construct couplings g (xq, *=+, x,) in Sy = Z / H dz; g-(x1,...,2,) d(x1) ... d(x)) ?
r=3 1=1

A new Set Of Feynman rUleS, to Feynman Rules for ¢,(z,...,2,).

1. Internal points associated to vertices are unlabeled, for diagrammatic simplicity.

o
COnStl"UCt g I,.(x IE R Xr) usin g Propagators therefore connect to internal points in all possible ways.

2. For each propagator between z; and z;,

connected correlators G'"”.

Zi---- % =GP (z,2)". (3.22)

3. For each vertex,

= (—1)"/dd?/1“°ddyn G (g1, ). (3.23)

4. Divide by symmetry factor and insert overall (—).

Table 2: Feynman rules for computing g, from each connected diagram with G vertices.




Example: Finite N, i.i.d. parameters

Quartic coupling ga(T1,. .., T4) = — / dydyadysdys G (y1, Y2, y3, ya) G (y1, 71) 'GP (y2, 72) ™!
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Interacting NN field theory action

5[] = Stald] — [ o1 @laaga@r, 20 () - 9(e0) + O 33)



Constrain NN for Given S[¢]
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How to constrain the architecture?

S[¢] Sfree[ ] A / ddxl " ddx'r qu(xla CUe 7x'r)



Constrain NN for Given S[¢]

* Getting correct free theory action Sg.0ol ] is easy. ® IimN — oo

® i.i.d. parameters P(h) := P(h)

* Next, deform NN parameters at infinite NV,

® Redefine P(h) := Pg(h) oAl dx,-+-dx, 0, (x1,-++x,)

: d d
toinsert Sy @] = A / d*ry---d*T,Oy(T1, -+ ,Tr) in NN ensemble action.



Scalar 1¢* NN field theory

The architecture
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Z[J| = / dadbdc P(a,b,c) el 4'77@) dapc(@ Pa(b) = HP c(b;) with Pg(b;) = Unif(Bj)

Ps(c) = H Ps(c;) with Pg(c;) = Unif([—n, 7))
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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 S[@] can be obtained using new Feynman rules.

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

E.g. an architecture for A¢* scalar field theory is obtained at inf N, via parameter deformations
fromi.i.d.

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