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lattice path integrals

7 = / DUDYDy) ¢ SW-9U]

}l

U(x
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Monte Carlo sampling

©) =5 [ Do 0()

o {¢(1)7 3 .,¢(N)} ~ p(¢) = %6—5(@ (physical/target distribution)

estimator for (O)

Io(t) = (0 T0M) — (0)?

critical slowing down
O ~ £
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trivializing flows

change of variables in the path integral fluscher 0g]

Oa

Y

Do = Do det F* ()

/ Dge 5@ = / Dge 5@

5(9) = (f<¢>) log det F*(¢)

yields

S =const = trivial theory!
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https://arxiv.org/abs/0907.5491

normalizing flows

generative model using latent variables [albergo et al 19]

¢ = fo(z), =z~r(z) (latentdistribution)
= ¢~ po(¢) =7 (f; '(¢)) |det f;]~" (model distribution)

model fy using Neural Networks, find best transformation

0 = arg meax Dx1, (pglp)

o ()
p(P)
= /Dz r(2) [S (fo(2)) —logdet f5(2) + logr(z)]
= Ezwr(z) [S (f,g(Z)) - IOg det fé*(z)]

use fy to generate candidate configurations + Metropolis accept/reject
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https://arxiv.org/abs/1904.12072

coupling layers

z~r(2) vi ~ pi(vi) & ~ po(¢)

fo=grogi-1o...oq
vit1 = Gi(vi)
) vie, z€ AP
T Yile = {Ci,a: (vi,m;NNg(vZP)) , X € Af
C; . are affine transformations/quadratic splines...

easy to invert and easy to compute the Jacobian
= log :
8’[)1' £ZAA 81}1@

7
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acceptance
Metropolis test/exact algorithm

a(¢l¢") p(¢' >
q9(¢'l¢) p(¢)

A (gf) — ¢ ) = min (
for normalizing flows

q9(¢'|6) = pa(¢)

pp(¢") =p(¢)) = A(p—¢)=1

1 1
TO 2 - =
EpnpEginp; [A (¢ — ¢')] 2

acceptance <« correlation
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scalar field theory
lattice action
S(¢) =) [ﬁ > Guruts + 02+ A (62 — 1)2]
zeA w
observables
M=) 6.

=7 (01 = pn?)

Gz) = @ S (Gyraty) — ()?

G(t) ~ cosh <t _;/2>
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training efficiency

acceptance depends on parameters and the size of the system
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same training for all couplings: 16K iterations, 16K batch size
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architecture

LA

— Affine—> —Affine—> —Spline>»> —MCMC—>
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architecture

acceptance depends on architecture
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same training for all couplings: 16K iterations, 16K batch size

NNs contain a single hidden layer, |H| = |A]
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architecture
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one affine block, one RQS block, 32k iterations
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training vs volume
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Error bars: different batch sizes (< 32000) and training lengths (< 32000),
as well as a variable number of affine layers (< 5)
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cost scaling
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diminishing returns
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flow HMC

e use a normalizing flow to generate an approximate trivializing map

F=f"
e perform an HMC evolution in the ‘flow’ variables

©) =5 [Péc S0 (1)

e Markov chain of ¢ configurations

{61, on}~ e

e apply f; " to obtain a Markov chain

{¢1>"'7¢N}N€_S
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affine/CNN layers

affine layer

gi({87, ™) = {7, 0" @ V@) £ 1D (gF)}

Jacobian matrix

09i() s (P
‘det MO e

TA

CNN parametrization
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training

—— HMC  —— FHMC
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TG = T4.4(3),  Taramc = 100.4(2).
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larger volumes

3 Fa
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A Trained at L
a
T™ .
10
A a®
A}
A
A
A
1
10 8 10 12 14 161820 40 80
2L
L B Acc. at L Acc. at 2L
370.537 0.3 02
4 0.576 0.04 0.001

5 0.601 0.002 0.00003
6 0.616 0.002 0.000007
7 0.626 0.0001 <1077
8 0.634 0.0001 -

9 0.641 0.00007 -
10 0.645 0.00004 -

L Del Debbio EFT4ML Mainz, July 2023 20/23



scaling at fixed architecture
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scaling with k£ ~ &
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outlook

ML provides interesting ways to define maps

can be used for generative models/trivializing maps

scaling of the cost of training

test on systems with nontrivial topology

L Del Debbio EFT4ML Mainz, July 2023 23/23



