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Introduction

e [attice fermions are known to be difficult to simulate because of
Its large computational cost

/ exp [—QTAn] df dn = det@

Dirac matrix grows with lattice volume!

* In many systems, the fermions give the Numerical Sign Problem
==> Hubbard model, Chiral fermion, Finite density

* Tensor network (Grassmann TRG) offers a solution



Introduction

Selected works that use ‘Grassmann tensor network’
¢ Lattice Schwinger model

> Shimizu-Kuramashi ('14, 14, 18)
¢ 2D QCD

> Bloch-Lohmayer ("23)

¢ Hubbard model
> Akiyama-Kuramashi ('21)
> Akiyama-Kuramashi-Yamashita (' 22)

¢ and many others



Introduction

* Tensor size grows with the dimension of local Hilbert space
==> Grows exponentially with Nf !!!

2 Akiyama ('23) proposes a way to reduce the CG cost
based on matrix product decomposition.

 Gauge theory with multiple flavors is even more difficult because
of the gauge d.o.f. ==> The topic of this talk
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Grassmann tensor
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Multi-component
Coefficient tensor Grassmann numbers
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 Grassmann numbers are anti-commuting

* Non-conjugated and Conjugated fermions are distinguished !



Grassmann tensor contraction
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Lattice gauge theory
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* Gauge fields live on the links o 0 0

* Fermions live on the sites a 2D lattice

* All (Wilson) fermion flavors live on the same
site Local Hilbert space is very big for large Nf



Multi-layer construction

1) Separate the action for different flavors
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2) ldentify all the gauge field from different layers in the partition function
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In this way, the flavor index acts as an extra dimension.

Inspiration: Domain wall fermion



The tensor network (one site, one layer)

From the plaguette action
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This bosonic tensor comes

comes from integrating the gauge fields and fermions from integrating the bosonic

site fermions.

link variables.



The tensor network

a3 Gauge fields from different

layers are identified Y
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2x2 lattice, 1 layer 1 site, 3 layers



Tensor compression

The initial tensor is still too big

\I_‘/ \P> 10 bosonic legs & 4 fermionic legs

= K% 16* components

A \
—>(’§\) > = Some compression is needed
\__ 4 KI_‘) to reduce the tensor size first




Tensor compression
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Isometries are first applied around the Grassmanntensor S: a - b
Then another set is applied around the whole tensor: b - ¢



Tensor compression
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Performance of the compression

B8 4 Ny K | original size | compressed size 1. |,
00 00 1 2 67108864 1024 / 1.53 x 1073 \ 4 | 4
0.0 0.0 1 3 || 3869835264 2304 595%x1077 | 4 | 4
00 00 1 4 | 68719476736 4096 5.96 x 10~ 4 | 4
0.0 0.0 1 5 | 640000000000 6400 1.00 x 107 4 | 4
20 00 1 2 67108864 16384 2.44 x 1074 8 | 8
20 00 2 2 67108864 16384 244%x10% | 8 | 8
20 30 1 2 67108864 16384 2.44 x 10~4 8 | 8
20 30 2 2 67108864 16384 2.44 x 1074 8 | 8
N




Results

e Chiral symmetry breaking

T T
- sl =16
; xL =32
e v L =64
z ¥ oL =128
&
+* .‘I"ur_f =1, E]
3 &l o 8
= e
ﬂl 2.4 k k.4 ® p I;
4
4
9.
.8 el & *-n. ..
3 e {
0.378 (.38 (.382 0.336 0.388

K

80 :
. al =16
70 x L =32
60 | ¥ Siga AR
oL =128
50
g : Ny =2 7,
10
30 x -
20 A
& S
10 L o,
X ﬁ il i,
; 4 & g S
0.325 0.320 0.333 0.337 0.341

K

Critical behavior is observed near the chiral sym breaking point.

The critical point is in agreement with the literature.

(0.345



Results

* Finite density and Silver Blaze phenomena

p(jt)/ Ny
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because of the sign problem!

This cannot be observed in traditional Monte Carlo simulation



Summary and Outlooks

* We propose a way to incorporate multiple flavors for gauge theory
* Compression on the initial tensor is essential

* Chiral symmetry breaking and Silver Blaze phenomenon are
demonstrated

Future works:
* |Increase Dcut (new workstation)

* Non-abelian theory

e Domain-wall fermion



GrassmannTN:
a python package for Grassmann tensor networks

g rassmanntn Public ﬁ Pin & Unwatch 3~ ? Fork ' 0 - v Star 6 -
F main ~ Go to file Add file = {> Code ~ About B
¥ Branches © Tags A python package for Grassmann
tensor network computation
ayosprakob Update the arxiv link ... 5 days ago @ 1m 0 Readme
&E Apache-2.0 license
docs Update the arxiv link 5 days ago
A Activity
[ LICENSE Initial commit 4 months ago Y% 6 stars
[ README.md Update README.md 5 days ago & 3 watching
0 fork
N _init_py update gaugedd.trg with more o... 2 months ago 7 ore
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_ Releases 17
[N gauge2dpy Update the quadrature function 3 weeks ago
L
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https://github.com/ayosprakob/grassmanntn
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