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(*talk Shialesh)

We want to recover the QFT from the IR all the way to the UV
For tensor networks this is achieved via entanglement scaling

Entanglement (full entanglement structure) can also be used as a
probe for both the IR and UV QFT physics



we will consider the following d=1+1 systems:

1. The Gross-Neveu model

JHEP 2021, 207 (2021)
G. Roose, N. Bultinck, L. Vanderstraeten, F. Verstraete, KVA, J. Haegeman

2. Ao - theory

Phys. Rev. D. 106, LO71501 (2022)
B. Vanhecke, F. Verstraete, KVA

Phys. Rev. Lett. 123(25), 250604 (2019)
B. Vanhecke, J. Haegeman, KVA, L.Vanderstaeten, F.Verstraete



2. Gross-Neveu model
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Dynamical symmetry breaking in asymptotically free field theories™

David J. Gross' and André Neveu

Institute for Advanced Study, Princeton, New Jersey 08540
(Received 21 March 1974)

Two-dimensional massless fermion field theories with quartic interactions are analyzed. These models
are asymptotically free. The models are expanded in powers of 1/N, where N is the number of
components of the fermion field. In such an expansion one can explicitly sum to all orders in the
coupling constants. It is found that dynamical symmetry breaking occurs in these models for any value
of the coupling constant. The resulting theories produce a fermion mass dynamically, in addition to a
scalar bound state and, if the broken symmetry is continuous, a Goldstone boson. The resulting
theories contain no adjustable parameters. The search for symmetry breaking is performed using
functional techniques, the new feature here being that a composite field, say, Yy, develops a
nonvanishing vacuum expectation value. The “potential” of composite fields is discussed and
constructed. General results are derived for arbitrary theories in which all masses are generated
dynamically. It is proved that in asymptotically free theories the dynamical masses must depend on the
coupling constants in a nonanalytic fashion, vanishing exponentially when these vanish. It is argued that
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The Gross-Neveu Lagrangian and symmetries:

Manifest symmetries:

Y — 59 (with y° = %
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Hamiltonian formulation: kogut-susskind but
bo(2n + 1) in different basis
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MPS, O(2N), SPT and chiral symmetry breaking:

two options:  ((j1,72) 2(j1 + j2) = even/odd )
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(Explicitly imposing the symmetry structure)

tensor product structure of the indices:
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MPS, O(2N), SPT and chiral symmetry breaking:
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MPS, O(2N), SPT and chiral symmetry breaking:

two options:  ((j1,72) 2(j1 + j2) = even/odd ) g
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Recovering the QFT in the IR

kKink-excitations: allows us to extract two
mass-scales:
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Recovering the QFT in the IR

fermion-excitations: third mass scale:
k,a>= &(1/2,1/2) E(0) =mpg
) I
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Recovering the QFT in the IR

correlation lengths from transfer operator: < O(n1)0(ng) > T(n2—n1)

T — | : ‘T| — eXp_e’i €; 1 Ci+1 €0 — 0 5 — 1/61

correlations for kink-operators follow from mixed transfer operator:
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Recovering the QFT in the IR and UV
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Recovering the QFT in the IR and UV
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Extrapolating in the bond dimension

M.M. Rams, P. Czarnik and L. Cincio,
Phys. Rev. X 8 (2018) 041033.

extract a finite entanglement length scale (similar to system size L)
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for gapped theory we then expect:

m(5) = m(0) + 6 x m’(0) —|—%m"(0)52 Fo



Extrapolating in the bond dimension

inverse correlation length ™Mk 3 in kink-sector:
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Entanglement spectrum near the UV critical point
L R

Schmidt decompostion: | >= V/\i|[vs >1 |6i >r
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Entanglement spectrum near the UV critical point

see also:
Cho et al, Phys. Rev. B95
(2017)

relativistic QFT, Unruh result: plane to the strip:
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2 types of boundary conditions:
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Entanglement spectrum near the UV critical point
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Entanglement spectrum near the UV critical point
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2. Ap*-theory



L(8) = 50,0040+ 26" + T hpd’

literature (non-exhaustive):
Hamiltonian truncation: Rychkov and Vitale,Phys RevD91 (2015) > ¢
MPS: Sugihara, JHEP 2004; Milsted et al, Phys. Rev. D 88 (2013).
Monte-Carlo: Schaich et al, Phys. Rev. D79 (2009); Bosetti et al,

Phys. Rev. D92 (2015); Bronzin et al, Phys. Rev. D99 (2019). Lio - symmetry breaking
TRG: Kadoh et al, JHEP 2019

TNR: Delcamp, Tilloy, Phys. Rev. Research 2,033278 (2020)
Light-front: J.P. Vary, Mengyao Hang et al, Phys.Rev D 105 (2022)

superrenormalizable, a single UV divergence:

/ij = /ﬁ%p + 5/%29 with: Ofly, = —




! ; I 1
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2 2 2 MZ M2
po=pr = 3AA(uR) = A5 - 3A(5FN) A~ —logh

\ A
| ™ e dyd
e.g. on a 2d lattice: A(z) =/0 /O :1;—|—4sin(y)y2—zl—48in(z)2
Lattice' QFT
_ILLQA

— ® QFT critical point
® T
O =

UV critical point A

T



! - I 1
N 'lattice units': Auv = — = 1 A= Apa p = Hpd
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N 'lattice units': Auv = — = 1 A= Apa p = Hpd
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see also:

From the path integral to a tensor Network:  |Radon ot al sHer 2019

1.Discretize space-time:
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2.Discretize field space: o ii e

bi =1 X V205¢

*# Tkt = (00) ™ 6;.50; k0i

B I CAR AR I RE)

3. Truncate:
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Approximating the transter MPO fixed point with an MPS

dimension [)

/
wospan: -~
\

dimension X

MPS
transfer matrix T:

<YlOlY >= © 1 ®

T|=exp™® b=e—e=1/L =2 a (3 a=0)
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double collapse

2081 data-points with random bond dimension
x € [100,200]

4 ‘observables:’
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UV scaling:
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double collapse

UV exponent

IR exponent

A 2 0
o — Qe 0 1 =1
L9 1 1
¢ -1 -1
¢ 0 B=1/8
$° — 3 log(\)¢ 0 B=1/8
oxp(8) | =i |-k =-%

O = & ¢,4% €S

Scale-invariant observables:

0\ A0

Scale-invariant

(A =08/VX)

‘distance’: A_l/V(Oz = Ozc)

12\ x, O] = [\ (o — ae), ATV (a0 — o), A% /2 A= O]

only the first two variable change

under IR/UV scaling

double collapse: 4D data-set should collapse to 2D curve,
use this to find Q¢



double collapse

However, scaling gets corrections further from UV/IR fixed
point (parameterized ignorance)

a —a + Allog(A) + B
+ CXlog(A\)? + DX2log(\) + EX%2 + ... .

0 =0 (Ao + BoAlog(A) 4+ Co
+ DoX2log(\)2 + EoAZlog(\) + FoAZ + . .. )

ON(a—ac)ﬂ/’/(l—l—A(a—ac)“’—I—...)

Procedure:
1. Pick value for (X and some correction parameters

2. Generate 2D plot of the 4 scaled observables

3. Take template scaling function for each observable, and optimize free
parameters in this function such that sum of orthogonal distances is minimal

4. Cost-function: sum of orthogonal distance for the 4 observables



Collapse plots:

21 ¥
I

1F \

0 1 1 L 1
-300 -200 -100 0 100 200
(OA i ac)A—]./I/
G 27
&0 :
= ;
—— s e -“
&
20
< -0.2
S|
Q L |
4 =%
©n -04 ‘ ' ' ‘
-300 -200 -100 0 100 200
(e —a A
a — a—3.9Alog(A) — 5.9

— 7.1 X% log(\) + 3 \?

£ 5€&(148.5e % Alog(A) +1.6e 3)\)

b — $(1+1.1e %))

1
0.8 =
§ 06+ /
[
%] 04r i
02" '
0 L . .l |
-300 -200 -100 0 100 200
(a e aC)A—l/y
0.6
i 04 B
2
:!
0.2t
O L . -l )
-300 -200 -100 0 100 200
(o — ) A7

$* — ¢%(1—5.9e X —1.2)21log(N)?
— 5.8 X\21log()))

S — S—2e"%(a—a),



value for the critical point

12 -

10 +

d.o.1.

11.096

Leaving other IR parameters free:

11.0965  11.097
0%

11.0975

Leaving UV parameter free:

11.098

¢° — clog(A\)¢

Method Year O
MPS*' 2013| 11.064(20)
Hamiltonian truncation®? |2017| 11.04(12)
Borel resummation®® [2018| 11.23(14)
Monte Carlo™° 2018| 11.055(20)
TRG?° 2019| 10.913(56)
gilt-TNR?® 2020| 11.0861(90)
This work 2021|11.09698(31)

B = 0.1298, v = 0.98466, c;» = 0.5114

¢ = 0.23888(65)

3~ 0.23873
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