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e Completely remove the doublers

e Lasily generalised to higher dimensions
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using variational algorithm

Measure the electric field density
of the ground state vs bare mass
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observables to the continuum

Determine the additive mass shift
from the Wilson term
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Preliminary Results
Mass Shift 6 Dependence
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EFD vs renormalized mass in continuum extrapolation

Electric Field Density
in Mass Perturbation Theory

DESY.

my

F(m,0) PR m
—A-—sin(@)+ B- | —
—— Mass Pert. Theory x
0.06 1 ¢ Continuum Extrapolated Data
{Incorporating Mass Shift) -
x -
0.05 - _—
,f...,f"'f
0.04 -
<F>= ?ﬁ
_g_ /_},.-'
e
0.03 1
//
0.02 d
0.01 - /
//’
0.0049 X
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

)2 sin(26) + O((

lo =

0 __

2T

0.125

m

g

))

Page 47



Preliminary Results

Mass Shift with Staggered Fermions (Schwinger model, 1 Flavour)

DESY. R. Dempsey et al, 2022, arXiv:2206.05308 [1] Page 48



Preliminary Results

Mass Shift with Staggered Fermions (Schwinger model, 1 Flavour)

With 1 fermion flavour — chiral symmetry breaking — additive mass shift

DESY. R. Dempsey et al, 2022, arXiv:2206.05308 [1] Page 49



Preliminary Results

Mass Shift with Staggered Fermions (Schwinger model, 1 Flavour)

With 1 fermion flavour — chiral symmetry breaking — additive mass shift

Prediction: (m)
‘g T

DESY. R. Dempsey et al, 2022, arXiv:2206.05308 [1]

(

< |3

Page 50



Preliminary Results

Mass Shift with Staggered Fermions (Schwinger model, 1 Flavour)

With 1 fermion flavour — chiral symmetry breaking — additive mass shift

X 3
0.000 ———————————>—<——><-——>< ———————————————————————— -;g-%x—
x X 33%% :
X
—0.025 £ % % X !
% l
~0.050 . X :
X 1
X 1
<F> —0.075- x X '
g ---- EFD =0
—0.100 - ) . . m m 1
X | am——- = —_L1_ N L — (™
Lo Mass Shift Prediction v Prediction: ( g )T ( P )b -+ W
~0.125 % X % N —10
x X vx
-0.150 ¢ %
2 X % =20
~0.175 1 N _
3 == 30
_0.200 I Ll 1 1 1 1 1 II
-0.20 -0.18 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04
(%)bare

DESY. R. Dempsey et al, 2022, arXiv:2206.05308 [1] Page 51



Preliminary Results

With 1 fermion flavour — anomalous chiral symmetry — additive mass shift
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Conclusions:

Mass Shift o« O(ag)

Mass shift depends on # but dependence decays with ag
Continuum prediction agrees with extrapolated data close to small masses after using mass shift

Mass shift of staggered fermions agrees with prediction when volume is sufficiently large

Outlook:

Test continuum EFD prediction with data for smaller masses and for other observables (mass gap)

Use other observables to compute mass shift (chiral condensate)

Investigate finite volume effects for staggered and Wilson fermions on the mass shift

Check whether Z =1 in (%)T = Z(%)b + f(x)
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Need a second renormalization condition to fix both Z and f(x) in (%) =7 (%)b + f(x)
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Appendix B

Tensor Networks — Matrix Product State (MPS)
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Appendix B

Tensor Networks — Matrix Product Operator (MPO)
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Appendix B

o (WIHE)  ATHA

Wley —  ATNA

i
oOF _ 0 HeffA (A HeffA)NA

OAT — 7 ATNA  \ (ATNA)2

H.;sA=EA

1. Minimise energy w.r.t. an MPS tensor

2. Repeat for other MPS tensors until energy converges
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Appendix C

Chiral Anomaly Removing 0 at Zero Mass in Continuum
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Appendix D

]:(7;’9) = A % sin(f) + B - (%)2 sin(26) + O((%)S) 1]
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Appendix D

]:(75’9) = A % sin(f) + B - (%)2 sin(260) + O((%)S) 1]
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