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Twisted Mass Fermions

QCD invariant under chiral rotation
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Simulations at the Physical Point

e Physical Point = “with quark masses tuned to their physical value” llaporat®”
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Simulations at the Physical Point

Simulating at PP is challenging and computationally demanding! Olaporat™
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v No chiral extrapolation @ This work
Prlo=6 112 96
gl ® Planned ® ° ]
My L=5
L [fm] 112
6 mel=4 ?6 &0 64 :
® ® °
mglk=3
4 |
0.04 0.05 0.06 0.07 0.08 0.09
a [fm]

S. Bacchio - 09/08/22 - Lattice 2022 5



Technical details

Simulation parameters /
laporat®
ensemble B V/a* a (fm) ajfiy M, (MeV) L (fm) |* M,L
cB211.072.64 || 1.778 | 643.128 |0.07961 (13)| 0.00072 | 140.2 (0.2) 5.09 3.62
cB211.072.96 || 1.778 | 963-192 [0.07961 (13)| 0.00072 | 140.1 (0.2) 7.64 9.43
cC211.060.80 || 1.836 | 80%-160 [0.06821 (12)| 0.00060 | 136.7 (0.2) 5.46 3.78
cD211.054.96 || 1.900 | 963 -192 [0.05692 (10)| 0.00054 | 140.8 (0.2) 5.46 3.90
0.7064 ...,,\
Penormalization conctants Renormalization constants 07063 b g - ]
determined directly on PP 07062 _@%mem°m
ersernible Zy 44 ensembles using hadronic 07061 9 oo
cB211.072.64 0.706378 (16) | 0.74284 (23) observables and WI. 2 0700 3 0 a =a =0021| ]
cB211.072.96 || 0.706402 (15) | 0.74274 (20) E.9-
2L (Pl@)P(0))  *F ®
Zy = 1 2 #
¢C211.060.80 || 0.725405 (13) | 0.75841 (16) V=l 2 S i)y
¢D211.054.96 || 0.744105 (11) | 0.77394 (10 P B @ @ B M
(11) o) | { B
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LO HVP term of Muon g-2 on the lattice
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The RBC/UKQCD windows

o0
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Disconnected contributions

Quark loops are calculated with stochastic approaches liaporai™

r, T, _
(ff’t”Q Q@—'m L(t,T) = 323 Tr(D™ (z; 2)T)

. . 1 1 23 B
e Hutchinson trace estimator: A Z: €N =140 <\/—N_r) and N, Z |€ar =0

r

e Exact deflation of low-modes (a s. cambhir et al. 2017), 1603.05988]

[ ‘ ' c6271.0722.69 (x?50 confe
e Hierarchical problng [A. Stathopoulos et al. (2013), 1302.4018] 8 [x 0”7{)

Flavor | Ngef | Nr | NHad | Nsc | Ninv
e Spin-color dilution w. wicox, (1999), hep-ati99tio13] light | 200 | 1 | 512 | 12 |6144
strange| O | 1 | 512 | 12 {6144
[ ] One-end trick [C. McNeile and C. Michael, (2006), hep-lat/0603007,] charm 0 12 32 12 14608
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Noise reduction techniques

Integrand errors using different approaches

aborat®”
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Noise reduction techniques

Integrand errors using different approaches

laborat®”
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Q :

e Not convenient on large lattices!

0.0 0.5 1.0 1.5 2.0 2.5
t [fm]

S. Bacchio - 09/08/22 - Lattice 2022 11




Bare integrand
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Disconnected flavor decomposition

Short distance [x 107%) laorat®”

Ensemble 4 58 cc ls le sc total
cB211.072.64|—3.36 (11)|—2.090 (58)|—1.18 (18)|+5.29 (12)|—1.52 (23)|+1.67 (17)|—1.20 (25)
cC211.060.80|—3.36 (14)|—2.090 (69)|—0.78 (13)|+5.53 (19)|—1.48 (24)|+1.37 (18)|—0.80 (21)
cD211.054.96|—3.54 (16)|—2.084 (71)|—0.71 (14)|+5.60 (19)|—1.50 (22)|+1.27 (17)|—0.96 (22)

Intermediate window (x107°)

Ensemble ol 58 cc ls le sc total
cB211.072.64|—1.087 (48)|—0.149 (20)|—0.030 (57) |+0.635 (48)|+0.00 (7)|—0.02 (5)|—0.651 (83)
cC211.060.80|—1.300 (63)|—0.159 (27)|—0.033 (46)|+0.726 (73)|—0.03 (9)|+0.04 (6)|—0.762 (97)
cD211.054.96—1.201 (52)|—0.149 (28) [+0.018 (56) [+0.627 (70)|+0.02 (9)|—0.02 (7)|—0.701 (74)
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Continuum limit

Fit function: a2 term included
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Conclusions

Disconnected contributions are significant at the percent level

e Continuum limit directly at the physical point Ref. ay (disc.)
this work —0.77 (0.17)
e Small cut-off effects for disconnected BMW [1] — 0.85 (0.06)
contributions (not true for connected!) CLS/Mainz [2]|| — 0.81 (0.09)
average —0.83 (0.05)

e High systematic effects when integrating

at long distance! [1] S. Borsanyi et al., 2021, 2002.12347
[2] M. C& et al., 2022, 2206.06582
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6°d TWiste

Scale setting 5 @-,"4%

A B C D OO//a bora{‘oo
1 Using w,, 0.09471 (39) 0.08161 (30) 0.06942 (26) 0.05770 (20)
[C. Alexandrou et al, 2021, arXiv:2104.13408]

2 | Nucleon ph. 0.09300(46) 0.07984(29) 0.06862(20) 0.05686(27)

3 | Pion decay ph. | 0.09080 (53) 0.07961 (13) 0.06821 (12) 0.05692 (10)
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Scale setting

7/
A B C D OJ.O

4 | Usingw, 0.09471 (39) 0.08161 (30) 0.06942 (26) 0.05770 (20)

[C. Alexandrou et al, 2021, arXiv:2104.13408]
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