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Code

Ensembles generated with the openQ*D code®
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Reweighting - Sign of the Pfaffian

Weight for a single quark flavor with C* boundary conditions

det (DTD) ‘1/4

/ [d9] [dy] e~ ¥P¥ = Pf (CTD) = Wegn
C*bcs

C is charge conjugation matrix: ¢ = C~ 1T
T translates the fermion by one spatial length: Ty (z) = ¥ (x + ﬁl)
At small lattice spacing mild sign problem

Pfaffian can be written in terms of the eigenvalues A; of operator Q = 5D
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Reweighting - Mass Flow
- Sign of the Pfaffian Wsgn is estimated via spectral fAowPe

- For large mass @ = «ysm has equal number of positive and negative EVs
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b1, Campos et al., ‘Monte Carlo simulation of SU(2) Yang-Mills theory with light gluinos’.
“Mohler and Schaefer, ‘Remarks on strange-quark simulations with Wilson fermions’.



Reweighting of the Mass

Idea: Go from (O),, to (O),,, without generating a new ensemble

Focus on the mass reweighting:
Woses = det [ (Q2,) 10 (02,)]

Q = 75D is the even-odd-preconditioned hermitian Dirac operator
R

o —1/4
Q ) is a rational approximation for (QQ)

~~
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Charged masses are extracted from gauge invariant interpolating operatorsd
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dHansen et al., ‘Gauge invariant determination of charged hadron masses’.



Summary and Outlook

v Production of Ny =1+ 2+ 1 fully dynamical QCD+QED configurations
- Using openQ*D with C* boundary conditions
- ar ~ 0.04

v Computation of the sign of the Pfaffian

- Hence a simulation of the full path integral
- No negative sign in the thermalized configurations

v Reweighting of the mass in the context of the RHMC

- No significant increase in the errors

» Generate more ensembles along the LCP at different values of ag and V'

- Goal 1: Finite volume effects? (Currently generating L = 24, 32, 48)
- Goal 2: How far can we reweight?
- Goal 3: Can we resolve isospin-breaking effects at appnys.?

Thank you!
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Backup - Setup

- Liischer-Weisz SU(3) gauge action

- Compact U(1) with Fourier acceleration

- Non-perturbatively O(a) improved Wilson fermions for the QCD ensembles®
- For QCD+4+QED ensemble same value of cgw as for the QCD ones

- Periodic boundary conditions in time

- C* boundary conditions in all spatial directionsf

- RHMC with rational approximation for all quarks

- Deflation solvers for up and down/strange quarks

©Fritzsch et al., ‘Symanzik improvement with dynamical charm: a 3+1 scheme for Wilson
quarks’.

fLucini et al., ‘Charged hadrons in local finite-volume QED+QCD with C* boundary
conditions’.



Backup - Setup

- All ensembles at 5 = 3.248

- Lattice spacing is determined using Ny = 2 + 1 value of

8ty = 0.415(4)(2) fmP

Ens. || QCD | QCD+QED | QCD+QED-+RW
Negg | 2000 | 2001 | 2001
Volume || 64x323 | 64x32% | 64 x 323
a | 00 | 0.05 | 0.05
agr | 00 | 0.04063(6) | 0.0407(11)
a[fm] || 0.0539(3) | 0.0505(3) | 0.0510(2)
m, .+ [MeV] || 399(3) | 359(3) | 398(3)
Lm, + I 3.493) | 290(3) | 3.24(3)

&Hollwieser, Knechtli and Korzec, ‘Scale setting for Ny =3+1QCD".
hBlruno, Korzec and Schaefer, ‘Setting the scale for the CLS 241 flavor ensembles’.



Backup - Reweighting

For the computation the determinant for the mass reweighting is split into factors:

N o Qb0 Q2
W =t (01) 1 (03,)] - o [ 22022 B 222

n
= jl]ldet (B!,

with
B; =1+ 6DS;
. -1 . -1
S]' = (Dm’ + i’yg,l/j) — <Dm + i’yg,/L]') —
. ) -1 ./ ) -1
- (Dm + z’y5uj> 6D (Dm/ + z'yg,l/j)
and hence
n
Winass = [ [ det [1 + R;)
j=1
with
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Backup - Effect of the Reweighting
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Backup - Setting the Scale - Wilson Flow

- 1o is obtained by solving
the equation

2 <ESU(3)(t)>|to =0.3

- ap is extracted via'

t2(BEy 1) (1))
AR = 4N

to
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iBorsanyi et al., ‘Ab initio calculation of the neutron-proton mass difference’.



Backup - Results - Algorithm

Ens. ‘ Netg ‘ Acceptance ‘ <e_AH> ‘ T(E(to))

QCD | 2000 |  95% | 0.998(5) | 57(29)

QCD+QED | 2001 | 95% | 0.8(1) | 61(38)
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