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Unquenching at leading-order

In QCD+QED it is practical to expand in the electric charge e
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The leading corrections are determined by double insertions of the vertex
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which give rise to the Wick contractions
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Omission of W7 2 3 is equivalent to setting e = O in the fermion determinant

1G. M. de Divitiis, R. Frezzotti, V. Lubicz, et al.
25, Borsanyi et al
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Short-distance dominance in the variance

The leading corrections are defined by fully-connected correlators
(OW1)conn = (OW1) — (O) (W),
so that, in the Gaussian approximation, the variance factorizes

2 ~ g2 52 2 ~ 2 2
Tow, R 050y, + (OWi)comn = 000, -

Therefore it's useful to analyse the variance of W7 2
Ty, = (Wia) — (W12)?,

which has a contact term when all fields coincide

L4
aL* Ju ATy A JpApJoAg ~ —2 T4 ..,
a

a—16

so is dominated by the short-distance contribution as a — 0.
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Translation averaging

With translation averaging, short-distance contributions suppressed by (a/L)*

Implement using stochastic estimators for the traces of quark propagators S

Hy(z,y) :ZQngtr {'Y;LSf(x,:E)}tr{”yusg(y,y)}, Wi Q\N\O
fi9
Ha(z,y) = — ZQQ tr 47,587 (z, y)vu 57 (y, ) Ws
n f { H Iz } @

which determine W1 2 by the convolution with photon propagator &

v

Wio=—ad®> Hia(z,y)G(z—y).
@y

~ avoid stochastic sampling of Maxwell action
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Single-propagator trace

W1 and W3 contain the single traces i Q""‘O

1
>0 Qutr{ms’) = Sor{(s™ - 59}
F=u,d,s Ws

if my = mgq whene =0

Using identity S"d — S5 = (m® — mud)gudgs
o the trace is suppressed by m® — mud
e the variance is finite a=% — (m® — mud)4

o an efficient split-even estimator is known for the trace (cf. one-end trick for TM)

Ti(w) = 3(m® — m" ) {n! S }@)yu{S"ni} ().

3L Giusti et al.
4P. Boucaud et al.
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W1 quark-line disconnected

O~O

The Wy contraction can be estimated as

where the convolution 3=, 7;(y)G(z — y) can be computed efficiently with the FFT

Leading extra contribution to variance scales like 1/N2

1
2 2
0W1:0W1+ﬁ#+"'
s
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Numerical set-up

L/a T/a Mar mgL a Netg
24 64 340 MeV 4.9 0.12 fm 50

Table: C1 Ensemble

QCD configurations generated by the RBC/UKQCD configuration
e N = 2+ 1 domain-wall fermions ~+ chiral reqularization

o local discretization of the current (no new divergences)

In the following we use QEDy, in Feynman gauge

~ . 1 .
G(lc):’;—2 and 0 when k=0.

5T. Blum et al.
6M. Hayakawa and S. Uno.
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Numerical results Wy

WIS (split-even) —=—
10° N2 --- |4

T v

1 10 100 1000
e Scaling with N5 2

e Saturation of gauge variance with N5 ~ O(100) inversions
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Numerical results Wy
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Correction to charged pion mass due to Wy

£92m?2 , = 0.0004(0.0005) MV
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Wy quark-line connected

Naive stochastic estimator

Ho(z,z+ 1) ZQfN Ztr{'qu (z, x—i—r)'quf(:t: +rx)},
S S
Z#J

sl (x4 r) = (5T} @)n] (@ + 1)
can be computed efficiently for small number of r =z — y

= split estimator into |r| < R and |r| > R parts

4
a8 Z ZHQ z,z+r)G(r) + a ]sx Z Z Hy(X,X +1r)G(r)

[r|[<R @ {X}IrI>R

7G. M. de Divitiis, R. Frezzotti, M. Masetti, et al.
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Numerical results W5
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Choose R/a ~ 4 reach full translation averaging with
o short-distance piece with N5 ~ O(1000) stochastic samples
o long-distance piece with Nx ~ O(100) point sources
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Numerical results Wy
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Conclusions

e 00 oD %]

W1,3 considering uds contribution + split-even estimator

2

o | S02m2, = 0.0004(0.0005) MeV

Wa variance dominated by short distances 0‘2,‘/2 ~a 4

e split in to short- and long-distance parts

o full translation averaging can be achieved with moderate cost

W1,2 diagrams can be reused for any observable (g — 2, Kya, ...)

W3 diagrams require inversions for each observable
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Mass differences for domain-wall fermions

Recall the definition of D in terms of the 5D Wilson matrix
D' = (PD;'RsP)1y
from which the result is obtained immediately
Dyt = DJ' = (m® —m")(PD3 L Rs D3 L Rs)11
by noting that the following matrix projects on the physical domain
(Rs5).. = (R5P).1(P™M)1..
The preceding identity is easily demonstrated using the explicit representations

P Py
pt Py
Rs = ’ P_l = S )
Py P_

and P+ =1+ 5.
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Factorization of the variance
Check of factorization of the variance

2 o 2 2
Tow, =IO,
for the connected correlator

(OW1)conn. = (OW1) — (O)(W1), O = gpp(xo) = a®»_ P (z)P?(0)
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(no charge factors included, bare current)
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Comparison of stochastic estimators

Comparison of stochastic estimators for Wy and W
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