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Motivation

@ Lattice computations nowadays reach below 1% precision

o my#my and QED effects become relevant

@ Parameters can be calibrated using experimental data
o meson masses M+, Mg+, ...
o mass splittings  AM2 = M2, — M?,
AMZ = M2, — M2
AME = M3, — M2,

@ Quenched QED

— existing Nf = 24 1(+41) configurations can be reused
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QCD+QED

Noncompact photon action

1
Sv[A] = Z Z (aqu,u - aVAX,ﬂ)z

N7V7X

o Gauge fixing: Coulomb gauge 8 A, =0
@ Zero mode subtraction: QED; [Hayakawa & Uno, 2008]
ZALW =0 for all t and g
x
@ Coupling to quarks

Uy — Ugp-e @9
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FV correction in QED;

2
g-ak 2 «
T,L)~m-(1- 1+ -2 (9(7)
m(T, L)~ m ( 2mL[+mJ+ L3)
with k ~ 2.837297 [Borsanyi et.al., 2015]
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Quenched QED

@ QCD + QED
(O) A= %/dU/dA O(U, A) e =571 det M(U, A)
@ Quenched QED

(O)u,dynamical = % / dU / dA O(U, A) e M =% det M(U)

A,quenched

<O(U’A)>A

(towa),,)

,q.

@ In practice

o Generate SU(3) configurations
& For each SU(3) configuration, generate U(1) configurations with S,
@ Measure O(U, A)
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e Strategy to compute isospin splittings
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Strategy

Expansion of correlators

@ 1 orderin édm and e

(Com, e)) ~ <co(U)>U T om- <Cm(U)>U ;

N[ o,
/\
P
9
<
=
~
>
o
\/

where
GU) = C(dm,e,U,A)
dm=0
e=0
Co(U) = —3_C(m e, U, A)
” d(ém) T S0
e=0
d2
G(UA) = —2C(6m,e,U,A)
de 5m=0

@ Advantage: dm and e contributions can be separated
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Computation in practice

@ Approximate derivatives
C(é6m’,0) — C(0,0)
om’

C(0,¢') + C(0,—e’) — 2 C(0,0)
e’?

Q

Cn(U)

G(U,A)

%

(Clome) = (c0.0) + 27 {cin'.0)- c0.0)) +

e2

57 <<C(o, ¢)+C(0,—€)),, —2C(0, 0)>

@ Correlators to be computed

+
U

(0,0
C(6m’,0
C(0,¢€")
C(0,—¢")

@ Advantage: O(e) noise cancellation
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Computation using random vectors

Pseudoscalar meson correlator built from flavors f and f’

Crr(t,t) = ; Tr. |:(M(f)T)71 (M(f/))il J

Xt %, T

&:: random wall source on timeslice t

<(£t); (ét' )x/> = 5t,><4 51",)9{ 6x,x’

Crp(t ) = < (/\/]("))_1 & (M(f/))—l €t>_

13 inversions on each &

=52 | m+2 [m | m | m ]
=0 2 2 1 [12[12
Z: T — 1. €(0,0)
—1 713 2: C(6m’,0)
qq—_ 7 3 3 3: C(0,¢€")
—3 4. —e’
g=-2 4 ) (0, ~¢)
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[ leJele]e]e)

Ensembles

9 Tree-level Symanzyk gauge action @ Subset of [arXiv:1612.02364]

@ Nf =241+ 1 staggered fermions
stout smearing 4 steps, o = 0.125

B a[fm] size L[fm] T][fm] #conf
3.7000 0.134 48° x 64 6.4 8.6 160
3.7500 0.118 56° x 96 6.6 11.3 204

° . .
mlfand ms  fixed via 37753 0.111 56° x 84 6.2 9.3 128

M = 134.8(3) MeV 38400 0095 64°x96 61 91 198
Mg = 494.2(3) MeV 3.9200 0.078 80°x128 6.2 10.0 184
[FLAG, 2017]
@ m. s fixed via = 11.85 510 6-37000°
. . B=3.7500 &
@ e = +V4ma is set to Thomson limit 505 | B=3.7753 —m—
B=3.8400
® 5m s fixed to give N
M — 0.485(11)(8)(14) 2 . . B
my £ 495 )
[Fodor et.al., 2016] 490 - ]
@ other possible choice e.g. e
485
my = 0.4582(38)stac(52).2 (1) Fvgep (110)em 1325 133 1335 134 1345 135 1355 136 136.5
my m, [MeV]

[Gottlieb et.al., 2016]
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Effective masses, 5 = 3.9200
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Mass correlation, 8 = 3.9200
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Continuum limit
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Continuum limit

4500 :
w/ a* a<0.184fm, x¥n.df. =7.80/5 ——
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e
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AMi(lat) = AMg+A;-a° B-(M2— M2 C - (Mg — Mg
K(a ) - k+A2-a + ( ™ 7r,phys.)+ ( K K,phys.)
2 2 2 4 2 2 2 2

AI\/IK(Iat) = AMK + A2 a4+ A4 -a + B - (I\/I,r — Mﬂ',phys) + C- (MK — MK,phys.)
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Continuum limit
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Conclusions & Outlook

@ Conclusions
@ Computed Al\/lfr, AMf( and Al\/% using quenched QED
° AI\/I,2< and AM% are compatible with experimental value

o AM? disagrees with experimental value
+— lack of disconnected contribution / quenching effects

o Large lattice artefacts

@ Outlook

o Include disconnected contributions to 7°

@ Use gained experience to compute other observables
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