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1. Isospin-symmetric scheme dependence 
see next slides 

2. Organization of comparisons of QED+SIB corrections: 
By agreeing on the WP25 scheme, it would be good to quote explicitly amu(QCD+QED,physical) - amu(WP25).  We can 
think of comparing finite sets of sub-diagrams.  Other thoughts? 

3. Experimental input for amu(QCD+QED,physical): 
A canonical choice is , , , , .  One may, however, want to use different quantities and, e.g., substitute 
charge lepton decay rates for the Omega baryon mass.  Respective strengths and weaknesses?

mπ0
mK+

mK0
mΩ mDs

Thanks to D. Giusti and S. Lahrtz for sending slides for the discussion session

Thanks to S. Kuberski for collaboration in the 
focus group
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I. INTRODUCTION

. . .

II. METHODOLOGY

We consider isospin-symmetric schemes, which serve as expansion points for full QCD+QED computations. In

such schemes, QED corrections are ignored and the up and down quark masses are chosen to be a common value

ml = mu = md. We also consider heavier quark flavors leaving us with n = Nf → 1 mass parameters that need to be

determined for a isospin-symmetric calculation with Nf quark flavors.

A scheme S is defined by selecting n quantities X
S

1
, . . . , X

S

n with mass dimension one that couple strongly to the

quark masses and an additional quantity Y
S
with mass dimension one that sets the overall physical scale of the

calculation. These quantities are then set to specific values X
S

1
, . . . , X

S

n, Y
S

.

In this work, we consider the following schemes for a Nf = 2+1 setup. We have previously studied the e!ect of an

additional charm quark in a Nf = 2+ 1+ 1 setup (cite 23 window paper) but found the e!ects to be small compared

to the desired precision of the current work.

We define dimensionless ratios
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and express the measured quantities Zj as expansions in

ωx
S

i ↑ x
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S

i (2)

with

Zj = Z
S,(0)
j

(
1 +

n∑

i=1

Z
S,(1)
ji ωx

S

i +O(ωx
2
)

)
. (3)

The values Z
S,(0)
j are the values on the continuum trajectory. The lattice spacing a in scheme S is obtained by

computing

(a
S
)
→1

=
Y

S

aY S,(0)
. (4)

Scheme X1 X1 X2 X2 Y Y
RBC/UKQCD18 mω 0.135 GeV mK 0.4957 GeV m! 1.67225 GeV
BMW20 mω 0.13497 GeV mss→ 0.6898 GeV w↑1

0 (0.17236 fm)↑1

WP25 mω 0.135 GeV mK 0.4946 GeV w↑1
0 (0.17236 fm)↑1

WP25t0 mω 0.135 GeV mK 0.4946 GeV
→
t0

↑1
(0.1443 fm)↑1

WP25t0p mω 0.135 GeV mK 0.4946 GeV
→
t0

↑1
(0.1436 fm)↑1

WP25fpi / FLAG / Edinburgh Consensus mω 0.135 GeV mK 0.4946 GeV fω 0.1305 GeV
WP25fK mω 0.135 GeV mK 0.4946 GeV fK 0.1557 GeV

arXiv:2608.XXXX, RBC/UKQCD
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• R38K is a scheme independent and renormalized quantity1

• pure strong isospin-breaking
• pheno estimate available
• R38K can serve as cross-check between different collaborations

1arXiv: 2505.24344 (hep-lat).
1 / 2
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Backup: Scale Setting in Mainz

• isoQCD scheme defined by combination of f⇡ and fK
• QCD+QED calculation of the ⌦ -mass in progress

� QEDL
� valence sector partially available
� sea-quark effects planned

• full baryon octet studied1

• expansion parameters fixed as in the QEDL + TMR -approach
(combination of m⇡+ , m⇡0 , mK+ , mK0)2

1arXiv: 2312.09065 (hep-lat).
2arXiv: 2112.00878 (hep-lat).

2 / 2
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Kaon mass decomposition
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Figure S11: Decomposition of the neutral and charged kaon masses. Red squares stand for the BMW
scheme, which is based on the observables {Muu, Mdd, Mss, w0}; blue triangles for the GRS scheme, based
on quark masses and strong coupling constant taken from [96]. Orange circles are obtained by computing
the electromagnetic self-energies using the Cottingham-formula [116].

Note that they are computed in the electro-quenched approximation, whereas our results also include sea-
valence electromagnetic e↵ects. Sea-sea electromagnetic e↵ects are absent in mass isospin splittings. The
neglected sea-valence e↵ects in Ref. [108] should be small, due to SU(3) flavour suppression. It is possible
to compute the electromagnetic self-energies of hadrons using the Cottingham formula [118]. For kaons,
this was done in Ref. [116]. We also show these results in the Figure. We find good agreement between
the di↵erent decompositions.

S5 Analysis procedure

S5.1 Fit functions

To obtain the physical isospin-symmetric values of di↵erent hadronic vacuum polarization windows we
perform global fits to the lattice spacing and quark mass dependence of these observables.

Näıvely, we expect the leading discretization errors to scale like a2. In general, however, this is modified
by the anomalous dimensions of operators in the Symanzik e↵ective theory, to become a sum of terms
proportional to a2↵�

s (a) with di↵erent values of the exponent � [109], where ↵s(a) is the strong coupling
at the scale of the lattice spacing. The set of values of � is not yet known for our lattice action and
observables. (For the case of unrooted staggered fermions with di↵erent number of flavours results have
been presented in [119].) Also the prefactors appearing in these terms can be very di↵erent. Getting a
stable fit with multiple a2 terms having di↵erent �’s is di�cult with the currently available lattice spacings.
Instead, we perform fits with a single a2↵�

s (a) term at a time and vary the � subsequently to address the
uncertainty related to these logarithmic corrections9. In particular, we use the following function

A(a) = A0 + A2 · (a/w0)
2↵�

s (a) + A4 · (a/w0)
4 + A6 · (a/w0)

6 (S42)

9We thank R. Sommer for a discussion on possible fit forms.
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5.3 Kaon two–point functions

By repeating the analysis performed for the pions in the case of kaon two–point functions, we obtain the
following result for the LIB corrections to MK+
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where the strange quark propagator is drawn in red and the sea quark propagators in blue (with di↵erent
lines). The leading corrections to MK0 are given by
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