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by going trough the steps of an ideal calculation, there is nothing particularly difficult in this game, it is just an exercise
in renormalization and perturbation theory
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of course the exercise has to be done. . .



S-0 let’s take nf = 2 + 1 QCD and let’s choose 3 matching observables
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the same story can be told by using the equivalent language
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S-3 let’s now take nf = 1 + 1 + 1 QCD+QED and, for simplicity, let’s neglect terms of O(α2
em); this allows us to set

αem =
1

137.035999084

S-4 at the same values of β that we used in our isoQCD calculation we now fix mu, md and ms by using experimental inputs, e.g.[
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S-5 let’s now expand the previous expressions, e.g.[
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S-6 the mass counter-terms can thus be fixed by using

δMπ+ (β, αem) − δMΩ(β, αem) =

[
Mπ+

MΩ

]exp
[

MΩ

Mπ+

]iso

− 1 ,

δMK0 (β, αem) − δMΩ(β, αem) =

[
MK0

MΩ

]exp [
MΩ

MK

]iso

− 1 ,

δMK0 (β, αem) − δMK+ (β, αem) =

[
MK0 − MK+

MΩ

]exp [
MΩ

MK

]iso



S-6 i.e. by solving at fixed β the linear system of equations(
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notice that:

• the isoQCD matching quantities appear only through miso
f (β) ≡ miso

f (β,Xiso
ud , X

iso
s , Xiso)

• if the isoQCD matching observables are unphysical, their IB corrections δXud, δXs and δX are not needed

• conversely, both the isoQCD value and the associated IB corrections of the physical quantity used to set the scale in QCD+QED,
here MΩ, will be needed



S-7 the proton mass can now be computed, by separating the isoQCD and IB corrections in such a way that these are both UV-finite,
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summarizing,

• isoQCD can be defined by using any convenient choice fo the matching observables

X
iso
ud =
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}
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, · · ·
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• when, subsequently, lattice QCD+QED is matched to nature, one needs[
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X
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,
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,

[
MK+

X

]iso

,

[
MΩ

X
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, · · ·

but not the IB corrections δXud, δXs, δX to the isoQCD matching observables if these are unphysical quantities that will not be
calculated in QCD+QED

• the formula to compute a generic observable at O(αem) is

O =
(
X
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)dO

[
O

XdO

]iso

× {1 + δO + dOδa}

where

δa =

{
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X
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(1 + δMΩ)

}[
X

MΩ

]iso
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in my opinion,

• an agreement can be found because any scheme is legitimate and because even if we decide to use unphysical observables (theory
scales) their IB corrections are not needed

• moreover, baryons can be avoided to define isoQCD

• on the other hand, if a lattice collaboration is also interested in computing IB corrections, the calculation of the isoQCD value and of
the associated IB corrections to a baryon mass can hardly be avoided

• therefore, why not choosing Xiso = {Mexp
Ω ,Mexp

p ,Mexp
Ξ } from the very beginning?

• if we really want to find an agreement, we have to be ready to give-up some of the choices that we made in the past
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as far as ETMC/RM123 is concerned, nf = 2 + 1 + 1 isoQCD has been defined by using

Xud = M
iso
π = 135.0 MeV , Xs = M

iso
K = 494.2 MeV , Xc = M

iso
Ds

= 1969.0 MeV ,

X = Fπ = 130.4 MeV

but also the theory scales w0,
√
t0, M

(⋆)
ss , M(⋆)

cc and the baryon masses mp, mΩ and mΛc have been considered


