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Abstract

Using the results of several quenched lattice simulations, we predict the val

charm quark masses in the continuum at the next-to-leading order, m™> (g = 2

and mﬁﬂs(,u =2GeV) = (1.48 + 0.28) GeV. The errors quoted above havq
taking into account the original statistical error of the lattice results and the
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We compute the relation between the quark mass defined in the minimal modified MS scheme
and the mass defined in the “regularization invariant” scheme (RI), up to the NNLO order. The RI
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Lattice determination of quark masses

e Quark masses cannot be directly measured in the experiments, because
quarks are confined inside hadrons

&

r

» Being free parameters of the Standard Model, quark masses cannot be
determined by theoretical considerations only

r

mm) Quark masses can be determined by combining together a
theoretical and an experimental input l
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Lattice determination of quark masses
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Lattice determination of quark masses
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(Gonzalez Arroyo, Martinelli, Yndurain, 1982)
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Non-perturbative renormalization

e The convergence rate of the asymptotic series of lattice perturbation
theory is often unsatisfactory

r

Wilson action
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e Moreover, lattice perturbation theory is notoriously difficult,
and most of results are known only at the 1-loop level

f
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Non-perturbative renormalization

G. Martinelli, C. Pittori, C.T. Sachrajda,
The RI-MOM scheme M. Testa, A. Vladikas, 1995
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Non-perturbative renormalization

The RI-MOM scheme
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G. Martinelli, C. Pittori, C.T. Sachrajda,
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e Nel [avoro con Enrico del 1994 abbiamo anche
fornito la relazione tra la massa del quark nello
schema MS e la massa nello schema RI-MOM
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Relazione tra le masse
nello schema MS e
RI-MOM al NNLO in QCD:

R, (1) = mMS(u) [ mRI( p)

-
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NLO=-13% , NNLO=-7% , =2 GeV
g, 8 : 6, p=2Ge

S Il fattore di conversione e stato poi calcolato:

So Sy
S, s,

3 loop: Chetyrkin. Rétey, 2000
4 loop: Gracey, 2023



QUARK MASSES IN THE PRECISION ERA OF LQCD

The increasing of computational power cank St
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QUARK MASSES IN THE PRECISION ERA OF LQCD
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| ISOSPIN BREAKING EFFECTS

Isospin symmetry is an almost exact property @ @
of the strong interactions

\,

Isospin breaking effects are induced by:

\

{ mu;é md ] O[(md_mu)//\QCD] = 1/100 “Str'ong”

\

{ Q,#Qq: Ofa,,) =1/100 “Electromagnetic”

)

Since electromagnetic interactions renormalize quark masses the two corrections
are intrinsically related

[ Though small, IB effects play often a very important role ]




| ISOSPIN BREAKING EFFECTS

é N
- The knowledge of mu and md (besides m ) is important for our
understanding of flavor physics at the fundamental level
mu =~ 2.5MeV md =5 MeV A remarkable relation:
mc =~ 1.2 GeV ms =~ 100 MeV (ﬂ)l/Z'V(ﬂ)lMNV 022
mt ~ 175 GeV mb = 4.3 GeV m  \mg W
\, - ’ J
4 ™
- The actual values of the mass difference md-mu and quark charges
Qd, Qu implies Mn > Mp and guarantees the stability of matter
Proton Neutron
M(n) — M(p) = 1.3 MeV = 0.14%
L 938.27 MeV < 939.57 MeV y




ISOSPIN BREAKING EFFECTS

A strategy for Lattice QCD :

The isospin breaking part of the Lagrangian
is treated as a perturbation

Expand in: My—m, + o

em

]/ L \ \
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mu-md from the K* and K° masses
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ISOSPIN BREAKING EFFECTS and mu/md
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QUARK MASSES FROM LATTICE QCD

m, = 2.14(8) MeV my = 4.70(5) MeV
M,y = 3.427(51)MeV  m,/Mmy = 0.465(24)
M, = 93.46(58) MeV M, /My = 27.227(81)

™. = 1.280(13) GeV m, = 4.203(11) MeV

E come ho cercato di raccontare, anche a questi risultati
Enrico ha dato un importante contributo
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| The (mu-md) expansion

N
g |dentify the isospin breaking term in the QCD action

A\ =zx‘4:muﬁu+mdc7d}=z{%(mu +md)(ﬁu+gd)—%(md —mu)(ﬁu—gd)}:

X

= Z_mud(ﬁu+ c?a’)— Am(ﬁu— Jdﬂ =S, - AmS ——

\ X y
Advantage:

factorized out r

- Expand the functional integral in powers of Am
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