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strange and charm quark masses performed by ETMCNyith 2 twisted mass Wilson fermions.
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MeV, allowing for accurate continuum limit and chiral exirdation. The strange and charm
masses are extracted by using several methods, based eredifbbservables: the kaon and
the ns meson for the strange quark and the Ds and n. mesons for the charm. The quark
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1. Introduction

We present the recent accurate determinafipn [2] of theageenp/down, strange and charm
guark masses performed by ETMC with = 2 maximally twisted mass Wilson fermions. The
high precision of this analysis is mainly due to the extrafioh of the lattice results to the contin-
uum limit, based on data at four values of the lattice spafing 0.098, 0.085, 0.067, 0.054 fm), to
the well controlled chiral extrapolation, which uses siataetl pion masses downlb,; ~ 270 MeV,
and to the use of the non-perturbative renormalizationtemits calculated if]3]. The only system-
atic uncertainty which is not accounted for is the one dud¢oniissing strange and charm quark
vacuum polarization effects. However, a comparisoNof= 2 results for the up/down and strange
quark masses to already existing results fidm= 2+ 1 quark flavor simulationgJ4] indicates
that, for these observables, the error due to the partiaicueg of the strange quark is smaller
at present than other systematic uncertainties. The sanodusimn is expected to be valid for the
effects of the strange and charm partial quenching in theraation of the charm quark mass.
In this respect we mention that simulations with= 2+ 1+ 1 dynamical flavors are already being
performed by ETMC and preliminary results for several flgphysics observables have been re-
cently presented %] 6]. For more details on the ensembldi ef 2 gauge configurations used in
the analysis and the values of the simulated light, strangecharm quark masses we refer(tp [2].

The calculation of the averaged up/down quark mass, bastweatudy of the pion mass and
decay constant, has closely followed the strategy]of [7Jvatance with the latter, however, here
and in [2] data at four values of the lattice spacing have lised. For the strange quark mass, the
main improvement with respect to our previous wdtk [8], whirsed data at a single lattice spacing
only, is the continuum limit. Moreover, the chiral extragtibn has been performed by using either
SU(2)- or SU(3)-Chiral Perturbation Theory (ChPT). In ortie extract the strange quark mass
we have used both the kaon mass and the mass of the (unphygjcakson composed of two
degenerate valence strange quarks. For the charm quark siragarly to the strange quark, we
have used several experimental inputs to extract its vaéhgemass of th®, Ds andn. mesons.

The results that we have obtained for the quark masses atesMS scheme,

Myd(2 GeV) = 3.6(2) MeV,
ms(2 GeV) = 95(6) MeV,
me(Me) = 1.28(4) GeV. (1.1)

We have also obtained for the ratios of quark masses thessalue

ms/myg = 27.3(9) and m/ms=120(3), (1.2)

which are independent of both the renormalization scherdeseale.

Finally, we take the opportunity of these proceedings tsme the updated result for the
bottom quark mass which has been obtained employing theoaieliscussed inJ1]. The updated
value is

My(My) = 4.3(2) GeV. (1.3)
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2. Up/down quark mass

We have studied the dependence of the pion mass and decaprtoos the renormalized
quark mass, by using the predictions based on NLO ChPT an&yh®anzik expansion up to
0(a?).! They include discretization terms &f(a?m log(m)), which receive a contribution from
the ¢'(a?) splitting between the neutral and charged pion mfss [9]rdeguwith twisted mass
fermions. The impact of this correction on the final resutttfe light quark mass is at the level of
the fitting error.

Lattice results for pion masses and decay constants havecoeected for finite size effects
(FSE) evaluated using the resummed Liischer formulae. Teeteff the(a?) isospin breaking
has been taken into account also in these correct{ofis [10]oud pion data, FSE vary between
0.2% and 2%, depending on the simulated mass and volume. Thssimt of the pion mass
splitting in the FSE induces an effect at the level of onedtbirthe statistical error for our lightest
pion mass a8 = 3.9 on the smaller volume, and even smaller in the other cases.

The value of the physical up/down quark mass is extracted ttee ratiom?/f2 using as an
input the experimental value of the latter ratio. In ordeestimate the systematic uncertainty due
to discretization effects we have performed both a fit withibe logarithmic discretization terms,
and a fit without all&(a?) corrections. Both these ansétze turn out be compatiblethéthattice
data. We find that the result for the up/down quark mass dseselay approximately 2% and in-
creases of about 6% in the two cases respectively, so thastimeage an overall uncertainty due to
residual discretization effects &f4%. For estimating the systematic uncertainty due to theakhi
extrapolation we have also considered a fit including a NNa€al contribution proportional to
the light quark mass square. In this case we are not able ¢ondige all the fitting parameters
and we are thus forced to introduce, on the additional LE@sysas in [T]. In this way we find
that the result fomyg increases by 6%. We have also included in the final result ay2¥matic
uncertainty coming from the perturbative conversion of dnark mass renormalization constant
from the RI-MOM to theMS scheme. This uncertainty has been conservatively estiiizy as-
suming the unknowi’ (a?) term to be as large as th®(ad) one, evaluated at the renormalization
scaleu ~ 3 GeV, which is the typical scale of the non-perturbativeMRDM calculation in our
simulation [B]. Adding in quadrature the three systematiors discussed above we have obtained

Mua(2 GeV) = 3.6(1)(2) MeV = 3.6(2) MeV. (2.1)

3. Strange quark mass

In this section, we first present the determination of thengte quark mass based on the study
of the kaon meson mass and then the alternative method bagbd study of the)s meson.

In order to better discriminate the strange quark mass digmee of the kaon masses on other
dependencies, we have firstly interpolated, by using quiadsalines, the lattice data to three
reference values of the strange quark mass, chosen to beag¢dioa four lattice spacing [ef —
{80, 95, 110} MeV. Then, at fixed reference strange mass, we have simoliahestudied the

kaon mass dependence on the up/down quark mass and onidigeteffects, thus performing

IHere and in the following sections we refer [|3 [2] for the esgmions of the fitting functions.
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Figure 1. Left: Dependence ofig andm,27S on the renormalized light quark mass, for a fixed reference
strange quark mass¢ f—o5 MeV) and at the four lattice spacings. Right: Dependencnaﬁoémdm,z7S on
the squared lattice spacing, fog ' =95 MeVand at the physical up/down mass.
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Figure 2: Dependence afg andmzs, in the continuum limit and at the physical up/down mass, len t
strange quark mass. The strange mass results are also stropty @iamonds).

a combined chiral and continuum extrapolation. In this step have considered chiral fits based
either on SU(2)-ChPT[1{,112] or partially quenched SU(BPC [13]. Finally, we have studied the
kaon mass dependence on the strange quark mass, and detetha@value of the physical strange
quark mass using the experimental valuengf In fig. [l we show the combined chiral/continuum
fit based on SU(2)-ChPT, for a fixed reference value of thenggajuark mass, as a function of
the light quark mass (left) and of the squared lattice spagiight). In fig.[2 the dependence on
the strange quark mass is shown, for the SU(2) analysis. @pendlencies are shown for the kaon
squared mass as well as for thesquared mass discussed hereafter.

As an alternative way to determine the strange quark massawe $tudied the dependence
on ms of a meson made up of two strange valence qudrKs [14]. Thensbye of this approach is
that the mass of this unphysical meson, denotegLais only sensitive to the up/down quark mass
through sea quark effects, and thus requires only a very natiiral extrapolation. The price to
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pay is the need for an additional chiral fit to determine fenass at the physical point. In order
to relate the mass of thgs meson to the physically observabig; andmk, we have studied its
dependence on the kaon and pion masses for different vafubgs simulated light and strange
guark masses. We investigated functional forms based bare®U(2)- or SU(3)-ChPT. The two
fits yield very close results for thgs meson mass and we quote as final estinmaje= 690(3)
MeV (to be compared to the LO SU(3) prediction, = (2mg — m2)%/2 = 686 MeV).

Once the mass of thg; meson has been determined, the strange quark mass candmtasktr
by following the very same procedure described for the caisadkaon mass.

The difference between the determinations based oK el ns mesons is about 3%. The re-
sults obtained from either the SU(2) or the SU(3) fits aretpralty the same in the analysis based
on thens and differ by approximately 3% in the kaon case. In order @lete the uncertainty
of the continuum extrapolation we have excluded from thdsdhe data from the coarser lattice,
finding a variation of the results of approximately 2%, wilte tfitting error approximately un-
changed. The different fits considered for the determinaticthe up/down mass and of the lattice
spacing affect the determination of the strange mass aetiet df 3%. Finally, we have included
an uncertainty of 2% related to the truncation of the pe#tive expansion in the conversion from
the RI-MOM to theMS scheme. Combining all these uncertainties in quadratueeguote as our
final estimate of the strange quark mass inMte scheme

my(2 GeV) = 95(2)(6) MeV = 95(6) MeV . (3.1)

Using the determinations of both the strange and light quaaksses, we have also obtained a
prediction for the rations/m,q, which is both a scheme and scale independent quantity:

ms/Mug = 27.3(5)(7) = 27.3(9) . (3.2)

4. Charm quark mass

The determination of the charm quark mass follows, quitedadip the strategy adopted in the
determination of the strange quark mass discussed in th@peesection. In this case, we have
used as experimental input the masses ofxthBs andn, mesons.

As for the strange quark case, we have first used a quadrdine dji to interpolate the
data at three reference values of the charm mass equal abuhé fvalues: m{;ef(Z GeV) =
{1.08, 1.16, 1.24} GeV. In order to fit the meson masses we have considered (plesmaiogi-
cal) polynomial fits, which turn out to describe well the degence on the light and strange quark
masses and on the lattice cutoff of theDs andn. meson masses, at fixed (reference) charm mass
m.. Then, the value of the physical charm quark mass has besctd by fitting these data as a
function of the charm quark mass and using as an input theiexgatal value of the corresponding
charmed mesonp "= 1.870 GeV,m" = 1.969 GeV,mp:"=2.981 GeV. For the charm mass
dependence, a constant plus either a linear ¢ging ferm have been considered for describing data
of the D, Ds andn. mesons. Both choices are found to describe very well thiegatiata. In fig[[3
we show the dependence of tBe D5 andrn. masses on the light quark mass at a fixed reference
charm mass, for the foy’s. For theDg and . mesons, which contain the light quark in the sea
only, this dependence is not significant within the stat#gterrors. In fig[}4 (left) the meson masses
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Figure3: Left: Dependence afp (left) andmp, andmy, (right) on the light quark mass, at fixed reference
charm quark massvi f-116 Ge\) and for the four simulated lattice spacings. For Ehemeson the
strange quark mass is fixed to the reference vﬁ{ﬁé: 95 MeV.
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Figure 4: Left: Dependence afip, mp, andmy,, at fixed reference charm quark ma?éef =116 GeV)
and at physical up/down and strange quark mass, on the stjaiiee spacing. Right: Dependencenaf,
mp, andmy,, in the continuum limit and at physical up/down and strangargs, on the charm quark mass.
The charm mass results from the three determinations areshaésvn (empty diamonds).

at physical light and strange quark masses are shown as @ofunf a2, for a reference value of
the charm quark mass. Finally, flg. 4 (right) shows the depeoe of theD, Ds and . masses on
the charm mass and the interpolation to the physical charm.

In order to evaluate the systematic uncertainty, we havenrsmarnin quadrature the approxi-
mately 1% spread among the three determinations frorD{ti&, andn. mesons, the 5% uncer-
tainty due to discretization effects (estimated by exeigdihe data from the coarser lattice) and
the 2% uncertainty coming from the perturbative conversibtne renormalization constants from
the RI-MOM to theMS scheme. We quote as our final result for the charm quark makse MS
scheme

Me(2 GeV) = 1.14(3)(3) GeV=1.14(4) GeV  — mM(M) = 1.284) GeV,  (4.1)

where the evolution to the more conventional scale givermpyitself has been performed at
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N3LO [L3] with Nt = 2, consistently with our non-perturbative evaluation @& tenormalization
constant. Our result is in good agreement with the HPQCDItres(m.) = 1.268(9) GeV [fL6],
with a larger uncertainty in our determination, and withrseent sum rules determination (M) =
1.279(13) GeV of [17]. We have also provided a prediction for the scheme scale independent
ratio

me/ms = 12.0(3) . (4.2
5. Bottom quark mass

In these proceedings we also take the opportunity to praidepdated value for the b-quark
mass following the method presented[in [1]. This method iste® the calculation of the b-quark
mass using suitable ratios of the heavy-light pseudosoaéson masses which, by construction,
have an exactly known infinite mass limit. In the presentytud have employed simulation data at
threef values as in[]1], namely 3.80, 3.90 and 4.05, but using novitiaévalue of the quark mass
renormalization constantf [3] and the same statisticsrahéoother quark mass determinations. In
this way we have obtained the updated estimate

mp(my) = 4.3(2) GeV. (5.1)

This value is aboutd smaller, with an improved accuracy with respect to the teguén in [1].
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