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1. Introduction

Simulations with two light degenerate sea quatks £ 2) and including also the strange sea
quark (Nt = 2+ 1) are nowadays standard. The ETM Collaboration has generatedtastidl
sample ofNs = 2 ensembles at four values of the lattice spacing (ranging from 0.1 to 0.05 fm)
several values of the light sea quark mass and several physical wludsing these ensembles
one can study the cut-off effects on observables and the insight gaioeides valuable input for
the choice of parameters for tihhy = 241+ 1 (i.e. including both the strange and the charm sea
quarks) simulations under production. Preliminary results using: 2+ 1+ 1 simulations have
been presented at this conference [1].

In the present study we therefore Ude = 2 ensembles with a partially quenched setup in
which the strange and charm quarks are added only as valence quéoksieavy quarks the
compton wavelength of the associated heavy-light meson is small comparsssempattainable
lattice spacings which means that cut-off effects can be large. The cjuark mass is at the upper
boundary of the range of masses that can be simulated at present faraifsest lattice spacing
used in the continuum limit extrapolatioa{ 0.1fmfor whichma < 1). In order to safely control
this extrapolation it is thus important to asses the size of lattice artefacts afftlotimbservables
of interest.

Our goal is to extend the study of Ref. [2] by including a finer lattice spaaing).051 fm.

We would like, in addition, to compute the low-lying spectrum of strange anchwd baryons.

In this contribution we present preliminary results for the masses of thegsttaaryon€sss =4ss
Nugs and the corresponding charmed baryon obtained by substituting theesmaagk with the
charm quarkQcce, =dco: Audd)- Preliminary results for the low-lying strange baryon spectrum with
N = 24 1+ 1 gauge configurations [3] and for the spectrum of static-light baryatisNy = 2
configurations [4] have also been presented at this conference.

2. Setup

The lattice discretization used for the doublet of degenerate light quaiksisen twisted
mass QCD at maximal twist [5] whose action reads (in the twisted basis)

= Yi ey A .
irgr(]gth: a4zX| (X) (?“(D“ +05) — éDHDN + Mgy +i1y5 T3 u|)x| (x) (2.1)
X

wherell,, D;‘l are forward and backward covariant derivatiids; is the Wilson critical mass and
L is the light quark mass.

The strange and charm (which in the following are referred to as “Heguarks are added
here only as valence quar&da Osterwalder-Seiler and their action reads

C
_ N a . .
Seay=2"> S Xn(x) (%‘(Du +03) = 5000+ Mer +iys uh) Xn(X) (2.2)
X h=s

whereus and . are the strange and charm (valence) quark masses. In order to rémaleter-
minant of the strange and charm quarks, ghosts have to be addespoongly. Concerning the
gauge actions, ETMC uses the tree-level Symanzik improved gauge action.

The main advantage of this regularization with respect to the standard Witsois that the
spectrum and the matrix elements extracted from correlation functions taraaticallyO(a) im-
proved [6]. The drawback is that parity and isospin are explicitly brdke®(a?) lattice artefacts
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and are recovered only in the continuum limit. Here we use ETMC configunsajenerated at
three values of the lattice spaciag {0.051 0.064,0.080} fm and physical volumes ~ 2.0+-2.4

fm (the scale has been set throufihin Ref. [7]). Light sea quark masses correspond to pion
masseM; € [290,520 MeV while partially quenched valence strange/charm quarks corrdspon
to heavy-light meson masskf < [520,710 MeV andMp € [1.80,2.40] GeV. In all we have 40
different combinationsMl;,Mp). In order to combine data at different lattice spacings we express
the value of the masses in unitsrgf[8]. For the three lattice spacings considered here the values
ro/ac {8.36,6.73,5.36} are taken from Ref. [7]

3. Numerical results

An important issue in our study is the dependence of the baryon masseshgtheavy”
qguark masgu, in the strange and in the charm region. &t 0.080 fm andM;; ~ 340 MeV this
dependence is shown in Fig. 1.
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Figure 1: The dependence of the octet and decuplet baryon masggs Dashed lines corespond to linear
fits performed in the strange region.

From Fig. 1 we observe that baryon masses depend lineagly bath in the strange and in the
charm region but with two different slopes. This behavior will be furttiscussed in what follows.
For what concern meson masses, in the case of the Kaon we obserperaléece? 0 pi, in
agreement with the fact that the Kaon can still be considered a pseudst@wdboson. For
the D meson instead we observe a dependdvigel] u, as predicted by heavy quark effective
theory (HQET), with no evidence of/L, term. In the following we will consider the functional
dependence of baryon masses upfpandMy, because this allows to extrapolate to the physical
point without knowing the values of the renormalized quark masses. ®e\@iions above imply
that baryon masses depend quadraticallyvignin the strange region while depend linearly Mg
in the charm region.

From Fig. 1 and Fig. 2 it is also evident that the splitting betw&enl/2 andJ = 3/2 states
(2/z* and=/=*) clearly diminishes with the increase gf. In quark models, this observation
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Figure2: Z/2* and=/=* splittings as functio

N ofip.

is explained thanks to the fact that the spin-spin coupling part ofithe potential is inversely
proportional to the masses of the two quaﬁl’%. In HQET, the splitting of baryons containing one
heavy quark (e.g. thByqn/Z; ;) is proportional to X .
Hadron masselly are extracted from the two point correlat@s(t) = ¥, (H(t,x)H(0,0))

of the corresponding interpolating operatbtrst large time distances. The interpolating operators
H are those of Ref. [2] and to improve their overlap with the ground state \wk &aussian
smearing and use APE smearing for the links that enter the hopping funétidaxge Euclidean
time separation the value of the hadron mass can be extracted by fitting tttéveffeass defined

by ME(t) = Lin S

to a constant.

It turns out that the statistical error & (t) for the strange baryons grows faster in time than
in the case of the charmed baryons. In the case ditheandQcc this is illustrated in Fig. 3. Itis
easy to show that the statistical errorl\zlgflfhh(t) is

3
Mg, (t) O eXp(Mthh - EMﬁh)t

Qhhh

(3.1)
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Figure3: Left: MZ" (t). Right: M&" (t).
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Figure4: Mg as function ofMy,. The dashed line is an interpolating form betweenshadc region.

where M, is the mass of théh meson made of an heavy and an anti-heavy quark. This phe-
nomenon is then probably explained by the fact that the/rap = Mq,.. — Mg has a smaller
value thanAg = Mg .— %Mgs. At the physical poinMq_ = 1672 MeV while the unphysical

Ss= ns meson would have a maks=~ |/ 2M2Z — M2~ 690 MeV [9] and the gaplq. ..~ 640 MeV.

In the charm case instead, the preliminary prediction from the presektgiesMq . ~ 4730
MeV while thecc meson can be identified with thg meson which has a mab,, = 2980 MeV.
The gapAq .. ~ 260 MeV is therefore sensibly smaller than in the strange case. Presuthably,
fact remains true for the values of the meson masses we have in our simulattoms still need
to check numerically this conjecture.

In Fig. 4 we present all the 40 data points for danass fitted to a functional form which
interpolates between the strange and the charm region. This plot alfeamdy the smallness of
lattice artefacts. The functional form reduces, in the strange regiorg fotinMq = M0+AM,21+
BMﬁl. In the charm region it reduces insteadMg = D + EM,ZT+ FMy. The two forms fit well
the data: using 13 data points in the strange region we ow@p = 1.56; using 27 data points
in the charm region we fingt3,; = 1.15. Lattice artefacts are visible in the strange region and
the inclusion of a terniya? to the functional form above lower thef,; from 1.56 to 0.92. For
charmed baryons we do not see any cut-off effect.

This is due however to the choice of studying the behaviour of baryonesassfunction of
meson masses. Had we chosen to study their dependence upon the ligedrmeark masses,
andu, (obtained from the bare masses by multiplying thenZpyaken from Ref. [10]) we would
have immediately remarked the presence of lattice artefacts, at least in the reggon. In this
region, a fit to the formMq = D+ Epy + Fuy (i.e. not including lattice artefacts) is not sufficient
and gives a hugg3,;. In order to obtain a reasonabig,; = 1.18 one needs to add lattice
artefacts (bothun-independent angy-dependent). Fig. 5 shows the data points together with the
curve obtained by plotting the fitting function after settiag: 0.

Lattice artefacts are instead hardly visible in the strange region. Here,t@ tfie form
Mg = A+ By + By, gives a reasonablxejo.f. = 1.39 and adding lattice artefacts (dependent or
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Figure 5: Mg as function ofuy, in the charm region. The dashed line is the continuum limiawied by

plotting the fitting function described in the text aftermxtolating toa = 0.

independent on the quark masses) does not improve the fit.

We remark thaMq depends very mildly oiM;; and therefore the extrapolation to the physical
M; seems not to pose any problem. By interpolating also to the physical vaMg ofe get the
resultMg .= 1.86(20) GeV which is consistent with the analysis in Ref. [2] but still 10% larger
than the experimental value. Due to the previous considerations and tlysisup&rformed, this
discrepancy seems not to be related to the continuum limit extrapolation or tgttepaation in
the light quark mass. Extrapolation to the physi@dl;, Mp) point gives the predictioMq,,, =
4.73(40) GeV (the experimental value is not known) and the rdtig. /Mg .. = 0.393(54)

32 /\uds aﬂd /\udc

In the case of thé baryon, the dependence bty is much stronger than in the previous case
and the inclusion of the term proportional¥t is crucial and reduces th . ; of a factor~ 0.5 in
both the strange and the charm region. Lattice artefacts are hardly vistbteafunctional forms
we have used to fit atd, = Mg +AM2 +BMZ +CM3 (in the strange region) arMp = D +EM2+
FMy 4+ GMS2 (in the charm region). Of course the inclusion of chiral logarithms wouflecathe
extrapolation to the physical point. For these preliminary results we haveveoweglected them
and performed only a rough fit using the forms written above.

By extrapolating to the physic&My, Mk ) point we obtainMa , = 1.20(10) GeV which has
to be compared with the experimental vaMé’u‘s’s = 1.116 GeV. By extrapolating to the physical
(M, Mp) point we haveMy . = 2.24(18) GeV which is in good agreement with the experimental
valueMy® — 2.286 GeV.

33 Edssand Edcc

Twisted mass QCD breaks explicitly isospin symmetry and Efﬂgandzgss (or equivalently

=e; and=].) are not degenerate. We thus preform a combined fit of Bfithand=_  data with

the formMz( -} = Mo+ AM2 + BMZ +CM3+ Ao a2 where the coefficientd,, _, are different

for the two sets of data. Analogously we perform a combined fit of Bjth and=]_ data with
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the formMz(.. ) = D+ EMZ+ FMy + GM3+ Dy, ,,a2. The dependence v, of the mass of
the doubly charmed turns out to be considerably less pronounced than for the standanadgsjr
=. The coefficientA_ is substantially smaller thafg and in the charm cade, is compatible
with zero and can be removed from the fit function. Fits work well and in trgicuum limit,
at the physical point, we géd=,., = 1.37(12) GeV (to be compared witMZ*” = 1.32 GeV) and
Mz, = 3.52(25) GeV (in perfect agreement witdZ,” — 3.52 GeV).

dcc

4. Conclusions

In this preliminary study we have shown that, when baryon masses areeaaaly function
of meson masses, lattice artefacts are always small and in some casely (ndtedcharm region)
hardly visible. They are instead clearly visible when baryon masses algzad as function of
quark masses. As expected lattice artefacts are larger in the charm, retjere they increase
proportionally tou,. The chiral extrapolation in the light quarks confirms to be critical and a
term of orderM3 is needed for botft andA (it is particularly evident in this last caseMq,.,
is still 10% larger than the experimental value and the source of this disagpaems not to be
related to the continuum limit extrapolation or to the extrapolation in the light quark.rrasther
investigations are needed to clarify this issue. ResultMfgr, M, M=,.. andMp ,, nicely agree
with the experimental values. We have moreover obtained a predictididor= 4.73(40) GeV.
We are computing all the correlation functions needed to extract the wholyilogy spectrum
of strange/charmed baryons. A complete analysis, including a more kassiessment of both
statistical and systematic errors, will be performed in the near future.
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