
HAL Id: in2p3-00531322
https://hal.in2p3.fr/in2p3-00531322

Submitted on 3 Nov 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

From strange to charmed baryons using two-flavour
QCD

J. Carbonell, V. Drach, M. Papinutto

To cite this version:
J. Carbonell, V. Drach, M. Papinutto. From strange to charmed baryons using two-
flavour QCD. 15th International QCD Conference, Jun 2010, Montpellier, France. pp.367-370,
�10.1016/j.nuclphysbps.2010.10.095�. �in2p3-00531322�

https://hal.in2p3.fr/in2p3-00531322
https://hal.archives-ouvertes.fr


From strange to charmed baryons using two-flavour QCD
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Abstract

We compute the mass spectrum for strange and charmed baryonsin the partially quenched approach usingN f = 2
twisted mass QCD configurations. We investigate two main issues: the size of lattice artefacts using three values of
the lattice spacing (the smallest of which is approximately0.05 fm) and the dependence of baryon masses on meson
masses. We thus perform a global fit in order to extrapolate simultaneously to the continuum limit and to the physical
point. We obtain predictions for theΩsss, Ξdss, Λuds,Ωccc, Ξdcc, Λudc masses.
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1. Introduction

Lattice regularization of QCD offers the unique op-
portunity of computing non-perturbative quantities like
the hadron spectrum, decay constants, weak matrix ele-
ments and form factors from first principles. Using this
regularization, the functional integral can be in fact eval-
uated numerically through Monte Carlo simulations.
Numerical simulation are performed for a range of val-
ues of the lattice spacinga and of the quark massesmq

and then have to be extrapolated to the continuum limit
and to the physical value of the quark masses.

The inclusion of (light) sea quarks in numerical sim-
ulations proves to be particularly challenging and in the
past sea quark effects were often neglected, leading to
the so-called quenched approximation. Nowadays sim-
ulations with two light degenerate sea quarks (N f = 2)
and in some cases including also the strange sea quark
(N f = 2+1) or both the strange and the charm sea quarks
(N f = 2+ 1+ 1) have become standard even though the
light quarks are not yet as light as the physical up/down
quarks. The difficulty in reaching the physical point is
due to the slowing down of Monte Carlo simulations in
the critical region and also to the fact that light quarks at
the physical point require big volumes in order the ob-
servables not to be affected by large finite size effects.
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The inclusion of the strange sea quark, due to his heav-
ier mass, is slightly less important and at present there
are no striking examples whereN f = 2+1/N f = 2+1+1
simulations gives substantially different results with re-
spect to theN f = 2 case. This is believed to be even
more the case for the charm sea quark.

Valence quarks can be treated independently from the
sea quarks and can be simulated with the same masses
of the sea quarks or with different ones. One can even
consider valence quarks which are not present in the
sea, for example the strange and the charm quark in the
case ofN f = 2 simulation. This setup is called par-
tially quenched approximation and we will use it in the
present study.

Concerning heavy quarks (e.g. the bottom quark) the
compton wavelength of the associated heavy-light me-
son is too small compared to present attainable lattice
spacings. This means that heavy quarks feel discretiza-
tion effects and related observables can be affected by
large lattice artefacts. The charm quark mass is at the
upper boundary of the range of masses that can be sim-
ulated at present for the coarsest lattice spacing used in
the continuum limit extrapolation (a ∼ 0.1 f m for which
mca . 1). In order to safely control this extrapolation
it is thus important to asses the size of lattice artefacts
affecting the observables of interest.

In the present contribution we extend the study of [1]
by including a finer lattice spacinga ≃ 0.051 fm and
we present preliminary results for the masses of some
strange baryons (Ωsss,Ξdss,Λuds) and the corresponding
charmed baryon obtained by substituting all the strange
quarks with charm quarks (Ωccc, Ξdcc, Λudc).
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2. Setup

As for the choice of the lattice discretization we
choose here twisted mass QCD [2] with two degener-
ate light flavors. This regularization is attractive for its
simplicity and conceptual clarity and its main advan-
tage with respect to the standard Wilson regularization
is that the spectrum and the matrix elements extracted
from correlation functions are automaticallyO(a) im-
proved [3], i.e. lattice artefacts start atO(a2). The
drawback is that parity and isospin are explicitly bro-
ken byO(a2) lattice artefacts and are recovered only in
the continuum limit. The strange and charm quarks are
added here only as valence quarks. We use ETMC con-
figurations generated at three values of the lattice spac-
ing a ∈ {0.051,0.064,0.080} fm and physical volumes
L ∼ 2.0 ÷ 2.4 fm [4]. Light sea quark masses cor-
respond to pion massesMπ ∈ [290,520] MeV while
partially quenched valence strange/charm (in the fol-
lowing called “heavy”) quarks correspond to heavy-
light messon massesMK ∈ [520,710] MeV andMD ∈

[1.80,2.40] GeV. In all we have 40 different combina-
tions (Mπ,Mhl). In order to combine data at different
lattice spacings we express the value of the masses in
units of r0 [5] by multiplying the value in lattice units
by the ratior0/a. For the three lattice spacings consid-
ered here the valuesr0/a ∈ {8.36,6.73,5.36} are taken
from [4]

3. Numerical results

An important issue in our study is the dependence of
the baryon masses upon the “heavy” quark massmh in
the strange and in the charm region. Ata = 0.080 fm
andMπ ≃ 340 MeV this dependence is shown in Fig. 1.
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Figure 1:dependence of the octet and decuplet baryon masses onmh. Dashed
lines corespond to linear fits performed in the strange region.

As it will be confirmed in the following, Fig. 1 al-
ready suggests that baryon masses depend linearly on

mh both in the strange and in the charm region but
with two different slopes. For what concern meson
masses, in the case of the Kaon we observe a depen-
denceM2

K ∝ mh, in agreement with the fact that the
Kaon can still be considered a pseudo Goldstone bo-
son. For theD meson instead we observe a dependence
MD ∝ mh as predicted by heavy quark effective theory
(HQET), with no evidence of 1/mh term. In the fol-
lowing we will consider the functional dependence of
baryon masses uponMπ andMhl because this allows to
extrapolate to the physical point without knowing the
values of the renormalized quark masses. The observa-
tions above imply that baryon masses depend quadrati-
cally onMK in the strange region while depend linearly
on MD in the charm region.

From Fig. 1 and Fig. 2 it is also evident that the split-
ting betweenJ = 1/2 and J = 3/2 states (Σ/Σ∗ and
Ξ/Ξ∗) clearly diminishes with the increase ofmh. In
quark models, this observation is explained thanks to
the fact that the spin-spin coupling part of theq − q po-
tential is inversely proportional to the masses of the two
quarks si·s j

mim j
. In HQET theΣ/Σ∗ splitting is proportional

to 1/mh.
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Figure 2:Σ/Σ∗ andΞ/Ξ∗ splittings as function ofmh.

Hadron massesMH are extracted from the two point
correlation functionsCH(t) =

∑
x〈H(t, x)H†(0, 0)〉 of the

corresponding interpolating operatorsH at large time
distances. In this region, the correlation functions de-
cay exponentially at a rate proportional to the mass of
the hadron. The value of the mass can be extracted
for example by defining the effective massMeff

H (t) =
1
a ln CH(t)

CH(t+a) and fitting it to a constant in the region of
large time distances where the excited states have al-
ready decayed.

It turns out that the statistical error onMeff
H (t) for the

strange baryons grows faster in time than in the case of
the charmed baryons. In the case of theΩsss andΩccc

this is illustrated in Fig. 3.
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Figure 3:Meff
Ωsss

(t) (above) andMeff
Ωccc

(t) (below)

It is easy to prove that the statistical error onMeff
Ωhhh

(t) is

∆Meff
Ωhhh

(t) ∝ exp(MΩhhh −
3
2

Mh̄h)t (1)

where Mh̄h is the mass of thēhh meson made of an
heavy and an anti-heavy quark. This phenomenon is
thus explained thanks to the observation that the ratio
Mc̄c/MΩccc has a larger value thanMs̄s/MΩsss .

3.1. Ωsss and Ωccc

In Fig. 4 we present all the 40 data points for theΩ
mass fitted with a formMΩ = M̄0+ ĀM2

π+ B̄M2
hl+C̄M4

hl.
Theχ2

d.o.f . is 1.87 and there is almost no evidence of lat-
tice artefacts. This functional form is used only because
it reduces to the formMΩ = M0 + AM2

π + BM2
hl in the

strange region while in the charm region it approximates
fairly well the form MΩ = D + EM2

π + FMhl. The two
forms fit well the data in the strange region (13 data
points,χ2

d.o.f . = 1.56) and charm region (27 data points,
χ2

d.o.f . = 1.15) respectively.
In the strange region lattice artefacts are visible and

the inclusion of a termA0a2 to the functional form above
lower theχ2

d.o.f . from 1.56 to 0.92. No sign of lattice
artefacts is visible instead in the charm region. This is

however due to the choice of studying the behaviour of
baryon masses as function of meson masses. Had we
chosen to study their dependence upon the quark masses
ml and mh we would have immediately remarked the
presence of lattice artefacts (larger in the charm region).
This is evident from the plot in Fig. 5 and in fact a fit of
the formMΩ = D + Eml + Fmh which does not include
lattice artefacts has a hugeχ2

d.o.f . = 141 while by includ-
ing a termD0a2 one obtains a resonably good fit with
χ2

d.o.f . = 1.07. The same is valid in the strange region
where theχ2

d.o.f . reduces from 3.86 to 1.10.
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Figure 4: MΩ as function ofMhl. The dashed line is a fit of the formMΩ =
M̄0 + ĀM2

π + B̄M2
hl + C̄M4

hl
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Figure 5: MΩ as function ofmh in the charm region. The dashed line is the
continuum limit according to the fit formMΩ = D + Eml + Fmh + D0a2 after
settinga = 0 andml to some reference value.

We remark thatMΩ depends very mildly onMπ and
therefor the extrapolation to the physicalMπ seems not
to pose any problem. By interpolating also to the phys-
ical value of MK we get the resultMΩ = 1.86(20)
GeV which is 10% larger than the experimental value.
Due to the previous considerations and the analysis per-
formed, this discrepancy seems not to be related to the
continuum limit extrapolation or to the extrapolation
in the light quark mass. Extrapolation to the physical
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(Mπ,MD) point gives insteadMΩccc = 4.73(40) GeV for
which an experimental value is still missing.

3.2. Λuds and Λudc

In the case of theΛ baryon, the dependence onMπ
is much stronger than in the previous case and the in-
clusion of the term proportional toM3

π is crucial and
reduces theχ2

d.o.f . of a factor∼ 0.5 in both the strange
and the charm region. Lattice artefacts are hardly vis-
ible and the functional forms we have used to fit are
MΛ = M0 + AM2

π + BM2
hl +CM3

π (in the strange region)
andMΛ = D+EM2

π+FMhl+GM3
π (in the charm region).

Of course the inclusion of chiral logarithms would affect
the extrapolation to the physical point. For these prelim-
inary results we have however neglected them and per-
formed only a rough fit using the forms written above.
The dependence onMπ is shown (in the charm region)
in Fig. 6
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Figure 6:MΛudc as function ofM2
π . The curves correspond to fits of the form

MΛudc = D + EM2
π + FMhl + GM3

π . They are obtained by fixingMhl to some
values which are in general different to those of the data points.

By extrapolating to the physical (Mπ,MK) point we
obtainMΛuds = 1.20(10) GeV which has to be compared
with the experimental valueMexp

Λuds
= 1.116 GeV. By

extrapolating to the physical (Mπ,MD) point we have
MΛudc = 2.24(18) GeV which is in good agreement with
the experimental valueMexp

Λudc
= 2.286 GeV.

3.3. Ξdss and Ξdcc

Twisted mass QCD breaks explicitly isospin symme-
try and thusΞ0

uss and Ξ−dss (or equivalentlyΞ++ucc and
Ξ+dcc) are not degenerate. We thus preform a combined
fit of both Ξ0

uss andΞ−dss data with the formMΞ{0,−} =
M0 + AM2

π + BM2
hl + CM3

π + A{0,−}a2 where the coeffi-
cientsA{0,−} are different for the two sets of data. Analo-
gously we perform a combined fit of bothΞ++ucc andΞ+dcc
data with the formMΞ{++,+} = D+ EM2

π + FMhl +GM3
π +

D{++,+}a2 + F{++,+}a2Mhl. As in theΛ case a term inM3
π

is needed even though the dependence onMπ is here less
pronounced. Fits work well and in the continuum limit,
at the physical point we getMΞdss = 1.37(12) GeV (to be
compared withMexp

Ξdss
= 1.32 GeV) andMΞdcc = 3.52(25)

GeV (in perfect agreement withMexp
Ξdcc
= 3.52 GeV).

4. Conclusions

In this preliminar study we have shown that lattice
artefacts are always small in both the strange and the
charm region when baryon masses are analyzed as func-
tion of meson masses. They are instead clearly visible
when baryon masses are analyzed as function of quark
masses. The chiral extrapolation in the light quarks con-
firms to be critical and a term of orderM3

π is needed
for bothΞ andΛ (it is particularly evident in this last
case). MΩsss is still 10% larger than the experimental
value and the source of this discrepancy seems not to
be related to the continuum limit extrapolation or to the
extrapolation in the light quark mass. Further inves-
tigations are needed to clarify this issue. Results for
MΞdss , MΛuds , MΞdcc andMΛudc nicely agree with the ex-
perimental values. We have moreover obtained a pre-
diction for MΩccc = 4.73(40) GeV. We are extending this
preliminary analysis to the other strange and charmed
baryons and also computing correlation functions to ex-
tract strange-charmed baryons. A complete analysis
will be performed in the next future.
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