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1. Introduction

Heavy baryons have been extensively investigated by experimenttlemétical approaches.
From experiment, the singly charmed heavy baryon mass spectrum is welhkimowever, the
other heavy baryon masses are only crudely known. From lattice QCi®,dhe several quenched
calculations for the heavy baryon mass spectrum [1-6], and most rageiltsfair agreement with
observed values. In this project, we apply lattice QCD with dynamical seksfer the same
objective. In the future, we hope to study semi-leptonic decays of heayybs [J] [#].

We present preliminary results for the mass spectrum of five differeglysatnarmed heavy
%Jr baryons:A¢, Z¢, =¢, =i, andQ.. In this work, we use two different interpolating operators
studied in Ref. [[1] and construct two-point functions using the method ioigdite et al. [f] to
combine staggered propagators for the light valence quarks and a Wjfso(clover) propagator
for the heavy valence quark.

2. Construction of two-point functions

The interpolating operators to descri’?é singly heavy baryons arg][1]

Os = (YT CYDIWS,, Oy = eanc(PET Cyu D)W, (2.1)

where ggc is the Levi-Civita tensory;, and ¢, are light valence quark fields for up, down, or
strange quarksyy is the heavy valence quark field, a@ds the charge conjugation matrix. As
can be seen, the spinor indices of the light quark fields are contractetthéngso the spinor index
of the operator comes froMy. Basically, s is the operator fos™ = 0™, and Oy is fors™ = 1t,
wheres™ is spin parity state for light quark pair. Each heavy baryon is obtainedhbpsing
different quark flavor combinations, shown in Tafle 1.

Since we use staggered fermion propagators for the light quarks,\afiisian type propagator
for the heavy quark, we will use the method of Wingateal. [§] to convert from a staggered
propagator to a naive quark propagator. They show

Gy(x,y) = Q(X)Q"(y)Gx(xY) (2.2)
where,
Q(x) = [ )™/ (2.3)
u
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Table 1. Heavy baryons, flavor contents and operatdPds total spin parity of the heavy baryon, asltlis
spin parity of the light quark pair. In the quark content e¢oiyl is the light valence quarlsis the strange
quark, anct is the charm quark.
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Gy(x,y) is the naive quark propagator, a@g (x,y) is the staggered quark propagator. With this
basic relationship, we can construct the heavy baryon two-point furgctio

Cap(Bot) = ;e—‘f"5‘<ﬁsﬂ<xt>ﬁsg<ﬁ,0>> (2.4)

= ; e P eapctactr [GFT (x,0)CyG (x,0)Cys] G, 5 (X, 0). (2.5)

G1(x,0) and G,(x,0) are naive light quark propagatoiGy (x,0) is the heavy quark propagator,
anda and are spinor indices. As expected from the property of the interpolatincatipethe
spinor structure of the heavy baryon is determined from the heavy giNote that the trace in
Eq.|'2:$ is for spinor indices, not for color indices. Now, using . 2.2,

GY (x,0) = Q(x)QT(0)GY (x,0) = Q(x) G (x,0) (2.6)
and
G#T(x,0) = QT ()G (x,0). 2.7)
So
Cap(Bt) = Y € P eanceanctr[QT (XCYBQX)Cy]GEZ (. 0)G (x,0)G,5(x,0).  (2.8)
X

But the trace can be simplified:
tr[QT (X)CysQ(X)Cys] = tr[—1(—1) T (—1)1 %] = —4. (2.9)
Finally, the two-point function can be expressed as,

Cap(B,t) = ;e*‘f’"*eabceafw(—él)e?‘i‘;' (%,0)G (%, 0) Gl (%, 0). (2.10)

This two-point function is constructed using the operdter Similarly, we can derive the two-point
function with the other operata?),.

3. Dataanalysis

We use two ensembles of 28 64 MILC coarse dynamical lattice gauge configurations with
lattice spacin@g ~ 0.12 fm. We investigate 385 configurations for the ensemble arith= 0.01,
andams = 0.05, and 458 configurations for the ensemble witth = 0.02, andams = 0.05, where
m is the light sea quark mass, ang is the strange sea quark mass. For each configuration, we
require several propagators for the valence quarks. We computdifigrent staggered light quark
propagators with masses between 0.005 and 0.02, and three staggmngé gark propagators
with masses 0.024, 0.03, and 0.0415. For the heavy charm quark, vamlysene kappa value
k = 0.122 based on tuning for our heavy-light meson decay constant calculgtio

For fitting the baryon propagators, we use correlated least squareséitfor error estimation,
we generate 1000 bootstrap samples. Taking into account the periodiddygicondition in time
for the valence quarks and the staggered phases, the fit model is

P(t) =Ae ™+ Ae TV ¢ (—1)!Ae ™ 4 (—1)!Ae TV
+Ae ™ L Ae ™I L (—1)Ae ™ 4 (—1)tAe ™TY) (3.1)



Heavy baryon mass spectrum Heechang Na

wheremis the ground state of positive paritphas opposite parity, and the values with an asterisk
denote the corresponding excited states. In practice, most propagautdse fit including contri-
butions with just two or three particles. In most cases the confidence lethed &t is between 40
and 60 percent. (Of course, on each ensemble, baryon propagétodifferent valence masses
are correlated.)
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Figure 1: Chiral extrapolation of light valence quark mass on eacleide.

To discuss extrapolation to the chiral limit, we present an examplgfoFirst, let’s look at
the extrapolation of the light valence quark mass shown inFig. 1. As weseatrere are three sets
of data for each ensemble corresponding to each valence stranggepss. We have performed
linear extrapolations although there is a very small curvature seen for titerligea quark mass
(Fig.[1(a)). The bursts show the linear extrapolation to the bare lighkquass 0.0014§]10]
in lattice units on this ensemble. Next, we interpolate in the strange quark masg(@jigand
extrapolate in the light sea quark mass (ffjg. 2(b)). The bare strange maas was estimated to
be 0.039[[10]. In Fig[]2(a), we see that linear interpolation in the strangekgnass is perfectly
adequate.

After extrapolation in the light sea quark mass, we find the mass, efithin the partially
quenched approximation. Alternatively, there is a full QCD point for eartdemble, and we can
simultaneously extrapolate in light sea and valence masses|[] Fig. 3 comaresttlts of these
two approaches for four baryons. As we can see, the full QCD rdsaNes smaller error bars than
the partially quenched results. Our multistep partially quenched interpolatmrexrapolation
procedure may be causing larger errors than the simple full QCD exttagpoiia light quark mass.
If we had fit all the data with a partially quenched formula depending on leatlasd valence quark
masses, the partially quenched QCD chiral extrapolation might have givalites error bars than
the fit to the limited full QCD data. (We plan to try that in the future.) We presenpoeliminary
results here based upon the full QCD extrapolation.

4. Results

We present mass splittings in MeV between five different singly heavyobarin Fig.[}(a).
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Figure 2: Interpolation of strange quark mass (a), and extrapolaifdight sea quark mass (b). The bare
strange quark mass is 0.039, and the bare light sea quarkisn@d€9148. Bursts are the interpolated and
extrapolated results.
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Figure 3: Full QCD compared with partially quenched QCD chiral extdagion. Four different masses of
singly heavy baryons. Note th&; dose not appear, sin€&. does not contain light valence quarks.

Square data points correspond to the experiment fidta [11], andswmaisiserror bars indicate our
results. The experiment errors are considerably smaller than our owmme $gnore them here.
Our results agree with the experimental values within errors. In fact, tieeamgnt is so good, we
wonder if we are overestimating our errors. On the other hand, all tyetanasses are correlated.

We also present the mass spectrum itself in ffig. 4(b). In order to get yscphmasVipny
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Figure 4: Mass splitting (a), and mass spectrum (b) of five differemglsi charmed heavy baryons Wi§ﬁ+
in MeV units.

of a heavy baryon, we need to add a constant mass/stofthe calculated madd.,, i.e.

In this project, we chose the constant mass ghift a simple way to best match the average of the
experimental masses.
A = Average(Mexp — Mcal ). (4.2)

We should investigate the momentum dependence of the heavy baryog enerder to calculate
the kinetic mass of the state. If we use the dispersion relation, we can takedie nasMy;, as
the physical mas®!n [8],

_ IP2- [E(H) —EOP

Man =" 3E (@) - E0)]

(4.3)

5. Futurestudy

We have presented preliminary spectrum results based on dynamical la@tizeT@e study
can be extended in several ways. We shall investigate singly bottomrsaaya doubly charmed
baryons. Recently, the SELEX collaboration reported the measuremein¢ afoubly charmed
baryon=¢; [[7], so it would be timely to compute the doubly charmed baryon spectrumarSo f
we have only studie({r states, and we would like to extend the stud;%fostates. In this way,
we can investigate the hyperfine splitting probldin [3] [5] in heavy barydnsaddition, we can
increase statistics by using more configurations and ensembles, and addit@sources for our
propagators. We also need to clarify the taste structure of our baryeatops.
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