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1. Introduction

A systematic way to study bottom baryons from first princigkelattice QCD. Sincam, > 1
for currently available lattice spacings for large volunimdations, one needs to use for the
guark a formalism such as Heavy Quark Effective Theory (HRHT this paper we consider
the leading order of HQET, which is the static limit. The dpam of static-light baryons has
been studied by lattice methods in the quenched approxaméti, 2, 3] and recently also with
dynamical sea quarks [4, 5, 6]. Here we Ie= 2 flavors of dynamical Wilson twisted mass
quarks. Our intention is to explore the static-light bargpectrum as fully as possible. Besides the
experimentally known statefsg, Zy/%, =p andQ, we also predict a number of not yet measured
states, mainly of negative parity.

2. Simulation setup

We use 224 x 48 gauge field configurations generated by the Europeandivdass Collab-
oration (ETMC). The fermion action N¥; = 2 Wilson twisted mass [7, 8] tuned to maximal twist,
where static-light mass differences are automaticallg) improved [9]. The gauge action is tree-
level Symanzik improved [10] witl8 = 3.9 corresponding to a lattice spaciag= 0.0793)fm
[11]. Atthe moment we have considered three different \sahfethe twisted masgg with corre-
sponding pion masses listed in Table 1. For details regartiese gauge field configurations we
refer to [12, 13].

In the valence sector we use light quarks, which have the saass as the sea quarks (corre-
sponding tau/d quarks), as well as partially quenched quarks with a mgss = 0.0220, which
is around the mass of the physicajuark [14, 15].

Hg mpsin MeV | number of gauge field configurations

0.0040 | 340(13) 200
0.0064 | 42316) 40
0.0100| 52520 30

Table 1: twisted massegly, corresponding pion massess and number of gauge field configurations
considered.

3. Static-light baryon creation operators
To create static-light baryons, we use operators

ﬁﬁwisted — sacha ((X b,(1) )Tcgrtwistedxc.(Z) > ’ (3_1)

whereQ is a static quark operator and™ are light quark operators in the so-called twisted basis.
The upper indicea, b andc are color indices? = yy» is the charge conjugation matrix af#std
is an appropriately chosen combinationyahatrices.
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When discussing quantum numbers of static-light barydms more convenient to first trans-
form the operators (3.1) into the physical basis, in whigythave the same structure, i.e.

ﬁPhysical _ sacha<(wb,(1))Tcgrphysicalwq(Z)). (3.2)

In the continuum the relation between the physical and thstéal basis is given by the twist
rotation ¢ = exp(iyT3w/2) X, where the twist angleo = 71/2 at maximal twist. At finite lattice
spacing, however, issues are more complicated: the twiatioa only holds for renormalized
operators and the QCD symmetries isospin and parity arécérpl broken byZ'(a). Nevertheless,
it is possible to unambiguously interpret states obtaimehfcorrelation functions of twisted basis
operators in terms of QCD quantum numbers. The method haessfally been applied in the
context of static-light mesons [16] and is explained in dléta kaons andD mesons in [17]. For
details regarding its application to static-light baryevesrefer to an upcoming publication [18].

Since there are no interactions involving the static qupiR,st is appropriate to label static-
light baryons by angular momentuinand parity &2 of the light degrees of freedom, which are
determined by Psical Consequentlyj = 1 states correspond to degenerate pairs of states with
total angular momenturd = 1/2 andJ = 3/2 respectively.

To access all possible isospin and strangeness combisati@nconsider light quark flavors
YD Y® = ud - du (corresponding td = 0, S=0), DY@ € {uu, dd, ud+ du} (correspond-
ingtol =1, S=0), yMy®@ e {us, ds} (corresponding td = 1/2, S= —1) andyD @ =ss
(corresponding td = 0, S= —2).

The operators we have considered and their associateduguamimbers are collected in Ta-
ble 2.

[physical || ;2 J | | S| name| | S |name|| | | S | name
v |ot| 12 [olo| A |1/2]-1] = |[x| x| X
wy || 0F | 12 oo AY [12|-1| = | x| x| x
1 o | 12 |o|lo| — |12]|-1| - |x|x]| x

o | 12 |l1/o| - |12|-1] - |[o]-2] -
vi | 1| 12321]|0|ms|12] -1 - [o]-2| o

wyi | 1| 1/2.32 1|0 5|12 -1 - [o]-2| o
vive |1 |1/2320lo| — |12|-1] - |x]| x| X
wvivs | 17| 1/2,32 10| - |12|-1] - |o|-2| -

Table 2: static-light baryon creation operators and their quantumlpers {Z’: angular momentum and
parity of the light degrees of freedord; total angular momentuni; isospin;S. strangeness); operators
marked with “X” are identically zero, i.e. do not exist.

4. Numerical results

We compute correlation matrices

Crun ) = (@oF==t)(o==0)) |, *1)



The spectrum of static-light baryons in twisted mass lat@CD Christian Wiese

We use several techniques to improve the signal qualititidiveg operator optimization by means
of APE and Gaussian smearing, the HYP2 static action antiastic propagators combined with
timeslice dilution. These techniques are very similar wsthused in a recent study of the static-
light meson spectrum [9, 19] and will be explained in detailli8].

From the correlation matrices (4.1) we extract effectivessea by solving a generalized eigen-
value problem (cf. e.g. [20] and references therein). Madses are obtained by fitting constants
to effective mass plateaus at sufficiently large temporphs#tions. To exemplify the quality of
our results, we show effective masses and corresponding fit&for the/\g and theQ, baryon in
Figure 1.
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Figure 1: effective masses and corresponding mass fits; Ilegiat Hg = 0.0040 from a 3x 3 correlation
matrix; right: Q" at tg = 0.0040 from a 3< 3 correlation matrix.

Static-light baryon masses diverge in the continuum libeGause of the infinite self energy of
the static quark. Therefore, we consider mass differercandther static-light system, the lightest
static-light meson (quantum numbej€ = (1/2)~, corresponding to th& and theB* meson,
which are degenerate in the static limit). In such mass diffees the self energies of the static
guarks exactly cancel.

We use our results at three different light quark massesTédfle 1) by extrapolating mass
differences linearly inmps)? to the physicali/d quark massrtps = 135MeV). Figure 2 (left)
shows this extrapolation for th&), theZy,/%; and theQ, .

Our results for the static-light baryon spectrum are ctdlédn Table 3. In Wilson twisted
mass lattice QCD isospin is explicitely broken Bya). Therefore, states with=# 0 and different
I, will have slightly different masses differing bi§(a?). Because of this, in Table 3 two values are
listed for such states. Note, however, that within statidterrors there is no difference between
any two such values, which is in agreement with the expettdtiat isospin breaking effects are
0 (a?) and, hence, should be rather small.

5. Interpolation in the heavy quark massand comparison to experimental data

To make predictions regarding the spectrunb baryons and to perform a meaningful compar-



The spectrum of static-light baryons in twisted mass lat@CD Christian Wiese

1000 — . . . 1000 . .
3 a0l T 3 gl
s 800, 1 s 800t . .
£ £ !
@ 600 1 @ 600 , |
T zf/%/?’/% T ?
\ | —
= 400} 1 = 400 t o .
g I Q —— g ' 2 /Zb*
© | b | 3] | , b b |
% 200 | 5y /5 % 200 | A

oL A ——i 0 experimental results——
135 340 423 525 0 0.35 1
(mps)? in MeV? me/mg

Figure2: left: linear extrapolation of static-light mass differesdn(mps)? to the physicali/d quark mass
corresponding tanps = 135MeV; right: linear interpolation between lattice stdtght and corresponding
experimental charm-light mass differencesify mg to the physicab quark mass correspondingre/m, =
0.35.

i | 1 | S | name | m(baryor) — m(B) in MeV
of| 0| 0| A 434(46)

1 1| 0|5 671(46)/63239)
o|o|o| - 1389113
1| 1]0]| - 100892)/101479)
ot [1/2]-1| = 630(41)/677(36)
1+ |12 -1| - 789(45) /798(49)
o |12 -1| - 1200(90) /1262 77)
1~ |1/2] -1| - 123358)/128569)
1|0 |—2| o 90342)

1= 0 |-2| - 131579)

Table 3: mass differences of static-light baryons and the lightesticslight meson extrapolated to the
physicalu/d quark mass.

ison with experimental data, we interpolate linearly/mg, wheremg is the heavy quark mass, to
the physical pointn./m, ~ m(D)/m(B) = 0.35. We do this by using our static-light lattice results
(cf. Table 3) corresponding tm./mg = 0 and rather precise experimental data for corresponding
charm-light systems correspondingrtg/mg = 1. In Figure 2 (right) we show the interpolation
for A9, 5/} andQ, .
In Table 4 we compare results of these interpolations witfegrmentally available data fdr

baryons. Our lattice results are around 15% larger thandhesponding experimental results, a
tendency, which has already been observed in our recent sfutie static-light meson spectrum
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[9, 19]. In view of this discrepancy it is interesting to coang with results obtained by other lattice
groups. When comparing mass differences in unitg,afe. dimensionless quantities, e.g. with [4],
we find agreement within statistical errors. Note, howethext the scale setting is rather different:
ro = 0.49fm in [4], while the corresponding ETMC valuerig= 0.42fm.

name| m(baryon —m(B) in MeV (lattice) | m(baryon —m(B) in MeV (experiment)
NS 429(30) 341(2) (from [21])

h 62928 5283) (from [21])

z 651(28) 550(3) (from [21])

= 635(25) 5133) (from [21])

Q 877(27) 7757)  (from [22])

Table 4: lattice predictions versus experimental results for méfésrdnces between variotlsbaryons and
the B meson.

For the negative parity states listed in Table 3 experimeatailts forb baryons do not exist.
There are also no lattice predictions for these states waveaee of. However, one can compare
with phenomenological models, e.g. with [23], for which dimels qualitative agreement.

6. Conclusions

We have studied the static-light baryon spectrum by mearsé; of 2 Wilson twisted mass
lattice QCD. We have considered three different valuesetiynamical quark mass corresponding
to 340MeV<mps<525MeV. We have performed an extrapolation in the light guaass to the
physicalu/d mass as well as an interpolation in the heavy quark mass fehiyscalb mass. Our
results agree within around 15% with currently availablpegimental results fop baryons.

Future plans regarding this project include increasingstagstical accuracy of our correlation
matrices to a level, where also excited states can reliablgxtracted. Moreover, we intend to
investigate the continuum limit, which amounts to consitfgrother finer values of the lattice
spacing. Finally we plan to perform similar computationsMn= 2+ 1+ 1 flavor gauge field
configurations currently produced by ETMC [24].
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