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1. Introduction

A systematic way to studg andBs mesons from first principles is lattice QCD. Sirarg, > 1
at currently available lattice spacings for large volunmewgations, one way to proceed is to use for
theb quark a formalism such as Heavy Quark Effective Theory (HREthis paper we consider
the leading order of HQET, which is just the static limit. hist limit a “B meson” will be the
“hydrogen atom” of QCD. States are either labeledlfy= (L +£1/2)”, whereL denotes orbital
angular momentumi-1/2 the coupling of the light quark spin an@ parity, or byS= (1/2)~,
P.=(1/2)*, P, =(3/2)", D_ =(3/2)7, ... In the static limit these states will be doubly de-
generate, since there is no interaction with the heavy gsirk i.e. the total spin for gived” is
F” =37 +1/2.

The spectrum of static-light mesons has been studied cdrapsesely by lattice methods in
the quenched approximation with a rather coarse latticeisgdl]. More refined lattice studies
with N¢ = 2 flavors of dynamical sea quarks have also explored thigrsmed2, 3, 4, 5, 6]. Here
we also usé\; = 2 and are able to reach lighter sea-quark masses, whichceer ¢b the physical
u/d quark mass allowing more reliable extrapolations.

2. Static-light meson creation operators

In the continuum an operator creating a static-light mesiimwell defined quantum numbers
J? is given by

= Q(x /d Arv U (X;x+ rA)g(x+rh). (2.1)

(5 creates an infinitely heavy antiquarkdh denotes an integration over the unit sphéfes a
spatlal parallel transporter, agdcreates a light quark separated by a distarfcem the antiquark.
r@”) is an appropriate combination of spherical harmonicsyanthtrices yielding a well defined
total angular momenturd and parity%?. The meson creation operators we use in this paper are
listed in Table 1.

7 FZ rO7) (x) On lattice 7
/2~ [§ | 0,17 ¥5 . VY A | (1/2)7,(7/2),...
(1/2t [P] | OF,1" 1, yjx AL | (/2T (7/2)T,...
(3/2)t  [Py] | 17,2" yiX1 — yoX2 (and cyclic) E | (3/2)*,(5/2)",...
(3/2)~ [D_] | 17,27 | s(yaxa — X)) (and cyclic)| E | (3/2)7,(5/2),...
(5/2)~ [Dy] | 27,3 YiXoX3 + VoXaX1 + YaX1Xo Ay | (5/2)7,(7/2),...
(5/2)t  [F_] | 2%,3" | w(yaxeXs+ Yoxaxs + yaXxaxe) | Az | (5/2)1,(7/2)F,...

Table 1: static-light meson creation operators.

When constructing lattice versions of the operators (g has to replace the integration
over the unit sphere by a discrete sum over lattice sites fixi#élul distance from the static anti-
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quark. Ford = 1/2 andJ = 3/2 we use six lattice sites, i.e.

o9 (x) = Q) D@ (6x -+ rA)(x+ 1), (22)
n=+8& Té&,+8&

and forJ = 5/2 we use eight lattice sites, i.e.

o9 (x) = Q(x) FO7) AU (X + rA)Y(x +rf). (2.3)
n=+8& Te+8&

The spatial parallel transportddsin (2.2) are straight paths of links, while in (2.3) we useafghnal
links”, which are averages over the six possible paths ar@ucube projected back to SU(3). The
states created by these lattice meson creation operatarstdorm irreducible representations of
the rotation group S@), but representations of its cubic subgroup. O herefore, these states
have no well defined total angular momentdm They are linear superpositions of an infinite
number of total angular momentum eigenstates. The commtatiom of the corresponding O
representations together with their angular momentumectratre also listed in Table 1. Note that
we do not consider Prepresentation3; andT,, because these representations yield correlation
functions, which are numerically identical to those obedifrom the operators listed.

3. Simulation setup

We use 22 x 48 gauge configurations produced by the European Twisted Kaliaboration
(ETMC). The fermion action i®&; = 2 Wilson twisted mass [7, 8, 9] and the gauge action is tree-
level Symanzik improved [10] witl8 = 3.9 corresponding to a lattice spaciag= 0.08555)fm.

We consider five different values of the twisted mpaggcf. Table 2). Tuning to maximal twist has
been performed at the lightegy value yieldingk,r = 0.160856 and “pion masses” in the range
300MeV<mps<600MeV. For details regarding this setup we refer to [11,132,

Hg mpsin MeV | number of gauge configurations

0.0040| 314(2) 1400
0.0064| 391(1) 1450
0.0085| 4481) 1350
0.0100| 485(1) 350
0.0150| 597(2) 500

Table 2: uq values and corresponding pion masses.

4. The static-light meson spectrum

We determine the static-light meson spectrum from@correlation matrices. These matrices
are built from trial states, which are generated by opesdteam Table 1 belonging to a fixed, O
representation. Due to parity breaking discretizatioorsrof the Wilson twisted mass formulation
we use states wit? = + and states witl¥? = — in the same correlation matrix.
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To reduce statistical noise and to simplify quark smeanvguse stochastic propagators ob-
tained by inverting four random spin diluted timeslice s®s per gauge configuration [13]. We
use the HYP2 static action [14, 15] and apply Gaussian sngefitb, 17] to the dynamical quark
operators with APE smeared spatial links [18]. For det&tgarding the construction and the com-
putation of these correlation matrices we refer to [19].

Static-light meson masses are determined both by solvingnarglized eigenvalue problem
and computing effective masses, and by fitting a suitablatarsf exponentials to the correla-
tion matrices. Results obtained from both approaches argistent. Note that static-light meson
masses diverge in the continuum limit due to the self enefghe static quark. Therefore, we
always consider mass differences of static light mesonsrevtiis self energy exactly cancels, and
which are physically meaningful in the continuum limit. Medifferences between various states
and the lightest static-light mesod{ = (1/2)~ ground state) are shown in Figure 1 as functions

of (mps)z.

linear extrapolation to physical quark masses
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Figure 1: static-light mass differences linearly extrapolated ®ufd quark mass and thequark mass.

We extrapolate linearly ifimps)? to the physicali/d quark massrtes = 135MeV) as well
as to the physica quark mass (taken here ass= 700 MeV). Note that we consider the unitary
sector in both cases, where valence quarks and sea quarstaeesame mass. This implies for
thes quark extrapolation a sea of two degenesitestead of a sea af andd. We plan to improve
these computations by usindgs = 2+ 1+ 1 flavor gauge configurations currently produced by
ETMC [20]. Results are shown in Figure 1 and Table 3 togethi#r the corresponding?/dof
indicating that a straight line is a suitable ansatz.

Performing a similau/d extrapolation for thé> wave mass difference yields
m(P;) —m(P-) = 140(22) MeV, i.e. the(1/2)" state is lighter than th€3/2)" state as is usually
expected. We see evidence for a reversal of this level arglas the light-quark mass increases ob-
taining a differencen(P-) — m(P,.) = 98(33) MeV at the strange quark mass. It will be interesting
to check this in the continuum limit.
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u/d quark extrapolation] squark extrapolation:

J7 m(J?) —m(S)inMeV | m(J?)—m(S)in MeV | x?/dof
(1/2)~* [S] 678(40) 994(90) 101
(1/2)* [P_] 354(23) 574(38) 0.20
(3/2)* [Py] 495(11) 47320 2.05
(3/2)~ D] 807(27) 885(48) 0.04
(5/2)~ [D4] 876(28) 874(55) 281
(5/2)* [F-] 115439) 123267) 0.72

Table 3: static-light mass differences linearly extrapolated ®upd quark mass and thequark mass.

5. Predictionsfor B and Bs meson masses

0’) in MeV
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To make predictions regarding the spectrunBandBs mesons, we interpolate between our
static-light lattice results and experimental data forrofed mesons [21]. To this end we assume
a linear dependence iryhg, wheremg is the mass of the heavy quark. ResultsRavaveB and
Bs states are shown in Figure 2 and Table 4. Note that the lifegdd by ‘S(J” = (1/2)7)" in
Figure 2 together with the experimental values BSrand B; (the triangles intersected by these
lines) indicate that straight lines are suited for integtioh.
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Figure 2: static-light mass differences linearly interpolated teeavyb quark.a) B mesonsb) Bs mesons.
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In Table 4 we compare our lattice results to experimentah @atilable forP wave B and
Bs mesons [21, 22, 23, 24, 25]. The lattice results Bostates are larger by around 15% than
their experimental counterparts, while there is signifilabetter agreement fd8s mesons. For a
conclusive comparison it will be necessary to investightedontinuum limit, which amounts to
considering other values for the lattice spacing.

m—m(F? =07) in MeV m—m(F? =07) in MeV
state| lattice | PDG* CDF Co state| lattice PDG CDF Co
By | 40022) - - By | 507(27) - -
Bi | 41622) 1 - - By | 57227) 7 - -
B: | 5138) | 4198) | 4555) | 441(4) | By | 47814) | 486(16) | 4631) -
B; | 524(8) ] 4596) | 4684) | B, | 512(14) 1 473(3) | 473(3)

Table 4: lattice and experimental results fBwaveB andBs states {; J¥ unknown).

In Figure 2b we also plot theK andB*K threshold (406 MeV and 452 MeV respectively). Our
P waveB;s results indicate that the corresponding decays are em@atjeallowed. Consequently,
one can expect that these states have a rather large widthacedhto e.g. certain excitdds
mesons.

6. Conclusions

We have studied the static-light meson spectrum by meam ef 2 Wilson twisted mass
lattice QCD. We have considered five different values of tyeathical quark mass corresponding
to 300 MeV<mps<600MeV. We have performed an extrapolation in the light guaass to the
physicalu/d mass and mass respectively, as well as an interpolation in the heaaykgmass to
the physicab mass. Our results agree withiiil5% with currently available experimental results
for P waveB andB;s states.

Future plans regarding this project include an investigatf the continuum limit, which
amounts to considering other values for the lattice spadifgreover, we plan to perform similar
computations orNy = 2+ 1+ 1 flavor gauge configurations currently produced by ETMC. In
particular, this will allow us to include a sea ofandd in Bs computations. We also intend to
determine the static-light decay constafgsand fg..
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