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1. Light-quark propagator estimation

To enhance the signals of our static-light correlators, sean improved estimate of the light-
qguark propagator from any point within half of the latticeany point in the other half. This
so-called “domain decomposition improvement” was outliaed tested in Ref[][1] and amounts
to a variant of the “maximal variance reduction” approd¢h Y¥e present the basics of the method
here.

Decomposing the lattice into two distinct domains, the fditac matrix can be written in

terms of submatrices
Mi1 M
M — 11 M12 7 (1.1)
Ma21 Ma2

whereM;; andMa, connect sites within a region amh, andM,4 connect sites from the different
regions. We can also write the propagator in this form:

MLiop_ (PP} (1.2)
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The propagator between regions 1 and 2 is then estimategiNsandom source(", n=1,..,N):
P2 = —My;'M1oPss
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Note that no sources are needed in region 1 and those in r@gibould reach region 1 with one
application ofM. SinceM is usually a sparse matrix, this greatly reduces the nunfbattice sites
which the random sources coveér.

In the following, we use the chirally improved (CI) latticérBc operator[[3] foM.

2. Static-light correlators

Using different “wavefunctions” for the light-quark soerand sink, we construct the follow-
ing matrix of correlators:
> , (2.1)

Gij(t) = (0](QO; ) (401 Q)o|0)
— — _ _ |J'
Q0;a=QO(r,B) (B?) S(K,Nsmj) a, (2.2)

A= =
_ < L 5 |‘!)U4 (x+k4) 0P, 3,0
X k=
wherex is in one domain angl+t4 is in the other.
1Even for the case of a non-sparse lattice Dirac operatorr{@ver low-mode-subtracted), one may separate (or
“dilute”) the sources into, for example, those close to tberfdlary and those further away: e.gj = Xg_t:tbound+

We use bilinears of the form:

n
X27 >1hound”
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oper. JP o(r',D)
S 0,1 V5

P ot,1" YiViDi
Py 17,2 yiD1—yDs

D. 17,27,3° y(D?-Dj)

Table 1: Static-light meson operators.

3 . I1 I Nsm1 Nsm2
NExNr a(fm) Mgpsea linksmear Ncont (I; Ij, Nema Nama ?

18x24 0.20 o Hyp 200 (99,%,%.02
16°x32 0.15 o Hyp 100 (99,%33.0.2)
16x32 0.16 450MeV  Stout 40 (99,9%%3,0.2)

Table 2: Parameters for the configurations and quark source smearing

where$; is a gauge-covariant (Jacobi) smearing function and weydppt O, 1, or 2 Laplacians.
We also include the local source to obtain:a4lcorrelator matrix for each set of quantum numbers,
determined b)D(F,B) (see Tabld]1). The parameters used for smearing the ligitkegources
and the details of the configurations we Uyge [4] are given i€l

3. Mass splittings

Once we have our correlator matrices, we apply the variatiorethod [[p] and solve the gen-
eralized eigenvalue problem

ZCij('[) V}(:)\k(t,to)zcij(to) V}(. (3.1)
J J

The eigenvalues behave as
AK(t,to) D e ™k [14 O(e tAM)] | (3.2)

whereAMy is the difference to the state closest in masMto To help stabilize the matrix diag-
onalization, we check that our correlator matrices areandlsymmetric (within errors) and then
symmetrize them before solving the eigenvalue problem@Viaelesky decomposition). Although
in principle one should work at the largest possible valul,ofre find a negligibldg-dependence

in the eigenvalues and effective masses (and their jaaklanibrs) over the region where it is still
possible to inver€(ty). So we present results whegga = 1.

In Fig. [l we show some of the effective masses which resuih floe 16 x 32 quenched
configurations. Figurf] 2 displays the effective masses ffedynamical configurations. In each
figure appear th&, P_-, P, -, andD_-waves from left to right, respectively. The horizontaldin
represenM =+ gy, fit values for the corresponding time ranges.

Figure[B displays the mass differendés- Mison the 16 x 32 quenched lattice as a function
of the light-quark mass. The green crossemgt= ms andmy = 0 are the experimental masses
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Figure 1: Effective masses for the static-light mesons on the quehcbefigurationsam, = 0.08,a~! ~
1330 MeV,L = 2.4 fm. The horizontal lines represavit+ oy fit values for the corresponding time ranges.

Figure2: Effective masses for the static-light mesons on the dynalranfigurationsimg ~ ms, a1~1230
MeV, M sear 450 MeV,L ~ 2.5 fm. The horizontal lines represevtt oy fit values for the corresponding
time ranges.

for B; andBj (differenced from B/IB?S) /44 Mg /4), respectively, taken from the PD@ [6]. The
black symbols atny = ms are the results from the dynamical lattice. The symbols hiagesame
meaning as the colored ones for the quenched case.

4. Discussion

In Table[B we report ouBs meson mass splittings in physical units for the three lkesticon-
sidered. One can see here that tRe-11S splitting is too small when compared with experiment
(as opposed to they — O case, where it appears too high; see fig. 3). Also, witfstittl errors
of ~ 10 MeV, the P, — 1P_ splitting is not resolved, except on the coarser quenchtéddawhere
it is ~ 40 MeV. We plan to study this further with a finer quencheddatand higher statistics for
the dynamical lattice. We would also like to try to includ% effects by interpolating between
our results i, = ) and the experimental results fbg mesons (se¢]7)).

It will also be interesting to watch thes2- 1S splitting (holding thus far- 650— 700 MeV for
my ~ ms; see also[]1]) as we proceed to higher statistics and finazdatpacing.

It is important to keep in mind the possibly additional sysatic error introduced by setting
the scale of our lattices (we usg= 0.5 fm). A smaller valueri ~ 0.45— 0.5 fm; see, e.g.[]8])
would enhance our mass splittings.
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Figure 3: Mass splittings 1 — Mss) in MeV as a function of the quark mass for the’1632 lattices. The
black points atns represent the results from the dynamical lattice. The spuare folP_ results, diamonds
are forP,, circles are for 3, and bursts are for[l.. The greenx’s are the experimental masses BTE)J
(differenced from 8, /4+ Mg /4) from the PDG [B.

state M — M1s (MeV)
Mrsea=® Mpsea=o Mgsea~450MeV PDG Ei]
a~0.20fm a~0.15fm a~0.16 fm
2S 684(14) 640(11) 699(10)(5,) -
1P_ 385(7) 393(8) 407(13) 453(15)
2P 995(20) 918(29) 930(100) -
1P, 422(4)(f(7’) 391(7) 421(12) 453(15)
2P, 967(17) 925(27) 1017(53) -
1D, 730(12) 755(14) 842(53) -
2D,  1210(30) - - -

Table 3: Our static-light meson mass splittingsrag = ms. Numbers in the first set of parentheses are
statistical errors. The second set (if present) representihanges in the error bounds when shifting to
another seemingly good fit range (for the dynami@state, this is accompanied by an increase in the basis

from the first 3 operators to the full 4).
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