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Heavy-light mesons with quenched lattice NRQCD: Results on decay constants
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We present a quenched lattice calculation of heavy-light meson decay constants, using nonrelativistic
(NRQCD) heavy quarks in the mass region of thejuark and heavier, and clover-improved light quarks. The
NRQCD Hamiltonian and the heavy-light current include the corrections at first order in the expansion in the
inverse heavy quark mass. We study the dependence of the decay constants on the heavy mddorianass
light quarks with the tree levelcgy=1), as well as the tadpole-improved clover coefficient. We compare
decay constants from NRQCD with results from cloveg\(= 1) heavy quarks. Having calculated the current
renormalization constait, in one-loop perturbation theory, we demonstrate how the heavy mass dependence
of the pseudoscalar decay constant changes after renormalization. We quote a refuliréon NRQCD
including the full one-loop matching factors @ «/M). [S0556-282(97)00623-]

PACS numbgs): 12.38.Gc, 12.39.Hg, 13.20.He, 14.40.Nd

. INTRODUCTION M =Ag(1+ Ay /mg+Ag Im3+--). &)

A calculation of the decay constant of tBemesonfg, is
of interest for the determination of the unitarity triangle pa- Here,f denotes the pseudoscalar or vector decay constant
rametrizingC P violation in the standard model. The elementand M the mass of the corresponding heavy meson. Using
|V of the Cabibbo-Kobayashi-Maskaw@KM) matrix lattice QCD, these matrix elements can be calculated nonper-
can be determined from an experimental studpeB mix-  turbatively from first principles. Lattice calculations of
ing, usingfg as one of the input parameted]. It can be  Neavy-light decay constants have been performed using the

defined through the following matrix eleme(in Minkowski ~ "elativistic “naive” (see, e.g.[3]), or the clover-improved
space: (e.g.,[4]), Wilson action for the heavy quarks. A reinterpre-

tation of the naive relativistic action in the regiraeny,=1
ip,fe=(0lA,[B), (1)  has been proposed §]. In recent studiege.g.,[6-9)), this
suggestion has been implemented to various degrees. These
whereA,, is the heavy-light axial vector current. Similarly, Simulations have either used heavy quarks in the mass region

the vector decay constant can be defined through thef the charm, relying on extrapolations to thequark, or
relatiort gone at most up to masses aroundlihé.attice calculations

have also been done in the infinite mdsgtig limit (e.g.,
i€, fyMy=(0|V,|B*), (2)  Refs.[10-12). For a recent overview of the status of lattice
calculations see Ref13].
V,, being the heavy-light vector current. A practical tool for ~ Alternatively, heavy quarks can be simulated using non-
calculations involving hadrons containing one heavy quark igelativistic QCD (NRQCD) [14], an effective theory where
heavy quark effective theoffHQET) [2]. It exploits the fact the operators in the action and heavy-light currents are ex-
that in heavy-light systems, in the limit of infinite heavy Panded in a series in the bare inverse heavy quark mass
quark massmg, there is a spin-flavor symmetry between m§”. With this approach, one can study quarks in the whole
heavy quarks. Corrections due to finiteness of the heaviegion between thé quark and the static limit. The first
quark mass are included in an expansion img/ For the  calculation of heavy-light decay constants with NRQCD
decay constant one expects a heavy mass dependence of tAg&], and a following more extensive simulatifh6] used an
following kind: NRQCD action aD(1/m{”) for the heavy quark and a Wil-
son action for the light quark; however tI@(l/mg))) cor-
rections to the current operators were not included. A calcu-
*Associated wth the UKQCD Collaboration. lation using quenched configurations and Wilson light quarks
with this definitionfy=fg in the static limit. that includes the current corrections is introduced in Ref.
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[17]. The first report on a study of decay constants where thgalues ranging betweendlAnd/a, ay lies between~0.25

currents are also corrected thrOL@Kll/mg))), using Wilson and~0.15. The perturbative correction to this operator may

light quarks and dynamical configurations, is published inthus be roughly of order 20%. The heavy quark follows the

[18]. In the study described in this paper, we use an NRQCDBevolution equatio19]

action and currents as {18] but with quenched configura- N

tions and clover light quarks. _ ( 1- a_Ho) T( _aHo
In Sec. Il we explain the operators that we use in our ! 2n 4 2n

NRQCD Hamiltonian and heavy-light currents, the simula-

tion parameters and the interpolating operators for the meon the first time slice, and on the following time slices:

sons. The fitting procedure and results for energies and am- AT RT

plitudes are presented in Sec. lll. The analysis of the results 5 — ( 1— u) - H) (1-asH)G t>1.

follows in Sec. IV. After a brief discussion of the heavy-light o 2n 4 2n v

meson masses using tree-level-improverk, 1), and (13)

tjggﬂﬁt?S\r/(;vggr:;%gtr;e:?elodneség,e gg;r;;[gnttievsi?ﬁ ?erg-?etzil/)éllt- has been notef20] that this evolution equation introduces

improved light quarks and NRQCD heavy quarks with re-a" €ror in principle .ofO(aAéc,?/mg))) in the amplitude
sults using a clover action withey=1 also for the heavy since the operato$H is not applied on the first time slice.

quark. This is followed by a study of axial, vector, and spin- V€ estimated the actual size of the error by comparing it
averaged matrix elements with tree-level and tadpoleWith @ different evolution equation and found it to be
improved light clover quarks as a function of the heavy™3—4% for the bare lattice matrix eleméiatl] (using clo-
quark mass. We give results for the physical raftég/de. ver light quarks and dynamical configuration$his devia-

. N tion is of the order of the statistical errsee Sec. IV, so it
Using a renormalization consta#i, from one-loop pertur- @ ¥

bation th finall i lized axial matri will be ignored here.
ation theory, we finally present renormalized axial matnx—, he cajculation of decay constants to the desired order
elements, and quote our estimatefgf

in the 1ng> expansion, one has to also include the correc-
tions to the currents. At tree level, these can be obtained by
ll. SIMULATION DETAILS relating the heavy quark field in full QCIh, and the non-
We choose to work in a Pauli basis where the two-relativistic heavy quark field through an inverse Foldy-
component heavy quark spin@ and the antiquark spinor Wouth%ysen transformation on the heavy quark spinor. At
Q' decouplg/18]. Only the spinorQ is used in our simula- O(L/m{), one has
tions. The nonrelativistic Lagrangian which describes lthe

n

dz0, t=1, (10

quark is expanded througb(1/m{’) at the tree level: h=(1— iS<°>)( gf) (12)
£=Q"(Dy+Hgy+5H)Q, (4
where
where S
R o . 7D
A2 e B S0=—j ng). (13
HO——Z—mQ, 5H——W(Qm. (5)

We write the heavy-light currents in full QCD as
The gauge links are tadpole improved, — _
A,=qvysy,h, andV,=qy,h, (14

U,—U,lup, ug=(1/3 TiU ), 6 . : . : ,
p—Upllo, Up=( plaa) © q being the light quark field. In the following we consider

so the covariant derivatives act in the following way on aonly the time component of the axial vector current and the
Green functionG: spatial components of the vector current. In our simulations
the conventions for the matrices are

A,G(X)=[U,(x)G(x+ i) = UL (x—)G(x— 1)1/ (2up),

& 10 {0 g 01
) R ) “lo <) leig o) 51 o)
APG(x)=[U,(x)G(x+ 1) +UT(x— 1) G(x— i) J/ug (15)
—2G(x), (8  The current, corrected though(1/my’), takes the form
— 1(0) (1)
and J,=3,+3,", (16)
where the contributions to the currents are given b
A(Z):E ALZ)_ (9) g Yy
M 1 A
I=aiQ, I'=-is—5a6-DQ  (17)

We use the tree level coefficiesg=1 in Eq. (5). Using
tadpole-improvement, we expect that the perturbative contri-
butions to this coefficient do not become too large. §br  for the axial vector current and

(0)
2mQ
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TABLE I. Simulation details.

Run A Run B
Light quarks

Csw 1.0 1
rotated yes no
«k values 0.1432 0.1440 0.1370 0.1381
am, 0.386('%) 0.311("%) 0.4137(°3Y 0.2940("' 1)
am, 0.51("%) 0.47("3) 0.538("3) 0.463("9)
Kerit 0.145566) 0.139261)
K 0.1437("2)(my) 0.137585)(m), 0.137269)(my)
a~*(m,) 2.0(2) GeV[4] 1.994) GeV [25]

Heavy quarks
amy) 171 2.0 25 4.0 171 2.0 4.0 8.0
n 2 2 2 2 2 2 1 1

Configurations
Number 35+-time reversed 45-67

1 . (aAy=0.169 for our configurations and a\(1/a)=0.247,
J=-ialeoQ, IM=- WQI%TK&' DQ (18) e estimate these errors to bet% and~ 3%, respectively.

Q We use quenched gauge configurationsgat6.0 on
for the vector current, where we use the notatigpsfor the ~ 16°X<48 lattices, generated by the UKQCD Collaboration.
upper andgs, for the lower two components of the light The configurations were fixed to Coulomb gauge. In Table |
quark spinor. Other operators of the same mass dimensiofe list the ensemble sizes and the lattice spacings from light
and lattice symmetry mix under renormalization with the spectroscopy. Degenerate pion and rho masses, lattice spac-
Foldy-Wouthuysen operators. For the axial current, we disings, and results fok;; and kg are taken for run A from Ref.
cuss this further in Sec. IV C. A more general list of these[4], and for run B from Ref[25]. The heavy quark param-

operators can be found, e.g., in RE22] f';md[18]. _ eters for both runs are given in the same table. The variation

We also implement the heavy quark in the static approxiof the ensemble sizes in run B for differenindm{’ values
mation, which corresponds to the Lagrangian between 45 and 67 is due to limited computer time. One has
£=Q'D,Q. (19 to note that for quenched configurations ratios of physical

quantities generally differ from the corresponding ratios in
the real world. Thus the values one obtains for the lattice
spacing from different physical quantities are in general dif-
ferent. Averaging results from thePt 1S and 25—-1S
Gra1—UJG,=,0. (200  splitting of theY, one obtainsa™'=2.4(1) GeV at3=6.0
' [19]. Probably for heavy-light systems the appropriate lattice
Our light quark propagators were generated by the UKQCI®pacing is closer to the one determined from light hadron
Collaboration. These use a clover-improved Wilson formu-spectroscopy, and in the following we will use
lation [23]. In the following we will denote our simulation a~*=2.0(2) GeV to convert lattice results into physical
with the tree level clover coefficieint=1 as run A and the  units. This encompasses * from m, for both runs(see
simulation with tadpole-improved clover fermions, Table )) and also lattice spacings frof,. (see, e.9.[26,27))
csw=1/u3, with run B. Fork values and other details of the as well as from gluonic quantitig28] at 3=6.0. The heavy
light quarks see Table I. The light quarks in run A are rotatedjuark masseamg’)= 1.71, 2.0, 2.5 are in the region of the
[24]: quark. In our later simulatiofrun B) we choose one heavy
mass as high asm{)’= 8.0, because in run A with the heavi-
est mass being 4.0 we find it difficult to extrapolate to the
static limit. The valueamgo)=l.71 corresponds to thk
quark mass as determined frofif spectroscopy with
a 1=2.4(1) GeV[19,29. If one chooses the lattice spacing
from light spectroscopya™*=2 GeV, am{’=2.0 gives ap-
proximately the same dimensionfll quark mass as the
For the light quarks in run B we use the normalizationvalue am’=1.71 used in the Y simulations at
V1-6%. a~1=2.4 GeV. This ambiguity in fixing lattice bare quark
The clover improvement removes lattice spacing errors atnasses is typical of problems with the quenched approxima-
O(a), and we expect the remaining leading errors for lighttion.
quarks at zero momentum to b&(asaAqgcp) and At the source we use the following interpolating fields for
O(azAéCD). If we use forAqcp a value around 300 MeV the mesons:

The static heavy quark propagator follows the evolution
equation:

a
q(X)—>(1—§7-D>q(x),

a(x)—a(x)

a -
1+§y-D). (21)
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TABLE . Spin operators for mesonic states. the excited state smearing functidy, is the bare ground

1 3 state binding energy and, is related to the matrix element
S Sy as follows:
) o 1

! o Z, =——=(0]J,/B), 27)

L \/m< | kl > (
so that
2 QX)X = %)a(%a), (22 fM=v2Z, . (28)
1,22

where T'(%,—X,) factorizes into a smearing function To distinguish between the uncorrected current and the cur-

&(r=|%,—%,|) and one of the X 4 matrices in spinor space rgnt containing the first qrde_r correction in then@?) expan-
shown in Table II. We calculate heavy-light current matrix SIon, we will use the definitions

elements with the smearing functiah being either a delta

function or a ground or excited state hydrogenlike wave (fN)uncorrEi<o|J(O)|B> (29)
function [30] at the source and a delta function at the sink, N R

and meson correlators with all combinations of smearing

functions at source and sink. For the ground state, we use and

d(r)y=exp —rlry), (23

. (04 5(1)
fyM= (0](3+3.)|B). (30
and for the radially excited state, M

1\372 r The current corrections we denote as
d(r)=\5| |1=5—|exp(=r/(2ry)), (24)
2 2rg
5(f\/ﬁ)zi<o|(a<”|5> (31)
choosingar,=3. The smearing is applied on the heavy M kS

uark.
| Local meson operators, however, overlap considerably with
IIl. FITTING PROCEDURE excited states with the same quantum numbers. We therefore
smear the heavy quark field at the source. The amplitude of
In this section, the lattice spacirayis set to 1. On the the corresponding correlation function then contains also the
lattice, the decay constant can be extracted from the matrigensity Z5, which we determine separately from smeared-

element of the local currerd : smeared correlators. For sufficiently large times one has
M =(0|J,|B), (25) Cy—Ape B, AL =72, (32)
with k=5 for pseudoscalar ankl=1,2,3 for vector decay Cy —Aj e B A =77, . (33

constantsM denotes the meson mass. The correlation func-
tion of this current decays for sufficiently large times expo-We extract the matrix elemers, by fitting C,, and Cq;
nentially: simultaneously to a single exponential, using a bootstrap pro-
cedure as described jB81]. Z, is calculated as the correlated
CLi(t)—ZPe st (29 ratio Ay /AL

We are using the notatio@,¢ for the correlation functions,

where the indexr denotes the smearing function at the
source, and the indexthe smearing function at the sink. Fort,,i»<<5, no single exponential fit to boi;; andC;;
stands for a delta function, 1 for the ground state, and 2 fois possible. Aftett ;=5 the amplitude#\,; andA,, and the

A. Run A

TABLE Ill. Dependence of fit results from run A amg’):4.0 on the fit interval. All quantities are in

lattice units.
xk=0.1432 k=0.1440
tmin/tmax Esim All AlL Esim All AlL
5/25 0.5166) 211(12) 2.3710) 0.4976) 20211 2.1511
6/25 0.51%5) 21011 2.379) 0.4957) 197(13) 2.11(13
7/25 0.5146) 210(13) 2.3414) 0.4938) 19412 2.0514)
8/25 0.5147) 209(15) 2.3017) 0.4917) 191(13) 2.0015)
9/25 0.5187) 210015 2.2819 0.491(8) 18913 1.9716)

10/25 0.5115) 209(14) 2.2618) 0.4897) 185(14) 1.91(17)
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ground-state energy still decrease slightly, unjl is moved

TABLE 1V. Fit results for A;; and A; from run A. The columns on the left indicate the operators

included in the currents.

A. ALI KHAN et al.

xk=0.1432 k=0.1440
Cu m&) A1 AL A Al
JO 1.71 2079) 2.1311) 1978) 1.91(11)
2.0 2068) 2.1710) 195(14) 1.96(15)
25 2127) 2.3310) 19315) 2.0317)
4.0 21612) 2.5917) 199(14) 2.2719
static 2226) 3.4911) 219110) 3.2914)
IO+ 3 1.71 20216) 1.669) 18818 1.4819)
2.0 20813) 1.81(10) 189(15) 1.5811)
25 21G11) 1.9912) 188(15) 1.71(13)
4.0 21G15) 2.24819) 18913 1.97(16)
IO 1.71 21%20) 2.0218) 208(16) 1.8315)
2.0 2167 2.1009) 201(9) 1.8710)
25 2189) 2.2413) 202(5) 1.98110)
4.0 22624) 2.60(10) 20908) 2.2915)

dard deviation with the results fitted with just one exponen-

out to 9. The dependence of results on the fit interval idial [31]. The plateau of the static correlation functions sets

shown formg))=4.0 in Table Ill. Forx=0.1440 the de-
crease may be by more tharr.1We use a fit interval
Emin/tmax=9/25 for all k and heavy mass values. Given that
the statistics are poor, we have to discard the smallest eigeﬁl—
values of the covariance matrix in the singular value decom
position (SVD) algorithm. The fit results for the amplitudes
from run A are shown in Table IV. With our limited statis-
tics, our bootstrap procedure generates certain ensembles
which multiexponential fits to two correlators fail, but with

the original ensemble of correlation functions we can do a

in aroundt,,;,=3 and persists for about 10 time slices, which
indicates that our ground-state smearing functions work well
for the static case. NRQCD and static effective amplitudes
re compared in Fig.)1
We determine the ratio of the axial current correction to
the uncorrected axial current from a fit of the bootstrap ratio
of the correlators 0f0]J{”|B) and(0]JY|B) to a constant.
é‘ﬁ fitt?ng interval we choosd i /thax=9/25. Results are
given in Table V.

simultaneous fit ofC;; and C,,_ to two exponentials. This B.Run B

gives a value for the ground-state energy which tends to be a The correlators from run B are slightly noisier, as shown
little higher, but in general still compatible within one stan- in the examples in Fig. 2. Also here we discard the lowest
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eigenvalues of the covariance matrix in our SVD inversionsextract the decay constant using the larger fitting range.
For k=0.1370, we choosg,,,=6, for k=0.1381,t,,=5. However, this variation of the result with the fit range indi-
The upper end of the fitting window is, famg’)zljl, 2.0, cates that there is a fitting uncertainty B;,, and A4, , as-
and 4.0, set td,,,=20, since for larger times the signal sociated with the choice of the fitting range, which could be
disappears. Fomg))=8.0, the signal disappears earlier, sofor mg’)= 1.71, 2.0, and 4.0 about twice as large as the boot-
we choose foik=0.1370,t,,=18 and fork=0.1381,t,.x  strap errors. This propagates into a fitting uncertainty of

=15. The goodness-of-fit valu@ of the fits is generally low

<20 for the pseudoscalar matrix elements, and-&— 3¢

(Q=0.1). The fit results for the amplitudes with and without for the vector matrix elemer{for chirally extrapolated light

the current corrections are shown in Table VI.

At m)=1.71, 2.0, and 4.0, the,, correlation functions
from run B have aftert=14 (k=0.1370) or t=12
(k=0.1381) a wiggle of-1¢. If we choose ,,,, for the fits
include this wiggle, we obtain a highe®
(~0.3—-0.4), but the results fdEg;,, andA;, are up to~20

not to

quarks it is in both cases 1¢). In the tables and figures, we

give pure bootstrap errors on the results from run B. We will
include the fitting uncertainty where we quote our final re-
sults for decay constaniSec. IV Q. Note that the fitting

uncertainty for the static case and
estimated in a similar way since the signal from the cor-

9—=8.0 cannot be

smaller than the values listed in Table VI. We choose tarelator disappears much earlier.

TABLE V. Fit results for the ratio of the current correction to the uncorrected matrix element, in lattice
units. 8(fyYM)y has not been calculated directly in run A.

Run A Run B

k=0.1432 k=0.1440 k=0.1370 xk=0.1381
mg |8(f VM) ps/ (VM) FE]
1.71 0.19646) 0.19845) 0.13727) 0.14387)
2.0 0.16962) 0.17134) 0.1215%5) 0.12396)
2.5 0.137%3) 0.13894)
4.0 0.0880013) 0.088634) 0.06561198) 0.06723)
8.0 0.0033683) 0.0344711)
my |5(F M)y /(F M)
1.71 0.045%®2) 0.04683)
2.0 0.0403217) 0.041@3)
4.0 0.02178) 0.02237)
8.0 0.011183) 0.011513)
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TABLE VI. Fit results for binding energie#\;; andA,, from run B. The column on the left indicates the
operators contributing to the currents. All quantities are in lattice units.

k=0.1370 xk=0.1381
Cu mS’) Esim A A Esim A A
J0 1.71 0.5244)  205(7) 2.0477) 0.5035 2097 1.999)
2.0 0.5294)  205(6) 2.127) 0.5036)  2088) 2.0209)
4.0 0.5405)  2037) 2.3210) 0.5166)  2135) 2.258)
8.0 0.5406)  204(9) 2.5413) 0.5118)  204(7) 2.3911)
static 0.5406) 22005 2.998) 0.5177) 2139 2.769)
IO+ 1.71 0.52%4)  2127) 1.846) 0.5035)  2106) 1.727)
2.0 0.5294)  214(7) 1.946) 0.5036) 2088 1.767)
4.0 0.5415) 2185) 2.238) 0.5166)  2136) 2.18)
8.0 0.5428)  2188) 2.628) 0.5138)  211(8) 2.3711)
JO 1.71 0.5465)  2188) 2.028) 0.5267)  2153) 1.959)
2.0 0.5485  2186) 2.1077) 0.5197) 21405 1.938)
4.0 0.5526)  217(7) 2.3510) 0.5247)  21505) 2.198)
8.0 0.5506)  2196) 2.6210) 0.51810) 21603 2.499)
IO+ g 1.71 0.5444)  22005) 2.146) 0.5226)  216(7) 2.008)
2.0 0.5464) 220(3) 2.21(5) 0.5196)  214(7) 2.028)
4.0 0.5505)  220(6) 2.469) 0.5287)  2164) 2.298)
8.0 0.5476)  221(5) 2.678) 0.5188) 21603 2.5%9)
In a similar way to run A, the plateau in the static corre- Ay =M—Egpm, (34)

lation functions from run B sets in slightly earlier and is
clearly shorter than for the NRQCD correlators. Fer which depends on the renormalized heavy quark mass and
=0.1370 we use the fit intervd},,/tna=3/10 and fork  the zero point of the nonrelativistic heavy quark enelgy
=0.1381, ty,in/tna=3/9. Effective amplitude plots are
shown in Fig. 3. Ay =Zmm3 —Eo. (35)

We also determine the ratio of the current corrections to
the uncorrected current from the bootstrap ratio of theirZm is the heavy quark mass renormalization constant. The
smeared-local correlators. For the ratiosxat0.1370 we Meson mass can be determined nonperturbatively from the
choose the same fit intervals as described in the previou&tio of finitt momentum and zero momentum correlation
paragraph for the correlation functions. The results arégnct|ons[32]. The dispersion relation of the heavy meson is
shown in Table V. The ratios at=0.1381 plateau later than 9iven by
the correlation functions, thus we usg,=6 instead of 5.

Esim(ﬁ)_Esim(O): \/ﬁ +M“—=M. (36)

IV. RESULTS We use the nonrelativistic expansion of this,

We seta=1 in this section, except in Sec. IV C. 5

. L
Esim(p) - Esim(o) + oM’ (37)

A. Binding energies and meson masses

In NRQCD, the heavy-light meson mass differs from thewhere M is the meson mass we want to determine. In this
exponential falloff of the meson correlatoE;,,, by the study the errors on the finite momentum correlators are

mass shift rather large and we resort to different methods to calculate
35— L 300 (———— 1
3 static ] i static J

3.0 _— —_ 250 _— —_

3 [s8 M@ { 13 0 :

R 1 R { 1 FIG. 3. Static effective amplitudes from run B
25— — 200 — — at k=0.1370.
2.0 L | | 150 L I |

10 0 5 10

(=)
o
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TABLE VII. Bare ground state energies from run A and run B TABLE IX. Decay matrix element$y/M in lattice units from
at the strange and the chirally extrapolated light quark mass, imun A.

lattice units.
m§) k=0.1432  k=0.1440 Krit (M)
Keri KM
‘ o (f VW)EE"
Run A Run B Run A Run B 1.71 0.2098) 0.1938) 0.16018  0.1997)
my Esim(PS) 2.0 0.2148) 0.1989) 0.16119  0.2059)
171 0.43719) 0.48012 0.4896) 0.5133) 25 0.2267) 0.20610)  0.172) 0.2149)
2.0 0.43711) 0.47513) 0.4916) 0.5154) 4.0 0.24911) 0.227113)  0.193) 0.23512)
25 0.43912 0.49647) o 0.3327) 0.3159) 0.28119)  0.3217)
4.0 0.44615) 0.48916) 0.4996) 0.5284) m® (fF VM) ps
8.0 0.48216) 0.5276) 1.71  0.16%7) 0.1538) 0.12821)  0.1576)
o 0.461(15 0.5116) 2.0 0.1787) 0.1648) 0.13217)  0.1687)
my Esim(V) 25 0.19%7) 0.1769) 0.13§19  0.18398)
171 0.464195) 0.49815) 0.5096) 0.5324) 4.0 0.22713) 0.20211)  0.16326)  0.20911)
2.0 0.46312) 0.48913) 0.5106) 0.5324) m® (f M) uncort
25 0.4649) 0.5126) 1.71  0.19%10) 0.1809) 0.152) 0.1868)
4.0 0.47812) 0.50515) 0.5156) 0.5394) 2.0 0.2027) 0.1867) 0.15516)  0.1927)
8.0 0.48817) 0.5326) 25 0.215%9) 0.1978) 0.16113)  0.2048)
m{ Esim 4.0 0.2448) 0.22411)  0.18517)  0.23310)
1.71 0.45714) 0.49310) 0.5046) 0.5283) m) (FYM)y
2.0 0.45612) 0.48613) 0.5056) 0.5274) 171 0.22%9) 0.2059) 0.171200  0.2129)
25 0.4519) 0.5086) 2.0 0.2268) 0.2109) 0.17719)  0.2168)
4.0 0.46213 0.50113) 0.51%6) 0.5363) 25 0.2318) 0.21611)  0.17624)  0.22410)
8.0 0.48718) 0.5305) 4.0 0.25611) 0.23413)  0.19124)  0.24212)
m&) fyM

171 0.19%9) 0.1838) 0.15318) 0.1897)
2.0 0.205%6) 0.1897) 0.15814) 0.1956)
25 0.21%8) 0.1997) 0.16311) 0.2048)
4.0 0.245%8) 0.22511) 0.18518) 0.23310)

the meson mass. The shift can also be determined perturba
tively [33], or nonperturbatively from the mass shifiy,
(defined analogous tAy, ) in heavy-heavy systems:

Apn=244 . (38)

, 0)_ lower than the corresponding values from run B. This differ-

In run B, the mass shifts fany’=1.71 and 2.0 are taken gnce corresponds te 4o In the chirally extrapolated case
from the heavy-heavy results in R¢L.9], the shift form$’  error bars are larger and the difference between the two runs
=4.0 is from a heavy-heavy simulation which was part of gmounts to 2—&. We expeci\, to entirely depend on the
this project. Formg’)=8.0 we use perturbation theory since heavy quark parametef81], thus the difference irEg,
we expect the discretization errors in heavy-heavy NRQCDranslates directly into a difference in the meson mass. The
for such Iargemg’) to be large. The determination of the values forAy, used in run B and the corresponding meson
binding energies and the meson masses from run A is dignasses with chirally extrapolated light quarks are given in
cussed in Ref[31]. Table VIII. We note that the pseudoscalar and spin averaged

As shown in Table VII, atk.; the pseudoscalar binding masses from run B seem to be enhanced by at least as much
energies from run A are-10% lower than from run B, the as the vector meson masses, which means that the enhance-
vector Eg,, are ~5% lower and the spin averagd?j?q, ment of the clover term by tadpole improvement does not
~6-8% lower. Atxg, all the binding energies are4—5% increase the hyperfine splitting by an amount greater than the

statistical error. We came to the same conclusion when we

TABLE VIII. Mass shifts used to calculate the meson masses iréxtracted the hyperfine splitting from the ratio of tf and
run B, and chirally extrapolated meson masses using these shiftsSp correlators(see Refs[31,34)). Presumably the tadpole
The error on the perturbative shift @y’ = 8.0 is an estimate of the
contributions from higher orders in perturbation theory, obtained by TABLE X. Current corrections to the decay matrix elements
squaring the one-loop contributionsEg andZ,,. All numbers are  from run A, in lattice units.
in lattice units.

x=0.1432 «=0.1440 Kerit Ks(Mk)
(0) A M
m,
9 e e mg)’ 8(f\M)ps
171 1.7810) 2.21(11) 171 —0.0412(16) —0.0383(17) —0.033(4) —0.0394(14)
2.0 2.029) 2.50(10) 2.0 —0.0364(13) —0.0340(15) —0.029(3) —0.0349(14)
4.0 4.075) 4.567) 2.5 —0.0312(10) —0.0287(14) —0.024(4) —0.0297(13)

8.0 7.6316) 8.11(18) 40 -0.0219(9) —0.0202(11) —0.017(2) —0.0208(11)
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TABLE XI. The staticfyM from run A for various fit intervals,

_JIF g in lattice units.
0.3 = —
r T tmin tmax «=0.1432 «=0.1440 Kerit Ks
% H R 3/10 0.33%6) 0.3196) 0.2938) 0.3245)
g i N 4/10 0.3347) 0.31717) 0.2859) 0.3237)
£ 02r n 5/10 0.3339)  0.3149)  0.28215 0.3229)
L | 6/10 0.33710 0.31913 0.294) 0.32611)
- 4 7/10 0.34313 0.32413) 0.293) 0.331(14)
0.1 |— 1 | | —
0.0 o5 Lo s 1. fyM from run A

1/M, Decay matrix elements in lattice units from run A, for the
. . . _ pseudoscalar, vector, and spin averaged cases, are shown in
FIG. 4. Unrenormalized matrix element$\M)ps in lattice  Table IX. To obtain an estimate of the physical matrix ele-
units with NRQCD heavy quarks from run feircles and with  ments and to be able to compare with other methods, we
tree-level clover heavy quarkdiamond$ [4,36] at k= 0.1440. The chirally extrapolate in the light quark mass g, and inter-
cross denotes the static point from run A. The lines are Correlatiﬁolate to the strange light quark mass<at These extrapo-
fits; the errors on the extrapolations to infinite mass are for clarit lations should however be used with some caution. because
slightly shn‘tec_j from the origin. The arrow denotes the posmon ofWe only have twox values for the light fermions. For com-
theB; meson in this plotthe light quark mass at=0.1440is close parison, we also list results which do not include the correc-
to the strange quark mass : ' uncorr
tions to the current, denoted ak\(M)"“"°®" The current cor-

. . _ . .___._rections from run A are given in Table X. On the same set of
improvement of the light fermion affects the discretization

in the kineti d th : i onfigurations, the matrix elements have been calculated us-
errors in the kinetic energy and the spin-magnetic energy o g clover heavy quarkscky=1) by the UKQCD Collabo-

the heavy ququ by the same fractlonal' amount. 'Smce th?ation [4,36]. Thus we are able to make a direct comparison
kinetic energy is much larger than the spin-magnetic energyanveen NRQCD and clover heavy quarks. Figure 4 shows
thg spin—independen} part &L, receives the larger absolute (f\VM)ps as a function of the inverse pseudoscalar meson
shift due to tadpole improvement. massMpg, both for clover and NRQCQwith the current
correction includegheavy quarks. Note that for the mesons

B. Bare lattice decay matrix elements with clover heavy quarks we UMZ, the “dynamical” me-
son mass determined from the dispersion relation of the
. e i eavy mesofi36]. The NRQCD results from run A can be fit
matrix elements. Renormalization constants will be deal 0 a linear function in the inverse mass: a possible quadratic
with in Sec. IV C. dependence of these results on the heavy mass cannot be

Th_e 1.M corrections in NRQCD can be separ_ated N0 e50lved. The bare lattice matrix elements from both types of
contributions of the kinetic and magnetic operator in the La'heavy quarks agree in ttg region within errors. This is not
grangian and the correction to the local current: :

necessarily true for the renormalized matrix elements. Renor-
Gun  20yGpyp  duGeor/6 malization decreases (M) ps from NRQCD in theB region
fyM=(fyM)” 1+ VR Pt M ) by ~10%, as detailed in Sec. IV C, whereas the current
(39) renormalization constants have not been calculated for clover
quarks with large mass.

Neither of the results presented in Fig. 4 extrapolates in
The notation is chosen to be consistent with Rg8&,18.  the infinite mass limit to the static simulation result. Our
For the axial currentd,,;=3 and for the vector currently, static point agrees with UKQCD using differefdacobj
=—1. With (f M) we denote the static matrix element. smearing[4], and it appears that there is no sizable excited

In this section we discuss the bare, unrenormalized lattic

s 0300~ -1 . 030 { ] FIG. 5. Dependence of the static matrix ele-
E 1 ‘?i r E 1 ment from run A, in lattice units, on the fit inter-
1 I ) val. On the left, k=0.1440, on the right,
I K= Kt -
0.25 — — 0.25 — 1 —
| Ll |
2 4 6 8 2 4 6 8
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I

FIG. 6. Unrenormalized decay matrix ele-
ments from run A, in lattice units. On the left,
pseudoscalatburstg and vector(pluseg matrix
elements without the current correction included.
On the right, pseudoscaldcircles, and vector
(squaresdecay constants with the current correc-
tions. The diamonds on the right denote the spin-
averaged case. The lines are correlated fits in-
cluding the static pointcross; «=0.1440.

VM

(im) uncorr

0.0 0.2 0.4 0.0 0.2 0.4
1/hﬁl’s 1/MPS

state contamination which could artificially enhance thewhich follows from Eq.(39) with the appropriate values for
static result(see Table XI and Fig.)5 Instead, the reason d,,. We find (fVM)ps in the B region to be much lower,
seems to be that the quality of the results from run A doesround 50%, than in the static case. The current correction
not allow us to predict the slope at infinite quark mass corgives a contribution of relative size 22% in tBeregion. The
rectly. In NRQCD calculations which include larger massesspin averaged matrix element, defined as
and better ensembles the results do extrapolate to the static

point. This is detailed in the discussion of run B in this paper W: 1[“\/—) +3(FYM)y]
(see Fig. 7and in Refs[18,21]. In these studies we find that PS v
in the region of theB there is a quadratic contribution to the

slope off /M. We do however obtain good quadratic fits of is also shown in Fig. 6. It can be calculated from the uncor-
the results from run A if we include the static point into the rected matrix elements, since the current correction drops out
fit. In Fig. 6 we show the NRQCD and static decay matrixafter spin averaginfsee Eq(39)]. With the current correc-
elements from run A ak=0.1440 with a correlated fit to a tions included, the quadratic fit of the pseudoscalar matrix
quadratic function in the inverse meson mass that includeslement givesQ=0.58, of the vector matrix element
the static point. For the results without inclusion of the cur-Q=0.95, and the spin average@=0.93.

rent corrections, at the left in Fig. 6, we figg= 0.94 for the

pseudoscalar an@=0.96 for the vector matrix element. The 2. fyM from run B

vector matrix element is smaller than the pseudoscalar ma-
trix element. On the right, we plot the matrix elements with
the correction to the current. The current correction to
(f M)y has not been simulated in run A, but we estimatedg
the corrected vector currefisee Table IX using the axial
vector current corrections in Table 1X and the relation

(41)

The results forf M from run B are given in Table XII. In

Fig. 7 we show the pseudoscalar, vector, and spin-averaged
ecay matrix element from run B with correlated fits of the
are simulation results to a quadratic function in the inverse
pseudoscalar meson mass. The results of these fits for the
pseudoscalar matrix elements for both lightvalues are

S(f f\M) )ps shown in Table XlII. Within errors, the infinite mass limit of
S(FYM)y=— 3 el fM)WCoT (400  the NRQCD matrix elements are in agreement with the static
(FYM)BS simulation result. We find the relative slopefafM to be of
I : 0'03 _l_ T T T T T T T T I T ]_
0.30 ] r 7
] 0.02 —
% 0.25 ’—_ E i .
1 % 0.01 L :
0.20 r ]
| | - 0.00 i -:
0.0 O 2 0.4 | 1 1 1 1 | 1 1 1 1 l 1 |_
1/Mpg 0.0 0.2 0.4

1/Mpg

FIG. 7. Unrenormalized decay matrix elements from run B at
x=0.1370 plotted against the inverse pseudoscalar meson mass. FIG. 8. Unrenormalized current corrections from run B, in lat-
Circles denotef(N)ps, squares{y/M)y, and diamonds the spin- tice units, atx=0.1370, plotted against the inverse pseudoscalar
averaged matrix element. Lines denote correlated fits; we indicateneson mass. Circles denote&(f\/ﬁ)ps, and square§(fN)v.
the error bar on the extrapolation of the pseudoscalar matrix elefhe lines denote correlated fits |of( f N)| to a quadratic function
ment to infinite mass. The static poittross is slightly shifted in 1/Mpg. Where not shown, error bars are smaller than the sym-
from the origin for clarity. All quantities are in lattice units. bols.
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TABLE XIl. Decay matrix elements from run B, in lattice units. TABLE XIV. Current corrections to the decay matrix elements
from run B, in lattice units.
k=0.1370 k=0.1381 Kerit k(M)
mg)) (f\/ﬁ)‘;“g“’” 0 xk=0.1370 x=0.1381 Kerit Ks(Mk)
1.71 0.2125) 0.2016) 0.18814)  0.2064) m&) S(FVM)ps
2.0 0.2195) 0.2034) 0.187112  0.2113) 1.71 —0.0291(7) -—0.0287(9) —0.028(2) —0.0289(5)
4.0 0.2428) 0.2256) 0.20615  0.2334) 2.0 -—0.0265(6) —0.0252(6) —0.0238(16) —0.0258(4)
8.0 0.2629) 0.2438) 0.22318)  0.2526) 40 -0.0159(5) —0.0151(4) —0.0143(10) —0.0155(3)
® 0.2936) 0.2747) 0.25415  0.2835) 8.0 —0.0088(3) —0.0084(3) —0.0079(6) —0.0086(2)
mg (F\W)ps ) (1),
1.71 0.1864) 0.1735) 0.15812) 0.1793) 171 0.00922) 0.00914) 0.0899) 0.0913)
2.0 0.1964) 0.1784) 0.1589) 0.1863) 2.0  0.008%2) 0.00792) 0.0735) 0.081614)
4.0 0.2376) 0.21Q6) 0.18614) 0.2214) 4.0 0.0051819) 0.00485%13) 0.0454) 0.049811)
8.0 0.2617) 0.2379) 0.21117) 0.2485) 8.0 0.0029%7) 0.0027710) 0.0262) 0.02847)
mg)) (fN ti/ncorr
1.71 0.2025) 0.1949) 0.18518) 0.1985) A L .
20 0.2105) 0.1926) 017412  0.2012) tribution of the kinetic energy té/M [18]:
4.0 0.2369) 0.2176) 0.19716) 0.2265) —= . Giin
8.0 0.2616) 0.24Q9) 0.21819)  0.2506) fyM=(fyM)*| 1+ YElk (42)
mgy) (FVM)y
1.71 0.2185) 0.1986) 0.18116)  0.2054) We fit the spin-averaged matrix elements from run A and run
2.0 0.22@5) 0.20Q7) 0.17914  0.2104) B, including also the static point, to a quadratic function in
4.0 0.2448) 0.2247) 0.20616)  0.2355) 1/Mpg. Results in lattice units for the strange and the
8.0 0.2668) 0.2438) 0.21917)  0.2546) chirally extrapolated light quark mass can be found in Table
m{ N XVI. Figure 9 showsf M at « from both runs. For run B,
1.71 0.2075) 0.1915) 0.17512) 0.1994) Gyin Is found to be~ 20 smaller than for run A. However it
2.0 0.2145) 0.1956) 0.17412)  0.2044) has to be noted here that the fits include 5 points and thus
4.0 0.2417) 0.2227) 0.20413)  0.2314) there are only 2 degrees of freedom. For a definite conclu-
8.0 0.2657) 0.24710) 021718  0.2536) sion it would be necessary to include more simulation results

at heavy quark masses. Moreover, things are expected to
change after inclusion of renormalization constants. We ex-
the order of 2.5 GeV. The error on the slope is, howeverP€ct the heavy mass dependence for each run to change after
large (see Table XII), because of our small ensemble Size,renormall_za'uon in a dlfferer_n way. In _partlcular, it appears
and the number of degrees of freedom for these fits is lowthat rotating the light quark in run A with the-D operator
Our results from a simulation using dynamical configurationdtroduces an additional, heavy mass dependent, contribution
with higher statistic§21] indicate that the slope actually gets [0 Za @ndZy in perturbation theory.
smaller with decreasing light quark mass. Renormalization
decreases the NRQCD decay matrix elements relative to the 3. (FM)es/ (FVM)y
bare onegsee Sec. IV ( but their infinite mass limit is still We can also study the behavior of the ratios of axial and
in agreement with thérenormalized static matrix elements. vector matrix elements in the heavy quark limit. The ratio of

The lattice matrix elements for the current corrections are
given separately in Table XIV. To study their behavior in the 0.35
infinite mass limit, we perform correlated fits 6{f VM) ps
and &(f M)y, as functions in the inverse pseudoscalar me-
son mass. Fits to a linear function ha@e<1, but fits to a 0.30
quadratic function work well. The results are presented in
Table XV. We find that the infinite mass limit of our results
is in a reasonable agreement with zero. In Fig. 8, the axial
and vector current corrections far=0.1370 are shown.

From the heavy mass dependence of the spin average of 0.20
the matrix elements, we can, using E§9), extract the con-

p -

‘% 0.25
Z

|>||I||||||||y|||||

TABLE XIII. Results of correlated fits of f{yM)ps in lattice 0.15 !
units from run B to the functiom, +a,/Mpg+az/M3s. 0.0 0'12/M 04
PS
K al a2 /al a3 /al ) ) )
FIG. 9. Spin averaged decay matrix elements, unrenormalized,
0.1370 0.3®) -1.2(4) 1.61.5 in lattice units, atxg, plotted against the inverse pseudoscalar me-
0.1381 0.283) —1.47) 2.62.9 son mass. Squares are results from run A, and circles, from run B.

Lines denote correlated fits to all the points including the static.
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TABLE XV. Result of correlated fits of the current corrections TABLE XVI. Results for Gy, from correlated fits of(\/ﬁ) to
from run B to the functiora; +a, /Mpg+ aSIM,%S. All quantities  a quadratic function in Mpg, in lattice units.
are in lattice units.

Run A Run B
a a az
Ks -1.6(2) —1.05(15)
K 8(fVM)ps K —2.0(5) ~1.2(5)
0.1370 —0.0016(13) 0.09(L1) —-0.10(4)
0.1381 —0.0016(14) 0.08@4) —-0.09(4)
K S(F M)y ratio of the current corrections to the uncorrected current
0.1370 —0.0016(13) 0.09(111) —0.10(4) [18] (see Table XIX. From Eg.(39) it follows that
0.1381 -0. . -0.
0.0004(5) 0.0265) 0.033(15) | o 2m8)5(fN)ps
Gcorr: lim p(mQ )= lim W. (45)
the matrix elements without the current correction should mgbw mgb“ i

give an estimate for the contribution of the spin-magneti

. (0) . . .
interaction in the Hamiltonian t6/M in Eq. (39) [18]: We fit p(mg°) from run A to a linear function in Mps and

find Go,=—0.7395). If we include all values foip from
(f\/ﬁ)unco” 8G run B in a linear fit, we obtain a bad fitQ=0.01). The
PS 14 —2Nve (43) situation improves with a quadratic fi)=0.16), but we
(/M) uncorr M obtain a better result from a linear fit, omitting the point at
m{’=4.0 from the fit. This giveQ=0.44, and forG s, we
For the slope of the ratio of the matrix elements with theobtain—0.5703(16). Both fits are shown in Fig. 11. In sum-

uncorn—

current correction one expects mary, we find each of the three differentvL/corrections to
fyM, as well as the totalcompare Tables IX and XII, and
(fyM)pg . 8Ghypt 2Gcor/3 s Tables X and X1V, in run A to be larger than in run B.
= 1+ . 44
(FVM)y M 4.t /s,

The correlated ratios of axial and vector matrix elements The ratiofg_/fg can be used for an extraction of the ratio
from both runs are listed in Table XVII. The ratios can for of CKM matrix element$V,s/V,4| [1]. HQET predicts that it
both runs be fit to a linear function inMljbs, as shown in is up to correctionsO(ms—mgy)/mg independent of the
Fig. 10. The fit results are presented in Table XVIII. As heavy quark mass. The renormalization constants are ex-
expected, we find the extrapolation to the infinite mass limitpected to be very weakly dependent on the light quark mass.
to be in good agreement with one. We also perform fits withWe approximate the physical ratf@sl de with the ratio of
the value of the ratio fixed to one at infinite mass. In some&he unrenormalized lattice matrix elements:
cases these fits are slightly worémee Table XVII); how-

ever, the slopes from both fit methods agree with each other. fs. (fVM)g
We find the slope of the uncorrected ratio and t@ig, to be f—sz —, (46)
slightly larger for run A than for run B, but the difference is By (fN)Bd

not statistically significant. We note that the uncorrected ra-

tios are independent of the ||ght quark mass, which we a|s®|0te that the renormalization constants used in the fOIIOWing
found for theB*-B hyperfine splittingg31]. The absolute subsection assume massless light quarks. The results for
value of the slope of the rati turns also out to be larger in s /fs, are listed in Table XX. As expected, they are within
run A than in run B. Since the sign of the combination errors independent of the heavy quark mass. We find that the
8Ghypt 2Gcon/3 is Opposite tdGy,,, this means that the cur- ratio is larger for run A, although not significantly. This dis-
rent correction in run A is considerably larger than in run B.agreement might be a reflection of the different discretization
Another, more precise, way to determi®,,, is from the effects in both runs.

1.0 1.0
N L FIG. 10. Ratio of unrenormalized axial and
vector matrix elements at= ¢ from run A (left)

and run B(right). Bursts refer to results without

L ] the current correction included, squares to results
. 1 with the current correction. The lines denote cor-

related fits to the ratios.

(IVM)ps/ (1VM)y
1)
©
(tVM)ps/ (VM)
IS
©

e
@
©
]
I
[

P R B B
0.0 0.2 0.4 0.0 0.2 0.4
1/Mpg 1/Mps
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TABLE XVII. Ratio of axial and vector matrix elements from

run A and run B, in lattice units.
%E’. Run A
< «k=0.1432  «=0.1440 Kt Ks
\i; mg)) (f\/—)uncorr/(f\/m)tjlncorr
%& 1.71 1.075) 1.075) 1.0718) 1.074)
Z 2.0 1.064) 1.074) 1.0914  1.073)
5 2.5 1.053) 1.053) 1.0520)  1.053)
£ 4.0 1.023) 1.025) 1.0218)  1.024)
T mg) (FVM)ps/ (FYM)y
1.71 0.743) 0.743) 0.7513 0.742)
2.0 0.782) 0.773) 0.7614) 0.782)
0.0 0'12/M 0.4 25  082616)  0.823) 08012  0.822)
s 4.0 0.874) 0.864) 0.8619)  0.864)
FIG. 11. Ratios of unrenormalized current correction &tk Run B
plotted as a function of the inverse heavy meson mass. Squares x=0.1370  «=0.1381 Kerit Ks
denote results from run A, circles results from run B; the lines arédMq (f\/_)uncon/(f‘/—)uncorr
correlated fits to the function; +a,/Mps. 171 1.0%2) 1.0455) 1.0312)  1.043)
2.0 1.04116) 1.05719) 1.085) 1.04912)
C. Renormalized matrix elements 4.0 1.02819) 1.03618) 1.055) 1.03213
The results presented in the previous subsection are at treed.0 1.00218) 1.01017) 1.025) 1.00613)
level, i.e., they do not include the renormalization constantsny’ (FVM)ps/(FYM)y
which are required to match between the matrix elements in 1.71 0.8712) 0.8714) 0.899) 0.872)
the effective theory on the lattice and the matrix elements in 2.0 0.89014) 0.88717) 0.894) 0.88911)
full QCD in the continuum. 4.0 0.95114) 0.933) 0.908) 0.942)
In NRQCD, the operators that contribute to the heavy- 8.0 0.9839) 0.97415) 0.964) 0.9789)

light current mix under renormalization. The matrix elements:
of the bare NRQCD current operators on the latflfg, the
renormalized NRQCD current operatald),, and the heavy- function renormalization in the continuum, tlig denote the
light current in full QCDJqcp, are thus related by vertex renormalizations on the lattice, aqg, and C, the
heavy and the light wave-function renormalization on the
1 lattice, respectivelya is calculated using the two-loop for-
{Joeor = 2 77'<J “> 2 77'2 Zij <‘]'a‘ @7 mula for ay, [38]. We assume a reasonable choice for the
scale foray lies betweerg* = 1/a andq* = w/a. The con-
At O(1/m{’), three operators contribute to the axial vectortribution of the rotation to the heavy-light vertex with
current: NRQCD heavy quarks has not been calculated, so we cannot
include the renormalization constants to run A. The renor-
malized matrix elements for run B have been calculated us-
ing Bj, ¢ andCq from Ref.[37], andC, from Ref.[39].
The results for chirally extrapolated and strange light quark
@i 1 <. masses are given in Table XXI. Our renormalized matrix
latt | anD'UQ' (48 elements include arO(aa) discretization correction to
? (&), The origin of this correction and its relation to Eq.
J2) does not contribute at tree level. Although we did not
simulate J&), we know its matrix element exactly, since  TABLE XVIIl. Results from correlated fits of the ratio of axial
translation invariance implies that at zero momentumand vector decay matrix elements, in lattice units, to the function

1
0)_ ot 1)_ TR
Jl(at)t_qSAQr Jfatl— -1 20 d;0-DQ,
Q

<J|(§t% :<J|(a1t% ) a;+a,/Mpg. k=kg. R is the ratio of the uncorrected matrix
Expanding the renormalization constants and Zij elementsR has the current corrections included.
throughO(«), Eq.(47) becomes
ghO(a), Eq. (47) Run A Run B
<AOQCD>: 1+a| Bo—{oo— {10~ (CQ+Cq) }(‘Jlatt & & Q & a Q
RUnCOI‘l’
1 0.968) 0.2519) 0.97 0.99818 0.137) 0.69
+ 1+a(Bl—{01—§11—§(CQ+Cq) } RIS 1 (fixed) 0.165 092 1(fixed  0.123) 0.86
R
+la(By— Log— L12) 1(IE). (49) 1.0(5) —~055(13) 0.74 1.0111) -0.33(5) 0.93

1(fixed) —0.56(3) 0.90 Ifixed) —0.27(2) 0.42

The coefficientsB; originate from the vertex and wave-
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TABLE XIX. Ratio |8(fyM)ps/(fM)4E" of the axial cur- TABLE XXI. Renormalizeda®?(f M) ps from run B at strange

rent correction to the uncorrected matrix element, in lattice units, aand chirally extrapolated light quark masses.

the chirally extrapolated and the strange quark mass.

Kerit Ks
Run A Run B amy agt=1 agqt=m ag*=1 ag* =
m® K= Ko K= ke K= Ko K= ke 171 014814  0.15214) 0.1644)  0.1694)
171 0203016 0.19783) 0.149418) 0.14035) i -g g-ij_ﬁg 8-1222 g-iggg g-géfj
20 01747100 0.17073) 0.126515) 0.12273) o0 014119 017216 01678 01955
25  014108)  0.13833) % 014611  0.18612  0.1634)  0.2084)
40  00898810) 0.08843) 0.06887)  0.0664217)
8.0 0.03583)  0.034096)

g* is 5%, which can be used as an estimate of the uncer-
) ] ) o tainty from higher orders in perturbation theory. Another es-
(49) will be discussed in future publicatiod87,40,43. In  timate of this uncertaintys,, can be obtained from the re-
Fig. 12 we compare the renormalized(f\M)ps for both  |5tion a?8,=(ab;)?, wheres; is the one-loop contribution.
values ofg* with the unrenormalized matrix element. After Renormalization” decreases the decay constantgforbe-
renormalization, the slope for large masses is remarkablyyeens/a and 14 by 4—11% from the bare value. Squaring
smaller than before. Faq* =1, it is within errors in agree- s yields a contribution of up te-1% from higher orders.
ment with zero. Fomq* =, theM dependence of the ma- The numerical errors on the integrals in the perturbative cal-
trix elements is approximately linear, and we estimate thejation are estimated to be2—-3% and propagate to the
relative slopgthe slope divided by the value at infinite MRSS fing| result after being multiplied by.. Another source of
to be around—-1 GeV, roughly in agreement with previous gqor are higher order contributions in therdy) expansion.
calculations; e.g., in Ref$4,6,7] the relative slope is of the Calculations that include also th@(1/(m{®)?) corrections
order of ~—1 GeV. Since the results at heavy masses Var)f41—4:§ indicate that thed (1/(m(®)2 Q ¢ . .
considerably depending o*, we do not want to make a indicate that thé (1/{mg°)") curren corrections in
more quantitative statement about the slope here. the region of theB contr|pute~3—4%. Adding this to the
0)—20, the point in our errors from the perturbative calculation, we quote a system-
7 atic error of 9% of the average from baifi on our results in

For fg, we use the result &m
simulation whose mass is closest to the acBiaheson(see Eq. (50), which is represented by the third error bar. For the

Table VIll): unrenormalized matrix elements, the third error bar consists
q*=1/a: f3=0.17828)(27)(16) GeV, only of theO(l/(mg’))z) correction. The largest errors on our
results onfg come therefore from the statistical and fitting
fg,=0.2038)(30)(17) GeV, error, which is magnified due to chiral extrapolation, and the
uncertainty ina. Note that at theB, the error from the un-
q*=mla: f3=0.18730)(29)(16) GeV, certainty ing* is much smaller than for the higher masses.
The quenching error is partly reflected in the error we quote
fBS=O_21:{8)(32)(17) GeV. (50  for the lattice spacing. Preliminary estimates of the effect of
This is to be compared with the tree level resulg 0.3 — . —
=0.195(22)(2%(7) GeV, andfg =0.2298)(35)(8). The @ N
first error bar is the statistical error, inflated by a factor of 2 B 7
to take the fitting uncertainty of-1o (see Sec. Il B into i 1
account. Forfg, the statistical error gets in addition enlarged 0.95 B |
due to the chiral extrapolation. The second error bar stems S 9 |
from the uncertainty in the determinationaf The third one g L i
consists of the estimated error of the perturbative calculation = L i) |
and due to neglected orders in théMllexpansion, and was S -3 |
determined as follows: The uncertainty from the choice of R I 1 -
TABLE XX. Ratios of decay constants_/fg_. L ¢ ¢ d
L 3 i
m(? Run A Run B i oo b f ]
015 | | | | [ | | | [
o e 1 o ez o
25 1.3212) 1/(aMes)
4.0 1.25%25) 1.188) FIG. 12. Matrix elementga®?(f \M)ps from run B atx,. The
8.0 1.179) circles denote unrenormalized matrix elements; the squares denote
static 1.136) 1.106) renormalized results usin@g* =1, and the diamonds, using

aq*=m.
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TABLE XXII. Comparison of results orig from various lattice
calculations.

fg [GeV]
This work 0.18843)
APE [9] 0.18032)
Fermilab[6] 0.15635)
JLQCD[8] 0.16316)
Ishikawaet al. [42] 0.20220)2
MILC [7] 0.153("12
UKQCD [4] 0.160("33)

&The error estimate is preliminary; only the statistical error is

quoted here.

dynamical fermions can be found in Refg,21]. In Table
XXII we list results onfg from other recent lattice calcula-
tions. The errors we list in the table are obtained by addin
the statistical and systematical errors given by the autho
and taking the square root of the resiMhen statistical and

systematical uncertainties are carefully estimated, the erro

in these simulations are in the range-efl5—20%. Within
this uncertainty, the results in Table XXII are in agreemen
with each other.

For the static matrix element from run B we obtain

q* =1/a: f5=0.18014)(27)(50) GeV,
q* =mla: f5=0.22915)(34)(50) GeV, (51

while the bare result ia®?(f /M)*=0.254(15). An estimate
of ag*=2.18 has been given in Rdi44] for static heavy

A. ALI KHAN et al.

V. SUMMARY AND CONCLUSIONS

We report on a study of quenched heavy-light decay con-
stants with nonrelativistic heavy quarks in a mass range
around theb quark and heavier. Both the NRQCD Lagrang-
ian and heavy-light current are correct thro@l(nl/mg’)).

We performed two simulations, one uses clover light quarks
with tree-level clover coefficienfrun A), the other uses
tadpole-improved light quark§un B).

We investigated the M behavior of the unrenormalized
decay matrix elementsyM, M being the heavy-light meson
mass. In the mass region of tlBemeson, the correction to
the static limit is large(for run A ~50%, for run B
~35-409%, before renormalization constants are included.
We disentangle the various M/ corrections to the decay
constants, and compare their size between run A and run B.
The differences are small for the contributions of the hyper-
fine and kinetic term in the action, but sizable for the current

g:orrection matrix element, at least at tree level. AtBheve
ﬁnd for the bare axial matrix element a difference of 18%

1-20) for chirally extrapolated light quarks and 1002—

o) for strange light quarks. We expect this difference to be
tpartly caused by a reduction of ti&(«a) errors in run B
due to tadpole improvement. The fact that we use a rotation
with a derivative operator in run A and a normalization with
J1—6%x in run B also introduces a difference in the discreti-
zation effects between the two runs.

We comparef M using NRQCD with results using clo-
ver (csw=1) heavy quarks generated by UKQCD. Renor-
malization constants are not included. In the region oflthe
quark both methods agree within errors. However, they be-
have quite differently at large masses, such that the clover

and Wilson light quarks. In the static case the one-loop contesults cannot be made to extrapolate to the static limit.

tribution toZ, is larger than for NRQCD around thequark
mass, thus also the variation witff is larger(24%). Here,

We calculated the renormalization constadj for
NRQCD in one-loop perturbation theory, taking into account

the dominant error appears to originate from higher orders ithe mixing between the current operators. We present renor-

perturbation theory.

malized pseudoscalar decay constants, and a valuégfor

For the static matrix element, the renormalization constantfom NRQCD where all the matching factors through

has been calculated also for rotated clover fermiaits37;
however theO(«a) discretization correction has not been

O(a/M) are included. The bare matrix elements show a
larger slope in W than the results from calculations with

determined for this case. Without this discretization correctelativistic heavy quarks, but the heavy mass dependence of

tion, we obtain for the stati€g from run A
g*=1/a: a¥4(f\yM)*=0.15410)
fr=0.19012)(21) GeV,
q* =mla: a¥¥(f\M)*=0.20214)
f5=0.24917)(27) GeV, (52

compared to the bare reswdf’?(f\M)*=0.281(19). Note
also that the result in Eq52) is not tadpole improved.

the renormalized matrix elementsM is much milder than
before renormalization.
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