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Decay constants with Wilson fermions at8=6.0
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We present results of a high statistics studyf of fx, fp, fDS, andfy?! in the quenched approximation
using Wilson fermions a8=6.0 on 32x64 lattices. We find that the various sources of systematic eftaes
to setting the quark masses, renormalization constant, and lattice acal@ow larger than the statistical
errors. Our best estimates, without extrapolation to the continuum limitf arel34(4) MeV, fx=1593)
MeV, fp=2297) MeV, fp =260(4) MeV, andf\jl(mp):O.Siil), where only statistical errors have been
shown. We discuss the extrapolation to the continuum limit by combining our data with those from other
collaborations[S0556-282(196)04913-2

PACS numbes): 13.25-k, 12.38.Gc

I. INTRODUCTION quark masses is discussed in Sec. VI, and our best esti-
mates at3=6.0 are summarized in Sec. IX. In Sec. X we
Phenomenologicallyf,, fp , fg, and fz are essential compare our data with those from other collaborations
S S

ingredients needed to determine the less well known elelGF11[4], JLQCD[5], and APE[6]; the MILC data pre-

ments of the Cabibbo-Kobayashi-Maskawa mixing matrix.s'e.med "WJ are preliminary and, there_fore, not included in
As these heavy-light decay constants are at best very poorg"s ana]ys_lbs a_nd extrapolate the combined Qata o the con-
measured, there has been a large effort by many lattic nuum limit. Finally, we present our conclusions in Sec. XI.
groups to estimate them from numerical simulations. Decay
constants are among the most precise quantities that one can
calculate on the lattice and a recent review has been pre- The details of the 170 3% 64 gauge lattices used in this
sented by Alltor{1]. In this paper we present results oy, ~ analysis are given ifi3]. We refer the interested reader to it
fi, f/f, o, fo/f., fp., fp /fp, and vector decay con- for further details of the signal in the two-point correlation
e Ao functions and on the extraction of the spectrum. In this paper

stantf ! from simulations done on 170 3264 quenched ) . )

lattices atB=6.0 using Wilson fermions. We emphasize that /& concentrate on the ana_ly5|s pf. systematic errors in decay
extrapolations to the continuum limit, incorporating resultsﬁ]—ofitr‘;mfm ?/SZS or(#af: d mWItrt]hefereI?]grmtgltiazat?ounag(onsTaarizes
from other collaborations, are not very reliable as the com-, L "2 s c .
bined data do not show an unambig)l/Jous patterrO6h) Z, andZ,,, and the extrapolation to physical masses and the

. continuum limit.
corrections.

Preliminary results from a subset of 100 lattices were pre- To calculate decay constants we used the Wuppertal
sented in Ref[2]. The raw lattice results have not changedsource quark propagators at five values of guark mass given

significantly since then; however, we now present a mor by x=0.135 (C), 0.153 §), 0.155(Uy), 0.1558(U,), and

detailed analysis of the systematic errors. We estimate t:g(_):Lnsseﬁf(Un?;Slhzegs%q%aggS gggregfgngrfg Zgiulij/lzs\?alraers;r)li_—

uncertainty in the results due to extrapolation of the IattmetiveI where we have used d£2.33 GeV for the lattice
data to physical values of the quark masses, the renormalizE— Y ’

tion constants for the lattice currents, and the extraction o cale. We construct two types of correlation functions,

. ' ; ; meared-locall's;) and smeared-smearéflsg functions,
the lattice scale. We find that these various systematic errofs, .\~ cor51bsih)ed in different ways tce)( eSxSt)ract the decay
are now much larger than the statistical errors. Finite siz

Zonstants as discussed below. The three light quarks allow us

errs, fpreset. re smalle nan he st or, O cuvapolate e cta 10 the physical sospin synmetrc
9 ght quark massn, while theC andS « values are selected

evaluate the renormalization constants for the axial vectO{0 be close to the physical charm and strange quark masses.
and vector currents.

; . . The physical value of strange quark lies betw&andU ,,
The det_alls (.)f the Iattlce_s and the calculation of th_e SPECANd we use these two points to interpolate to it. In most cases
trum are given in a companion paféi. In Sec. Il we briefly

summarize the lattice parameters, and in Sec. Ill we describg. find that extrapolation ten can be done using the six

Combinations of light quarks&),U,, U;U,, U;U3, U,U
. . 1Y 1 12, 1¥ 3 2% 2
e ltice methodology and e constency checks mace ¥, andsus. For beviy we il Bt i comtina
types of fits and interpolating operators. The choice of renor- by {U;U;} and the three degenerate caseqbyU;}.
malization constants for the axial vector and vector currents

L . . . "lll. LATTICE METHOD FOR CALCULATING  fp AND f
Z, andZ,, is discussed in Sec. IV, the lattice scale in Sec. P v
V, and the quark masses in Sec. VI. In Sec. VII we compare The lattice definition of the pseudoscalar decay constant
the data with predictions of quenched chiral perturbationf,, using the convention that the experimental value is
theory. The extrapolation of the data to physical values off _=131 MeV, is[8]

Il. LATTICE PARAMETERS
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TABLE |. Data, in lattice units, for the pseudoscalar decay constanfor the six different ways of
combining the SL and SS correlators described in the text. The renormalization scheme used to generate this
data is TAD1 as described in Table V, and the meson mass used in the analysis is taken to be the pole mass.

B B f5 fo B i
ChCh 0.1982) 0.1983) 0.19712) 0.19712) 0.1913) 0.1913)
Chst 0.1292) 0.1292) 0.1292) 0.1282) 0.1292) 0.1282)
Chu, 0.1152) 0.1162) 0.1162) 0.1152) 0.1162) 0.1152)
Chu, 0.1102) 0.1103) 0.1112) 0.1102) 0.1112) 0.11Q2)
ChU, 0.1073) 0.1083) 0.1092) 0.1082) 0.1092) 0.1082)
StSt 0.0931) 0.0931) 0.0931) 0.0931) 0.0942) 0.0932)
Sty 0.0841) 0.0841) 0.0851) 0.0841) 0.0852) 0.0841)
StyU, 0.0811) 0.0801) 0.0811) 0.0811) 0.0812) 0.0802)
StUs; 0.0781) 0.0781) 0.0791) 0.0781) 0.0782) 0.0712)
u,U; 0.0761) 0.0741) 0.0711) 0.0741) 0.0762) 0.0762)
u,U, 0.0731) 0.0721) 0.0731) 0.0731) 0.0732) 0.0722)
U,U; 0.07q1) 0.07Q1) 0.0711) 0.0711) 0.0702) 0.07Q2)
U,U, 0.0691) 0.0691) 0.07Q1) 0.0691) 0.0692) 0.0692)
U,U;z 0.0611) 0.0661) 0.0681) 0.0671) 0.0662) 0.0662)
UsU; 0.0641) 0.0641) 0.0641) 0.0651) 0.0643) 0.0642)
ZA(0| AR () The results forf . using correlators at nonzero momentum
e E_(F) , (3.1 are given in Table Il. The data show that in almost all cases

the results are consistent withir2The most noticeable dif-

, ) o ferences are in thp=(2,0,0 values for lighter quarks. The
WhereZA is the aX|a! vector current renormall_zatlon COﬂStantsignm in these channels is not very good, and it is Ilker that
connecting the lattice scheme to the continuum modifieq these cases there exists contamination from excited states
minimal subtraction schemeéMsS). In order to extract , we  gyer the range of time slices to which fits have been made.
study, in addition to the two-point correlation functiohs e regard the overall consistency of the data as another

two kinds of ratios of correlators: successful check of the lattice methodology. Henceforth we
shall restrict the analysis to the=(0,0,0 case as it has the
Tg(t) == (0]AL] 7) best signal. _
Ri(t) = The dimensionless vector decay constants are defined as

1ﬂssn) - (0|AzstmeareF7T>,

2
P-MV

€
ZLOIVEE V) = ==, 33

Is(Ols (1) 1~ (0| AR ) |? R

ReV="F 10 oM

(3.2  WwhereV, is the vector current and) is the lowest I state

with massM,,. The experimental quantities are related to

-1
In the case oR; we have to extracf0|A5™®"fr) separately fv™ by

from theI'ggcorrelator. For each of the two rati®y andR,
the smeared sourckused to create the pion can be either f—1:i fo4(M )=0.1995)
or A,. This gives four ways of calculatingl,., which we Y, 2 P ' '
label asf 2 (using the ratid?; with J=m), f *,’T (using the ra’gio
R, with J=A,), f$ (using the ratioR, with J=m), andf ¢, “1__14¢-1 __
(using the ratioR, with J=A,). The fifth way, f ¢, consists fo"=—131(My)=-00781),
of combining the mass and amplitude of the two-point cor-
relation functions(A,P) s and(PP)gs, and the sixth way,
f 1, Uses(AsA,)Ls and(AsA,)ss.

The lattice results for mesons at=0 for the different

f55=3 £y (My,)=0.0873), 3.4

where the values are calculated using the Ffté—e*e™)
r_given by the Particle Data GrouPDG) [9]. We extract the

combinations of quarks are given in Table | using the reno . X . :
malization schem@- o, defined in Table V. Al errors are relevant matrix elementin the. same tvvp ways as described in
estimated by a single elimination jackknife procedure. TheEq' (3.2) for fp. To study discretization errors we study

results from the six ways of combining the two correlatorsthree lattice transcriptions of the vector currghecal, ex-
are mutually consistent. Since the different methods use thteended, and conservid

same correlators, the data are highly correlated; however,
consistent results do indicate that fits have been made to the

lowest state in each of these correlators and reassure us ofE — = N
the statistical quality of the data. V()= ¢h(X) ¥, U L (X) X+ ) + (X + ) v,V ,(X) $h(X),

V() = ¢(X) v, (%), (3.5
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TABLE II. Data, in lattice units, for the pseudoscalar decay condtantaveraged over the six different
ways of combining the SL and SS correlators, measured at different momenta. The renormalization scheme
is TAD1 as described in Table V, and the meson mass used in the analysis is taken to be the pole mass.

p=(0,0,0 p=(1,0,0 p=(1,1,0 p=(1,1,9 p=(2,0,0
ChCh 0.1982) 0.1982) 0.2032) 0.20Q43) 0.2013)
ChsSt 0.1292) 0.1292) 0.1312) 0.1292) 0.1292)
Chu, 0.1162) 0.1162) 0.1182) 0.1152) 0.1152)
Chu, 0.1112) 0.1112) 0.1142) 0.1142) 0.1103)
ChUs; 0.1082) 0.1083) 0.1143) 0.10713) 0.1083)
StSt 0.0931) 0.0941) 0.0952) 0.0962) 0.0992)
StU; 0.0841) 0.0851) 0.0862) 0.08712) 0.09Q2)
StU, 0.08Q1) 0.0812) 0.08232) 0.0832) 0.0862)
StU; 0.0781) 0.0792) 0.08Q3) 0.0802) 0.0832)
u,U, 0.0761) 0.0712) 0.0782) 0.0792) 0.0833)
u,U, 0.0731) 0.0732) 0.0742) 0.0753) 0.080G3)
U,Ujz 0.07Qq21) 0.0712) 0.0732) 0.0723) 0.0784)
u,U, 0.0691) 0.0702) 0.0712) 0.0713) 0.07714)
U,U; 0.06711) 0.0682) 0.0693) 0.0683) 0.0755)
UsUs 0.0641) 0.0662) 0.0673) 0.0644) 0.0745)

Ciy) = (. — - In order to extract results that can be compared with ex-

Vi) 1,0(1)()% ULY O k) periments, we analyze the data in terms of thepfive sources of

+ (x+ [L)(’y’u-i- r)UL(x)z,//(x), systematic errors discussed below.

. IV. RENORMALIZATION CONSTANTS Z, AND Z,,
where for degenerate quarks the last form is the conserved

current. In Tables Ill and IV we show the lattice data for the  Reliable calculations of decay constants depend on our
15 mass combinations as a function of the different methodability to calculate the renormalization consta#gs and Z,,

or currents, and versus the renormalization schemes for thiking the lattice and continuum regularization schemes. In
local current. Overall, the data show that the two methods irour analysis we use one-loop matching with the tadpole sub-
Eqg. (3.2) give consistent results for all three currents. Thetraction scheme of Lepage and Mackenzie. An outline of the
results from the local and extended vector currents alsecheme, which includes picking a good definition of the lat-
agree, while those from the conserved current aH%  tice o, and the scalg* at which to evaluate it is as follows.
smaller. These points will be discussed in more detail later Lepage and Mackenzie show that (to be defined belopis

TABLE lIl. Lattice data for the vector decay constdrt® for the two different ways of combining the SL
and SS correlators, and for the three different lattice vector currents described in the text. The renormalization
scheme in all cases is TAD1 as described in Table V, and the meson mass used in the analysis is taken to be
the pole mass.

f2 Loc. f2 Loc. f2 Ext. f2 Ext. f2 Con. f2 Con.
ChCh 0.18602 0.18603) 0.18403) 0.18502) 0.16803) 0.16902)
ChsSt 0.18403) 0.18603) 0.19004) 0.19103) 0.17103) 0.17203)
Chu, 017403 017603 018304 018203  0.16204  0.16403)
Chu, 0.17004) 0.17204) 0.17705) 0.17804) 0.15705) 0.15903)
ChU, 0.16604) 0.17005) 0.17507) 0.17605) 0.15406) 0.15704)
StSt 0.29104) 0.29305) 0.30306) 0.30805) 0.26805) 0.27404)
Sty 0.30004) 0.30106) 0.31207) 0.31806) 0.27306) 0.284204)
StuU, 0.30204) 0.29909) 0.31408) 0.31906) 0.27307) 0.28205)
StU; 0.30305) 0.297110) 0.31311) 0.31808) 0.27109) 0.28106)
u,U, 0.31605) 0.31405) 0.32910 0.33405) 0.28509) 0.29604)
u,U, 0.32005) 0.31706) 0.33413) 0.33806) 0.28811) 0.29905)
U U, 0.32206)  0.31706)  0.33316)  0.33409)  0.28814)  0.30005)
U,U, 0.32506) 0.32007) 0.33817) 0.33710) 0.29215) 0.30306)
U,Uj; 0.32607) 0.31908) 0.33423 0.33413 0.29220) 0.30307)

UjsUjz 0.32607) 0.31610) 0.32631) 0.327116) 0.29127) 0.30208)
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TABLE IV. Lattice data for the vector decay constdrt® as a function of the different renormalization
schemes given in Table V. The results are for the local current, and the meson mass used in the analysis is
taken to be the pole mass.

Ztapa Ztap1 Z1ap2 ZTAD 7 Z1apU, Z1re11 Zpst,
ChCh 0.1842) 0.1862) 0.1932) 0.1963) 0.1732) 0.1882) 0.1192)
ChsSt 0.1833) 0.1853) 0.1923) 0.1953) 0.1723) 0.18713) 0.1442)
ChuU, 0.1733) 0.1753) 0.1823) 0.1853) 0.1633) 0.17713) 0.14Q2)
Chu, 0.1694) 01714 01774  0.1804)  0.1583) 01724  0.1383)
ChUs; 0.1664) 0.1685) 0.1745) 0.1775) 0.1564) 0.1695) 0.1364)
StSt 0.2894) 0.2924) 0.3034) 0.3084) 0.2714) 0.2954) 0.2784)
StU; 0.29715) 0.3015) 0.3125) 0.3175) 0.2794) 0.3045) 0.2945)
StU, 0.2986) 0.3016) 0.3126) 0.3176) 0.2806) 0.3046) 0.29716)
StU; 0.2917) 0.30Q7) 0.3117) 0.3177) 0.2796) 0.3037) 0.2987)
u,U, 0.3125) 0.3155) 0.3215) 0.3335) 0.2934) 0.3185) 0.3145)
u,U, 0.3155) 0.3195) 0.3315) 0.3365) 0.2965) 0.3225) 0.3225)
U,U; 0.3166) 0.3196) 0.3316) 0.3376) 0.2915) 0.3226) 0.3256)
u,uU, 0.3196) 0.3226) 0.3356) 0.3406) 0.3006) 0.3256) 0.3296)
U,U; 0.3197) 0.3227) 0.3357) 0.34Q7) 0.2996) 0.3257) 0.3317)
UsUj, 0.3188) 0.3218) 0.3348) 0.3398) 0.2997) 0.3248) 0.3328)

a better expansion parameter than the bare lattice coupling. Yo

To pick the value ofj* we need to know the “mean” mo- Z=1+ays(q*) P In(g*a)+(C—=X)|, (43
mentum flow relevant to a given matrix element. Again it has

been pointed out by Lepage and Mackenzie tiyat esti- . ) .

mated by calculating the mean momentum in the loop inteWhereC is the difference between the finite part of the con-
grals, is dominated by tadpole diagrams which are latticdinuumMS and lattice one-loop result. Thizs, for the local
artifacts. If the tadpoles are not removed, then this scale igPerator in the tadpole-improved schemes is

typically w/a. They have proposed a mean-field-improved

version of the lattice theory which removes the contribution \/zizzwz/';: V1—3k/4k \1—3k,l4k,
of tadpoles. The effect of this is threefold. One, it typically
changesg* to 1/a; i.e., the matching scale becomes more X[1-ams(9*)(1.68-X)]. (4.9

infrared if the tadpole diagram is removed. Second, the
renormalization of the quark field changes from |n order to examine the dependence of the decay con-
2k— /8k\1—3kldk.. Finally, the perturbative expres- stants onZ and the renormalization of the quark field, we
sion for 8, is combined with the coefficient ok, in the  present our results for seven different commonly used
one-loop matching relations to remove the tadpole contribuschemes described in Table V. The sche@figs,, Ztap1
tion. Z1pp2) Z1aD+ @ndZ1geqq are all self-consistent t@(ayg).
To getays(g*) we use the following Lepage-Mackenzie The schem&qapyo is ad hocas we have replaceddby U,
scheme. The coupling, is defined at scalg=3.41a to be  in only one part. We shall quote, as our best estimates, re-
341 2 sults obtained in th&,p; Scheme and use the difference
. 1 between it andZp, @s an estimate of the systematic error
“U(T>[l_(l'19+0'0251f)av]: 4 In(s Tr Plag, due to turningg*. Finally, an estimate of the residual pertur-
(4.1  bative errors is taken to be the difference betw2ex,, and
Z1ADU,: and is given in column labeled, in Table X. This,

which is related torys at scaleq=3.41/a by we believe, is an overestimate of the error we make by using
the one-loop coefficient of, .
1 i+0 822 4.2 The renormalization of the local vector curred pro-
aws  a, ' ceeds in the same way & . In the case of both the ex-
tended and conserved currents, there is no tadpole contribu-
We then runags from q to g* by integrating the two-loogg  tion in C as it cancels between the wave-function
function. To translate the results frogi to any other point, renormalization and the vertex correction. Consequently, we
one uses the standard continuum running. use the nonperturbative value fok8 The complete renor-
At the lowest order there are two equally good tadpolemalization factors in the tadpole-improved schemes for relat-
factors, Uo,=plaquetté* or 8«,. To the accuracy of the ing the lattice results to the continuum are
mean-field improvement, one expectg.8,=1. Deviations
from this reIation(wlO% for the Wilson actio_n_ aB=6.0 \/mzb=\/1—3'<1/4f<c\/1—3f<2/4'<c
are a measure of possible residual errors. Writing the tadpole
factor as - Xaws(q*), we define a giverz factor to be X[1—ams(q*)(2.182-X)], 4.5




54 DECAY CONSTANTS WITH WILSON FERMIONS ATB=6.0 1159

TABLE V. Different renormalization schemes used in the analysis. The two possible tadpole factors are
Uozplaq1’4=0.878 and 1/8.=0.795. The one-loop perturbative expansions for theseJgrel—1.0492x
and 8&.=1+1.364, respectively. The sixth schenZggr, is the one used by the GF11 Collaboration with
a slightly different definition ofagg(4].

Z1apa Z1ap1 Z7aD2 Z1AD7 Z1apu, Z16F11 Zhoostr
Z, 1_3_K B 3k 3k 1— 3x4kC _3_K B 3k 2k
4k, 4k, _4_"c 4k, 4k,
Tadpole 1/&, 1/8k, 1/8k, 1/8k, Ug 1/8k, NO
q* 2 GeV la 2/a mla 1/a l/a mla
as(g*) 0.204 0.193 0.152 0.134 0.190 0.181 0.133
/Ziz?/,Z\EF8Kc\/1—3K1/4Kc\/1—3K2/4Kc (1/2x—1/2x;) are linearly related for light quarks; so either
definition of the quark mass can be used for the extrapola-
X[1—-1.03&wys(9*)], tion. We have chosen to use,, in this paper.
The determination of the strange quark mass has signifi-
NZZ52G=8ke\1—3k1/AK\1—3kol4k. cant systematic errors as shown below. We determinie

three ways as described [8]. We extrapolateM Z/M 2,
We find that the results with the local current lie in betweenMm k*/M,, and M ,/M, to m and then interpolate in the
those from the extended and conserved currents, and hag@range quark to match their physical value. In Table VI we
the best statistical signal. We therefore quote results from thgive «,, the nonperturbative estimaten,;a=mga, and

local current as our best estimate and use the difference bgn =7 _(1/2«—1/2«.) evaluated at 2 GeV in tHéS scheme

tween them as an estimate of the systematic error. using the TAD1 matching between lattice and continuum.
The data show &20% difference between various estimates
V. LATTICE SCALE a of mg which cannot be explained away as due to statistical

: . . errors. UsingVl 2/M 2 to fix mg implies thatm=25m as we
TO convert lattice results tc.’ phy5|c_al unltsi we use theuse the lowest order chiral expansion to fit €. data. On
lattice scale extracted by settirlg , to its physical value.

L _ T the other hand\ ,/M , givesmy/m~30. This estimate is not
tThéZgI;/ﬁ:'i;kzr].?sgga ?;SV.E}JC‘)IZQS \r/1 ?cr)laotlorne?rfo?agzl- S.Sg:onstrained by the chiral expansion and is in surprisingly
k:lt\;wever (infferer:t Ways%f sétting thelscaleuare not Foy efxgood agreement with the next-to-leading chiral reglf. In
ample, usingM  to set the scale givesd#2.06356) GeV this paper we shall quote results for both(My) and

. AR : : my(M ,), and take the values wittn,(M ,) as our best esti-
[3], while nonrelativistic QCDINRQCD) simulations of the S\ T . . s\ :
charmonium and’ spectrum give H=2.4(1) GeV [10]. As mates. The difference in results between usmgM ) and

we show later, the scale determined frdip is 226857) mg(M ,) will be taken as an estimate of the systematic error

. . " due to the uncertainty in settings.
MeV. Thus estimates based on mesonic quantities such as To determine the value ok corresponding tam,, we

M ,, heavy-heavy spectrum, arfd, all give consistent re- -

P *

sults. We take Ja’(Mp)=2.33(I41) GeV and use the spread matchMp, M,D , and MF’S as the§e are obtained from th?
~70 MeV ~3% as our best guess of the size of scalingS&me two-point correlation functions as used to determine
violations relevant to the analysis of the decay constants. T8¢ decay constants. Unfortunately, as showfgih the es-

reduce this error requires using an improved gauge and ferniimate of charmonium an® meson masses measured from
ion action, which is beyond the scope of this work. the rate of exponential falloff of the two-point functigpole
’ mass orM;) and those from the kinetic mass defined as

M,=(3°Eldp®,-0) " are significantly different. We find
that the data for the heavy-heavy and heavy-lightcombi-

In order to extrapolate the lattice data to physical valuesations are consistent with the nearest-neighbor symmetric-
of the quark mass, we have to fix, mg, andm,. The chiral  difference relativistic dispersion relation
limit is determined by linearly extrapolating the data fd2  sint(E/2)—sir?(p/2)=sint?(M/2), in which caseM,, as de-
to zero using the six casgs);U;}. Our best estimate is

VI. SETTING THE QUARK MASSES

TABLE VI. Estimates ofmg using different combinations of
k.=0.157 1319), (6.1)  hadron masses. We give tkevalues, the quark mass determined by
the Ward identity, andng=Z,,,(1/2«— 1/2«.) evaluated at 2 GeV

which is used in the calculation &,. in the MS scheme, and using the TAD1 tadpole subtraction proce-
To fix the value ofk; corresponding tan, we extrapolate gyre.

the ratioM 2/M 3 to its physical value 0.031 82. The result is

xi=0.157 0469). 6.2 s Mo M (2 GeY) (MeV)
M%/M2  0.155037)  0.037214) 1292)
Thus our data are able to resolve between the chiral limit angy kM, 0.1547919  0.042136) 1459)
m. In [3] we had shown that a nonperturbative estimate ofy oM, 0.154 6417)  0.044532) 154(8)

quark massm,, calculated using the Ward identity, and
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TABLE VII. Comparison of lattice estimates dD meson 0.2
masses with the experimental data. We show resultsifpandM, -
and for the two different ways of settings described in the text. [ T i
M, M, Expt. 3 oot ]
Mp 180531) 199034) 1869 {" I ]
M 187632 208535) 2008 R R A ]
Mp [my(M)] 189630) 211232 1969 I _
Mp [my(M )] 191426) 213727 1969 & P ]
Mps[My(My)] 1961(31) 2201(34) 21107 af i ]
Mps[mg(M )] 197827 222429 21107 L Intercept 6=0.14(4) .
S -0.11 —
i | ! ! i ]
fined above, is given by s_lnlm. The results foM; andM, 0 001 002 003 004 005
for the D states are given in Table VIl foe=0.135(we have (m,0-1m2)%/X quencnea
simulated only one heavy quark mas$he data show that
the experimental results lie betwebh, and M, for each of FIG. 1. Bernard-Golterman ratidR versus (n;a—m,a)?.

the three states, and the difference betwdenand M, is  Xjuenchedis the coefficient ofs defined in Eq.(7.2). The intercept
large and statistically significant. The size of this systematigives 5=0.144).

error and the uncertainty in setting the scala hiake it ) .

difficult to fix g We simply assume that=0.135 cor- ~ Presented in Refl15]. The data, shown in Figs. 1 and 2,
responds tan, and quote final results usirg,. As an esti- indicate the need for including them in the fitXguenchedls
mate of systematic errors associated with not tumngwe  the coefficient ofs in Eq. (7.2, and Xy, is the complete
take the difference in results between usiigandM, since  chiral logarithm term in Eq(7.3.] The fit to the quenched

we do not have access to the rate of variation of decay corXPression, Fig. 1, gives=0.144). The fit to full QCD
stants in the vicinity ofn, . expression has smallg? if we leave the intercept as a free

parameter. In that case the fit gives 48 and not unity as
required by Eq(7.3). Thus the effect of chiral logarithms is
small, barely discernible from the statistical errors, and
In the last couple of years it has been pointed out bypartly due to normal higher order terms in the chiral expan-
Sharpe and co-workdrl2] and by Bernard and Golterman sion. We shall therefore neglect the effects of quenched chi-
[13] that there exist extra chiral logarithms due to the  ral logarithms in this study and only discuss deviations$of
which is also a Goldstone boson in the quenched approximdrom a behavior linear imn,, at the appropriate places.
tion. These make the chiral limit of quenched quantities sick. The second consequence of using the quenched approxi-
To analyze the effects of quenching, Bernard and Goltermamation is that the coefficients in the chiral expansion are

VII. QUENCHED APPROXIMATION

[13] have constructed the ratio different in the quenched and full theories. This difference
can be evaluated by comparing quenched and full QCD data,

ffz which is beyond the scope of this work. Thus we cannot

R (7.1) provide any realistic estimates of errors due to using the

= Tarfon
e quenched approximation.

applicable in a four-flavor theory wheren;=m;: and

m,=m,,. The advantage of this ratio in comparing full and LA R B B B
guenched theories is that it is free of ambiguities due to the - 1
cutoff A in loop integrals andO(p*) terms in the chiral L -
Lagrangian. The chiral expression f& in the quenched I _ i
theory is 5 | B
Rir T 7
2 2 = J
m m,., o T
RO=1+ 6§ —p—y F 1] +0(m—my)?), 8 & M |
(miy, —mg,) o S |
(7.2 v U,T, U,
whered=m3/24?f 2 parametrizes the effects of thg. The 1
g : 0 U,U, -
analogous expression in full QCD is
2 2 et 1 SO
1 my, m..,
Feqe —— | m? L2 2 ) 0.02 004 008 008 0.1
R=1% 3271 {mﬂ' Nz, + Mz In mij (m12-m8)%/ K
+0((my—my)?). (7.3 FIG. 2. Bernard-Golterman ratR versus (n;a—m,a)2. Xg is

) _ ) _ the chiral correction defined in E§7.3). The linear fit gives an
The leading analytic corrections in both cases ar@ntercept of 1.6845) instead of unity as indicated by E(7.3).
O((m;—m,)? [14] and were not included in the analysis
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FIG. 3. Plot of data forf ,a versusm,ga. The linear fit, shown FIG. 5. Plot of data foff,,* versusm,a. The linear fit is almost

as a solid line, is to the six§;U;} points. The error estimate on the identical for the six {J;U;} or three {U;U;} points. The SSand
fit is shown by the dotted lines. The dot-dashed line is a linear fit to{ SU;} points are also shown for comparison.

the fourSSand {SU} points. The vertical line am,;a~0 repre-

sentsm, and the band an,,a~0.04 denotes the range o, fpa=0.1033)+0.335)m,a (CU),

VIIl. EXTRAPOLATION IN QUARK MASSES fpa=0.0741)+0.261)m A (SU)
. . n 1/

In Fig. 3 we show the pseudoscalar data {fofU;} and
{SSSU! combinations along with two different linear fits, fpa=0.0671)+0.251)mya (U U;), (8.1
one to the six{U;U;} data points fpa=0.0572(14) _ , ,
+0.51(2)ma] and the other to the fouBSand{SU; points fit the data extremely well in each of the three cases. Devia-
[fpa=0.0568(14) 0.48(1)ma]. Here m is thel average tions from linearity are apparent if the “light” quark mass is
mass of the quark and antiquark. The data show that eveidken to beS as shown by the fourth point at,;a=0.076.
though the slopes for the two fits are different, the values' '€S€ can be taken into account by including corrections,
after extrapolation are virtually indistinguishable. The size of-€-» chiral logarithms and/or a quadratic term. A fit including
the break between thg8SSU} and{U,U;} cases atn, is a quadratic term fits all four points exceedlngly well; how-
right at the & level, and no such break is visible between the€Ve" the extrapolated vglue changes§.2o in all three
U,U; and theU,U, cases. We thus extrapolate fig using ~ CaSes: Also, the change in curvature betwegli; andCU;
{U,U;} points and assume that the overall jackknife errors Within the error estimates. Considering that the form of the
i ] . . . .
adequately includes the uncertainty due to extrapolation, CO'Tection term is not unique and that the linear and qua-
In Fig. 4 we show the extrapolation for heavy-light me- dratic fits give essentially the same result, we consider it
sons for three cases of “heavy'd,S,U,) quarks. The lin- sufficient to use a linear fit to the thrék points to extrapo-

ear fits in the light quark mass, late the heavy-light decay constantsnto
[ T T T T T T T T I.l I' T T T I T T T I‘ _I T | T T T 1 T T T T T T T T T 1 T I_
0.12 - >-$
01—C —_ 025_ i
0.08 — 02_— 7
[ s ] - g
Fu T Do 1 [ ¢ =%~ ]
[ Us U u, S - U, U U S
006 21 F e e P TS B DTS SRR
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08
my.a m,,a

FIG. 4. Extrapolation of heavy-light pseudoscalar decay con- FIG. 6. Extrapolation of heavy-light vector decay constants for
stants for three cases of “heavyC, S U; quarks. The linear fits three cases of “heavy’C, S U, quarks. The linear fits are to the
are to the three “light”U; quarks, and the fourth poirtight quark  three “light” U; quarks, and the fourth poiritight quark isS) is
is 9 is included to show the breakdown of the linear approximation.included to show the breakdown of the linear approximation.
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TABLE VIIl. Summary of results for pseudoscalar decay constants in lattice units. The variatiomaith
(set byMg or M) and the heavy-light meson magd, or M,) are shown explicitly. The jackknife error
estimates include statistical and a part of systematic errors due to extrapolation in quark masses.

Ztapa Z1ap1 Z1aD2 Zrapx  Ztabu,  ZteFir Zboostr
My f, 0.05701) 0.05801) 0.05801) 0.05901) 0.05401) 0.05801) 0.06001)
(M{,My) fx 0.06701) 0.06401) 0.06801) 0.06801) 0.06301) 0.06701) 0.06801)
(M1,My) fx 0.06801) 0.06801) 0.06901) 0.07001) 0.06401) 0.06901) 0.06901)

(M1,My) fi/f
(M1 My)  fylt

116111 1.16111) 1.16111) 1.16111) 1.16111) 1.16111) 1.12710
1.18616) 1.1816) 1.18616) 1.18616) 1.1816) 1.18616) 1.14514)

(My) f, 0.10303) 0.10303) 0.10503) 0.10503 0.09703 0.10403) 0.08302)
(M) f, 0.09802 0.09803) 0.10003) 0.10003) 0.09202) 0.09903) 0.07902)
(My) fo/f. 1.79349) 1.79349) 1.79349 1.79349) 1.79349) 1.79349) 1.38839
(M) fo/f, 170545 1.70545 1.70545) 1.70845 1.70545 1.70545 1.32035)
(M1, My) fp, 011502 011502 0.11702 0.11802) 0.10802 0.11602) 0.09%01)
(M5, My) fp, 010902 010902 0.11%02) 0.11X02 0.10202 0.11002) 0.08601)
(M1,M,) fp, 011802 011802 012002 0.12002) 0.11002) 0.11§02) 0.09201)
(M3,M,) fo, 011102 011202 0.11302) 0.11402) 0.10402) 0.11202) 0.08701)

(M1 M) fp /fp 111719 111719 111719 111719 111719 111719 1.08§18)
(M M) fp /fp 111718 1.11218) 111718 111218 1.11218 111218 1.08317)
(M1 M) fp /fp 114%22) 114122 114122 114122 1.14122) 114122 1.10620)
(MMy) o /fp 1.13521) 1.1352) 1.13521) 1.13521) 1.1321) 1.13521) 1.10019)

The difference in slope between fits{o;U;} and{SU}  Note that the slope changes sign betweenShkandU,U;
points does effect the value 6f . We therefore calculate it cases. Since the points @i, 2a=0.076 S) show deviations
in two ways; the central value is taken by extrapolating thefrom the linear fits, we do not include this point in our analy-
{SU;} and{U,U;} data in the light quark tan and then sis.
interpolating in the “heavy” tomg. In the second way we

use the slope determined fro{r‘din} points and extrapolate IX. RESULTS AT B=6.0
to m+mg. The two give consistent results, and we use the ) )
difference as an estimate of the systematic error. The results for the pseudoscalar decay constants, in lattice

The analogous plots fdry* are shown in Figs. 5 and 6. unit_s, are given in Table VIII for each of the seven renor-
To extractf 1 we make linear fits to the sitJ;U;} and the malization schemes. The table also shows the variation with
three{U;U;! points. As shown in Fig. 5, these two fits are réSpect to the two choices of; and whether one usé4, or
almost identical[f,a=0.328(10)+0.33(23)m,,a] and nei- M, for the heavy-light meson mass. For our .best estimates
ther of them fits the data very well. THEU,} points show a We UseZrap; and convert this data to MeV usingadlM,).
very significant break from th¢U,U;} points, and so to T_he results are sgmmanzed in Table 1X Where_ we again
extractf,*,f,* we use the fits shown in Fig. 6. As in the display variation with respect tm; and the heavy-light me-

case offp, a linear fit to the three case€(;,SU,,U,U;)  SON mass. _ _

estimates of the various systematic errors discussed above.
Thus, atB=6.0, the value off . come out about 3% larger.

fva=0.1636)+0.31(10mya  (CU)), Usingf, data to set the lattice scale givea(lfl,) =226557)
MeV, whereas H(M ) =233041) MeV [3]. Even ignoring
fy,a=0.30q9)+0.026149ma (SU,), ';geg\;]zliri(;;s systematic errors, the two estimates differ by
ughly 1o.

The ratiof/f .=1.18§16) is about 2&r smaller than the
fya=0.3227)-0.1810ma (U U;)). (8.2 experimental value 1.223 if one ignores all systematic errors.

TABLE IX. Results for decay constants in t&@g,p; scheme as a function ofig and heavy-light meson
masses. The data have been converted to MeV Udingp set the scale. Only the jackknife error estimates

are given.
M and mg(my) M and mg(m,,) M, and mg(my) M, andmg(m,)
fr 134.441)
fy 156.137) 159.433)
fp 241.Q75 229.270)

fo 269.154) 275.046) 254.851) 260.144)
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TABLE X. Our final results using TAD1 scheme along with estimates of statistical and various systematic
errors as described in the text. All dimensionful numbers are given in MeV with the scale §gf.lor the
systematic errors due tmg, m, and g*, we also give the sign of the effect. We cannot estimate the
uncertainty due to using the quenched approximation. Also, we do not have useful estimates for entries
marked with a question mar(@).

Best Statistical and Tuning Tuning Tuning

estimate extrapolation mg me q* a (3%) Za
fr 134 4 +2 4 10
fk 159 3 -3 +3 5 10
fo 229 7 +12 +4 7 14
fo, 260 4 -5 +15 +4 8 20
fulf 1.19 0.02 —0.025 0
folf, 171 0.05 +0.09 ?
fo /fo 1.135 0.021 —0.023 +0.006 0

(The systematic error in fixingns would tend to lower our ences between results obtained ort @arlier calculations
estimate, i.e., further increasing the differenceAn under  and our 32 lattices. Thus we do not apply any finite size
estimate of this ratio in the quenched approximation is congorrections to our data. To extract results valid in the con-
Sr'ls"e”t(c‘:"l’a't_g [Firzeggt'ons of quenched chiral perturbationinyum limit, we combine our data with those from the GF11
theory 43 (8=5.7,5.93,6.1¥[4], JLQCD(8=6.1,6.3 [5], and APE(B
The major uncertainty in the results f_or the heavyl—l|ght:6 0,6.2 [6] Collaborations. We have attempted to correct
casesfp and fp comes from the uncertainty id, and in P e i . X
s or as many systematic differences; however, some like dif-

setting the charm mass. These corrections can be significank, o ces in lattice volumes, range of quark masses analyzed,
and we need to reduce the various sources of systematig

errors in order to extract reliable continuum estimates. n(éflttmgdtel_chglques re(rjngm._ h . | ied out
In Tables XI and XIl we give the values for the vector ~ D€'Mard, Labrenz, and Soni have previously carried out a

decay constanty !, extrapolated to the masses of a numbersyst(?matic study of hea\_/y—light decay constants with Wilson
of vector states even though some of them do not decafgrmions[17]. They obtained', =2089)+35+12 MeV and
electromagnetically to"| ~. These tables also give the varia- fp,=230(7)+30+18 MeV after extrapolation toa=0.
tion with respect to settings, the heavy-light meson mass Overall, within errors, their raw lattice data at common pa-
(My or My), g%, Z,, and the dependence on the lattice cur-rameter values agree with the numbers presented here. How-
rent. The criterion that the three types of currents should givever, since their besB=6.0 data is based on only eight
consistent results justifies using the Lepage-Mackenzie prop#4®x 4 lattices and the various sources of systematic errors
cedure forVi- also, as pointed out by Bernard|[ib6]. Using  are handled differently, we do not discuss it any further.
the \/g_K normalization forV " [i.e., the same normalization e first compare the data fér. andf from the different
as Vg (p,=0), which is constrained by the value of the c|japorations as shown in Figs. 7 and 8. The various calcu-
conserved chardegives significantly smaller values for |54ions have similar statisticswithin a factor of 2 and the
cases withC quarks. two largest physical volumes used are by GRP¥ at
B=5.7) and LANL (32° at 8=6.0) Collaborations. To facili-
tate comparison we make three change® We switch to

In the companion paper analyzing the meson and baryothe convention in whichf ,=93 MeV, (b) use theZ;ggy,
spectrum[3], we show that there are no noticeable differ- scheme, angc) setmg usingM . A noticeable difference in

X. INFINITE VOLUME CONTINUUM RESULTS

TABLE XI. Results forfy! extrapolated to the masses of a number of vector states specified within
square brackets as a function of the renormalization schemg®l ¢ or M ;), and meson masgd/; or M,).

ZTADa ZTADl ZTAD2 ZTADﬂ' ZTAD8k ZTGFll Zboosw

M) [M,] 0.32410) 0.32§10) 0.34011) 0.34611) 0.30509 0.33110) 0.34511)
(M1,My)  [Mg+] 0.31906) 0.32206) 0.33507) 0.34007) 0.30q06) 0.32506) 0.33%406)
(M1,M4)  [My+] 0.31506) 0.31806) 0.33006) 0.33606) 0.29606) 0.32406) 0.32506)
(M;,My)  [M,] 031204 0.31604 0.32805) 0.33305 0.29304) 0.31804) 0.31604)
(My,M,)  [M,] 030804 0.31404 0.32305 0.32805 0.28904) 0.31404) 0.30905)
M)) [Mp+] 0.16205 0.16405) 0.17G06) 0.17306) 0.15305 0.16506) 0.13404)
(M,) [Mp+] 0.13704) 0.13904) 0.14404) 0.14704) 0.12904) 0.14004) 0.11403
(M1,My)  [Mp+] 0.17303) 0.17503) 0.18203) 0.18503) 0.16303) 0.17703) 0.14Q03)
(My,My)  [Mpe] 0.14502 0.14702) 0.15203 0.15503 0.13§02) 0.14802 0.11702)
(M1,My) [MDZ] 0.17503 0.17703) 0.18403 0.18703) 0.16403 0.17903) 0.14103)
(M2,My)  [Mps] 014602 0.14802) 0.15403 0.15603 013802 0.14902 0.11802
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TABLE XII. Results forfy* as a function of the different dis- T

cretizations of the vector current. We also show the dependence on o016l | £ /M | N
mg (Mg or M) and meson masd; or M). - . ]
Local Extended  Conserved 0150 a
M) [M,] 032810 033426  0.30418) et ]
(M1, M) [M+]  0.32206) 0.33813)  0.29710) 014 ]
(M1,M,) [M+]  0.31806) 0.33412)  0.29309) r i
(M1,My) (M 4] 0.31604) 0.33206) 0.291(06) - ]
(M1,M,) [My] 031404 0.32706)  0.28705) 013 7
(M) [Mp+]  0.16405  0.17406)  0.15%05) - ]
(My) [Mp+]  0.13904)  0.14605)  0.12804) 0120 ]
(M1,My) [Mp:] 017503 0.18203)  0.16303) I
(M3, M) [Mps] 014702 0.15203)  0.13703) o 02 0.4 0.6
(M1,M,) [Mps] 017703  0.18303  0.16403) M, a
(M2,M,) [Mpx]  0.14802)  0.15303)  0.13803

FIG. 8. Linear extrapolation to the continuum limit of the ratios

fx/M,. Our data are shown with the symbol octagon, the squares
the data shown in Figs. 7 and 8 is that the APE points agnd fancy squares are the points from the GF11 Collaborgihn
B=6.0 lie about & higher than LANL’s and the value of and the diamond labels AFE] data. The solid line is a linear fit to
m,a is also larger. We believe that the difference is partly 52!l the data _wnh error estimates shown _by the dqtted lines. The
result of extrapolation from heavier quarkie APE Col- dot-dashed line is a fit to the data excludi@g5.7 points.
laboration use a linear fit to extrapolate data at
x=0.153,0.1540.155 to the chiral limitWe find that botH
and My, [3] data show negative curvature, and a linear ex-
trapolation using only SS ant;U; points increases the
LANL estimates, accounting for the full difference M,  with y*Npe=1.6 and 1.7, respectively. The change from the
and a part of that irf .. The more important feature of the GF11 results is marginal as the fit is still strongly influenced
data, however, is that neither plot shows a cleadepen- by the point at3=5.7, which may lie outside the domain of
dence. Nevertheless, a linear fit to all data, assuming thafalidity of the linear extrapolation. A linear extrapolation
lattice spacing errors ai®(a), gives excluding theB=5.7 data gives

f
X -0.1214) (expt.0.147,
M,

(10.9

f, fr

M—p=0.11](5) (expt. 0.120, M—=0.11810),

P

T T T T T T T T T T T T T f_K_O 1328) (102
0.14 L f‘"/Mp 7] MP . , .
0.13 — i
0.12 ;——EXPtM _______ — 1
0.11 C % 3 B

i M PR B | T i |

0 0.2 0.4 0.6
M, a r b
FIG. 7. Linear extrapolation to the continuum limit of the ratios ol v L b
f/M,. Our data are shown with the symbol octagon, squares and 0 0.1 0.2 0.3 0.4
M, a

fancy squares are the points from the GF11 Collabordddndia-

monds are APE Collaboration poif8], and the plus symbol labels

JLQCD [5] data. The two GF11 points & ,a~0.56 represent
16° (squaresand 24 (fancy squareslattices at3=5.7. The solid
line is a linear fit to all the data with error estimates shown by thedotted lines. Our data are shown with the symbol octagon, the plus
dotted lines. The dot-dashed line is a fit to the data exclug@ing.7

points.

P

FIG. 9. Extrapolation to the continuum limit ¢ and fp_ ex-
pressed in MeV. Error estimates on the linear fits are shown by the

points are from the JLQCD Collaboratids], and the diamonds
label the APE Collaboratiof6] data.
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— ——— — Finally, a linear fit tof‘j1 data is shown in Fig. 10. The
extrapolated value 0.16B7) with x*Npe=1.8 is smaller
than the experimental value 0.199 and also smaller than
that from a fit to just the GF11 data, which gives G2g4].

XI. CONCLUSIONS

We have presented a detailed analysis of the decay con-
stants involving light-light and heavy-lightup to charm
quarks. We find that the various sources of systematic errors
(due to setting the quark masses, renormalization constant,
and lattice scaleare now larger than the statistical errors.
| i Work is under progress to address these issues. Our best

0 02 04 0.8 estimates for the pseudoscalar decay constants and the vari-
M, a ous sources of error, without extrapolation to the continuum
limit, are given in Table X.
FIG. 10. Linear extrapolation to the continuum limitigf*. our ~We would like to stress that by including all of the present
data are shown with the symbol octagon, and the rest of the pointdigh statistics large lattice data, the extrapolation to the con-
are from the GF11 Collaboratida]. tinuum limit is, in all cases, not very reliable. For the Wilson

action the corrections a@(a), and one expects that a linear

extrapolation should suffice starting at soeWe find that

in all cases the combined world data do not show an unam-

biguous linear behavior ia. Since different groups analyze
with x/Npe=2.1 and 1.9, respectively. Usingi(M,)  the data in different ways, there is no clean way of including
would increasd by ~2%. Given the large difference in the the systematic errors in individual points in the fits. We
extrapolated value depending on whether the daj@=é.7  therefore cannot resolve whether the poor quality of the lin-
is included or not makes it clear that more data are require@ar fits is due to the various systematic and statistical errors
to make a reliable extrapolation to the continuum limit. or due to the presence of higher order corrections. As a re-

The fp and fp_ data are combined with results from sult, our overall conclusion is that precise data at a few more

JLQCD[5] and APE[6] Collaborations as shown in Fig. 9. values of,[_S' are required in order to extract reliable results in
The results are in the TAD1 scheme, and for comparison nge a—0 limit . . . .
usem(M ). Also, from here on we switch back to the con- We have made linear fits to the data with and without
ventiosn ianhichf' =131 MeV. The APE Collaboration use including the point at the strongest couplifgz5.7. A linear

M, for the meson mass. For consistency we have shiftegjt to combined world data gived,=1206) MeV and

1 . : . ey v k=1355) MeV. Excluding the=5.7 point changes these
their data toM, using our estimates given in Table X. A imate tof —1286) MeV and f,=146(5) MeV. Our best
linear extrapolation t@=0 then gives r K \

estimates for heavy-light mesorfi;=18629) MeV and
fDS=218(15) MeV in the continuum limit, are from a linear

fit to data at3=6.0. The above estimates are usingMy).
fo=186129) MeV, Usingmg(M ,) (our preferred valuyewould increase and
st by ~2%.
We study three lattice transcriptions of the vector current
to calculatefy®. Using the Lepage-Mackenzie scheme to
_ calculateZ,, for each of the three currents yields results that
st 21815 MeV, (10.3 are consistent to within 10%. We extrapoldige1 to the con-
tinuum limit by combining with results from the GF11 Col-
laboration. The result is 0.16B7) compared to the experi-
with ¥*Npe=2.2 and 2.0, respectively. Usingig(M ) mental value of 0.199).
would increasd p, t0 22416) MeV. The quality of the fits

is, however, not very satisfactory. We feel that in order to
improve the reliability of estimates in E¢L0.3 one needs to
reduce the various systematic errors that have not been in-
cluded in thea—0 extrapolations presented above.

The status of experimental measurementéoandfp_is We are very grateful to Steve Sharpe and Claude Bernard
summarized in the recent review by Richman and Burcha or comments on th'.s Paper, and to Chris Allton and Akira
(see Table VI in Ref[18]). The statistical errors are large kawa for communicating unpublished results of _the APE

. : . . and JLQCD Collaborations to us. These calculations have
and t_here is no consensus yet. Most experiments give NUNL..1"Gone on the CMS at LANL as part of the DOE HPCC
bers in the range 225-350 MeV fbp , while for fp there is  Grang Challenge program and at NCSA under a Metacenter
only an upper limit, <290 MeV. Thus it is important to allocation. We thank Jeff Mandula, Larry Smarr, Andy
extract reliable lattice values for the heavy-light decay con\White, and the entire staff at the two centers for their tre-
stants. mendous support throughout this project.
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