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We measure the primary lepton momentum spectrurﬁmx€7decays, forp,=1.5 GeVk in the B rest
frame. From this, we calculate various moments of the spectrum. In particular, we Rind
=[17celdI'/dEg)dE /[ 15 gedI'/dEg)dE,=0.6187-0.0014,,=0.0016,s and R;=/[;5geE (dl'/
dEg)dE,/f15cedl'/dEg)dE,=(1.78100.0007;,,=0.0002,9 GeV. We use these moments to determine
non-perturbative parameters governing the semileptonic width. In particular, we extract the heavy quark ex-
pansion  parameters A=(0.39+0.03,*=0.06,s+0.12;) GeV and A;=(—0.25£0.0Z,*=0.05
+0.14;,) GeV?. The theoretical constraints used are evaluated through orls@ ity the non-perturbative
expansion an(;Boa§ in the perturbative expansion. We use these parameters to éxtggcfrom the world
average of the semileptonic width and fif\,,| = (40.8-0.5_* 0.401';)%; 0.9,) X103, In addition, we
extract the short range-quark massm%s=(4.821 0.07,p*=0.1%y) GeV/c?. Finally, we discuss the implica-
tions of our measurements for the theoretical understanding of inclusive semileptonic processes.
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I. INTRODUCTION where m, and m, represent the beauty and charm quark

masses, respectivelyk(m.)=[ ag(me)/ag(my)]¢0) and

Experimental data on inclusivi® meson semileptonic de- AMg(AMp) represents the vector-pseudoscalar meson split-
cays can in principle provide a very precise method to deterting in the beauty(charnm sector.
mine the Cabibbo-Kobayashi-Maskaw@KM) quark mix- The parametek ; [2,3] is related to the expectation value
ing parametefV.,| [1]. A crucial theoretical input is the of the operator corresponding to the kinetic energy oftihe
hadronic matrix element needed to express the measurgfliark inside thé8 meson:
semileptonic width in terms d¥.,,|. Heavy quark expansion
(HQE) [2-5] is a QCD-based approach to inclusive pro-
cesses that casts perturbative and non-perturbative correc-
tions to the partonic width as power series expansions. An

underlying assumption of this approach is quark-hadron duyherey denotes the 4-velocity of the heavy hadron apds
ality. It is important to quantify the uncertainties induced by e quark field in the heavy quark effective theory. The pa-
the neglected higher order terms in the non-perturbative ameten, [2,3] is the expectation value of the leading chro-

pansion, as well as the uncertainty introduced by possiblg,omagnetic operator that breaks the heavy quark spin sym-
duality violations, in order to achieve a full understanding of metyy. |t is formally defined as

the theoretical errors and be able to ascertain the true uncer-
tainty on|V.,|. The only strategy proposed so far to gather
further insight is to measure several quantities predicted in
this framework. A precise measurement of the lepton spec-

trum is an important element of this program and is the keXNherehv is the heavy quark field anl®(v)) is theB meson

result presentgd in this Paper. . . . . state. The value ok, is determined from th&*—B mass
The theoretical expression for the inclusive semileptonic

. = — . difference to be 0.1280.010 GeV. The quantityx is re-
width for B—X{v (€=pu or e) through O(1/M3) in the
non-perturbative expansion am}(«s/7)? in the perturba- lated to theb-quark pole massn, [2,3] through the expres-

1 N
M= g0 (B0 [R,D)?h, [B(0)), ©

TV

4

<B<v> Ry oG, h, B<v>>,

tive one is given by4,6] ston
— — A
G|2:|Vcb|2Mg Xy as 2 m,=M —A—i——l (5)
= - - — — > b— ViB ’
sl 1023 0.3689 1 1.54; 1.4380( 77_) 2m,
- where Mg is the spin-averagedB™*) mass Mg

=5.313 GeVt?). A similar relationship holds between the
c-quark massn, and the spin-averaged charm meson mass

(Mp=1.975 GeV£?).
The shape of the lepton momentum spectrum Bn
—X{v decays can be used to measure the HQE parameters

N, and A, through its energy moments, which are also pre-
dicted in the heavy quark expansion. We choose to study
truncated moments of the lepton spectrum, with a momen-
tum cut ofp,=1.5 GeVk in the B meson rest frame. This
choice decreases the sensitivity of our measurement to the
secondary leptons from the cascade decéys ¢—sfv or
dev).

We extract the HQE parameteisand)\l from measure-

X 2
Mg

g
—3.185|\F

A ag
_1'6461\4_3(1_0'87;) —0.94({ 2

A, A nA NoA
+0.02—> —0.29§ ——| —3.28— - +10.47—
M3 Mg M3 M3

P1 P2 1 T2
- 6.153—3 + 7.482—3 — 7.4—3 + 1.491—3
Mg Mg Mg Mg

where Bo=(33—2n;)/3=25/3 is the one-loop QCD beta

function andn; is the number of relevant flavors and the ments of two moments originally suggested by Gremm
form factorsp4, p,, 71, 72, 73, andr, are the parameters of et all:
the 1NI§ terms in the non-perturbative expansion. These

1/M‘;’ form factors are expected, from dimensional argu-

@

T3 Ta
—10.4]7—7.482—34—(9 —
MB MB MB

ments, to be of the ordetgc[), and thus they are generally
assumed to bes(0.5)° Ge\P. In addition,p, is expected to
be positive from the vacuum-saturation approximatj@h
Furthermore, as Gremm and Kapustin have nq#d the
B*—B andD*—D mass splittings impose the constraint

P2~ T2™ Ty
K(MMEAMg(Mp+A) ~ MEAMp(mg+A)
Mg+ A— k(M) (Mp+A)

)

f (dT g /dE,)dE,
1.7 GeV

0
f (dl'g,/dE,)dE,
1.5 GeV

(6

and

10ur notation is different than that used in RE8], whereR, is
first introduced aRR,.
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J E.(dl'g//dE,)dE, J EX8dIg /dE,)dE,
1.5 GeV (4) 1.6 GeV
R;= . (7) Ry’= , (10
f (dl'g,/dE,)dE, f (dl'g /dE,)dE,
1.5 GeV 1.7 GeV
and
The integration interval in the numerator of these expres-
sions is chosen to be large enough to make a comparison J E%S(dl“ J/dE,)dE,
between the HQE predictions and experimental data relevant (4)_ )16 Gev s
[8]. The theoretical expressions for these mom&@?§[4,9] Rp”= b . (1)
are evaluated by integrating the domindmtc€ v compo- Jl.s GeVEg' (dT°g/dE,)dE,

nent of the lepton spectrum. In addition, the small contribu-

tion coming from charmless semileptonic decysu€vis  The values ofA and \; determined with the latter set of
included by zaddlng the contribution frooi",/dE,, scaled  constraints have different relative weights of the experimen-
by [Vup/Vep|* [8,9]. tal and theoretical uncertainties and thus provide comple-
We determine these two moments from the measured lefnentary information.
ton spectrum irBB— X€v and insert them in the theoretical Finally, Bauer and Trott identify moments that are insen-
— . 1S ;

expressions to extract the two parameteyandA. We have  Sitive to m;> and ;. They suggest that a comparison be-
previously published experimental determinationshofnd tween theoretical evaluations of these “duality moments”
A obtained by studying thE., spectrum irb—sy [10] and and their experimental values may provide useful constraints

: ; on possible quark-hadron duality violations in semileptonic
the 1?|'rst moment of the n?aglyli of the hadronic system processes. We report our measurement of two such “duality
recoiling against thef v pair in B—X{v decays[11l]. We  moments,” defined as

compare our results to these measurements.
In recent years, increasing attention has been focused on 07
“short-range masses,” preferred by some authors as they are f 6 GeVEe (dl'g /dE,)dE,
not affected by renormalon ambiguiti€$2]. In particular, Dg=— (12)
the so-called 1®-quark massm;°, defined as one-half of f ELS(dT,,/dE,)dE,
1.5 GeVv

the energy of the 1$b state calculated in perturbation
theory, has been extracted froi(1S) resonance dafd 3].
The massm;® has been shown to have remarkably well-
behaved perturbative relations to other physical quantities
such as the hadronic matrix element governing ke u J E§'3(dI‘S|/dE€)dE€
semileptonic width{14]. Using the formalism developed by _ 716 cev (13)
Bauer and Trotf9], we have used the spectral momeRts 4 59 '
andR; to determinem;>. LS ol (dl's/dE,)dE,

These authors also explore different lepton energy mo-
ments, by varying the exponent of the energy in the inte-This measurement, together with new emerging experimental
grands and the lower limits of integration. In particular, theyinformation on a variety of moments of the kinematic ob-
identify several moments that provide constraints rfmf;S servables irb semileptonic decaygl5,16, may eventually
and \, that are less sensitive to higher order terms in thdead to a more complete assessment of our present under-
non-perturbative expansion. We study four such momentstanding of inclusive semileptonic decays.
defined as

and

Il. EXPERIMENTAL METHOD

The data sample used in this study was collected with the
f EY(dl's/dE,)dE, CLEO Il detector[17] at the CESRe™ e~ collider. It con-
RE)= 1.7 Gev , (8)  Sists of an integrated luminosity of 3.14fhat the Y (4S)
J E?(dFS|/dE€)d E, energy, cprresponding to a sgmple 9f>81{f BB events.
15 GeV The continuum background is studied with a sample of
1.61 fo ! collected at an energy about 60 MeV below the
resonance.
09 We measure the momentum spectrum of electrons and
L.s GeVEe (dl's|/dE,)dE, muons with a minimum momentum of 1.5 GeVih the B
RS): , 9 meson center-of-mass frame. This momentum requirement
J (dT',/dE,)dE ensures good efficiency and background rejection for both
sl 4 4 . . .
1.7 GeV lepton species, thereby allowing us to check systematic ef-
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FIG. 1. Raw lepton momentum spectra from thi¢4S) and 1.40 1.65 1.90 2.15 2.40

scaled continuum. p(GeV/c)

FIG. 2. Background components of the electftop) and muon

. . . (bottom) momentum spectra from processes @decays andy con-
fects with theu/e ratio. For muons we have adequate eﬁ"version for electrons only, andB/ decays and fakes for both lep-

ciency and background rejection only above, tong that are estimated with data.
~1.3 GeVk. In addition, in this range the inclusive spectra
are dominated by the diredi—c{¢v semileptonic decay,
with only a small contamination by secondary leptons pro-mentum cut, and the efficiency rises to a plateau of about
duced in the decay chaim—c—(sfv or d€v). 95% above 2.0 Ge\. The distortion in momentum induced
Electrons are identified with a likelihood method that in- by radiation emitted in the detector and other instrumental
cludes several discriminating variables, most importantly thesffects is corrected for by using the same Monte Carlo
ratio E/p of the energy deposited in the electromagneticsamples used in the efficiency correction.
calorimeter to the reconstructed momentum, and the specific Figure 1 shows the raw yields for electroft®p) and
ionization in the central drift chamber. Muon candidates aramuons(bottom from theY (4S) sample and the continuum
required to penetrate at least five nuclear interaction lengthisackground. The latter is estimated from scaled off-
of absorber material. We use the central part of the detectakesonance data. The scaling factor for the continuum sample
(Jcos#|<0.71 for electrons anftos#|<0.61 for muons is determined by the ratio of integrated luminosities and con-
The overall efficiency is the product of three factors: thetinuum cross sections and is 1.930.013. This scale factor
reconstruction efficiency, including event selection criteriahas been determined independently using tracks with mo-
and acceptance corrections; the tracking efficiency; and thmenta higher than the kinematic limit f@-meson decay
w or e identification efficiency. The first two factors are es- products. In all the cases no statistically significant lepton
timated with Monte Carlo simulations and checked withyield has been observed beyond the end poinBfalecays,
data, whereas the lepton identification efficiencies are studwithin errors. The study of these control samples is used to
ied with data: radiativeu-pair events for theu efficiency  determine the systematic error on the continuum scale factor.
and radiative Bhabha electron tracks embedded in hadronic The raw yields include hadrons misidentified as leptons
events for thee efficiency. Thee identification efficiency is  (fake9. This contribution is determined from data as follows.
nearly constant in our momentum range and equal to (93.8ake rates are determined from tagged samples: charged
+2.6)%. Thex momentum threshold is near our low mo- pions from K2—7*7~, charged kaons fromD*"
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FIG. 4. Corrected electroftriangles and muon(squares mo-
FIG. 3. Background components of the electron momentummentum spectra in thB-meson rest frame, whet5 represents the
spectrum that are studied with Monte Carlo simulations; these comdifferential semileptonic branching fraction in the bip, divided
ponents are similar in the muon case. by the number o8 mesons in the sample.

—D% " D°—=K 7", and protons fromA—pw . The laboratory frame into thé-meson rest frame.B mesons
momentum-dependent probability for misidentifying a had-produced at th& (4S) by the Cornell Electron Storage Ring
ron track as an electron or muon is then determined byCESR e*e™ collider typically have a momentum qfg
weighting the pion, kaon, and proton probabilities according~300 MeV/c in the laboratory framé.Our lower momen-

to particle abundances determined WRBIB Monte Carlo. tum limit of 1.35 GeVEk for the measurement of the lepton
The fake correction applied to the data is obtained by foldinggP€ctra ensures that end effects in the unfolding procedure do

these fake probabilities with the measured spectra of hadlot introduce distortions into the determination of the spec-
ronic tracks inBB events. tral moments. The measured spectrum includes leptons from

We correct for several sources of real leptons. Lepton®—C¢¢» andb—u€v. Figure 4 shows the resulting electron
from J/4 decays are vetoed by combining a candidate witr@Nd muon spectra. While the curves shown combine both
another lepton of the same type and opposite sign and r@Jgns_of lepton charges, we have also studied positive and
moving it if their invariant mass is within @ of the known  Negative leptons separately and found good agreement be-
J/ mass. A correction is made for veto inefficiency. A simi- tween them. Although thb— uf v tail beyond the end point
lar procedure is applied to electrons and positrons comingf charmed semileptonic decay is not shown in Fig. 4, this

from #° Dalitz decays and frory conversions. component of the charmless semileptonic spectrum is un-
Finally, we subtract leptons coming from(2S) decays folded and added separately to the measured moments.
or the secondary decays—c—(stv ordfv) and B—r Our first step is the determination of the truncated mo-

. ¢vv using Monte Carlo simulations. Figures 2 and 3 showMeNtSRo and R, defined in Eqs(6) and (7), respectively.
the individual estimated background contributions to ourYSing theé measured spectra, we evaluate the relevant inte-

sample. Note that all of the backgrounds are small comparegrals and obtain the results shown in Table I, where the first
to the signal. error is statistical and the second is systematic in each quoted

Our goal is a precise determination of the shape of théwmber. Table Il summarizes our studies of several sources

lepton momentum spectrum, so corrections for the distortio@f SyStématic uncertainty and their effect on the momegts
introduced by electroweak radiative effects are importantf"md Ri. The dqmlngnt u'n'cer.talnty fgr both lepton species is
We use the prescription developed by Atwood and Marcianéelated_ to particle |dent|f|cat|o_n_ efficiency. As the moments
[18]. This procedure incorporates leading-logarithm and®'® ratlps of m_easured quant!t|es, the effects of several un-
short-distance loop corrections, and sums soft-virtual angertainties, which are nearly independent of the lepton en-
real-photon corrections to all orders. It does not incorporat&’dy cancel. The overall systematic uncertainties are 0.28%
hard-photon bremsstrahlung, which mainly modifies the lowfor Rg*® and 0.06% foR7*® for the e~ sample, and 0.32%
energy portion of the electron spectrum, and is not used in

our analysis. An independent method of studying QED radia- TABLE I. Measured truncated lepton moments &fu* and

tive corrections in semileptonic decays, based on the simuzombined(weighted average af and ™).

lation packageeHOTOS[19], has been used to obtain an in-

: - REXP REP(GeV)
dependent assessment of the corrections. The difference 0 1
between the two methods is used to obtain the systematigt 0.6184+0.0016+0.0017 1.7817 0.0008+ 0.0010
error of this correction. wt 0.6189+0.0023-0.0020  1.78020.0011+0.0011

I+

Finally, we use a Monte Carlo sample of>clv events ¢
to derive a matrix to unfold the corrected spectra from the

0.6187-0.0014+0.0016 1.7816:0.0007=0.0009
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TABLE IIl. Summary of the statistical and systematic errors onadditional terms because our data are corrected for these ef-
the momentRy*? and RT*P. fects. The non-perturbative expansith-4] includes terms
through order M3 .

The values of the HQE parameters and their experimental

SRo(X10°) 6R(GeV) (X 10%)

n e wo e K- uncertainties are obtained by calculating tg® from the
Statistical error 16 23 08 11 measured momen®3*P andR7*P and the covariance matrix
Continuum subtraction 0.42 030 0.36 0.27 ERORl
J/ i veto 0.15 0.07 0.10 0.08
° veto 0.04 N/A 0.01 N/A
Leptons fromb—c—s(d)€v 0.64 0.70 0.20 0.30 a=1 p=1
Leptons fromB— 7 X 0.22 0.25 0.10 0.10 xX2=2> > (REXP— th?)EﬁolRl(R%Xp_ Rtﬁh), (14)
Fake leptons 0.04 0.02 0.02 0.19 a=0 =0
Detection efficiency 0.10 0.08 0.20 0.08

Particle identification efficiency  0.91 1.52 0.40 0.65 . .
Electroweak radiative correction  0.75 0.43  0.25 0.15 whereRy' andR}" are

B— X,{ v shape uncertainty 0.50 0.40 040  0.30

Unfolding effect 0.34 0.44 0.14 0.12
Absolute momentum scale uncert. 0.70 0.70  0.50 0.50 . —
Total systematic uncertainties 1.7 20 1.0 11 th A A N
Ry =0.6581-0.31§ =—| -0.68 = | —1.65 =
Mg Mg Mg
and 0.06% for theu™ sample. These are comparable to the 5 — N 3
statistical uncertainties. Since the two moments are extracted 49 g + Vub 087-38—|—-158 —
from the same spectra, we must use the covariance matrix M3/ [Veb B Mg
Ergr, t0 extract the HQE parameters. Table Ill shows the
numerical values of th&g r elements for electrons and ANq AN, p1 s
muonsl _7.1 Tg _17. TS _1. :3 +2. :3
M B M B M B M B
IIl. DETERMINATION OF THE HQE PARAMETERS 1 T2 73 T4
: e . . M M M M
First, we determineé\ and\; using the published expres- B B B B
sions for the momentR, and R, in terms of the HQE pa- —
rameters[8]. In addition, we explore the implications of Qs A A
; Y ——10.039+0.18=] —0.098 —| B, (15
other constraints derived from the lepton energy spectrum Mg T
[9].
_ 0 [ R e
A. Determination of A and A; from the moments Ry and R, ~0.05 \ _
e R, Band i
The theoretical expressioh8,9] relating the spectral mo- 010k o i
. . i 10 Total ]
ments to the HQE parameters include correction terms ac- o151 Experimental  _]
counting for electroweak radiative effects and the unfolding S By Bang Ellipse for Muons ]
from the laboratory to the rest frame. We do not use these o ~~0.200 B
&-0.25- -
TABLE lll. Covariance matrices for the experimental errors on ‘1_0 30l ]
R§*P and R{*P moments i 1
0 1 . -0.35- 10 Total —
UL E)é;l)lgrimefntal i
= L 1 r —
ERORl( x10) A B Elepcst?or?s |
o -0.451 N ]
5.5 14 =050 e Liw oo s Uier T isis o ANS NS a4 5 0]
11 1. 0.1 02 03 04 05 06 07 08
+ A (GeV)
M 52 2.
22 9. FIG. 5. Constraints on the HQE parametgssand A from our
¢ 45 0. measured moments of the electron and muon momentum sjigctra
(0 8 1 j andR;. The contours represefty?= 1 for the combined statistical

and systematic errors on the measured values. The parameters
and A are computed in th#1S scheme to order M3 and Bya?.
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FIG. 6. The constraints from our combined electron and muon FIG. 7. Experimental constraints from ti&—X¢v hadronic

R, andR; moments, withA y?=1 contours for total experimental

and theoretical uncertainties. The parametefsand A are com-
puted in theMS scheme to order M3 and Bya? .

and

mass moment and—sy E,, moment 11] compared with the com-
bined electron and mudR, andR; constraints. The parametexs

and A are computed in th#S scheme to order M3 and Bya?.

perturbative series appearing in the expressions for the mo-
ments described in this paper. The most conservative esti-
mate gives a truncation error of at most 20% of the central
values of the HQE parameters. The theoretical uncertainties
presented in this paper do not include this truncation error.

Ay ubl? A The measured; and A are given in Table IV.
—-3.9 R 1.33-10.3=]-0 o A previous CLEO measurement used the first moment of
B cb B B the hadronic recoil masgll] and the first photon energy
- moment from theb—svy process[10]. Figure 7 shows a
ANy 2 7( p1 3( p2 ; f Its wi : :
57 —=|-6.8 —5|-7.7 £ | -1.3 = comparison of our results with the previously published
M3 M3 M3 M3 ones. We overlay the experimental ellipse from the electron
and muon combined spectral measurement, using in this case
39 1 _4 T2 _31 73 _4 T4 [Vup/Vepl=0.07 to be consistent with the assumptions in
' Mg ' ,\Wg ' Mg ' ,\7%’ that paper. The agreement is good, although the theoretical
uncertainties do not warrant a very precise comparison.
as A Using the expression for the full semileptonic decay width
- 0.035+ 0-07M—B -0. 082( ) Bo- (16)  given in Eq.(1), we can extractV.,|. We usel'$P=(0.43
In Fig. 5 we show theAy?=1 contours for electrons and OFrrrreee R
muons corresponding to the quoted experimental uncertain- -0.05- —
ties. -0.10- R Band/'\:\\ 10 Theoretical
The theoretical uncertainties on the HQE parameters are s ! A lipse
determined by varying, with flat distributions, the input pa- T
rameters within their respective errorgV,/Vp|=0.09 o 70-201 7
+0.02 [20], as=0.22+0.027, \,=(0.128+0.010) GeV &-0.251- —
[4], p,=0%(0.5)° Ge\®, and 7,=0.0+(0.5)° Ge\® [4]. <0301 10 Total
The parametep; is taken as 0.5(0.8)-0.5(0.5¢ Ge\?, be- ok !
cause it is expected to be positig. The contour that con- T
tains 68% of the probability is shown in Fig. 6. This proce- —gA0- R Band
dure for evaluating the theoretical uncertainty from the -0.45(
unknown expansion parameters that enter at ordb!rf’Bst =050l b b |
01 02 03 04 05 06 67 o8

similar to that used by Gremm and Kapusf#i and Bauer

and Trott[9], but is different from the procedure used in our

analysis of hadronic mass momept4]. The dominant the-
oretical uncertainty is related to theM terms in the non-
perturbative expansion discussed before. ReferEaitehas

A'S(Gev)

FIG. 8. The combined electron and muBg andR; constraints

on the parametera®S and \,, showing theA y2=1 contours for
total experimental and theoretical uncertainties, using the con-

explored the convergence of the perturbative and nonstraints in Ref[9].
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TABLE IV. Measured\ ; andXvaIues, including statistical, systematic, and theoretical errors.
A1 (GeV?) K(GeV)
e” —0.28+0.03,;5+0.06,,s+0.14;, 0.41+0.04;,+0.06,ys+0.12,
un —0.22+0.04;,+0.07, s+ 0.14;, 0.36=0.06,15+0.08,,s+0.12,
= —0.25+0.02;,,*+0.05,,s=0.14; 0.39+0.03,15+0.06,ys+0.13,

TABLE V. The measured\!S and m%s. The quoted errors reflect statistical, systematic, and theoretical uncertainties, respectively.

ALS (GeV) my° (GeV/c?) N1 (GeV?)
et 0.52+ 0,04, 0.06,¢+ 0.1%, 4,79+ 0,07+ 0.1%, —0.26+0.03 5+ 0.0, 0.12,,
ut 0.46+ 0,055, 0.08,,¢*+ 0.1, 4.85+0.07,,,+0.1%, ~0.19+ 0.04,,,+ 007+ 0.12,
¢* 0.49+ 0.03,5* 0.06,,¢*+ 0.1, 4.82+0.07,,+0.1%, ~0.23+0.02 5+ 0.05,,5+ 0.12,

TABLE VI. Measured truncated lepton momerﬁgg for e*, u™, and their weighted average.

RE(Gev 9 RE)(GeVP9)

e* 0.3013+ 0.0006,,*+ 0.0005, 2.2632+0.0029;,*+ 0.0026,
wr 0.3019+ 0.0009,* 0.0007Z 2.26110.0042,+0.002Q,
e 0.3016+ 0.0005,*+ 0.0005, 2.2621+0.0025,+0.001Q,
TABLE VII. Measured truncatetﬂag‘,‘@, moments fore™, ™, and their weighted average.

R (GeV*d) RLY (Gev %)
er 2.1294+0.0028,,,+0.0027, ¢ 0.6831+ 0.0005,+ 0.000%,
ue 2.1276+0.004Q5+0.0015 ¢ 0.6836+ 0.0008,+ 0.0014,
" 2.1285+0.0024,,,+0.0018 5 0.6833+ 0.0005,+ 0.0006

TABLE VIIl. Measured duality moments and theoretical predictions using the valpesdxls reported
in this paper. The errors reflect the experimental uncertainties in these parameters and the theoretical errors,

respectively.
Experimental Theoretical
Ds 0.5193£0.0008, 0.5195+0.000§  y1s*0.0003,
D, 0.6036+0.0006, 0.6040=0.000§  »1s+0.000%,
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+0.01)x 10 1°MeV [1]. Assuming the validity of quark- 0'11'"""""'"""""""Thé'c,'r'e'tiéé|" q
. . [ Experimental ]

hadron duality, we obtain of Eneeri R} Error for RY)
= - —3 g Theoretical 7

|Vepl = (40.8+= 0.5 *0.4, 1*+0.9,)x107° (17 _~01F  Experimental Error for RC)]

N F Errorfor Ry, 7

where the first uncertainty is from the experimental value of g-02f ' E
the semileptonic width, the second uncertainty is from the :—_0'35_ E’r‘gﬂ'(’j‘fgﬁ E
HQE parameters\; andA), and the third uncertainty is the : Theoretical ]
theoretical uncertainty obtained as described above. -0.4p Error for Ry , g
—0_5:....|....|....|....|....|....|....|....:

B. Determination of the short range massm;® 0 o1 02 0‘?_\13326\;;'5 06 0708

We use the formalism of R€eff9] to extract the short range

. — " ALS
mass of theo quark més, defined asméSE MB—AlS. Table FIG. 9. Constraints on the HQE parameteisand A*> from all

. — our measured spectral moments.
V summarizes the measurement/ofS and\ ; for electrons

and muons separately, and for the combined sample. FiguretBus no internal inconsistency of the theory is uncovered in
shows the corresponding bands and #y¢=1 contour. The this analysis.
theoretical uncertainty is extracted using the method de-

scribed  above.  Our  result, m}°=(4.82+0.07,, IV. CONCLUSION
+0.11;,) GeV/c?, is in good agreement with a previous es- _
timate of miS [13] derived fromY(1S) data,m}=4.69 We have measured the lepton momentum spectrg in
+0.03 GeVEt2. —X{€v (€=eandu) for p=1.5 GeVk in theB rest frame.
From these, we determine the spectral momdrys R,
C. Measurements of additional spectral moments RS), Rf)s), Rg“), Rg‘), D5 andDy,.
and implications for the HQE parameters Using the moment&, and R, we extract the HQE pa-

We apply the same experimental procedure described b&ametersA=(0.39=0.03;,:*0.06,,s+0.12;) GeV andi;
fore to measure a variety of spectral moments. In particular= (—0.25+ 0.02,+ 0.05,s+0.14,) GeV?. These results
we measure the momeri?, R, R, andR{" defined imply that the pole mass m,=(4.90+0.08,,
in Egs. (8)—(11). Tables VI and VII summarize their mea- *=0.13,) GeV/c?. The short range mass;® is found to be
sured values, as well as the statistical and systematic error&4.82+0.07%,,*0.1%,) GeV/c>. We obtain |V, =(40.8

Figure 9 shows the measuradS and\; with these two sets  + 0-ry 0.4, 1%0.94) X 10 . without any quantified er-

of constraints, as well as the constraints derived from th&or associated with the assumption of quark-hadron duality.
momentsR, andR;. Although we are able to confirm that ~ Finally, an extensive study of different spectral moments
1/M§ terms produce much smaller uncertainties usgty”, shows good agreement between independent determinations
the experimental errors are larger in this case because of tf¥ the HQE parameters.

similar slopes for the two constraints. The uncertainty el-

lipses are still sizable, but the systematic and theoretical un- ACKNOWLEDGMENTS
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