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We report a new measurement of tBeneson semileptonic decay momentum spectrum that has been made
with a sample of 9.4 fb' of e* e~ data collected with the CLEO Il detector at tNi¢4S) resonance. Electrons
from primary semileptonic decays and secondary charm decays were separated by using charge and angular
correlations inY (4S) events with a high-momentum lepton and an additional electron. We determined the
semileptonic branching fraction to W§(B— Xe* v,)=(10.91+0.09+0.24)% from the normalization of the
electron-energy spectrum. We also measured the moments of the electron-energy spectrum with minimum
energies from 0.6 to 1.5 GeV.

DOI: 10.1103/PhysRevD.70.032003 PACS nunider 13.20.He, 12.15.Ff, 14.40.Nd

[. INTRODUCTION (CKM) matrix elements/., andV,, that govern the weak-
current couplings ob quarks through extern&l/* emission.
Semileptonic decays @& mesons have been the principal This reliance results from the inherent simplicity of semilep-
tool for determining the Cabibbo-Kobayashi-Maskawatonic decays, which render more direct access to the under-
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lying quark couplings than do hadronic decays. Nonperturpaper presents an initial interpretation of the electron-energy
bative hadronic effects play a significant role in the details ofmoments in the context of HQET. A forthcoming publication
semileptonidB decays, however, and pose considerable chalf20] will provide a comprehensive interpretation of these
lenges to the interpretation of precision inclusive and exclumeasurements and other moments of inclugwecays that
sive measurements. This has been demonstrated by puzzle@ve previously been reported by CLED4,21].

such as a measurdsl semileptonic branching fraction that

has been persistently smaller than theoretical expectations
[1-5] [l. CLEO Il DETECTOR AND EVENT SAMPLE

In recent years, heavy quark effective theGdQET) has The CLEO Il detector, which has since been replaced by
emerged as a powerful tool in the interpretation of the propthe CLEO IlI detector, was a general purpose magnetic spec-
erties of mesons containing a heavy quark. Rooted in QCBrometer with a 1.5-T superconducting solenoidal magnet
and implemented through the operator product expansioand excellent charged-particle tracking and electromagnetic
(OPB), HQET provides a rigorous procedure for expressingcalorimetry. Detailed descriptions of the detector and its per-
the observables of semileptonic and rBrdecays as expan- formance have been presented previo(igB,23. Two con-
sions in perturbative and non-perturbative parameter§gurations of the detector were used to collect the data
[6—10. If the validity of this formulation of QCD can be sample of this paper. The first third of the data was obtained
demonstrated by detailed comparison with data, then HQE'I\{Vi'[h a tracking system that consi;ted of three CQHCGHtfiC Ccy-
OPE can be used to extract the CKM paramétg,| from  lindrical drift chambers surrounding the beam line. The re-

the B semileptonic branching fraction and lifetime with un- Maining two thirds were collected after an upgrade that in-
certainties that are significantly reduced. cluded the replacement of the innermost straw-tube drift

Voloshin first suggested that the moments of the leptonShamber with a three-layer silicon vertex detector and a
energy spectrum in inclusively measured semilept@ite- change of the gas mixiure from argon-ethane to helium-
cays could provide precise information about the quark-masBroPane in the main drift chamber. The tracking system pro-
differencem,—m, [11]. A succession of authors have ex- Vided solid-angle coverage of 95% ofrdin both configura-
panded on this proposal to include moments of other obsen}ions; and the momentum resolution at 2 GeWas 0.6%.
ables of semileptonic decays and the electromagnetic perT—he tracking devices also provided specific-ionization mea-
guin decay B—X.y [12,13. Measurements have been surements for hadron identification, with additionalK/p
presented by the SCLEq:)lA’, 15 and DELPHI[16] Collabo- discrimination provided by a time-of-flight scintillator sys-

rations. Recently, there have been efforts to provide a corfeM located just beyond the tracking. The final detector sys-

sistent framework for the interpretation of these measurel€M inside the solenoidal magnet was a 7800-crystal O3
electromagnetic calorimeter with solid-angle coverage of

ments. Battagli@t al.[17] have performed fits to orderrh . . . .
g [17] P f; I98% of 47r. The calorimeter was crucial for electron identi-

of the preliminary moment measurements of the DELPH ficati q ided lent effici d |
Collaboration. Bauer, Ligeti, Luke, and Manohar have pre—ICa lon and provided excellent efliciency and energy resoiu-

sented expressions for various moments of inclusidecay 1" fort ph;)tons,f )élel\l/ldlr\ll(g':\z;lvglal)ca_lrﬁwasstresolu;u(()jn tfm?t
to ordera’B, and A dc, for several mass schemgig]. Fits ~ 'ooonoucion o € - 'he outermost detector

. S component was the muon identification system, which con-
to the moments of different distributions and to measure-_. .
. : sisted of layers of proportional-tube chambers embedded at
ments that sample different regions of phase space serve Yee depths in the iron flux return surrounding the magnet
checks of the overall validity of the HQET/OPE approach. In P 9 gnet.

; SR _ The B-meson sample for this analysis was obtained by
ggﬁfiﬁgara'sssufrzgﬁﬁf gfrcézzrflz %ggiiﬂ“gh;‘l%auons of the un selecting multihadronic events from 9.4 fbof CESRe" e~

In this paper we present a new measurement of inclusivgnmh'latlon data at 10.58 GeV, the peak of Mig4S) reso-

semileptonidB decays that has been made with the completéc] ﬁgfeé dAtr;ec(Iq(l.i,IrSvrggnitmOfosaet dligStleverevsvselI{(;\?ﬁ%”jg“ﬁéﬁd
data sample obtained with the CLEO Il detector at the Cor- 9 pOs ) Supp upticity
nell Electron Storage RinCESR. The momentum spec- background processesg-pair, radiative l_3ha_bha, radiative

trum for primary semileptonic deca@— Xev was isolated ~ P&l and two-photon_events. Contributions from con-

through the use of charge and angular correlations ifinuum eventse’e —qq (q=d, u, s, or c) were deter-

Y (4S)— BB dilepton events. The technique of using angularm'ned wiih 4.5 1t © of data collected at a center-of-mass
correlations in events with a high-momentum lepton was firsE"€r@Y approximately 60 MeV below the(4S), where
used by CLEO for measurements®flecays to kaongl9].  there is no production oBB. Before subtraction, below-

It was subsequently applied to measurements of semileptonl€sonance distributions were scaled to account for the differ-
B decays by ARGU$2] and CLEO[3]. In this paper we use €nce in the integrated luminosities of the two samples and
the normalization of the measured electron-momentum speder the 16 dependence of the"e”—qq cross section. The
trum to obtain theB semileptonic branching fraction and the scale factor was computed with measured integrated lumi-
detailed shape of the spectrum to measure the electromosities and CESR beam energies, and confirmed by direct
energy moments with various minimum-energy cuts. The redetermination of the on-resonance—below-resonance ratio of
sults presented here supersede the previous CLEO Il meaharged-track yields above the kinematic limit for the mo-
surement of the semileptonic branching fract{@), which  menta ofB-decay daughters at thé(4S). These indepen-
was based on the first fifth of the CLEO Il data sample. Thisdent determinations agreed within approximately 0.5%, and
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a 1% systematic uncertainty in the correction was assumed..K~ 7+, and plafrom AIA decay$ were used to measure
The Y (4S) sample was determined to include 9.7 million yjsigentification rates. This procedure provided highly opti-
BB events. mized electron identification, with efficiency ranging from
88% at 0.6 GeWt to 93% at 2.2 GeW, as well as hadron-
IIl. SELECTION OF DILEPTON EVENTS misidentification probabilities that were less than 0.1% over
, . _nearly all of the momentum range used for our spectrum
For the measurement of the inclusive electron spectrum i, oasurement.

semllepttomctB c:ec?y, V¥E stelecltedt eventTd Vg'th 'Etih high- " petailed studies of the efficiency determination for this
g}gg&?qug:(aa?n %‘; og'n d easa?e ep.rzg (t:cc))uha eeae:T]_(ra]fman standard electron identification revealed a bias in measure-
uon, w qul v ni urrﬁwents made with embedded radiative Bhabha events that

momentum of 1.4 Ge\d and a maximum momentum of could be significant for precision measurements. This ap-
2.6 GeVEk. Such leptons are predominantly produced in the 9 b § P

semileptonic decay of one of the tvBmesons in afY (4S) peared as a dip in the efficiency beginning-al.8 GeVEk,

decay. In events with tags, we searched for an accompanyir hich was traced to the inclusion of shower-shape variables
(signa.) electron. with mfnimum momentum 0.6 Ga// ! the likelihood. Some electrons from radiative Bhabha

These electrons were primarily from the semileptonic deca;‘?vems were lost because of distortion of the electron shower
of the otherB meson or from semileptonic decay of a due to overlap of the electron and the radiated photon. While

charmed daughter of either the same or the oBeneson.  'adiative Bhabha event-selection cuts were developed to
The procedure for disentangling these components is dehitigate this effect, it was felt that the associated uncertainty
scribed in Sec. IV. in the momentum dependence of the electron-identification

All identified leptons were required to project into the procedure would be a significant systematic limitation on our
central part of the detectodos#|<0.71, whereé is the  spectrum measurement. Since the background due to misi-
angle between the lepton direction and the beam)axlis  dentified hadrons was judged to be negligible at higher mo-
fiducial requirement ensured the most reliable and bestmenta, we developed an alternative procedure that sacrificed
understood track reconstruction and lepton identification. Resome background rejection in favor of a more reliably deter-
quirements on tracking residuals, impact parameters, and thained efficiency. The new procedure used the full likelihood
fraction of tracking layers traversed that had high-quality hitsanalysis below 1 Ge\ and simple cuts on the key variables
provided additional assurance of reliably determined moapove 1 GeVé¢: E/p between 0.85 and 1.1 and measured
menta. S L dE/dx no more than & below the expected value for an

Muons were identified by their ability to penetrate detec-gjectron. A time-of-flight requirement provided additional
tor material and register h|ts_ in the muon chambers. ACt,4ron (primarily kaon rejection between 1.0 and
qepted muon tags were required to reach a depth of at Ieaf% GeVk. There was no requirement on shower shape
five nuqlear Interaction lengths and to ha‘."? the expected CO%hove 1 GeWe, and the previously mentioned momentum-
roborating hits at smaller depths. The efficiency for detectin : -

ependent bias was eliminated.

0, ili .
muons was greater than 90%, and the probability for a ha We used several “veto” cuts to minimize backgrounds

ron track to be misidentified as a muon was less than 1% ) . o
Because muons were used only as tags in this analysis, t m sources other than semileptonic deca)_/s. We_ eliminated
results are quite insensitive to the details of muon identifica@"y 10 Or signal electron that could be paired with another
tion. lepton of the same type and opposite charge if the pair mass
Electrons were selected with criteria that relied mostly onwas within 3 of the J/¢ mass. Monte Carlo simulations
the ratio of the energy deposited in the electromagnetic caloshowed this veto to be approximately 58% efficient in reject-
rimeter to the measured momentut/p) and on the spe- ing electrons fromd/¢, while introducing an inefficiency of
cific ionization (dE/dx) measured in the tracking chambers. 0.5% into the selection of electrons from semileptdBide-
The measurement of thB— Xev signal spectrum is very cays. Electrons fromr® Dalitz decays were rejected when
sensitive to the details of electron identification; this was thghe three-body invariant mass of a combination of the candi-
dominant systematic uncertainty in our previous measuredate electron, any oppositely charged track of momentum
ment of theB— Xewr spectrum[2]. For this reason, we de- greater than 0.5 Ge¢/and a photon was within & of the
veloped a customized electron-identification procedure forr® mass. In this case, the efficiency for rejection was 29%
this analysis and have made extensive studies of efficienciesnd the inefficiency for semileptonic-decay electrons was
and misidentification rates. less than 0.5%. Photon conversions were rejected based on
The standard CLEO II electron-identification proceduretrack-quality variablese.g., the distance of closest approach
was a likelihood-based selection that combined measurdge the event vertexand on the properties and locations of
ments ofdE/dx, time-of-flight, and calorimeter information vertices formed by pairing electron candidates with oppo-
including E/p and transverse shower shape. The selectiositely charged tracks. These criteria were found to be 56%
was trained and its efficiency and misidentification probabil-efficient in rejecting electrons from photon conversions and
ity were determined using data. Electrons from radiativeto contribute an inefficiency for detecting electrons fr&m
Bhabha events, embedded in hadronic events, were used fes Xerv of 2%. For each of these vetoed processes, Monte
the efficiency measurement, and samples of tagged hadrd@arlo simulations were used to estimate the background that
tracks (pions from Kg decays, kaons fromD* —D° “leaked” into our final sample, as is discussed in Sec. V.
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TABLE |. Charge correlations for diIeptoBE events. The* denotes the tag lepton.

Unmixed Events Mixed Events
Primary Events ¢t—p b—e ¢t—p b—et
OppositeB Secondary Events ¢*—b bocoet (*—b b—c—e”
SameB Secondary Events ¢t —boc—e
IV. MEASUREMENT OF THE ELECTRON MOMENTUM electron with the opposite charge from the tag, but with a
SPECTRA IN LEPTON-TAGGED EVENTS kinematic signature that makes its contribution easy to iso-
A. Method late. The effect oB°B® mixing is to reverse the charge cor-

relations in a known proportion of events. We use these

The determination of thB-meson semileptonic branching ; - .
! charge correlations to extract statistically the primary and
fraction and electron-energy moments demands &

background-free sample &—X(» decays that covers as secondary spectra from the unlike-sign and like-sign spectra.

much of the available phase space as possible. The requir}é\le assume that charged and neuBahesons ha.ve the same
ecay rates and lepton-energy spectra for primary semilep-

ment of a lepton tag of minimum momentum 1.4 Ge\i .
tonic decays.

Y(45)—BB events selects a sample of semileptoBide- Discrimination of same3 signal electrons from opposite-

cays that is more than 97% pure. This allows study of “sig-, _. . : . .
nal” electron production from the othds in the event with B signal electrons in the unlike-sign sample relies on the

small backgrounds and components that can be readily di&inématics of production just abov@B threshold. At the
entangled by using charge and kinematic correlations. In ou¥ (4S), theB and theB are produced nearly at rest. There is
analysis we searched for signal electrons with momenta of dittle correlation between the directions of a tag lepton and of
least 0.6 GeW¢. This minimum-momentum requirement an accompanying electron if they are the daughters of differ-
was a compromise, allowing measurement of approximatelgnt B mesons. If they originate from the sarBe however,
94% of the full B semileptonic decay spectrum, while ex- there is a strong tendency for the tag and the electron to be
cluding low-momentum electrons for which the systematicback-to-back. The correlation between the opening adgle
uncertainties in efficiency determinations and hadronic backof the tag lepton and the signal electron and the signal elec-
grounds were significant. tron momentunp, has been studied with Monte Carlo simu-
There are three main sources of signal electrons in leptoriations of BB events and is illustrated in Fig. 1. For unlike-
tagged events, summarized in Table I. The key to discrimisign pairs we applied the “diagonal cufi,+ cosé,=1 (pe
nating among these sources is to measure the spectra of sig-GeV/c). This cut suppressed the saféackground by a
nal electrons separately for events with a tag of the samgctor of 25, while retaining two thirds of the opposBe-
charge and for those with a tag of the opposite charge. Semimlike-sign electron signal. The residual contribution of
leptonic decay of the othds meson gives a signal electron sameB secondaries that leak through the diagonal cut is
with charge opposite to that of the ta&i B°BY mixing is  small and is estimated with Monte Carlo normalized to the
ignored. Semileptonic decay of a charm meson that is adata as described in Sec. IV B. We performed extensive
daughter of the otheB gives a signal electron of the same Monte Carlo studies of potential bias that might have been
charge as the tagagain ignoringB°B® mixing). Semilep- introduced into our analysis by this cut. Semileptonic decays
tonic decay of a charm meson from the saBngives a signal B— X v in BB events were simulated as a mixture of reso-

Opposnte B Same B *0970404-023
{l 1;II]1]II_2.5I(IIIIIII IlIIlII

g2 B FIG. 1. Monte Carlo simula-
] ] tion of electron momentum versus
= - the cosine of the opening angle
‘% i between the tag lepton and the
E ] signal electron (co8,) for unlike-
=1 o sign dilepton pairs from opposite
g B's (left) and from the sameB
7 (right). The line indicates p,

0.5 0.5 ] +C0Sf=1

(o] IR B R IR A A A ol v v v Ly oy Lol N

-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0

€0s 0,27
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nant and nonresonant decays. These used HQET and the 20
CLEO-measured form-factor parameters @ D{ v [24]

and B—D* v [25], and models foB—D** {v [26] and

nonresonant modeB—DX{v [27]. These studies demon- 15
strated that the efficiency was essentially independent of the
B-decay mode. Different backgrounds were affected quite
differently by this cut, however, and these effects were in-

cluded in the associated systematic uncertainties. This is dis-
cussed in Sec. V.

Because the diagonal cut largely eliminated the s8me-
background from the unlike-charge sample, the electron
spectra for events with unlike-sign tajggN(¢*e*)/dp] and
for events with like-sign taggd N(¢~e*)/dp] included only
primary B semileptonic decays and secondary charm semi- 0 i >
leptonic decays from events in which the tag lepton and the Momentum (GeV/c)
signal electron were daughters of differdBitmesons. As-
suming universality of the secondary-charm lepton spectra
(we discuss the validity of this assumption be)o®gs. (1)
and(2) provide the connection between these measured spech(b) _ 1 1
tra and the differential branching fractions for primary dp  (1—[A(p)+1]x) Nyn(p)
[dB(b)/dp] and secondaryd3(c)/dp] decays:

0970204-019
T 1 T

|

0.5

[

FIG. 2. Secondary correction factar(p).

[1-xA(p)] dN(£7e™) dN(¢*e™)
i e(p) dp _XA(p) dp y
dN(¢Ze™) dB(b) dB(c)°PP
d—p=Ne77(p)6(|O) d—p(l—x)+ d—px} ©)
dB(c) 1 1
1) dp  (1-[A(p)+1]x) Nyn(p)
dN(£=e* dB(b)  dB(c)°PPB x| = anceZe”) (1 dN(FeU}
N juagp u 0 - _X -
%: . [ d(p)X+ (;l:?D (1_)()}. «p)  dp dp
@ @

The new factoA (p) accounts for the secondary-spectra dif-
In these equationd\, is the effective number of tags in the ferences in charged and neutral events, and is defined as
sample,p is the signal electron momenturm(p) is the ef-

ficiency f_o_r reconstructirjg and identifyin_g the electrqﬁp) ' A(p)= Roo _ 1 , (5)
is the efficiency of the diagonal cut applied to the unlike-sign dB(c) R, _

sample, andy is the B°B° mixing parameter multi- dp (1= fOO)R_m+f°°

plied by the fraction of alBB events at thé/'(4S) that are

whereR, _ andR are the fractions of charged and neutral
B decays, respectively, that yield a secondary electron. A full
discussion of the derivation of this quantity is given in
Ref. [31].

We determined\ (p) with Monte Carlo simulations incor-
porating all relevant information on charm aBdoroduction
and decay at th&'(4S) as compiled by the Particle Data

G 28]. Specifically,A flects th bined effect
[29]. From these inputs we foung= f ygx4=0.08%+0.004, roup|28]. Specifically, A (p) reflects the combined effec

which has been used in extracting the primary and secondaRf the d|ffere£t branching  fractions foB°—D°X, BY
spectra. 5D X, B"—=D%, andB*—D X, the difference between
Equations(l) and (2) were derived under the aSSumption the Sem”e[:ionic branChing fractions of Charged and neutral
that the secondary-charm lepton spectra are the same f&'s, andB°B° mixing. Figure 2 shows tha (p) obtained in
charged and neutr& events. This assumption was made for our study. The systematic uncertainty introduced by this cor-
our previous lepton-tagged measuremenBef X¢ v [3,30] rection was assessed as half of the difference between results
and is inconsistent with currently available data. obtained withA(p) as shown in Fig. 2 and those obtained
Modifying Egs.(1) and(2) to allow for the different sec- with A(p)=1, which recovers the previous assumption.
ondary spectra in charged and neutral events, and solving the In the following three sections we describe the determi-
resulting equations for the primary and secondary spectraation of the charge-separated spectra, their backgrounds, the
leads to Eqgs(3) and (4): efficiencies, and the final extraction of the primary spectrum.

neutralB’s.

We determinedy by combining several pieces of experi-
mental information. The Particle Data Group value for the
BIBS mixing parameter isyy=0.181+0.004 [28]. The
charged-neutralB lifetime ratio is 7~/7°=1.083+0.017
[28]. CLEO has measured the ratio of charged to neral
production at theY (4S) to be f, 7. /foero=1.11+0.08
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The systematic uncertainties that affect all quantities derivedfication. These track spectra were corrected for the contri-
from the measured primary spectrum are discussed in Sec. Wutions of real leptons. The misidentification probabilities
were measured with samples of pions from reconstruls@d
B. Charge-separated spectra and background corrections decays, kaons frorD* —D—Ka and protons and antipro-
The raw Y(4S) electron-momentum spectra for the tons from the decays of and A. Monte Carlo simulations

unlike-sign sample with the diagonal cut applied and for theVere u;_gd to correct the measure_d muon misidentification
like-sign sample are shown in Fig. 3. These raw spectra inp_robabmtles for the s_ma_ll underestimate that resulted when
clude several backgrounds that had to be subtracted befoRdon or kaon decays in flight prevented the successful recon-
the B— Xev spectrum could be obtained. Some of thesestruction of theKg or D, but not the misidentification as a
backgrounds were due to real electrons that entered th@uon. Relative particle abundances as a function of momen-
sample because of false muon or electron tags. The false tagggn were determined with Monte Carlo and used to combine
included hadrons misidentified as leptdfitakes”) and real  the measured pion, kaon apdp fake rates into misidentifi-
leptons from processes other than semileptddidecays. cation probabilities per hadron track that were appropriate
Among the latter were leptons from semileptonic decays ofy, g decays.

charmed particles, leptons frodiy decays,7° Dalitz de- The backgrounds due to veto leakage in the tag and signal
cays and photon conversions that leaked through one of theymples were estimated by Monte Carlo simulation. The nor-
vetoes, and leptons from other sourceBidecays, including  majization for this correction was determined from data by
leptonic decays of, leptonic decays ofy” and Dalitz de- fitting the spectra of vetoed leptons in Monte Carlo to the
cays of . The minimum-momentum requirement for tag corresponding spectra in the data. The fits demonstrated that
selection of 1.4 Ge\W ensured that these backgrounds werethe Monte Carlo does a very good job of reproducing the

small. o _ ~ observed distributions, in particular fd/, which is the
Background processes contributing directly to the signainost important veto.

electrons for events with true lepton tags were somewhat The leakage of samB-secondary signal electrons was
larger. These included fakes, the sources of real leptons listesktimated with a procedure similar to that for the veto leak-
above as contributing to the tags, and several other mechgge_ In this case, the two-dimensional distribution of ggs
nisms yielding real electrons. Most charmed-meson semilepzersus signal-electron momentum was fitted. Again, the nor-
tonic decays were not treated as background, but were isgnajization was determined by fitting the Monte Carlo distri-
lated algebraically using Eqe3) and(4) as described in Sec. pytions for samed secondary signal electrons that failed the
IV'D. Three sources of electrons from charm were subtracte@iagonal cut to the corresponding distribution in data. This
as backgrounds: The first was the small component Ofctor was then used to scale the Monte Carlo distributions
unlike-sign electrons from sant&-charm decays that passed for those that leaked through the cut, providing the back-
the diagonal cut. The second was electrons from decays @fround correction that was applied to the electron spectrum.
“upper-vertex” charm daughters of the otheB (b Other physics backgrounds to both tags and signals were
—CcW", W"—cs), which was an unlike-sign contribution estimated with Monte Carlo simulations, primarily a sample
that could not be distinguished kinematically from tBe of “generic” BB events with neutraB mixing modeled to
—Xev signal. The third was electrons from the decay ofagree with present experimental observations. This simulated
charmed baryons. sample had five times the statistics¥{4S) data sample.
_The background due to both tag and signal fakes in the Figure 4 shows the continuum-subtracted unlike-sign and
BB spectra was estimated by combining misidentificationlike-sign spectra together with the backgrounds determined
probabilities per track, binned in momentum, with the mo-with the procedures described above. Sources of both tag-
mentum spectra for hadron tracks, which were obtained fronfepton and signal-electron backgrounds have been combined
data by imposing all selection criteria except for lepton iden-n these plots. For example, electrons that are the direct prod-
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uct of an upper-vertex charm decay and electrons that are C. Counting tags

accompanied by a tag from an upper-vertex charm decay are The normalization for the measurement of isemilep-
both included in the category “UV charm.” The corrections ;- branching fraction is provided bi,, the effective
to the unlike-sign and like-sign yields are tabL_llated in Table, ;mber of tags in our lepton-tagged event sample. The de-
II, and the spectra after all background corrections are Showgymination of this quantity, including all background correc-
in Fig. 5. Systematic uncertainties in the background correcgq s is shown in Table I11. Identified leptons satisfying the
tions are described in Sec. V. tag requirements of Sec. Ill were counted for both the on-
Y (4S) and below-resonance data samples. After correction
for the continuum, fake leptons, and other backgrounds by
) ) _the procedures described in Sec. IV B, the raw number of
TABLE IlI. Yields and backgrounds for electrons in events Wlth&ags from semileptoni® decays was found to b&l%aw

high-momentum lepton tags, given separately for unlike-sign and™ ) o
like-sign pairs. Background entries include electrons which are_113704&1631' where the error is statistical only. It

themselves from background processes and those which are accolf@S Not necessary to correct the tag count for the absolute
panied by tags from background processes. Errors are statisticgfficiencies of lepton selection, such as track-quality require-

only. ments and lepton identification, because the background-
— — corrected sample of events with tags provides us \Bith
Source Unlike-sign Like-sign events in which oné is known to have decayed semilep-
ON Y (49) 57445-240  3663% 192 tonically. It is the fraction of these events in which the other
: B decayed to an electron that gives the semileptonic branch-
Scaled Continuum 6413116 4446-98 ing fraction. The only necessary corrections to the tag count
Cont. Subtracted 51032267 32189215 are for effects that result preferentially in the gain or loss of

events in which bottB’s decayed semileptonically.

Fake Leptons 1071 2393 Such a correction to the tag count was necessitated by the
effect of the charged multiplicity requirement in the event
Wy ket bt selection, since semileptonic decays typically have lower
0 99+ 16 367+ 14 multiplicity than hadronic decays. We evaluated this effect

with a large sample of simulateBB events. The event-

Y 3r1+13 135420 selection efficiency, for any event with a lepton tag from
Diagonal Cut Leakage 87113 N/A semileptonicB decay was found to be 95.8%, while the ef-
ficiency €, for events with a lepton tag and a second semi-
Secondary Charm 62018 1425822 leptonic B decay was 91.0%. This gives a relative event-
i 1 i = = 0 1
Upper-VertexD 709+ 23 165+ 21 selection efficiency ofe,=¢€;./€,=95.0%), showing that

our direct tag count was an overestimate of the true number

Upper-VertexD 738+24 202+ 22 of events with tags that could enter our primary spectrum.

Therefore, the effective number of tags whis= e Ni?"

7 98024 305-22 =1079901+ 1549 (statistical uncertainty on)y

o' 240+ 22 6321 This relative event-selection efficiency introduced a sys-
tematic uncertainty into our measurement associated with

Other Backgrounds a421 206-22 how well the Monte Carlo simulated the multiplicity of both

Background-Subtracted Yield 4464D73 25168223 hadronic and semileptoniB decays. We compared the ob-

served charged multiplicity distributions fBB events in
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data and in Monte Carlo and found the agreement to be quiteons. When calculated in this incorrect way, the relative
good. The measured mean multiplicities agreed within 0.Jevent-selection efficiency was overestimated and the semi-
unit for all events with tags, and within 0.01 unit for events leptonic branching fraction underestimated by a few percent
with tags and electrons fro@— Xev. The latter difference relative.
was determined to be negligible, and the systematic uncer-
tainty associated with the former was assessed by reweightp Eficiencies and extracted primary and secondary spectra
ing the Monte Carlo sample in event multiplicity. _ _
We note here that there was a misconception in the treat- 10 extract the primary and secondary spectra, the remain-
ment of this effect in our previous analydi8], which is  ing step was the substitution of our corrected yields into Egs.
superseded by this paper. In that case, the relative ever3) and(4). In addition to the quantities already given, this
selection efficiency was calculated with a numerator that infequired determination of the efficienciggp) ande(p) for
cluded all signal electrons, not just the primaBy—Xev  the detection of the electron and the effect of the diagonal cut
electrons. Including all dilepton events in the numerator hadn the opposite-sign sample, respectively. The electron de-
the effect of raising the average charged multiplicity in thosetection efficiencyn(p) includes the efficiency of the fiducial
events, since it admitted cases where an electron is producedt on electron candidates, the efficiency of track-quality
further down the decay chain, with more accompanying hadeuts, the efficiency of the electron identification, and the ef-

TABLE lll. Yields and backgrounds for tag count. Errors are statistical only.

Source M e ute
ON Y (49) 828155+ 910 837002915 166515% 1290
Scaled Continuum 261667737 212146664 473813992
Cont. Subtracted 5664881171 6248561131 1191344 1628
Fake Leptons 1138561 936+4 1232161
Jly 3397+28 445131 784842
0 N/A 190+ 8 190+ 8
¥ N/A 1166 116+6
Secondary Charm 104847 1334752 2383170
Upper-VertexD 3309 417+9 747+ 13
Upper-VertexD 2364+ 22 818+ 13 3182t 26
T 1947+ 20 253822 4485+ 30
o' 588+ 11 609-11 1197416
Other Backgrounds 3569 29+3 385+9
Background-Subtracted Yield 535681174 6014051132 11370421631
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ficiency for passing the three vetoes/¢, =° Dalitz, tainties in the spectrum measurement. Many of these have
y-conversiof. Each of these, except for the electron identi-already been identified, and this section provides additional
fication, was obtained by processing Monte Carlo simuladetails about their evaluation. The actual systematic uncer-
tions of Y (4S) events. Where possible, the Monte Carlo wastainty estimates are presented in Secs. VI and VII. Full de-
normalized or validated with data. The bin-by-bin effect of tails of the systematic studies are available in Ret].
bremsstrahlung in the detector material was also incorpo-
rated into the efficiency through this simulation. _ A. Veto-leakage corrections

Studies of electron-identification and track-selection effi- i i
ciencies were performed with tracks from radiative Bhabha 1heS€ corrections were computed using momentum spec-
events embedded into hadronic events. The “target” hagira determined from Monte Carlo simulations with normal-
ronic events were selected to ensure that the final embedd&ftions obtained by fitting data, as described in Sec. IV B.

. = . This procedure ensured that the corrections were insensitive

samples were compatible witBB signal events in event

L T to uncertainty in the rates of the contributing processes, al-
topology, multiplicity and electron angular distribution. For y gp

the tracking studies, embedded samples were prepared f'éi}ough there remained some sensitivity to the modeling of

. etails like the momentum spectra. The/ modeling is be-
both datq and Monte Carlo, gnd comparison of the two gav eved to be very accurate: the mixture of decays was tuned
a correction factor as a function of electron momentum tha

. - . agree with exclusive branching ratif@8] and the inclu-
C(.)u'd _subsequently be applied to the efficiency ‘.’e‘em.“”? ive J/¢y momentum spectrurf32]. We estimated a+5%
with simulated signal events. For the track-selection criterig

used in this analysis, the correction factor proved to be al? yStemat'g uncertainty on the Sl_JbtracUon of unvetasis.
o ; : For the w° and photon-conversion vetoes, there was more

most negligibly different from unity. S . )
L ncertainty in the simulation of the detector response, and
The embedded radiative Bhabha sample was also used We took +20%. For each of these, we have fluctuated the
measure the efficiency of our electron-identification package. S o ’
correction upward and downward by these amounts and

In this case the efficiency determined for electrons in thet ken the svstematic uncertainty on anv observable to be
embedded sample was applied directly to data, and extensiva yster ty y
e-half of the difference between them.

studies were made of systematic uncertainties. These studi@®
are described in Sec. V. )
With all ingredients assembled, the final step was substi- B. SameB secondaries
tution into Egs.(3) and (4) to obtain the separated primary  The background due to sanBesecondaries that were not
and secondary spectra. These are shown in Fig. 6. The aptiminated by the diagonal cut was also computed with
parent pairing of points on the rising side of the primary Monte Carlo normalized to data, as described in Sec. IV B.
spectrum has been studied extensively. It is not attributablgn this case, the yield and distribution for the same-B sec-
to any one step of the analysis procedure, and we have founshdaries that were successfully ¢@8%) were used to nor-
no other explanation other than a statistical fluctuation. Seamalize the distribution for those that leaked throug@ho),
tions VI and VII describe the extraction of the—Xev  with negligible statistical uncertainty. An excellent fit was
branching ratio and the electron-energy moments from thebtained in the two dimensions of opening angle versus mo-
primary spectrum, respectively. Section V provides details ommentum, demonstrating that the Monte Carlo did a very good
the systematic uncertainties of the spectrum measuremefib of reproducing the detailed distributions of the contrib-
that are common to both. uting processes. The systematic uncertainty for this correc-
tion was taken to ber 15%.
V. SYSTEMATIC UNCERTAINTIES AND CROSS-CHECKS

Nearly all of the systematic uncertainties in the measure- C. Other non-vetoed background corrections

ments of theB semileptonic branching fraction and the  Similar to the method of determining the systematic errors
electron-energy moments are rooted in the systematic unceattached to veto leakage, we used the Monte Carlo to simu-
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late the shapes of the momentum spectra for backgroundie varying selection cuts and comparison of embedded and
due to non-vetoed physics processes. For each componamiembedded samples that clearly probed systematic effects,
we attempted to assess a reasonable uncertainty based lout were difficult to use for a quantitative assessment. Over-
world-average branching fractions and other information. Inall uncertainties were estimated to be in the range of 2% for
all cases we take as the systematic uncertainty one-half of thtbe electron-identification efficiency. For the misidentifica-
difference between the extreme variations. tion probability the uncertainty was estimated to increase
Upper-vertex charm was the largest of these sourcesrom 25% below 1 GeW to 100% above 1.5 Ge¥/ Un-
Broadly speaking, this background can be broken down int@ertainty in the momentum dependence was very difficult to
two components: final states with[z, meson and another assess. Monte Carlo studies were inconclusive, and the effect
charmed particle and final states with two non-strangeon the electron-identification efficiency was bracketed by
charmed mesons. We treated these independently, since théivorst-case skewing” of the radiative Bhabha measurement.
estimates are largely based on different experimental and This approach was deemed to be unsatisfactory for the
theoretical inputs. While the semileptonic branching fractionmoments measurement, so we developed a second procedure
B(Ds— Xev) is not well measured, the® andD " semilep-  that relied on the “factorizability” of our simplified electron
tonic branching fractions can be combined with lifetime datejgentification. Each of the component criteria of the electron

to estimateB(Ds— Xev)=8%, an estimate that is probably jgentification @E/dx requirement, low-sidé&E/p cut, high-
reliable at the 10% level. However, this uncertainty is essengjge E/p cut, time-of-flight, likelihood cut for momenta be-

tially negligible compared to that in the branching fraction |, 1 GeVic), was separately adjusted and the entire analy-
for B—DsX, which has been estimated to be 987% g including efficiency and fake-rate determinations, was

[33], based on a variety of exclusive measurements. Usmgepeated. The amount of “knob-turning” was determined
these assumptions, we took the overall systematic uncep;

) >l i . ased on the inefficiency associated with each cut, which
tainty on the contribution of semileptonic decays of UPPer- < tvoically a few percent. The target was a tightening of
vertexDg to be +£40%. ypicatly P ’ 9 9 9

The upper-vertexD contribution is somewhat better the cut sufficient to double its inefficiency. In the cases of the

known, with well-measured semileptonic branching fractions:cﬁsf]tg)omerfulltele”l?nts of thte stelecti?fﬁtz(éd? antd time—loft— I
[28] and an estimated rate f8—DD®)X of 8.2+1.3% . 90 1€ alernatve was fo furn ofi fhat cut completely.

[33]. We assigned a systematic uncertainty to the electron-ghe resulting primary spectra were processed to obtain the

from upper-vertex non-strange charmed mesons 26%. obsetrvablzsthof g,‘;fr analystl)s,tthe brt%nChlngltfra;cmt)S antd rgo—d
The estimated contributions dB—7—e and B—y/  Mont andine difierence between e resulls for the standar

—.e*e” were both based on world-average measure&md modified analyses was taken as the systematic uncer-

branching fraction§28]. Both were assigned systematic er- tainty associated with that component of the electron identi-
rors of +15%, taking into account the errors of those fication. Since the five different knobs represented indepen-
branching fractions, with some additional uncertainty assocident elements of the electron selection, we combined their
ated with the shapes of the momentum spectra. systematic uncertainties in quadrature.

D. Lepton identification E. Other efficiency corrections

Since muons were only used for tags, the correction for The track-selection efficiency was determined with a
fake muons only entered our results through the normalizaMonte Carlo simulation of signal events, corrected by the
tion of the primary spectrum. We took an overall systematicdata—Monte Carlo ratio determined with embedded radiative
uncertainty in the estimate of muon fakes ®25%. The Bhabha events, as described in Sec. IV D. The systematic
muon-identification efficiency was not used in our measureerror associated with this efficiency was assigned to be the
ment. difference between results obtained with the standard spec-

For our previous lepton-tagged analy$8], the results trum, and those obtained without application of the data—
obtained were yields and branching fractions with sensitivityMonte Carlo correction.
only to the momentum-averaged efficiency. It was therefore We set the systematic uncertainty due to the efficiency of
unnecessary to scrutinize carefully the reliability of the meathe diagonal cut based on extreme variations of the mixture
sured momentum dependence of the electron-identificationf semileptonicB decays in our simulated event sample.
efficiency. The determination of the spectral moments of thé/ariations were constrained by measured branching fractions
electron-energy spectrum is much more demanding in thi§28]. The mixtures considered ranged from the “hardest pos-
regard. As has been described in Sec. lll, momentumsible” primary spectrum B—D*ev increased by 6%8B
dependent biases in the radiative-Bhabha-measured effi~D** ev increased by 30%B—Dev decreased by 8%;
ciency for the standard CLEO Il electron-identification pack-nonresonanB— D *)Xer decreased by 30%o the “softest
age led us to reoptimize with simpler criteria. possible” primary spectrurfreverse of the above variations

Two approaches were used to assess the systematic unceor each case we computed a new diagonal cut efficiency,
tainties in electron identification. In the first, estimates wererederived the final spectrum, and calculated new values for
made based on studies of the radiative Bhabha and taggethe observables. Half the difference between the two ex-
track samples that were used to determine the efficiency anemes was used as the systematic uncertainty associated
misidentification probabilities. These involved techniqueswith the diagonal cut efficiency.
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We calculated the systematic error due to the efficiencyspectrum with a mixture of predicted spectra for the decay
correction of thel/ ¢, w°, andy-conversion vetoes by using modesB—Dev, B—D*ev, B—D** ey, B—~DXer, and
the “hardest” and “softest” primary-spectrum variations, as charmless decay®— X, ev. All spectra were obtained from

in the determination of the diagonal cut systematic. We theR,| GeaNT [34] simulations of BB events and included

took as the error half the difference between the “hardest’y|octroweak radiative corrections as described by the PHO-

oot aratos s 101 f el T o 10010 ) o oy D+ e e
about 90% of the primary spectrum when we reweighted thé. ccording to HQET with CLEO-measured form-factor pa-

X ; o o {ameters[25]. B—Dev decays were generated with the
uhnllke_-5|gn splectrum. Because(:j (-)f T]IXIFE’ th_e other 10% 0ISGW2 [26] model, and then reweighted to correspond to
t t t - t . '

© primary elecirons appeared in te fike-sign spectrum HQET with the form factop? as measured by CLE(24].
TheseB—Dev and B—D*ev components of the fit were
. constrained to be within-20 of the measured exclusive

The factorA(p) accounts for the difference between the pranching fractiong28]. The third fit component, denoted
secondary-electron spectra in charged and neBtdgcays, B_.p** ey, represented a mixture of decays to higher-mass
as described in Sec. IV A. The systematic uncertainty asgharmed mesons as described by ISGJ28]. The fourth
signed to this was taken to be half of the difference be“"’ee'ﬁomponent was nonresona®it>DXev as described by the
results obtained from Eq$3) and (4) with the A(p) deter-  ,qe) of Goity and Roberti27]. These last two were con-
mined in our Monte Carlo studystandard caseand those strained in the fit only to the extent that they were not al-

ohtained by takmg withd (p) =_1_(no correction. lowed to be negative. The final component was the charmless
'The uncertainty on the mixing parametgrwas deter- decaysB— X,€ v modeled with a hybrid inclusive-exclusive
mined from relevant input data, as is described in Sec. IV A enerator developed by CLEO. This model was built on the
The effect on measured quantities was determined by SOIVinachusive description 01B—>Xu€-v developed by DeFazio
for the spectra with values of that were shifted up and 54 Neubert[36], with shape-function parameters deter-
down by 1o mined by fitting CLEO’s inclusively measurdli— Xy en-
ergy spectruni14]. For all final states with hadronic masses
G. Cross-checks up to that of thep(1450), exclusive final states, as described
We also performed several cross-checks of our results tBy the ISGW2 mode[26], were substituted. The normaliza-
test all aspects of the analysis procedure and to verify thdion of the B—X,ev component was fixed by the partial
there were no biases in the determination of Bheemilep-  branching fraction in the 2.2—-2.6 Ged/momentum region

tonic branching fraction and electron-energy moment8B\ ~ Measured by CLEQBT7]. _
Monte Carlo sample with known semileptonic branching 1he fit performed over 0:6p.<2.6 GeVk according to
fraction and spectral shape was subjected to nearly the full€Se specifications gavexd of 34.5 for 38 degrees of free-
analysis procedure. Results obtained were consistent with ifflom, although it is noteworthy that the—Dev and B
puts and generator-level quantities to within statistical errors—D* v branching fractions were pinned at thei2o- lim-
Other cross-checks involved subdividing the data sampléS- For this fit the fraction of the semileptonic decay spec-
in various ways to demonstrate that there were no unexfum below 600 MeV¢ was 0.064.
pected dependences in the results. No statistically significant e assessed the systematic uncertainty in this estimate by
differences were found between the subsample with electropérforming a large number of variations of the standard fit.
tags and that with muon tags, between positively chargedl? €ach case we refitted with only one ingredient changed.
and negatively charged tags, between low-momentun]he difference between the standard value for the spectral
(<1.75 GeVt) and high-momentum>1.75 GeVt) tags, fraction and that for the modified fit was recorded as the
or between the data samples collected before and after ttRyStematic uncertainty associated with that ingredient, and
detector upgrade. More details on these cross-checks can B¢ overall systematic uncertainty was obtained by combin-

found in Ref.[31]. ing in quadrature.
The variations considered includedl o variations in the

form-factor parameters f@@— Dev andB—D* ev, extreme
variations in the rates of the less well knowf* and non-
Integrating the measured primary spectrum in Fig. 6 beresonant components, variations in the normalization of the
tween 0.6 GeW and 2.6 GeV¢ gives the partial branch- fixed B— X, ev component, a 30% variation in the elec-
ing fraction B(B—Xevr,p>0.6 GeVkt)=(10.21=0.08 troweak radiative corrections applied to the spectha ap-
+0.22)%, where the first uncertainty is statistical and theproximate difference between PHOTOS and the calculation
second is the systematic uncertainty associated with meaf Atwood and Marcian$38]), and variations in the momen-
surement of the electron spectrui@ec. VJ. This result is tum scale with whichB-decay distributions were boosted
almost completely free of model dependence. To extract thato the lab frame.
full semileptonic branching fraction, it is necessary to correct A persistent feature of the fits in the above list was that
for the undetected portion of the electron spectrum below théhey demanded branching fractions f@—Der and
low-momentum limit of 0.6 Ge\. B—D*evr that were not in good agreement with world-
To determine this fraction, we fitted the measured primaryaverage valueg28]. To address this we also fitted the spec-

F. A(p) and B°B? mixing

VI. B SEMILEPTONIC BRANCHING FRACTION
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TABLE IV. Breakdown of systematic errors dy, . 0.005 T e
C thee ]
S A B (% - ' ;
ource sL(%0) 0.004]- i ++++ =
ML, 0.003 - +++ . .
. [ } .
70 0.006 Jooost- 4, \ -
) L ] ]
& [t 1
0% 0.023 §0.002-£++ + _:
SameB secondaries 0.052 © _+ ¢ ]
C + ]
Upper VertexDg 0.091 0.001 C R ]
C . ]
Upper VertexD 0.065 ) A R N RN N YO SO
06 10 14 18 22 26 30
T 0.041 Momentum (GeV/c)
#(2S) 0.005 FIG. 7. TheB—X (v spectrum. This is the spectrum that is
used to extract thd® semileptonic branching fraction and energy
Other Backgrounds 0.003 moments, with additional corrections described in the text.
Tags from Secondaries 0.014
S}
Electron Identification 0.113 E¢7=dE,
Ee, dE,
Mixing Parameter 0.035 RIn,E, mE] pe— , (7)
4 m
Continuum Subtraction 0.028 fE( B dE, dE,
2
Track lity Effici 0.001 .
rack Qualty Efficiency where E}J®=2.5 GeV. For convenience, we denote
Diagonal Cut Efficiency 0.008 R[1.Emin0.Emin] @nd R[2,Ein,0Eminl, as(E;) and(E?),
with E,i, (in GeV) as a subscript when necessary. We also
Veto Efficiency 0.006 min ( V) Zp 2 y. Ve
use the spread of the spectrufg; —(E,)) as an alternative
Muon Fake Rate 0.001 to the second moment, as it is less strongly correlated with
(E,) than(E?).
Alp) 0.021 The moments computed theoretically are for the “heavy-
Event Selection Ratio 0.128 to-heavy” decayB— X € v, while our spectrum and branch-
: : ing fraction measurements included all semileptonic decays.
Fit Extrapolation 0.078 Before computing the energy moments we therefore sub-
Total 0.236 tracted the small contribution &— X,¢ v decays. The mo-

mentum spectrum for these decays was generated with the
hybrid inclusive-exclusive model described in Sec. VI and

trum with theB—Dev and B—D*ev branching fractions the normalization was obtained from the CLEO inclusive
fixed to their PDG 2002 values, with the othBr—X.ev  end-point measuremef7]. To assess the systematic uncer-
components left free. The result was a very poor fit to theainty associated with this subtraction, we varied both the
spectrum {°=85.5/38 DOF) and an undetected spectralnormalization and the shape of th—X,¢» component.
fraction of 0.070. Even though this case was strongly disfac| Eo’s inclusive and exclusivg39] B—X,{v measure-
vored by the measured electron spectrum, we included it ifnents have shown that the proportion of the end-point
assessing the systematic uncertainty. (2.2—2.6 GeVt) spectrum that is due B— m/p/ p/wl v is

Dividing th? measur_ed partial branching_fraction by theapproximately 55%. This has been used for the central value
above-determined fraction of tH&semileptonic momentum . . - .
in the hybrid model, and variations aof 30% in the exclu-

spectrum above 0.6 Gev/pf 0.936+0.006 gives the totdb ; S
sive component were used to assess the sensitivity to the

semileptonic branching ratio: spectral shape. The normalization was varied up and down
B(B— Xer)=(10.91+0.09+0.24%. (6) by one standard deviation, using the combined statistical and
) ) ) - ) systematic uncertainty of the end-point measurement.

Th_e first uncertainty is statistical and thg second IS SYS-" Atter subtractingB— X, » from the spectrum of Fig. 6,
tematic. The _computatlon of the systematic uncertainty ISve obtained the finaB— X.¢ v spectrum shown in Fig. 7.
broken down in Table V. From this spectrum we computed “raw” moments by direct
integration. These moments required two corrections before
they could be interpreted with the theoretical expressions.
Because our moments were measured in Y(@S) rest

Following the notation of Bauegt al.[18], we define the frame, it was necessary to correct for the boost of the spec-
electron-energy moments as follows: trum from theB rest frame, where theoretical predictions are

VIl. MOMENTS OF THE ELECTRON-ENERGY
DISTRIBUTION
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TABLE V. Electron-energy moments for various minimum lepton-energy Eus .

Enmin (E()(GeV) (ED)(GeV?) (Ef—(E)*)(GeV?)

0.6 1.4261+0.0043+0.0105 2.1856:0.0112+0.0271 0.1526:0.0021+0.0031
0.7 1.4509+0.0035+0.0079 2.24190.00970.0216 0.13740.0015+0.0018
0.8 1.4779+0.0031+0.0061 2.3066:0.0090+0.0177 0.1228 0.0013+0.0012
0.9 1.5119+0.0028+0.0047 2.3923 0.0085+0.0144 0.106& 0.0011+0.0010
1.0 1.5483+0.0026+ 0.0039 2.4896¢ 0.0082+0.0127 0.0918 0.0010+0.0011
1.1 1.5884+0.0024+0.0033 2.60030.0080+0.0111 0.077%0.0009+ 0.0012
1.2 1.6315+0.0023+0.0031 2.725%0.0078+0.0109 0.06420.0009+0.0012
1.3 1.6794+0.0022+0.0029 2.872€:0.0078+0.0106 0.05160.0008+0.0011
1.4 1.7256+0.0021+0.0030 3.01920.0079+0.0112 0.0413 0.0008+0.0010
15 1.7792+0.0021+0.0027 3.19720.0081+0.0107 0.0316:0.0008+0.0010

calculated. This is a very straightforward incorporation of thement extraction To provide a concrete illustration, the mean
approximately 300 MeW momentum ofB mesons pro- energy for the full measured spectrunyB;)q ¢=(1.4261
duced from anY (4S) decay at rest. It could be done quite £0.0043+0.0105)GeV, where the first error is statistical
well analytically, although we performed it using Monte and the second is systematic. The largest sources of system-
Carlo simulations that included the precise beam-energy disatic uncertainty for this moment are the electroweak radiative
tribution of our data sample. Using Monte Carlo samples, theorrection (0.0060), upper-vertex charm background cor-
value of each moment was computed in B@and Y (4S) rection (=0.0059), and electron identificationt(0.0046).

rest frames and the difference was taken as an additive coEomplete breakdowns of the systematic uncertainties in the
rection to be applied to the moment. The sensitivity to thecomputed moments for all choices of the minimum electron
momentum scale was explored by reweighting the spectra ienergy are provided in Ref31]. All of these, and the total

B momentum and recomputing. The sensitivity to decaysystematic uncertainty, diminish with increasing minimum-
mode and model was shown to be negligible. f®f), ¢ this  energy cut, as shown in Table V.

correction is (2.4+0.2) MeV.

The second correction was for electroweak final-state ra-
diation, which is not generally included in the theoretical
expressions. Again, an additive correction was obtained, in In this paper we have presented a new measurement of the
this case using the PHOTOS algorithgb] to generate spec- inclusive momentum spectrum for semileptoBieneson de-
tra for different modes and models and computing the differcays using events with a high-momentum lepton tag and a
ences in moment values with and without the correction. Fosignal electron in the full data sample collected with the
comparison and assessment of the systematic uncertainty &SLEO Il detector. Improvements in the understanding of
sociated with this correction, we also used the calculation obackground processes and optimized electron-identification
Atwood and Marciand38]. The systematic uncertainty due procedures have resulted in significant improvements in sys-
to the electroweak correction was taken to be the differenctematic uncertainties relative to the previous CLEO measure-
between Atwood and Marciano and PHOTOS. FB), ¢  ment[3], which this analysis supersedes. We have used the
this correction is ¢ 16.8+6.0) MeV. This is the largest sys- normalization of the measured spectrum and an extrapolation
tematic error in the moments measurement. for 0<E,<0.6 GeV based on a detailed model calculation

From our final spectrum, and after the two correctionsconstrained by data to obtain a new measurement oBthe
described above were applied, we obtained values fogsemileptonic branching fraction, B(B— Xevr)=(10.91
electron-energy moments with minimum energies between:0.09+0.24)%. This result is in excellent agreement with
0.6 GeV and 1.5 GeV. These are given in Table V. Note thabther recent measurements at Y/4S) [4,5] and has better
these numbers are highly correlated. As a cross-check of omverall precision. These results have diminished the level of
procedure for extracting the moments, we also computedisagreement between measurements made at(#g) and
them from theB— X ¢ v spectra obtained with the fits to those fromz° decays[2]. While still somewhat lower than
Monte Carlo—predicted spectra as described in Sec. VI. Cortheoretical predictions, the measu@demileptonic branch-
sistent results were obtained in all cases. ing fraction is now less in conflidtl] with them than was

Systematic uncertainties in the moment values were agsreviously the case.
sessed with the techniques described in Setatkground We have also used our measured spectrum to determine
and efficiency correctionsand earlier in this sectiofimo-  the moments of electron energy in semileptoBicdecays

VIII. INTERPRETATION AND CONCLUSIONS
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band is thet 1o prediction in the
pole-mass scheme. Inputs for
these plots were set by the first
photon-energy moment df—sy

140 1 o | 4 1 4 1 4 1 4 -0.04 I T IR N N [14] and(E[>1_5-
0.5 0.7 09 1.1 13 15 1.7 0.5 0.7 0.9 1.1 13 15
Lepton Energy Cut (GeV)

19017 0.02 T
2 Ef‘;ﬁicted ] F° ,?i.tgimed . FIG. 8. Left: (E;) as a func-
1.80 Js 0.01— - tion of E.,;,. The points are data
C 13 :H__——ﬁ/f and the band is the- 1o predic-
= [ ZE o ] tion in the pole-mass scher&g].
31'70-_ 12 _""_/T‘*_J\E Right: (E¢)data=(Er)nger as a
~ 154001 - function of E,,j,. The points are
'y gof 3 the data from Table V and the
N :,:g
N 1.
|- —V

e
~

with  minimum energies ranging from 0.6 to 1.5 OPE predictions for the electron-energy moments in the
GeV (Table V). Our measured value for the mean en-pole-mass scheme following R4fL8]. The plot on the left
ergy with Eq;,=1.5 GeVk, (E();5=(1.7792-0.0021 shows the measurements and the prediction, while the plot
+0.0026)GeV, is in good agreement with the previous on the right shows the difference between the measurements
CLEO measurement of this quantifg0], (1.781G-0.0007  and the prediction. The values far and\, are constrained
+0.0009) GeV. The earlier measurement was more Precisgy the first photon-energy moment of the+sy spectrum
because it used the entire inclusive spectrum for semileg44] and our measurement ¢E()15 The third-order pa-
tonic B decays, without a lepton-tag requirement. That teCh'rameters’Tl_4 were taken to be to (80.5 GeV}. The pa-
nique does not allow for measurements with smaller valuegymeterp, was taken to be (0.06250.0625) GeV [41],

of Enin, however, because of the large contribution of S€Candp, is constrained bB* —B andD* —D mass splittings
ondary charm decays. While electron-energy moments wefgig]. The error bars on the data points represent the com-
not presented for the previous CLEO lepton-tagged measurgineq statistical and systematic uncertainties of the measure-
ment of B(B— Xev) [3], we note that moment values com- ments, There is substantial correlation among the data values
puted from fits to that spectrum are consistent with the cursg, the differentE,,;, cases. The width of the band is set by

rent measurements. c}he uncertainty in the measurements/ofand \4, Vvariation

_Measurements O.f moments of different quantities ancof the third-order expansion parameters, and variation of the
with sensitivity to different regions of phase space provide

an ideal opportunity to test the description of inclusiBe peﬁir?;gﬁvsegscegncﬁ]rrlsicnosnst.here is an increasing disadree-
decays provided by the HQET-OPE methodology. Using this 9. S, 9 9

: : ment asE,;, is reduced between the measured mean energy
approach, theorists have derived expressidi@ for many min . .
inclusive properties oB decays, including the moments of and the value extrapolated with HQET. We note again that

the lepton enerav and recoil hadronic masgim X.¢ v and these results have been obtained by using the PHOTOS al-
of thepphoton egnyergy iB— X.y. The physical obcservables gorithm[35] to correct for final-state radiation. There is con-
sV

are expressed as expansionsAif--/Me and new param- siderable uncertainty in this correction, and if the prescrip-
P pansi 8co/Me P tion of Atwood and Marciand38] were instead used, the

eters emerge at each ordérat orderAgcp/Mg, Ay andh,  gisagreement between our measurement and the HQET com-
at orderA§cp/M3, and six parameters, p2, 71, 72, T, putation would be increased by 25%. The difference between
7,) at orderA%CD/M;’ [41]. The paramete\ relates the these two computations is the largest contribution to the sys-
b-quark mass to th&-meson mass in the limit of infinite tematic uncertainty in the measurement of the mean energy.
b-quark mass. The parametey is related to the kinetic en- The trend exhibited in Fig. 8 is also illustrated in Fig. 9,
ergy of the Fermi motion of the quark inside théd meson,  which shows four bands in th&—\; space. Along with the
and the parametex, is related to chromomagnetic coupling standard bands fofE,)o 7 and (<E§—<Ee>2>)o.7, we show
of theb quark and the light degrees of freedom in the hadronpands for the difference of the me#R,); s—(E)o 7 and
Previous CLEO moments measuremefit$,15,4Q have  the difference in the variance (E2—(E;)2))o.,— ((E2
been interpreted with theoretzlcgl expansions in th_e pole—maS§<E(>2>)1'5 to isolate the information that is independent of
scaheme 3t_o orderBo(as/m)® in the perturbative and he measurements of the moments viEp>1.5 GeV. The
AQco/Mg in the nonperturbative expansion. The six third-idth of the bands indicates the combined experimental and
order parameters were fixed in fitting the data, and fluctuategheoretical uncertainties. While the bands are all consistent
within bounds determined by dimensional arguméatg for  \ithin errors, the difference in the meatisand 3 is shifted
assessment of the uncertainty. A combined fit to the datge|ative to the values favored by the other measurements.
gave A =(0.39+0.14) GeV and\;=(—0.25+0.15) Ge, There are several possible explanations for inconsistency
where the uncertainties are dominated by thddfj. within HQET among the parameters extracted from different
The plots in Fig. 8 show our measured valuegiBf)as a  energy-moment measurements. In light of the sizable dis-
function of the minimum lepton energy cut and the HQET-agreement between the PHOTOS and Atwood-Marciano
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of all published CLEO momentfl4,15,4Q, the electron-
energy moments in this paper, and new measurements of the
recoil hadronic mass moments B X ¢ v [21] is currently

in preparation. By leaving parameters free at third order, this
will determine if any of the HQET-OPE formulations, in-
cluding the different mass schemes presented by Betuat

[18] and the kinetic mass scheme of Uraltsal.[42], can
accommodate all of the data.

Note addedDuring the final preparation of this paper, we
learned of a report from the BaBar Collaboration reporting
new measurements of the moments of the electron-energy
spectrum in semileptoniB decays[43]. The BaBar results
are based on ai'(4S) sample with about five times the
integrated luminosity of our CLEO Il data and are consistent
within quoted uncertainties with the measurements reported
in this paper. The combined statistical and systematic uncer-
tainties of the BaBar results range from essentially identical
to those of our measuremergmartial semileptonic branching

—(E¢)?))1.5 (band 4. The widths of the bands reflect the combined fraction) to approximately two thirds as largéirst energy
experimental and theoreticaloluncertainties. These bands were moments.

calculated in the pole-mass schefi8].
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