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Using a sample oB.3 X 10° B-meson decays collected with the CLEO detector at the Cornell
Electron Storage Ring, we have studiBd — D°¢~» and B° — D*¢~ v decays, wherd~ can be
eithere™ or u~. We distinguishB — D€v from other B semileptonic decays by examining the net
momentum and energy of the particles recoiling agalinst ¢ pairs. We findl['(B — D{v) = (14.1 =
1.0 * 1.2) ns' and derive branching fractions faB~ — D% % and B — D¢~ 7 of (2.32 =
0.17 = 0.20)% and (2.20 = 0.16 = 0.19)%, respectively, where the uncertainties are statistical and
systematic. We also investigate tBe— D{» form factor and the implication of the result f¢v,,|.
[S0031-9007(99)09093-6]

PACS numbers: 13.20.He, 12.15.Hh, 12.39.Hg, 14.40.Nd

The semileptonic decays of tliemeson play important and D" — K~ 7" 7™, respectively. To seleck’s and
roles in heavy quark physics. They provide our bestr’s, we require P; > 0.01 and P;/(Px + P,) > 0.3,
information on the Cabibbo-Kobayashi-Maskawa (CKM)whereP; (i = «,K) is an integratedy? probability that
matrix elementy/,, andV,,; [1] and reveal the dynamics combinesdE/dx and TOF. The candidate mass must be
of heavy quark decay in their form factors. Heavywithin 1.835 < mg, < 1.893 GeV for D and 1.846 <
quark effective theory (HQET) [2] suggests a reliablemg,, < 1.890 GeV for D* decays. To suppres®
method for extractingV,.,| by predicting that quantum mesons produced ire*e™ — c¢ events, we require
chromodynamics (QCD) effects are small when the final{pp| < 2.5 GeV/c.
state meson is at rest relative to the initial meson (zero Electrons are identified usingE /dx, the shape of the
recoil). Most studies of the form factors and,,| [3] shower in the Csl calorimeter, ard/ p, the ratio of the
have used thé8 — D*(¢v decay because its differential particle’s energy deposit in the Csl to its momentum.
rate near zero recoil is large and the QCD effects hav&lectrons are required to have momenta between 0.8 and
been calculated to the highest accuracy [4]. There have.4 GeV/c. Muons, which must penetrate at least five
been two recent studies of the mod#e— D€v [5,6]. interaction lengths of material, have momentum above
Here we present a new, more precise studg et D€v  aboutl.4 GeV/c. The lepton must have the same charge
using a different analysis method. as theK. We require that thed and ¢ lie in opposite

We select theB semileptonic decay® — Dfv, B—  hemispheres; because tBes nearly at rest (the average
D*¢v, B— D*{v, and B — D™z {v by identifying momentum iS00 MeV/c), this is the case for about 90%
events with aD (D° or D™ and their charge conjugates) of the D¢» decays.
and a leptond or w). We then separatB — D{€v from For events satisfying these criteria, we compute
the other semileptonic modes using the net energy ando¥z-p¢, the cosine of the angle between thf
momentum of the particle or particles recoiling againstmomentumpp¢ = pp + p¢ and theB momentumpg,
the D — ¢ pair. Information on the partial width and assuming that the decay B— D{» and that the only
differential decay rate is obtained from tBe — D¢~  missing particle is the massless neutrino, that is,
and B — D"¢ v yields as a function of the HQET
variable w = (M} + m} — ¢%)/2Mgmp, where ¢* is
the squared invariant mass of the virttéd| and Mg and coYp-p¢ =
mp are theB- and D-meson masses. 2lpsllpoel

Data were obtained using the CLEO detector [7] at the
Cornell Electron Storage Ring (CESR). The data consisEor B — D{v decays, —1 < co¥z-p¢ = 1. When
of 3.1 fb~! (3.3 X 10° BB events) collected at th¥(4S)  final-state particles are missing, in addition to theas
resonance and.6 fo~! collected 60 MeV below reso- is the case for the otheB semileptonic decay modes,
nance to evaluate the background from thee™ — gg co¥z-pe¢ can be smaller. We use the distribution
continuum. The CLEO drift chamber system, immersedof co¥9z_p, to separateB — D{v from the otherB
in a 1.5 T magnetic field, provides the trajectories andsemileptonic decays after subtracting backgrounds.
momenta of charged particles. In addition, the main drift The backgrounds come from several sources: random
chamber provides their specific ionizati®iE /dx), and K (7) combinations,D mesons matched with a lepton
scintillation counters surrounding the drift chamber pro-from the otherB decay (uncorrelated)) mesons com-
vide their time of flight (TOF). A Csl electromagnetic bined with a lepton that is a granddaughter of the same
calorimeter aids electron identification, and counters emB (correlated), hadrons misidentified as leptons (fake lep-
bedded in the steel surrounding the magnet provide muoton), ande *e~™ — ¢g events.
identification. To assess the contribution from random combinations

This analysis uses events with at least five chargetve use events in the mass regions above and below the
tracks and, to suppress n@B events, the ratio of Fox- D peak (sideband). Monte Carlo simulatéd decays
Wolfram moments [8]H,/Hy < 0.45. We reconstruct indicate that within small uncertainties the sidebands have
D% andD* candidates in the decay modB8 — K~ 7+ the correct co8z—p¢ distribution and normalization.

2EREpe — M} — My

(1)
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When theD and ¢ arise from the decays of different 1400 e e 070898003
B mesons, the angular distribution between them is nearly
uniform. We take advantage of this uniformity: For each
event in which theD and ¢ are in the same hemisphere 1000
we reverse the lepton’s direction and computefigos ., sool
thereby constructing this distribution for the uncorrelated i

1200 -

Events /0.5
[2]
o
o

background. i
Thee*e™ — gg continuum background is determined 400
from off-resonance data. The correlated background 200

arises from modes such &— D;D followed by D; —
X{¢v and B — DX v followed by 7 — €vv. We esti-
mate these small contributions using a Monte Carlo simu-

cos 6,
lation. Fake lepton background is assessed by repeating B-be

the analysis using hadrons in place of leptons and thep|G. 1. The co8_p, distribution for (a) B — D°X¢» and
scaling the yield by the momentum-dependent electroitb) B — D*X¢v for data (solid circle), simulate® — D{v
and muon misidentification probabilities. Table | sum- (da%hed histogram)3 — D*€» (dotted histogram), an® —

+ DWfy decays (dash-dotted histogram), and their

marizes the yleIc_i and backgrounds. .., total (solid histogram). The normalizations of the simulated
After subtracting the backgrounds, we are left withgampies are provided by the fit.

B — D°X¢v and B — D*X{v decays, wher& stands
for zero or more pions or photons (frof" — Dvy). We

0p— = +p— = . . . -
then extract theD"(" 7 and D" ¢ 7 yields in bins of (Forw < 1.12, the rate is low and backgrounds are large.)

by fitting the co®z_p¢ distribution in each, as shown in . . N
Fig. 1. Herew is the reconstructed value of, and is H;ereGF is the Weak coupling constant. The fit minimizes
+ XD+€ 5, Where

smeared by the detector resolution and motion of Bhe X Xpoe»

to thew distributions of the data in the region > 1.12.

We use ten equab bins over the rangé.0 = w < 1.6. 5 10 [NPPS — j 1e,,N T
In the fits, we assume c@g_p, distributions forD¢v, Xpot-5 = z 7 N7 )
D*¢v, and the sum oD**¢» and D™ 7 ¢v provided by a i=3 Ty 192,

GEANT-based [9] Monte Carlo simulation that uses then?®™ js the yield in theith w bin, N; is the number of

model by ISGW2 [10] forD€» and D**{v, the form  decays in thejth w bin, and the matn)@,J accounts for
factors measured by CLEO [11] f& — D*¢v, and the the reconstruction efficiency and the smearingvin The
results of Goity and Roberts [12] for nonreson@nt)w  fraction of D¢~ 7 decays in eachy bin that is recon-
decays. The fits constrain the ratio 8f— D*¢v t0  structed is 17% to 21% and the averageresolution is
B — D{v decay rates to be the same 8 and B  (.026, about one-half the bin width. The small statistical
decays. The sum of thB%¢~ 7 and D* ¢~ 7 results are yncertainty ine; is represented byr2 . Explicitly,
displayed in Fig. 2. ‘ Y

To obtain information on|V,,| and the form factor

3070299-001

Fp(w), we fit the differential decay width [4], 500
dT' GPlVel? s 3. o a00}
= = ZEEL M+ omp)md(w? — 1)32F w2, 8 L
o = ey My + mp)mbw® — 1V Fp(w) g
(2) £ 200
G>J L
] @ 100
TABLE I. The D°X¢vr and D" X{v yields and backgrounds. ol
Uncertainties are statistical only. 0.05
D% D¢ 004 A
Total Yield 12595 * 112 18087 * 134 >7003f 1
E 0.02[- ~
RandomK () u® - .
combinations 5083 = 50 13502 = 70 .01 ]
Uncorrelated 948 = 63 761 = 75 (io ———
Continuum 452 = 84 432 + 104 ' & ’
Correlated 119 £ 16 119 £ 23
Fake lepton 71 £ 19 26 + 25 FIG. 2. The sum ofD% % and D*¢ 7 (a) yields and
(b) Fp(w)|V.,| as a function ofiw for the data (solid circles),
Background-subtracted a linear form factor (dashed histogram), and the form factor of
Yield 5022 + 163 3247 + 201 Boyd et al. (solid histogram). Plot (b) is partially corrected for

the smearing inv.
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N; = 4f+-Nywus)BxnTp- -[w,- dw dTI' /dw, whererp- is mean of the cag_p, distributions and therefore the
the B~ lifetime [13], Bk is theD? — K~z branching D%~ » andD* ¢ 7 yields extracted in each bin. We
fraction [14], Nyus) is the number ofY(4S) events in have tur_led our simulation to reproduce #enomentum
the sample, and', _ is the Y(4S) — B*B~ branching distribution of fully reconstructed3 decays; however,
fraction. We formy3:,-, analogously. The fit varies a6 MeV/c uncertainty in the mean leads to fractional
IVeo|Fp(1), the parameters describing’y(w)/Fp(1), ~ Systematic uncertainties of 5% fpp, 4% for |V, | Fp(1),

andf—. and 3% forI'. The 1.8 MeV [13] uncertainty in the
Our results for several parametrizations of theB mass generates uncertainties of 7% fgy, 4% for

form factor are summarized in Table Il.  We first [Ves|Fp(1), and 3% forTl.

consider the common expansionFp(w)/Fp(l) = The other large systematic error arises from uncertainty

1 — p%(w — 1) 4+ ¢p(w — 1)2. The result whencp in the co¥p_p¢ distribution of the combine® — D**¢v

is constrained to be zero is shown in Fig. 2. Separat@nd B — D™ m ¢y backgrounds. This distribution de-
fits to the D¢~ » and D* €~ » samples give consistent pends mainly on the number of final-state pions that are
values of p}, as expected; in the quoted results theynot reconstructed. We therefore separate it into two com-

are constrained to be the same. We also assume th@@nents: one in which the final-stafeis accompanied by
fi_ + foo =1, i.e., that B¥B~ and B°B° together oOnew and the other in which it is accompanied by two,
saturate Y (4S) decays. We findf;_ = 0.49 + 0.04, and vary their relative proportions from 1:4 to 2:3 [18] to
consistent with previous measurements [15]. The correevaluate the systematic uncertainty.

lation coefficients for this fit, which is representative, are All D€v form factor fits give the same decay width
pllVas|[Fp(1), pp] = 095, plIVes|Fp(1), f+_]=0.12,  Within 0.8%. The D¢v form factor can affect the
and p(f+_,p3) = 0.03. Whencp, is allowed to vary, efficiency matrix and the cé@g—p,¢ distribution used to

we find that it is consistent with zero within large errors; 0Ptain theD"¢ v andD ™ ¢~ 7 yields in eachv bin. Each
that is, our data allow substantial curvature but do nofPf these effects is less than 1%.

require it. The values obtained fosp and cp are Our final result is

completely correlated because our data are precise only at I'(B— Dév) = (141 + 1.0 + 1.2) ns ", (4)
large values ofy.

Dispersion relations constrain the form factor. BoydMultiplying this by the measure-meson lifetimes gives
et al.[16] expa\n/d_the form fact\c;r_of the variable the branching fractions
z=GKHw+1—-V2N)/(w + 1 + +/2N). Because _ _

z is small, this expansion converges more rapidly than BB~ — D¢ ) = (232 % 017 £ 020)% (5)
does one inw — 1. Fitting for the linear coefficient 5,4

a; with N = 1.108, we find a; = —0.043 + 0.027.

Expanding this form factor in powers of — 1 yields BB’ — D¢ p) = (220 = 0.16 = 0.199%, (6)
ph =130 * 027 and ¢p = 1.21 = 0.31 plus higher
order terms. Capringt al. [17] have also used dispersion
relations to constrain the form factors. Their parametriza
tion leads to similar results.

To obtain theB — D{v decay rate, we use the form
factor parameters provided by the fits and integrate I'(B— Dtv)= (134 =08 = 12)ns’', (7)
dT'/dw over w. The fit using the form factor of Boyd
et al.[16] givesT = (14.1 = 1.0) ns’!. This result is _ 0o -
insensitive tof s _. BB~ — D pv)=(221 £0.13 £0.199%, (8)

The systematic uncertainties are given in Table .5
The uncertainties in th&-meson momentum and mass
dominate because they, respectively, affect the width and B(B° — D™ ¢ 5) = (209 = 0.13 = 0.18)%. (9)

where the first errors are statistical and the second are sys-
tematic. This result is consistent with previous measure-
ments but is more precise. Combining it with the previous
CLEO result [5], taking into account correlations, gives

TABLE Il. Summary of theB — D<{v form factor fits. Errors are statistical only.

Form factor ph cp 10%|Vep | Fp(1) x*/dof
Linear 0.76 = 0.16 4.05 = 045 8.8/13
Parabolic 0.77 148 0.0171% 4.05513 8.8/12
Boyd et al.2P 1.30 = 0.27 1.21 = 0.31 4.48 = 0.61 8.9/13
Capriniet al.P 1.27 = 0.25 1.18 = 0.26 4.44 = 0.58 8.9/13
AWe finda; = —0.043 = 0.027 for N = 1.108.

PAlso has terms of ordefw — 1)* and higher.
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TABLE Ill. The fractional systematic uncertainties. the Swiss National Science Foundation, and the Alexan-
Source 0 WValFo(l) T(B— Dev) der von Humboldt Stiftung.
Track-finding ‘e 0.02 0.035
Lepton ID 0.01 0.020
K and# ID 0.02 0.01 0.022
Backgrounds 0.06 0.04 0.018 *Permanent address: University of Cincinnati, Cincinnati,
|ps| and Mp 0.08 0.05 0.042 OH 45221.
Luminosity 0.01 0.018 TPermanent address: University of Texas, Austin, TX
D¢y form factor 0.01 0.01 0.010 78712.
D*{v form factors 0.01 0.01 0.005 *Permanent address: Yonsie University, Seoul 120-749,
D**¢v model 0.04 0.03 0.026 Korea.
D branching fractions - -- 0.02 0.036 [1] N. Cabibbo, Phys. Rev. Lett.10, 531 (1963);
Tg 0.02 0.026 M. Kobayashi and T. Maskawa, Prog. Theor. Phys.
49, 652 (1973).
Total 0.11 0.08 0.085 [2] N. Isgur and M.B. Wise, Phys. Lett. B32 113 (1989);

N. Isgur and M. B. Wise, Phys. Lett. B37, 527 (1990);
M. Neubert, Phys. ReR45 259 (1994).

Since we obtain both branching fractions from the decay[3] P- Drell, in Proceedings of the 18th International Sympo-
sium on Lepton-Photon Interactions, Hamburg, Germany,

W'?)th’ thf'rd?rrorsfa:re‘ Cimp'ef'ytcorre."at%d'_ 076 + 1997 (World Scientific, Singapore, 1998).
ur studies ot the form lactor givep = 0.76 = [4] M. Neubert, Phys. Lett. 264, 455 (1991).

; . 2
0.16 = 0.08 (linear fit), andpp = 1.30 = 0.27 = 0.14 (5] M. Athanaset al., Phys. Rev. Lett79, 2208 (1997).
and cp = 1.21 = 0.31 = 0.15 plus higher order terms [] D. Buskulicet al., Phys. Lett. B395, 373 (1997).

(dispersion relations). The latter give¥,,|Fp(1) = [7] Y. Kubota et al., Nucl. Instrum. Methods. Phys. Res.,
0.0448 = 0.0061 = 0.0037. Combining this with the Sect. A320, 66 (1992).
previous CLEO result, we obtain [8] G. Fox and S. Wolfram, Phys. Rev. Le#tl, 1581 (1978).

V., |Fp(1) = 0.0416 = 0.0047 = 0.0037. (10) [9] T. Brunet al., GEANT 3.15, CERN Report DD/EE/84-1.

Various authors have founéi,(1) = 0.98 = 0.07 [19], [10] D. Scora and N. Isgur, Phys. Rev. &2, 2783 (1995);

. : N. Isguret al., Phys. Rev. D39, 799 (1989).
+
1.04 [1_0]’ andl.O§9 T 0'02_9 (preliminary) [20]. Using [11] J.E. Dubosceet al., Phys. Rev. Lett76, 3898 (1996).
Fp(1) = 1.0, we find|V,,| = 0.042 £ 0.005 = 0.004 = :
h he | . Il of th | 12] J.L. Goity and W. Roberts, Phys. Rev.q), 3459 (1995).
0.004, where the last uncertainty covers all of these value 3] Particle Data Group, C. Caset al., Eur. Phys. J. C3,

of Fp(l). This value of|V.| is consistent with that 1 (1998). We usery- = (1.65 + 0.04) ps and 7 =
from B — D*{v decays(0.0387 = 0.0031) [3], though (1.56 + 0.04) ps.

its uncertainty is larger. The linear form factor, used in[14] Particle Data Group, C. Caset al., Eur. Phys. J. C3,
most previous studies oB — D*{v, gives a value of 1 (1998). We useB(D — K) = 0.0385 = 0.0009 and

Vel that is reduced by about 10%. Use of the linear B(D — Kmar) = 0.090 = 0.006.
form factor is likely to have a smaller, but neverthelesg15] C.S. Jessopt al., Phys. Rev. Lett79, 4533 (1997).
important, effect on th¢VCb| extracted fromB — D*€v [16] C.G. Boyd, B. Grinstein, and R.F. Lebed, Phys. Rev. D
decays. 56, 6895 (1997).
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