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Measurement of theB ! Dln Partial Width and Form Factor Parameters
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We have studied the decayB ! Dln, wherel ­ e or m. From a fit to the differential decay rate
dGydw we measure the rate normalizationFDs1djVcbj and form factor slopêr2

D , and, using measured
values of tB, find Gs B ! Dln d ­ s12.0 6 0.9 6 2.1d ns21. The resulting branching fractions
are Bs B

0
! D1l2 n d ­ s1.87 6 0.15 6 0.32d% and Bs B2 ! D0l2 n d ­ s1.94 6 0.15 6 0.34d%.

The form factor parameters are in agreement with those measured inB ! Dpln decays, as predicted
by heavy quark effective theory. [S0031-9007(97)03964-1]

PACS numbers: 13.20.He, 12.15.Hh, 12.39.Hg
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Exclusive semileptonicB meson decays provide infor
mation about both weak and strong interactions of qua
The rate for these decays is proportional to the square
the Cabibbo-Kobayashi-Maskawa (CKM) matrix eleme
jVcbj [1], while the dynamics of these decays, as expres
in the decay form factors, provide information about t
QCD potential which binds quarks together as hadro
[2,3]. Heavy quark effective theory (HQET) [4] has mad
it possible to extract values ofjVcb j, with relatively little
model dependence, through a measurement of the d
rate at the point of zero recoil of the daughter meson. T
decayB ! Dpln has provided measurements of the dec
rate at the point of zero recoil and the form factor slop
giving very accurate values ofjVcbj [5] and information
about the shape of the Isgur-Wise function that descri
the dynamics of heavy-to-heavy meson transitions.

The pseudoscalar-to-pseudoscalar decayB ! Dln can
provide the same information, although it will be le
precise because of the smaller overall decay rate for
mode than forB ! Dpln, the smaller rate near the poin
of zero recoil, andO s1yMQd corrections to the decay
rate at that point that are not present inB ! Dpln.
However, this mode should yield a value ofjVcbj that is
consistent with other measurements, and HQET pred
[6] that the form factor parameters should be very nea
the same as in theB ! Dpln decay. In this Letter,
we present a measurement of the differential decay
dGydw in the decayB ! Dln, from which we extract
the decay rate normalization at the point of zero recoil a
the form factor slope. The variablew ­ sM2

B 1 M2
D 2

q2dys2MBMDd, whereq2 is the invariant mass squared o
the lepton-neutrino system, is the kinematic variable
HQET, and is equal to the relativisticg factor for theD
meson in theB meson rest frame. From these results a
the measuredB lifetime, we obtain the partial width for
the decay and convert it to branching fractions.

This study is based on anYs4Sd data sample of
3.16 fb21 (3.34 3 106 BB pairs) accumulated by the
CLEO experiment at the Cornell Electron Storage Ri
(CESR). The CLEO detector [7] contains three conce
tric wire chambers that detect charged particles an
CsI(Tl) electromagnetic calorimeter that detects photo
all within a 1.5 T superconducting solenoid.
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The undetected neutrino complicates analysis
semileptonic decays. Using the hermeticity of the CLE
detector, we reconstruct the neutrino by inferring its fou
momentum from the missing energysEmiss ; 2Ebeam 2P

Eid and missing momentums $pmiss ; 2
P

$pid in each
event, whereEi and $pi are the energy and momentum
of each detected particlei in the event, as was done in
the CLEO measurement of exclusiveb ! uln decay
rates [8]. In the processe1e2 ! Ys4Sd ! BB, the
total energy of the beams is imparted to theBB sys-
tem. At CESR, that system is at rest, so the neutri
combined with the signal lepton andD meson should
satisfy the energy constraintDE ; sEn 1 El 1 EDd 2

Ebeam ­ 0 and the momentum constraintMcand ;
fE2

beam 2 j $pn 1 $pl 1 $pDj2g
1

2 ­ MB. We select candi-
dates with5.2650 # Mcand , 5.2875 GeV and2100 #

DE , 500 MeV; the requirement onDE is asymmetric
about zero to reject feeddown fromB ! Dpln decays,
which haveDE values of about2150 MeV when recon-
structed asB ! Dln decays.

$pmiss will best represent$pn in events were the nonsigna
B decays hadronically, and where all its decay produc
are well measured in the detector. To suppress event
which $pmiss poorly represents$pn , we reject those events
with multiple leptons or a total charge more than one un
from zero because they indicate other missing particl
We further require thatM2

miss ; E2
miss 2 j $pmissj

2 for each
event be consistent with zero. Surviving signal even
show a resolution inj $pmissj of 110 MeVyc. Because the
resolution onEmiss is about 2.1 times larger, we take
sEn , $pnd ­ sj $pmissj, $pmissd.

Information from calorimeter and tracking measure
ments including specific ionization is combined to iden
tify electrons withp . 600 MeVyc over 90% of the solid
angle. Particles are considered muons if they register h
in counters deeper than five interaction lengths over t
polar angle rangej cosuj , 0.85. Candidate leptons must
have0.8 # pl , 2.4 GeVyc, where the lepton identifica-
tion efficiency averages more than 90%; the probabili
that a hadron is misidentified as an electron (muon),
“fake lepton,” is about 0.1% (1%).

The leptons and neutrinos are then combined w
D mesons, which are identified in the decay mod
2209



VOLUME 79, NUMBER 12 P H Y S I C A L R E V I E W L E T T E R S 22 SEPTEMBER1997

ig
t
n

i-

a
n

a

in

y

%

a

o
s

h

th

n

a
o
e
n
n

n

n

po-
nal
he

n of
a-

ds
g

om

-
te
of

us
ws
-
p-
ed

h,

re
D0 ! K2p1 and D1 ! K2p1p1. (The charge
conjugate mode is always implied.) Hadron mass ass
ments are made by requiring that the kaon and lep
have the same charge. To reduce large backgrou
to D1 ! K2p1p1 decays from random track comb
nations, we require that theD1 daughter pions (kaon)
have measured specific ionization values consistent w
the assumed particle hypothesis within 3.5 (3) stand
deviations. D0 candidates are required to have invaria
mass satisfying1.850 # MKp , 1.880 GeV, and D1

candidates to satisfy 1.855 # MKpp , 1.885 GeV.
This 615 MeV range is about twice the experiment
resolution on the invariant mass. Since theD must
come from a B decay, we requirepD , 2.6 GeVyc.
To ensure conservation of energy and momentu
we also require that the event satisfy the triangle
equality jpB 2 j $pD 1 $plj j # Ebeam 2 sED 1 Eld #

pB 1 j $pD 1 $plj, wherepB ­ fE2
beam 2 M2

Bg1y2.
Backgrounds arise frome1e2 ! qqyt1t2 (con-

tinuum), fake leptons, random track combinations th
form D candidates, feeddown from otherB ! DXln

decays, and random combinations ofD candidates and
leptons from different parentB mesons. The contin-
uum backgrounds are reduced by requiring that the ra
of Fox-Wolfram momentsH2yH0 [9] be less than 0.4.
Backgrounds fromB ! DpXln decays are reduced b
eliminating events that includeDp or Dg pairs that are
consistent withDp decay. We find 303D0l2n and 714
D1l2n candidates that satisfy all of these requiremen
The average reconstruction efficiency, as determined b
Monte Carlo simulation of the CLEO detector, is 2.82
for B2 ! D0l2 n events and 2.57% forB0

! D1l2 n

events. Figure 1 shows theMcand distribution observed
in the data.

We estimate the continuum background using d
collected 60 MeV below theYs4Sd energy and the fake
lepton background by applying measured fake rates
nonleptonic data. We estimate backgrounds from rand
track combinations that formD candidates using event
in sideband regions on either side of theK2p1sp1d
invariant mass signal region under the assumption t
the magnitude of this background is linear inK2p1sp1d
invariant mass. This is the largest background in
D1l2 n sample.

Feeddown backgrounds are modeled through Mo
Carlo simulations, using an event generator that accou
for all angular correlations among the decay products,
a full simulation of the CLEO detector. The magnitude
theB ! Dpln background is normalized to the measur
rate for this decay [10]. This is the largest backgrou
in the D0l2 n sample, as the kinematics of the signal a
background decays are so similar, and becauseDp mesons
are more likely to decay to aD0 than to aD1. B ! Dppln

processes, whereDpp represents a variety of charm meso
with radial and angular excitations and nonresonantDspdp
states, are modeled with the ISGW2 [2] and Goity a
2210
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FIG. 1. Mcand distributions for theD0l2 n (top) andD1l2 n
(bottom) modes. The points are the data, the shaded com
nent is the continuum and fake lepton background, the diago
hatch is the combinatoric background, the vertical hatch is t
B ! Dpln feeddown, and the crosshatch is theB ! Dppln
and other backgrounds. The unshaded area is the predictio
a Monte Carlo simulation of the signal, normalized to the me
sured decay rate.

Roberts [11] models. We normalize these backgroun
to a set of rates [12] that are consistent with existin
measurements [13] and the totalB semileptonic decay rate
and lepton momentum spectrum [14].

Remaining backgrounds, such as those from rand
combinations ofD mesons and leptons and those from
misreconstructedD mesons not accounted for in the com
binatoric background estimate, are modeled by a Mon
Carlo simulation that reproduces the general features
B-meson decay, including the inclusive-lepton andD-
momentum distributions. The magnitudes of the vario
backgrounds are summarized in Table I. Figure 1 sho
the Mcand distributions of the backgrounds. After ac
counting for these backgrounds in our sample, the le
ton momentum and decay angle distributions for select
events are consistent withB ! Dln decays.

To extract the form factor parameters and partial widt
we construct the distribution

TABLE I. Event yields and background estimates. Errors a
statistical only.

D0l2 n D1l2 n

Total yield 303.0 6 17.4 714.0 6 26.7

Continuum 17.3 6 5.8 46.2 6 9.4
Combinatoric 26.1 6 4.6 256.5 6 10.8
Fake lepton 2.9 2.3
B ! Dpln 107.2 62.6
B ! Dppln 5.3 9.9

Other 20.1 13.6

Corrected yield 144.3 6 18.9 322.8 6 30.3
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dw
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1
4NYs4Sd

∑
N0svd

tB2BD0 e0swd
1

N1svd
tB

0BD1e1swd

∏
,

whereNYs4Sd is the number ofYs4Sd events,eswd is the
reconstruction efficiency as a function ofw, tB is the
B lifetime, andB is the appropriateD ! K2p1sp1d
branching fraction [10]. By combining the two deca
modes in this fashion and assuming that the partial wid
of the two modes are equal, the results are independen
the division ofYs4Sd decays betweenB1B2 and B0B

0.
This distribution is shown in Fig. 2(a).

ThedGydw distribution forB ! Dln decays is [6]

dG

dw
­

G2
F jVcbj2

48p3 smB 1 mDd2smD

p
w2 2 1 d3FDswd2 .

The functionFDswd is the decay form factor, which ca
be parametrized by the expression

FDswd ­ FDs1d f1 2 r̂2
Dsw 2 1d 1 ĉDsw 2 1d2g .

In the limit of infinitely heavy quarks,FDswd becomes
the Isgur-Wise functionjswd, and HQET predicts tha
FDs1d ­ 1; for finite mass quarks,FDs1d can be esti-
mated in the framework of HQET [4]. The values ofr̂

2
D

and ĉD are unknown; many previous form factor me
surements have setĉD ­ 0. We follow this convention,
but explore our sensitivity to this assumption using va
ious models that provide relations betweenr̂

2
D and ĉD.

We perform ax2 fit of our dGydw distribution to the
convolution of the expected form with a function that a
counts for detector resolution inw s60.015d. We allow
two free parameters, the rate normalizationFDs1d jVcbj

and the form factor slopêr2
D . By integrating the fit over

the entire range ofw we obtain the partial width for the

FIG. 2. (a) dGydw distribution from the data (points), an
the result of thêcD ­ 0 fit to the distribution (histogram). (b)
Measured values ofFDswd jVcbj (points), the result of the fit
(solid line) along with it statistical errors (dashed lines), and
function FDp swd jVcbj obtained from an analysis ofB ! Dpln
decays (dotted line).
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decay. In the fit, shown in Fig. 2(a),x2 ­ 11.5 for 10
degrees of freedom, and the correlation between the t
parameters is 0.95.

Systematic errors, summarized in Table II, are dom
nated by uncertainty in the decay model of the nonsignaB
and inaccuracies in detector simulation. These effects
investigated by varying theK0

L fraction, charm semilep-
tonic decay rate, charged-particle and photon-finding
ficiencies, false charged-particle and photon simulatio
charged-particle momentum resolution, and photon-ene
resolution [15]. Uncertainties in the feeddown backgroun
normalizations and theB ! Dpln decay form factors [16]
have their most significant effect on the form-factor slop
Table III gives results for various models ofFDswd. The
partial width is not sensitive to the choice of form-facto
parametrization, but the values ofFDs1d jVcbj, r̂

2
D, andĉD

are sensitive to this choice. We use these results to de
mine our model uncertainties.

Our final results are

FDs1d jVcbj ­ s3.37 6 0.44 6 0.4810.53
20.12d 3 1022

r̂2
D ­ 0.59 6 0.22 6 0.1210.59

20

Gs B ! Dln d ­ s12.0 6 0.9 6 2.1d ns21 ,

where the first two errors are statistical and systema
and the third arises from the form-factor model variation
This partial width leads to branching fractions of

Bs B
0

! D1l2 n d ­ s1.87 6 0.15 6 0.32d%

B s B2 ! D0l2 n d ­ s1.94 6 0.15 6 0.34d% ,

where the errors are completely correlated betwe
the two branching functions. We obtain consiste
results when the two decay modes are treated se
rately. Taking FDs1d ­ 0.98 6 0.07 [17], we find
jVcbj ­ s3.44 6 0.45 6 0.4910.54

20.12 6 0.25d 3 1022,
where the last error arises from the uncertainty inFDs1d.
This value ofjVcbj is consistent with those obtained by
other means [5,19]. Figure 2(b) shows the measur
values ofFDswd jVcbj and the result of the fit, along with
the function FDp swd jVcbj as measured inB ! Dpln

TABLE II. Contributions to the systematic error (%) in the fi
parameters and partial width. Simulation of the detector a
the secondB meson contribute ton simulation.

Source jVcbj r̂
2
D G

n simulation 11.4 12.5 14.8
Background normalization 7.6 15.4 5.4
B ! Dpln form factors 1.8 7.1 2.0

tB 2.0 2.5 3.8
Lepton ID 1.0 · · · 2.0
Kyp ID 0.1 0.7 0.8

Luminosity 0.9 · · · 1.8
D branching fractions 2.8 · · · 5.6

Total 14.3 21.2 17.5
2211
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TABLE III. Results for various parametrizations ofFDswd. The first errors statistical and the second are systematic.r̂
2
D and ĉD

are entirely correlated in the Caprini-Neubert [17] and Boyd [18] models, and fixed in the ISGW2 model [2].

Model FDs1djVcbjy1022 r̂
2
D ĉD G sns21d x2ydof

ĉD ­ 0 3.37 6 0.44 6 0.48 0.59 6 0.22 6 0.12 0 12.0 6 0.9 6 2.1 11.5y10
ĉD free 4.57 6 1.10 6 0.92 1.84 6 0.81 6 0.53 1.75 6 1.15 6 0.56 12.3 6 1.0 6 2.2 10.3y9

C-N 3.90 6 0.65 6 0.68 1.18 6 0.37 6 0.23 0.78 6 0.27 6 0.17 12.1 6 1.0 6 2.2 10.8y10
Boyd 3.71 6 0.60 6 0.61 1.05 6 0.38 6 0.22 0.94 6 0.43 6 0.25 11.9 6 0.9 6 2.2 11.1y10

ISGW2 3.25 6 0.13 6 0.27 0.64 0.61 12.1 6 1.0 6 2.0 11.6y11
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decays by CLEO [5]. In comparing these two me
surements, we findFDs1dyFDp s1d ­ 0.96 6 0.20 and
r̂

2
D 2 r̂

2
Dp ­ 20.25 6 0.29. As predicted by HQET,

the two form factors have similar normalizations an
slopes.

In summary, we have measured the rate normaliza
and form-factor slope inB ! Dln decays. The resulting
partial width leads to branching fractions for the charg
and neutralB decay modes. The measured form-fac
parameters are consistent with those measured inB !

Dpln decays, as predicted by HQET, and the value
jVcbj is consistent with other measurements.
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