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Study of the Decay B = D +l v
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Using a sample of 484000 B mesons collected with the CLEO detector at the Cornell Electron
Storage Ring, we have measured 8(8 ~ D +1 v) and found that the polarization of the D + is small.
These results are compared with models of semileptonic B decay.

PACS numbers: 13.20.Jf

Semileptonic decays of 8 mesons are among the sim-

plest 8 decays that can be described theoretically. Pre-
dictions for rates of exclusive channels containing D and
D and for D* polarization are available. ' " Here we

present a detailed study of D +lv and we consider
D nlv final states.

The data sample used in this study was collected with
the improved CLEO detector at the Cornell Electron
Storage Ring (CESR). It consists of 212 pb

' at the
Y(4S) resonance, which contain 242000 88 pairs and
102 pb ' at energies just below the 88 threshold.

The tracking system achieves a momentum resolution
given by (bp/p) (0.23%p) +(0.7%), where p is in

GeV/c. Lepton identification criteria in CLEO have
been described in detail elsewhere. The candidate lep-
ton is required to have momentum pI between 1.4 and
2.4 GeV/c. The lower momentum cut suppresses leptons
that are not primary 8-decay products. The upper
momentum cut is close to the kinematic limit for 8 decay
into charmed particles. To suppress leptons from 8

~ yA; a lepton candidate is rejected if it forms an in-

variant mass between 3.06 and 3.14 GeV with any oppo-
sitely charged track in the event, unless the other track
has positively been identiied as nonleptonic. After these
cuts, we obtain a sample of 16738~ 218 e —candidates
and 10160+ 162 p

—candidates from 8 decays.
We identify D + in the decay mode D rt+ with D~ K g + or K x+x x+. Throughout this paper

charge-conjugate modes are implied. We require K and
n candidates to have dE/dx within 2cr of the expected
value. To select D + candidates we compute

g .+ (8M/cr „)'+4M(D )/rr, ]2,
where BM is the mass difference between the D + and
the D candidates minus the known value of 145.45
MeV and AM(D ) is the mass difference between the
calculated K x+ or K z+x+x invariant mass and
the D mass (1.864 GeV). The b,M resolution rrsu is 0.8
MeV while the hM(D ) resolution a~, is 12 MeV for

D

the K x+ mode and 9 MeV for the K m+x x+ mode.
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The resolutions are determined from high-statistics sam-
ples of inclusivef '

1 D +'s A good D + candidate is re-0

quired to ave gD. +d h ~4.6. For events with more than
t8one candidate, the solution with the smallest g is kept.

than 2.5 GeV/c to suppress D + from continuum events.
In order to suppress the background produced by ran-
dom combinations with low momentum pions, we require
cos8~~0.95 for D + candidates in the D K z+
mode, ~here 8~ is the angle of the direction of the K
in the D rest frame with respect to the D direction in
the laboratory frame.

To identify D*+Iv candidates, we calculate the miss-
ing mass square,

+ 2MM'-[Eb, —(EDe+EI)]' —[ps —(pD~+pI

where we set pg equal to 0 an d use the fact that the
2

distributions for D +I (right sign) and D*+I+ (wrong
h F' 1(a) and 1(b), respectively. The

rominent peak at MM =0 in the right-sign combina-

MM distributiond' 'b t (FWHM 0.8 GeV ) arises from set-
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TABLE I. 8 ~8 D +I v signal and backgrounds for

!MM'! ( l GeV'.

D decay mode
x-~+ EC n+n z+

Signal events
Continuum events

Fake leptons
Fake D +'s

Mixed events and cascades
D*(2420)

46+' 8
3~2

0.5 ~ 0.1

0.7 ~ 0.2
0.6 ~ 0.3
12.6+4

Ik

62+ 9
3.2+ 2
1.7 ~ 0.3
7.6 +' 0.4
0.5+ 0.3
2.O+4i s

ting p~ equal to 0.
Non-negligible sources of background in the missing-

mass-squared distribution of the right-sign events include
nonresonan e et e+e annihilation, fake leptons, fake D*+,

g0 0

~ A'I v, and the decays 8~ D (2420) l v where
D (2420) D*+n and other resonant or nonresonant
8~ D +irl v and cascades in which lepton come from
D decay. These contributions are presented in Table I.

The continuum contribution to the backgroun is
determined from data taken at energies just below the

(4S). The magnitude and the shape of the backgroundY . e
due to lepton fakes is obtained by computing e
distribution o ab

' f 11 D + candidates and opposite-sign
tracks not identified as leptons, within the lepton liducial
volume. This distribution is then weighted by the fake
probability. The background due to D*+ fakes is para-
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FIG. 1. Missing-mass-squared distribution n for (a) 80~ D +I v (right sign); the circles are the data points, the
solid histogram is the result of the fit with a Gaussian for the
signal and a ac groun .b k d. The signal is the solid curve; the
background due to mixing and cascade dd s is the dot-dashed is-

the background due to fake D*'s is the dashed histo-togram, e a
and the background due to excited D s is egram, an

ine. (h) 8 D*+I+v (wrong sign); the circles are ev; the data
points, the solid histogram is the result of the fit that contains

f k D +'s (dashed histogram) andthe contribution from a e s
mixed events and cascades (dot-dashed line).
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FIG. 2. MM generated by the CLEO Monte Carlo simula-
+I ( lid line). 8 D* (2420)l vtion for 8 D v so i

8 D*+X, 8 ~8(dotted line); mixed events in which 8 *+
I Xv and cascade leptons (dot-dashed line).
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metrized using the MM distribution obtained from D
sideb ands.

In Fig. 2 we compare the MM distributions expected
from the other background contributions with the one for
8 D +I v. The signal (solid line) is well described
by a Gaussian function. The D (2420) or Bo
~D +el v background (dashed line) gives rise to a
structure peaking at a small positive value of MM that
is well described by a skewed Gaussian. The MM dis-
tribution for nonresonant D*+x is very similar to that
for D (2420) in models which have the D +)r arising
from the fragmentation of the c-quark spectator anti-
quark vertex; we do not distinguish between the
D*(2420) and D*+x contributions. The wide back-
ground structure due to mixing is the dot-dashed line.
The background due to cascade leptons is similar, so we
use the mixing shape to parametrize both backgrounds. '

We fit the MM distribution with a Gaussian signal, a
mixed event background, and a skewed Gaussian to ac-
count for D*x states. The contribution due to fake lep-
tons, fake D*+, and continuum events is fixed in size.
The result of the fit is shown in Fig. 1(a). The number
of 8 ~D*+I v events is 108+ 12, in the region

i MM i & 1 GeV . The excited D component,
presumably due to D +(2420), D (2420), and other
resonant and nonresonant D*+z, is 18 ~ 10 events. The
contribution in the signal region is 14.6 events. A direct
search for the decay 8 ~D (2420)l v gives an

upper limit of 9 events at 90% C.L. and a product
branching ratio

8(8 ~D* (2420)l v)8(D* (2420) ~ D*+x )
8(8 D +I v)

& 1 5% (90%%uo C.L.)
consistent with the fit result, especially since it contains
both D + (2420) and D (2420) components. The
background due to mixed events and cascades is small
under the signal. In Fig. 1(b) we show a fit to the MM
distribution for the wrong-sign combinations with the
background shape for mixed events plus the background
due to fake D +. The data and the Monte Carlo simu-
lation are in good agreement.

We determine the branching ratio 8(8 ~ D*+I v)
using the following formula:

8(Bp Dg iI —
)

N(D*+I v)
E'(D e +I

—)E'I cb csfooNB

where N(D +I v) is the number of candidate events,
Ng is the number of 8 mesons in the data sample, fpp is
the fraction of neutral 8 mesons produced at the Y(4S),
ei is the efficiency to detect a lepton with pi & 1.4 GeV/c
(0.62+'0.02 for electrons and 0.41+ 0.01 for muons), e,
is the fraction of the leptons with pi & 1.4 GeV/c [0.63
in the Isgur-Scora-Grinstein-Wise (ISGW) model '],
e~D. +i-i is the efficiency to reconstruct a D*+ when a
lepton is found, and eb is a correction for the charm-

decay branching fractions. We determine N(D +I v)
by subtracting from the number of events found by the
fitting procedure the contribution due to continuum and
lepton fakes given in Table I. The efficiencies are es-
timated using the ISGW model' and the CLEO Monte
Carlo simulation. The efficiency e(D.+I-) depends upon
the lepton species and the D -decay mode considered. "
The factor eb is calculated from B(D +~ D m+) (57
+'4~4)%, B(D K m+) (4.2~0.4~0.4)%, and
B(D ~ K x+n x+) -(9.1+ 1.3 ~0.4)%%u.

' Assum-
ing that fpp is 50% we obtain B(B ~ D +I v)

(4.6~0.5+ 0.7)% where the first error is statistical
and the second systematic. The systematic error in-
cludes uncertainties of 13% and 10% for the D and D*+
branching ratios, respectively. The observed branching
ratio is in agreement with the ARGUS result. ' The
models' predict I (8 D*+I v) -K

i V,b i
&&10'2

s ', where K varies between 22 and 26. Taking the
world average rg 1.18+ 0.14 ps,

' we find i V,b i

0.039+ 0.004 in the ISGW model' where K 25.2.
We have also calculated the fraction R of the total

semileptonic branching ratio due to D*+I v using the
formula

W(cose') - (1+icos'e*),3
6+2a

where 8 is the angle of the D in the D + rest frame
with respect to the D*+ direction in the laboratory
frame. For a —1 8'is proportional to sin e*, and for
large a it is proportional to cos e . We select D + can-

(2)

8(8~ D +I v) N(D*+I v)
8(8~ ~I v) N(l)fooc(Di+( )&f&b-

Here t.f is the relative fraction of leptons with p() 1.4
GeV/c from 8 ~ D*+I v with respect to B~A'I v

(1.17 in the ISGW model), and NI is the number of lep-
tons with pi & 1.4 GeV/c. We find R 0.46 ~ 0.05
+ 0.07. Assuming that the lifetime of the neutral
charged 8 are equal we can compare the value of R with
the prediction of theory. In the ISGW model the total
semileptonic rate of 8 to charm is calculated as a sum
over the exclusive semileptonic rate into D, D, and
higher-spin D states. Our measurement is barely in
agreement with the ISGW prediction R 0.60.

We can also find the fraction R* due to semilepton-
ic decay 8~ D (2429)I v and nonresonant 8
~D +xlv. Assuming equal rates for D +x I v and
D*+x I v and using the value of ef 0.46 from ISGW
we obtain R* 0.20 ~0.12. ' This is somewhat higher
than the upper limit on R* quoted by ARGUS. The
prediction of 8(8 D*(2420)l v)/8(8 4'I v) in
the ISGW model is 0.1. Our result is higher but our
measurement can also contain some nonresonant com-
ponent and the error is large.

The helicity structure in the decay 8 D*+I v can
be studied using the D +~ D z+ decay angular distri-
bution, usually parametrized as
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FIG. 3. Angular distribution of cose* from D + mesons
with i MM i (1 GeV and pi & 1.4 GeV/c. The solid line is
the result of the fit by Eq. (2) of the text.

didate events that satisfy i
b'M

i ( 1.5 MeV and i MM( 1 GeV . The number of D*+ in each cose* bin is
extracted by fitting the D invariant-mass spectrum with
mean, width, and e%ciency determined by the Monte
Carlo simulation. The resulting distribution, shown in

Fig. 3, is fitted by the function in Eq. (2) and gives
a 0.65+ 0.66+ 0.25 for pi & 1.4 GeV/c. The sys-
tematic error has been determined assuming that all the
D from the decay 8 D (2420) iv are completely po-
larized with either a cos e* or a sin e* distribution.
The small value of a confirms the ARGUS measure-
ment. Our result agrees with the Korner and Schuler
model and with the ISGW model' that predict a 0.32
and 0.28, respectively, for pi & 1.4 GeV/c. In the recent
model by Bauer and Wirbel there is a free parameter
Js/Js which represents their inability to calculate some
coefficients of the form factors. We constrain Jg/Jg
& 0.6 at 90% C.L.

In conclusion, we have measured 8(8 ~D*+I v)
(4.6 ~0.5 ~0.7)%%u and found the D*+ polarization'

to be a 0.65+'0.66~0.25 for pi & 1.4 GeV/c. Model
predictions are too similar for our data to discriminate
between them.
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