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Using the ARGUS detector at the e e~ storage ring DORIS II, we have measured the average polarization of D** mesons
originating from exclusive decays B®-»D**2~v. By comparing the D** decay angular distribution to a functional form 1 + & cos?6,
we determine « to be v=0.7 2 0.9. This value of « leads to a ratio of longitudinal to transverse decay width I /I'r=0.85+0.45,
which allows the determination, | V| =0.052£0.011. The importance of the transverse helicity component is manifested in the

g° and lepton spectra, which are also presented.

The recently measured decay B®-D**¢-v(R =
e, u~) * has been found to have a large branching
ratio, BR(B’>D**¢-9)=(7.0£1.2£1.9% [1].
Assuming the validity of the spectator model in B de-
cays, this decay represents about 70% of the inclusive
semileptonic rate [2]. It therefore dominates the lep-
ton spectra in B decays. In view of the theoretical un-
certainties in modeling semileptonic B decays [3-8],
which are especially important for the extraction of
| Vol /| Voo !, it is highly desirable to have additional
detailed information on the decay B°>D**¢-v. In
particular, the degree of polarization of the daughter
D** strongly influences the momentum spectrum of
the decay particles as well as the B°->D*T¢~v decay
rate [7], which in turn is a measure of the Kobay-
ashi-Maskawa element | V| [6]. The determina-
tion of this polarization in exclusively reconstructed
decays, B’ D**2-9, is the subject of this paper.

The data used were taken on the Y'(4S) resonance
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using the ARGUS detector at the e*e~ storage ring
DORIS II at DESY. The event sample consists of
96 000 B meson pairs, corresponding to an integrated
luminosity of 103 pb~'. Leptons are identified in the
ARGUS detector [9] by using information from all
detector components and combining them into an
overall likelihood. The information consists of dE/
dx and time-of-flight measurements, the magnitude
and topology of energy deposition in the shower
counters. Additionally, for muons at least one hit in
the outer muon chamber is required and the distance
between the actual hit and the expected impact point
is included in the likelihood. The e~ (u~) candidate
is accepted if the corresponding likelihood ratio ex-
ceeds 70% and if the momentum is larger than 0.4
GeV/c (1.0 GeV/c). The fake rates due to lepton—
hadron misidentification are less than 0.6% for elec-
trons and 1.5% for muons.

D** mesons are reconstructed in the decay chain
D** »n*D% followed by D°-K-n* or D’-
K-n*n*n~, where both the D® and D** final states
are kinematically constrained to the corresponding
masses [10]. To reduce the combinatorial back-
ground from multiple counting, only one D** candi-
date per event for each D final state is selected. The
chosen candidate is required to maximise the x?
probability derived from kinematical fitting and par-
ticle identification contributions. In addition the y?
probability must exceed 5% for the D°-K~=* chan-
nel and 10% for the D°>K-n*x*n~ final state. To
suppress the continuum contribution the D** candi-
dates are required to have x,<0.5, where x,=
p/\/ E2Beam _Ml2)'+ .

Due to the high efficiencies for electrons and muons
as well as for the reconstruction of D** mesons, the
decay B°>D**2~v has been reconstructed with a
sizeable rate on a small background. The neutrino in
the decay is inferred from its effective mass:
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Fig. 1. M. distribution for D**¢~ combinations with p,> 1
GeV/c and x,(D**) <0.5. The full line is a fit with a gaussian
for the signal and a parametrisation of the background contribu-
tions, shown as a dotted line.

M= [Ep — (Ep«+ +E!Z—)]2_ (Ps —Por+ —Pe- )?
=0.

As the B® mesons are massive decay products of a
Y (4S) decaying at rest, Eg=FEgcam, and ppx0. The
decay B’-D** ¢~ is therefore seen as a peak in the
spectrum of the recoil mass squared, M2, at M% =~
0 with

M?ec = [EBcam - (ED"‘+ +E!2— ) ]2— (pD’“' +p9' )2 .

The M2, spectrum is shown in fig. 1 for D**¢~ com-

Table 1

binations with p,> 1 GeV/c. The signal for the decay
B-»D**@~v amounts to 73+ 11 events on a total
background of 25 + 5 events (dashed curvein fig. 1).
The various background contributions are listed in
table 1 and were derived from the data or from known
branching ratios. Their shapes in M2, were also
studied with data and are reproduced by Monte Carlo
simulations.

Possible contaminations from the decay sequence
B—D*(2420)2~v with D*(2420) —»nD** were stud-
ied by searching for a D*®(2420) signal in the n—~D**
mass distribution, where M2 .(n~D**%~) was re-
stricted to |MZ . (rm~D**0~)| <1 GeV?/c* No in-
dication of a signal was found. The mass distribution
was fitted with a smooth function for the background
and a Breit-Wigner with the measured width and po-
sition of the D*®(2420) [11,12]. Using the branch-
ing ratios for the D** decay sequence [10,13] and
the reconstruction efficiency, the following upper
limit on the product of branching ratios is derived:

BR (B~ —>D*(2420)2-v) BR(D*°(2420)
->n~D**)<0.012 at 90% CL .

These conditions allow a detailed investigation of
the decay B°—D** ¢~ v, where the polarization of the
D** mesons is of special interest. The D** meson in
this decay can be formed in two helicity states, either
with m=0 (longitudinally polarized) or with m= *1
(transversely polarized). The width for the decay

Number of background D**2~ combinations with p,>1 GeV/c. The rate for (4) is calculated using branching ratios given in refs.
[10,13,14]. The rate for (5) is estimated using BR(B°-»D**X)=0.65%0.15, BR(B°-2~X)=BR(B—-2"X) and the mixing parameter
ras measured by ARGUS [15]. The shape for uncorrelated D**2~ combinations (4) and (5) can be obtained from D**2* combinations
and compares well with Monte Carlo calculations. The upper limit for (6) has been derived from the data.

Background source Total event sample |IM%. | <1 GeV2/c?
1 continuum events 9+ 7 3.5+25
2 fake leptons 5t 1.5 2 +0.6
3 background under D** signal 35t 9 15 +4
4 B-D°(D™)X,B-D**X,

with D(D~)-2-X 6t 2 1.5+0.5
5 B°-B-p7X,

B-D**X 15+ 7 3 15
6 B~ -D*0(2420)2 v,

with D*°(2420) »n-D** <4at90% CL

2(1-5) 70+ 14 25 %5
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B> D**¢-v is therefore given by three contribu-
tions corresponding to the three helicity states:

F(BO'—?D*+Q_\_/)=FL +FT4 "'IWT+ 5
which can be rewritten as
I(B°»>D**09) = | Ve |2+ (141 /T ,

with I'y=I"y_ +I.. The quantity I'; is predicted by
different authors to be in the range Iy = (1.0-1.4) X
10'3s~"' [3,6-18]. A measurement of the D** polar-
ization yields the ratio I'y /It and therefore, in com-
bination with the known branching ratio for the de-
cay B°>D**Q-v and the B lifetime, allows the
determination of the KM matrix element |V|.
Moreover, the magnitude of this ratio fixes the lep-
ton spectrum as well as the g*> dependence.

The polarization of D** mesons can be measured
by using the strong decay D** —»n* D as an analyser.
The distribution of cos 6%, where 8% . is the decay
angle of the n* in the D** rest frame with respect to
the D** direction, is given by

dN /d cos 0%: oc 1+ a cos?O%., ,

where a measures the ratio of longitudinal to trans-
verse polarization:

a=2FL/I—'T—1 .

The cos8%. distribution is extracted from the
events in the signal region (| M2 | <1 GeV?/c*) by
subtracting the background contributions in this
M2, range. For the background sources (1)—(3) (see
table 1) the shape in cos 8%_ is obtained from the
data. The background sources (4), (5) are assumed
to have a flat distribution in cos 8%.. An alternate
method to obtain the distribution, in which the M2,
signal was fit in bins of cos 6%. was also used. Both
methods gave consistent results,

The kinematics of the process B> D**2~v as well
as the acceptance in cos 8%+ have been studied with
a Monte Carlo simulation, which reproduces the
measured lepton spectra as well as the g dependence
(fig. 3 and fig. 4). The smearing of the cos 87+ distri-
bution due to the B meson motion is found to be neg-
ligible. The acceptance in cos 8%+ depends mainly on

the acceptance of the slow pion, which has momenta
less than 250 MeV/c?, in the decay D** -»n*DP.
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The acceptance corrected and normalized cos 6% .
distribution in the decay B®— D**Q~vis shown in fig.
2. This distribution is fit to a form of (1+
a c0s20% . ) resulting in a value of «=0.7+0.8. The
result of the fit is shown as the solid line.

Systematic uncertainties in the determination of
are investigated by varying the shape of the cos 6% .
background distributions, as well as the acceptance
function. The resulting systematic error on & amounts
to o,= £ 0.4, which is small compared to the statis-
tical error. The value of « has to be corrected for the
limited phase space due to the cut on the lepton mo-
mentum and the vanishing acceptance for D** me-
sons with x,<0.2. The two corrections are individ-
ually 25%, but they cancel each other. This leads to

a=0.710.9,

where the statistical and systematic errors have been
added in quadrature. From this value of & we deduce
the ratio of the longitudinal and transverse compo-
nent I, /I

I /I't=0.85%0.45.

Using [1=1.2x10"s~", BR(B°->D**R-v)=(7.0
£1.2+1.9)% and 73=(1.15+0.14)x 10~ "% [2]
one obtains

[V | =0.052£0.011 .

This value for | V| compares well with the one ob-

*
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o
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Fig. 2. cos 8% distribution from D** mesons with |M2 | <1
GeV?/c* and p,> | GeV/c. The distribution is background sub-
tracted, acceptance corrected and normalized. The solid line is
the result of the fit with the function described in the text.
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tained from the investigation of the inclusive lepton
spectra [2], which, however, suffers from the as-
sumptions on the b quark mass and the magnitude of
Vbl

The measured value of I'y /I'; is in good agreement
with the predicted ratio in refs. [3,6-8], whereas the
models [4,5], giving values of I'; /T+> 2, can be ruled
out with more than two standard deviations. The
measured polarization of the D*" mesons in the
B°-D**2-v decay should also be reflected in the
shapes of the lepton spectrum and the ¢? distribu-
tion. The endpoint region of the lepton spectrum in
the decay B°-»D**2~¥ is dominated by the T_ com-
ponent [7]. This leads to a harder lepton spectrum
for the decay B’-»D**¢~v than for the decay B—
D -v. The observed lepton momentum spectrum
from the decay B°~»D**Q2~V is shown in fig. 3. It is
well described by the models of refs. [3,7,8] (full
curve), which all predict both @~1 and the same
shape for the lepton spectrum.

The g spectrum was obtained by reconstruction of
the decay B°-D**e~v, with a cut on the electron
momentum of p.> 0.4 GeV/c. The ¢ distribution can
be inferred from the energy spectrum of the D** me-
sons by using

q*=(ps —Pp++)*
= (Ep —Epx+ )2- (Ps —Pp++)?
~ (EB —ED*+ )2—p2D*+ .

The effect of neglecting py in the above approxima-
tion was corrected for by means of Monte Carlo stud-
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Fig. 3. Momentum spectrum of leptons from the decay B°—
D**2~ V. The curve represents the prediction from ref, [7].
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Fig. 4. ¢° spectrum for the decay B°~»D**2~v compared to the
model prediction of ref. {7] (full line).

ies. The acceptance-corrected and background-sub-
tracted g2 spectrum is displayed in fig. 4. The presence
of a strong transverse helicity component at large g>
is clearly demonstrated by the data, which is fit well
by the theoretical models of refs. [3,7] (solid curve
in fig. 4).

In summary, we have investigated in detail the de-
cay B~ D**0~v and determined the polarization of
the D** mesons. The measured average polarization,
a=0.710.9, of the D** mesons leads to the conclu-
sion that the transverse and longitudinal helicity
components in the decay B°-»>D**¢~v are about
equal. The measurement of « further allows a deter-
mination of the KM matrix element, | V| =0.052
+0.011. The obtained lepton and g2 spectra are in
very good agreement with those predicted for the
measured value of a.
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