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Using the ARGUS detector at the e÷e storage ring DORIS II at DESY we have investigated the decays B°~D*-e+v and 
B °--, D* - la + v. The B ° mesons were produced in 39600 • (4S) --* B°l) ° decays. Assuming electron-muon universality we obtain a 
branching ratio BR(B°--,D*-e+v) =BR(B°~D*-~t÷v) = (7.0_+ 1.2 + 1.9)%. 
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Inclusive leptonic branching ratios for the decay 
of  B particles are known quite accurately. Groups at 
CESR [1 ] and DORIS II [2] have studied leptons 
from the decays o f  B mesons which are produced in 
Y(4S) decays. The branching ratio for the decay 
B ~ X~ +v ~, where B represents a mixture o f  B ° and 
B + mesons and 2 + is either an e + or a p.+, is meas- 
ured to be (11.8 _+ 0.3 _+ 0.6)% [ 3 ]. Groups at PETRA 
[4] and PEP [5] obtain a similar value: 
BR(B~X~+v)  = (12.0_+0.6_+ 1.5)% [3]. In this case, 
however, B represents a mixture of  b-flavored mesons 
and baryons produced in the cont inuum above BI] 
threshold. The near equality of  the two values leads 
one to conclude that this is either a coincidence due 
to a fortuitous mixture of  B hadrons on the "F(4S) 
and in the cont inuum or that all B particles have 
about the same lifetime. It is therefore highly desir- 
able to obtain exclusive semileptonic branching ratios 
for all species of  B hadrons. 

We report the first measurement of  the exclusive 
semileptonic decay B°-~D*-~+v. This decay is stud- 
ied with B ° mesons produced in 88 000 Y(4S) decays. 
The event sample corresponds to an integrated lumi- 
nosity o f  101 pb ~ on the Y(4S) and 45 pb ~ in the 
cont inuum below the "f(4S). A short description of  
the ARGUS detector and its trigger conditions as well 
as its particle identification capabilities can be found 
in ref. [6].  
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The identification electrons and muons, as well as 
the reconstruction of  D * -  mesons, is performed in 
the ARGUS detector with high efficiency and low 
misidentification probability [ 7 ]. For  lepton iden- 
tification, information from all detector components  
is used coherently by combining the measurements 
into an overall likelihood [2 ]. The available infor- 
mation consists of  d E / d r  and time-of-flight mea- 
surements, and the magnitude and topology of  energy 
deposition in the shower counters. In addition, for 
muons, a hit in an outer muon chamber is required 
and information on the distance between the hit and 
expected impact point is included in the likelihood. 
The e + or ~t + hypothesis is accepted if the likelihood 
exceeds 80%. D * -  mesons are reconstructed in the 
decay chain D * - ~ I ) ° n  - ,  followed by I )°-~K+n - 
where the K+n - mass is kinematically constrained 
to the I) ° mass. Fig. 1 a shows the I ) ° n -  mass spec- 
t rum for events which contain a positive lepton with 
momentum larger than 1.0 GeV/c and requiring 
X p ( I ) ° ~ -  ) <0.5(Xp=P/Pmax) which is necessarily 
satisfied by particles originating from decays of  B 
mesons produced at the ~'(4S). One observes a 
prominent  D* signal on a low background. These 
D * -  mesons originate predominantly from Y(4S) 
decays as can be demonstrated by examining the xp 
distribution, shown in fig. lb, for events containing 
a D * -  and at least one positive lepton with momen-  
tum larger than 1.0 GeV/c. The D * -  candidates are 
selected by requiring that the probability calculated 
from the sum of  Z2's from the D O and D * -  mass 
hypotheses and the particle identification informa- 
tion exceeds 5%. Above xp> 0.5 only a small number  
of  D * -  mesons is observed, originating from the 
e+e - continuum. The dashed histogram shows the 
corresponding distribution in the cont inuum below 
the Y(4S) scaled by the luminosity ratio. 

The partial reconstruction of  the decay 
B ° ~ D  * ~+v is possible because B ° mesons pro- 
duced in ~'(4S) decays are nearly at rest. The neu- 
trino is unobserved, but can be inferred if  the recoil 
mass squared against the D* 2 + system, 2 mRecoil ,  is  

2 consistent with zero. MRecoi~ is defined by 

2 Mnccoit = [Ebeam --  (ED*- +E~+)] 2 - (PD*- +p~+)2 

By requiring the D* - candidates to have Xp < 0.5 and 
the 2 + to have momentum larger than 1.0 GeV/c, we 
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Fig. 1. (a) Mass (Don -)  for xp(D°n-)<0.5 (Xr,=Plpma,) in 
events containing at least one positive lepton (Ix +, e + ) with 
momentum p> 1.0 GeWc. (b) xp spectrum of D*- mesons in 
events containing at least one positive lepton (Ix+, e +) with 
momentum p> 1.0 GeV/c. The continuum contribution is shown 
as a dashed histogram. 

obta in  the recoil mass squared spect rum shown in 
MRe¢oil = 0 corresponds  fig. 2. The p rominen t  peak at 2 

to a B ° signal on a low background.  The pos i t ion  and 
shape o f  the signal is well descr ibed by the Monte  
Carlo predic t ion  for ~(4S)-- ,B°I]  ° followed by the 
semileptonic  decay B°-+D*-£+v  (his togram in fig. 
2). 

Background contr ibut ions  to the observed signal 
can come from the following sources: 

(1) con t inuum under  the "£(4S) resonance, 
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Fig. 2. Recoil mass squared M2e¢oil = [Ebeam -- (ED*- q-E~ + )]2 _ 

(PD. - +P~ + ) 2 with D*- --, IS)°n - and one lepton ( IX +,. e + ) with 
momentum p> 1.0 GeV/c. The dashed curve shows the hack- 
ground, the histogram the Monte Carlo prediction for the decay 
BO~D*-£+v. 

(2)  uncorrela ted D * -  mesons and leptons where 
the D * -  originates from one B meson and the lepton 
from the other  one, 

(3)  faked D * - £  + combina t ions  due to part icle  
mis ident i f icat ion,  

(4)  possible decays o f  B ~ [ D * - £ + v X ]  such as 
B ~ D * ( 2 4 2 0 ) £ v ,  followed by D * ( 2 4 2 0 ) ~ D * - n ,  or  
B ° ~ D * - x  +v, followed by x + ~ £ + w .  

These background sources have been carefully 
studied. The con t inuum cont r ibut ion  is de te rmined  
from da ta  taken at energies below the ~ ' (4S) mass. 
The background from uncorre la ted or  faked D * - £  + 
combina t ions  is es t imated from wrong charge com- 
b ina t ions  ( D * - £ - )  and from D * - n  ÷ combina t ions  
respectively. The background from (4)  is s tudied by 
means  o f  Monte  Carlo s imulat ions  and contr ibutes  

MRecoil > 0. The shape o f  the mainly  in the region 2 
ent ire  background ( 1 ) - ( 4 )  is reasonably well 
descr ibed by  the one der ived from the D * - n  + com- 
b ina t ion  in (3)  which is pa ramet r i zed  by a gaussian 
plus a th i rd-order  po lynomia l  ( shaded  curve in fig. 
2). 

The M2Recoit spectrum is fit  with a gaussian for the 
signal and  a background parameter iza t ion  as 
descr ibed above. F r o m  this analysis we f ind a signal 
of  (47 + 8) events d ivided equally between the decays 
B°- - ,D*-e+v  and B°~D*-~ t+v .  The acceptance for 
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the decay chain D*---,IS)°n-, followed by 
l ) ° ~ K + n - ,  has been determined by a Monte Carlo 
simulation. Taking into account the branching ratios, 
BR(D* - - , I 3 ° n - ) = ( 4 9 + 8 ) %  [8] and BR(I)°--. 
K+n - )  = (4 .2+0 .4+0 .4 )% [9], we obtain a recon- 
struction efficiency for D* mesons of 
q ( D * - ) = ( 0 . 8 0 + 0 . 1 8 ) %  where the error mainly 
reflects the uncertainty in the branching ratios for 
the D*-  and D O decays ~2. The efficiency for a lepton 
with a momentum of p >  1.0 GeV/c is determined to 
be r/(e+) =0.75 +0.05 and ~/(~t+)=0.69 +0.07. The 
momentum cut at p >  1.0 GeV/c reduces the lepton 
acceptance by a factor of  0.75 + 0.08 as determined 
by Monte Carlo calculations. For the number of  neu- 
tral B mesons we obtain N(B°)=79200+8000 ,  
assuming the fraction of the neutral B mesons in 
~(4S) decays is 45%. 

The branching ratios determined separately for the 
decays B° - .D*-e+v  and B ° ~ D * - p + v  are the same 
within errors as expected from electron-muon uni- 
versality. We therefore assume this equality and use 
the combined data to obtain 

BR(B ° ~ D * -  e + v )  = B R ( B  ° ~ D * -  I1 + v )  

- - - ( 7 . 0 +  1 . 2 +  1 . 9 ) % ,  

where the first error is statistical and the second 
systematic. 

The decay B°--,D*-£+v has been studied theoret- 
ically by several authors [ 10-14]. The observed value 
of the branching ratio is in agreement with theoret- 
ical predictions of about (6-8)% [12,13] for this 
process. Furthermore, the momentum spectrum of 
the charged leptons from the decay B°--,D * £+v (fig. 
3a) has a similar shape to the inclusive spectrum of 
primary leptons in ~(4S)  decays (solid curve in fig. 
3a) [ 2] and to theoretical predictions in refs. [ 12,14] 
(dashed and dotted curve respectively in fig. 3a). The 
XE(D*-) distribution (XE=E/Ebeam) for the events 
in the signal region (fig, 3b) is reasonably well fit by 
the theoretical prediction in ref. [ 12 ] (solid curve in 
fig. 3b). As expected from the fact that the D*-  
meson is a spin-one object, the decay rate rises steeply 
from the lower kinematical limit at XE----0.38 and 
vanishes slowly at large values of XE. 

~2 The D*-  reconstruction efficiency scales with the values for 
the D*-  and D o branching ratios. 
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Fig. 3. (a) Momentum spectrum of leptons (p+, e + ) from the 
decay B°-~D * £÷v after acceptance correction. The curves are 
taken from refs. [2,12,14] (solid, dashed and dotted curve, 
respectively). (b) XE distribution for D*- mesons (xE=E/E~am) 
form the decay B°--. D*-£+v after acceptance correction. The solid 
curve is the prediction from ref. [ 12]. 

Theory also predicts that the total rate for 
B°- ,X6 £+ v, where X6 is a charmed meson, is nearly 
saturated by the lowest lying states, namely the D -  
and D*-  [ 14], consistent with the absence of a pro- 
nounced tail for 2 MRecoil > 0  in fig. 2. These two 
together should contribute about 90% of the total rate, 
with the D* and D -  produced in a ratio of  3:1. 
Taking the theoretical prediction for the fraction of 
D*-  mesons in semi-leptonic decays to be 
(70+10)%,  we find BR(B°- - ,X~£+v)=(10 .0  
_ 1.7 _+ 3.1 )%. Within the errors this branching ratio 
alone saturates the measured inclusive leptonic 
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b ranch ing  ra t io  o f  the  decay  B ~ X ~ + v  [ 1,2], once  

again showing the d o m i n a n c e  o f  b-- ,c t ransi t ions  ove r  

b-- ,u t ransi t ions .  H o w e v e r ,  this s t a t emen t  holds  only  
i f  the  l i f e t ime  d i f fe rence  be tween  charged and  neu-  

tral  B mesons  is not  too  large. 

In s u m m a r y ,  we have  obse rved  the decay  

B° - - .D*-~+v .  It  is, so far, the  s t rongest  exc lus ive  

decay channel  for  B mesons  [ 15 ]. The  decay rate and  

m o m e n t u m  spectra  are  nicely  desc r ibed  by the  the- 

ory  o f  weak  decays  o f  B mesons .  
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