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Using the ARGUS detector at the e÷e - storage ring DORIS II, we have investigated the decay B ° ~ D - ~ + v ,  where £+ is e + or 
la +. The B ° mesons were produced in 150 000 "f(4S) decays. Assuming electron-muon universality we obtain a branching ratio 
B R ( B ° ~ D - e + v )  = B R ( B ° ~ D - l a + v )  = ( 1.8+0.6+0,5)°/o. 

The study of exclusive B meson semileptonic de- 
cays can provide important  information on the 
Kobayashi-Maskawa (KM) matrix elements, the ra- 
tio of  lifetimes for B ° and B-  mesons, and the quark 
dynamics of the weak b--,c transition. According to 
the theoretical predictions [ 1-8 ] the inclusive semi- 
leptonic width of the B ° meson is nearly saturated by 
two exclusive channels ~" 

B ° ~ D - ~ + v ,  ( 1 ) 

B ° ~ D * ( 2 0 1 0 ) - £ + v .  (2) 

Since the matrix element for reaction ( 1 ) contains 
only one substantial form factor, the measurement of 
B R ( B ° ~ D - £ ÷ v )  allows a nearly model indepen- 
dent determination of the KM matrix element I Vcbl. 

D and D* (2010) mesons are the lowest-lying 
charmed hadronic states and thus the relative contri- 
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butions of  (1) and (2) determine the shape of the 
inclusive lepton spectrum from B meson decays near 
the endpoint. This region is important for the deter- 
mination of the KM matrix element I Vubl. 
At present, theoretical models [ 1-8 ] predict various 

values for F(B°-- ,D-~+v),  F ( B ° ~ D * ( 2 0 1 0 ) - ~ + v )  
and for the ratio R, 

BR(B°~D*(2010) -~+v)  
R =  

B R ( B ° ~ D - ~ + v )  

The decay mode (2) has already been measured by 
ARGUS [ 9,10 ]. Here we present the first measure- 
ment of the branching ratio for decay mode ( 1 ). 

The data used for this analysis were taken on the 
~'(4S) resonance. The total luminosity is 172 pb-1, 
corresponding to about 150 000 B meson pairs. A de- 
scription of the ARGUS detector and its trigger re- 
quirements as well as its particle identification capa- 
bilities can be found in ref. [ 11 ]. 

For lepton identification, information from all de- 
tector components is used coherently by combining 
the measurements into an overall likelihood ratio. The 
available information consists of dE /dx  and time-of- 
flight measurements, and the magnitude and topol- 
ogy 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 the expected impact point is included in 
the likelihood. The e ÷ or la + hypothesis is accepted 
if the appropriate likelihood ratio exceeds 70%. 

The partial reconstruction of the decay B° ~D-~+v  
is possible because B ° mesons from "f(4S) decays are 
produced nearly at rest. The neutrino is unobserved, 
but can be inferred if the recoil mass squared against 
the D - £  + system, 2 M .... i~, is consistent with zero. 

2 M .... il is defined by 

2 M .... il = (Ebeam - - E D -  - E ~ + ) 2 -  (PD- +P~+)2~Mv-2 

In this expression the energy of the B meson is sub- 
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stituted by the well measured beam energy and the 
unknown momentum of the B meson is neglected. D -  
mesons are reconstructed in the decay channel 
D-__,K+n-n -.  

For further analysis we selected events which con- 
tain K + n - n - ~  + combinations and fulfill the follow- 
ing conditions: 

( 1 ) The number of reconstructed charged tracks 
from the main vertex is larger than 4. 

(2) The momentum of the ~+ and of the K + n - n  - 

combinations is less than 2.5 GeV/c, the kinematical 
limit for particles produced in decay ( 1 ) at the T(4S) 
energy. 

(3) The momentum of the lepton is larger than 1 
GeV/c. 

In addition the momentum of the K + n - n  - com- 
bination was required to be greater than 1.5 GeV/c. 
This cut is very useful since only approximately 20% 
of D -  mesons from the decay ( 1 ) have momentum 
lower than 1.5 GeV/c, while the momentum spec- 
trum of D -  mesons from the cascade decay 

B°~ D(2010)*-~+v (3) 

L-~ D -  (n° or 7) 

is considerably softer [9 ]. Thus, the cut on the D -  
momentum reduces the contribution from cascade 
decay (3), which is the main source of physical back- 
ground. In addition this cut strongly reduces the 
combinatorial background. 

Fig. 1 shows the K + n - n  - invariant mass spectra 
for events which contain a positive lepton in differ- 
ent intervals of M~ecoi~. One observes a D -  peak at 
Mraecoil ~ 0 and no signal in the 2 M .... il sidebands. The 
number o fD  - mesons in each interval of M2ecoil was 
obtained from fits to these spectra. The spectra were 
fitted with a function which is a sum ofa  gaussian to 
parametrize the signal and a background function. 
The background function is a sum of a gaussian, in 
order to describe a contribution from the decay 
D*(2010)--- ,I)°n - followed by I ) °~K+n  - ,  plus a 
polynomial. The region of reflections from 
I ) - - ,K+n-n -X  decays was excluded from the fit. 
Other reflections were insignificant enough to be ne- 
glected. The results of this procedure are collected in 
table 1. 

The remaining background sources in the observed 
D-~ + combinations are as follows: 

,~, MeV/c a 

9O 
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3O 
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6O 

3O 
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90 

613 

3O 

0 
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Fig. 1. Invariant mass spectrum of K+Tt-n - combinations in 
events which contain ~+ for different intervals of M~e~oiJ: (a) 
- 1.5 <Mr2ecoil < -0 .5  GeV 2/c4, (b) -0 .5  < M2ecoil <0.5 GeV 2/ 
c 4, (c) 0.5 < Mraecoil < 1.5 GeV 2/c4. 

(a) Continuum under the "f(4S) resonance. 
(b) Uncorrelated D -  and ~+ from different B 

mesons. 
(c) Fake leptons. 
(d) Cascade decays ( 3 ). 
The determination of backgrounds from (a), (b) 

and (c) is analogous to the technique used in ref. 
[ 10 ]. The background contributions from (a) and 
(b) have been determined from Monte Carlo stud- 
ies. The background due to fake leptons has been 
measured directly from the data using the number of 
D--hadron combinations and the misidentification 
probabilities. The background contributions from 
sources (a), (b) and (c) are presented in table 1. 
They are all relatively small. 

Fig. 2 shows the 2 M .... il distribution for D +~- 
combinations after subtraction of the backgrounds 
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Table 1 
The observed number of D-£ ÷ combinations and contributions from the background sources for different regions of M2r~oil 

2 [ GeV 2/c4 ]intervals M r e c o i l  

- -  1 . 5 ;  - - 0 . 5  - - 0 . 5 ;  0 . 5  0 . 5 ;  1 . 5  

number of D - £ + combinations 10 + I 1 135 + 18 22 + 11 
background sources: 

(a) continuum 6+ 3 10+ 4 6+ 3 
(b) uncorrelatedD- and~ + 6+ 3 6+ 3 4+ 2 
(c) fakeleptons 5+ 3 6+ 3 6+ 3 

signal for B°--,D-£+vX - 7 + 12 113 + 19 6+ 12 

N - ' i ' i ' -  i 

60 D-l~S 
3O 

o 

- 3 0  - - '  ~ ~ ' ~ 

- 2  - 1  0 1 2 

M z ICa'/d] recoil 

o f  Mrecoil Fig. 2. Distribution 2 against the D-£ + system. The 
dashed curve shows the contribution from the cascade decay 
B°--,D* (2010)-£+v---, D- (n °, ~¢)£+v. 

ar is ing f rom (a ) ,  (b )  a n d  (c ) .  The  p r o m i n e n t  peak 
at 2 M . . . .  i~ ~ 0  inc ludes  the decay B ° - - , D - £ + v  as well 
as a c o n t r i b u t i o n  f rom cascade decay (3) .  The  la t ter  
c o n t r i b u t i o n  has  been  d e t e r m i n e d  f rom the da ta  by  
s tudy ing  the decay B° - - ,D*(2010)  -£+v ,  fol lowed by  
D* ( 2010 ) - ~ D ° n - .  This  decay m o d e  is comple te ly  
ana logous  to decay m o d e  (3) .  17) ° mesons  were re- 
cons t ruc ted  in  the decay D ° - ~ K + n  - .  For  I7)°£ + com-  
b ina t i ons  we appl ied  the same k inemat i ca l  cuts as for 
D -  and  £+. Fig. 3 shows the spec t rum o f  the recoil 
mass squared  against  the I7)°£ + system wi th  D O origi- 
na t ing  f rom D * - .  The  spec t rum is shif ted f rom zero 

2 to posi t ive  values  because  in  the this  case Mr~cou is 
d e t e r m i n e d  by the i nva r i an t  mass o f  the v n -  system. 
The  shape of  the 2 Mreco~t d i s t r i bu t ion  for this decay 
d e t e r m i n e d  by M o n t e  Carlo  s tudies  is in  good agree- 
m e n t  with the observed spect rum.  Source of  back- 
g round  for the D * ( 2 0 1 0 ) - £ +  signal are descr ibed in  

N 

1 2  

9 

6 

3 

0 

0 

M~ecoil 

i 

1 10ev~/¢'] 
Fig. 3. Distribution of M~ecoi~ against the I)°£ + system with D O 
originating from cascade decays B °---, D* ( 2010 ) -£ ÷ v. 

detai l  in  ref. [ 10 ]. In  this analysis  they are es t imated  
to con t r ibu te  11 + 4 events.  After  backg round  sub- 
t rac t ion  3 0 +  7 D°£ + candida tes  are retained.  In  or- 
der  to de t e rmine  the expected con t r i bu t i on  f rom the 
cascade decay (3)  to the 2 M . . . .  il signal for D - £  + 
c o m b i n a t i o n s  (see fig. 2) ,  one  has to scale the ob-  
t a ined  n u m b e r  of  D°£ + c o m b i n a t i o n s  by  a factor  

F =  [ 1 - B R ( D * ( 2 0 1 0 ) - ~ D ° n  - ) ] 

• B R ( D - ~ K + n - n  - ) 'r/D- 

× [ B R ( D *  ( 2 0 1 0 ) -  ~ D ° n  - ) .BR ( D ° ~ K + n  - ) 

" t / D * ( 2 0 1 0 ) -  ] - 1  , 

where t/D- (t/O*t2010~-) is the efficiency for recon-  
s t ruc t ion  of  D -  (D* (2010 ) - ) fo lded with the  spec- 
t r u m  o f  D -  ( D * ( 2 0 1 0 )  - ) f rom the semi lep ton ic  de- 
cay (2 ) .  Us ing  B R ( D *  ( 2 0 1 0 ) - - - , D ° n - )  = 
( 5 7 + 4 _ + ) %  [ 1 2 ] , B R ( D - - - , K + n - n - ) = ( 9 . 1 _ + l . 3  
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-+0.4)%, BR(IS)°~K+n - ) = (4.2+0.4_+ 0.4)% [ 13], 
?/D- ---- ( 4 2 + 2 ) %  and ~D*(2010)-  = (30+_3)%, we ob- 
tain F=2.3+_0.5.  

A sum of  two gaussians, representing the shapes o f  
the direct ( 1 ) and cascade (3) decays was fitted to 
the 2 M .... ~1 spectrum (fig. 2). The parameters o f  the 
gaussians were determined from Monte Carlo. The 
contribution from cascade decay (3)  was con- 
strained within the errors by the measured number  
o f  IS)o£- combinations multiplied by the factor F. By 
this procedure we obtain a signal o f  82-+27 
B °--* D -  ~ + v decays. 

The dashed curve in fig. 2 shows the fit result for 
the contribution (55 + 18 events) f rom cascade de- 
cays (3).  The contribution from other possible cas- 
cade decays such as 

B ° ~ D j ( 2 4 2 0 ) * £ + v  (4)  

 D-+X 

has been tested by including the reflection from (4) 
in the fit. The fit result for this contribution is consis- 
tent within errors with zero and does not change the 
number  o f  B ° ~ D -  £ ÷ v decays. 

The reconstruction efficiency for the decay 
B ° ~ D - ~ + v  has been determined from Monte Carlo 
studies to be 0.18 + 0.02. The extrapolation to smaller 
~+ and D -  momenta  was performed using the WBS 
model [ 1 ]. However, since the matrix element for 
B °--, D - ~  +v decay contains only one substantial form 
factor, other theoretical models predict the same mo- 
mentum spectra for ~+ and D - .  

Assuming BR ('t" (4S) --, B°B °) = 45 % and electron- 
muon universality, we obtain 

B R ( B ° - , D - e + v )  = B R ( B O ~ D - ~ t + v )  

= ( 1 . 8 + 0 . 6 + 0 . 5 ) % ,  

where the first error is statistical and the second sys- 
tematic. The statistical error includes the uncertainty 
of  the scaling factor F. The systematic errors arise 
from the uncertainties in the number  of  Y(4S)  de- 
cays, B R ( D - - * K + n - n - ) ,  the reconstruction effi- 
ciency and the shapes o f  the recoil mass spectra for 
the direct ( 1 ) and cascade (3)  decays. 

Scaling the ARGUS branching ratio for 
B ° ~ D * ( 2 0 1 0 ) - £ ÷ v  [9] to the new value of  
B R ( D * ( 2 0 1 0 ) -  ~17) ° n -  ) [ 12] used in this work, we 
obtain B R ( B ° ~ D * ( 2 0 1 0 ) - ~ + v ) =  (6 .0+ 1.0+ 
1.4)% and hence 

R =  B R ( B ° ~ D * ( 2 0 1 0 ) - £ + v )  _ a  "1+3.7 

BR(B° -~D-~+v)  

where statistical and systematic errors are added in 
quadrature. 

The decay B ° - , D - £ + v  has been studied theoreti- 
cally by several authors [ 1-8 ]. The theoretical pre- 
dictions for the width and the parameter R are pre- 
sented in table 2. Using the WBS model [ 1 ] and 
za=  ( 1.15 +0 .14)  × 10 -12 s [ 14] we obtain 

I Vcbl =0.044--+0.009. 

The value for I Vcbl obtained from other theoretical 
models are also shown in table 2. One observes that 
the model dependence of  I Vcb I is considerably smaller 
than the experimental errors. 

In summary,  we have observed the decay B°~  
D - ~ + v  with a branching ratio ( 1 . 8 + 0 . 6 + 0 . 5 ) % .  

Table 2 
F(B°~ D-~ +v), ratio R and I Vebl as determined from this analysis using different models. 

R F(B°--,D-£+v) [1012 s -l ] I Vcbl 

3,3_+3; 7 0.016_+0.007 this experiment 

models 
WBS [1 ] 2,7 8.1. [ Vcb[ 2 

SP [2] 9,6 7.2' I Vcbl 2 
KS [4] 3.1 8.3' I V~bl 2 
GISW [6] 2.2 11.1' I Vcbl 2 
CPK [ 7 ] 3.0 9.0' [ V~bl 2 
OS [8] 1.2 9.4"1Vebl 2 

0.044 + 0.009 
0.047 +_ 0.009 
0.044 + 0.009 
0.038 + 0.009 
0.042 + 0.009 
0.041 + 0.009 
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This measurement  leads to an almost  model  inde- 
pendent  value of  I V~bl = 0.044 + 0.009. 
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