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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 I]°~D*+~-9. By comparing the D *+ decay angular distribution to a functional form 1 + a cos20, 
we determine a to be a = 0.7 _+ 0.9. This value of c~ leads to a ratio of longitudinal to transverse decay width FL/Fr=0.85 + 0.45, 
which allows the determination, [ Vcbl = 0.052 + 0.011. The importance of the transverse helicity component is manifested in the 
q2 and lepton spectra, which are also presented. 

The recently measured decay B ° - - , D * + ~ - 9 ( ~ - =  
e - ,  g -  ) ~ has been found to have a large branching 
ratio, B R ( 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 impor tant  for the extraction of 
I Vubl / [ gcbl, it is highly desirable to have addit ional  
detailed informat ion on the decay I]°--,D*+~-9. In 
particular, the degree of polarization of the daughter 
D *+ strongly influences the m o m e n t u m  spectrum of 
the decay particles as well as the I]°--,D*+~-9 decay 
rate [ 7 ], which in turn is a measure of the Kobay- 
ashi-Maskawa element I Vcu [ [61. The determina-  
tion of this polarization in exclusively reconstructed 
decays, ]3°--.D*+~-9, is the subject of this paper. 

The data used were taken on the Y(4S) resonance 
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using the A RG U S  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 

luminosi ty of 103 p b -  ~. Leptons are identified in the 

ARGUS detector [ 9 ] by using informat ion 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 -  ( g - )  candidate 

is accepted if the corresponding likelihood ratio ex- 

ceeds 70% and if the m o m e n t u m  is larger than 0.4 

GeV/c  (1.0 GeV/c ) .  The fake rates due to lep ton-  

hadron misidentif ication 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 o 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 o final state is selected. The 

chosen candidate is required to maximise the Z 2 

probabili ty derived from kinematical  fitting and par- 

ticle identification contributions.  In addi t ion the Z 2 

probabili ty must  exceed 5% for the D ° - ~ K - ~  + chan- 

nel and 10% for the D ° - , K - ~ + ~ + ~  - final state. To 

suppress the con t inuum contr ibut ion the D *+ candi- 

dates are required to have xp<0.5,  where xt,= 
p/~E2Beam --m2.+. 

Due to the high efficiencies for electrons and muons 
as well as for the reconstruction of D *+ mesons, the 
decay I]°--.D*+2-9 has been reconstructed with a 
sizeable rate on a small background. The neutr ino in 
the decay is inferred from its effective mass: 
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Fig. 1. M2~c distribution for D*+~ - combinations with p~> 1 
GeV/c and xp(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. 

M2~ = [EB -- (ED.+ +E~_ ) ] 2 _  (pB -PD*+ - P ~ -  )2 

= 0 .  

As the B ° mesons  are mass ive  decay products  o f  a 
Y( 4S )  decaying at rest, EB=EBe~m a n d  p B ~ 0 .  The  
decay B°--+D*+~-9 is therefore seen as a peak in the 
spec t rum of  the recoil  mass squared,  M2ec, at M~e~ 
0 with 

M{e~ = [ E a e a m  - -  ( E D * +  + E ~ -  ) ] 2  ( y D .  + "~Pl / -  ) 2 .  

The M{e~ spec t rum is shown in fig. 1 for D*+~ - corn- 

b ina t i ons  wi th  p~ > 1 G e V / c .  The  signal for the decay 
] ] ° ~ D * + ~ - 9  a m o u n t s  to 7 3 +  11 events  on  a total  
background  of  25 + 5 events  (dashed  curve  in  fig. 1 ). 
The  var ious  background  con t r i bu t ions  are l isted in 
table 1 and  were der ived from the data  or f rom known 
b ranch ing  ratios. The i r  shapes in  M~2c were also 
s tudied with data  and  are reproduced by Monte  Carlo 
s imula t ions .  

Possible c o n t a m i n a t i o n s  f rom the decay sequence  
B ~ D * ( 2 4 2 0 ) ~ - 9  with D * ( 2 4 2 0 )  ~ n D  *+ were s tud-  
ied by searching for a D*° (2420)  signal in the 7 t -D *÷ 
mass d i s t r ibu t ion ,  where M2ec(n -D*+~  - )  was re- 
str icted to 2 IMr~c( r~-D*+£- )  r <1  G e V 2 / c  4. No  in- 

d ica t ion  of  a signal was found.  The  mass d i s t r ibu t ion  
was fi t ted with a smoo th  func t ion  for the background  
and  a B r e i t - W i g n e r  with the measured  width  and  po- 
s i t ion  o f  the D*° (2420)  [ 11,12].  Us ing  the b ranch-  
ing ratios for the D *÷ decay sequence  [ 10,13] and  
the recons t ruc t ion  efficiency, the fol lowing uppe r  
l imi t  on  the p roduc t  o f  b r anch ing  ratios is der ived:  

BR (B- - - ,  D * ° ( 2 4 2 0 ) ~ - 9 )  B R ( D * ° ( 2 4 2 0 )  

~ T t - D * + )  < 0 . 0 1 2  at 90% C L .  

These cond i t i ons  allow a deta i led  inves t iga t ion  o f  
the decay B ° - , D * + ~ - 9 ,  where the po la r iza t ion  of  the 
D *+ mesons  is o f  special interest• The  D *+ meson  in 
this  decay can be fo rmed  in two hel ici ty states, e i ther  
with m = 0  ( longi tudinal ly  polar ized)  or with m =  + 1 
( t ransverse ly  polar ized) .  The  width  for the decay 

Table 1 
Number of background D*+£ - 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°-,~- X ) = B R ( B ~ - X  ) and the mixing parameter 
r as measured by ARGUS [ 15 ]. The shape for uncorrelated D*÷~ - combinations (4) and (5) can be obtained from D*+£ ÷ combinations 
and compares well with Monte Carlo calculations. The upper limit for (6) has been derived from the data. 

Background source Total event sample I Mr~c I < 1 GeV 2/c4 

1 continuum events 9_+ 7 3.5_+ 2.5 
2 fakeleptons 5_+ 1.5 2 +_0.6 
3 background under D *÷ signal 35_+ 9 15 _+4 
4 B~I)°(D -)X, 13--.D*÷X, 

with 13°(D-) -~-X 6+ 2 1.5_+0.5 
5 B°~I)°-,I~-X, 

I]°~D*+X 15+- 7 3 +- 1.5 
6 B- ~D*°(2420)1~-9, 

with D*°(2420)--.~-D *+ <4 at 90% CL 

5~ (1-5) 70_+14 25 +_5 
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B°--,D*+I~-9 is therefore given by three contr ibu-  
t ions corresponding to the three helici ty states: 

F(13°--,D*+~-9) = F L  +FT_ + F T + ,  

which can be rewri t ten as 

F ( B ° ~ D * + ~  - 7 )  = IGu [2f'T(l+Ft./FT), 

with Fv = Fw_ + FT +. The quant i ty /"v  is predic ted  by 

different  authors  to be in the range/ax = ( 1 .0-1.4)  × 
10~3s -~ [3 ,6 -18] .  A measurement  of  the D *+ polar-  
izat ion yields the rat io FL/FT and therefore,  in com- 
b ina t ion  with the known branching rat io  for the de- 
cay ]3°~D*+~-9  and the B lifetime, allows the 
de te rmina t ion  of  the K M  matr ix  e lement  I Vcul. 
Moreover ,  the magni tude  of  this rat io fixes the lep- 
ton spect rum as well as the q2 dependence.  

The polar izat ion of  D *+ mesons can be measured  
by using the strong decay D *+ --*r~+D ° as an analyser. 
The d is t r ibut ion  o f  cos 0~+, where 0"+ is the decay 
angle of  the ~t + in the D *+ rest f rame with respect to 
the D *+ direction,  is given by 

d N / d  cos 0"+ oc 1 +c~ cos20*+, 

where o¢ measures  the rat io of  longi tudinal  to trans- 
verse polar izat ion:  

~ = 2 G / G - 1 .  

The cos0*+ dis t r ibut ion  is extracted from the 
events in the signal region (IM~ec [ < 1 GeV2/c  4) by 
subtract ing the background contr ibut ions  in this 
Mr%c range. For  the background sources ( 1 ) -  ( 3 ) (see 
table 1) the shape in cos 0"~_ is obta ined  from the 
data.  The background sources (4) ,  (5 )  are assumed 
to have a fiat d is t r ibut ion  in cos 0"+. An al ternate 
method  to obta in  the dis t r ibut ion,  in which the M]ec 
signal was fit in bins of  cos 0~*+ was also used. Both 
methods  gave consistent  results. 

The k inemat ics  of  the process B°-- ,D*+~-9 as well 
as the acceptance in cos 0"+ have been s tudied with 
a Monte  Carlo s imulat ion,  which reproduces  the 
measured  lepton spectra as well as the q2 dependence  
(fig. 3 and fig. 4).  The smearing of  the cos 0"+ distr i-  
but ion due to the B meson mot ion  is found to be neg- 
ligible. The acceptance in cos 0~* + depends  mainly  on 
the acceptance o f  the slow pion, which has momen ta  
less than 250 MeV/c  2, in the decay D *+ ~r~+D °. 

The acceptance corrected and normal ized  cos 0"+ 
dis tr ibut ion in the decay 13°--, D*÷~-9  is shown in fig. 
2. This d is t r ibut ion  is fit to a form of  ( 1 +  
c~ cos 20* + ) resulting in a value of  o~ = 0.7 + 0.8. The 
result of  the fit is shown as the solid line. 

Systematic  uncertaint ies  in the de te rmina t ion  of  ce 
are invest igated by varying the shape of  the cos 0"+ 
background distr ibut ions,  as well as the acceptance 
function. The resulting systematic error on o¢ amounts  
to a ,  = + 0.4, which is small compared  to the statis- 
t ical error. The value of  o~ has to be corrected for the 
l imi ted  phase space due to the cut on the lepton mo- 
men tum and the vanishing acceptance for D *+ me- 
sons with xp < 0.2. The two correct ions are individ-  
ually 25%, but  they cancel each other. This leads to 

o~=0.7 + 0 . 9 ,  

where the statist ical  and systematic errors have been 
added  in quadrature.  F rom this value of  a we deduce 
the rat io of  the longi tudinal  and transverse compo-  
nent F L / F r :  

FL/Fx =0.85  + 0 . 4 5 .  

Using /"T= 1.2× 1013S -1, BR(13°~D*+£-9 )  = (7.0 
+ 1 . 2 + 1 . 9 ) %  and % = ( 1 . 1 5 + 0 . 1 4 ) × 1 0 - ~ 2 s  [2] 
one obtains  

I Vcb [ = 0.052 + 0 .011.  

This value for I Vcul compares  well with the one ob- 

. . . . . . . .  

t) 
~o.8 

0 . 4  

0 . 0  
-1 .0 -0.,5 0 . 0  0 .5  1 .0 

cos 0". 

Fig. 2. cos 0~, distribution from D *+ mesons with IM~e¢ I < 1 
GeV2/c 4 and p~> 1 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 
I Vobl. 

The measured value Of FL/FT is in good agreement 
with the predicted ratio in reg. [ 3,6-8 ], whereas the 
models [4,5 ], giving values of FL/FT> 2, can be ruled 
out with more than two standard deviations. The 
measured polarization of the D *+ mesons in the 
B°--,D*+~-9 decay should also be reflected in the 
shapes of the lepton spectrum and the q2 distribu- 
tion. The endpoint region of the lepton spectrum in 
the decay 13°--,D*+~-9 is dominated by the T com- 
ponent [7]. This leads to a harder lepton spectrum 
for the decay B°--,D*+~-9 than for the decay I]--, 
D~-9. The observed lepton momentum spectrum 
from the decay I ] °oD*+~-9  is shown in fig. 3. It is 
well described by the models of refs. [3,7,8] (full 
curve), which all predict both a.~ 1 and the same 
shape for the lepton spectrum. 

The q2 spectrum was obtained by reconstruction of 
the decay B°~D*+e-9 ,  with a cut on the electron 
momentum of Pc> 0.4 GeV/c. The q2 distribution can 
be inferred from the energy spectrum of the D *÷ me- 
sons by using 

q2= (PB- -PD * + )2  

= (EB --ED*+ )2_ (PB --PD.+ )2 

,~ (EB --ED.+ )2_p2.+ . 

The effect of  neglecting Pn in the above approxima- 
tion was corrected for by means of Monte Carlo stud- 

~ 0 . 2  

o 

v 

% 
~ 0 . i  

/ I 
÷ 

0.0  J ' ' ' 
0 .0  4.0 8 .0  12.0 

q2 [GeVZ/¢2] 
Fig. 4. q2 spectrum for the decay I]°-,D*+~-9 compared to the 
model prediction of ref. [7] (full line). 

ies. The acceptance-corrected and background-sub- 
tracted q2 spectrum is displayed in fig. 4. The presence 
of a strong transverse helicity component at large q2 
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*+~-9  and determined the polarization of 
the D* + mesons. The measured average polarization, 
a = 0.7 + 0.9, of the D* + mesons leads to the conclu- 
sion that the transverse and longitudinal helicity 
components in the decay B°--,D*+~-9 are about 
equal. The measurement of  c~ further allows a deter- 
mination of the KM matrix element, [Vcb ] =0.052 
__+0.011. The obtained lepton and q2 spectra are in 
very good agreement with those predicted for the 
measured value of c~. 
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D*+£-9. The curve represents the prediction from ref. [ 7 ]. 

R e f e r e n c e s  

[ 1 ] ARGUS Collab., H. Albrecht et al., Phys. Lett. B 197 ( 1987 ) 
452. 

125 



Volume 219, number  1 PHYSICS LETTERS B 9 March 1989 

[2] H. Schr/Sder, plenary talk XX1Vth Intern. Conf. on High 
energy physics (Munich, 1988). 

[3] M. Wirbel, B. Stech and M. Bauer, Z. Phys. C 29 (1985) 
637. 
M. Bauer and M. Wirbel, preprint HD-THEP-88-22, DO- 
TH 88-19 (1988). 

[4] F. Sch6berl and H. Pietschmann, Europhys. Lett. 2 (1986) 
583. 

[ 5 ] B. Grinstein, M.B. Wise and N. Isgur, Phys. Rev. Left. 56 
(1986) 298; CALTECH preprint CALT-68-1311 ( 1986 ). 
B. Grinstein and M.B. Wise, Phys. Lett. B 197 ( 1987 ) 249. 

[ 6 ] T. Altomari and L. Wolfenstein, Phys. Rev. Lett. 58 ( 1987 ) 
1583; Carnegie-Mellon preprint CMU-HEP86-17; Phys. 
Rev. D 37 (1988) 681. 

[7] J.G. K6rner and G.A. Schuler, Z. Phys. C 38 (1988) 511. 
[8] N. Isgur, D. Scora, B. Grinstein and M.B. Wise, preprint 

UTPT-88-12 (1988). 

[9 ] ARGUS Collab., H. Albrecht et al., DESY preprint DESY 
88-080. 

[ 10] Particle Data Group, M. Aguilar-Benitez et al., Review of 
particle properties, Phys. Lett. B 170 (1986) 1. 

[11] ARGUS Collab., H. Albrecht et al., Phys. Rev. Lett. 56 
( 1986 ) 549; 
J.C. Yun, Ph. D. Thesis, Carleton University, Ottawa, 
Canada ( 1987 ), unpublished. 

[ 12] J.C. Anjos et al., contrib, paper XXIVth Intern. Conf. on 
High energy physics (Munich, 1988); Fermilab preprint 
PUB-88/155-E (1988). 

[ 13 ] MARK III Collab., J. Adler et al., Phys. Rev. Lett. 60 ( 1988 ) 
89; 
R.M. Baltrusaitis et al., Phys. Rev. Lett. 54 (1985) 1976. 

[ 14] CLEO Collab., M.S. Alam et al., Phys. Rev. D 35 (1987) 
19. 

[ 15 ] ARGUS Collab., H. Albrecht et al., Phys. Lett. B 192 ( 1987 ) 
245. 

126  


