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Abstract. Using the ARGUS detector at the e + e -  stor- 
age ring DORIS II, we have measured B decays into 
exclusive final states containing a D or D* meson plus 
several pions, or containing a J/J/ or r  meson plus a 
strange particle. Some of these channels have not been 
seen before, while others represent updated measure- 
ments of previous results. The branching ratios are com- 
pared with the predictions of the model of Bauer, Stech 
and Wirbel. Using the cleanest decay channels, the mass 
of the charged and neutral B meson are found to be 
roB- = (5280.5 -4-1.0 + 2.0) MeV/c 2 and mBo = (5279.6 
_+0.7_+2.0) MeV/c 2 respectively, yielding a mass differ- 
ence mBo - ms- = ( - 0.9 _+ 1.2 _+ 0.5) MeV/c z. 

1 Introduction 

Measurements of exclusive B meson decay rates allow 
for tests of theoretical models of the weak decays of 
heavy quarks. Due to the large mass of the b quark, 
the influence of the strong interaction can be calculated 
more reliably than for the decays of lighter mesons. 
There are several models available which describe had- 
ronic B decays [1-5]. In addition, reconstruction in had- 
ronic channels provides the only means of determining 
the B ~ and B + masses. A measurement of their mass 
splitting is a test of the quark model predictions, and 
an essential input to estimates of the ratio of charged-to- 
neutral production on the ~4S). 

This paper summarizes A R G U S  measurements of ex- 
clusive hadronic B decays involving b ~ c  transitions. 
B mesons are produced through the reaction e + e -  

Y(4S) ~ BB and are reconstructed in hadronic decay 
modes with multiparticle final states. In particular, chan- 
nels with a D, D*, J/~, or 4/ meson have been studied. 
The measurement of branching ratios for two-body B 
decays involving a J/~, or ~' meson are of wide interest 
in the light of proposals for the study of CP violation 
in future experiments. Results are reported for previously 
unseen B decay channels, along with updated measure- 
ments for other modes [6-8]. 

2 Data analysis 

The data used in this analysis are collected with the 
A RGUS  detector at the e+e - storage ring DORIS II 
at DESY. An integrated luminosity of 229 p b -  1 has been 
collected on the Y(4S) resonance which corresponds to 
about 192,000 Y(4S) decays. The A R G U S  detector is a 
4n magnetic spectrometer described in detail elsewhere 
[9]. Charged hadrons are identified on the basis of specif- 
ic ionization in the drift chamber (dE/dx)  and time of 
flight (TOF) measurements. For  all charged tracks, a 
likelihood ratio for each of the particle hypotheses 
e,/~, n, K and p is calculated. All hadron hypotheses witb 
a likelihood ratio greater than 1% are accepted. F m  
lepton identification, information from the electromag- 
netic calorimeter and muon chamber is used, in addition 
to the d E / d x  and TOF measurements. 

The geometrical acceptance of the data sample is de- 
fined by restricting the polar angle 0 of hadrons with 
respect to the beam line to the region ]cos 0[ < 0.92. Fur- 
thermore, charged particles are required to have a mo- 
mentum larger than 60 MeV/c, and photons an energy 
larger than 50 MeV. 

In order to suppress the background contribution 
from continuum and QED events, low multiplicity 
events are rejected by the requirement n~h+n~/2>5,  
where n~ is the number of photons with energy larger 
than 100 MeV, and nch is the number of charged tracks. 
In addition, the event is rejected, if the momentum of 
any charged particle in the event exceeds 3 GeV/c. 

Leptons, used for the reconstruction of J / ~  and ~9' 
mesons, are required to have momenta greater than 
900 MeV/c, K ~ mesons are reconstructed from n + n -  
combinations forming a secondary vertex. The invariant 
mass of the pair is required to fit the Ks ~ mass hypothesis 
with a Z 2 less than 16. All combinations of two photons 
satisfying the n ~ mass hypothesis with a Z2 less than 
6 are accepted as n ~ candidates. High-energy n~ whose 
decay photons may merge into a single cluster in the 
calorimeter, are included in the sample by considering 
all clusters with energy greater than 800 MeV as n ~ can- 
didates. 

3 B decays into D and D* mesons 

Measurements of inclusive D meson rates on the Y(4S) 
resonance show that the majority of B decays produce 
D mesons [10-12], as expected from the dominance of 
b ~ c transitions. The momentum spectra of the D and 
D* mesons are found to be soft, reflecting a substantial 
multibody component in hadronic decays. Therefore, we 
have studied the exclusive decays of B mesons into a 
D or D* meson plus up to four pions. The specific chan- 
nels examined are*: 

B -  ~ D~ n - ,  
B -  ~ D ~  - n ~  
B -  __. D*O n - ,  
B -  ~ D * ~ 1 7 6  
B - ~ D * +  n n , 
O - ~  D*+ n - n - n  o, 
B - ~ O * +  n n n n +, 

BO _~ D + ~ - ,  
Bo-. .  D+ ~ - n O ( p - ) ,  
B O ~ D * + n  -,  
B ~  D* + n -  nO(p-), 
/ ~ O ~ D * + n - n - n  +, 
B ~  * + n -  n -  n + no, 

where the D* and D mesons are reconstructed in the 
following channels: 

D* + ~ DOn +, 
D*O ~ D~ n o, 

D ~  K -  n +, 

D~ ~ K ~ ~ + n - ,  

D ~  + n - n + ,  
D O ~ K - n +  no. 

D+ ~ K O n  +, 

D+ ~ K - n +  n +, 
D+ ~ K O ~ + n + n  - ,  

* References in this paper to a specific charged state imply the 
charged conjugate state also 
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All D ~ D +, D *+, and D *~ candidates are required 
to be consistent with the appropriate mass hypothesis 
with a X 2 of less than 6. In addition, the candidates are 
required to have a mass lying within a restricted interval 
around the nominal value. The allowed ranges are cho- 
sen to be +_3 MeV/c 2 for the D *+, _+ 15 MeV/c 2 for the 
D *~ and +_30 to 40 MeV/c 2 for the D ~  D + mesons. 
The channel D ~ --, K -  r~ + rc ~ suffers from a large combin- 
atorial background, and hence is only used for recon- 
structing the modes B ~ ~ D* + n -  and B -  ~ D* + rc n , 
where the B signal is particularly clean. The requirement 
of a D *+, detected via its decay into D~ +, results in 
a large reduction of the combinatorial background, be- 
cause of the excellent mass resolution for the D *+ 
(1.0 MeV/c z) brought about  by the low Q value for the 
decay. Momentum resolution is generally improved by 
application of mass constraint fits to all intermediate 
states, where the natural width is smaller than the detec- 
tor resolution (Ks ~ no, D o, D +, D.O, and D* +). 

In the search for B candidates, two global require- 
ments are made on all Dn~z and D*nrc combinations: 

�9 The energy of the candidate must be close to the beam 
energy. The experimental energy resolution e~ of these 
combinations varies between 20 to 30MeV for the 
charged channels, 30 to 50 MeV for channels involving 
arc ~ reconstructed from two photons, to over i00 MeV 
for channels where only one cluster is required for the 
~o. We require ]E-Ebeam]<2t7 E for the D*+4n  and 
(D +, D O or D*~ decay modes, and apply a 3 ~  cut 
for all others. 
�9 The total probability for the candidate, calculated 
from the sum of all X 2 contributions from particle identi- 
fication and kinematic fits, must exceed 1%. 

Additional requirements are made for specific channels 
only: 

�9 In order to suppress continuum events, a cut is made 
on the angle e between the thrust axis of the B candidate 
and the thrust axis of the remainder of the event. This 
distribution should be almost isotropic for Y(4S) decays, 
whereas for continuum events it is strongly peaked at 
[cos ~l = 1. We require [cos ~1 < 0.7 for the decay channels 
B--*(D +, D o or D*~ and Icos~l<0.8 for the decay 
~o.-. D* + n-" 
�9 In the decay B--*Dp, the p is produced with helicity 
0, yielding a cos / 0= distribution for the angle 0n between 
one of the pions from the p decay and the helicity axis 
in the p rest frame. Therefore we restricted this angle 
to the interval Icos 0~l >0.5. In addition, the re-~o mass 
is required to lie within + 150 MeV/c 2 of the p mass. 
�9 For  the D* + n~ combinations we require that all parti- 
cle subcombinations have a momentum smaller than 
2.5 GeV/c. For  D* + 4re combinations, the D~ + combi- 
nations are required to have a mass value lying 
_+ 1 MeV/c 2 around the nominal D* + mass. 

A kinematic fit is then applied to all accepted B meson 
candidate constraining their energy to the beam energy. 
This improves the moderate mass resolution by roughly 
one order of magnitude to about  4.0 to 4.5 MeV/c 2 for 

combinations in the B mass region, depending slightly 
on the B decay channel. 

All combinations with a mass greater than 
5.17 GeV/c 2 are considered as B candidates. There are 
events with more than one candidate per event in the 
same B decay channel, especially in the channels with 
rc~ were the combinatorial background is high. Only 
one candidate per decay channel and per event is ac- 
cepted, by choosing the candidate with the highest total 
probability calculated for the sum of all X 2 contributions 
from particle identification, kinematical fits and the 
beam energy constraint fit. 

3.1 Fitting procedure and branching ratio determinations 

Figure 1 shows the combined B signal in the D* + nn(n 
< 3) decay channels. A check has been made that the 
analysis procedure does not bias the mass distribution. 
For  this check, wrong-charge combinations have been 
used, i.e., combinations where the charge of one pion 
differs from the charge of the corresponding particle in 
the analysed candidate channels. As can be seen from 
the hatched histogram, the mass distribution of wrong- 
charge combinations, normalized in the region below 
5.25 GeV/c z, provides an excellent description of the 
background shape in the spectrum of B candidates. The 
shape of the background can be parameterized by the 
function 

dN ] /  M 2 

dM - a M  1 2 
gbeam 

- - - . e x p ( - b ( 1  M2 
- Eboa.--~--~m)), 

where a and b are flee parameters. The first term de- 
scribes the threshold behaviour, while the exponential 
factor is an empirical model of the drop in the back- 
ground toward smaller masses. This function describes 
perfectly the background in the right charge distribution 
for masses smaller than the B mass. It is also in good 
agreement with the wrong-charge distribution and fur- 
thermore supported by Monte Carlo studies. 

1 0 0  , . . . .  , 

8O 

> 
(1,) 60 

LO 

~ .  4O 

Z 

2O 

0 
5.20 5.25 5.30 

M (GeV/c 2) 
Fig. 1. Mass distribution of B candidates in the decay channels 
D *+ nn (n_-<3). The hatched area shows the same spectrum for 
wrong-charge combinations 
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Fig. 2. Distribution of [cos 01 for B candidates in clean two-body 
decay modes, as described in Fig. 9 below. The background is sub- 
tracted using the combinations in a mass sideband below the posi- 
tion of the B meson. The curve is a fit using a sin 2 0 distribution 

The F(4S) resonance is a JP=  1- state which is pro- 
duced transversely polarized. Therefore a sin 2 0 distribu- 
tion is expected for the production angle 0 of the B me- 
sons with respect to the beam direction. The observed 
distribution of cos 0 is shown in Fig. 2. The background 
has been subtracted using a sideband below the B signal. 
Only candidates from the clean two-body decay modes 
have been included in the plot. 

Figure 3 shows the B signals of all channels contain- 
ing a D or D* meson. The two-body decay modes with 
only charged particles in the final state are relatively 
clean, in contrast to the much larger background for 
decay modes with rc~ or multiparticle final states. 

Reconstruction efficiencies have been determined us- 
ing simulated F(4S) decays. B decays into D and D* 
mesons and several pions are uniformly generated in 
phase space. Where appropriate, two-body decays of B 
to D p  or D * p  are also used. These events are passed 
through a detailed detector Monte Carlo and the AR- 
GUS reconstruction program. The branching ratios of 
the D and D* mesons are taken from [13] and [14], 
respectively, where BR(D~ +) and BR(D *+ 
~D~  +) are reported to be (4,2+0.6)% and (57+6)% 
respectively. Since the mass difference is found to be zero 
within the experimental uncertainty (see Sect. 5), the 
charged and neutral B mesons are assumed to be pro- 
duced at equal rates in Y(4S) decays. Decays of the Y(4S) 
to non-BB states are assumed negligible. 

The resulting branching ratios for charged and neu- 
tral B mesons are shown in Table 1 and Table 2, respec- 
tively. The systematic errors quoted include uncertainties 
in the number of B mesons produced, in the D and D* 
branching ratios, as well as in the shape of the back- 
ground function and the determination of the efficiencies 
[ 1 5 ] .  

As a consistency check the analysis is repeated using 
tighter cuts on the measured B candidate energy. If the 
allowed interval is reduced to -+aE or to a fixed 
• 40 MeV around the beam energy, the branching ratios 
obtained are found to be in good agreement with those 

Table 1. B- decay modes 

B decay Signal events Branching ratio 

B --*DOn - 1 2 - + 5  (0.20_+0.08_+0.06)% 
B --*D~ - 19_+6 (1.3 _+0.4 _+0.4)% 
B ~ D * ~  - 9 _ + 3  (0.40_+0.14• 
B --*D*~ 7_+4 (1.0 _+0.6 _+0.4)% 
B- ~ D* + n n 11 _+6 (0.26_+0.14_+0.07)% 
B -  ~ D~s*)~ n - 6_+3 see text 
B ~D*+n ~-r~ ~ 26_+10 (1.8 _+0.7 _+0.5)% 
B --*D~*)~ 5_+3 see text 
B - - - * D * + n  n - n - n  + <9 <1.0% at 90% C.L. 
B --* J/~bK 6 (0.07 _+ 0.03 • 0.01)% 
B ~ ~k' K- 5 (0.18 _+0.08 +0.04)% 
B - - , J /~ /K*-  2 (0.16_+0.11_+0.03)% 
B- ~ ' K * -  <3.9 <0.49% at 90% C.L. 
B - ~ J / ~ k K - z c + n  - <8 <0.16% at 90% C.L. 
B - ~ / K  7r+~ - 3 (0.19_+0.11_+0.04)% 

Table 2. go decay modes 

B decay Signal events Branching ratio 

g~ n- 22+ 5 (0.48_+0.11_+0.11)% 
g ~  9_+ 5 (0.9+0.5+0.3)% 
go ~ D* + n- 12 _+ 4 (0.28 _+ 0.09 + 0.06)% 
g~176  51_+10  (1.8+0.4+0.5)% 
g ~  19+ 9 (0.7_+0.3_+0.3)% 
g~ n-n  + 26+ 7 (1.2+0.3+0.4)% 
g~ +n- n- n+ n~ 2 8 _ _ _ 1 0  (4.1+l.5+1.6)% 
go ~ j / t ~ K  o 2 (0.04 _+ 0.03 -+ 0.01)% 
g~176 <2.3 <0.14% at 90% C.L. 
B ~ ~ J/t~ K* o 6 (0.11 _+ 0.05 _+ 0.02)% 
g ~  ~k'/(*~ <3.9 <0.23% at 90% C.L. 
g~  n + <2.3 <0.10% at 90% C.L. 

given in Tables 1 and 2. Monte Carlo studies show that 
the energy constraint is sufficient to suppress contribu- 
tions from other decay channels, where one particle is 
missed or exchanged. Therefre we conclude that con- 
ceivable correlated backgrounds are negligible. 

Several decay modes are observed for the first time. 
The D*~ - invariant mass distribution is shown in 
Fig. 3 e, where a mass constraint fit is performed on the 
D o rc ~ intermediate state. A demonstration that the D o rc ~ 
actually forms a D *~ can be seen in Fig. 4, where D o zt ~ 
combinations from candidates for the decay B -  
~ D ~ 1 7 6  - with mass greater than 5.27GeV/c 2 are 
shown, without the mass constraint fit on the D o rc ~ sub- 
system. At the D o r~ ~ threshold evidence for a signal of 
(6_+ 3) events is visible. The fitted mass agrees with the 
nominal value for the D *~ [16]. In the decay channel 
B~ D * + re- re- rc + rc ~ shown in Fig. 31, a signal is seen 
above a relatively large background. No  evidence for 
the decay B -  --+ D* + ~ rc 7~ 7r+isfound. 

3.2 R e s o n a n t  d e c o m p o s i t i o n  

In the final states with several pions we search for reso- 
nant subsystems. Figure 5 shows the combined ~ -  rc ~ in- 
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Fig. 5. Mass distribution of n n o for the decays B ~ ~ D* + n -  n ~ 
B - ~ D * ~  ~ B ~  n-n~ and B - ~ D ~  ~ for B candi- 
dates with mass greater than 5.270 G e V / c  z 

variant mass spectrum for B candidates with mass 
greater than 5 .27GeV/c  z in the decay channels /~o 
~ D*+ re-;t ~ B---+ D*~ re-re ~ B~ D+ re-;t~ and B -  
-+D~ - ;t ~ Fitting the signal with a relativistic Breit- 
Wigner function for the p and a second-order polynomial  
multiplied by a threshold factor for the background, we 
obtain (57_+ 14) p candidates. In the B sideband below 
5.27 GeV/c  2, no p signal is seen. After removal of  the 
D *~ re- candidates from the D~ - no data sample, the 
Dre-no and D*~ - ;to signals are found to be entirely 
consistent with Dp and D *~ p. Fitting the ;t- n ~ invariant 
mass distribution of those events in the B mass region, 
we find (41 + 11) events in these 3 channels. A fit of  the 
B signal itself, after a 150 MeV/c  2 cut around the p, yields 
(35_+9) events. In the D* + ;t-reo channel, on the other 
hand, there is room for a significant non-p contribution. 

In the B ~  D* + ;t-re-re+ channel most  of  the signal 
is consistent with D* + ;t-pO. In Fig. 6a the mass distri- 
bution for ;t-re+ combinat ions  is displayed. A p peak 
is visible although the combinatorial  background is 
large. Figure 6b shows the invariant mass spectrum of 
the D* + ;t-re-re+ combinat ion with and without the re- 
quirement that at least one of the two re-re+ combina-  
tions has an invariant mass within 150 MeV/c  2 of  the 
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in b for B candida tes  with m a s s  greater  t h a n  5.27 GeV/c  2. The  
b a c k g r o u n d  is sub t rac ted  us ing  the  low-mass  s ideband  to the  B 
signal 

n o m i n a l  p mass.  The  f i t ted n u m b e r  of  events  wi th  the 
cut  on  the  p mass  is 20__+ 6, c o m p a r e d  to 26 ___ 7 wi thout ,  
while the b a c k g r o u n d  level d rops  by  a fac tor  of  two. 
However ,  only  pa r t  of  the  s ignal  can  be a t t r i bu t e d  to 
the ax(1260), based  on  Fig.  6c. Here  the mass  of  the 
s n ~+ system, after requ i r ing  tha t  the  in t e rmed ia t e  
s -  s § mass  lies in the  p band ,  is shown.  The  b a c k g r o u n d  
has  been  sub t r ac t ed  using the B signal  mass  s ideband.  
Clear ly  the  obse rved  spec t rum extends  to  3 s  masses  
la rger  than  expected for the  a l  (1260). 

In  t h e B - ~ D * + s  s and  B - ~ D * + s - s - s  ~ de- 
cay  channels  we find some evidence for the  p r o d u c t i o n  
of  P -wave  D mesons ,  as d e m o n s t r a t e d  in Fig.  7a.  The  
D *§ s -  mass  d i s t r i bu t ion  of  these channe ls  peaks  be-  
tween 2.4 and  2 . 5 G e V / c  2. F o r  the channe l  B -  
~ D  *+ s - s - s  ~ the inva r i an t  mass  of  the  s ~ a n d  the 
bache lo r  s -  is res t r ic ted  to  lie wi th in  + 150 M e V / c  2 of  
the  p mass.  In  this D* § s -  mass  region  are  two over l ap -  
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Fig. 7a - c .  For  the  decay channe l s  B - ~ D * + r c - ~  - an d  B -  
D* § n-  n-  ~o: a Mass distribution of D* + n -  combinations in 

the decay channels B -  ~ D* + zc re- and B -  --* D* + rc n - n  ~ (with 
the remaining n - n  ~ pair lies within _ 150 MeV/c z of the nominal 
p mass), for B candidates with a mass greater than 5.270 GeV/c 2. 
The hatched area shows the contribution from the B- ---, D* § n -  n-  
decay channel alone, b Mass distribution of n - n  ~ combinations 
in the decay channel B- ~ D* + n -  n -  n ~ with the D* + n-  invariant 
mass in the range from 2.4 to 2.47 GeV/c 2, for B candidates with 
mass greater than 5.27 GeV/c% e Mass distribution for B candidates 
after requiring the D* § n-  invariant mass lie between 2.4 and 
2.47 GeV/c 2, a range which includes both D~s *)~ resonances. The 
decay channel B- ~ D* + n -  ~-  ~o includes a cut on the p -  meson 
as described in the text. The hatched area shows the contribution 
from the decay channel B- ~ D* § n-  ~-  alone 

p ing  resonances ,  as recent ly  r e p o r t e d  [-17-20]. One  is 
the  D ~ a J r = l  + s tate  (mass=2414__+2 
-t-5 M e V / c  2, F = 1 3 + _ 6 + ~ ~  z [19]) a n d  the o the r  
is the  D~~ which  is a 2 + meson  (mass=2455_+_3 
+ 5 M e V / c  2 , _  F = 1 5 + 1 3 + ~ o M e V / c 2 x o  [18]). D u e  to low 
stat is t ics  and  the large uncer ta in t ies  on  the widths,  the  
sepa ra te  con t r i bu t i ons  f rom the two states  c a n n o t  be 
d is t inguished.  In  the fo l lowing we refer to  r e sonan t  
D* + s -  c o m b i n a t i o n s  as D~ *) o. F i t t i ng  the  mass  d i s t r ibu-  
t ion  with  the n o m i n a l  values  of  the  two resonances  we 
o b t a i n  (6 +_ 3) events  in the  B -  -~ D* + rc s and  (5 + 3) 
events  in the  B - ~ D *  + s - s - s  ~ decay  channe l  above  
a flat  b a c k g r o u n d .  A cut  on  the D* + s -  mass  f rom 2.4 
to  2.47 GeV/c  2, which  includes  b o t h  resonances ,  gives 



549 

a clean p signal in the B---*D*+rc-rc-rc  ~ channel 
(Fig. 7b). This also demonstrates that there is no large 
D(j *)~ r~-n ~ contribution with nonresonant ~-rc ~ states. 
After a cut on the D~ *)~ intermediate state a clean B 
signal is seen in both channels (Fig. 7 c). From this we 
can determine the branching ratios: 

BR(B-  ~ D(s*) ~ -)  x BR(D(j*)~ D* + rt-) 

= (0.14 + 0.07 _+ 0.04)%, 

BR(B -  ~O(,*)~ -)  x BR(D(*) ~ D* + n - )  

= (0.35_+ 0.21 + 0.10)%. 

4 B decays into J]t )  and ~' mesons 

The momentum spectrum of J/t)  mesons from B decays 
is soft [-7, 11], indicating a substantial multibody compo- 
nent as in the case of B decays involving a D or D* 
meson. The two-body B decays involving a J/t)  or t)' 
are observable despite their small branching ratios, be- 
cause they are nearly free of background and the recon- 
struction efficiencies are high, compared to those for D 
and D* decays. The analysis of multi-body decay modes, 
on the other hand, encounters background problems. 
Hence the following decay modes have been studied: 

B -  --* J/t)  K - ,  B ~ ~ J/ t)  K ~ , 

B -  --* t)' K - ,  B ~ ~ t)' K ~ , 

B -  ~ J / t ) K * - ,  B ~ 1 7 6  

B - ~ t ) '  K * - ,  B~ ~ t ) '  K *~ 

B - ~ J / t ) K - z c +  ~ - ,  B~ ~ J / t ) K - r c  +, 
B - - - , , t ) 'K - zc+  n - ,  B~ ~ t ) ' K - n  +. 

The J/t)  mesons are reconstructed in their leptonic 
decay modes. For  the e + e -  decay mode an asymmetric 
cut of + 100 MeV/c 2 and - 2 0 0 M e V / c  2 around the 
nominal J/t)  mass is used in order to account for the 
radiative tail, while for the # + # -  mode a symmetric 
cut of + 100 MeV/c 2 and a Z 2 cut of 9 around the nomi- 
nal J/t# mass is used. The t)' is reconstructed in its lepton- 
ic decay modes as well as in the decay mode t)' 

J/t)  rc + re-. The invariant mass of t)' candidates is re- 
quired to be consistent with the nominal t)' mass with 
a Z 2 of less than 9, and to lie within _+ 100 MeV/c / for 
the leptonic modes and within +10  MeV/c / for the 
J/t)rc + re- mode. A mass constraint fit is then performed 
on both charmonium mesons. The K* mesons are recon- 
structed through both isospin combinations of Krc, ex- 
cept for the B - ~ J / t ) K * -  decay channel where only 
the Ks ~ re- mode is used for the K* - reconstruction. All 
Krc combinations whose invariant mass is within 
_ 100 MeV/c 2 of the nominal K* mass are taken as K* 
candidates. The subsequent reconstruction of exclusive 
B decays then proceeds as described in Sect. 3. 

Figure 8 shows the invariant mass distribution of 
those channels where a positive signal is seen, as well 
as several channels without a signal. The number of sig- 
nal events in the clean decay modes, like the two-body 
decay modes, is determined by counting the number of 
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Fig. 8a-j. Mass distributions for J/r and if' decay channels: a B ~ 
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~ ' K - ,  f B - ~ k ' K - n + n  -, g B~ *~ h B - ~ k ' K * - ,  
i B -~J /~bK-n+~- , j  B ~  + 

events in the signal region 5.265 to 5.290 GeV/c 2. For  
the other decay modes a fit is done with a gaussian 
for the signal and the background function given in 
Sect. 3.1. The branching ratios for the charged and neu- 
tral B mesons are shown in Table 1 and 2, respectively. 
The 3-body decay B ~ ~ J / t ) K -  n + is found to be consis- 
tent with B~ J / t ) K  *~ The sum of the measured exclu- 
sive two-body J/t)  branching ratios is 
(0.21 __+ 0.07_ 0.02)%, which is about  20% of the inclusive 
rate. This accounts for most of the hard component  
(p > 1.4 GeV/c) of the J/t)  momentum spectrum. 
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5 Masses of the charged and neutral B mesons 

In order to minimize systematic uncertainties due to the 
influence of background, only clean decay channels, i.e., 
the two-body decay modes, are used for the determina- 
tion of the masses of the neutral and charged B mesons. 
The mass distributions of the charged and neutral B 
meson candidates are shown in Fig. 9a and 9b, respec- 
tively. The fit gives the following results: 

rn~o = (5279.6 _+ 0.7 +_ 2.0) MeV/c 2, 

ms- = (5280.5 _+ 1.0 _+ 2.0) MeV/c 2. 

The mass values are obtained using an energy scale 
defined by fixing the mass of the Y(4S) to 10580 MeV/c / 
[16]. The systematic error includes the uncertainty on 
the mass of the Y(4S) resonance (_+3.5 MeV/c2), as well 
as uncertainties in the determination of the beam energy 
(_+ 1.0 MeV/c2). The mass difference of the neutral and 
charged B meson is found to be: 

mBo -- m B =  ( -- 0.9 + 1.2 _+ 0.5) M e V / c  2. 

The systematic error is derived by studying the influence 
of different assumptions for the shape of the background 
and varying the width of the B signals with the allowed 
uncertainty. 

6 Discussion of the results 

The large number of observed exclusive decay modes 
represents the most comprehensive list of A R G U S  had- 
ronic B decay measurements. Some interesting observa- 
tions can be made regarding global properties of two- 
body decays involving a D or D* plus arc  or p in the 
final state. Assuming that the ratios of vector-to-pseu- 
doscalar production are independent of the B meson 
charge, the following averages for the ratio of D* to 
D production are obtained: 

BR(B ~ D* n)/BR(B ~ Dn) = 1.0___ 0.3, 

BR(B ~ D* p) /BR(B ---. Dp) = 0.8 _+ 0.4. 

These results indicate that for two-body decays where 
the four-momentum squared of the off-shell W -  is small, 
corresponding to the mass of the rc or p, the rate of 
D and D* production is very similar. This is in marked 
contrast to inclusive D and D* production [10, 11, 12], 
where approximately 75% of the inclusive D mesons 
originate from D* decays. The other vector-to-pseudo- 
scalar ratios: 

BR(B ~ Dp)/BR(B ~ Dn)=  3.2+ 1.2, 

BR(B ---* D* p) /BR(B -~ D* n) = 2.5 _+ 1.2, 

show that there is a significant enhancement of p over 
rc production. Altogether, only about 6% of the B -  and 
9% of B ~ decay modes have been observed through the 
exclusive hadronic modes investigated here, representing 
small fractions of the sum of the inclusive D o and D + 
meson branching ratios, (70_+ 11)% [10]. 

The two-body decays can also be used to perform 
tests of theoretical models of weak decays. One model 
supplying a substantial list of exclusive B meson decays 
is that due to  Bauer et al. [3]. Decays are grouped into 
three classes, which are described by parameters at ,  a2 
or a combination of both. Most modes are described 
by only one of the parameters, making it simple to deter- 
mine their absolute value. For  the extraction of results, 
the lifetime of the B meson is taken to be v~=(1.15 
_+0.14). 10- '2  s [10] and V c b = 0 . 0 4 5  [21] is assumed. 

The two-body B ~ decays into D and D* mesons are 
described by the at parameter alone (Fig. 10a). Taking 
the four measured decay channels together we obtain 
[at[=l.02_+0.11. B meson decays into J/@ mesons, on 
the other hand, are described only by the a 2 parameter 
(Fig. 10b). From all four decay channels taken together 
we find la21 =0.22-+ 0.03. The values of the two parame- 
ters determined from the individual channels are in 
agreement, supporting the universal description of two- 
body B decays with this model. The absolute ratio laz/all 
is 0.22_+0.04. The four two-body B-  decay modes into 
D or D* mesons are described by an interference between 
the two amplitudes, allowing a determination of the rela- 
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Fig. 10a, b. Determination of the parameters for the model of Bauer 
et al. [3]. The error bars represent the statistical and systematic 
uncertainties on the measured branching ratios added in quadra- 
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tive sign be tween  the two pa ramete r s .  G iven  the sizeable 
unce r t a in ty  on  the ra t io  and  the fact tha t  the B -  decay  
rates  depend  only  weak ly  on  a2, we obta in ,  by  fi t t ing 
all 12 b r a n c h i n g  ra t ios  for which  theore t ica l  p red ic t ions  
exist, two poss ib le  so lu t ions :  

al a2 x2/DoF prob 

0.87 _+ 0.08 0.19 _+ 0.03 9.2/10 51% 
1.03 + 0.09 - 0.20 + 0.03 6.5/10 77% 

Thus,  bo th  so lu t ions  are  equa l ly  p robab le .  In  the case 
for D meson  decays  a re la t ive  negat ive  sign for a consis-  
tent  desc r ip t ion  wi th in  this m o d e l  is requ i red  [3]. The  
theore t ica l  p red ic t ion  for the  two p a r a m e t e r s  is a t  = 1.1 
and  a2 = - 0 . 2 4  [-3], in g o o d  ag reemen t  wi th  the  second  
solut ion.  This  is i l lus t ra ted  in Fig.  11, where  the 12 mea-  
surements  for the t w o - b o d y  B decay  channels  a re  com-  
p a r e d  to  the p red ic t ions  of  the  Baue r -S tech -Wirbe l  m o d -  
el, using the second  solut ion.  
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7 Summary 

In  conclus ion,  me a su re me n t s  have been p resen ted  of  the  
b r anch ing  ra t ios  for mos t  of  the low-mul t ip l i c i ty  B de- 
cays involv ing  D, D*, J/O or  0 '  mesons.  These  include 
first evidence for decay  m o d e s  involv ing  a D *~ or  D~ *)~ 
or  t h r o u g h  a D* plus four  pions.  The  mass  difference 
be tween  /~o and  B -  has  been de t e rmine d  to be ( - 0 . 9  
_ + l . 2 + 0 . 5 ) M e V / c  z. The  t w o - b o d y  decay  modes  are  
found  to be cons is ten t  with the m o d e l  of  Bauer,  Stech, 
and  Wirbel .  Values  for the p a r a m e t e r s  of the m o d e l  are  
ext rac ted ,  wi th  g o o d  ag reemen t  on the abso lu te  value  
of  the predic t ions .  
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