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A measurement has been made of the mean semi-muonic branching ratio for the decay of b-flavoured hadrons produced in 
e+e - annihilation events at PETRA. The result, (11.4+1.8+2.5)%, agrees well with other recent measurements and is 
consistent with the predictions of the spectator model with QCD and non-spectator corrections. 
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The weak decay of hadrons containing the b quark 
proceeds via the charged weak current and the lep- 
tonic coupling to the W ensures that a fraction of 
these decays will produce a "prompt" muon. For the 
heavy b quark states, the decay process is expected to 
be described, to a good approximation, by the spec- 
tator model where all the dynamics of the decay are 
determined by the b quark. In this model, the semi- 
muonic branching ratios of all weakly decaying ha- 
drons containing a b quark (B's) are expected to be 
similar and, once QCD corrections have been incor- 
porated, of order 12-15% [ 1,2]. A reduction of up 
to 20% of this predicted value is expected when non- 
spectator processes are taken into account. In the ex- 
periment reported here the mean semi-muonic branch- 
ing ratio for the decays B ~/avX has been measured. 

The JADE detector [3] at PETRA has been used 
to collect a sample of high-energy e+e - annihilation 
events with multihadronic final states containing a 
muon. Subsequent analysis of the data enabled the 
number of events with prompt muons (produced in 
the decay of hadrons containing a b or a c quark) to 
be enhanced relative to those with non-prompt muons 
and other background events. 

The data were taken at an average centre of mass 
energy of 34.6 GeV and correspond to an integrated 
luminosity of about 60 pb -1. A sample of 21 419 
annihilation events with multihadronic final states was 
selected by the method described in a previous publi- 
cation [3]. Events containing a muon candidate were 
subsequently selected from this sample. 

Muons were identified as penetrating tracks in the 
JADE muon filter which is a segmented system with 
five layers of absorber and drift chambers covering a 
solid angle of 92% of 47r. A full description of the 
muon-detection system and the procedure used for 
selecting prompt muons can be found in refs. [4,5 ], 
respectively. A summary of the main selection criteria 
is, however, given here for convenience. For each event 
the muon-selection programs extrapolated every 
charged particle track found by the jet chamber pat- 
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tern recognition program [6] outwards into the muon 
filter as if it were a muon. All projected tracks which 
could be associated with a series of hits in the muon 
drift chambers, and which had a momentum greater 
than 1.8 GeV, were treated as candidate muon tracks. 
It was then necessary to enhance further the propor- 
tion of prompt muons relative to other candidate 
tracks. These other tracks could have been caused 
either by non-prompt muons (primarily from lr and K 
decay) or by "punch-through" hadrons which either 
penetrated the layers of absorber without interaction 
or were produced as secondary particles in hadronic 
interactions in the absorber. This enhancement was 
achieved by requiring muon-candidate tracks to tra- 
verse a minimum of 5.8 absorption lengths, to cross 
at least 3 chamber layers and to have an associated 
chamber hit in every layer crossed. A total of 994 
tracks satisfied all these criteria. 

The LUND Monte Carlo program [7] was used to 
generate a sample of 54 000 multihadronic events 
which could be used both in the assessment of the 
efficiency of the selection criteria and in the final de- 
termination of the branching ratios. The symmetric 
LUND fragmentation function [8] was used for the 
u, d and s quarks; the values for the parameters of this 
function (a = 1.0, b = 0.6) had previously been chosen 
to give good agreement with JADE data [9]. The 
function of Peterson et al. [10] was used for the c and 
b quarks; the values used for the parameters of this 
function (e c = 0.05, e b = 0.018) were those measured 
by the DELCO Collaboration [11]. At this stage the 
semi-muonic branching ratios of the charmed hadrons 
(C's) given in ref. [12] were used. Taking into account 
the relative abundances of these hadrons as generated 
in the Monte Carlo, these ratios give a weighted aver- 
age branching ratio of 8% for C ~/auX. A mean value 
of 12% for the semi-muonic branching ratio for B 
hadrons was assumed. Subsequently, values for these 
average branching ratios would be determined from a 
comparison of the present data with the Monte Carlo 
predictions. 

The hadronic events which had been generated by 
the Monte Carlo program were processed by routines 
which determined the trajectory of each particle 
through the JADE detector and which took into ac- 
count the effects of nuclear interactions, decays, ener- 
gy loss and the resolution and efficiency of the appara- 
tus. The simulated events were then subjected to the 
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same analysis and selection programs as the data. 
The purpose of the present experiment is to deter- 

mine the relative proportions of each class of penetrat- 
ing track needed in the overall Monte Carlo simulation 
so as to provide the best fit to the data. These propor- 
tions can be determined most accurately by compar- 
ing the distributions of muon candidates in the data 
and Monte Carlo simulation as a function of fiavour- 
dependent quantities [13]. The independent weak 
decays of a heavy quark and anti-quark bias the event 
topology and this property is used to select two such 
quantities: Pout, the sum of the magnitudes of the 
momentum components normal to the apparent event 
plane of all detected particles, and PT, the component 
of the muon momentum transverse to the reconstruct- 
ed thrust axis. 

Pout is flavour dependent since it has a contribution 
from the momentum component transverse to the 
primary quark direction given to particles produced in 
decays [14]. This contribution will be largest for the 
decay of heavy particles. There is also a contribution 
to Pout from the hadronisation process. The following 
definition of Pout is chosen as it is relatively insensi- 
tive to both small inefficiencies in particle detection 
in a given event and the choice of the longitudinal frag- 
mentation function, and also because the distribution 
of Pout for each flavour is almost independent of the 
beam energy. 

Pout =ECM ~.~ I n l ' P i l / ~ i  IPil, 

where Pi are the measured particle momenta, h 1 is the 
unit vector perpendicular to the event plane and the 
summation is over all charged and neutral particles 
detected in the event. 

Fig. la shows separately the Monte Carlo distribu- 
tions of Pout for three classes of events with muon 
candidates derived from background (non-prompt 
decay and punch-through), from prompt C decay 
(including B ~ C ~ #) and from prompt B decay. 
These classes have been chosen to facilitate the deter- 
mination of the branching ratio and differ from those 
chosen in an earlier publication [15] to illustrate the 
flavour dependence of the variables. The total Monte 
Carlo distribution is compared with the data in fig. lb. 
Here the Monte Carlo results have been normalised 
such that the total number of accepted multihadronic 
events prior to muon selection is the same for both the 
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Fig. 1. (a) The distributions of Pout for the different sources 
of muon-candidate tracks generated by the Monte Carlo. The 
curves are shown to guide the eye. (b) Comparison of the dis- 
tributions of Pout for the data, Monte Carlo simulation and 
maximum-likelihood fit. 

Monte Carlo simulation and the data. 
When a muon is produced in a decay the compo- 

nent of its momentum perpendicular to the direction 
of its parent will depend on the mass difference 
between the parent and daughter particles and will, 
therefore, be a flavour-dependent quantity. Here again, 
the distribution in this transverse quantity will not de- 
pend directly on the longitudinal fragmentation func- 
tion. Fig. 2a shows the Monte Carlo distribution in PT 
for each class of event and fig. 2b shows the compari- 
son with the data. 

In order to estimate the number of events in each 
category, a maximum-likelihood fit was performed in 

279 



Volume 163B, number 1,2,3,4 PHYSICS LETTERS 21 November 1985 

d"ff'rdN L / ~  | ' , l 

/ t \ . . . .  P~mpt f~o. c I 
,sol/' )(~. ~ . . . . . . . . . .  p,.,~pt fro,r, ~ 

,ooIt/- 

-0 0.5 1.0 1.5 2-0 2~5 3'0 
PT (GeV) 

n_N 
dPT ls~ 

I0C 

~_/ i i i i r-- ~, 

~ ~  ..... Monte Carlo Simulation. 
• Data. ] 

- -  FiL 

(b) 

! I 1 
00 0~ 1"0 1.5 2"0 2"5 3-0 

PT 16eV) 

Fig. 2. (a). The distributions of PT for the different sources 
of muon-candidate tracks generated by the Monte Carlo. The 
curves are shown to guide the eye. (b) Comparison of the dis- 
tributions of PT for the data, Monte Carlo simulation and 
maximum-likelihood fit. 

bins of PT and Pout. In this fit the fractions of all three 
sources of penetrating tracks were allowed to vary. 
The two-dimensional fit to the distributions reduces 
the correlations between the relative contributions 
and reduces the sensitivity of the semi-muonic branch- 
ing ratio of the B hadrons to both the semi-muonic 
branching ratio for C hadrons and the number of back- 
ground tracks. The fit, which is shown in figs. lb and 
2b, gives the following results: 

fraction of background events = (45 _+ 4)%, 

branching ratio (C --*/avX) = (8.9 + 1.8)%, 

branching ratio (B --* twX) = (11.4 +- 1.8)%. 

The correlation coefficients between background 

and C ~ #, background and B ~ #, and C ~/a and B 
/a are -0.88,  -0 .13 and -0.10, respectively. The 

errors quoted are purely statistical but do take these 
correlations into account. The significant correlation 
between the background and the C ~ g sample tends 
to counteract the effect of the larger number of C 

# events relative to the number of B ~/a events and 
leads to similar statistical errors being obtained for 
both branching ratios. 

A background fraction of (52 -+ 2)% had been pre- 
dicted by the Monte Carlo [5] compared with the 
(45 +- 4)% given by the fit. The value of the B ~/avX 
branching ratio is, however, relatively insensitive to 
this fraction; a fit which constrained the background 
to the Monte Carlo predictions gave a value of (11.0 
+- 1.8)% for this branching ratio. 

The systematic uncertainty in the branching ratios 
is dominated by a contribution of 2% arising from er- 
rors in the shapes of the PT and Pout distributions. 
These errors arise primarily from uncertainties in the 
reconstruction of the thrust axes and event planes. 
Smaller contributions to the systematic error come 
from uncertainties ha (a) the detection efficiency for 
muons generated by the Monte Carlo (1%), (b) the 
fragmentation parameters (varying e c and e b over the 
ranges 0.026-0.072 and 0.009-0.030, respectively, 
leads to changes in the branching ratios of less than 
0.6%) and (c) the background of r+r  - and two- 
photon events in the data (0.2%). The resulting overall 
systematic error in the semi-muonic branching ratios 
is estimated to be +2.5%. 

In conclusion, a mean value for the semi-muonic 
branching ratio of B hadrons has been determined to 
be (11.4 + 1.8 + 2.5)%. This result is in excellent agree- 
ment with other recent measurements which have, 
after adding the statistical and systematic errors in 
quadrature, an average value of (11.4 -+ 1.3)% [1,16]. 
The result is also consistent with the predictions of 
the spectator model with QCD and non-spectator cor- 
rections. A mean value for the semi-muonic branching 
ratio of c-flavoured hadrons has also been determined. 
The result, (8.9 + 1.8 -+ 2.5)%, is also consistent with 
the average value of (9.5 + 1.1)% obtained by other 
recent experiments [ 16]. 
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