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Abstract

The production of electrons by bottom and charm hadrons has been
studied in e+e_ annihilation at 34.6 GeV center of mass energy. It is
observed that the b quark fragmentation function is peaked at large values

of the scaling variable z with <z,> = 0.8%4 ig'}g ig'l?. For ¢ quarks
+ 0.10 + 0.05

<zc> 0.57 _ 0.09 ~ 0.06 is observed. A forward-backward charge asymmetry

of A

~0.25 * 0.22 was measured in b production.
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Electron showers are separated from hadron showers and from hadrons
with nearby photons using several measurements of the shower properties.
In brief:

(1) The momentum of the charged track was required to agree with the
total shower energy measured in the front and back towers.

(2) The extrapolated position of the charged track was required to agree
with the position of the shower measured in the strips.

(3) The longitudinal development (depth) of the shower measured in front
towers, back towers and strips was required tc¢ be consistent with an
electron shower.

(4) The lateral distribution (width) of the shower energy measured in
the strips was required to be consistent with an electron shower.

The precise criteria follow:
(1) & x2 value was defined to measure the agreement between track

momentum and shower energy. The measured track momentum pmeas and the

measured shower energy E were combined to find a value pfit (E

)

meas fit

representing the electron momentum (energy) by minimizing

2 2

X% = ( (Ppgay = Pegp) / 05(Ppry) ) (Ep ) )

meas +( (Emea

s " EBeit) 7 o5y
with respect to pfit' If the shower energy was less than the track
momentum (as tends to be the case for hadronic showers) the energy and
momentum were required to be consistent by demanding a x*® value less than

6.0.
(2) All of the strips struck by a shower were used to determine the
energy weighted position of the shower. The differences in position in the
two directions AZ and A¢ (em) between the extrapolated track position and
the shower position were found. The errors on these quantities were
measured 1in two photon scattering events e+e-* e+e—e+e_and Bhabha
0.48
]

scattering events e+e—* e+e- to be o + 1.27 em and

Z

0¢ = 0'37 + 0.53 cm where p is the momentum of the charged track measured

in GeV/c. This error contains the multiple scattering error, the error on

the position measurement of the shower, and the error on the extrapolated
track position (which is important in the case of oZ). The condition

(AZ/oZ)2 + (A¢/0,)% < 26 was required to be satisfied.

¢
(3) The longitudinal development of the shower was required to be
consistent with that of an electron by examining EF and EB, the front tower
and back tower summed energies. It was required that
( EB / EF ) < 0.80 + 0.10p.
(4) The cluster was required to have most of its energy concentrated in
a small lateral region by demanding that the energies EZ and E¢ measured in
the two strips closest to the extrapolated track position (in the two

directions Z and ¢) be large. The requirements were that

E, / Emin > -0.64 + 1.22p and that E¢ / Em.

7 in > -1.43 + 1.13p where Em is

in
the mean energy deposited by a minimum ionizing particle traversing the
counter at normal incidence.

The efficiency for detecting an electron with these cuts was
determined from two photon scattering events e+e—+ e+e_e+e' for electron
momenta 15ps5 GeV/c, and is approximately constant in this range with a
value of 82%.

The major sources of background in the electron sample are showers
induced by charged hadrons resembling electron showers, charged hadrons and
photons accidentally arriving at nearly the same location in the counter,
and photon conversions into electron pairs which were not recognized as
such. A hybrid Monte Carlo method was used to estimate the backgrounds due
to hadrons. Single simulated hadron showers were generated with the aid of
the hadronic shower Monte Carlo program Gheisha [23]. All electromagnetic

particles (including those produced in the course of a hadronic shower)






The fragmentation functions of heavy quark flavors were parameterized

by
N

£(z) = for z 2 z (1)

z 01 - 1z - e/(1-2) 12 min
= 0 for z < Zoin
as proposed by Peterson et al. [17], where N is a normalization factor
chosen such that Jf(z)dz = 1, € is a parameter describing the
fragmentation, and f(z) is the probability of finding a hadron containing

the original quark at z, defined as

_ (E » Py 7] hadran
B> 5 ) quark

Ii is the longitudinal momentum of the quark or hadron measured relative to

where E is the energy of the quark or hadron,

the original quark directlon and z is the minimum value that z can take

min

on.; ( Due to finite hadron masses Zpin is not zero )f The use of formula
(1) gives us a convenient way of expressing our results.
A fit to the background subtracted electron distributlons was made
consldering three different classes of events:
(1) Semi-leptonic decay of bottom hadrons in bb events
(2) Semi-leptonic decay of charmed hadrons in cc events
(3) Semi-leptonic decay of charmed hadrons resulting from the decay
of bottom hadrons in bb events (cascade decay).
The lepton spectra were estimated using our standard Monte-Carlo event
simulation [25] with independent jet fragmentation [26], first and second
order QCD as calculated by FKSS [27] and radiative corrections as
calculated by Berends and Kleiss [28]. The generated lepton spectra of D
and B mesons in the center of mass frame are in agreement with the results
from DELCO [2] and CLEO [4], respectively. The spectrum of leptons from

the cascade decay of B mesons to D mesons to leptons 1s in agreement with

expectatiéns from the D spectra from B meson decay as measured by
CLEO [29].
Four parameters were allowed to vary in the fit: €, and €y the

longitudinal fragmentation function parameters for charmed quarks and

‘bottom quarks, and BR(c + evX) as well as BR(b »+ evX) the average semi-

leptonic branching ratios of charmed hadrons and bottom hadrons into
electrons, r‘espectively.' The fit was performed by generating electron p
and pT spectra with a flat fragmentation function and weighting these
spectra with the fragmentation functions and branching ratios to predict
the contents of the set of bins given before. The distribution of prompt
electrons in the momentum range 1 S p < 10 GeV/c was taken into the fit,
with the exception of the bins ( 1 Sp < 2 Ge¥/ec , O S Py <1 GeV/c ) and
(2sp<3GeV/c, 0= Py < 0.5 GeV/c) where the hadronic background is
above 65% of the total rate.

We obtain

BR{c » evX) = 0.092 + 0.022(stat.) + 0.040(syst.)

BR(b > evX) = 0.111 % 0.034 + 0.040
. -0.005 -0.005

€y = 0-005 14 002 +0.020
- -0.13 -0.08

€ = 0419 15,29 +0.17

where the statistical errors are those defined by an increase in x2 value
of 1.0. The four parameters are correlated, and the statistical errors
take this into account by being given as the outer limits of the projection
of the four dimensional surface where the x2 has increased by 1.0. The X2
value for this fit is 16.3 for 21 degrees of freedom. The various

contributions from the fit to the electron rate are shown in figure 1.

Systematic errors were estimated by varying the overall estimate of the
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