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ABSTRACT

We have studied the production of prompt electrons in high statistics sample
(118 pb~1) of multihadron events produced in electron positron annihilations at 29
Gev. The experiment was performed using the DELCO facility on the PEP storage
ring at SLAC. Electron identification was done primarily with a large acceptance
threshold Cerenkov counter. Both the momentum and the transverse momentum
spectra are measured in terms of a differential cross section for electrons having
momenta in the range 0.5 <P< 5.5 Gev/c. We measure the inclusive cross section
in this momentum range to be 35.843.1 pb. The final distribution of candidates
in the P — P| plane are fit well using a Monte Carlo having a combination of
bottom and charm quark decays with the semielectronic branching ratios of (15.0+
2.9)% and (8.9 + 1.4)%. We observe no evidence of electron production from new
sources and determine a cross section upper limit of 11.6 pb (80% CL) for this
process. We find that the fragmentation functions are hard for both b and ¢ quarks,
characterized by the values < 2 >=0.774+0.05 and < z, >=0.684+0.06, where
z is the fraction of the heavy quark’s energy that is retained by the primary hadron
containing the heavy quark. The fragmentation function is fit well by the form
Dyg(z) = N/[2(1 — L — {£)?] with ¢, = .01879 and e = .053%-051. Finally,
we observe events having two electrons with an inclusive cross section of 2.8 + 1.3
pb for this process, which is consistent with the rate expected from the measured

semielectronic rates.
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CHAPTER 1

Introduction

§ 1.1 PROMPT ELECTRON STUDIES

Electrons that are produced directly in high energy interactions from the de-
cays of new heavy particles are considered to be prompt electrons. During the last
ten years experiments that provided information on these electrons have played
a major role both in discovering new states of matter and in undertanding their
properties. Two families of quark-antiquark bound states, a new sequential lep-
ton, and the weak vector bosons were found with prompt le;ton searches in high

energy reactions.

In 1974, the J /¢y resonance was first seen as a peak near 3.1 Gev in the recon-

structed ete"-mass spectrum of a dielectron experiment! studying the reaction
p+Be—et+e +X

Concurrently, a sharp peak was observed® at 3.1 Gev in the ete™ annihilation

cross section for the reactions

ete™ — hadrons, ete”, ptp~



-2-
The J /¢ was interpreted as the lowest ¢z bound state, and indicated the discovery
of charm . Subsequent experiments at energies near the ¢"(3770) resonance and
higher led to the observation of anomalous prompt electron production® in the
reaction

ete s e+ X |

along with the observation* of new hadronic decay states from at least one new
quantum state, which was inhibited from decaying electromagnetically or strongly.
One of the states was the charmed D meson which decayed weakly following the
Glashow-Illiopoulos-Maiani (GIM) model.® Earlier observations® of anomalous ep

production in the reaction

+

ete™ — e* + pT + missing energy

at the same energy range led to the discovery of the 7 lepton as the other new

quantum state.

In 1977 the T was discovered’ as a resonance at 9.5 Gev in the invariant mass

spectrum of prompt dimuons produced in the reaction

p+(Cu,P)y—»pt +p~ +X

The T was interpreted as the lowest bb bound state, and indicated the existence
of bottom and another generation of quark flavors. The b quark fits nicely into
a six-quark model® which preserves the symmetry between quarks and leptons,
including the 7 lepton, and suppresses flavor changing neutral currents as in the

GIM model.
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Several narrow resonances were then seen in ete™ annihilations? between
9.4 and 10.3 Gev. A fourth resonance, the Y(4s), was seen!® with a width that
was visibly broader than the first three resonances, suggesting it was above the
production threshold for weakly decaying B mesons. Proof that B mesons were
being produced finally came from the observation of the enhanced production of

11-12

prompt electrons, which are produced in the weak decays of b quarks.

Following the discovery of a third-generation sequential lepton and a fifth
quark, major emphasis at the PEP and PETRA storage rings was placed on search-
ing for the partner of the b. Measurements have since pushed the threshold for the

production of a possible ¢ pair above 45 Gev and out of range of PEP or PETRA.

Recent results at CERN13 during the past year further demonstrate the im-
portance of prompt lepton searches. The observation of energetic prompt electrons
produced in pp collisions at 540 Gev has led to the discovery of the Z% and W=

vector bosons.

Apart from discovering new states of matter, prompt lepton searches have
been used to measure important characteristics of known particles. In the low
energy region, prompt lepton counting experiments 14~16 have measured D meson
semileptonic rates and decay spectra which differ from the expectations of simple
spectator models, and suggest different lifetimes 17-18 tor D* and D° mesons. In
these models, the heavy quark decays with the light quark acting as a spectator
having little influence, resulting in similar decay rates and lifetimes for the D* and
DO. The models have been modified to agree with eﬁ(periment by accounting for
non-spectator effects; however, these effects are expected to be weaker for decays

of the more massive b quarks. Experiments at CESR, PEP, and PETRA are
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presently studying the semileptonic decays of mesons containing b quarks, and are
using the prompt leptons from B mesons to determine directly the b lifetime by
measuring the impact parameter of the lepton trajectory with the event production
vertex.19 At PEP and PETRA, the selection of multihadron events containing

prompt leptons is a useful and reliable method of enhancing ¢z and bb signals.

Prompt lepton experiments also provide information on the hadronization of
quarks after their initial production. The momentum spectrum of leptons from
¢ and b decays contains information on the fraction of energy the heavy quarks
retain during fragmentation into hadrons. It has been suggested?? that the inertia
of the heavy quark is retained by the meson containing the heavy quark causing
hard fragmentation functions. The only information on b quark fragmentation has

come from prompt lepton experiments.

In this study we concentrate on measuring prompt electron production ete™
annihilations at 29 Gev and use the electron momentum spectrum to extract in-
formation on the fragmentation of heavy quarks. As a result of this study, we
obtain the inclusive cross section for prompt electrons and set limits on the copi-
ous production of electrons from new sources. The production of electrons from
anomalous sources at PEP or PETRA would indicate new particle production or
exotic decay mechanisms. The absence of such anomalous electrons can be used

to set upper limits on the probability of various new prompt lepton sources.

§ 1.2 PROMPT ELECTRON ANALYSIS IN DELCO

One feature that makes this experiment unique among those presently running

at PEP and PETRA is the electron identification capability of the DELCO detec-
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tor, which allows measurement of electrons over 90% of the allowed kinematic
range. This is accomplished with a unique large-solid-angle gas-filled Cerenkov
counter in conjunction with a low-mass central detector. Other experiments study-

ing prompt lepton production are limited to the upper end of the kinematic range.

Prompt electrons from weak decays of heavy hadrons produced at 29 Gev in
ete™ annihilations at PEP are measured. The electrons are detected using two
different Cerenkov radiators, nitrogen and isobutane. The upper momentum limits
for these radiators are determined by the onset of Cerenkov radiation from charged
pions and the lower limits are determined by charged particle tracking efficiency.
The ranges are 0.5 - 2.5 Gev/c for isobutane and 0.5 - 5.5 Gev/c for nitrogen.
Other experiments at PEP and PETRA study the region above 2 Gev/c. The
use of two gases makes the analysis equivalent to two experiments with different

efficiencies and backgrounds and provides a useful cross check for the results.

Measurements of b and ¢ fragmentation functions and semielectronic rates are
done simultaneously on the final electron signal including backgrounds from non-
prompt electrons and misidentified non-electrons. The spectrum of the electron
momentum transverse to the hadron jet axis is determined by the mass of the
decaying particle, and is used to separate electrons with b-parents from those with
c-parents. The fragmentation of the ¢ and b quarks is determined by studying the
momentum spectra of the electrons as a function of the transverse momentum. A
Monte Carlo electron signal is calculated in the P — P| plane, and is fit to the
signal measured in the data by adjusting the Monte Carlo fragmentation functions
and semielectronic rates. Results are compared to other experiments, which use

different techniques or are limited to different kinematic regions.
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The final measurements are used to put limits on copious sources of prompt
electrons by comparing the measured prompt electron cross section with the ex-
pected value obtained using semielectronic rates of previous experiments. Also,
the first observation of dielectron events at PEP and PETRA is presented with a
comparison of their expected rates based on the rates for single prompt electrons,

of b and ¢ flavored hadrons, measured in this experiment.

In the next chapter, we describe the present understanding of heavy quark
production and fragmentation in e*e™ annihilations and the models of heavy

quark decay. Finally, we will describe prompt electron production in the reaction

ete” > 7—q7
and discuss the measurements to be made in this study. A description of the
DELCO detector is given in Chapter 3, with emphasis on the Cerenkov counter,
along with a description of the Monte Carlo generator and simulation programs.
Chapter 4 is a description of the procedure used to select prompt electron can-
didates and determine the background rates and efficiencies. The analysis and
results obtained from the electron signal are given in Chapter 5 and, finally, a

summary and conclusion are given in Chapter 6.



CHAPTER 2

Prompt Electron Physics

§ 2.1 HEAVY QUARK PRODUCTION IN ete™ ANNIHILATION

Table 2.1 Quark Masses.

Quark Mass, (Gev/c?) Charge
u up 0.3 +2/3
d down 0.3 -1/3
s strange 0.5 -1/3
¢ charm 1.7 +2/3
b bottom 5.0 -1/3
t top >22.5 +2/3

Hadrons are produced in the annihilation of et and e~ into g states via
single virtual photons and through the exchange of two virtual photons. These
processes are shown in figure 2.1 . The differential cross section for producing

point-like spin-% particles via a single photon is given from QED as

do a?fq?
dQ 4s

(2 — B2 + B2 cos? 9) (2.1)



e*
hadrons
b
e qaq
(a)
et et
aq hadrons
e e
S84 (b) 4769A4
Fig. 2.1 ete™ annihilation into hadrons.(a) Single photon annihilation.

(b)Two photon exchange.
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where a is the fine structure constant, 1/137, § is the velocity of the quark, q is
the particle charge, and s is the square of the annihilation energy. Measurements
of the hadronic cross section at PEP and PETRA are consistent with the quarks

listed in table 2.1 including an unobserved ¢ quark of mass > 22.5 Gev/c2.

Integrating equation (2.1) over the solid angle gives

3—p2
5—)

4ra?q?
0= g

35 Al

The energy at PEP is 29 Gev and much higher than the production threshold
for the first 5 quarks listed in table 2.1, so we make the approximation of 8 =1
. The ¢ cross section can be conveniently rewritten in terms of the point-like
annihilation cross section of charge-1 spin-% particles, such as the ete™ — ptpu~,

as

o(ete™ — hadrons) 9
R= =3 z : ;
olete™ — ptp~) : W

where the sum is over the quark charges and a factor of 3 is included to account for
the different color states. At high energies there is a QCD correction character-

ized by a strong coupling constant, a;, and manifested by gluon bremsstrahlung

in the final state. The result for R is

R=3Z:q? . (1+;—+Q(aa)+ ....... )

The QCD corrections increase R by approximately 5% at PEP.

Figure 2.2 shows R plotted over the explored energy range?! . There are
noticeable steps at the thresholds for ¢z (J/4) and bb (T) production, and the plot
is inconsistent with ¢f production below 45 Gev. The heavy quark pairs (cZ and

bb ) contribute 4/11 to the calculated value for R.
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Fig. 2.2 Hadron cross section in e*e™ annihilations.Ratio R of the multi-

hadron cross section to the p pair cross section.
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Equation (2.1) shows that ¢g pairs are produced with an angular distribution
of
do

. 2
a0 1+ cos“f

so many of the events are contained in the central region of the solid angle covered
by detectors like DELCO. Events produced in the two photon exchange (2-7 events)
are typically at small angles with respect to the annihilation electrons and have
only a small fraction of their energy deposited in the central detector. The 2-4
rate is only 5% of the single photon rate for multihadrons that have at least 6

Gev total charged particle energy in the central detector.

§ 2.2 THE FRAGMENTATION OF HEAVY QUARKS

Hadron production in ete™ annihilation can be divided into the following

three steps that are illustrated in figure 2.3

1. The q7 pairs are produced, sometimes accompanied by a gluon bremsstrahlung,

but are not observed as free particles at distances greater than about 1 fm.

2. Primary hadrons are formed out of the primary quarks and secondary ¢g
pairs that are pulled out of the vacuum. The primary hadrons, H, have
a fraction, z, of the primary quark energy, determined by a fragmentation
function DqH(z).

3. The primary hadrons decay via intermediate resonances and weak interac-
tions to final state particles.

The distinction between the first and second steps is arbitrary and model-

dependent?2 . At present, the fragmentation function can not be reliably cal-

culated using QCD. Instead, it is constructed from kinematical considerations.



o1

"-IO"Bsec"I
(c)

5- 84 4769A6

Fig. 2.3 Multihadron production in ete~ — hadrons.(a) ete™ annihi-
lation into a q¢ pair. (b) Fragmentation of q§ pair into primary
hadrons. (c) Decay into final state particles.
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Any information on the fragmentation of the initial quark pairs is useful, and
the production of heavy mesons provides a method of achieving this information.
Heavy hadrons contain primary b or ¢ quarks or ¢ quarks from the weak decays
of primary b quarks, since heavy quarks are not expected to be produced from
the decays of light quarks or from the hadronization of the vacuum. Measuring
the fragmentation function of these heavy hadrons provides information on quark

fragmentation.

From kinematical considerations we expect heavy quarks to fragment differ-
ently than lighter quarks.?® In particular, we expect them to retain most of their
inertia when they form heavy hadrons, leading to stiffer fragmentation functions
for heavy quarks than for light quarks. From kinematic arguments, Peterson et
al.23 have suggested the following form of the fragmentation function for heavy

quarks

N
2(1—%—1%)2 ’

where N is a normalization constant and ¢4 scales inversely with the square of the

Dy(z) =

(2.2)

quark mass, which is approximated by the mass of the hadron containing quark
q.

The charm fragmentation function was first studied by the CDHS collaboration?*
by measuring the momentum spectrum of muons from charm decay. They studied
dimuon events in high energy neutrino interactions. These events were presumed

to originate from the reaction
vp+Fe—p +X +(c— X +ph)

They do not measure the detailed structure of the fragmentation function since
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charmed hadrons are not reconstructed, but by unfolding the muon spectrum
they are able to arrive at a function with an average z of < 2, >= .69 & .05.
In another experiment2® | D mesons originating from neutrino interactions in an
emulsion were fully reconstructed using a downstream spectrometer. The results

indicate a stiff function with < z >~ .59.

In ete™ experiments 26730 D mesons have been reconstructed from decays of

D* mesons produced in the reaction

ete” —= D* +(D* —» Dr — K=, Krrr)

Results of these experiments show fragmentation functions with < 2 >~ 0.6.
They use z as the fraction of beam energy and are sensitive to initial state radia-

tion, which should lower < z > by about 2-4 %.

This experiment is the first to measure the charm fragmentation by unfolding
the momentum spectrum of prompt leptons from the decays of charmed mesons
produced in e*e™ annihilations.3! The fragmentation is averaged over all charmed

hadrons produced in the reaction

ete s ce—et+ X

The electrons from ¢ decays are statistically separated from the electrons of b

decays in the analysis described in this thesis.

The fragmentation function of the b quark has been measured only in experi-

ments at PEP31:32-33 34 PETRA34-36 by studying the spectra of prompt leptons

+

produced in e"e™ annihilations. The leptons of ¢ decays are statistically separated
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from those of b decays by using the transverse momentum spectrum. The mean
transverse momentum of decay products depends on the mass of their parents,
so leptons from b quarks typically have larger transverse momentum than those
from ¢ quarks. Due to limited kinematical acceptance, these experiments must
use the fragmentation form for the ¢ quarks obtained in the D* reconstruction
experiments and then determine the b quark function from the lepton data. The
experiment reported here is the first to measure simultaneously the charm and
bottom fragmentation functions by analyzing prompt leptons. The results give a

hard ¢ fragmentation function and an even harder b fragmentation function.

§ 2.3 SEMILEPTONIC DECAYS OF HEAVY HADRONS

For this thesis we will use the standard model for weak decays of heavy mesons.
In this model there are three generations of left-handed leptons and quarks in SU(2)

doublets, listed as

Coupling within each doublet is mediated by charged weak vector (W) bosons.
The coupling strength is universal for all generations of leptons and quarks. In
the absence of mass there are no transitions between generations; neutrinos only
couple to their charged lepton partner. For quarks, the mechanism which causes
mass generation also causes the quark eigenstates and the weak eigenstates to be

different, allowing mixing between the quark generations for weak transitions. The
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mixing between quark states can be written as

d d
s|=U|4
b v

U is the KM mass mixing matrix
CﬂCg CﬂSo 8ﬂ
—Cy8g — .«378,3c(;e‘.5 cyCy — 878ﬁ87ei6 sf,cﬂew
—cy8pcq + s7sge£5 —Cy848y — sf,c(;e_“s cyCg
where ¢y = cosf, sy = sinf, 0 is the normal Cabibbo angle, and § is a CP

violating phase.

Table 2.2 Heavy Meson Decay Fractions.

Final State b— W c—eW
Wogq ev 144 2
q pv 144 2

q w .033 -

q ud .507 .6

q cs 167 -

The charged weak currents for quarks are written
d
=@ & a-"U|d
bl
The ¢ quark is heavier than its partner the s quark and can decay to either the

s or d. The b and s quarks are lighter than their partners and can only decay
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diagonally via quark mixing to the corresponding partner in a lighter generation.
The allowed decays are shown in figure 2.4 for ¢ and b flavored mesons, with
the light antiquark acting only as a spectator. The final decay fractions are listed
in table 2.2 for these decays, taking into account the final states including color

factors and phase space.

Mixing between generations is small so the most sensitive method of measuring
the mixings angles is with s and b decays. The b quark decays via sin~ cos Be'® to
¢ and via sin 3 to u so that the recent results from CESR, 3738 which put limits

on
I'(b— u)

T\—(_E‘_’—C) < 0.05 (.90CL)

from the shape of the prompt electron spectrum in B meson decay, also put limits

on the mixing angles sin v and sin 3.

The semielectronic decay of the ¢ and b quarks can be calculated as in muon

beta decay and is given for ¢ by

G*ME M, 20,
I'(c — evs) = e M, [l + y ()\)] -C 23
_ M 2 ‘
and for b by
G*Mp
I'(b — eve) = ﬁb g- Me [1 + &f( )} .S
1927 Mb (2 4)
M 2a '
=ﬁ:§‘g'[ sf()‘)] S -T'(p — evp)

where M,, M., and M, are the masses of the s, ¢, and b quarks, ¢ is a phase space

factor, and f(\) is a factor due to first-order QCD corrections and A = %% The
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Fig. 2.4 Spectator diagrams for ¢ and b decay.
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Table 2.3 Kobayashi-Maskawa Matrix Elements.

u c t .
d | Uyg=09737 £0.0025° U,y = 0.225 +0.005° 0.0 < |Uy| < 0.09°
s | Uys=0.24+0.03° 0.59% < |Uss| < 0.97¢ 0.44° < |Uy,| < 0.78¢
b | 0.0 < |Uyl <0.11¢ 0.0 < Uyl < 0.78%  0.62¢ < |Up| < 1.0

(a) From hyperon and kaon g decays, Ref. 40.

(b) From dimuon, neutrino and antineutrino data, CDHS, Ref. 43.
(c) JADE B lifetime limit, Ref .44, and CUSB results, Ref. 4.

(d) From unitary conditions for 3 generations only

Kobayashi-Maskawa mixing matrix elements from review by L. Maiani and
references therein.

terms C and S are due to weak mixing of the KM matrix and are approximated
by C = cos?~ and S = sin®~. Measuring the semileptonic rates of the b and ¢

mesons can put limits on cos?~ and sin? ¥

Information on elements of the mixing matrix and the sources of the informa-
tion have been summarized by Maiani®® and are listed in table 2.3. The values for

the elements come mainly from lepton experiments.

Since the ¢ quark has not been seen at PEP and PETRA, 5 quark topless
models have been suggested that allow the b quark to decay into 8 or d through a
flavor changing neutral current (FCNC) exchange of the Z0 as shown in figure

2.5. Results from CESR on dielectron rates show these models to be unlikely.

The diagrams shown in figure 2.4 are examples of spectator decays of heavy
quarks. The heavy quark decays by emitting a virtual W and the light quark
acts as a spectator. If this model were correct, it would imply equal lifetimes and
semileptonic rates for the heavy hadrons. Experimentally, as discussed in Section

1.1, this is not the case. Results on lifetime measurements?? for the charmed D°
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and D* mesons give a world average of

7(DY)

— 9 9+0.9
7(D9) 2.2

-0.6

Table 2.4 Lifetimes and Semielectronic Rates for Charmed Hadrons.

Particle 7, (10713y) Semielectronic Rate, (%)

Do T 5.5+3.7 <4 (.90 CL)
D* patee 16.8 + 6.4 22,0434
Ft gg*ls

A} 22253

REF. 40 15 (Mark II) 16 (DELCO)

The semielectronic branching ratios for several experiments are listed in table
2.4. From the spectator diagram the expected rates for B(D® — eX) and B(D* —
eX ) should be 20% , disagreeing with the experimental results. The QCD correc-
tions in equations (2.3) and (2.4) decrease these rates slightly, but not enough
to explain the experimental results. The current consensus is that there are two

predominant sources of corrections to the spectator model: _interference effects of

identical particles in the final state and non-spectator interactions of the heavy

quark with the light spectator quark.

There is negative interference between the d from the decay of the ¢ and
the spectator d in the Dt diagram. This tends to increase the D7 lifetime and

semileptonic rates.

The interactions of spectator quarks in the decays of D%, D* F* and A}

are shown in figure 2.6. The diagram for the D* decay is Cabibbo suppressed, so



-22-
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Fig. 2.6 Non-spectator diagrams for D%, D*, F*, and A} decay.
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the addition of these diagrams would decrease the lifetimes and semileptonic rates
of the D%, F* and A} relative to those for D*. For the mesons the diagrams
are helicity suppressed since they are in j = 0 states and the decay can proceed
via left-handed currents only. If the helicity suppression were relieved, the results
in table 2.4 could be explained. The A} diagram is not helicity suppressed since
the ¢ and d quarks can be in a § = 1 state. Gluons, however, play an important
role in the bound states of quarks and contain up to % of the hadron momentum.
Introducing gluons as spectators41 in the diagrams shown in figure 2.7 allows
the cg pair to fluctuate into a j = 1 state. Gluons can be emitted from the initial
state,¥2 also shown in the diagram, leaving the cg pair in a j = 1 state. Detailed
information on non-spectator effects, lifetime, and semileptonic rates of charmed

hadrons are given in reviews by Leveille?3 and Maiani.3?

For the B mesons, Leveille has calculated the semileptonic rates based on a

one gluon model and finds

B(bt — eX,pX)~ 0.3
B(b — X, pX) ~ 03— )
1+12/7

where sz is proportional to the probability that the b pair are at the origin and
is less than 0.5 . For f; = 0 we obtain the spectator diagrams. For f, = 0.5 and

assuming B(b — ¢) & 1 we obtain
B(B™ — eX) =~ 15%

B(B® — eX) ~ 11.5%

The spectator diagrams are more accurate for the more massive b quark, giving

an expected semielectronic rate of 14.4%.



-24-

c s/ c s’
T T
|
D° _ | W e _ lw e/
u 1 d u d
ALRRIRRRRRLLA
i Y
0000 A QLARLLRL
9 g

5 — 84

4769A10

Fig. 2.7 Gluons enhanced non-spectator diagrams.
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The semielectronic rates for b and ¢ are measured in this analysis, averaged
over all heavy hadrons containing b and ¢ quarks produced in multihadron events.
The rates for the different b flavored hadrons should be approximately equal and
should be about 15%. The rate for ¢ hadrons is dependent on the relative rates of
DO D*, F* and A} production. The D* experiments at PEP and PETRA have

shown that multihadrons from cZ events occur predominantly via the reaction
ete” — ce— D*D*

with
B(D* - D) 3
B(D* - D*x) " 1

so that the average charm semielectronic rate should be close to the rate for

B(D® — eX) which is about 8% .
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CHAPTER 3

Apparatus

§ 3.1 THE DELCO DETECTOR

The experiment was carried out at the PEP e%e™ storage ring. This ma-
chine stores electrons and positrons in two sets of three countercirculating bunches
in stable orbits of approximately 1.5 miles in circumference. The electrons and
positrons are injected into the ring from the Stanford Linear Accelerator after
being accelerated to a momentum of 14.5 Gev/c. The data collection for this
experiment began at the time of PEP start-up in November 1982 and continued
until spring of 1983. The average luminosity of the machine increased, over the
period of this experiment, from 7.5 - (1030cm_23"1) at start-up to a steady value
of 16 - (103%cm~2s71) in January 1983. The total integrated luminosity for the

data used in this experiment is 118.8 pb~1.

DELCO (Direct ELectron COunter), shown in figure 3.1, is a special pur-
pose detector emphasizing particle identification. The heart of the detector is a
gas-filled threshold Cerenkov counter which surrounds the interaction point and
enables e*, 7%, K* separation over certain kinematical regions. The Cerenkov

counter is completely captured by drift chambers which provide tracking informa-
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tion for all charged particles entering and exiting the active region of the counter.

Momentum measurement with the drift chamber system is achieved by measur-
ing the curvature, in a 3.3 Kg axial magnetic field, of charged particle trajectories
that are measured with 16 wire layers inside the Cerenkov counter and 6 layers
outside. The field is provided by a set of Helmholtz coils, which was selected in
order to provide an open geometry and to minimize the mass traversed by particles
before entering the Cerenkov counter. Solenoids are usually used in magnetic de-
tectors on ete™ machines because they provide a stronger and more uniform field
than Helmholtz coils. However, their use in front of a Cerenkov counter would
cause a significant background due to electrons from photon conversions in the

coil.

An electromagnetic shower counter system outside the Cerenkov counter pro-
vides photon detection capability and additional information for separating elec-
trons from minimum ionizing particles. A shower counter system on the magnetic
pole tip faces closes the end of the detector and extends electromagnetic energy

measurement into the region near the beam axis.

DELCO at PEP is similar to the original detector used at SPEAR** . The
modifications to the original configuration have been described elsewhere30:4>
however, all features of the detector important to this analysis are described in
the following sections. The overall performance characteristics of DELCO are

summarized in table 3.1.

§ 3.2 DRIFT CHAMBER TRACKING SYSTEM AND MAGNET

Two systems of tracking chambers are used; a cylindrical chamber of 16 wire
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Table 3.1 Summary of Acceptance and Performance of the DELCO Detector.

Region Description

Magnet  Open-geometry (aperture |cos 6| < 0.78)
Pole-tip diameter 101 c¢m, separation 125 ¢cm
By = 3.3kG, [ Bdl = 1.8kG-m

Tracking  Central(cylindrical) drift chambers:
94 cm maximum wire length, 12-49 cm radius
Low mass (2.3% Xp)
Depth (2) measurement by narrow angle stereo
16 points on track with | cos | < 0.69

Outer (planar) drift chambers:

285 cm wire length, 160 cm (radius)
Depth measurement by wide angle stereo
6 points on track with |cosf < 0.65

Multiple hit digital electronics (4 ns bin width)

Cerenkov Counter 1 atm gas threshold counter
36 cells each with (pTP-coated) 5 RCA Quanticon
Radiator length 55-110 c¢m, acceptance |cos 8] < 0.65
Isobutane: <pe>=18, <Np>=81 cm_;.
oy = 310 ps, 1 = 19.2
Nitrogen: <pe>= 4.8, <Np>=97 em_;
oy = 390 ps, 1t = 39.1

Shower Counters  Barrel (| cos 8] < 0.58):
48 Pb-scintillator counters, 6 X

Pole-tip (| cos 8] < 0.98):
36 Pb-scintillator BBQ counter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>