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I. INTRODUCTION )

In this talk I will present the latest results of the Lead-Glass Wall
Collaborationl on anomalous electron producxidh? in._electron-positron annihi-
lations at SPEAR at center-of-mass energies from 3.%7 to 7.4 GeV. This ex-
periment, having SLAC number SP-26, ran at SPEAR from October 1976 through
June 1977, The data were collected with the SLAC-LBL Mark I magnetic detec-
tor,s which was modified by the addition of a lead-glass dé:‘.ector for im-
proved electron and photon identification.

Anomalous electrons in electron-positron aﬁhTFﬂ\‘a;i_qns car; come from at
least two possible sources: \

1. Heavy lepton production and decay: For example, 7 - -

+ o~ + - - .
ee +'|r + T _ . . 1)
-+ v -+
e VeV u_vu\:
"_\’-r o
PV "
T \ .

Evidence for the heavy lepton, T, was first found by M. L. Plpr,l_4’>5 in 1975,

and has been confirmed by further experiments at SPEARS™? and at pomis. 1013

The predicted branching ratios for various decay modes of tlie heavy lepton can
be found in Table 1.14 It is seen that the heévy lepton: decays intq a single .
charged particle about 85% of the time, so that most of the events of type (1)

above will have only two charged particles in the final state.
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‘Table I, Predicted branching raiios for a 1t charged leptcn of mass 1.9 GeV/cz,

an associated neutrino mass of 0.0, and V-A weak interaction c;:oupling.14

Nugber of charged

Decay mode . Branching ratio particles in final state
e” Vv, v, 0.20 : 1

v Gp v, 0.20 1

L3 v, ’ 0.11 1

K v, 0.01 1

0oy 0.22 1

LS _ 0.01 1

A; vr 0.07 1, 3

(hadron continuum)'v_t 0.18 1, 3, 5

2, Charmed particle production and decay: For example,

ele” +Dp & D +n - hadrons (n = 0) (2}
-+ KT
+ ekv K
eK*v .

It is expected that most of the events of this type will have four or more charged
particles in the final state. For example, at the ‘JJ(3772)15 where D D with no other
hadrons is produced, about 90% of the events of type (2} will contain four or more

.charged particles. At higher center-of-mass energies, where D*D* or D*D*nn are

» pxédu;ed, the_pércentage is higher. Of course, even when four particles are !

:;pfchCEd, fever might be detected because the detector doesn't cover the full

4 sr solia'nngle.

Thus in our apalysis, we have divided up the anomalous electron events

iy
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Two-prong events of the type et e t’;t + u; +ney
or e't + h; +n * vy, withn 0 (h = hadron). Two, and only two, charged
particles are detected.
Multiprong events of the type et v e et + (2 charge.d particles)
+n vy, with n» 0. Here at least three charged particles are detected.

WWe analyze these two classes of events separately in order to separate
the charm and heavy lepton signals, as we have seen above that heavy lepton
events of type (1) will mainly be two-prong events and that charm events of
type (2} will mainly be multiprong events.

In Section II of this talk I will describe the lead-glass detector, and
in Section III I will discuss the details of the identification of electrons
using this detector. In Section IV I will discuss the results of the analysis
of the two-prong events, znd give our values for the branching ratios
B(t + e 'ue\)T) and B(T + h + neutrals). In Section V I will discuss the
results of the analysis of the multiprong evemnts, and give both the semi-
leptonic branching ratio of the charmed D meson intc electrons and the semi-
leptonic br;'mching ratio of "charmed particles' into electrons for various
electron-positron center-of-mass energies.

II. LEAD-GIASS WALL DETECTOR

In order to improve the identification of electrons, we have replaced
one octant of the magnet return yoke of the SLAC-LBL Mark I magnetic detector
with two layers of lead-glass counters interspersed with magnetostrictive
spark chambers. These are shown schematically in Figure 1, and in more detail
in Figure 2. The shower counters which were in that octant have been replaced
by 1.9 cm-thick scintillation counters. The lead-glass system consists of:

1. a 2 x 26 array of lead-glass "active converters" (AC), 3.3 Xo deep,

having dimensions 10 x 11 x 90 cm, followed by:
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Fig, 1 Exploded view of the SLAC-LSL Mark I mazuutic
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Fig. 2 The SLAC-LBL Mark I magnetic detectcr with the addition
of the Lead-Glass Wall Detector, in a view along the
beam line. The two proportional chambers around the
beam pipe and the trigger counters are not shown.
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2. a 14 % 19 array of lead-glass "back-block counters"” (BB), 10.5 Xo
deep, having dimensions 15 x 15 x 32 om, and

3. a set of three magnetostiictive spark chambers.

Each active converter (back block) lead-glass counter was viewed
through a lucite lightguide by an EMI 3.5" 9531 R (5" 9618 R) photomultiplier
tube. The anode signal from each counter was sent to an ADC in a LBL Large-
Scale Digitizer System,16 and the dynode signals of the counters were summed -
in rows and used for triggering. Both lead-glass arrays were kept in closed
boxes where temperatures were kept constant. The lead-glass system covered
polar angles 60° < 6 < 120° and azimuthal angles -20° < ¢ < 20°, and thus
covered ~ 6% of 4m sr solid angle.17

The lead-glasg counters were initially calibrated to an accuracy of ~ 10%
by using several radioactive sources. These sources were small thallium
doped Nal scintillation crystals diffused with Americium-241, and they them-
selves were calibrated with several lead-glass counters in an electron beam at
SIAC. The final calibration of the gaimns of all the lead-glass coumters was
done using electrons of known energy from Bhabha scattering events obtained
during the data ta.ki_ngvat SPEAR. With this method, the calibration constants
of the counters are obtained by minimizing the square of the energy resclution
of the counters for the Bhabha events, with the constraint that the average
energy deposited inv the lead-glass is equal te the actual energy of the Bhabhas.
This final calibration has an accuracy of about 5%. The response of t};e
lead-glass system (LGW) to a set of high-energy Bhabha electrons (which were
not used in the above calibration) is shown in Figure 3. The energy reso-
lution of the whole system is given by o/E = 9%/vE (E in GeV). This reso-
lution is degraded from the intrinsic r'esoluti;)n of the counters of 5%/vE
due to the presence of the 1 Xo aluminum coil of the Mark I magnet which is

. -befox:é ‘the lead-glass system (see Figure 2).
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In order to keep the energy resolution of the whole system of lead-
glass counters constant over the ten-month life of the experiment, one has
to accx;rately monitor the gains of each of the 318 counters during this
time. .This has bzen successfully achieved with an LED monitoring éystem18
which has tracked the gains of the lead-glass counters throughout the ex-
periment with a precision of 1-2%. This system is shown schematically in
Figure 4. The light source is a single high-intensity yellow LED, and the
light is transmitted to each of the counters via low-attenuation plastic
optical fibers. The LE.D light is monitored using a reference scintillntion
counter, whose gain is known from frequent 24lpnNal source and cosmic ray
measurements.

III. ELECTRON IDENTIFICATION USING THE LEAD GLASS WALL DETECTOR

A. Cuts. The identification of a particle that enters the Lead-Glass
Wall (LGW) is based on its time-of-flight and on the energy deposited in each
of the two layers of lead-glass counters. To identify a particle as an

electron candidate we require:

1. The particle’s momentum, as measured in the Mark I detector,
is greater than 300 MeV/c¢ for multiprong events and 400 MeV/c for two-prong
events.

2. The measured time-of-flight of the particle agrees with that
expected for an electron within two standard deviations (0.8 ns). This
reduces the background from misidentification of kaons and protons.

3. The particle is within the fiducial volume of lead-glass.

4. ¥o other charged or neutral particles in the LGW are nearby.

5. 'The energy deposited in the lead-glass back blocks (EBB) is

. greater 'théri 10% .of the momentum of the particle. (This requirement only exists

for the multiprong events.)
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6. The energy deposited in the lead-glass active converters (EAC)
.is substantielly greater than the 80 MeV expected for a noninteracting particle:
2-prong events: EAC' > 150 MevV

nultiprong events: E,. > Max (150, 250 * p)
b . where p is the .particle momentum in GeV/c

. 7. The ‘total energy deposited in the LGW (ELGN =Bt EBB) is
approximately equal to the momentum of the particle:
2-prong events: 1,50 > ELG'"/p > 0.65

multiprong events: 1,50 > ELGH/p > Min[0.80, 0.65+0.15°(p-0.4)]
(p in Gev/c}

_ The requirements on the energies deposited in the Iead-glass are more
severe for the mu1t1prong events than for the two-prong events, because the
* hadron backg-round 1s a much larger fraction of the anowalous clectron signal

. for -the mult:.prong events than for the two~prong events.

B. Detectmn'~Eff1c1ency. The LGW electron identification efficiency (e)

- for the above cuts on the energy. deposited in the lead-glass counters is
. .. L S L - - . -
~.measured using electrons from - the reactions ete” + e'e Yy and e e e e . .These

evenfs are fom:a by réquiring two (and only two) oppositely charged coplanar

parthles whlch have ‘most of the missing momentu.m going along the beam direction.

‘dd.lt:lon, we requ.lre that there are no photons detected and that the particle

In
routsn'le the LGMI is deternuned to be an electron by the Mark I detector. The

;"detectmn eff:.czency for, the electron in the’ LGWis. measured to be:

2-prong event ,LE’V cuts. = 75% (p 400 MeV/c) to 98% (P >1. 0 GeV/c),
L C . with'E = 89’5.

multlprtmg event LGH cuts: € = .55% (P 300 MeV/c) to 90% (P >1,0 GeV/c).
B N w1th e ~ 75% :
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C. Backgrounds. Important backgrounds to the anomalous electron
signal are:

(a) msidentification of hadrons which interact in the magnet
coil or active converters so as to satisfy the above requirements on the
energy deposited in the lead-glass,

(b) pion and kaon decay,

(c) photon conversiors in the beampipe, pipe counters or MWPC
(total of 0.052 Xo), or Dalitz decays of 7°'s and n's, where both the electron
and positron are detected by the Mark I detector.

(d} asymmetric electron-positron pairs from photon conversions or
Dalitz decays where one member of the pair is unobserved because its momentum
is below the threshold for efficient detection in Mark T (~ 100 MeV/c).

The background due to (c¢) is eliminated by rejecting electron
candidates that have a small opeaing angle with a particle of opposite electric
charge.

We determine the background due to (a), (b) and (d) at various
center-of-mass energies in three steps:

i) First, at a center-of-mass energy where we think there is no
anomalous electron production, we measure the fraction of particles in the LGW
that pass all our cutsAdefining an electron. This we assume is our basic back-
ground rate from (a), (b) and (d). We choose to do this at the Y (3095), as it
is below threshold for charm and heavy lepton production. Using multihadronic
events there, we find that 1.4% of all the particles in the LGW which have a
momentum of 300 MeV/c are identified as electrons. This fraction decreases with
momentum to 0.4% per particle at 1.0 GeV/c.

ii) Second, we assume that the background per particle in the LGW

due to (a) and (b) does not change as we go from the Y(3095) to the highest
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., center-of-mass energy of 7.4 GeV. This assumption is not crucial for [b), as

‘the background due to this source is estimated to be < 0.05% per particle.

iii}) Third, we determine the additional background rate from asym-
metric photon conversions or Dalitz decays (i.e. source (d)) that we might
have when we go to higher center-of-mass energies. This background rate can
increase with the center-of-mass energy due to increases in the number and
energy of the photons. and 7%'s which are responsible for the background. This
addi tiopal background rate was determined by measuring at several center-of-
mass energies the converted e'e” pairs where both particles are detected, and
then extrapolating with a Monte Carlo program to the case where only one
particle is detected. The results are below:

Background
rate due to (a),

{b) and (d) as
measured at P(3095).

Additional background rate due to (dj.
(% per particle in LGW)

Momentum (% per particle in 3,772 4.15 4.4-5.7 6.4-7.4
(Gev/c) LGW) (GeV) (GeV) {GeV) (GeV)
0.3 1.4% 0.1 0.1 0.2 0.4
0.5 1.0 0.1 0.1 0.1 0.3
0.7 0.7 0.05 0.1 0.1 0.1

.0 0.4 0 0 0 0.05

As is seen, this additional background rate ranges from 0 to 0.4% per particle,

ith_the maximum.occuring for p = 0.3 GeV/c, E, s 7.4 GeV. The increase is

'l‘he ia'yera-‘ge:\[é;qg of the total background rate due to (a), (b) and (d) is

',Al‘.‘_ pé;- particle,  This value is averaged over the background momentum spectrum,

.and is essentiglly thé same for the four. center-of-mass emergy regions because
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All of the above values for the background rates were obtained using the

lead-glass wall energy cuts appropriate for the multiprong events (see Section
III. A.). Using the looser LGW cuts appropriate for the two-prong events, one
finds that the background is at most 2.0% per particle, for all momenta and
center-of-mass energies.

I1V. TWO-PRONG EVENTS

A. Event Sample. We recall from Section I that the "two-prong" events
are of the type:
e++e'+et+u:+n .y
or e: + h.: +n -y
with n # 0
h = a hadron
Two, and only two, oppositely charged particles are detected. One of them, the
electron, is always identified in the lead-glass wall. The other particle is
identified most of the time in the Mark I magnetic detector on the basis of-
information from lead-scintillator shower counters and magnetostrictive spark

19 The

chambers following the 20~cm-thick iron flux return of the magnet.
detection efficiencies, €, and misidentification probabilities Pi +j (i.e. the
probability that a particle of type i is identified as type j) for the particles

identified in the Mark I detector are measured with eey events, ppy events and

hadronic events with 2 5 charged particles. They are:

Pe +h = 0.095 + 0.020 Ee = 0.89 % 0.02
Pe > u = 0.01 #* 0.01 & = 0.58 £ 0.05
PU >h = 0.03 * 0.01 el-l = 0.94 + 0.02
P]_l > =0.18 % 0.01

I will present here the results of the two-prong event analysis for data

taken in three different center-of-mass energy ra,nges:20
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Ec.m.m"”e -Amerage F‘c.m. J Ldt
_{GeV) (GeV) . b1y
4.1-4.2 : 4.15 1.0
4.4-5.7 4.9 2.7
6.4-7.4 6.9 5.5

The two-prong event analysis has not yet beem completed for the data taken
at the Y(3772).
The two-prong events are selected using the following data cuts:
1) The momentum of the particle in the lead-glass wall is
> 400 MeV)c.
2) The particle in the lead-glass wall is identified as an electron
using the criteria discussed in Section III.A. for two-prong events.
3) The other particle is oppositely charged, and its momentum is
> 650 MeV/c to insure good identification in the Mark I detector.
4) The two charged particles are acoplanar about the incident
beams by at least 20°
5) The square of the missing mass. recoiling against the two charged
particles is > 0.8, 1.1 or 1.5 Gevz, for the center-of-mass energy ranges 4.1-
4,2, 4,4-5.7, and 6.4-7.4 GeV.
The last two criteria are used to reduce the background from the QED
reactions: e'e” > e'e”, e’e”y and e'ee’e”.
For the combined data from all three center-of-mass energy reg;pns, the

'; ﬂumbcr of two-prong events which pass the above cuts is 1listed in Table 11.6
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Table 1I. Two-prony events, for the combingd data from Ec_m. = 4,1-4,2,
4.4-5.7, and 6.4-7.2& GeV. See the above text for the event selection
criteria. The firsu particle listed is always detected in the LCW (here
a hadron, h, in the LGW is any particle not identificd as an electron).

Ny is the detected number of y rays associated with the events.

Observed events Background " Corrected events
Ny=0 NY>0 NY=0 N‘Y>0 N'Y=0 N'Y>0
eu 21 8 0.4 1.4 21.6%6.4 3.7¢4.5
eh 12 19 3.0 9.1 20.549.6 24.2%12.9
ee 23 71 32.1+6.9 10014 i
hh 38 122 66£13 21330

In Table II, the anomalous electron events are in the categories ep
and eh, with or without photons. The background for these events due to
misidentification of ¢e and hh events is listed in colums 3 and 4. The
last two colums list the number of anomalous electron events after corrections
for the hackground, the misidentifications among the anomalous events them-
selves, and the particle detection efficiencies.

It is seen from the last two columns in Table II that there is a sig-
nificant signal for the anomalous eu(NY=O) and eh(NYBO) events., I will now
assume that these anomalous two-prong events come from the production and decay
of a heavy lepton according to the processes shown in reaction (1) in Section I,
and I will show that our data are consistent with this assumption.21

B. en (N_ = 0) events. Assuming the ey events arise from the process:
- :
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the number of corrected ey events with NY = 0 is givel:n by:
LR .
‘lu—detc(ee-Vr'rJZBeBuAeu

where: [ Lde = integﬁated luminosity

a(ee-"r‘l‘) 21 7l 8(3 Bz) nb, w}-ereB‘-c—T
beam
Be [Bu’) is the branching ratio for 7 + e Ve vT(u vu vT)
Aeu' is the acceptance of the apparatus for ep evem:s.21
7 M
Assuming Be = Bu, we can calculate Be from our data. The results are given

in Table III for the three energy regions.

Table III, Measured branching ratics22 Be('r *e v, "'r) and Bh('r * single
charged hadron + neutrals). The branching ratios have been calculated assuming
B = Bu' V-A coupling, a point production cross section for the 1, m(1)=1.9 GeV,

e
and m(v,l_) = 0.0. Only statistical errors are shown.

E, n. range B(t+ev v) Bh (Tt » single charged hadrons
P ’ € o e + neutrals), (%)
(GeV) (%)

4.1 - 4.2 : 20.5 £ 8.2 36 + 41

4.4 - 5.7 19.6 £ 5.2 48 i 28

6.4 - 7.4 23.2 + 4.4 43 +.25

All three ranges
combined 21.6 £ 3.1 43 £ 16

" The three va]ues of B are in good agreement, showing that the energy

dcpendence of eu productmn is consistent with the heavy lepton hypothesis.

22

..ombmmg the data and mcludmg an estimated 20% systematic error, we obtain:

} = .6+ 5,
BeFT__'evevT)h (21.6 * 5.3)%
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4,8-11

This is in good agreement with previous measurements and with the

theoretical expectation of 204,23

C. eh (NY> 0) events

Assuming the eh events arise from the process:
et + T

-+ - : s

l+ Vo + single charged hadron + possible

additional neutrals
the number of corrected events is given by:
Ny, =/ Ldt ole’e™ > T17) 28, B, Ay
where: Neh is the sum of the ch events for N'Y = 0 and NY >0
f Ldt, o are the same as before
Bh is the branching ratio for the decay T + single charged hadron
+ neutrals
Aeh is the acceptance of the apparatus for eh evem:s,21
calculated assuming only T ~» 7 Vs P YL contribute to two-prong
eh events. We expect thesc decays to contribute 73% of the
decays T - single charged hadron + neutrals.zs
Using Be = (21.6 * 5.3)%, which is the result from the previous section, we
can calculate B, from our data. The results ave given 1rv Table IIT. Again,
the three values of Bh are in good agreement. Combining the data and including

an estimated 20% systematic error, we obtain:22

LBh(T + single charged hadron + neutrals) = (43 t 18)%]
23

This is in agreement with the theoretical expectation of 45%.

D. M(;mentum and Coplanarity Distributions. Figures 5(a)-5(c¢) show the

corrected mementum distributions for the hadrons, muons and electrons in all
the anomalous two-prong events, in terms of the variable r, defined as
P~ P,

r o=
Prax ~ Po
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where: p = momentum of the particle

Py = cut-off momentum (0.4 GeV/c for electrons; 0.65 GeV/< for
muons and hadrons)
Ppax = maximum momentum allowed in T decay.21
Figure 5(d) shows the corrected coplanarity angle distribution for all the
anomalous two-prong events.

The curves in Figure 5 show the expected momentum and coplanarity
distributions assuming heavy lepton production and éecay.21 They are normal-
ized to the total number of events in each plot. It is seen that the data arc
consistent with the heavy lepton bypothesis.

It should be stated again that in our measurement of the branching ratios
we have assumed that a heavy lepton is the only source of the two-prong cvents,
and have ignored a possible contribution from semi-leptonic decays of charmed
particles. Thus, strickly speaking, the measured bLranching ratios should be

considered as upper limits.

V. MULTIPRONG EVENTSZ4

A. Event Sample. We recall from Section I that the "multiprong' events
are of the type:
efe + e v ( 2 charged particles) + n * v, withn=>¢
At least three charged particles are detected, and the electron is always identi-
fied in the lead-glass wall.
I will present here the results of the multiprong event analysis for data

taken in four different center-of-mass energy ranges:25

Ec.m. range Average Ec.m. ! Ld;
(GeV) GeV b))
3.76-3.79 3.774 1.28
4.1 -4.2 4.16 1.01
4.4 -5,7 4.9 3.46

6.4 -7.4 7.0 5.37
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Since the lowest Ec range.is essentially at the top of the Y(3772) reso-

nance, which decays 1nto DD, 26,27 the interpretation of the multiprong cvents
there in teras of the sem1-1eptc'nic decay of the charmed D meson is quite
straightforward. In the other Ec.m. ranges,the interpretation is more compli-~
cated because a) we aren't sure of the exact production mechanism of D mesons
(i.e. e*e” + DD*, D*D*, D*D*nm, ...), and b) there might be other charmed
particies pmduceq, such as F mesons or charmed baryons. The best we can do
at this point in the analysis is to measure an average semi~leptonic branching
ratio for "charmed particles" into electrons for each of the three highest
center-of-mass energy ranges.

The multiprong events are selected using the following criteria:

1) ‘The momentum of the particle in t.:he lead-glass wall is > 300 MeV/c.

2) The particle in the lead-glass wall is identified as an electron
using the criteris discussed in Section III.A. for multiprong events.

3) At least two other charged particles are detected in the Mark I
detector or the lead-glass wall.

4} For the Ec.m. range 3.76-3.79 GeV only, the momentum of each
particle in the event (except the one identified as the electron) mst be less
than the maximum momentum kinematically allowed for D meson decay.

§) The event is rejecfed:

a) If any particle in the event has & momentum greater than half
thg Peam energy, .apcfll'is coplanar with any other particle in the event within
; io", or

b) If any two particles in the event each have a momentum greater

than half the beanm energy, and any partlcle in the event (other than the one in

ad—g;ass wall) 1= 1dent1f1ed as an electron by the Mark I detector.

Both of the cntena in 5) above were designed to eliminate QED events

' the e e hed e e 'Y or ete w, w1th one or both photons converiing to an ete” pair.
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These events are commonly called "multiprong Bhabha events."
For each center-of-mass energy range, the number of multiprong events
which satisfy all of the above criteria are listed in the fixst line of

Table IV un¢ v the heading of electron c¢andidates.

Table IV. Multiprong events. See text for event selection criteria and
discussion of backgrounds. ©Og(pe > 300 MeV/cj is the cross section foxr
multiprong ¢vents with an anomalous electron of momentum > 300 MeV/c,
after the heavy lepton contribution is subtracted. These results are pre-

liminary.

Center-of-mass _energy range (GeV)

3.76-3.79 4.1-4.2 4.4-5.7 6.4-7.4

Electron candidate events EH 54 139 146

Background events 23 22 19 £ 2 525 586
Corrected events 46 £ 12 S0 = 12 119 £ 20 113 + 19
Expected events from ¢ 6 +2 21 £ 6 185

heavy lepton T

Ue[pe > 300 MeV/c) in nb 1.13%0,34 1.31%0.39 0Q.82%0.20 0.47%0.11

The expected number of background events from the backgrounds discussed
in Section III. C. (i.e. from hadron misidentification, pion and kaon decay,
and asymmetric photon conversions or Dalitz decays) are listed in the second
line of Table IV. It is seen that . 40% of the electron candidates are due
to background.

After subtracting the background event: from the electron candidates, and
correcting for the electron detection efficiency (€ ~ 75%) discussed in
Section III. B., one has the number of corrected events shown in the third line

of Table IV.
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The production and decay of heavy leptons (1) will contribute a small
number of events to the mltiprong events, as we have seer ir -action I

that the branching ratio for T = (® 2 charged particles) + neutrais is ~IS%.23

2 the expected contribution of

Using this branching ratio, we have calculated
the T to the corrected events, and this is listed in line 4 in Table IV. It
is seen that the T contribution is typically ~15%.

Subtracting the T contribution from the number of corrected events, and
then correcting this result for a) the solid angle of the lead-glass wall
(0.055 sr}, b) for the detection efficiency of the other particles besides
the electron (typically -..75-85%), and ¢) for several efficiencies for the
data cuts whose product is ~80%, we can use the integrated luminosities given
at the beginning of this Section to calculate the cross sections for multi-
prong events with an electron of momentum greater than 300 MeV/c. These are
listed in the last line of Table IV. It is seen that we observe a substantial
anomalous electron signal in all four energy ranges.

The momentum distributions for the electrons in the multiprong events
are presented in Figure 6. The data in Figure 6 have been corrected for back-
grounds and efficiencies, but the ~15% contamination due to the heavy lepton
(T) contribution at the higher centér-of-mass energies has not been subtracted.
It is seen that the electron spectrum hardens with increasing center-of-mass
energy, and that there are indications that the peak momentum might be shifting
slightly higher at the same time.

B. E(Dvex) at the ¥(3772). The lowest center-of-mass emergy range in

this- analysis, 3.76-3.79 GeV, corresponds to the P(3772) resonance.ls The V(3772)

= 26,27

appears to decay almost entirely into DD, which strongly suggests that

& the~niu1tiprong events at the §(3772) come from the decay of charmed D mesons
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Fig. & The corrected momentum distributions above 300 MeV/c for the
electrons in the multiprong events, for the four center-of-
mass energy regions. The data are corrected for backgrounds
and efficiences, but not for the ~15% heavy lepton contribution
in the three highest energy regions.



..action (2) i Sectlon I (w:\th n= 0) In Figure 7 we show again our

V‘corrected o ntum“d:. ’tnbutxon for, the electrons in the multiprong events

. . at the w(3772), a]cng w:.th .the monentum spectra expected from D meson pro-

duct:Lon in efe™ - 1}1(5772) + Dp Hlth ‘subsequent - semi- leptomcdecay into Tev,,

Kev ior K*ev (for ‘both V + A and: V - A forms for the current which couples
:.D to K‘) 28 .The,data are consistent with the (:ah:bbo -favored decay modes
: D.'?‘Ke\: e (confidence ‘level = 49%); D+ K*eve (v-A) (CL=54%) or D*K'eve (V+4)

"_‘('CL=_'79%) - but are inconsistent with coming entirely from the Cabibbo-

. suppressed mode D + ﬁeve (CL=7%). The data are also inconsistent with the
pl}r‘ely leptonic decay D +-ev, which would produce a flgt elect;‘on sneetrum
£ron about 810 NeV/c to 1080 MeV/c. I£ we combine the Kev, and K*ev, (V-A)
spectra for a . - fit to the daia, we find the Kev, fraction to be (45:35)%.

‘Assuming‘ that the multiprong signal at the }(3772) comes entirely from

D mg’,-son product_iori and .déqay,z%ﬁd that the \p(377I2) decays entirely into DD,

we can calculate the semileptonic branching ratio for D meson deca& into an

. ‘electron plus other pal;ticles:

0, (p, > 300 MeV/C)/A(p cut)
B+ eX) = - 1))

04, > 300 MeV/c) = 1.13 £ 0.34 nb from Table IV

A(p cut) is the correction for the part of the electron spectrum
‘which falls below our cutoff value of 300 MeV/e. As a
‘model, we take the average of the decay spectrum for
D + KeVe and. K*ev (V-A) as shmm in Figure 7. We obtain

~Alpcut) = 0.82

'"15 the cross sect:.on for D productlon, which we have P
' prev;ously determ:.ned to be 20:6 * 4,3 nb. 2

IB@ XN 7 E z 4)%{
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The corrected momentum distribution above 300 MeV/c for the
electrons in the multiprong events at the Y(3772). The curves
show the electron momentum spectra expected from D meson pro-
duction (via e*e-+DD) and decay (via D+meVe, Keve and K*eve),
based on the calculations of Ali and Yang.28 The curves are
normalized above 300 MeV/c to the total number of events.
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pnrticies" into elactrons for each of the three highest center-of-mass enexgy

= : ranges, because we can't separate D decays from other charmed part1c1e decays

‘in our data. We wnte. E
Blc + ¢X) = R,/2 Rcham

where:' cE "charmed partlcles"

ce(pe > 300 MeV/c)/A{p cut)

ate’e” > u'u)

- cross section for ‘production of a pair of charmed particles

R
charm a(e"e-‘ N u+u')

To evaluate Re we again need A{p cut), which is the correction for the
part of the electron spectrum which falls below our cutoff value of 300 MeV/c.
To deteﬁine .A(p cut) \;e need to know the momentum spectrum of the electron
in the "charmed particle' decays, and we need to know how the "charmed particles’
are produced so that we can properly Lorentz lLoost the spectra. As an approxi-
mation we have chosen a reasonable production process for D meson production
for each of the four center-of-mass energy ranges, and assumed the D's decay

31
to Kt?ve or K*eve[V-A). The assumed production processes are:

(GeV) Production Process
S.a2 oD
416 DHp*
. 4.4-5.7 D*D*
6.4-7.4 D*D*TT

. 28
"I'he resultmg spectra are shown in Figures 8-10, along with our data. The
_agreement 1s sat:.sfactory, ‘and we average the Ke\) and K*e\) (V-A) spectra to

obtain Av(pvcu‘tj’o,, and th_us 'Re‘ . fIfhe result is the first column in Table V.
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The corrected momentum distribution above 300 MeV/c for the
electrons in the multiprong events at Eg p, = 4.16 GeV. The
~15% heavy lepton contribution has not been subtracted. The
curves show the electron momentum spectra expected from D meson
production (via ete~+D*D*) and decay (via D*Keveand K*eve (V-A)),
based on the calculations of Ali and Yang. The curves are
normalized above 300 MeV/c to the total number of events.
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. The conected momentum distribution above 300 MeV/c for the

* electrons’ in' the multiprong events in the Ec,m, region 4.4-5.7 GeV.

" The ~15% heavy lepton contribution has not been subtracted. The

“curves show the eléctron momentum spectra expected from D meson
‘production® ‘(via e*e"-'D*D*) and decay (via D*Keveand K*evg(V-a)),

.‘based on the .calculations 0% Ali and Yang.28 The curves are
noimalized-above 300 ‘MeV/c: to the total number of events.
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The corrected momentum distribution above 300 MeV/c for the
electrons in the multiprong events in the E.,y, region 6.4-
7.4 GeV. The ~15% heavy lepton contribution has not been
subtracted. The curves show the electron momentum spectra
expected from 0 meson production (via e*e~+D*D*mw) and decay
(via D+Key and K*eve(V-A}), based on the calculations of Ali
and Yang, The curves are normalized above 300 MeV/c to
the total number of events.
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' Table V. Multiprong events. For defm:.tmns of the quantities, see the
text. - The results are preliminary.

' Ec;m' range (GeV) } Ee_ B Rehamm B(c »+ eX) (%)

| 3.76-3.79 [§(3772)]  0.23%0.07 1.740.3 ’ 6.7¢2.4
4.1-4.2 o 0.32%0.10 2,120.5 7.7£3.0
4.4-5.7 0.28%0,07 1.9%0.5 7.42.8
6.4-7.4 0.3320.08 1.920.4 8.7%3.2

To evaluate Rcham we assume:

Reharm = ® = Ry - Ropa

where: .
=0(ee - har.'(rons‘»)/t:)]_”_I

R, is the contribution to R from e te > T , and equals ——(3 B )
“with B = v e

We assume m. = 1.9 GeV.

is the constant value of R below the charm threshold. We take

Rold = 2.6.

The values of Rcharm

Having Re and Rcharm’ we thus can calculate B(c » eX), which is listed in

Rold

so determined are listed in the second columm in Table V. 52

.

y -_the last column in Table V. l'j'igure 11 shows B(c > ex)' as a function of the
center-of-maés energy., There does not seem to be any large variation of the
branchmg ratio w1th energy.

The ‘values of B(c + eX) obtamed here agree within errors with those

3 obtamed at DORIS 13, :’. but secm to be systematically lower. This is probably

due to the long standmg fact th;zt the measurements of the total hadronic cross
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; section (and thus ﬁ) at SPEAR with the Mark I detector have always been

higher then those measured at DORIS. s

| VL. SUMMARY.

1) We observe anomalous: &lectron production in two-prong events which

‘ "is cor;’_sistent wifh’ the’ heavy lepton hypothesis. Assuming all these events
arise from the production and dec‘.ay of a heavy lepton, T, we have measured the
branching ra.t::i.osi:22 : .

Be("l.'l-* e\)evt) = (21.6 b 5.3)%
Bh('r + single charged fh;adroh + neutrals) = (43 + 18)%

2) We bbserve anomalous electron production in multiprong events. At
the Y(3772) ‘t.he .electron momentum spectrl-nn is consistent with the Cabibbo-
favored semi-ieptonic decays of‘ the charmed D meson, and usj.ng efficiencies
averaged over D+ l\'e\:e and K*eve(V-A), we have measured the semi-leptonic
branching ratio of the D into electrons:30

B(D + eX) = (6.7 * 2.4)%
For higher center-of-mass energies we have obtained average semi-leptonic
branching ratios for charmed particles into electrons under similar assumptionms.

Our preliminary results are:

By p, (GeV) B(c + eX) (%)
4.1-4.2 7.7 % 3.0
4.4-5.7 7.4 % 2.8
" 6.4-7.4 8.7 % 5.2

I sincerely acknowledge the large contribution that has been made by the
: ~.'m¢mhér5v of the.Lead-Glass Wall collaboraf_ion1 in obtaining the results presented

{ here. I also thank Mrs. Josephine Barrera for her help in typing this paper.




-33-
REFERENCES AND FOOTNOTES

1. The members of the Lead-Glass Wall collaboration are: A. Barbaro-
Galtieri, R. Ely, J. M. Feller, A. Fong, P. Lecomte, R. J. Madaras,
T. S. Mast, M. T. Ronan, R. R. Ross, B. Sadoulet, T. G. Trippe,
V. Vuillemin, (Lawrence Berkeley Laboratory and Department of Physics,
University of California at Berkeley); J. M. Dorfan, G. J. Feldman,
G. Hanson, J. A. Jaros, B. P. Kwan, A. M. Litke, D. Liike, J. F. Martin,
M. L. Perl, I. Peruzzi, M. Piccolo, T. P. Pun, P. A. Rapidis, D, L.
Scharre (Stanford Linear Accelerator Center and Department of Physics,
Stanford University}; B. Gobbi, D, H. Miller (Department of Physics
and Astronomy, Northwestern University); S. I. Parker, D, E. Yount
(Department of Physics and Astronomy, University of Hawaii),

2.  Results from the same experiment on non-leptonic decays of D mesons
are presented by G. J. Feldman in these Proceedings.

3. J.-E. Augustin et al., Phys. Rev, Lett. 34, 233 (1975}; G. J. Feldman
and M. L. Perl, Phys. Reports 19C, 233 (1975), Appendix A; F. Vannucci
et al,, Phys. Rev. D15, 1814 977).

4, M. L. Perl et al., Phys. Rev. Lett. 35, 1489 (1975)

5. M. L. Perl et al,, Phys. Letters 63B, 466 (1976).

6. A. Barbaro~Galtieri et al,, Lawrence Berkeley Laboratory report number
LBL-6458 (1977) and Stanford Linear Accelerator Center report number
SLAC-PUB-1976 {1977), to be published in Phys. Rev. Lett.

7. M. Cavalli-Sforza et al., Phys. Rev. Lett. 36, 558 (1976); see also an *
interpretation of these data by G. Snow, Phys. Rev. Lett. 36, 766 (1976).

&, G. J. Feldman et al, Phys. Rev. Lett. 38, 117 (1977)

9. M. L. Perl et al., Stanford Linear Accelerator Center réi:ort number
SLAC-PUB-1997 (1977) and Lawrence Berkeley Laboratory report number
LBL~6731 (1977), submitted to Phys. Letters.

1n. J. Burmester et al., Phys. Letters 688, 297 (1977).

11. J. Bummester et al., Phys. Letters 68B, 301 (1977).

12, R. Brandelik et al., DESY report DESY 77/36 (1977).

13. Recent DESY results on anomalous electron production in electron-positron
annihilations are presented by W. de Boer in these Proceedings.

14. The predictions are based on Y. S. Tsai, Phys. Rev. D4, 2821 {1971},
H. B. Thacker and J. J. Sakurai, Phys. Letters 36B, 103 (1971}, as d1scus-
sed by G. J, Feldman in Proceed:;gg of the 1976 Summer Institute on Particle
Physics (SLAC, 1976), also issued as SLAC report number SLAC-PUB-1852 (1976).




19,

20,

21.

22.

25.
26.

27.

28.

‘private communication.

-34-

© P, A. Rapidiset al., Phys. Rev. Lett. 39, 526 (1977).

R. F. Althaus . et al., IEEE Trans. Nucl. Sci. NS- NS-24, 218 (1977) and
Ns-24, 408 [197

More details. on the lead-glass detector can be found in J. Feller

et al. »:Lawrence Berkeley Laboratory report.number LBL-6466 (1977).

JMadaras et al., Lawrence Berkeley Laboratory rcport number

’ LBL-6767 Q977), in prepa.ration.‘

"Iw of the anomalous two-pz-ong events have both the electron and the

ofher part:.cle identified in the lead-glass wall.

After we pubhshed our two-prong event results (see Reference 6), we
found that the [ Ldt that we:had used was too small by about 8%. The
integrated luminosities listed here are the correct omes for the two-

prong .event- analysis.
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