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The multiplicity distribution of inclusive electron events above 4 GeV cm energy shows two distinct classes of
events: two prong no photon and high multiplicity events. If the high multiplicity events are attributed to the semi-
leptonic decay of charmed particles the two prong no photon events must come from the weak decay of a different
type of particle The charged K to = ratio was measured for these events. The average number of charged kaons 1s
0.07 £ 0.06 per two prong event and 0.90 + 0.18 per multiprong event. Thus the weak current responsible for the low
multiplicity events has a small coupling to strange particles

Studies of inclusive leptonic final states resulting charmed particles there is another type of particle

from e*e™ annihilation in the region of 4 GeV have [6,7] having weak decays. This paper will sharpen this

shown the existence of at least one kind of new, distinction by showing that the multiplicity of charged

weakly decaying particle [1, 2]. The exclusive channels prongs and photons accompanying an electron in the

seen in purely hadronic decays [3] plus the inclusive final state forms two distinct classes. Furthermore,

strange particle final states [4, 5] provide substantial these two classes are distinguished by having substantially

evidence that new particles having charm are produced. different coupling to strange particles.

Studies of leptonic states suggest that in addition to The inclusive electron spectrum resulting from e*e™
collisions at DORIS was measured using the double

! Now at SLAC. arm spectrometer DASP. Data were collected at cm

2 Now at California Institute of Technology. energies between 3.6 and 5.2 GeV for a total integrated

3 Now at CERN. luminosity of 6300 nb~1. This is nearly ten times the
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Fig 1. Data distributions at various stages of the event selec-
tion procedure. (a) Pulse height distributions 1n the seintilla-
tion counters S and Sy in front of and behind the Cerenkov
counter. The inside of the dashed curve marks the accepted
region. (b) Distribution of the square of the mass as calculated
for single clectron candidates from the time-of-flight and mo-
mentum measurements for momenta < 0.35 GeV/c. (c) Shower
counter pulse heights versus momentum of the electron in the
outer detector. Acceptable events with momentum pg > 0.35
GeV/c had to lie above the dashed line.

luminosity used for our previous publication [1].

A detailed discussion of the DASP detector can be
found elsewhere [1,8]. Here we describe only the fea-
tures most important for this analysis. The DASP de-
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Fig. 2. Response of the nner detector to charged pions and

electrons. Plotted is the average number of tubes fired per

layer, corrected for angle of incidence. (a) for pions, (b) for

electrons, (c) for charged tracks from two prong event before

the tight nonshowering cut (see text) was made

tector consists of two identical spectrometer arms po-
sitioned symmetrically with respect to the interaction
point. A charged particle emitted at the interaction
point in the direction of one of the magnet arms tra-
verses a scintillation counter S close to the beam pipe,
two proportional chambers, a threshold Cerenkov
counter, a second scintillation counter Sy; and a wire
spark chamber before reaching the magnet. The Ceren-
kov counters, which are filled with Freon 114 at at.
mospheric pressure (n = 1.0014), detect electrons above
10 MeV/c, and pions above 2.8 GeV/c. Beyond the
magnet the particle passes through five wire spark
chambers and a wall of time-of-flight and shower coun-
ters. The shower counters are followed by 1ron plates
interspersed with wire chambers at depths of 40 and
80 cm and a plane of scintillation counters at a depth
of 70 cm of 1ron.

A nonmagnetic detector covering 70% of 4r 1s
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Fig. 3. (a) Distribution of the event vertex along the beam
axis. Arrows indicate the region of acceptable events. (b) The
electron production angular distribution for two prong events
The abscissa defines the cosine of the production angle with
respect to the initial electron of the same charge (i.e forward
and backward angles are distinguished). (c) Same as (b) for
multiprong events.

mounted between the two magnetic arms. A particle
emitted toward this “inner detector” traverses the
following elements: one of 20 scintillation counters
surrounding the beam pipe, two proportional chambers
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(1n part of the acceptance), four modules each made
of a scintillation counter hodoscope, a 5 mm thick
lead converter and a tube chamber with two or three
planes of proportional tubes, and finally a lead scin-
tillation counter hodoscope 7 radiatton lengths thick.

A trigger by a single charged particle requires the
scintillation counters Sy and Sy 1n front of the magnet
and a time-of-flight and a shower counter 1n the rear.
For most of the data the magnet current was set so that
electrons of momentum 0.1 GeV/c and above were
accepted. The data were grouped into four intervals 1n
cm energy" 3.60 — 3.67 GeV (630nb—1), 3.67 —3.70
GeV (129 nb—1),3.99 —4.52 GeV (3159 nb—1) and
4.52 —5.2 GeV (2504 nb—1). The numvers 1n paren-
theses give the integrated luminosity.

The first stage of event selection defined an electron
as a track which was detected by the proper Cerenkov
counter and which passed through the magnet. To
suppress events of electromagnetic origin an additional
charged nonshowering track was required. This could
be either 1) a track in a spectrometer arm 1dentified as
a hadron by time-of-flight and shower counter criteria
[8] or a muon in the range telescope, or 2) a charged
track in the inner detector penetrating a least three of
the four scintillator/lead/proportional tube modules.
The number of tubes fired per layer had to be less than
1.5 when averaged over all layers in which at least one
tube fired. A correction was made for angle of incidence.
A total of 1184 events satisfied these criteria. Possible
sources of contamination of this sample and the mea-
sures taken to eliminate them will now be considered.

We first show that we observe events with a single
electron traversing the magnet.

1. Background electrons can be produced from 7°’s
or 17 via Dalitz decay or when a photon converts in the
material in front of the Cerenkov counter. Usually the
et and e travel close together, so that each deposits
energy 1n the scintillation counters Sy and Sy;. A scatter
plot of the pulse heights (fig. 1a) shows a distinct cluster
at Sg = Sy; = 100, corresponding to the passage of a
single minimum 1onizing particle. There is also an accu-
mulation of events near Sg = Sy = 200 corresponding
to two tracks passing through the chambers. The dotted
line 1n fig. 1a indicates the pulse height cut applied;
83% of single electrons and 0.8t8:2% of double track
events are accepted. The electron efficiency was deter-
mined using Bhabha events and the double track effi-
ciency using multihadron events. After this cut 634
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Table 1
Multiplicity distributions: The number of inclusive electron
events are given with Ny, charged tracks (including the elec-
tron) and N’Y photons observed. The electron momentum 18
pe > 0.2 GeV/c.

(@) Egm =399 —4.52GeV

Nep 2 3 4 5 6 1 8 9 10
N"/

0 209 13 6 3 2

1 6 5 9 6 5 2 1
2 4 7 8 6 2 1

3 2 1 2 2

4 12 2 1 1

5 1

6 1

7 11

(b) Ecn = 4.52 - 5.2 GeV

Nch 2 3 4 5 6 71 8 9 10
N’Y

0 6 9 9 6 1 2 11
1 9 7 2 1 5 2

2 3 1 3 3 2 2 1

3 13 1 1

4 2 1

5 12 1 1

6 1 1

7 1

events remained, of which 17 %5 events are estimated
to be background from #° or .

2. Of the charged hadrons 0.7 £0.2% produce knock-
on electrons or scintillate and make a signal in the
Cerenkov counter. Therefore an independent electron
dentification was required. For tracks of momentum
p <0.35GeV/c the velocity measured by time-of-flight
was required to be above 0.967 c. Fig. 1b shows the
mass spectrum calculated from the measured momen-
tum and time-of-flight. Electrons of momentum p >
0.35 GeV/c were required to deposit an energy of at
least 0.25 p in the shower counters (fig. 1¢). In total
483 events survived this cut of which 9 events could be
background from misidentified hadrons.

3. Each candiate was inspected by physicists and
the number of charged tracks (prongs) and photons
was determined. In this scan events of obvious electro-
magnetic origin, e.g. Bhabha events where one electron
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showered 1n the beam pipe, were rejected.

4. Electromagnetic background contaminates mostly
events with two charged particles plus any number of
photons (two prongs). For these the first stage critena
for the nonshowering track were tightened. It had to
1) penetrate all four modules (this imposed a minimum
momentum cut of 0.1 GeV/c on pions); 2) activate at
least one proportional tube 1n each unit; 3) activate 7
of the 9 (9 of 12) tube planes in the side (top/bottom)
parts of the inner detector; and 4) activate an average
of fewer than 1.25 tubes per plane hit (corrected for
incidence angle).

The response of the inner detector proportional tubes
to pion tracks was studied using ete™ — ' > J/y nt ™
> ete 7t n” events and J/Y = n°p° = yynt T events
as sources of low and high energy pions, respectively.
The response to electron tracks was studied using wide
angle bremsstrahlung events e*e™ = e*e 7. Fig. 2a—c
show the average number of tubes fired per layer (cor-
rected for incidence angle) for pions, electrons and the
nonshowering tracks from two-prong event candidates
before the tight cut was made. We find that 95% of all
pions, but fewer than 5% of electrons satisfy the tight
criteria. We estimate that for fewer than 5% of the two
prong events can the “nonshowering” track n fact be
an electron.

We now show that the surviving electron events have
no trivial explanation.

1. The number of events due to inelastic electron
scattering on the residual gas in the storage ring was
determined from the distribution of the vertex position
z along the beam (see fig. 32). We required |z[ <2.5cm.
From the region |z| >3 cm we estimate a 2.5 £0.6%
beam gas contamination.

2. The contnbution from Compton scattering of a
photon on an electron in the material in front of the
Cerenkov counter was estimated to be less than 0.1
events. Calculation were made to estimate the number
of events from semileptonic decays of pions and kaons
(0.8 events) and of leptonic decays of vector mesons
(<0.1 events).

3. Of the possible two photon exchange processes,
ete” —ete” +hadrons and ete” ~ete utu™, the
latter represents the larger background. Our range of
polar angle acceptance for the electron {cos 81 <0.6
limits the contribution to 3 events for two prongs and
less than 0.5 events for multiprongs [9]. The absence
of any appreciable contribution from the 2 processes is
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Number of en*X and eK*X events with n or K momentum above 0 4 GeV/c as a function of the total number of charged particles
observed, N¢h, Ecpy 1s the cm energy, RK ;15 the ratio of chasged K to  production for these electron events corrected for decay

losses and background contributions

Nep=2 Nep 23
Ecm Neptx NekX Rk NentX Nekzx RKn
399 -4.52 24 1 006+0.06 219 23 0.25:0 06
45252 16 1 014:0.14 136 13 0.23:0.07

verified by the polar angular distributions of the elec-
tron shown 1n figs. 3b, ¢ for accepted candidates. The
angular distribution from the 2y processes 1s sharply
peaked forward while the measured distributions are
flat.

The background estimates given above can be tested
experimentally using data collected below charm
threshold. By studying ¢ decays one learns how often
a purely hadronic event appears to contain a single
electron. At the ¢’ resonance 0 63 times as many inclu-
sive hadron events were recorded as in the data above
4 GeV. These yielded zero two prong candidates and
21 multiprong candidates after obvious cascade de-
cays were eliminated. Data 1n the nonresonant region
below charm threshold measure background from
electromagnetic and hadronic events. The data at
3.6 GeV resulted in 5 candidates two of which were
two prong events. Combining these numbers yields a
measured background of 20 * 14% for the two prong
class 1n agreement with the estimated value of 11.5 +
3.5%. The latter value 1s used 1n the analysis. The
measured background for multiprong events 1s 17 £4%
compared to the computed value of 15 + 5%.

After all cuts 66 two prong and 190 multiprong
events survived. In the following analysis we retain elec-
tron momenta above 0.2 GeV/c, leaving 60 and 182
events in these categories, respectively. They were
classified according to the observed number of charged
particles N, (including the electron) and photon N,.
The results, divided into the energy intervals 3.99 —
4.52 and 4.52 — 5.2 GeV, are listed 1n table 1. In order
to arrive at the true multiplicity distnibution one must
correct for particle detection efficiencies. A Monte
Carlo study yielded a charged particle detection effi-
ciency of 0.73 +0.05 and a photon efficiency of
0.70£0.05. Most of the 242 events have high multi-
plicities. However, the single most populous channel
has two charged tracks and no photons. It 1s mpossible

to understand this channel as leak through from higher
multiphcity events' Using the observed multiplicity dis-
tribution we estimate that only 3.6 +0.8 of the 21 events
at 3.99 — 4.52 GeV and 3.1 £0.8 of the 16 events at
4.52 — 5.2 GeV come from higher multiplicities. Sub-
tracting these events and the background estimated
above leaves 26 + 7 two prong no photon events in the
combined energy regions. We conclude there exists a
genuine two-prong no photon class of events. The cor-
rected average charge and photon multiplicistes, exclud-
ing the two prong no photon events are N N,Y)COH=
(5.5+0.3,1.9+0.3) and (5.7£0.3, 1.8 +0.3) for the
two energy intervals, respectively. The errors are sta-
tistical only.

In our previous paper we concluded that the high
multiplicity events come from the weak decays of a
new type of hadron. There is now little doubt that
most of these events are weak decays of charmed ha-
drons. We now investigate whether charm production
can also explain the two prong no photon events. These
events contain one electron, one nonshowering charged
track (T*, which could be =, K, p or u) and any num-
ber of invisible neutral particles (N, which could be v,
K7 or n, but not 7). Associated charmed hadron pro-
duction can yield such events in three ways' 1) Charged
charmed hadrons are produced, one decaying to e and
invisible particles, the other to T* and invisible particles,
plus possible invisibles produced directly. 2) Neutral
charmed hadrons are produced, one decaying to e and
T* plus invisible particles, the other decaying to invisibles.
3) A charged charmed hadron yields the e, a neutral
charmed hadron decays invisibly and T 1s produced
directly.

We have considered such production modes c.f. below,
and we find that less than 12% of the two prong zero
photon events have such sources: Events resulting from
charmed baryon production are estimated to be less
than 4% by setting upper bounds on p or i production.
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(The detection efficiency for n is similar to the photon
detection efficiency in our detector.) Charmed meson
production is estimated to contribute less than 8% to
the two prong zero photon events by the detailed argu-
ments given below. We therefore conclude that these
events cannot be explained by charm, but rather some
other new particles must be responsible for them. We
now consider such production modes in detail, making
use of three properties of charmed hadrons;

a) Charmed particles decay to particles which are
eigenstates of strangeness, e.g. D° decays to K° but not
nto pure K7 or KYK7 .

b) Charmed particle decays foliow the GIM mecha-
nism [10].

c) The lowest charmed baryon state is the A (2260)
[11].

We dispense first with charmed baryon production.
The possible charmed baryon processes which can con-
tribute are (omitting the charge conjugate reactions):

ete™ > C c |,

l {

etvn aT~
ete™ > C c

\: A

efvn  PKp
ete” > C C T :

{ I

efrn 0Ky

We use the symbol C to refer generically to charmed
hadrons. In our detector an antineutron looks like one
or several high energy photons. Due to the large amount
of sensitive material (70 gm/cm?), the detection effi-
ciency for n 1s essentially the same as for a photon.

This calculation has been checked by studying J/y -

7 ph events. A p, if there, must be the “nonshowering”
track T. But fewer than 10% of p satisfy the tight cri-
teria for a single nonshowering track. Furthermore, if
charmed baryon production were important, it could
contribute only above A (2260) threshold, i.e. above
4.52 GeV. However, no significant change is seen 1n the
fraction of two prong no photon events below and
above the threshold for charmed baryon production
(see table 1). We now assume that charmed baryon pro-
duction on the average leads to an equal number of 1
and p. With the conservative assumption that the total
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measured p yield [8] results from charmed baryon
production, observing that the particular decay C ->ewvn
involved in all three modes is GIM suppressed by a factor
of 0.05 and using the p and 71 detection efficiencies we
find that less than 4% of the two prong no photon events
can be attributed to charmed baryon production.

We now consider the three possible charmed meson
production processes which could make two prong no
photon events*!

(A)ete™ > C° co

et VT - LK{K{

The decay C° - K°K® is GIM suppressed by a factor
sinzﬂc= 0.05. Favored decays, e.g. C° > K*#n™, produce
additional easily detected charged particles or photons.
The observed distribution of event topologies himits
this production mode to less than 2% of the interesting
events.

(B)ete > C?t co T .

e*vK} LK‘I)‘K?_

The same arguments apply to this reaction. The com-
bined contribution from channels A and B 1s less than

2% of the two prong no photon events.
(C)ete”»Ct (o

e" K} |—>K2T_

Because charmed mesons decay to eigenstates of strange-
ness, K must appear as frequently as K7 . A Kg decays
into visible pions or photons, feeding other topologies.
A fit to the topology distribution using the particle de-
tection efficiencies shows that 0 + 6% of the two prong
no photon events are due to this reaction. This number
includes also a part of the possible contribution from
channels A and B.

A crucial difference between the GIM current and
the normal Cabibbo current is the different coupling
strength to strangeness. This coupling was investigated
by studying events having an identified charged hadron
(m, K or p) in one spectrometer arm [8], an electron in
the inner detector, and possible other charged particles
or photons. The electron was identified by demanding
a showering charged track in the inner detector (see
discussion above and fig. 2). The efficiency for an elec-
tron 1n the geometrical acceptance of the inner detec-

*1 The leptomc decay modes C — ev and C — uv can be neglected
as shown by the electrom momentum spectrum [12].
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tor to pass the electron cuts was a smooth function of
momentum: 50% at 0.4 GeV/c, 80% at 0.7 GeV/c and
over 90% above 1 GeV/c. No events were found in the
data taken at 3.6 GeV. The number of events observed
at higher energies are given 1n table 2. The estimated
background 1s small. No epX events were found. After
correcting for decay losses and background contnbutions
the ratio of charged K to 7 production R, was deter-
mined for particle momenta above 0.4 GeV/c. The values
are given 1n table 2. From the observed K to = ratio

for multiprong events and the measured charge multi-
plicity we conclude that each event contains on the
average 0.90 + 0.18 charged kaons per event. The

two prong events, however, contain an average of
only 0.07 +0.06 kaons per event. This shows that

for charmed particles (i.e. high multiplicity) the

weak current couples strongly to strangeness in accord
with the GIM mechanism. On the contrary, for the

two prong class the weak current has a small coupling
to strange particles, consistent with the normal Cabibbo
current.

In summary we have observed 242 electron inclusive
events for cm energies between 3.99 and 5.2 GeV with
an average background of 14%. The multiphicity distri-
bution of charged tracks and photons show two types
of events, those with several charged particles and phe-
tons and those with two charged particles and no pho-
tons. The relative frequency of two prong no photon
events and multiprong events cannot be understood
by assuming that charm particle production accounts
for all events. We conclude that we are observing two
distinct processes, production and weak decay of
charmed particles (multi-prong-events) as well as pro-
duction and weak decay of a different type of particle
(two prong events). We also conclude from the measured
charged K to 7 ratio for low and high charge multipli-
cities that the weak current responsible for the low
multiplicity events has a small coupling to strange par-
ticles consistent with the familiar Cabibbo current,
while the high multiplicity events have a much stronger
coupling to strange particles in accord with the GIM
mechanism.
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