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Observation of the Production of Short-Lived Particles in a High-Resolution
Streamer-Chamber Experiment
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Short-lived particles produced in association with muons have been observed in the
interactions of 350-GeV/c protons with neon in a high-resolution streamer chamber.
The characteristics of these events are consistent with the expected properties of
charmed particles if the average lifetime lies between 10 and 2~10 sec. With the
assumption that the observed events are mainly D mesons with lifetimes of approximate-
ly 10 sec, the production cross section is estimated to lie between 20 and 50 pb per
nucleon.

PACS numbers: 13.20.Jf, 14.40.Pe

The discovery of particles with the theoretical-
ly predicted attributes of charm as well as the
theoretical prediction' ' that charmed particles
should have lifetimes of the order of 10 "sec
have motivated a number of experiments to ob-
serve directly the decays of such particles.
Several of these experiments, in particular those
using bubble-chamber and emulsion techniques, "
have observed such decays associated with neu-

trino interactions. The experiment reported
here was designed to detect the production and
decay of charmed particles in hadronically in-

.-'duced events where the production rate is per-
haps as low as 0.1% of the total interaction rate.
For hadronic production of charm, therefore, it
is advantageous to employ a device which is trig-
gerable with fast electronics yet retains the cap-
ability of recording short decay lengths.
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FIG. 1. The experimental arrangement, including the streamer chamber, beam-defining counters, interaction
hodo s cope, and m uon filte r.
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TABLE I. Data sample.

Inciden. t beam
Incident flux per pulse
Average number of triggers per pulse
Number of fiducial interactions with

full muon trigger
Ratio of nonfiducial to fiducial triggers

350-GeV protons
(0.5-0.8) && 10

1062
10/1

A high-resolution streamer chamber has been
developed and used to study production of charmed
particles by incident 350-GeV protons interacting
with the nuclei of the chamber gas consisting of
90/o Ne and 10% He at a pressure of 24 atm. In
this experiment, the width of track images was
150-200 Ium (in space) and the experimental reso-
lution was 40 p,m. Other properties of the cham-
ber have been described elsewhere. '

The position of the chamber and the associated
muon filter is shown in Fig. 1. The beam was de-
fined by the small counter B1. Upstream interac-
tions were vetoed by requiring that the hole coun-
ters VH1 and VH2 not count for a good beam par-
ticle.

Interactions of the incident beam particles in
the chamber gas (or windows) were detected by
requiring two or more counts in a small eight-
counter hodoscope located just behind the exit
beam window. The trigger was designed to select
events with prompt muons by requiring, in addi-
tion to a beam particle and interaction signal, a
count in one or more of the counters behind the
muon filter and the absence of a count in the
inner-cone veto counter. Some data were also
taken with an interaction trigger which required
only a beam particle, an interaction, and no
inner-cone veto. Table I summarizes the data
sample obtained.

The scaled, ungated rates for beam, interac-
tion, and muon triggers imply that the muon re-
quirement rejects all but 1 in 2200 hadronic inter-
actions. If we assume that the hadrons accom-
panying charmed particles are produced with dis-
tributions similar to those in ordinary hadronic
events then approximately 27"jp of charm-produc-
tion events survive the cone veto requirement.
Using these rates, a Monte Carlo analysis dis-
cussed below with different assumptions for
charmed-particle semileptonic branching ratios
and lifetimes indicates that the muon trigger
events obtained are between 15 and 50 times rich-
er in charm production than a similar sample of
"raw" interaction-trigger events. The small
sample of interaction triggers obtained confirms
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FIG. 2. ,Definitions of event categories and data from

the muon trigger sample displayed on a plot of length
vs laboratory angle. The squares represent all events
having projected angle &&

~ 13'. Open circles represent
events for which the track not associated with the pri-
mary vertex is possibly, but not uniquely, a muon. The
two triangles represent events for which this "decay
track" is a uniquely identified muon. Note that seven
strange-particle events lie off scale.

the Monte Carlo analysis within limited statistics.
The data sample has been analyzed in terms of

an /, 0~ plot where l is the distance in space
(neglecting dip angles) which the charmed particle
traveled before decaying and 0~ is the projected
angle of the decay track. When the line of flight
of the charmed particle cannot be observed it is
assumed to be along the beam direction. These
definitions are illustrated in Fig. 2. The bound-
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ary separating the "charm" region and the
"strange-particle" region was chosen so that for
charmed-particle lifetimes of 10 "sec or less
there should be a negligible number of charmed-
particle decays in the strange-particle region. It
is important to note that this boundary is deter-
mined solely by kinematics and does not depend
on assumptions about the dynamics of hadronic
charm production. Finally, a requirement is im-
posed on all but the "short decay" events that the
projected production angle of the decaying track,
Op be within 13' of the incident beam direction if
the event is to be considered a charm candidate.

Figure 2 presents the data from the muon-
trigger sample and shows that there are 10 charm
candidate events with production angle Op(13' and
26 strange-particle events (3 in the charm region
with production angle 0~ - 13'). The sources of
background in this sample include 6 rays, sec-
ondary interactions, and strange-particle decays.
While 5 rays can be shown to give a negligible
contribution and secondary interactions amount
to less than 0.2 background event, strange-par-
ticle decays are a potentially serious source of
background. From the events observed in the
strange-particle region, the strange-particle
decay contributions for those strange particles
with momenta less than about 2 GeV/c can be di-
rectly estimated. Above 2 GeV/c, where at typi-
cal decay angles the potential path for decay of
these particles is largely inside the charm re-
gion, the background has been estimated with use
of data from a bubble chamber study of 205-GeV/
c v on hydrogen. " A summary of the charm
signal statistics is given in Table II.

A Monte Carlo sample was generated using the
observed events and a charm-production model
which assumed that D-D pairs were produced in
an uncorrelated fashion with the following Feyn-
man X (X F) and transverse momentum (P~) de-
pendence:

d'v/d(P, ') dX v = A exp( —9.94X~' —2P ~) .

120—

Rp=23%
TOO ~ 87D

Rp= 0%

100—

BO— Rp= l0%
Yj)0 = TD+

R+0 IQ

The results are essentially unchanged if anXF
distribution of the form (1 -XF)" is used as sug-
gested by studies of prompt single muons. " It
is also assumed that the states D'D, D'O', LPD',
and D D are produced with equal probability and
that the purely hadronic decays of the D mesons
proceed via phase space with the multiplicities
adjusted so that the average number of charged
decay particles from both charged and neutral D
mesons is 2.3. Finally, the following two models
have been used for the semileptonic branching ra-
tios and the ratio of D to D' lifetimes": model 1,

R(D ) =R(D') = 10/~ 7(D ) =T(D');

model 2,

R(D') = 23%, R(D ) = 0%, T(DO) = w( D')/5. 8.
An integrated scanning efficiency was deter-

mined by overlaying representations of the Monte
Carlo events on actual photographs, and the re-
sults of this analysis are shown in Fig. 3. Limits
on the lifetime may be deduced by noting that if
the lifetime were less than 10 ' sec the observed
events would have clustered at the lowest values
of l and OD permitted by the scanning efficiency.
On the other hand, if the lifetime were greater
than 2 &10 '~ sec the method of background deter-
mination used would have eliminated the signal
in the charm region. We note that our results
agree with the measurements of hadronic produc-
tion of charm deduced from prompt-muon obser-
vation" if we use a value for the D' lifetime of

40—

TABLE II. Charm signal summary. 20—

Strange-particle events
Charm candidates
Backgrounds to charm candidates

(a) "Slow" strange particles
(b) Fast strange particles
(c) Secondary interactions

Total background

26
10

1.07+ 0.38
0.85
0.18

2.1+ 0.4
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FIG. 3. The relationship between the charm-produc-

tion cross section and the lifetime of the D implied by
this experiment, for the two models discussed in the
text.
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approximately 10 "sec as is also indicated by
neutrino emulsion experiments. "

In conclusion, short-lived particles produced
in association with muons in hadronic interac-
tions have been observed in this experiment. The
most reasonable interpretation is that of charmed-
particle production. The average lifetime of the
particles observed above the strange-particle
background must lie between 10 "and 2 x 10 "
sec. If, as suggested by Refs. 11 and 12, the
lifetime of the D' is approximately 10 ".sec, the
production cross section is estimated to lie be-
tween 20 and 50 pb per nucleon for 350-GeV inci-
dent protons.
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