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%T. Ferbel, in “Proceedings of the International
School of Subnuclear Physics Ettore Majorana, Erice,
1975,” edited by A. Zichichi (Academic, New York, to
be published); M. Longo et al., University of Michigan
Report No. UM-HE-74-18 (unpublished).

°F.E. Taylor et al., Phys. Rev. D (to be published).

Owe have used branching ratios for the p and w dilep-
ton decays of By ,P =4.3x10"° and B, ,“=7.6x10"%, as
determined from storage ring measurements: T. G.
Trippe et al., Rev. Mod. Phys. 48, S1 (1976).

"R. Singer et al., Phys. Lett. 60B, 385 (1976).

2We note several important systematic effects on

the absolute cross section. If the J angular decay dis-
tribution is 1+cos’¢ rather than isotropic, the cross
section is raised by 30%. In addition, uncertainties in
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We have searched for charmed particles produced hadronically in coincidence with the
J particle by looking for muons from the leptonic or semileptonic decays of the charmed
particles. In a sample of 2500 J’s, we see no muons above the level expected from 7 and

K decays.

Shortly after the original discovery of the J
particle,' it was shown that the cross section for
hadronic production of the J increased by more
than two orders of magnitude between alternat-
ing-gradient synchrotron (AGS) energies (~30
GeV) and Fermilab energies (~300 GeV).?2 One
possible explanation of this increase is that the
major mechanism for J production by hadrons is
the Okubo-Zweig-Iizuka (OZI)-rule-allowed® re-
action:

N+N-JCC ++--, (1)

where C and C are hadrons containing charmed
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quarks. Since the threshold for this process is
above the energy of the AGS, only OZI-forbidden
production is possible there, and so the cross
section is suppressed. Possible support for this
mechanism comes from recent observations of
an excess of K’s in hadronic production of the ¢
meson.*

We have tested this hypothesis by searching for
the leptonic or semileptonic decays of charmed
particles produced in association with a J parti-
cle as in Reaction (2). The J was produced in
neutron-nuclear collisions at Fermilab (average
neutron energy about 300 GeV), and detected



VoLuME 37, NUMBER 10

PHYSICAL REVIEW LETTERS

6 SEPTEMBER 1976

through its dimuon decay mode, 7 is the nuclear

target: Be, Al, Cu, or Pb;

n+T—~dJ +M* +M* +X, (2)

L’/J'+/J’_ L»pi’F"'

An additional source of trimuons is the pair pro-
ductions of J’s, as in Reaction (3):

n+T—d +J (3)

L*u*u' l—»u*u'

The most important source of trimuon back-
ground is due to the decay of one of the pions or
kaons which are produced in association with the
J, as in Reaction (4):

+X.

n+T—J +m(K*)+ X. (4)

L»u*u' L—u* tv

Reactions (2) and (4) can be distinguished by
comparing the simultaneous production of trimu-
ons from targets which have different decay
lengths for the 7 and K and by comparing the rate
of trimuon production at the J mass with the rate
at the p mass.

Dimuons were produced either in a target which
was 75 cm upstream of a 75-cm beryllium ab-
sorber, followed by a steel dump of 1300 g/cm?
or in the tungsten core of the beryllium absorber,
The three-muon yield from the first target should
be dominated by pion decays, while in the second,
pion decays should be suppressed relative to the
first by a factor of 7. Descriptions of the appar-
atus, the mass calculation, and the methods of
analysis are given by Binkley ef al.®*®

The sample of events was obtained as follows:
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The mass of the lepton pair, M,, was calculated
from the momenta of the tracks emerging from
the absorber after correcting for energy loss in
the dump. A second mass calculation, M, was
made assuming that the lepton pair was produced
in the target. If |M_,-M,| <0.32 GeV/c? and if
My <1.4 GeV/c?or if |M,-M|<0.48 GeV/c? and
if Mo >1.4 GeV/c? then the event was assumed to
come from the target. If an event did not satisfy
these conditions it became a candidate for an
event which was produced in the tungsten core.
The mass M.’ was recalculated assuming that the
event came from a point 5 cm downstream of the
beginning of the tungsten core, In addition, if the
event satisfied the hypothesis that it came from
the core, the target counter T must have no
count, The mass distribution of events from the
core is shown in Fig. 1(b) while the events from
the target are shown in Fig, 1(a). Although events
from the core have poorer resolution, a clear J
signal can be seen,

If the event had a third muon which was consis-
tent with a common production vertex for all
three muons, the event was a candidate for Re-
actions (2) or (3). Each muon track was required
to satisfy all of the cuts defined in Ref, 5. The
production vertex was assumed in this analysis
to have been either in the plane perpendicular to
the beam which passed through the center of the
target or in the plane 5 cm downstream from the
beginning of the tungsten core. The muon tracks
were projected back to the interaction plane. The
interaction point was the point halfway between
the tracks of the two muons from the J (or p) de-
cay. The third muon had to intersect the inter-
action plane at a distance from the interaction
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FIG. 1. Yield of dimuons from (a) target and (b) core. Flux in high-mass data represent 2.5 times flux in low-

mass data.
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TABLE I. Observed yield of trimuons.

Target Core Predicted No.
vy (p.B ) (Plz 3u from
up” mass No. 2 No.3x 3rdp 3rdp No. 2u No. 3y 3rdp  3rdpu core
0.60—0.95  (p) 26443 91 29.0 0.17 .
2.6 -3.6 ) 558 2 10.0 0.10 1915 2 15 0.30 1

point which was no more than 2.5 times the ex-
pected multiple scattering if it were to be con-
sidered as coming from a common production
vertex,

The third muon must have gone through the
complete muon identifier and each muon counter
which the track penetrated must have had a hit.
This requirement restricted the momentum of the
third muon to be 5 GeV/c or greater.

The results of this analysis are shown in Table
I. On the assumption that more than 90% of the
3u events which emerged from the target were a
result of 7 or K decays, we can predict the num-
ber of 3u events expected from decays in the
dump. The results are also given in Table I. In
particular, at the J mass we observed two tri-
muon events from the dump, whereas we expect
one event from decays. Table I also shows the
average momentum and the average of the square
of the transverse momentum of the observed third
muon. These values are quite consistent with
what would be expected from 7 and K decays. The
models discussed below predict that (p)=34
GeV/c and (p,2=0.37 (GeV/c)? for a third muon
from the decay of a new particle,

This lack of trimuon production above the level
expected from decays contradicts the joint hy-
pothesis that the factor of 100 rise in J produc-
tion from 30 to 300 GeV is due to production of J
in association with CC pairs and that the branch-
ing ratio of C (C) into p*v (1 v) and hadrons is
10% or more, In order to arrive at a quantitative
measure of our sensitivity to this process we as-
sumed the following model for the production of
the CC pair in association with a J: The J was
picked with rapidity y distributed according to
do/dy o (1 — x)°2 (see Ref. 6). The C was picked
to be within +3 units of rapidity of the J accord-
ing to the distribution exp(- 2| Y. - Y,|).” The
antiparticle of the C was assumed to be produced
according to the same distribution law, except
that Y ; was between Y . and Y- The transverse
momenta of the C and J were picked independent-
ly according to exp(-2p,) and exp(-1.6p,), re-
spectively.® The transverse momentum of the C

580

was picked to balance the transverse momentum,
Finally the sum of Feynman x; for the three par-
ticles in the center of mass had to be less than
0.7. The expected yield of J’s in our apparatus
from this model is shown in Fig. 2 in comparison
with our data for J production, The figure shows
that even with the cutoff at 2 x;=0.7, there is
substantial JCC production with x; of the J great-
er than 0.3, where we observe J production,

Two choices were made for a model for the de-
cay of a C. In the first case we assumed that the
relevant decay mode was

C*—=K°u*v, (5)
Furthermore we assumed that the distribution of
momenta in the C center-of-mass system went
according to three-body phase space., The angle
of the u was picked at random in the rest system
of the C. The second choice was to assume that
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FIG. 2. Observed p distribution of J’s in our appara-
tus. Solid line, data; dotted line, prediction from mod-
el of OZI-allowed production,
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the decay went according to
C* -~ K*¥r*p*v. (6)

The mass of the Kn was taken to be 1.0 GeV/c2.
The distribution of the momenta of the u, v, and
the K7 system was made according to three-body
phase space.

The efficiency for our detector to detect the
muon from the C decay is 45% for the decay mode
of (5) and is 43% for the decay mode of (6) when
the K7 mass is 1 GeV/c2 Purely leptonic two-
body decays give even higher acceptance for the
third muon. We assumed that the C mass was
2.0 GeV/c? The calculation was repeated for M.
masses of 2.5 and 3.0 GeV/c?, and detection ef-
ficiency for the third muon was always at least
40%. Assuming the observed two events out of
1915 represent direct trimuons, we take five
events as the 90%-confidence-level upper limit.
Including the acceptance, this becomes twelve
events out of 1915, and so we can set a 90%-con-
fidence-level upper limit for production times
branching ratio which is effectively indpendent of
the mass and decay mode of the charmed particle
of

gﬁc_?.u_tzlic_c.<o.006.
S

(0 40z and o, are the partial cross sections for x
of the J>0.25.) If the decay into muons occurs
10% of the time, then o ,z/0, is 3% or less.® Al-
ternatively, if o,z =0, (every J is produced with
a CC pair), a 10% muonic branching ratio implies
that we would expect 160 trimuon events, com-
pared to the observed two events.

The three-muon result can also be used to set
a limit on J pair production. In this instance we
assumed that the two J’s were produced inde-
pendently with (1 — x)*-2 rapidity distributions.
We again required the sum of x; for the two par-

ticles to be less than 0.7. From this model, the
probability of detecting a third muon from a J if
the muons from the other J were detected was
15%. On this basis we can state that the pair-
production cross section for J’s is less than 12%
of the J cross section.
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This rapidity correlation is chosen in the spirit of
multiperipheral-type models. Relaxing this assump-
tion and producing the C and C completely uncorrelated
from the J reduces the third-muon acceptance by a fac-
tor of 2.

8This conclusion would be weakened if the mechanism
for JCC production only yielded J°s with x; near 0,
However, the data on J production (e.g., Ref, 6) show
that there is no increase in J production near xg=0,
and so only central production of JCC cannot explain
the large rise in cross section.
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