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The results of a search for new particle production with decay

- modes which include neutral strange particles {VY) and muons are
: ‘reported.l The number of neutral strange particles produced by
interactions of a pion beam on a nuclear target was measured when muons
wvere and were not required in the final states. Excess production of
VP's associated with a muon could result from production of a pair of
‘new states (DD) which can decay:2 (i) both semi~leptonically:; (ii) one
leptonically and the other semi-leptonically, (iii) both leptonically.
Cases (i) and (ii) would give an increase in the V°® rate obsesrved in
the streamer chamber and the momentum distribution of these VO's

would reflect their origin. ‘The cross section with which we would
obsexve this phenomenon is given by '

= 2- - ) . ‘ :
L= [BSL 9, * 23B,B 92] o__ 3 (1)

where B and B. are the branching ratios of the new state into
leptonic and semi-leptonic modes, the g, are the appropriate
efficiencies for detecting 2 muons and 3t least one V , and O is
the cross section for producing charged particle anti-particle pairs.
A beam of negative pions of 225 GeV was incident on a Lucite
(C_H Oa) target, 5 cm thick, at the entrance of the University of
Washington streamer chamber- (see Fig. 1l). The apparatus shown in
Fig, 1 consists of a 1x.5 x .2 m3 stresmer chamber placed in a large
magnet whose field in the visible volume is approximately 8 kG.
Irmediately downstream of the streamer chamber is a muon filter which
consists of lead and iron absorbers. A 3m magnetized iron absorber
(SOD magriet) of cross section 0.56 m x 0.9 m transverse of the beam
with {BAf = 56 kG-m hardens the muon spectrum and determines the
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Fig. 1. Experimental Layout to be B = T-H'W. & S cm
' ' lucite target C.H0 g0, is

- placed at the-upstreaﬁ end of the streamer chamber. A scintillator (S)
which has a 4.5 cm diameter hole for beam exit defines the interaction.
Thus, an event trigger is E Z B-S. A muon is defined to be a coinci-
dence between two corresponding scintillators in the A and B planes
{eq, LAi-LBi). During the experiment, the beam intensity was in the
range 2-7 x 107 7 /pulse with an 800 ms spill.

Dowvnstream of the muon telescope, three planes of wire spark
chambers provide muon bend angle information; by swimming the tracks
backward to intersect in the target at the upstream end of the
streamer chamber, the charge and momentum of the muon is obtained.

The 1y acceptance as a function of Feynman x and P_ is given in
Fig. 2a., We note that for P, < &00 MeV/c, the acceptance falls
rapidly. The x° detection efficiency in the streamer chamber is _
given in Fig. 2b. _

Trigger rates for the E, lp*E and 2u-E triggers are given in
Table I along with the corresponding cross sections. In order to
avoid scanning blases, these triggers were mixed. From the ly rate,
we find (1/2) (lp- E/E)2 A 0.3 x 1076, which is.an upper limit on the
2y rate we expect from pion or kaon decay. The factor of 1/2 compen—
sates for double counting. Thus, we would expect the 21 rate from w
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Fig. 2. Detection efficiency a} single muon b) kgr

Table I Trigger Rates and Cross Sections

Trigger ) Rates g{nr 2/3) Scanned Events
B E/B = 0.036 ©19.6 mb 1910
1u-E 10-E/E = 0.8 x 10> 15.7 ub ~ "
S 2ueE 2E/E = 4.3 x 10°° 84.3 nb 837 ‘

and k decay to be at least an order of magnitude less than the 2y
rate that is actually observed. ' ' '

An independent check of the contamination has been made by taking
ﬁhp interactions at 200 GeV in the 30" FNAL bubble chamber from the
Berkeley-FERMILAB collaboration.? We have calculated for each event
and each charged prong, the probability of a m or K decay resulting
in a trigger and find a rate which is 0.02 of our observed 2u rate.
Furthermore, we find that the like~charged dimuons are ~ 5% of the
oppositely-charged mucns. Thus, we conclude that we are triggering
on prompt muens. -

A more complicated issue is whether the muons are, in fact,
being produced in_ the target or in the absorber. We have checked
this in two ways: i) by taking those events in which two tracks
can be reconstructad in the wire spark chambers, projecting them back
through the absorber, and determining their intersegtion point in
the horizontal {non-bend) plane; ii} by comparing x for fits to
the wire chamber data which require that the track originate in the
target and one interaction length into the absorber. The two



methods give results in good agreement, and we conclude that 50 + 5%
of cur 2uE triggers are prompt muons from interactions ln the 5 em
target in the strecamer chamber.

A detailed scan of the 2u'E and B triggers was made and all vO'g

were recorded and measured,

Since the streamecr chamber contains Ne

gas, there is a very low probapility that an observed V° is a con-

version electyon-positron pair.
central wire plane.

the central plane.

{This removes

We find that the fraction of
by o is the same for the 2u+E and the E triggers:
o, = 0.102 £ 0.006 and u

However, y's can convert in the

In order to insure the purity of the V© sample,
we have removed those v 's whose vertex occurs within + 1.5 cm of

= 0.097 ¥ 0.010.

approximately 25% of the sanmple.)
events which contains v°'s denoted

Thus, we obtain an

upper limit with 90% conrgupnge for expression (1) of £ < 1. nh. In
calculating this upper limit, we assume that the two samples of data
are identical and that the contamination of 2p-E triggers by muons
produced in the absorber gives events in the streamer chamber which
are identical to the events. in the E trigger.
From Flg 3, we observe that the transverse momentum dlstrlbutlon
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Fig. 3a. Transverse momentum distributions

of Vo's.
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apply respectively to the 2u-E and E triggers.
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Average number of VO's <nvo > vrs.

charged multiplicity.

of the necutral
strange particles
and the average

~number of vois

produced as a
function of
charged multi-
plicity is within .
statistics
identical for the
two triggers.

The multiplicity
distributions

of the charged
particles pro-
duced are also the
same for the two
triggers

{c.f. <n>and D
in Table 11).8
There are no signi-~
ficant differences
between events
obtained with the
2p+E trigger and
the E trigger. Our
conclusion is that
we do not produce
neutral strange
particles which
are correlated
with muons at an
obscrvable cross
section grecater



Table II Average Charged Multiplicity and Dispersion of the ._'Zu'E and E Trigacers

T
‘ 2 2.1
D = [<n > <n >}
Trigger Peh (<P n ch
All E 12.5 + 0.3 . 6.2 + 0.3
A1l 2u°E 12.3 % 0.5 . 6.5 + 0.3
(&) 13.3 + 0.9 6.6 + 0.7
ve(2pE) 13.5 £ 1.4 6.7 + 1.1

than 1 nb in our 2u*E trigger.

This result can be used to place limits on charmed partlcle pro-
duction. For instance, GIM? D mesons of mass 3 GeV {5 GeV) each with
exp (_PTz) and flat Xg distributions observed in ¢ production, yields
an upper limit of o 32 < 35 (25) nb, assuming B__ = B_. £ B in relation
(1. += SL L
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