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The results of a search for new particle production with decay
modes which include neutral strange particles (v~) and muOns are
reported. 1 The nQ~er of neutral strange particles produced by

. interactions of a pion beam On a nuclear target was measured when muons
were and were not required in the final states. Excess production of
VO's associated with a ~~on could result from production of a pair 'of

·new states (00) which can decay:2 (il both s~~i-leptonically; (ii) one
1eptonically and the other semi-leptonically, (iii) both leptonica11y.
Cases (i) and (ii) would give an increase in the VO rate observed in
the streamer chamber and the ~oment~~ distribution of these VO's
would reflect their origin. The cross section with which we would
observe this phenomenon is given by

t :: [B
2,
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where B
SL

and B
L

are the branching·ratios of the new stqte into
leptonic and semi-leptonic modes, the g. are the appropriate
efficiencies for detecting 2 muons and ~t least one VO, and cr is
the CrOss section for producing charged particle anti-particlt-pairs.

A beam of negative pions of. 225 GeV was incident on a Lucite
(C

5HSO?)
target, 5 em thick, at the entrance of the University of

Washlngton strea~er chamber3 (sec Fig. 1). The apparatus shown in
Fig. ·1 consists of a lx .5 x .3 m3 stre~~er chamber placed in a large
magnet whose field in the visible vol~~e is apprOXimately 8 kG.
Iwmediatcly dOw~5tream of the streumer chamber is a muon filter which
consists of lead and iron absorbers.· A 3nl magnetized iron absorber
(SOD magnet) of cross section 0.56 m y. 0.9 m transverse of the beam
with jiBdt ~ 56 kG-m hardens the muon spectrum and determines the
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Fig. 1.

muon momentum 0 noch '
the streamer chamber
and SOD magnets bend
in the vertical plane.
The muon telescope
consists of two planes
of 8 scintillation
counters each separated
by 48 inches of iron.
The acceptance is
± 94 mr in the hori­
zontal plane and ± 44 rnr
in the vertical" plane •
A gap of ± ~ milli­
radians is left in the
central plane (see
inset Fig. 1)"0 A
small acceptance
calorimeter, 12" x 12",
was used during part of
the run in order to"

determine the hadronic
punch through. This
was found to be
negligible.

The beam is
defined by a beam
telescope ('1') and hole
veto counters (H,W)
to be B = ToHoW. A 5 em
lucite target CsHa02

is

. placed at the upstream end of the streamer chamber. A scintillator (S)
which has a 4.S em diameter hole for beam exit defines the interaction.
Thus, an event trigger is E = B'S. A muon is defined to be a coinci­
dence between two corresponding scintillators in the A and B planes
(eg, LA.·LB.).S During the experiment, the beam intensity was in the

l. l. -"range 2-7 x 10 n jpulse with an BOO ms spill.
Downstream of the mUOn telescope, three planes of wire spark

chambers provide muon bend angle information; by swi~~ing 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 l~ acceptance as a function of Feynman x and P
T

is given in
Fig. 2a0 4 We note that for PT < 600 ~eV/c, the acceptance falls
rapidly. The kO detection efficiency in the streamer chamber is
given in Fig. 2b.

Trigger rates for the E, l~'E and 2~'E triggers are given in
Table I along with the corresponding cross sections. In order to
avoid scanning biases, these triggers were mixed. From the l~ rate,
we find (1/2) (lv oE/E)2 ~ 003 x 10-6, which is.an upper limit on the
2v rate we expect from pion or kaon decayo The factor of 1/2 compen­
sates for double counting. Thus, we would expect the 2v rate from n
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Fig. 2. Detection efficiency a) single muon b) k,0:
s

Table I Trigger Rates and Cross Sections

Trigger Rates I1(A 2/3) Scanned Events

E E/B = 0.036 ·19.6mb 1910

l\1"E l\1"E/E = 0.8 x 10-3 15.7 pb

... -2\1" E 2\l"E/E = 4.3 x 10-6 84.3 nb 837

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

An independent check of the contamination has been made by taking
'Jr- P interactions at 200 GeV in the 30" FNAL bubble chamber from the
Berkeley-FEru1ILAB collaboration. S We have calculated for each event
and each charged prong, the probability of a n or K decay resulting
in a trigger and find a rate which is 0.02 of our observed 2p rate.
Furthermore, we find that the like-charged dimuons are ~ 5% of the
oppositely-charged muons. Thus, we conclude that we are triggering
on prompt muons.

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:6 i) by taking those events in which two tracks
can be reconstructed in the wire spark chambers, projecting them back
through the absorber, and determining their interse~tion point in
the horizontal (non-bend) plane; ii) by comparing X for fits to
the wire chamber data which require that the track 07iginate in the
target and one interaction length into the absorber. The two



-4-

momentum distribution
of the neutral
strange particles
and the average
number of Vo·s
produced as a
function of
charged multi­
plicity is within
statistics
identical for the
two triggers.
The multiplicity
distributions·
of the charged
particles p.ro­
duced are also the
same for the two
triggers
(c.f. < n > and D
in Table II).8
There are no signi­
ficant differences
between events
obtained with the
2~'E trigger and
the E trigger. Our
conclusion is that
we do not produce
neutral strange
particles which
are correlated
with muons at an
observable cross
section grcater
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Fig. 3b. Average number
charged multiplicity.

methods give results in good agreement, and we conclude that 50 ± 5%
of our 2U'E triggers are prompt muons from interactions in the 5 em
target in the streamer chamber.

A detailed scan of the 2~'E and E triggers was made and all vO's
were recorded and measured. Since the streamer cnamoor contains Ne
gas, there is a very low probability that an observed \~ is a con­
version electron-positron pair. However, y's can convert in the
central wire plane. In order to insure the purity of the VO sample,
we have removed those V

O
, S whoso vertex occurs wi t.h i n ± 1.5 em of

the central plane. (This removes approximately 25~ of the sample.)
We find that the fraction of events which contains Va,s denoted

by a is the s&~e for the 2U'E and the E triggers:
a

E
= 0.102 ± 0.006 and a

2
'E = 0.097 ± 0.010. Thus, we obtain· an

upper limit with ·90% conr~dence for expression (1) of L < 1. nh. In
calculating this upper limit, we aSSQ~e that the two samples of data
are identical and that the contamination of 2U'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 F~g. 3, we observe that the transverse

Fig. 3a. Transverse momentum distributions
of VO's. Left and right vertical scales
apply respectively to the 2u·E and E triggers.
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'table II l\vcr,)g~ Charged MUltiplicity arrd OispQrsion of the 2~"E a nd E T't"iggcrs

2 2 !)
n

c h
D ~ (-=n > <n >]

Trigger ch ch

1\11 E 12.5 ± 0.3 6.2 ± 0.3

1\11 2WE 12.3 ± 0.5 6.5 ± 0.3

VOCE) 13.3 ± 0.9 6.6 ± 0.7

VOC2~'E) 13.5 ± 1.4 6.7 ± 1.1

than 1 nb in our 2V'E trigger.
This result can be used to place limits on charmed particle pro­

duction. For instance, GI:.l2 D mesons of taass 3 GeV (5 GeV) each with
exp (-p 2) and flat xp distributions observed in ¢ production, yields

an uppei limit of a B2 < 35 (25) nb, assuming B = B ~ B in relation
(1). " +- SL L
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