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Awstraet: In a search for charmed particles produced -
by 300 and 400 GeV/c protons in nueclear emulsions, neo
reliable candidate was found among 16.G00 interactions,
This implies an upper limit of 7 pw (90 confidence
" level) for the associated pro&uction of charmed particles
with lifetimes between 3 x 10~17 and 3 x 10~13 sac,
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1. Introduction

At present, there is a considerahle experimeﬁfal
effort on the search of charmed partislos, which should
have masseg around 2 GeV, lifetimes of the order of U mha
gaconds and should be produced in pairs in hadron-hodron

(1)

awakened first by the discovery of weal neuvtral curroniz

¢ollisions . The interent on charmned particles wan
and of the 3/* pariicles. Indications and/or svidence
for the existence of charm particles came {rom savoeral

(2—9).

experimenta

The shnort lifetimes involved in the decays of charmad
particles make their direct observation {dirsct in ilhe nsnss
of separating production and decay vertizes) pessible only
in nuclear emulsions. A charm event candida%te would nave
two particles (charged or neutral) decaying inte tws or
more particles, the decay vertices being cormecisd tu the
primary production vertex,

This paper describes a search for the asiscicted
production of charmed particles ir the interactious of
300 and 400 CsV/c protons with emulsion micloil, Ve huwve
chogen ratner high momentd in ovder to be well above
egny possible thregold and to have righer produciion

cross sections,

2. Ixposureg and scanning

Two gtacks of Ilford 5 emulsiong have t2en enyposed
4o protons of 300 and 400 CeV/c respoectively at tihe Fermilubd
accelorator., The firat stack, wade of 30 plutea, cach
600’»m thick and 10 x 10 cm2 in ares, received sboui 105

rrotons per cm2. The second siack, made of 5O plutes
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" each 500 jm thick and 5 x 10 cm? in areé, received
<l el
about 3 x 101 protons per cm~, 'the development of the

emulsions was performed at CERN.

Using standard microsuopes, with 10 x wide field oc,
22 x cb, we performed an areg scan for primary proton
interactions in a vand perpendicular o the beam direction,
covering on each plate &an area of 2 x § cm2 at 300 GeV/e-

and 0.5 x 6 cm> at 400 GeV/c. The scanning area was chosed at

the entrance of the beam in order to minimize the number of
secondary interactions, We have scarmed a f$otal of 56

Plates.

Cncz an interaction wag found, it was carefully
looked for decays of neutral and charged particles
coming from the ianteraction point, The decayswere looked
for in an area which extended 300 pm around the primary
vertex and 600 um downstiream of it., This wag resalized
by scunning in one field of view (500 pm in diameter)
centered on the primary vertex and in a second one
displaced by half a field forward in the direction of
the incoming protons. Vhen an interaction with a large
multiplicity is involved, it is difficult fo observe
decays at small distances from the production vertex,
Thus we have a loss of evenis when the distance between
primory and secondary vertex is smaller than 10}Lm.

Candidates of charmed particles decays (single or
doutle) had to have no black tracks coming from the
secondary vertex. Horeover: (i) The decay of a neutral

" partiele into two charged prongs was recorded if the
opening anzle was larger than thirev degrees. This cut
removed the majority of converted photons. (ii) A cherged
particle decaying inte one charged prong was recorded if
it had a minimum deflecting angle of 39,

-3

The candidates were later reexnmined by & physicisd
and a more thorough search for associated decays wag nade
up to a distance of two millimiters dovmgtream of the
primary intersction,

Table 1 gives a summary of the munber of interactions
analyzed and of single gnd dovble decay condidetes, The
total number of inteructions snalyzed is 160238, Of these
3780 had ne visitle charged primary and presumacly come
from neutron (and photon) interactions (at 400 GeV/c we
only analyzed a few of these interactionz), The tabdle gives
algso the number of single decay candidates, clasgificd in
neutral and charged particle decays: there is a further
¢lassification according %o the nuwber of charged prongs
originating from the docays. '

Some decays of hypernuelei within a distance of 30fxm
from the primary vertex were also recorded for part: of
the scanning, We were interested in those hyrernuclei wikh
an unusually high release of energy in their decay ac iﬁ
could come from the Qecay of a bownd charmed particle. None
of such event was found. o

3. Detection efficiency and backmround

The detection efficiency is offected by a large
number of factors, the most important of which is
repregented by the decay lifetimes of +thue charmed
particles. The efficiency was studied with a loatecnrlo
Program, assuming asscociated production of charm pariicles
eccording to pure vhase space, with an averzge total
multiplicity equal to <wmgr for the shower particles.

Pig. 4 shows the relative detection efficlency versus

lifetimes for the observation of a single and double decoy
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of particles with 2 GeV masses. The curves were ¢omputed

at 300 CeV/c incoming momentum, assuming <wr= 12, & minimum
visible length of 10O pm, & maximum decay length of 600 &0

in the beam direction for the firsy decay, @ maximum

of 2000 pm for the gecond decay and a plate thickness of

600 pm. The curves do not take into account the scanning
efficiency (estimated %o be about 90%), the efficiency due
to the cut~offs in the opening angle of a V9, in the decay
angle of a charged particle, inte a charged one, and the loss
due to the decay of a mneutral particle into neutral ones.
A1l these effacte are eatimated %o yield a combined efficiency
of about 80% for the single decays and slightly less for the
doubl.e decays.

The curves change slightly, when changing primaxry
energy (from 300 to 400 GeV/c), charmed particle masses,
cut of the decay lengths in emulsion and mean mhltiplicity
factors. Thus we are able Lo measure with some efficiency
lifetimes between 10“15 and 10712 sec. (Fie. 4)-

Packground events which can simulate the production
of one or of a pair.of charmed perticles come from
gecondary interactions on neutrons, conversion of photons
in ete” pairs, decays of strange particles, etc. Being able
to identify electrons with good efficiency, we estimate

1ot from lnown sources we have about 2 X 10 2events per
interaction which may simulate the production and deecay of ..
a single charmed particle, The backeground for_gouble charm
production and decay 1is much lower, around 10 ° events per
interaction. For this reason, we concentrate the analysis

on associa.te'cl production and decay.

4. Result and discussion

The 37 single-decay candidates are compatible
with the background estimate; moreover. their path
length distribution is essentially flat {(Fig., 2).

We have no acceptable candidate with two observedq
decays. Taking into accouni the average detection
efficiency and the number of observed interactions,
we can give en upper limit of o< 7 b, (90 confidence
level) on the hadronic associnted production and decay
of short lived particles at Fermileb energies with a
lifetimes in the range 3 x 10717 == 3 x 10" '3 zeconds
and a mass smaller than 4.5 GeV.

The charm particle candidates found in nuclear
emilsions are of the aingle decay typa(s'g) (wiih +he
exception of a cosmic ray event) and of difficult
interpretation. Negative results for double decayjevents
have been obtained in a sinilar emulision experine:%t,
uaing elightly different scanning eriteria (10).
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Toble 1, Number of interactions from primary protons

3
and neutrel particles analyzed at 300 and 400 GeV/e, §
(¥}
The number of single decay candidates have been found g
at a distance from 10 to 600 pvm from-the primary z
interaction vertex. Q
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