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ABSTRACT
Upper limits are discussed‘for the pro-

duction of particles with charm quantum num-
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‘bers in pp ccollisicns at 400 GeV/c.
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In his presentation at the recent conference on
Experimental Meson Spectroscony, Glashow discussed the
consequences of introducing an additional SU({3) =inglet
guark, having "charm” guantum number, for providing an
aesthetically pleasing lepitcn—hadron symnetry and a
natural suppression mechanism for neutral strangeness-
changing weaX currents. A particularly interesting
consequence of Glashow's scheme 1g the predicted exis-
tence of new charmed particles which decay “weakly hav-
ing lifetimes in the range of 107!'% to 107'% sec.t

These particles could be produced irn hadronic collisions,

in pairs having a net charm of zero., The masses of
these charmsd cbiescts would be ewpectad to bo € 2 GaV
{even for barvonz), and their prcduction cross secticn
at high energies would be comparable to vields obser

for XK-moson neocduction in oo colliicions.,

In this note we wish to point out that rather small
upper limits Zpr the procucticn of charmsd particles,
having the previcg:osly dsscribed prorerciss, are alreoady
avallable, and, conceguently, 1f the suggesied model is
to be useful in the area of weak neutral currents, mnodi-
fications miaght be needed to account for the lack of
observation of charmed varticles in hadronic collisions.

The 30-inch AL bubble chamber is wall suited Tor
detecting the production of short-lived objects which
have macroscopic decay mean—-free paths (4). In particu-

lar, the scanning efficiency for nsutral particles which

*This note was presented as a comment by the author at
the conference on Experimsntal Meson Spectroscopy (Held
at Northeastern Univ. 1874).
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decay into two or more particles (even number of charged
tracks} for 3 cm £ £ <€ 30 cm is almost 100%., Similarly,
the efficiency for observing charged particles which
decay into three or more particles (odd number of
charges) is also excellent for 3 cm < £ < 30 cm. If
charmed particles are produced in pp collisions with
momenta in excess of 100 GeV/c, their m=zan-free paths
would lie, typically, in thils sensitive range.

We have scanned ~ 20,000 frames of film-from an ex-
posure of the 30-inch NAL bubble chamber to 400 GeV/c
protons. A gsearch was made IZor anomalousg decays of
neutral and charced particles produced in primarv pp col-
lisions. In particular, the film was scanned for topol-
ogies which involved a materialization of 2, 4, 6 or
more tracks {even in number), or the decay of a charged
track into 3, 5, 7 or more cdd-charged prongs, on any
frame which contained a primary »p interaction.

A total of ~ 700 V's (two charced particles wvhich
suddenly materialize in the bubble chamber) were ob=-
served. In addition, one 8-vronged neutral. decay candi-
date, and one 3-pronged charced-particle decay candidate
were also obzerved. The measurzble V events were con-
sistent with being interpretable as K2 - 77717 (~ 200
events), A° - pi~ (~ 80 events), or - &% 3+ pnt (~ 10
events) dﬁcavs, or with being e+e‘ palrs resulting from
"materializations of photons (~ 400 events). The 8-
pronged "V" can be interpreted as resulting from an in-
teraction near the secondary vertex, caused by one of

the prongs from a nsubtron interaction (cdd-prongad
star). The 3-prongesd event is not a HX-decay, bat could
be internrezsicd zs a seccondary intorazcticon yielding a 4-

pronged event having a low-momentumn proton recoil which
is too short to observe in the bubble chamber, We con-

sider the two anomzloeous eventis as representing upner
limits for the preduction of charmed particles.
The cross sactions for ¥, A%, and .° production
- !
6 mb and 0.40 = 0.15 mb, respec-—
s <

tively.? Assuming charmed particle masses (i) between
0.5 GeV and 4 GeV, h vidg averacge romznta of 160 GeV/c
(i.e., produced forward in the pp center of mass), and,
further, suprosing charged pqrblcle decay modes for the
charmed objects, we calculate zand display in Fig, 1
approximate upper limits for the production of charmed
particles as a function of their expected mean lives.
For compariscn we provide the value of the total cross
sectlon for inclusive procduction of antiprotons at 400
GeV/c.? We wish to note that the detection erflclency
for observing possible charmed particles remains sub-
stantial for mean lives > 107! because of the addition-

al low-momentum source (proauytion in the backward hemi-

o
are 6 % 1 mb, 3.4 = 0
h



sphere of the center of mass) which we have ignored in
obtaining Fig. 1.
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bF— o (pp = K + ANYTHING)= 24 mb—

003 | | \
\ \ oy i Fig. 1. Upper limits for
- the preduction of charmed
particles in pp collisions
at 400 GeV/c, The results
are displayved as a function
of the masses and mean
lives of the hypothesized
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From the graph presented in Fig. 1 we conclude that
if charmed particles are nroducad in vwo enlilsions at
high energies as copiously as X mesons (OEOT ~ 24 mb)
then either their mean lives must lie below the expected
range of 107'° to 10 '' sec, or their masses must exceed
4 GeV. From a theoretical viewvoint, these alternatives
do not apmear to bz appeaiing cnes.

I wish to thank 5. Prasad for helpful comments,
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