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INTRODUCTION

There have been many theoretical speculations l)on the existence of
long lived neutral particles with a mass larger than 10 GeV/c2 which play
the role in weak interactions that photons play in electromagnetic inter-
actions. There is, however, no theoretical justification, and no pre-
dictions exist, for long lived particles in the mass region 1-10 GeV/cz.

Even though there is no strong theoretical justification for the
existence of long lived partilcles at low masses, there is no experimental
indication that they should not exist. Until last year no high sensitivity
experiment had been done in this mass region.

There are calculations based on parton models on the production of an
e+e_ continuum from pp interactions.z) An early experiment at the AGS3)
studied the continuum of u+u_ from p+Uranium *u+u_ + X. Thils experiment
gives approximately the size of u+u— yileld. 1In the last ten years there
4 at Brookhaven, at CERN I.S.R., at Fermi Lab,
etc. to study the inclusive e(u) production P+P » e(u) + X. Again, these

have been many experiments

experiments gave no 1indication of a long lived particle.
My report will consist of three chapters:
1. The Discovery of the J Particle
2. The Production of the J Particle by Hadrons and Photons
3. The Origin of the J Particle

Chapter One: Discovery of the J Particle

The discovery of the J Particle 5,6,7) in proton-proton collisions
by the MIT-BNL group at Brookhaven National Laboratory follows a decade
of experliments assoclated with e+e— pair productions from hadron inter-
actions at high energies. One learns three kinds of physics from the

reaction
h+p -~ ete™ + x.
(1) Using a 7.5 GeV bremsstrahlung photon beam one can compare the
e+e_ yield with predictions of QED at large momentum transfer
or small distances, <10_1u cm.8)

(11) One can study the ete” decay of photon-like particles with spin
9)

1 and negative parity and charge conjugatlon, such as the p,
¢,1o)w,11)and 0,12)

photons and massive photon-1like particles.

and measure the coupling strengths between

13) One can also
study the production mechanisms of these photon-like particles
produced by photons.

(iii) Search for additional particles which decay to e+e— from

pp > ete™ + X or rp + u+u- + X.

1.1 Design Considerations: To perform a high sensitivity experiment,

detecting narrow width particles over a wide mass region, we make the
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following four observations:
(1) Since the e’e” comes from photon decays, the yield of ete”
is lower than hadron pairs ( nfn_, K+K_, pp, K+p, etc. ) by

a factor

p e B}
e"‘ ﬁ Fz (m2) < 10 6.

p mu

The factor uz comes from the virtual photon decay, m—Ll is the
photon propagator and F (m2) the form factor of the target
proton, where m is the invariant mass of the e+e— pair.

(i1) Because of (1) one must design a detector which can stand a
high flux of hadrons to obtain a sufficient yleld of e+e_ pairs.

(iii) The detector must be able to reject hadron pairs by a factor
~lo6 - lO8

(iv) In choosing the best kinematic region to detect the decay of
new particles, one notes that at high energies, inclusive
production of p, » and w from p-p interactions can all be
described 1In the c.m. system by a dependence of the form

*
- *
d%} = ae Pt independent of p ,,
¥ % 2 ¥
dpy, dpy E
¥ 3 *
where p , p, and E have their usual meaning.
1"
T cM : Laboratory
- * = m
U — % PL"PL" "7
p Ve .mP -
Vpr.2 PusBor

Thus the maximum yield will occur when the particle is produced
at rest in the center of mass. If we look at the 90o decay
of the e+e' palr, we note that they emerge at an angle @ = arc
tan ( % ) = 14.6° in the lab system for an incident proton energy
of 28.5 GeV, 1ndependent of the mass of the decaying particle.

1.2 Experimental Set-up: Flgure 1 shows the plan and side views of the

spectrometer and detectors. Bending is done vertically to decouple angle
( © ) and momentum. The field of the magnets in their final location was
measured with a three dimensional Hall probe at a total of 105 points CB’
Co and Ce are gas threshold Cerenkov counters. CB is filled with isobutane
at 1 atm., CO i1s filled with hydrogen at 1 atm. and Ce 1s filled with
hydrogen at 0.8 atm. AO, A, B and C are proportional wire chambers with
2 mm spacing and a total of 4,000 wires on each arm. Behind chambers A
and B are situated two planes of hodoscopes, 8x8, for improved timing
resolution.

Behind the C chamber there are two orthogonal banks of lead glass
counters of three radiation lengths each, the first containing twelve
elements, the second thirteen, followed by one horizontal bank of lead

lucite shower counters, seven in number, each ten radiation lengths thick,



to further reject hadrons from electrons and improve track identification.

The following are the unique features of this experiment:

(1)

(11)

(111)

(iv)

(v)

To obtain a rejection against hadrons of 108 or better, the two

gas Cerenkov counters in each arm, C. and Co (Fig. 2a, b ) are

filled with hydrogen and made with tgin mylar windows to reduce
knock-on and scintillation effects. The counters are painted
black inside and are decoupled by the strong magnetic fields of

Ml and M2, so that knock-on electrons produced in CO do not enter
Ce and only electrons along the beam trajectory will emit Cerenkov
light which is focussed onto the photomultiplier tube. Special
high gain, high efficiency phototubes of the type RCA C31000M were
used so that the counters CO and Ce can be operated at 1009%
efficiency with very low voltage. The counter CO collects an
average of 9 photoelectrons. To ensure the voltage was set on

a single electron and not on e+e_ pairs from1ro's, which would
give ~18 photoelectrons, the counter CO was filled with He and

the location of the single photoelectron peak was found (Fig. 2C).

To be able to handle a high intensity of 2x1012 protons per

pulse with consequent single arm rates of 20 MHz, there are
eleven planes of proportional wires (2XA0, 3xA, 3xB, and 3xC)
rotated 200 with respect to each other as shown in Fig. 3a

to reduce multitrack ambiguities. To ensure the chambers have

a 100% uniform efficiency at low voltage (Fig. 3b) and a long
live time in the highly radiocactive environment, a special Argon-
Methylal mixture at 2OC was used.

To reduce multiple scattering and photon conversion, the material
in the beam is reduced to a minimum. The front and rear windows
of CO are 125 um thick respectively, both mirrors of C0 and Ce
are made of 3 mm black lucite and hodoscopes are 1.6 mm thick.

The thickness of one plece of Beryllium target is 1.8 mm
and the nine pieces are each separated by 7.5 cm so that the
particles produced in one plece and accepted by the spectrometer
do not pass through the next piece.

To reduce photon and neutron contamination the locatlion of all
the hodoscopes and lead glass counters are such that they do
not see the target directly. To further shield the detectors
from soft neutrons, 10,000 1lbs. of Borax socap was placed on top
and M

of Co between M and around the front part of Ce behind M

1 2

To improve the rejection against no > ye+e_, a very directional

ot

Cerenkov counter C_, was placed close to the target and below

B
a specially constructed magnet MO (Fig. 4a). This counter
is painted black inside and is sensitive to electrons of 10 MeV/c

and pions above 2.7 GeV/c. The coincidence between CB and CO’



Ce the shower counters and the hodoscopes indicates the detection

+_ -—
of an e e pair from the process1ro >y e+e , and such events
are rejected. A typical plot of the relative timing of this
coincidence is shown in Fig. 4b. Conversely, one can trigger
0° Ce and
the shower counters. This is a redundant check in setting the

on CB and provide a pure electron beam to calibrate C

voltage of the CO counters, since the coincidence between C, and

0
CB will ensure that the counter is efficient for a single electron

and not a zero degree pair.

(vi) The spectrometer has a very large mass acceptance of 2 GeV/c2
and enables us to study the mass region 1.5 - 5.5 GeV/c2 in
three overlapping settings. For a polnt target the acceptance
in © is + lo, in ¢ it 1is + 2° and in momentum it varies from
0.6 x p, to 1.8 x P, (where P, is the principal axis momentum),
all in the lab. system.

The following table summarizes the important properties
of the MIT-BNL experiment:

Unique Features

1. Can stand incident flux of 2)(|Olz protons/pulse.
or 20MC single rates.

o B=>10"%cm?
2. Sort out 8tracks per arm.

. eTet -8
3.. Rejection = hF << 10",
4. Maoss resolution *5 MeV.

5. Mass occeptance 2 BeV,

1.3 First Results: The first data from August 1974 are shown in

Fig. 5a. There 1is a clear, sharp enhancement at a mass of 3.1 GeV/cz.
To ensure that the observed peak 1s a real particle, from August
to November experimental checks were made on the data. I list six

examples:

(1) The magnet currents were decreased by 10%, the peak remained
fixed at 3.1 GeV/c2 (see Fig. 5a). )
(11) To check second order effects on the target, the target thickness
was increased by a factor of two. The yield increased by a -
factor of two, not by four.
(1ii) To check for pile up in the lead glass and shower counters,
different runs were made with different voltage settings on the

counters. No effect was observed on the yield of J.




(iv) To insure that the peak is not due to scattering from the
sides of the magnets, cuts were made in the data to reduce
the effectlve aperture. No significant reduction in the
J yield was found.

(v) To check the read-out system of the chambers and the triggering
system of the hodoscopes, runs were made with a few planes
of chambers deleted and with sections of the hodoscopes omitted

from the trigger. No effect was observed on the J yield.

(vi) Runs with different beam intensity were made and the yield
did not change.

These and many other checks convinced us that we have observed
a real massive particle Jse'e™.

Partial analysis of the width of the J particle shown in Fig. 5b
indicates 1t has a wldth smaller than 5 MeV/cg.

If we assume a production mechanism for J to be

*
d3 g e -6p,

*
%5 ¥ = % , independent of py
Ay dpy E

and an isotropic decay in the rest system of the J, we obtain a
gveTe™ yielda or 1073% om?/ nucleon at 28.5 GeV.

Fig. 6 shows the yield of ete™ in the region 3.2 to 4.0 GeV/cz,
normalized to Fig. 5a. The acceptance 1n this region is a smooth
function and varies at most by a factor of two. The observed events
are consistent with purely random coincidences. To a level of 1% of
the J yield, with a confidence level of 95%, no heavier J particles
were found. We note that this upper limit is independent of any
production mechanism of the J, we obtain an upper limit of lO_36
cm2/ nucleon for the production of heavier J's with a 95% confidence
level.

Fig. 7 shows the very preliminary results measured on a single
plece of target in the fall of 1974 for inclusive e~ yield. Shown
in Fig. T7a and b are the target reconstruction and shower pulse height
information, showing that the observed signal is real electrons with
little hadron background. No detailed analysis has yet been made.

The data shown in Fig. 7c as function of converter thickness indicate

a ratio e ~ 10-4 at p, T 1-2 GeV.

m



Chapter Two: Photoproduction of J by Photons and Hadrons

Since the discovery of the J particle some very important experiments
have been carried out at Cornell, at SLAC, at Fermilab, and at the ISR.
These experiments show that the J particle 1s not the intermediate vector
Boson. But i1t i1s a hadron, and production of J by photons proceeds diffract-
ively off complex nuclei like photoproduction of © off nuclei. Production .

of J from Nucleon-Nucleon interaction increases by =~ 100 from s=60 GeV2 to

s=3000 GeV2, similarly to the increase in yield of K mesons in this energy
range. Let me describe a few of the most important experiments:

2.1 Production by photons:

2.1.1 The experimental setup at Cornelllq)(Fig. 8a) consisted of
passing a collimated bremsstrahlung beam of 11.8 GeV endpoint energy
through a 2.9g/cm2 beryllium target. The target was viewed by a pair
of lead glass Cerenkov hodoscopes. The lead glass hodoscopes have an en-
ergy resolution of SE/E = 12/ VE GeV, rms, (Fig. 8b) and a position res-
olution of 8s = 0.5 cm, rms. They were located 150 cm downstream from
the target and separated vertically from the beam by ~ 48 cm. A seven
counter scintillation hodoscope was installed directly in front of each
glass hodoscope.

An event trigger consisted of a colncidence between the two lead glass
hodoscopes for which the energy in each was greater than " 2.5 GeV and the
sum of their energies was greater than 7.0 GeV. Data were taken at an
incident beam intensity of 2 x 10ll equivalent quanta/minute. A total
of 3 x lO15 equivalent quanta were used.

Knowing the energy and position at the counter of each particle and
assuming they came from the target, one constructs their momentum vectors.
From these, the mass squared, mi, and the angle of product;on of thg two
particle system, eX are computed. One notes the bump at my T 9 GeV
(Fig. 9). Also shown are the contributions from Bethe-Heltler pairs and
measured backgrounds.

The t-t in distribution of the events in the mass squared range
7.5-11.0 GeV® are shown in Fig. 10. The solid line shown here was cal-
culated from a production cross section of the form A e1'2t by folding
in the detector acceptance and the decay distribution of a spin 1 meson.
They obtain:

0.2 nb/GeV®
0.3 GeV™? ’

A=20
b = 1.2

I+ |+

Gittelman and Silverman have pointed out the significance of the small
value for the slope parameter, b. It may just reflect the fact that
only a few partial waves are involved because of the low J momentum (in
the center of the mass) or it may reflect a small interaction radius.

15)

2.1.2 The second experiment was carried out by Camerini, Prepost,

Ritson and Collaborators from Wisconsin and SLAC. The experiment used the




SLAC 8 GeV and 20 GeV spectrometers instrumented to detect both electron
and muon pairs from J decay. The spectrometers were set for 9OO decay
in the J rest system. A bremsstrahlung beam from a 5% radiator was in-
cident on 30.3 cm H2 or D2 targets. The end point energy was 0.5 GeV or
1.0 GeV above J energy. The overall accuracy of beam intensity was monit-
ored to 3%.

Electrons were identified by a threshold gas Cerenkov counter, a
lead glass preradiator, and a lead-lucite shower counter. Muons were ident-
ified with an iron-scintillation counter range telescope. The single arm
muon ylelds were typically 3-4% of the pion flux and a factor of 20-30
higher than the single arm electron yilelds.

The resolution of the detectors was approximateily .15% in momentum
and 0.3 mrad in production angle, giving an invariant mass resolution
of 20 MeV (FWHM) at mass of 3 GeV. The mass acceptance of the system was
150 MeV (FWHM).

Assuming elastic J production, with a (1 +co§ e*) J - e_e+ decay
and known branching ratio for J - e_e+ ‘, the results are
presented in the table below and Figures 1lla and 1lb. The errors indic-
ated in the table are statistical only. The overall systematic error
for the cross sections 1s estimated to be 15%. In order to compare

cross sections as a function of energy, the ¢ data have been extrapol-

ot min 5
ated to t=0 by the correction factor e min with b=2.9 (GeV/c) °. The
resultant J t£=0 cross sections are shown as a function of photon energy

in Figure 1la. Figure 1lb shows the k=19 GeV, E.=20 GeV data points as

a function of t. °
Summary Table
(K f photon energy, Ey = end poing'energy) du/dt<t)
X E min
(GeV) (et (GeV/c)? (Gev/c)? [nb/(Gev/c)?]
a. J from Deuterium Target
21.0 21.5 0.069 0.0 14,6 ¢ 1.2
19.0 20.0 0.088 0.0 15.0 2 1.0
19.0 19.5 0.088 0.0 12.0 * 1.1
17.0 17.5 0.116 0.0 10.8 £ 1.0
16.0 16.5 0.135 0.0 §.2 £ 1.1
15.0 20.0 0.160 0.0 7.7 2 1.5
15.0 16.0 0.160 0.0 5.9 ¢ 1.0
13.0 13.5 0.236 0.0 3.8+ 0.8
19.0 20.0 0.088 0.20 8.2 £ 1.1
19.0 20.0 0.088 0.40 4.9 2 0.7
b. J from Hydrogen Target
19.0 19.5 0.088 0.0 10.8 £ 1.1
c. 3.7 from Deuterium Target
21.0 21.5 0.164 0.0 4,3 1.6



t = -
£re(e tmin)

The main features of the results are as follows:

(1) The D2—H2

do/dt[lzg

cross section per nucleon ratio is

= 1,12+ .16 At E =20.0 KX=19.5 GeV

do /dt |H, - 0
indicating that J procduction from the proton and neutron is
very similar.

(i1) Several points taken with different bremsstrahlung end point
energies indicate a possible 20-30% inelastic contribution.
The measurement made at tm. with k= 15 GeV ana E.=16 GeV

in 0

and EO= 20 GeV indicates that inclusive J production contribut-

ions to the cross section are small. Specifically, uasing the

notation (k, EO), the cross section ratios were determined to

be
do/dt (19,20) 1.25 + 1.4 and
do /dt (19,19.5)
& /dt (15,20) 1.3 + .3

do/dt (15,16)

(1iii) The t distribution at k=19 GeV, EO=2O GeV has a fitted slope
parameter b=2.9 + .3(GeV/c)™° where b is defined by do/dt” e%.

(iv) A small sample of data was taken with an incident electron
beam. Subtracting the contribution from real and virtual
photons, the direct electron production cross section for the J

is determined to be <5% of the photon production cross section.

(v) 3.7photoproduction has been observeddat tmin for k=21 GeV
.
. - s o ——(J)
The cross section ratio at tmin is: :{ =34+]2
2—:—(3700)
(vi) Assuming J dominance (g x 1 ¥T2YV! do
“ L — =X (L) £ (N>
gl w-mm)=2 (%) & | fsw—an)

- d ~ 2
giving a value of a%L_p(J’N—\TN) 25/ub/(Ge V)

If in addition, the phase of forward J-I scattering amplitude

is assumed to be pure imaginary, the optical theorem can be used

to determine the J total cross section. This procedure ylelds

O}M::C15w$
2.1.3 Photoproduction of J at 100-200 BeV region:
A very beautiful and important experiment was done by the group

of W. Lee, D. Yount, and T. O'Halloran, A. Wattenberg, J. Peoples and
Collaborators from Columbia, Hawaill, Cornell, Illinois and Fermilab.l6)
This was the first experiment to use a 100-200 BeV photon beam from a

proton accelerator and shows that J particle is a hadron.



The photons are obtained from a O0-mrad neutral beam which is produced
by the interactions of 300-GeV protons in a 30.5-cm Be target. The y-to-n
ratio is improved by a factor of roughly 200 above the y-to-n ratio at

production by passing the beam through 34 m of liguid D The photon

spectrum at the experimental target is shown in W g. 122.
The detector, which is shown in Fig. 12b, consists of a multiwire-

proportional-chamber magnetic spectrometer and a particle identifier. The

spectrometer magnet, M2, which has a field integral of 20 kG m, bends the

trajectories of charged particles vertically.
The particle identifier consists of an electron (and photon) calori-

meter, a hadron calorimeter, and a muon identifier. The electron calori-
meter is made up of an upstream and a downstream shower-counter hodoscope.
Each hodoscope is spllit into two identical halves which are separated
horizontally from each other by 10 cm, 1in order to allow the beam and
the copiously produced e+e_ pairs to pass through.

The momentum resolution in the limit of a uniform field is calculated
to be §p/p = 0.02 [p in (GeV/c)/100].

The raw mass spectrum for all events with momenta greater than 80
GeV/c is shown in Fig. 12c. The two principal features of these data
which can be seen readily, are a preponderance of events at low mass,
characteristic of muon-pair production by the Bethe-Heitler mechanism,
and a peak at 3.1 GeV/c2

The measured cross section in the neutron experiment and the known
ratio of photons to neutrons in the beam indicate <3 events in this
experiment originated from neutrons in the beam.

The t distribution of the J - u_u+ events 1s shown in Fig. 13.

The curve shown in the figure 1s the calculated t distribution, corrected
for acceptance and resolution, assuming do(y + Be> J )/dt is proportional
to A2 ellOt + Aebt, where A is the atomic number of the Be nucleus., They
conclude therefore, that the J is photoproduced diffractively on the

Be nucleus. The simplest explanation for this behavior is that the J
couples directly to the photon in the same way as do the p, w, and ¢ .
They found that the value of 1 < b < U is quite consistent with the data.
Their results can be summarized as: o ( y+ Be > J + X ) = 2045nb/nucleus

a. Based on 114 events L#u+u_

b. Extrapolating the data to t=0, using vector dominance, assuming
pure imaginary scattering, they obtain o(Jp)I 1mb. This implies J
is a hadron.

¢. They also observed 2 events of3.7+ 71 J and y + Pb—>J + X.

Summary of Photoproduction of J

1. J is a hadron 9N 2 1 mb
2, y+ A > A+ J diffractive production
3. E, (GeV) b Gev?
11.8 1.2%0.3
20 2.9+ .3
80-200 1-4
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4, Using the relation -di =& do , 4 =mJ_
dt les=o dt 1t=0 AT
we present the summary of g%—wo in Pig. 14. Also shown are
the expected g%- increase with X. As seen, the forward cross
8=0

section increases much faster than expeched.

2.2 Hadron Production of J Particles

The data on hadron production of J, also show an increase in yield
as function of energy. I list 3 experiments, one in each energy region
as examples.

2.2.1 At BNL the MIT-BNL group measured the yield of J with a 20
BeV incident proton beam on Be target and found the J yield decreases
by almost a factor of 10,

The preliminary P;2 dependence at 30 GeV is shown in Fig. 15. The

1
data 1s consistent with e-l'6p'L .

2.2.2 At Fermilab: the Columbia, Hawali, Cornell, Illinois, Fermilab

17) measured the reaction

Collaboration
n + Be » u+_u- + X

The neutron experiment used the same detectors as their photon ex-
periment but differed from the photon experiment in two respects.
First, the 34 m of liquid deuterium was emptied and 3.8 cm of Pb was
placed upstream in the neutral-beam line, thereby selectively attenuating
the photons. The neutral beam was then predominantly neutrons. Secondly,
a Be-Fe absorber was inserted behind the Be target to attenuate the
hadrons and to reduce decay path of plons te 1.5 m. Fig. 16b shows the
neutron energy spectrum., As seen, the photon contamination is small.
The measured dimuon spectrum is shown in Fig. 16b. Both p - u—u+ and

J - u_u+ are observed. Analysis of p =+ u_u+ data yield a
do —6P_|_ 2
at =€

18 shown in Fig. 17. This data is consistent with e

for EL2<1 GeV. Analysis of J > u_u+ data as function of Plz

=0.04% Pi Gistribution.

After correcting the acceptance they obtain:

-33
(T()’l-l—Bem’{-t—X): 3.6x10 ch‘\"/nucleon, 'X,>O,2L[-
WH -3
¥ =17x 10 cm’/nucleon,lxl>0-32
These cross sections are accurate to factor of 2, depending on the

assumption of P, dependence.

2.2.3 J production at I.S.R.:lB) The CERN - Columbia - Rockefeller-

Saclay group performed an experiment at I.S.R. with a two arm spectrometer
shown in Fig. 18.

Each spectrometer consisted of a system of wire spark chambers with
magnetostrictive read-out and a magnet with a bending power of 3.4 kGm

providing a momentum measurement with a standard deviation



ap/p = ¥ £0.025)° + (0.02p)°  (p in GeV/c).

Electron identification was achieved by means of threshold gas
Cerenkov counters and electromagnetic shower detectors. Counter C was
filled with isobutane (CMHlO
pilon momenta at threshold were 2.7 and 5.6 GeV/c respectively.

The electromagnetic shower detector in Arm 1 has an energy resclution
of A% = 30%. The r.m.s. energy rescolution of Arm 2 was measured to be
AE/E = 0.017 + 0.064/ VE (E in GeV). The detection efficiency for Arm
1 is 84%t4% and the hadron rejection factor is >3 x 103. The corresponding
numbers in Arm 2 being U45%t5% and > 2 x lOLl respectively.

Fach arm also contained three scintillation counter hodoscopes

. 1 ! + Y 4
(Hl, H2, H3, in Arm 1, and Hl’ H2, H. in Arm 2). Hodoscope Hl and Hl

) at atmospheric pressure. The corresponding

3

were equipped with pulse-height measuring electornics. To compute

*
the acceptance they take a < Py > = 0.67 which 1s consistent with their
-3B

taken to be iIsotropic in the rest system of the pair.

data and an e dependence. And, the decay angular distribution was

The table and graph below summarize all the data taken at various

energies.

P+pP ~J+X

|—+
e e

g% = (7.5+2.5) %1033 cn?

<Pr>"= o0.67

do = (3.8 + 1.3) X 1072 cn?

Vs
GeV 30.6 44.8 52.7 62.4
TORning
time 1%, 27, 50, 7
(%) ’
average JS = 48 Gev
Arm 2
- Tngger\
s Arm1 ==

Tngger\\

Number of events

25 30 35
M (e e) Gevic?



The cross section increases by 60% if one calculates the acceptance
¥
with <Px > =1.0

The value of the cross section for J production at ISR energies is
two orders of magnitude higher than the corresponding value guoted
at BNL energies. A comparison with Fermilab measurement is more difficult
since the experiments are done in disjoint reglons of rapidity, but the
cross sections appear to be of the same order of magnitude.

Chapter Three: The Origin of the J Particle -

There have been hundre&ls of theoretical papers appearing in journals
on the new particles.

The model of Glashowlg) views the J particle as a bound (Ortho)
state of Charm (C) and Anti-Charm. In this model there would be a
(Para) state J -+ pp near 3.1 GeV. Furthermore, the charmed particle
C » Kr should be observed in the mass region 1.5 - 2.5 GeV.

The model of Yang and Wu,lg) which views the J particle production
from p p reaction to be via p +p ~»J 6 + X to conserve the possible
additional quantum numbers of the J particle, would predict a long
lived 6 » 7 p particle near the mass of 2 GeV.

Independent of theoriles, one can ask two important experimental
questions.

How many other narrow resonances exist ?

Why the inclusive ratio e/ : 107" ?

To answer these questions the MIT group has just completed a sytematic
search of

ptp—> mp + x A

mtr= + x)
5; P +x B
K'p +x
K¥r  + x|

K¥K™ +x)
K-nrt +x
K*p +x[ ©
mtp  +x

in the pair mass region 1.2 - 5.0 BeV with a mass resolution of 5 MeV.
The experimental set up for this experiment is very similar to the

. + - .
original e e experiment. However since there are much more hadrons than

electrons the random accidentals are more serious. To reduce the accident-

als to minimum a new target system was put in. This consists of 5 pleces
of 4 mm x 4 mm x 4 mm Be target separated from each other by six inches.

The targets are supported by thin piano wires. This arrangement enables .
one to locate the point of Intersection between the two trajectories.



Comparing it with the target locatlon enables us to reduce the random
accidentals (Fig.19a).
scintillation counters were installed to tighten the two arm coincidence
to 0.9 ns (Fig. 19b).
installed replacing the shower counters to identify K's.

To further reduce the accidentals additional

Two high pressure (300 psi) Cerenkov counters were
The counters
Ce (Fig. 1) were filled with 1 atm 1sobutane to identify =n's. The
Cerenkov counters set the mass acceptance to 7 1 BeV. In this way all
9 combinations were measured sinultaneously. To avoid systematic
errors, 6 overlapping magnet settings were made for the measurement.
Pigures 20-28 show the results of the 9 reactions. Without accept-
ance corrections the yleld increases with mass due to an increase in
acceptance and then decreases due to the decrease in production cross

sections. As seen there are no sharp narrow resonances in any of the 9

reactions. There may be of course very wide "ordinary" resonances with
widths of 300 MeV or more.

ations of acceptance and has not yet been made.

A search for these depends on exact calcul-
To obtain a feeling of
the sensitivities of the measurements, we take the production of the 9

reactions to be the same as the assumed J production mechanisms. From

this we obtaln the following table:

SensITivITY (cm?)
FOR NaRROw RESONANCES

WL | 2.25 Gev 3,1GeV
mrm- 8x 1073 5x 10734
K- Ix 10733 4x 10735
Ttp 2x107* 4x10"3%°
K*mr~ 4x10°% 8 x10™3°
K¥K~ | x 1073 5 xI073°
K*p 2 xl0”% 4 x10738
p 4 x10™3 4 x|10™33
p K~ 7 x 10733 4 x 0~3%
PP — 41073




Whereas the spectra do not show any sharp resonance states the cross

. do - + . - - -
sections §E Vs+ m foi groups A (v 'p), B (m 77, pp, K , K p) and
C (KK, Kp, 7 p, Km ) do exhibit some simple degeneracies above the
mass of J. The cross section for each group decreases with m as 7, e"le
and differ from each other by an order of magnitude.

To search for multibody final states additional reactions;

p + Be - Toow + ...
K- K™+ ...
P p + ...
K p + ...
TD 4 ... were measured.

When one measures the two particle spectrum to search for multibody

\ -+ -+
decays like C » Kn 7 7 , etc. one would expect a discontinuity in

the K T spectrum near the mass of C:

vield

3

: c
mass of K™+
No such discontinulties were found.
The THEP-CERN collaboration?®)
n  Beam to study the exclusive reaction T+ p->my + n, m=2,3, 4. The

reported an experiment using a 40 GeV/c

experiment used an H2 farget surrounded by a set of veto counters select-
ing neutral final states with y-rays going in a forward cone. These y-rays
were detected in a 64B-channel hodoscope spectrometer. During the running
time 107 events were collected. 1/4 of the total statistics were analyzed
corresponding to a sensitivity of 2.X 10_350m2/event

As an i1llustration of the performance of the detection system and of
the data treatment procedure, we show In Fig.2%a results from a small part
of the statistics, analyzed without invariant mass preselection: n=+2y,
w+noy and f+2no are clearly seen. At higher masses the procedure for find-
ing the showers works even better because of the more favourable topology
and we expect AM/M = +5%.

Fig. 29b shows results of the analysis for M?2.2 GeV with various
fits satisfied by the events. The general behavior is similar for all
channels and there is no evident narrow structure in any of the invariant
mass spectra. In the following table we give the 90% C.L. upper limits
for the production cross section of a narrow width particle multiplied by
its decay branching ratio in the mode considered, at the invarilant mass
values 3.1 and 3.7 GeV. The limits include corrections for the branching
ratios n+2y /n> all = 0.38 and X°+2y/Xo»all = 0.025, for the detection
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. efficiency of the apparatus as well as for estimated losses of the shower
recognition and of the kinematical analysis programs. Using the J+noy

decay from DESY to be <2% they obtain an upper limit on {wo body 7 +p>J+n
to be <2x10—38cm2 which is 50 times less than the normal cross sections.

The authors 1lnterpret this as strong support of J+CC model.

TABLE

90% C.L. upper limits for the production cross
section of a narrow wildth particle multiplied by
the decay branching ratio in the mode considered,
in units of 10—3& cm®. The estimated overall
detectlon efficiency 1s taken into account.

f
j
| ode | #°° "N ﬂoY ny Xoy Yy
v, Gev
3.1 5 6 4 3 20 1.3
3.7 1.5 3 1.5 1 10 0.6

The experiment of the Fermllab, Northwestern, Rochester, SLAC Collab-
orators {(private communication from T. Ferbec to S. Ting) measured ww,
K+K—, K+w_,K_p from N+Be reactions at ~200 BeV. The result shown in the

diagram below alsc does not exhibit sharp peaks.

[
I50

&
O

150

O -BR(nb/nucleon)

o)
o

There are many other experiments at T.S.R., Fermllab etc. designed to

find Charmed particles. So far no definite posltive results have been

. reported.
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