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Summary
1. Physics Objectives

A high statistics study of 100 GeV/c p, p, K+ and interactions wifh ’

protons, Mg, and Au will hvruerfbrmed using the Fermilab 30-inch hydrogen

bubble chamber hybrid system with downstream particle identification. MWe

anticipate at least the following topics:

(a) The pp annihilation cross section at 100 GeV/c, and its relation to
bog = op(pp) - o7(pp);

(b) Studies of the properties of baryon annihilations and comparisons with
e'e” > hadrons; |

(c) Studies of the differences in multiparticle production in pp-pp.,
n"p-n+p interactions;

(d) Studies of mr and Kn interactions for masses <5 GeV;

(e) Structure of the quark distributions in soft hadronic processes;

(f) Central regibn physics, e.g. Kr correlations, reschance production,
Tocality of quahtum number conservation; and

(g) Studies of high energy interactions off Mg and Au.

2. Reguest:
1.45 x 106 pictures of pp/v p (10° at 100 GeV/c), pp/K+p/ﬁ*p {4 x 10°at 100

GeV/c), and n p (5 x 10" at 360 GeV/c) interactions in the 30-inch hydrogen
bubble chamber with downstream particle identifier and neutral calorimeter,
taken in an untriggered, but tagged, mode. In addition, we request thin

metallic foil targets in the hydrogen to study nuclear interactions.

3. Beams:
100 GeV/c p enriched negative (30% p /70% = ), 100 GeV/c positive (30% p/10%

K*/60% «1), and 360 GeV/c «~ beams to the 30-inch bubble chamber with the standard
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octuple pulsing. The beam particles are to be tagged by Cerenkov counters

and upstream proportional wire chambers.

4,
(a)

(b)

5.
(a)

(c)

Equipment:

30-inch hydrogen bubble chamber with thin metal foils and Downstream
Particle Identifier (ISIS/0SIRIS).
Neutral calorimeter, to be provided by these proposers for n and

photon detection.

Data Analysis:

Measurements will be done on 4 image-plane digitizers (MSU), 2 image-
plane digitizers and 1 SWEEPNIK (Cambridge), SAMM (Fermilab), 1

Spiral Reader (Stockholm), 1 RIPPLE (Duke) and 2 film-plane and 3 image-
plane digitizers (Not;e Dame) .

Event reconsﬁruction'and analysis will be done on the MSU CDC6500/6400,
Cambridge IBM370-165, Fermilab CDC6600, Duke IBM370/165, Notre Dame
IBM370/158 and Stockholm computers.

We believe that all events (pip, K+p, vip, heavy nucleus events) will

be measured and analyzed in less than ~2 years following film

acquisition. Many results will be available much earlier.



II.

Introduction

Current theoretical ideas suggest that hadronic final states in both
lepton-nucleon and hadron-nucleon collisions are produced via the interaction}
between constituents (partons - quarks or gluons) which, after the elementary
intéraction, either Tragment or recombine to form the hadronic final state.
The Tatter process should involve only the parton fragmentation or recombi-

nation functions and should be independent of whether the initial state

.involves a lepton or only hadrons or whether the final state hadrons are

observed at low or high transverse momentum. Data from e+e', ep and up
interactions can be well described by the above ideas and, more recently,
bofh Tow and high PT data from hadronic interactiornis have also bheen shown
to be in agreement with this quark-proton model. Since the pp annihilation
process exhibits no strong leading particle effects it is of obvious interest
to compare the baryon annihilation process, where the three valence quarks
in the proton interact pairwise with the three valence antiquarks in the
antiproton, with the "single-jet" e+e' data. For this reason we propose to
compare our pp annihilation data both with existinc data from SPEAR and DORIS
(which correspond to data with similar energy per parton), as well as with
future data from CESR, PEP and PETRA (at similar overall CM energies).
Previous Tower-statistics experiments with the Fermilab 30-inch bubbie
chamber and hybrid systems have provided information on a number of interesting
topics in strong interactions. Frequently, however, the statistics have bean
sufficient to indicate the existence of interesting features of the data but
1ﬁsuff1cient to allow an adequate study of these features. In othzr cases,
the statistics or particle identification have been inadequate for the study

of topics of potentially great interest.
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The early bubble chamber studies have clearly shown the persistence at
Fermilab energies of effects dependent on the nature of beam and target
particles over the complete available range of rapidity. Such effects are
most evident when beam and target particles are different. By comparing
data for different beam particles the nature of these "leading particTeh
effects may be studied.'

Another factor clearly revealed in previous studies has been the
importance of having as complete information about all of the secondary
particles in.an event as possible. For example, our understanding of two-
particle correlations was greatly advanced over early ISR studies when
information about the charges of the secondary particles was obtained in
Fermilab bubble chamber experiments. . Further advances are expected when K*
can be distinguished from nt among the secondaries and when better informa-
tion about neutral secondaries is available. This experiment will yield
information on ¥ production and on neutral pion production over much of
- the forward hemisphere.

A subset of our collaboration (Cambridge, Fermilab, MSU) completed
data taking for E-311 in January, 1975. This experiment was a survey
experiment of 105 pictures of antiproton-proton interactions at 100 GeV/c
using the Fermilab 30-inch bubble chamber-wide gap optical spark chamber

hybrid system. The data analysis has progressed rapidly with all of the
~12,000 pp events having been measured. Six papers on the muitiplicity
distributions and inclusive neutral parfic]e and = production in Bp and

2-7

pp interactions have already been published”™ ’, and additional analysis on

annihilation and nonannihilation effects is in progress.
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On the basis of the current analysis of E-311, as well as our other
studies (see Appendix A for Bibliography of Publications) of multiparticle
production in high energy interactions at Fermilab from E-2B, E-163A, and
E-281, we are requesting 10% pictures of a 100 GeV/c Cerenkov-tagged en-
riched p beam (30% p/70% n ), 0.4 x 108 pictures of a 100 GeV/c Cerenkov-
tagged p/K /x" (30% p/10% K¥/60% n) beam, and 50,000 pictures of a 360
GeV/c =~ beam into the 30-inch hydrogen bubble chamber fitled with hydrogen
and containing thin metallic foils aé heavy nuclear targets. An essential
feature of this proposal is the planned use of both the Downstream Particle
Identifier (DPI), in order to identify the antiprotons, protons, and charged
kaons which emerge from the chamber, as well as a neutral calorimeter to
identify forward antineutrons and photons. With such a system we expect to
cbtain a high1y enriched sample of baryon annihilation events. Another
extremely important use of the DPI is to identify a large fraction of the
central region protons and kaons, produced in both annihilation and non-
annih11ation'interactions. With this information, as well as with the
neutral kaon and slow proton detection in the bubble chamber itself, one can
study such topics as the pp annihilation process, the quark structure of the
incident hadrons, and central region physics such as p/p production, the
rapidity gap distribution for strangeness exchange, and two par;icle
correjations between K'n, Kt (and KK).

The data obtained in this experiment will be sufficient for the study.of
many topics other than those mentioned above. Many such topics are obvious.
As has happened freguently in past bubble chamber experiments, other topics,
as yet unconsidered, may ultimately be of greatest important. The key
factors for the physics of the experiment, in any case, are the combination

of high statistics, improved secondary particle detection and identification,
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and the capability of comparing strong interactions initiated by several

different types of incident particles. In fact, an especially attractive

feature of this proposal is the opportunity to study the interactions of a

wide range of incident particles (v, K, p, 7, p) and targets (p, Mg, Au)

in the same exposure. This provides for the most efficient use of the
hybrid system, with fd]] use being made of all the observed interactions,
while also allowing for the intensive study of closely related interactions

(e.g. pp and pp or v+p and © p).

| We wish to point out that one of the groups {Duke University) already
has an approved experiment (#304) for studying high energy n° interactions
with heavy nuclei. We note that there are several advantages in considering

#304 to be part of this proposal:

(a) The nuclear interactions can be obtained at the same time as the
hydrogen events with a corresponding saving of time and expense to
Fermilab;

(b) The present proposal includes the interactions with high Z of p, p
and K™ in addition to the above mentioned

{c}) The present proposal would consist of almost an order of magnitude
more events than expected in #304; and

(d) 'The present proposal would provide charged particle identification and

neutral particle detection over much of the forward hemisphere.

I1I. Beam and Bubble Chamber

The results of E-311 have shown that the enriched "halo” p beam8 at
100 GeV/c is appropriate for the current proposal. During that experiment
a negative beam containing 20% p's at 100 GeV/c was obtained from the

target "halo" produced by the decays of A's. Requiring there be 2 or more -
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p's/pulse before taking a bubble chamber picture, we took 98,000 pictures
containing 0.32 p's/negative beam particle. With the collimators wide open,
a flux of 30-40 p's/101! incident protons on target was obtained, which
was more than adequate for the quadruple pulsing mode which was standard’
for the bubble chamber at that time.

| The E-311 exposure was carried out with a 300 GeV incident proton beam.
However, 400 GeV protons are now available on a regular basis. In fact,

more recent pp experiments utilizing the 30-inch bubble chamber (E-345,

100 GeV/c pd; and E-344, 50 GeV/c pp) and recent beam tests have shown that

one can readily obtain a 100 GeV/c 30% p/70% =  beam at the 30-inch bubble
chamber without triggering the bubble chamber flash, and with sufficient
flux (i.e. v6 particles per picture) to octuple pulse the chamber with
less than 5 x 1010 protons on target per accelerator cycle.

The currently existing beam line without any filtering is quite adequate for

the 360 GeV/c n  and proposed positive beams (30% p/10% K+/60% w+), although
a few shifts of beam time may be necessary to tune the beam for optimal t
content. Again, octuple pulsing of the chamber is planned.

We plan to use the current upstream system of proportional wire chamberé
and beam Cerenkov counters in Enclosures 106 and 108 to tag each beam track
entering the bubble chamber.

In summary, we will no longer need to trigger the bubble chamber flash.
Hence the1.45 x 10% pictures could be taken in ~1.45 x 105 chamber exvansions,
or 4175 K accelerator cycles, assuming 100% efficient octuple pulsing of

the beam line and bubble chamber.

Downstream Particle Identifier (ISIS and OSIRIS)

One of the primary goals of the proposed experiment is to identify as

many of the produced charged particles as possible, i.e., one wants io
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jdentify the leading particles (generally p, p or 7" with some K*) if they
exist, as well as those particles produced in the central region (generally
n* or K& with some pt).

The system we propose to use js the Downstream Particle Identifier

(DPI) (see Fig. 1) which is currently under construction by the PHSC (ISIS)

and the Michigan State University group (Cerenkov counter, named_OSIRIS).
At the current time, $40,000 to start the project have a]feady been allocated
by Fermilab. It is expected the project will be concluded in FY78 at a total
‘cost to Fermilab of ~$200,000, with substantial additional support coming
from the resources of the PHSC and MSU. Details of this system are described
in. the July 1976 issue of NALREP, which is included as Appendix B. Basically,
the system consists of two elements behind the 30-inch bubble chamber: (a)
an IS'IS'device9 consisting of 1x1xIm® section followed by a 1x1x2m3 section
interspersed with drift chambers, and (b) a 2x2x5m3 8-cell atmospheric
pressure NZ-He Cerenkov detector, OSIRIS. In the ISIS device, jonization
deposited in the detector is sampled by measuring the pulse height from
each "cell" hit by a charged particle and, utilizing the relativistic rise
effect, mass identification of particles traversing the device is possible.
The c%rcu]ating gas is a 80% Ar - 20% C02 mixture, which gives a satisfactory
relativistic rise. Monte Carlo calculations, substantiated by recent tests,]o
indicate that one can obtain ~7.8% FWHM ionization resolution on a track
which passes through the entire device (3m.). With this resolution, it is
anticipated useful particie separation can be achieved up toc ~30-40 GeV/c.

To examine the acceptance of the ISIS detector for the proposed experi-
ment, we have used ~4200 inelastic pp events obtained from E-311, and ~4000
inelastic = p events from E-2B. To investigate the properties of ths
leading p (or p in pp collisions), we have separated slow protons and ='s

by ionization in the bubble chamber, transformed their laboratory 3-momenta
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into the center-of-mass, reversed them, and then transformed them back into

the laboratory system. For-the n p study, all tracks not identified as

protons have been assumed to be pions. Using these events, we find the
following:

(a) The acceptances as a function of the laboratory momentum of the produced
pions are shown in Tables I and II. Typically 285% of the forward
hemisphere pions from a given event make their way {nto ISIS (see
Tables III and IV). Many slow (backward hemisphere) particles do.not
traverse the exist aperture of the bubble chamber magnet (see Table I
and II) and thus could not be detected by any device oufside the magnet.
Typically ~50% of the forward hemisphere particles traverse the entire
ISIS device. The acceptances as a function of CM rapidity are shown in
Figs. 2 and 3 for « p and op intéractions, respectively.

(b) For a sample of pp events examined in detail (see Figs. 4 (a) to (c)
for examples), we estimate that the average resulting resolution on
fonization, after foiding in the (negligible) probability of more *than
1 track entering the same cell, for tracks that traverse the full 3
meters of ISIS is ~7.8% FWHM. For tracks that do not traverse the full
3 meters, the average resolution is estimated to be ~11.7% FWHM.

To effectively use the ionization information from ISIS requires that
the momentum resolution be better than 10%. We note the proposed use of

~ the drift chambers and the PWC's (see Fig. 1) will yield a momentum

resotution of ap/p = 0.06p%/(CGeV/c). Thus ithe momentum uncertainty on

a given particle will have little effect on the expected ~7.8% jonization

resolution from ISIS.

The second elément of the DPI is the 2x2x5m3 atmospheric pressure

Cerenkov counter, OSIRIS. The thresholds and phocoelectron response for
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different He-N2 mixtures ranging from 100% He to 100% N2 are shown in Table
V. It should be noted that because of the ability to vary the proton (kaon)
threshold from 39 (21) to 116 (61) GeV/c, such a detector provides an |
extremely flexible system with which to identify the faster particles with
momenta above the effective range of ISIS ($30-40 GeV/c) as well as the
ability to identify some of the particles that are also identified by ISIS.

Thus OSIRIS is complementary to the ISIS system and by using the information

from both systems, the range of mass identification will be increased as
will be the confidence one has of unique particle mass identification. In

particular, for this proposal OSIRIS plays an essential role in identifying

(in a passive veto mode) the fast p's with momenta typically above 50 GeV/c

from the nonannihilation events (Fig. 5 shows the p laboratory momentum
spectrum deduced from s]ow.protons).

It is 1ntend¢d that OSIRIS have 8 cells, consisting of 2 vertical sets,
each of four mirrors of size 50, 20, 20 and 50 cm (high) x 70 cm (wide),
“respectively (see Fig. 6). Acceptance calculations, again using events from
E-311, show that the overall acceptance for p's, is 299% based on the in-
version (#n the CM system) of protons with P]abf].4 GeV/c which are identified
by ionization in the bubble chamber. Furthermore, 36% (46%) of the forward
CM hemisphere ='s and K's from 100 GeV/c pp (= p) interactions will also hit
the Cerenkov mirrors at 11 m. The acceptances as a function of the CM
' rapidity are also shown in Figs. 2 and 3. Again, this plot shows the
complementarity of ISIS and OSIRIS.

We have also studied the likelihood of two or more particles striking
the same mirror (overlap) and find for the pp experiment the following:

(a) only 3.6% of the p's ﬁave at least one other particle in the same

mirror, and (b) only 12% of all ='s or K's have at least one other particle
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striking the same mirror. For this calculation we have used the measured
momentum of each pion and have assumed that (a) the proton threshold is set
at 100 GeV/c (see Table V) and (b) the Cerenkov iight is produced at fhe
front of the counter (5m from the mirrors) thus yielding the maximum poss{bie
radius for the Cerenkov Tight cone. A p is then considered to have no overlap
(i.e. to be unique) if -the Cerenkov light from that p strikes a mirror which
does not accept light from any other particle (i.e.nor K).

The ranges of particle separation are shown in Fig. 7(a) for the
bubble chamber (ionization), ISIS and for two settings of OSIRIS (E} has
proten threshold at 70 GeV/c; Eé has proton threshold at 100 GeV/c).‘ Fig. 7
(b)_shows how particles from 100 GeV/c pp interactions would be identified for
each range of momentum. The dotted lines indicate no identification at all
and the numbers indicate the percentage of each type of particle expected in
a givén momentum range. With such a system one should be able to identify
almost all of the antiprotons in addition to 270% of the slow protons. Since
many of the above 3.6% p's may be identified anyway (either by comparison with
the expected pulse height for two particles with known momentum or from the
expected momentum spectra of the produced = 's and p's - Fig. 7b shows that

very féw n 's have momentum above 70 GeV/c), we estimate that the overall

detection efficiency for p's is ~ 97%.

As another example of the complementarity of the QSIRIS and ISIS
systems, 1et us consider central recion particle identification with the two
Cerenkov settings described above. With E}(E}) as in Fig. 7, we can attain
/K separation from 3 to ~30 GeV/c with ISIS and from ~10 (~15) GeV/c to
~40 (+50) GeV/c with OSIRIS; w/p separation from 3 to ~70 GeV/c with ISIS
and from m}O (v15) GeV/c to ~70 (~100) GeV/c with OSIRIS; and K/p separation

frgm ~5 GeV/c to 70 GeV/c with ISIS and from ~4Q {~80) Ce¥/c to 70 (100 GeV/c
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with OSIRIS. Thus we see that OSIRIS provides charged particle identification
at the higher momenta as well as over]épping with ISIS in the momentum ranqe
(20 to 40 GeV/c) where particle separation on the basis of ionization
becomes more difficult.

The Michigan State group was granted $5000 (by Fermilab in April 1977)
for preliminary studies of the performance of OSIRIS. In December 1977,
tests were made at SLAC with'a prototype counter with 5m of helium and
1.4m of N2 with a single optical celT; The aim of these tests was to
measure the "figure of merit" (denoted by A in Table V) which we estimated

1

to be 100 cm ', A descfiption of the results of these tests is included as

Appendix C and indicates that this value of A has been attained.

Neutral Particle Calorimeter (Antineutron and Photon Detector)

One of the primary considerations of these high statistics exposures
is to identify a "clean" sample of annihilation events. To do this, it is
necessary to identify as many as possible of the events which have a leading
baryon or antibaryon. The slow protons can be identified by ionization in
the bubble chamber. The fast antiprotons, whose laboratory momentum spectra
deduced from slow protons is shown in Fig. 5, must be identified by OSIRIS,
since p/K/w separation in ISIS is only available for £30-40 GeV/c. Since
slow neutrons are difficult to identify, to find all the annihilation final
states (ppX, pnX, npX and nnX), a further necessary ingredient in rejecting

nonannihilation events is the detection of forward ﬁ;s. As will be discussed

~in detail in this section, a device of cross section 31" x 21" placed

immediately behind OSIRIS at 11-12m (see Fig. 1) will view 1% of the n's
producea at 100 GeV/c. The expected laboratory angular and iomentum
distributions of n's (total) and those viewed by the detector (shaded) are

shown in Fig. 8.
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(a) n_Detection
The DPI Workshop of'May 7-8, 1976 recognized the possibility that
other detectors, such as a neutral hadron calorimeter, might be congidered
for use behind OSIRIS (see MALREP, July, 1976, Appendix B). For this
experiment, we plan to use a modified version of the n calorimeter which
we have already used in a 9 GeV/c pp/pp experiment (BC-64) behind the
40-1inch bubble chamber at SLAC. This device is shown'in Fig. 9. 1In
its modified configurétion, there will be 2-4 radiation lengths of Pb
fo]?owed_by 3 planes of xy hodoscopes, each plane consisting of 15
2" x 30" scintiliators. Two planes are oriented at an aﬁg]e of 90°
with respect to each other. The third plane is oriented at an angle
of 45° with respect to the first two in order to resolve ambiguities
due to multiple hits. oFo]]owing the hodoscopes are 26 sections of
stee]—scinti]jator sandwich. Each of the first 11 sections contains
1" x 31" x 31" steel plates and 1/2" x 31" x 31" scintillator, and each
of the last 15 sections contains 1 3/8" x 31" x 31" steel plates and
1/2" x 31" x 31" scintillator.
Since we intend to veto n events, the 5 detector must have high
efficiency. Our results from the SLAC experiment show that the
efficiency for detecting n's 1is given by]]
EFF. 2 (0.95)(1-e7X/ 64y (eY/ 23y,
where x is the total Tength of steel (inches) and y is the amount of
steel between any two scintillators (inches). The coefficient 0.95
reflects the probability that the antineutron interacted to produce only
neutrals that were never detected.” With x = 31.6" and y = 1.2", we find

an efficiency of =90%.
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The actual performance of this calorimeter has been well documented
as the result of our experiment (BC-64} at SLAC. In Figs. 10 and 11 we
show the mean ADC response per counter to the energy deposited by
monoenergetic muon, hadron and electron beams (of various energies) versus
the longitudinal position (counter number) in the calorimeter. The sum
of the pulse heighté from all of the 28 counters varigs almost linearly
with momentum over the tested range of 1.6 to 12 GeV/c. The ehergy
resolution is measured to be 150%//E (FWHM) for hadrons and 63%/VE for
electrons.

Since y-rays could possibly simulate antineutrons through electro-
magnetic showers in the detector, we have made estimates of the v/n
ratio resulting from nonannihilation interactions in the bubble chamber.
Using acceptance calculations based on the simultaneous production of a
forward p and'ni in E;Sll events, we estimate that «°/n is <7% for
ﬁfs and 7°'s (»2y) hitting the detector. We have not done a detailed
calculation of the «° decay; however, for the energies of the n°'s
produced with a p or n it is highly unlikely that both v's from z°
decay 'will enter the n detector. Thus, our best estimate is that 7%
of the n's in the detector will be accompanied by a single y. For
annihilations, we again estimate that ~7% of the events will yield
a y in the n detector. However, we anticipate that it will not be
difficult to distinguish y's from n's on the basis of the distribution
of energy deposited along the ca]orﬁmeter. In fact our SLAC results
show that electromégnetic and hadronic showers are readily distinguished
(i.e. to better than 95%) on the basis of shower penetration alone

(compare the data of Figs. 10 and 11).
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In a manner similar to that for estimatina the #°/n ratio, the ratio
n /i is estimated to be ~14% for nonannihilation (this follows from
®°/R = 7% and 7° Z 1/2 77). Hence, in about 14% of the cases an i .
signal may be accompanied by a - interacting in fhe n detector. Since
we know the energy of any nﬁ's that enter the calorimeter, the energy
resolution should be good enough to discriminate between simultaneous
«F and intéractions.

As we'w111 see later, the importance of the n detector in providing
a "clean" sample of annihilation cvents is dependent upon the ratib of
P's to n's produced in nonannihilation events. Hence, one consequence
of such a detector will be a measurement of the ratio of inciusive p/n

(p/n) production in 100 GeV/c pp (pp) interactions.

Acceptances and Detection Efficiencies for n's

An acceptance calculation has been performed for n's. For this
purpose, we assume a 31" x 31" detector placed immediately behind the
Cerenkov counter. Since pp - n data are not readily available, we
have used neutron production data for pp - n (0.2 < pp < 0.8 Gev/c)i2
at ISR energies (invariant cross sections E d%;/d3p have been assumed to
scale to 100 GeV/c) as an approximation to the pp ~ R distribution. Our
calculations showthat 90% of the n's will be "seen" by a 31" x 31" n

detector (see Fig. 8). When combined with the ~90% detection efficiency

of the calorimeter, we find an overall 7 efficiency of 81%.

o

1° Detection

The 31.6" of steel and 4 radiation lengths of Pb in front correspond

to a total of ~50 Xo. As mentioned above, the resolution of our calori-

o
meter for electromagnetic showers has been measured to be %;— (FUHW) = i;ﬁ
. v
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for electrons from 1.6 to 7.2 GeV/c. While we do not anticipate
attempting one constraint physics in this experiment, the above energy
resolution should be more than adequate to do the #°/y physics that we
will discuss below. Important types of physics we will want to do with
photon detection will be {1) to count the number of =°/y produced in the
forward region associated with diffractive events, and (2) to use the vy
detection as a veto while studying exclusive four-contraint channels.
With regard to the latter study, there is 1ittle doubt that our calori-
meter will be adequate. With regard to the counting of forward gammas,
we show in Fig. 12 the minimum opening angle and minimum separation
distance at 12m of the 2 y's from a single #° decay as a function of the
n° Taboratory momentum. The minimum separation of the 2 y's at 12m is
210cm. In addition, considerations of the lateral growth of the shower
show]3 that after 2.5cm of lead, 99% of the shower lies inside a radial
distance of 2.5cm. Given these numbers a 2" x 2" cell size should be
quite adequate to measure the y multiplicity striking the calorimeter.
For this reason we have placed 3 scintillation hodoscopes (each with
15 elements, 2" wide) at a depth of 2-4 radjation lengths (0.1 - 0.2
interaction lengths) in order to discriminate between simultaneous v's
from the same =°.

We have investigated the geometrical acceptance of the calorimeter
for v's by using 100.GeV/c n p events from E2B. From the inclusive
sample we find that 26% of all y's produced (or 1.7 y's/event) will

strike the calorimeter.
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Physics Justification

A large number of interesting features of strong interactions haye been
discovered in earlier experiments with the Fermilab 30-inch bubble chambér and
hybrid systems. In many cases, such as studies of correlations among
kinematic variables, the statistics available in the original experiments
have been inadequate for detailed studies. Other phenomena of great interest,
such as pp annihilations, have been impossible to study because of the lack
of secondary particle identification. Improved identification of charged
secondaries, jncluding Ki and p, p at momenta too great to allow identification
by bubble density in the 30-inch chamber, will also allow majdr advances in
studies of multiparticie correlations and of central region particle production.
Significant improvements in n° detection are needed to test hypothesized
similarities to charged pariicle production. Current questions about
analogies between partic]e'production in lepton-hadron interactions, electro-

magnetic interactions, and hadron-hadron interactions will benefit from the

availability of high-statistics data on hadron-hadron interactions which can

serve as a baseline for the lower-statistics studies of the other types of
interactionrs.

In an experiment which will provide the fullest possible infcrmation
about interactions of all charge multiplicities, it is difficuit to predict

exactly what topics will prove to be of greatest importance. In the following

sections we enumerate several examples of why we telieve this proposed

research should be carried out but we wish to emphasize that these are just
examples of the full range of physics possible in this experiment.
In Table VI we estimate the numbers of events that we expect in the

requested 1,45 x 106'pictures at 100 GeV/c with ~6 particles/picture. In



-18-

addition to these events, we also expect an additional ~60K events off the

metallic foils inserted in the front of the chamber.

(a)

pp Annihilation and its Relation to the Difference

of pp and pp Total Cross Sections

We are interested in carrying out a detailed study of the baryon
annihilation component in pp interactions at 100 GeV/c incident anti-
proton momentum. One of the long-standing problems in pp annihilation
is the possible relationship of o(ann) to Aoy = cT(ﬁp) - cT(pp). A
summary of available data is shown in Fig. 13. Recently we have pubiished3
an analysis of the differences between pp and pp topological cross
sections, including 100 GeV/g data from our E-311 pp experiment. The
ana]&sis indicates that good fits may be obtained‘to the model of Eylon

and Harari]q, where' the quantity
o,(PP) - o, (pp)

N ) (1)

is predicted to be of the form

Rn - Sn SZQB'Z@[\1 - (1 - n1)Yn’ (2)

and s is the square of the pp C.M. energy, n is the charge multiplicity,
aM(aB) is the intercept of the leading exchanged meson (baryon)
trajectory, n](fl) is a constant, and 3(>1) and y(<1) are constants
which, in a simple form of the model, are 3/2 and 1/2, respectively. Our
fits shown in Figures 1 and 2 of our paper3 W1th the further definiticr

a = ZuM-ZuB are consistent with a contribution from the first term of
Eg. (2) only (implying ny T 1ory z0). In the Eylon-Harari model the

first term of Eq. (2) represents annihilations due to the Pomeron ex-

change term in the total cross section, whereas the second term represents



-19-

ﬁbnannihi1ations due to Pomeron and meson exchange terms. Thus, the
data support the conjecture that the annihilation component in pp inter-
actions is due to the Pomeron and not meson exchange contributions ta
the total cross section.

The Eylon-Harari model is very much in contradiction with the
"classical" approach to.the difference in the total cross sections.

That is, in Regge terminology one usually writes

op(PP) = Im(P + o + w + f + Ao =g (3)
op(pp) = Im(P - p - w + f+ A)) _, (4)

and hehce,
Aoy = 2Im{p + w)t=0’ (5)

Tndicating the difference is due to the vector meson exchange part

of the total cross section. In fact, the energy dependence of Aoy from'
Eqg. (5) is s“V(O)'1 ~ 5'0'5, which is a good representation of the data
(see Fig. 13). 1In both the "classical" and Eylon-Harari models as well
as related phenomeno]ogies15 it is argued that o(ann) may equal Aoy

To a certain extent this is obviously false, since (1) the pp system is
an equal mixture of isospin one and zero states, whereas pp is pure
isospin one and (2) there are nonannihilation states (A°A° for example)
which are available to pp but which are not open to pp. Obviously, if
the varjous models discussed above which claim to address the question
Aof annihilations via Ao, are to be proven valids, the experimental
relationship of Aoy to o{ann) must be established. We propose to do
this with a high statistics sample (~10 K events) of "clean" annihilations.

Somewhat surprisingly, no clean event-by-event jdentification of

annihilation events has been made above ~2 GeV/c incident antiproton



-20~

momentum. This is the result of several factors: (1) the high
multiplicity final states in both annihilation and nonannihilation
interactions belong to the domain of the bubble chamber techniqué with
its well known high multi-track efficiency; (2) annihilation cross

sections are relatively large (~3.5 mb at 100 GeV/c, see Fig. 13),

- further lending their study to bubble chambers; (3) ambiguities among

.5 and 7 (K™) tracks cannot be resolved in the bubble chamber above

~1.5 GeV/c and (4) neutrons and antineutrons cannot be identified in

- the bubble chamber. Attempts have been made up to 12 GeV/c to

statistically separate the annihilation component.w"]6 These are
interesting first steps in isolating annihilations and have been
extremely illuminating in their own right. However, they require
assumptions which might bias the final result. Clearly better measure-
ments free of possible systematic errors are required.

As mentioned earlier, the Cambridge-MSU collaboration has been approved
for a similar pp and pp experiment (BC-64) at 9 GeV/c at the SLAC 40-inch
hybrid bubble chamber facility. Because of the similarities between
these two experiments, we expect to be able to study the energy dependence
of many of the annihilation properties by comparing our 9 GeV/c data
with the results we would obtain at 100 GeV/c from this proposed experi-
ment.

T . . + -
Baryon Annihilations and Comparison with e e - hadrons

The pp topological cross sections at 100 GeV/c from E-311 show
interesting differences when compared to pp results at 100 GeV/c. The

trend seems to be for the low multiplicity pp cross sections to be
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smaller than the pp ones, while the higher charged multiplicity (i.e.,

2 14 prongs) cross sections are significantiy larger than the corre-
sponding pp values. This sugaests that annihilations occur mainly in
che high multiplicity events. f1f this is true, it will be difficult to
study these events in anything but a bubble chamber.) With an 1ncréase
in statistics by a factor of 10 for both pp anrd pp, we will be_ab1e to
study this difference in much greater detail.

The possibility that hadron interactions are reducible in some sense
to interactions of constituent quarks is ¢f fundamental importance to
hadron physics. Arising from such a possibility are relationships betwzen
po annihilations and e+e' -~ hadrons, such as

ﬁﬁp&ﬂn(/’é) = 3 ﬁée(/g/?)), (6)

which follow naturally from a scheme visualizing particle production via
jets associated with interactions of individual quarks (see Fig. 14).

.
More recently, Rossi and Veneziano'7

have used the topological expansion
approach to place these ideas on a more sound theoretical framework, and
have §iso suggested more detailed tests of the jet structure of hadronic
final states; we shall return to these below. Meanwhile we note that
Eq. (6) is not very successful, because it fails to téke into account
fluctuations in the partition of energy between the jets. On trying to
do so, one finds18 that one shouid replace vs/3 by vs/n, with »n = 4.5.
The current experimental siﬁuation.then appears as in Fig. 15, a plot

of <n_> versus s. There is a 100 GeV/c estimate for (pp - pp) obtained
in our exploratory Fermilab experiment (E-311) but it is clearly of
great interest to obtain as reliable and precise a measurement from

identified anrnihilations at as high an energy as possible to see whelher
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pp and ee are becoming equal asymptotically. Note that the energy of"
this proposal (s = 189 Gevz) is equivalent (for n2 > 20) to ete”
annihilations at vs = 3.1 GeV, within the SPEAR, DORIS energy range. The
statistics available in this proposal will yield a value of <n_> to
1-2%.
| Muirhead.]9 has pointed out a number of intriguing similarities
between the annihilation processes

e'e” -+ hadrons (7)
land

pp ~+ hadrons (8)
where for these purposes "hadrons" is limited to pions or kaons. For

example, Figures 16-18 directly compare the fé', <E >/<E

. >
neutral negative

and.inclusive cross sections for the two processes. In some cases off-
§he11 (below threshold) low mass pp data are obtained by examining virtua]l
pp interactions in_ the u-channel for the reaction K'p - A° + pions. The
similarities in the data are indeed remarkable. With the exception of

the Towest energies the pp points must be viewed as only approximate

since "clean" samples of annihilation events have not been identified in.
the "bare" bubble chamber experiments. For example, taken at face

value the pp data of Fig. 17 do not exhibit the "energy crisis" observed

in e+e" data. On the other hand, a measurement of <E ]>/<E

. >
neutra negative

at 100 GeV/c (s = 189 GeV?) with "clean" events free of nonannihilation
~contamination and comparisons with new data from high energy e+e' experi-
ments could be most revealing.

As a result of these comparisons, the potential of a high statistics,

. - + - - . P
“clean" comparison of pp and e e annihilations seems intriguing to us
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and could be extended to the details of topological features, specific
exclusive channels, resonance production, etc., with the added feature
of kaon identification as will be discussed later. It appears to us

that the ~10,000 annihilation events (based on o

ann 3.5 mb, see Fiqg.

13) should be adequate for a preliminary e+e', pp annihilation comparison.
It should be pointed out that the comparisons of pp aqd e+e’ annihilations
at the same /s will also be of interest. This /s value will correspond
to the CESR energy range (and possibly the low energy range of PEP and

PETRA). Me note that recent dual quark model calculations of Webber20

indicate thatf2 - 1.39 for pp annihilations at high energy and we should

obtain a 100 GeV/c estimate to +0.2 to test this asymptotic prediction.

(11) Single Particle Inclusive Distributions

______________________________________

‘ Data6 on inclusive =~ production at 100 GeV/c based on ~12,000 pp
events has suggesfed, for example, that the rapidity spectrum is broader
in pp annihilations than in non-annihilations. The dual quark model20
envisages pp annihilations in terms of the emission of meson clusters in
three_strong]y-ordered sequences associated with each individual quark
annihilation, and makes detailed predictions about the distributions of
produced particles (including k*, K°) e.g. rapidity structure, leading

particle effects, etc. With 10,000 events we should be abie to in-

vestigate such features and test the underlying guark dynamics.

(i71) Two-particle Correlations of Produced Particles_in High Energy

Although certain correlation parameters have been mentioned above,
we single out for emphasis a detailed study of correlations, particularly
among hadrons produced in the central region. Such a study will make

possible entirely new tests of fundamental aspects of hadronic processes
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in a previously unexplored area, e.g. of correiations involving strange
particles.
The measurement of the correlation function

2

- _d% , do do _
R(Y12Y2) = %inet Tyodys ! @y, dy, (9)
14y, 0 dyg dy,

for the production of two n 's will permit a test of the recent prediction

by Giovannini and VenezianoZ], that for yT 5 y§ = 0,

1
W

(R“’-I)ée : (RT7-1)__ : (R77-1) : 1.5 ¢ 1 (10)

PP PPonn

which amounts to a sensitive test of the qq jet structure of lepton -
and hadron - induced processés via Bose-Einstein (BE) effects. Ixisting

data suggest R = 0.5, so we have the clear prediction

PP
Rée =0 (]])
R-~ = 0.67. (12)
PPann
We believe we can measure R-_ to perhaps +15%, for comparison with a

ann
future PEP, CESR or PETRA value from e+e'. We note that the BE effect

is predicted to be small in ee and largest in pp annihilations. This
comes from the fact that two = 's in the same jet (as with &e) cannot

be neighbors and tend to have different momenta, whereas twd r 's in
different jets (3 jets in pp) can be essentially dynamically uncorrelated
and allow the BE effect to become strong. We note also that the pre-
dictions (11) and {12) are in striking disagreement with those of
"universal emission” models, e.g. of Ref., (22), which imply a universal
value for R, In a recent report, G. Goldhaher has shown23 that SPEAR
data from 3 to 7.4 GeV cm energy exhibit a striking phenomenon: the

GGLP (Bose-Einstein) effect, clearly present below ~4.5 GeV, disappears
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suddenly and is not seen at 6.2, 7.4 GeV, in the region where jet
structures become clear.
An equivalent prediction for w+n' correlations exists, namely

- T +- .
R+ - :R : R- =3 :1.5:1 13
e e pp PPann (13)

~ which should hold at all (yi, yf) in the central region. It should be

possible to test this result in the central region.

Study of (pp - pp) Differences

Apart from their possible connection with pp annihilations, (pp - pp)
differences are of intrinsic physics interest in their own right because

they permit detailed tests of the Mueller-Regge formalism free from the

~complications of the pomeron. Clearly most of the inclusive and correlation

data discussed above can be interpreted in this Tight, the unifying

concept beihg that (pp-pp) is dominant]y a result of o and w exchanges.’
Data have already appeared from E-311 relating to single and double

pion production in pp at 100 GeV/c. Among the phenomena investigated

have been

(1) Scaling of (pp-pp) »~ n in the target fragmentation region, which
shows that data at 12 and 100 GeV/c scale according to the
difference in the pp and pp total cross sections.6

(2) Comparison of n production in the target fragmentation region from
(pp-pp), (r p-n'p) and (K'p—K+p) diffarences as a function of s,
leading to estimates24 of the appropriate reggeon particie vertices;
the #~ production data are shown in Fig. 19.

(3) Central region producfion of charged pions in (pp-pp), which is

shown to have the required s-dependence (Fig. 20), and leads to
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estimates24 of the appropriate reggeon - particle couplings

(of relevance to dual theories) when compared with (n"p—n+p) data.
(4) An understanding of double fragmentation in terms of a prodbct of

single fragmentation distributions; factorization is shown7 to

ho]d in pomeron and reggeon exchange independently.

These can be thought of as preliminary results from an exploratory
experiment since the present proposal will have ten times thé statistics

for pion production.

" xr (and Kg) Interactions

It will be possibie to study =w interactions over a range of ww

masses'up to perhaps 4-5 GeV. Among the important topics to be studied

are:
| 1. =n total and elastic cross sections as a function of mw mass;
2. multiplicity of charged secondaries as a function of wn mass;
3. neutral p%on muttiplicity as a function of ww mass;
4. comparison of I = 2 and I = 0, 1 =n cross sections;
5. diffractive dissociation of pions by pions.
We will study =n interactions by isolating primary interactions of
the type

ﬂip > A++ + X.
Our previous studies of A++ production in 100, 200 and 360 GeV/c
n p interactions yield an inclusive A++ cross section of about 1.2 mb
for tpA< 1 Gev2 with relatively small backgrounds under the A++' The
ﬁnc1usive 57" cross section is relatively independent of incident pion
momentum. Significant A++ production can be found for charge multiplicities

++ . . . . r
at least up to nC=]2. The & density matrix elements are compatibie with

++ . . . . . .
A production via one-pion exchange with absorpticn. Other data suggest
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comparable ATt production cross sections for 100 GeV/c interactions
of all types. Thus we might expect 2,000-8,000 A++ events in the n+p
and = p samples and up to 400 A++ events in the K+p data. This ghoh]d
be sufficient for studies oflthe topics mentioned above.

The comparison of multiplicities in wn{Kr) interactions with those
in pp and pp will be of special interest in terms of quark models.
Qualitatively, each meson quark is expected to carry,'on the average,
half the energy of the meson while each nucleon quark should carry one
third of the nuc1eqn energy. Thus the average available energy and the
average éecondary particle multiplicity should be greatef in meson-meson
interactions than in meson-nucleon and nucleon-nucleon interactions at
the same total energy.

In addition to préviding infbrmatian on neutral pion muitiplicities
in av inteﬁaétions, the photon detector will be especially useful in
obtaining puré samples of 4-prong 4C events for measuring =nn elastic
séattering in the reactions = p > 7 and w+p > o st It can be
used to veto events where a photén is detected even if an acceptable 4C
kinematic fit is obtained. Similarly it can improve the purity of 6
prong 4C samples which can be used to search for specific channels of

pion diffractive dissociation such as n+p - (Aiﬂ+)A++.

Tests of the Quark-Parton Model in Low P, Hadronic Collisions

The qua%k-parton hypothesis hqs been used successfully to describe
hard processes such as the broduction of high-mass meson and Tepton pairs
(Drell-Yan) and of hadrons at large transverse momentum. These processes
involve the hard scattem‘ng1 of twé elementary consituents (partons):
one from the projectile and one from the target. These two partons
undergo an elastic collision followed by quark fragmentation or decay

into the observed hadrons.
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More recently it has been shown2027

that quark-parton effects may
also appear in "soft" (low PT) processes. In the simple qq recombinaﬁion
model a fast valence quark from the projectile combines with an antiquark
from the sea to form thé hadronic fragment. Additional evidence in
favor of this model has come from consideration527 of the inclusive two-
particle processes in the proton fragmentation region: {.e. "trigger"
on a fast hadron at Feyﬁman X4 and study the cross seétion - or ratios
of the cross sections - for other hadrons at X

In particular, let the trigger particle be a K° (= ds) or n (= di)
and Tet the second particle be either a w+ or v . It has been shown 27
that the ﬂ+/ﬂ— ratio is expected to be the same for either thne K° or
T trigger data, despite the different charges of the two trigger mesons.
While the data suggest this equality, further data of greater statistical
accuracy would be welcome. In addition there are many other processes
e.g. triggering on a K" (= us) and - (= ud) which will provide -
interesting tests of the recombination or quark fusion model. The 30-
inch chamber and DPI with the charged particle identification in the
forward hemisphere is an obvious set-up for obtaining "trigoered” data
with a minimum of bias as well as the ability to study what occurs in the
rest of the collision. It will also be of great value to have data with
different projectiles (§, p, v , K+) in order to provide extensive

tests of this model.

Central Region Physics

(i) Two-Particle Correlations and Resonance Production

Current studies of two particle correlations have revealed a number

of interesting effects. For example, the two-particle correlation
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. + - . 4+ - - .
functions for m n pairs and for n n , # = pairs are found to differ

28 The correlation between like pions is greatly enhanced

significantly.
when the two pions are required to have momenta similar in both magnitude
and direction and appears to be consistent with what is expected from

29 Among the areas in which advances could be

Bose-Einstein statistics.
expected from this experiment in the study of two-particle correlations:
are:

(1) Improved studies of semi-inclusive correlations;

(2) Improved charged-partic]e identification will allow comparisons ot
K*n" correlations with = n" correlations;

(3) Current studies of meson production in interactions over a range of
energies have suggested the importance and possible dominance of
meson production via the decay of intermediate states which may
possibly be identified with known meson and baryon resonances. If
such decays are the major source of final state pions it should be
possible to determine the effects for the observed multi-particle
corré]ation functions when better statistics are available. Thé
explanation of observed correlations as primarily due to decays of
known meson resonances would be of interest. The demonstration that
observed correlations cannot be understood soley in terms of such
decays would be even more exciting.

(4) Studies of second-order interference effects, analogous to the Hanbury
Brown-Twiss effect in optics have recently been presented. Inter-
pretation of the observations has been severly hampered by 1imited
statistics. Improved statistics may lead to a possible better

understanding of the space and time evolution of particie production.
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(i1) Local Conservation of Quantum Numbers
Current studies of charge exchange along the rapidity axis in
high-energy interactions provide evidence for local conservation of

charge.30 This observation has led to considerable speculation abouf

local conservation of other quantum numbers such as strangeness and of

. variables such as transverse momentum. With the identification of Kg,

+ - . y
K=, n and A in a large number of events (see summary in Table VYI) one

might expect to study the processes of strangeness exchange in hadronic

“interactions. For example, what is the rapidity gap distribution between

the two strange particles? How locally is strangeness conserved? The

answers to these questions (along with the analogous cuestions relating

to charge exchange) could be most revealing.

Exclusive Channels

Figure 21 shows a summary of the 4 and 6 body final states in pp
interactions. By éxtrapoTation to 100 GeV/c, one can estimate the numbers
of events expected for various annihilation and nonannihilation final
states. These are given in Table VI along with the analogous values
for pp, nip and K+p interactions. At 100 GeV/c the momentum resolution
qf the downstream hybrid system will be sufficient to provide reliable
kinematic fitting. Contamination of 4C event samples with events in-
volving neutral secondaries can be further reduced with information from

the neutral calorimeter since these data can be used to veto events with

‘associated photons.

With the expected numbers of 5pw+w", ppﬂ+ﬂ-, and vipn+w" events
one will be able to make ihteresting comparisons at 100 GeV/c. The

number of annihilation events expected in the low (s6) multiplicities
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will be too small to permit much analysis, but it could be that the
cross sections for annihilations to 8n and up will be large enough to

permit some interesting studies.

Studies of the Events in Mq'and Au Interactions

Much of the physics we intend to study in these events is desc}ibed
in Fermilab proposai #304 which has already been approved for 200K
pictures of 300 GeV/c »~ with high Z nuclei (a revised version of the
proposal is included as Appendix D). In this section we summarize the
major topics to be studied.

(1) Incoherent n-A _Collisions

By using both n+ and m  incident beams it will be possible to make
a detailed study of both w-Mg and w-Au collisjons. This means that we
can measure the muTtip]icities and rapidity distributions for wi, Ki,
x° and K° as well as the distributions for the knocked-on protons and
neutrons. The determination of the number of knocked-on protons makes

it possible to perform a detailed check of KNO scaling for magnesium and

gold as compared to wp collisions.

(11) Diffractive and Coulomb_Studies

We should be able to measure inclusively the coherent events for
Mg and Au. We expect of the order of 10% of all events to be coherent
(these are the 3,5 and 7 prong events). Of these coherent events about

one third of the events in gold should be Coulomb induced.

(iii) ao-Centauri Events

We propose toc took for this process in which Targe charged multi-
plicities are encountered with very few =°'s produced. We intend to

study the high multiplicity events in detail. Hith the sample size
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available (~60,000 high A events) we can look at the high charged
multiplicity events to see if there are any indications of basically

new phenomena such as events with few n°'s.

(iv) A Study of Direct Pair Production in Condensed Matter

(v) A_Study of High P, Phenomena_in Heavy Nuclei

This will be a by-product of our comprehensive studies of inter-

actions in a heavy nucleus.
(vi) 360 GeV/c © -Nucleus Interactions

We propose a 50K picture exposure of the 30" hydrogen bubble
Chamber_with Mg and Au thin foil targets to & 360 GeV/c « beam in order
to make an exploratory study of the multiplicities produced by the
highest possible energy 7 interactions with heavy nuclei to Took for

poséib]e new physics.

Efficiéncy for Separating

Annihilation from Nonannihilation Events

The efficiencies determined in previous sections are summarized in fab]e
VII. In Table VIII we show the separate efficiencies for detecting the four
nonannihilation final states: (1) ppX; (2) pnX and (3) ﬁpi and (4) nnX. An
important input into these considerations is the anticipated relative
abundance of these four states. Assuming pp and pp (nonannihilation) reactions
are factorizable, the resu]ts3] of Béggild et al. for pp at 19 GeV/c suggest
the above reacticns should scale in accorcance with the ratio p:n = 0.7 : 0.3.

We conclude that 97% of the nonannihi]ations will be identified.

The resultant purity of the annihilation sample is now easily calculated.

With o1 = 42 mb, o(ann) ~ 3.5 nb, Oy = 7.4 mb, we calculate
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Purity = 1 - (4223:5-7:) x 0.03 . 73 (14)

where we assume elaslic events can be readily removed using kinematics.
Furthermore, any impurity will probably manifest itself as departures from
C-invariance in 7+, K* distributions.

‘In addition to the use of symmetry arguments, we would also expect to
make detailed correctidns for the inefficiencies in the detection.system by
using pp data run under identical conditions. By using those pp events
in which we do not identify any baryon (since every pp event must produce
two baryons, such events result from inefficiencies in the system), we will
obtain distributions (e.g., y*, x, Prs <n.>» etc.) which may then be used to
obtain corrected annihilation samples. From Table VI and our estimated
efficiencies, we calculate that by using 300,000 pp pictures (with the
O°3p/0.1K+/O.6w+ ratios) as a calibration run, the errors resulting from
these corrections should be comparable to or smaller than the statistical
errors in individual biﬁs in a typical differential distribution. Thus, in

addition to the informative physics studies to be done in the pp experiment,

an extremely important aspect of the pp exposure is as a calibration run for

the pp. annihilation physics.

Analysis of Experimental Data

Physicists at all six institutions on this proposal have had extensive
past experience with measurements and analysis in experiments involving the
Fermilab 30-inch bubble chariber. Appendix A 1ists the publications from
these groups for the following experiments:

#2B (MNotre Dame, Duke, Fermilab, Michigan State): 100 GeV/c « b,

200 GeV/c « p, 200 GeV/c pp and 300 GeV/c pp.

#163A (Duke): 200 GeV/c = Ne
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#281 (Notre Dame, Michigan State): 360 GeV/c = p

#311 (Cambridge, Fermilab, Michigan State): 100 GeV/c pp

#345 (Stockholm): 100 GeV/c pd.

Thus we have demonstrated our capability for measuring and analyzing
significant numbers of events of all multiplicities in the 30-inch bubble
chamber.

The six institutions have measuring systems ranging from semi-automatic
machines (Spiral Reader, Sweepnik, SAMM, RIPPLE) to conventional film-plane
and image-plane devices of high precision with experienced operators and
on-line computer seguencing and checking. We estimate that the combined
measuring power of the collaborating institutions amounts to about 170K
events per year. This should insure that all of the events in the 1.45 x 106
pictures are measured in m2.years. We anticipate, however, that many physics
results will be obtained pfior to completion of measurements on the entire

film obtained in this experiment.
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Table I

Pion Acceptance of ISIS as a2 Function of Laboratory

Momentum for 100 GeV/c pp Interactions
‘mis Escaping Magnet and

Momentum  No. of Pions m's Escaping Magnet Thru 1x1x3m° ISIS
(GeV/c) Produced Mo. % of m's Produced No. %» 0f m's Produced
0-5 16135 8389 52.0 691 5.3 |
5-10 3752 3734 99,5 2034 54.2

10-15 1692 1678 99.2 1522 9G.0

15-20 316 . 910 99.3 887 96.8

20-30 919 9i3 99.3 910 99.0

30-40 392 390 4 99.2 389 98.9

£0-50 164 159 97.0 159 97.0

50-60 63 61 96.8 61 96.8

60-70 33 30 90.9 30 90.9

70-100 12 10 83.3 10 83.3

Totals 24079 16274 67.6 6693 27.8
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Table TII

Hemispheric Pion Acceptance of ISIS for 100 GeV/c pp Interactions

C.M. Hemisphere

No. of % of Pions Backward Forward
Pions Produced No. A No. %
Produced
Total produced - ' 24079 100.0 12043 100 12036 100
Leave magnet 16274 67.6 4310 35.8 11964 99.4
Enter TmxIm ISIS at 2.1m 12664 52.6 1987 16.5 10677 88.7

Exit Tmxlm ISIS at 5.3m 6693 27.8 375 3.1 6318 52.5
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Table V

Thresholds and Photoelectron Response (QSIRIS)

Assuming: 1 atmosphere, L = 5m length, and N(P) = 2A (n—I)[]-(PT/P)ZJL, with
A =100 cn! (Figure of Merit) n = index of refraction and
PT = threshold momentum

Maximum
Light Cone
Threshold, PT {GeV/c)  Gas Mix Index Momentum # Photoelectrons (N) Radius
b K n PHe-EN  yxie® pleevse) T Nk W Rmax(en)
116 61.0 17.3 100 - 0 . 32.7 100 3.2 2.1 0 4.0
50 2.9
| 20 0.8
100 52.6 14.9 95.5-4.5 44 .02 100 4.4 3.2 0 4.7
50 4.0
25 2.8
20 2.0 ,
70 36.8 10.4 77.5-22.5 89.83 100 8.9 7.8 4.6 6.7
' 50 8.6 4.1
25 7.4
| 15 4.7
55 29.0 8.3 55.3-44.7 145.5 100 14.5 13.4 10.2 8.5
50 14.2 9.7
35 13.8 4.6
20 12.1
10 4.5
39.3 20.7 5.9 0 - 100 285 100 28.4 27.3 281 11.8
' 50 28.1 23.6 10.9
25 27.0 0.0
15 24.2
10 18.8
7 8.6
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Table VI

Estimates of Number of Events to be Obtained

(With 6 Particles/Picture)

Negative Beam

Positive Beam

(a) Based on Ref. 2

(b) Based on E. L. Berger et al.

» Nucl. Phys. B77, 365 (1974)

Pictures 1,000,000 400,000

Beam ;p(a) ,p(P) op'€) Sole) ple)
Events/ub 2.70 6.30 1.08 2.16 0.36
Total Events 113,510 151,830 41,500 50,400 6790
Total Inelastic 93,420 131,990 33,910 43,200 5840
Elastic 20,010 19,850 7,560 7,190 950
Inelastic 2 prong 9,720 12,290 5,300 5,140 840
Inelastic 4 prong 21,740 30,180 7,890 10,050 1260
Inelastic 6 prong 22,280 32,570 7,570 10,410 1120
Inelastic 8 prong 18,710 27,090 6,050 7,840 1360
"Inelastic ‘10 prong 11,100 15,750 4,030 5,700 660
Inelastic 12 prong 5,910 8,880 1,830 2,700 360
Inelastic 14 prong 2,430 3,780 870 1,060 170
Inelastic 16 prong 970 840 230 280 --
Inelastic 18 prong 320 280 76 86 65
Inelastic 20 prong 110 90 11 43 --
Inelastic 22 prong 24 50 .- -- --
K; 2,300 1,710 535 1,013 260
MK 1,570 1,080 350 325 43
Y 6,280 3,750 1,200 1,870 243
ppriw /ppn S 2,700 3,600 990 1,200 150
47 /67/8n <2/5/13 . - - -
Total Annihilation 9,450 -- .- -- --

(c) Based on Ref. 25 and W. M. Morse et al., Phys. Rev. D15, 66 (1977)
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Table VII

Detection Efficiencies for Individual Particles in pp Interactions

Particle Efficiency Detector Value
p e(p) . OSIRIS 97%
n e(n) n Detector ~90% x 90% = ~81%
- e(r) ISIS and
0SIRIS ~36% (of forward
hemisphere)
1S1IS ~53% (of forward
hemisphere)
p e(p) 30-inch B.C. n70%
Table VIII

Overall Efficiency for Tagging Nonannihijlation Events

Reaction Relative Abundance* Efficiency X Rel. Abundance

ppX 0.49 (1-0.03x0.30)0.49 = 0.49
pnX 0.21 0.97x0.2% = 0.2
ApX 0.21 (1-0.30x0.19)0.21 = 0.20
finX - 0.09 0.81x0.09 = 0.07

~ TOTAL 1.00 o7

. *Assuming p:n = 0.7:0.3.
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Appendix A ~66- FERMILAB-Proposal-0597

Compilation of Refereed Journal Publications
from
Experiments 2B and 28]
(Spokesman: G. Smith)

Experiment 2B

1.

10.

11.

13.

"Study of the Energy and Charged Multiplicity Dependence of Inclusive T
Production in n p Interactions up to Fermilab Energies", W. Morris et al.,
Phys. Letters 56B, 395 (1975).

“Two Particle Correlations in the Central Region of pp and m p Interactions
at 100-300 GeV/c", B. Y. Oh et al., Phys. Letters 56B, 400 (1975).

“Two-Particle Correlations in Inclusive and Semi-Inclusive = p Reactions
at 200 GeV/c", N. N. Biswas et ai., Phys. Rev. Letters 35, 1659 (1975).

"Study, of the Approach to Scaling and Factorization in Proton Fragmentation
into n~ ", J. Whitmore et al., Phys. Letters 60B, 211 (1976).

"Three and Higher Order Rapidity Distributions in pp Collisions at 200
GeV/c", M. Pratap, et al., Nucl. Phys. B116, 1 (1976).

"Semi-Inclusive =~ Cross Sections in bp Interactions up to 300 GeV/c",
B. Y. Oh et al., Nucl. Phys. B116, 13 {1976).

" p Charge—Transfer Cross Sections at 205 GeV/c, and an Apparent
Universality of the Charge-Transfer Spectrum”, G. Levman et al., Phys.
Rev. D14, 711 (1976).

. - "Study of the Charge Structure of Events Produced in 200 GeV/c n p

Collisions", V. A. Sreedhar et al., Phys. Rev. D14, 2894 (1976).

"Observation of a Universal Charge Exchange Dependence Across Rapidity
Gaps in 200 GeV/c w p Interactions”, J. W. Lamsa et al., Phys. Rev.
Letters 37, 73 (1976).

"Direct Evidence for the Bose-Einstein Effect in Inclusive Two-Particle
Reaction Correlations", N. N. Biswas et al., Phys. Rev. Letters 37,
175 (1976).

" "Evidence for Local Compensation of Transverse Momentum in pp Collisions

?t 20? and 300 GeV/c", D. Weingarten et al., Phys. Rev. Letters 37, 1717
1976) . _ '

"Tnclusive o' (1236) Production in the 200 GeV/c « p Reaction", N. N. Biswas
et al., Phys. Rev. D15, 2090 (1977).

Comparison of Inclusive Charged-Pion Production in nip Interactions at 100
GeV/c", J. Whitmore et al., Phys. Rev. D, (to be published) (1977).
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Experiment 281

1.

"t p Interactions at 360 GeV/c: Measurement of the Total and Elastic
Cross Sections and the Charged-Particle Multiplicity Distribution",
A. Firestone et al., Phys. Rev. D14, 2902 (1976).

"Direct e e~ Pair Production by 360 GeV/c = 1in Hydrogen", E. W. Anderson

et al., Phys. Rev. Letters 37, 1533 (1976).

Published Conference Proccedinqs_from
Experiments 2B, 281

"The NAL 30-inch Bubble Chamber-Wide Gap Spark Chamber Hybrid System", .
G. A. Smith, Proceedings of the Berkeley Meeting of APS/DPF, Berk]ey
(1973}, p. 500

"Leading C1usters in 200 GeV/c = p Interactions", V. P. Kenney, Proceedings
of the EPS International Conference, Palermo (1975), p. 815.

"Two Particle Correlations in the Central Region of pp Interactions at
200 GeV/c", G. A. Smith, Proceedings of the IIIrd International Meeting on
Fundamental Physics, Sierra Nevada, Spain (1975), p. 97.

-Seattle (1975) p. 192.

"Study of the Energy Dependence of Diffractive Excitation in = p Interactions
up to Fermilab Energies", 'G. A. Smith, Proceedings of the IIIrd International

Meeting on Fundamental Physics, Sierra Nevada, Spain (1975), p. 147.

"Inclusive Study of Beam Dissociation into 'Leading Clusters' at FNAL
Energies", V. P. Kenney, Proceed1nqg of the Seattle Meeting of APS/DPF,

"Multiplicities and Inclusive and Exclusive Reactions at Fermilab Energiés",
J. Whitmore, Proceedings of the Seattle Meeting of APS/DPF, Seattle (1975),
p. 234,

"Multiparticle Correlations", V. P. Kenney, Proceedings of the Seattle
Meeting of APS/DPF, Seattle (1975), p. 254.

"Multiparticle Processes at Fermilab Energies", J. Whitmore, Proceedings

of the BNL Meeting of APS/DPF, Brookhaven (1976), p. F37.

"Track Chamber Experiments at Fermilab Energies: Recent Developments in
Strong Interactions', W. D. Shephard, Proceedings of the VII Internaticnal
Colloquium on Multiparticle Dynamics, Tutzing, Germany (1977), p. 41.




Compilation of Refereed Journal Publications

from Experiment 311 (Spokesman: U. W. Neale)

"Charged Particle Multiplicities in 100 GeV/c pp Interactions", R. E. Ansocige
et al., Phys. Letters 59B, 299 (1975).

"On the Difference Between pp and pp Topological Cross Sections up to 100
GeV/c", J. G. Rushbrooke et al., Phys. Letters 59B, 303 (1975).

"Comparison of Neutral Particle Production in 100 GeV/c pp and pp Inter-
actions", D. R. Ward et al., Phys. Letters 62B, 237 (1976).

. "Neutral Particle Production in 100 GeV/c pp Interactions", R. Raja et ai.,
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PARTICLE IDENTIFIERS FOR HADRON PHYSICS

Vera Kistiakowsky, Massachusetts Institute of Technology

A worhshop was held at Fermilab on May 7-8, 1976, to discuss what
system of particle identifiers would be optimum for further studies of hadron
collisions with the Fermilab hybrid bubble chamber proportional wire
chamber system. The-meeting was attended by about 40 physicists from

various institutions.

What Can Be Learned?

The bare bubble-chamber experiments and the experiments with the two
. hybrid systems have already yielded many interesting results concerning
hadron physics at Fermilab energies. For example, leading-particle studies
have demonstrated the-factorization of the Pomeron. Inclusive Trﬂ:p studies
have shown tbat the leading particles and clusters rctain the charge of the
given incoming particle to low Feynman x and studies of the distribution of
charge as a function of rapidity have iﬁdicated the absence of a central neutral
_plateau. Studies of two-particle correlations have shown a strong dependence
of this correlation on the respective charges and on the azimuthal and
rapidity scparations of the two particles. The new results on Pp charged
multiplicities and a comparison with pp data have yieided hints of some of the
interesting propertics of high energy pp annihilations.
T. Ludlam (Yale) discussed some of the physics questions pertaining to
particles preduced inthe central region of rapidity. The graph onthenext page gives
the differential cross sections for various particles from r” pinteractions at 147

GeV/c and it can be seen that, except for elastic scattering and beany and
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March, 1976). The proposed system has (1) operating parameters of n/K/p
separation from 5-100 GeV/c and (2) an acceptance that is reasonably well
matched to the geometric profile of the particles leaving the bubble chamber.
(3) The background sensitivity is acceptable and (4) the problems of gas
handling and purity are minimized since commercially available bottled gas
{2 ppm impurity) is satisfactory. (5) The readout electronics can use ele-
ments already available and this problem and (6) that of off-line computing
are already solved in principle, {7) The system is compatible with photon
detection and high-resolution momentum measurements and (8) requires no
drift chambers or proportional wire counters other than those already in
existence or under construction for the hybrid system. (9) A modest exten-
sion ‘of the building will be necessary, Eut not a crane. (410) The maintenance
requiremernts will be about the same as those of the present system, and (441)
the system poses no safety problems. (42) The construction and {esting of
1SIS would be carried out by the PIHSC and that of the Cerenkov detcc':tor, by
Michigan State University. Conservative estimétes of the costs are respec-
tively $100,000 and $30,000. The construction, initial test and installation
schedule would involve 6 to 9 months for construction, 1 to 2 months for
testing and 3 months for installation, for a total of 12 to 15 months. Th;:
PHSC would assume oversll respongsibility for the integration of these

detectors with the proportional hybrid system.
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Preliminary Results of Tests on Components

of the Proﬁosed Multicelled Cerenkov
Counter for the Fermilab DPI

fn December, 1977, various testswere performed in Test Beam 6 at SLAC on a
prototype for the 8 cell 2 x 2 * 5m3 Cerenkov Counter (OSIRISj to be used in the
Downstream Particle Identifier (DPI) System behind the Fermilab 30-inch bubble
chamber. These tests were made in an 8 GeV/c electron/pion beam tagged with
a beam Cerenkov Counter. The beam was run at ~1 particle/burst at 10pps and
n30% of the beam was tagged as electrons.

+  The prototype, shown schematically in Fig. 1(a), consisted of a single
optical cell with three window-phototube configurations and two gases being
fested._ The three configurations were:

(i) Quartz window with a bare phototube;
(ii) Quartz window with pTp waveshifter on the phototube; and

(iii) pTp on a pyrex window with a bare phototube.

The phototubes were two RCA 8854 guantacon (tubes A and B) and one Amperex XP
2041 (tube C) 5" phototubes. The Cerenkov media used were 5m of helium and
1.4m of nitrogen.

The Cerenkov 1ight was reflected to the phototube by a plane mirror of black
lucite surfaced with aluminum and MgF, vacuum deposited. The advantage of
these optics is that the light probes the full surface of the photocathods.
Light from different beam particle trajectories illuminates different regions
of the photocathode, resulting in a superposition of pulse height spectra from

strong and weak areas of the photocathode.
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The technique used for calibrating the pulse height spectra is illustrated
in Fig. 1(b). Calibrations were made in conjunction with each run, using an
LED mounted inside the Cerenkov tank. The calibration spectra of Fig. 1(b)
are simulated by a Monte Carlo program which generates a Poisson distribution
statistically broadened agcording to a function compatible with the shape of
the meésured single photoelectron peak. A cross check is provided by comparing
the expected inefficiency with the number of events corresponding to zero
pulse height; the agreement is excellent.

The results of the following four tests are shown in Figs. 2(a) - 2(d):

. _ PTp on  Cerenkov Window _ -1

Phototube tube? Medium Configuration n (p.e.) A (cm ')
(a) B Yes 5m Hy quartz (i1) 3.0 86 + 8
(b) B Yes 1.4 N, quartz (i) 6.5 77 + 8
(c) A o 1.4 N, quartz (i) 8.7 104 +10
(d) A No 1.4 N,  pTp on Pyrex (iii) 1.5 137 + 13

The results tabulated above represent mean pulse heights, converted to a number
of photoelectrons using the calibration data. Hence they correspond to a
performance averaged over the photocathode. The figure of merit is defined as the
value of-the coefficient A in the re]atioﬁ n = ALe2, where n is the average
number of photoelectrons, L is the radiator length (cm) and e is the Cerenkov
angle. The curves in Fig. 2(a) - 2(d) are simple Poisson distributions whose
mean values correspond to those tabulated above and are reasonable representations
of the data.

We note that configurations {(a) and (b) indicate a = . e of merit of
A > 80 cm—l, while (c) and (d) show that we have attains¢ a value of A greater

1

than 100.cm™'. The difference between these two resuits is consistent with
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being due to the fact that phototube A has a manufacturer's rating for the
cathode sensitivity which is a factor of 1.4 higher than that for tube B. Thi.s
sensitivity is undoubtedly more important than any other variables tested. The
results for tube C, an Amperex XP 2041, weré genera]]y’a factor of two worse
than the RCA tubes.

We conclude that a figqure of merit of A 2 100 cm'1 has been achieved,

consistent with our earlier expectation (A = 100 cm-]) stated in Fermilab

proposal #394.
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Prototype Cerenkov Cell - (a)
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REVISED
PROPOSAL FOR A STUDY OF THE INTERACTICN OF HIGH

ENERGY 7% WITHE GOLD AND MAGNESIUM

to

FERMILAB

W. D. .Walkef, L. Fortney, P. Lucas, A. T. Goshzw, and
W. Rcbertson

Department of Physics
Duke University
Durham, North Carolina 27708

12 January 1978

" Spokesman - W. D. Walker
 (919) 684-8228 FTS 674-8228
- (919) 684-8140 FTS 674-8140
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PROPOSAL:

To study high energy T interactions in a plate containing a low Z.

and high Z material (Au) placed iti the 30" bubble chamber filled with

hydrogen and followed by the D.P.I. counter system. We also propose

to use the MWPC system and the hadron calcrimeter spectrometer ic in-

crease the precision of measurements of the fast forward tracks and

Y-rays that are produced.

PURPOSE:

1.

Incoherent w-A Collisions

By using both 1" and 7~ particles incident, it will
be stsiblé to make a very detailed study of both m-Mg
and 'IT-AU. collisions. This means that we can measure the
multiplicities and rapidity distributions for n¥, x*, 7°,
K as well as the distributions for the knocked on p and n.
The determination of the number of knocked on protons
cmakes it possible to make a detailed check of K-N-O
scaling for Mg and Au as compared to T -p collilsions.
Diffractive and Coulomb Studies

We should be able to measure inclusively the
coherent events from Mg and Au. We expect the order
of 10% of all events t.o be coherent (these are the 3-5-7
prongs). Of these coherent évents, about 1/3 of the events

in Au should be Coulomb induced.
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3. a-Centauri Events
We propose to look for this process in which
large charged multipliciti_es are encountered with very
few m's produced. We propose to study the nigh multi-

1zZe

n

plicity events in some detail. With the sample
availabie (~ 80,000 high A events) we can 100k at the nign
multiplicity events and see if there are any indications
of basically ._I_l_?_\_N phenomenon such as events with very few
1°'s.

4. A study of direct pair production in condensed matier.

5. A study of .high P phenomena in heavy nuclei.

.This Wiil be a byproduct of cur cocmprehsnsive

studies of interactions in a heavy nucleus.

6. An exploratory study of multiplicities at the highsst
_possible T energy in the heavy nuclei to look for possicle

new physics.

METHOD:
-We propose to use the 30" FNAL chamber filled with hydrozen and
with thin plates of Au and Mg on the upstream side. We also iaropose to
use the PHC consortiums PWC's and the MSU calorimeter and Cerenkov
counter downstream to enhance our ability to measure high energy secondaries,

1

By using both 7+ and 7~ bombarding particles, we will be 2blz to iztermine

41

the nuclecn momentum spectrum emerging from the incohsrent interactions.
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MOTIVATION:

The purpose of this experiment is several fold. ‘The first DUTpose
is to study the incoherent mw-Au (or Pb) interactions. Au is 7.2 nucleons
thick which is cver twice as thick as a Neon nucleus. We will measure
the mﬁltiplicity of pions, K's and nucleons in the heavy nucicus., We would
also measure the rapidity spectrum of m's from the heav;;J 'nucleué. The
importance of measurements of the rapidity distribution in distinggishing
-b.etween different models of particle production has been stressed in recent
papers by Koplik and Mueller. 1 Recent results of studies of 10 GeV n-Ne
intei’actions‘are shown in Fig. 1. Itis cle_afly necessary to exiznd these

results both to higher energy -- té allow for a wider range of rapidit; and

to a heavier nucleus. We show in Fig. 2 the KNO multipliciiy scaliny curve,
for Neon and hydrogen. ‘It is obviously important to see whather this scelim

o

law holds for a heavy nucleus where the multiplicity will te nearly £ times
as great as in hydrogen. In order to make such a check, it is important o
determine the number of protons among the charged shower particles. In a

recent publication, the Duke group has shown that one can measure the

1. . - . -
High Energy Hadron - Nucleus Scattering by J. Koplik, A. E.

Mueller (Columbia University preprint).
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momentum spectrum and in principle even more information about the
nucleon spectrum Ifrom these w-nuclear collisions. We will be able to
do this for the .w—l\fig collisions by virtue of the fact that we will have both
7' and 7~ collisions to measure. We show the results obtained at 10 GeV
in Fig. 3. Any model of these collisions will be constrzained in an important
way by our results. We should also be able to obtain at lezst qualitative
results on m-Au cbllisions so far as the nucleon momentum spectrum is
concerned.

A comparison of p and p-nuclear collisions with the 7 -nuclear
collisions should be quite interesting. The p or ) system has 2 80% smaller

mean-Iiree path in nuclear matter than v's,

INCLUSIVE DIFFRACTIVE:

In Fig. 4 we show the multiplicity distribution in w-Neon collisions

at 200 GeV for cases with zero protons visible. There are pro

3
w3
Q)
a]
ct
o3
)
0
b
wn

visible for cases with 3, 5 and 7 prongs. These results sujgest that it is
possible to measure diffractive dissociation in an inclusive fashion. By
going to a heavier nucleus, it may be possible tc do this in 2 cleaner fashion

since the incoherent interactions give rise to a peak in the multipiicity

[6))

distribution at a higher multiplicity. This means that the vackground of
incoherent events should be less for a heavy nucleus than for the lighter
nucleus such as Neon. This is an important point since we would select

events on the basis of topology and lack of heavy tracks. This separation

is improved by having a higher average multiplicity.



-89-

Unfortunately, we had relatively few m-Ne diffractive events that
we were able to reconstruct at 200 GeV. The momentum of the fast 51;&—
going tracks were too high to‘measure with precisidn. This meakes it
important for us to have 7w-Mg diifractive events to compare with 7-Au
coherent events. The difference between these two classes of evenis should
be attributable to Coulcmb interactions. Thus, we should be able 1o mszke
at least a qualit‘at'ive comparison of m- 7 inclusive collisions with 7 -3iffractive
inclusive distributions. |

The comparison of m-p and m-Mg, m-Au and p-Mg, p-Au should
make it possible to det_ermine the cross section and compare 7 —diZfractive
products and p —diffractive products. We recently found (irom the 2-3
experiment data) that the 7 seems to dissociate twice as often as ths nucleon,

It is important to veriiy this independently.

LARGE MOMEZNTUM TRANSFER EVENTS:

In the last several years there has been great interest in the study
- of particles with large transverse momentum. AS in any inclusive siudy,
the bubble chamber possesses considerable merit. For int'erac_ﬁons in Ne
we find about 1 interéction in 5 has a particle with more than 1 BeV/c
transverse momentum. The cross section :fo_r the production of rizh Ty
particles is proportional to Al' 1 (A = No. of Nucleons). This means that
it might be advantageous to lock in Au or U for high P events. We would

like to look at high Prp (1-3'GeV/c) and find the relative freguency of single

ions as compared with clusters of particles or resonances produced with
. p
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high Prpe Also it would be vel.ﬂy interesting to see whether high Py events
differ in a qualitative way from the average events.. What can be done in
a practical way 1s to look for particles with high P Wi . . occur outside
of the forward jet of fast particles. This limits the m~:nentum of the
particles we look at to ~ 10-20 GeV/c for D, > 1. O'Ge\/’/c._ This means
that we can efficiently seé?\’v\ch\about 35% of the available phase Spacé ior
high P tracks. For this domain we can do an interesting study of the char-
acteristics o_f the events in Which_ relatively large Py tracks occur. With
1000K pictures with one 1-mm thick piece of Au in the chamber, we can

extend the search to a p., of 3 GeV/c for interactions in the heavy nucleus.

T

m- Y INTERACTIONS

| Oné of the uses of the high 7 target would be as a source of virtual
Y-rays. These virtual Y-rays are the target in this part of the proposad
eiperiment. ‘The total m - "y'" cross éection should be approximately H0
mb for 100 GeV pions incident on Au. This is to be compared to a total

7 -Au cross section of 2000 mb and a diffractive cross section of perhaps
200 mb. One of the characteristics of such events might be a diffractive
appearing event with an even G parit.y. The simplest exam?le of such an
event would be T+ ¥ —p~ —T + m ©. Other more interesting (less studied)
reactions would be m + ¥ — m + Wl or M Y T4 ¢O. Note that both of
these reactibns can be well studied with the proposed apparatus and, in
particular, the downs'treamA particle identifier. The ¢o_cén be detected

) . o + i1 11 et .
because the dominant decay ¢ —K + K will ook like an electron pair
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but will not register in the calorimeter as an electron pair.

DIRECT PATR PRODUCTION |

Our group has measured direct pair production by 200 GeV 1"~
mesons from a hydrogen-neon mixture and found excellént agreement
with QED. This resuilt is in contrast to several emulsion experiments
where large discrepanéies with QED have been reported.. The emulsion
targets used are gbout ten times as dense as the hydrogen-ﬁeon target we
used. If the emulsion experiments are correct, the reason might ve that
 direct pair production is suppressed (because of multiple scattering or
other dense medium effects) much more than predicted by theoretical cai-
-culations. This seems unlikely, but by measuring direct pair production
in lead we can check this possibility. V.Tith 1000K pictures (8 tracks/pulse)
we would produce over 8000 direct pairs in the Au plates. After all cuts
we would have a clean sample of approximately 2000 direct pairs (more
than any previous experiment). This would allow us to make a gcod check

of this basic QED process in an unexplored physical domain.

g~-CENTAURI EVENTS

In the last few years {10 or so) strangse events have been reported
irom cosmic radiation investigations. Event.s in which only electrons and
photons are p_roduced, also events of high multiplicities in which essentially
no t's are produced. We propose to take a small number (50, 000) oi
pictures at the highest availéble T -energies (360 GeV) to look for indications

- of such oceurrences. The cosmic ray events seem to occur at 10 - 100 TeV
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but they must have fairly high cross sections td_be seen at all, A 360 Gev
m colliding with an Au nucleus will, with modest cross lsection, collide
with b nucleoﬁs. This type of colliision has energy in the m + 5 nucleon
CM system equivalent to a m-nucleon collision of 1.8 TeV. Such compli-
cate_d.collision may show nothing more than a higher pion multiplicity, but
perhaps they might show something qualitati\}ely new like 100's o’;" Y-rays

or electrons etc. It's a long shot but if's cheap and should be tried,.

EXPERIMENTAL DETATLS

For one-million pictures , we expect about 6 x 104 interactions in
Au in a target of 1.6 g/cm2 thickness (~ 0.75 mm thickness). Of these
interactions we expect about 10% to be’coherent. Of the coherent interactions .
“we expect about 90% to be coulombic,

We would then pfopose to have an additional plate which would be
1/2 of Magnesiurﬁ and 1/2 thinner Au. The magnesium would be about 1/2%
of a mean-free path (about 2.5 mm) and should yield 15,000 interactions.
The gold would be thinner than the main plate of the order of 0.4 g/ cm2
(~0.2 mm thick). The smaller thicknesses are important for e-stimatir;g
the number of y-rays converting inside the plates and the number of seccndary
interactions inside the plates.

We propose to use a fourth camera to look edge-on at the plates.
Thelfourth camera would be run with a smaller i-stop (perhaps { 5. 6) to
make the diffraction spots smaller and thus improve the spatial resolution

ciose to the vertex.
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BEAM MOMENTUM

The bulk of the Jata will be taken with a momentum of 100 GeV fc.
At this momentum the capabilities of the chamber plus dovnstream
system are much better matched than if one used a higher momentum.
The small exposure at 360 GeV/c will concentrate on higher multiplicity

events where the average secondary momentum will be lower.
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DIFFRACTION DISSOCIATIONS OF THE COULOMB FIELD

BY HIGH ENERGY HADRONS ON HIGH Z TARGETS+

W. D. Walker

Department of Physics, Duke University, Durham, North Carolina 27706

We propose a set of experiments to measure the cross
section of vector mesons on various projectiles. By using
Fermilab energy w's-incident on U cross sections of the order

of a millibarn are likely.

* Work suppofted in part by the U. S. Atomic Energy Commission

under Contract No. AT-(40-1)-3065.
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In the last twelve years high energy physicists have become quite
used to considering the collisions of high energy particles with virtual
pions in the peripheral regions of the nucleon. The use of the concept of
the virtual pion has opened up the whole field of pion-pion physics. In this
note we point out the possibility of a similar sort of investigation that may
be undertaken using the virtual quanta associated with the Coulomb field of

1
a high Z nucleus.[ ] We know that the photon is intimately coupled to the
o o o FZ] ' ) 7
vector mesons £, &, ¢, the £ and the recently discovered ¢ mesons.
From a study of the diffraction production of /ao, u)o’ ¢O in y + nucleon —»
o o .0 . .
f’ y W, ¢ + Nucleon, we know approximately the strength of the coupling
of these objects to the photon. Thus if we can use the Coulomb field as a
) o o .o . . L
- virtual source of (0 » 0 ¢ 's, this would, in principle, be a means of
studying the interactions of the vector bosons with elementary particles.

The idea involved in such a process is simple enough., The Coulomb
field associated with the nucleus appears as a cloud of photons when viewed
. from the rest frame of the projectile. By using the idea of vector domi-

. . 0 o ,0
nance we know that some of the virtual photons will appear as P Wy d,
etc. There may be either elastic or inelastic collisions between the pro-
jectile and the vector meson. The kinematics are fairly simple. Imagine
a case of w incident which produces a ‘oo collinear with itself. In the special
case of collinear m and Fo the momentum that must be transferred to the
2 2

2
mF m_ m

JANE: b o T
fl ZPP Z(Pi~r?9) ZPi

nucleus is
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P/o , Pi are the momentum of the ,.00 and the momentum of the incident ,
m
respectively. Note that usually A” = ﬁ;- Also note that the mass of the
B.
w-/o system is approximately = I—Dl ,rn/D .

Let us consider the simplest experiment, namely, TP scattering.
A uranium or lead target could be illuminated by pions of 300 or 400 GeV
at Fermilab or CERN II; the virtual Fo's in the Coulomb field can be
scattered by the ihcident m. The lowest momentum /o that can be made
coherently on uranium is about 12 GeV/c.. (This corresponds to having
A” = —g—— for a nuclear radius R =1.3 A1/3.) For a 300 GeV M the ir-/O
system has a mass 3.8 GeV/cZ. Thus one can study m-g systems of up to
3.8 GeV/c2 in mass. This means, likewise, that one could study any system
-of w + vector meson by such an experiment. If, for example, a S(3100)
were produced, the minimum momentum of the produced U would be 200
GeV/ec.
The potential interest and utility of this sort of experiment is really
- quite great. One can imagine illuminating a photon tar’get with various pro-
jectiles m, K, p, 2/, v, =7, A°. Each projectile listed allows the possibility
of an initial state that is unattainable in any other way. What we specifically
stress, however, is the possibility of measuring the elastic vectqr -meson-
projectile cross sections. _ By measuring :—:- and extrapolating to t =0 and
using the optical théorem, one can estimate {or at least determine an upper
bound) for projectile-vector meson cross section. It is interesting to con-

template looking at projectile-vector meson scattering in an inclusive fashion;
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th.is, however, is complicated by the mixture of /90, ,_,)0, ¢°, etc: in the
target. In the case of a v incident, one coulAd separate the target particles
in part by using the G-parity quantum number. A particularly intriguing
possibility would be that of doing po— po, F?-LJO scattering by using photons
on a high Z target. The competition with electromagnetic processes would
limit the target thickness ito a few millimetel;s of the high Z material. Such
scatterings would be in two substates of m = 0, 2.

The real possibilityr of such experiments will ultimately depend on
the size of the nuclearly induced background. Incoherent interactions
between projectile and target will tend to produce rather high multiplicity
interactions which should be easy to discriminate against. The coherent
interacﬁons of the projectile with the nucleus will be the main source of
background. The cross section for such interactions tend to be of the
order of 5 per cent of the inelastic projectile-nucleus cross sectionf TWe
are concerned with a special part of that cross section, namely, that part
. in which a sizeable rapidity gap exists between the vector meson and the
projectile, and with the vector meson the slower particle inthelaboratory.
A hadronic process of this sort has a cross section which is probably
between 1 and 10 per cent of the total coherent cross section. Clearly, it
will be necessary to study the nuclear background. An additional cut can
" be made requiring a helicity of + 1 for the recoiling vector meson. The
coherent nuclear processes which have the same kinematic characteristics
are interesting processes in their own right. They might represent
elastic diffractive scattering off a [oo, u}o, etc. in the nuclear field of the

nucleus.
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One can estimate the cross section for photon processes fairly
simply. In Fig. 1 we show the result of a Weiszacker—Williams[s]calcu-
lation which gives the ;affective number of photons per GeV/c, N(K), in
the m rest frame. The overall energy of the w-y system is W The
cross section per GeV/c for a given process'would be (gYV)Zx (TV_W(K) N(K).[]
| The>diff§:rentia1 cross section for elastic scattering would be given cby %:—- =
)2 2 2 At

1 , . .
X (71_1_1'_) o, € X N(K). In Flg. 1 we also give an estimate for .

(gYV
the cross section for r + U —> n + p+t U from the virtual photonsgﬂ
We believe that if these experiments are feasible (that is, if the
nuclear background is low enough) then this type of experiment would add
a new dimension to hadronic physics.
| These considerations were stimulated by conversations with

Professor J. Rosen.
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FIGURE CAPTION

The effective number of virtual photons is plotted against
the photon eriergy in the w rest frame with the ordinate
on the left side. The cross section fgr T+U-—nm +(o+U
is plotted againgt photon energy with the ordinate on 1;he

right.
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