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Chapter I

INTRODUCTION

At the time this experiment was conceived, high energy counter-
spark chamber experiments had measured the behavior of one, or at most’
two, of the final state particles resulting from a high energy inter-
action.l This state of affairs was attributable to two causes. First,
inétrumentation and techniques were not sufficiently developed to be
able to measure multiparticle final states. Bubble chambers, of course,
had long been able to detect and analyze multiparticle charged final
states, but these experiments were limited by being unable to select a
specific type of event or range of variables for study. The second
difficulty was a direct consequence of the first. For the instrumental
reasons mentioned, only the bubble chambers took multiparticle data,
and they collected data with sufficient statistics only on the most
abundant processes at low incident energies whose final states were
characterized by low multiplicity and low momentum transfer to the
incident particles. For events of this type, resonance states existed
in profusion and were explained in part by peripheral production
mechanisms.2 The remaining effects were thought to be those associated
with a phase space background. That this was not the case is attested
to by the contents of this thesis.

We recognized early that we knew little about multiparticle final
states, let alone the new physics they might contain. So we conceived,

designed, built and performed an experiment using a 28.5 GeV/c proton



beam from the Brookhaven National Laboratory Alternating Gradient
Synchrocyclotron, producing multiparticle final states after encount-
ering a proton in a hydrogen target. To detect the many charged
particles which result from these collisions we created a new and
unique multiparticle spectrometer which is a concatenation of the
triggerability, data rate and resolution of spark chambers and of the
solid angle advantages of the bubble chamber..

The experiment was designed to exploit a picture we had of the
anticipated behavior in high energy pp scattering processes. We felt
that the protons involved in the reaction were the cources from which
pions would be produced in a new, non-peripheral w;y, provided the
collision was sufficiently central. Thus, two conventional single
arm spectrometers measured the protons, while a third vertex spectro-
meter detected most of the associated charged pions. Using this
system, we were able to select for analysis only those rare events
which were of interest (i.e. central collisions) and ignore the more
copiously occurring processes.

We present here some first results from this spectrometer system.
We study average multiplicity for final state proton detected events
as a function of a variety of variables describing one or both final
state protons. We isolate the production process for multipion events
by searching for clustering effects of the final state particles.
Finally, we compare the average charge multiplicity found here with

that from events with only one identified proton.



Chapter II

EXPERIMENTAL DEVICE

This experiment was performed at the Alternating Gradient Synch-
rocyclotron (AGS) of the Brookhaven National Laboratory (BNL) and used
the Multiparticle Argo Spectrometer System (MASS) developed in a BNL-VPI
collaboration.3 The MASS is shown in Fig.l and consisted of three
sysgems: High Momentum Spectrometer (HMS), Low.Momentum Spectrometer
(LMS), and Vertex Spectrometer (VS). The HMS and LMS are conventional
single particle, wire spark chamber spectrometers. The VS is a new and
unique multiparticle detection device. During the experiment nine dif-
ferent triggers were accepted, which required variously a proton and/or
pion in the HMS and/or LMS. The VS then detected the charged secondaries
resulting from each event which produced a trigger. Here we discuss
some of the data where protons were detected in the HMS and LMS. Studies

of other reactions appear elsewhere.['_8

A. High Momentum Spectrometer

The HMS is essentially the same spectrometer used in two previous
experiments at the Alternating Gradient Synchrocyclotron.9 It was
designed to detect a fast (4 - 30 GeV) particle with good angular and
momentum resolution and pion/proton particle discrimination. Each of its
two dipole magnets bends a 28 GeV/c particle through 2.5°. These magnets
are preceded by 4x-y core readout spark chambers and followed by 4x core
readout chambers so that momentum analysis is effected. A high pressure

(70 psi) gas Cherenkov counter provides for mass identification. This



spectrometer could be positioned in N2 h, and allows data to be collected
at a variety of laboratory angles.

Table I summarizes the resolution, solid angle acceptance and
operating characteristics for the HMS, IMS, and VS. Fig.2 shows the
phase space regions accessible to the HMS and LMS, together with their

acceptances at various positions.

B. Low Momentum Spectrometer

The LMS was designed to detect and analyze one of the slower
particles (% to 4 GeV/c) resulting from an interaction. During data
taking most of the particles traversing the LMS had momenta which were
in fact below 2 GeV/c. The spectrometer consisted of a large aperture
dipole magnet on which was mounted two sets of four magnetostrictive
readout chambers each, which bracketed the magnet. One chamber in
each set was rotated an angle of 26.5° to the vertical so that track-
ing ambiguities, which occurred when two particles of an event traversed
the spectrometer, could be resolved. A high pressure gas Cherenkov
counter provided pion/proton particle identification for particles with
momentum 1.5 to 6 GeV/c. Scintillation counters provided time-of-flight
(TOF) information which allowed mass identification for particles with
momentum below 2.5 GeV/c. This spectrometer could be positioned in

2/3 h and could scan laboratory angles between 0° and 90°.

C. Vertex Spectrometer

The VS was designed to measure most of the charged secondary part-



icles resulting from an interaction as it subtended a solid angle of

21 sr. It consisted of a nested set of nine cylindrical wire spark
chambers surrounding a liquid hydrogen target (see Fig. 3). This
entire assembly was immersed in the 10 kG magnetic field of the ARGO
magnet.10 The field volume measured 1.5 x 1 x 1 m3. The chambers had
radii varying from 15.25 cm (6") to 47 cm (18.5") with an active height
of 73.5 cm. Thus, particles with angles up to + 60° from the equatorial
plane were detected. The spark gap of each cﬁamber was .95 cm, and
high multiparticle efficiency was obtained by pulsing the chambers in

a transmission line mode. Spark location was obtained by means of
magnetostrictive lines located inside the magnet but shielded from its
magnetic field. A detailed description of the chamber construction

and performance appears as Appendix A.

D. Beam and Target

Fpr this experiment the MASS was set up in the diffracted proton
beam (A2 beam) at the AGS. During each AGS acceleration period a
fractipn of the circulating protons was extracted by reducing the
magnetic field in the main ring by 0.4%. Once external, this slow
extracted beam (SEB) was focused onto a 12 cm long beryllium target and
the diffractively scattered protons were collimated and entered the A2
beam line at a distance of approximately 156 m from the experiment. The
beam was transported, analyzed, and focused by a series of dipole and
quadrupole magnets. During the extraction process the energy of the
SEB changed, so the currents of the dipole mégnets in the A2 beam trans-

port system had to be adjusted in concert with the main ring magnets so



that a uniform intensity beam was available over the entire spill. A
measure of the beam momentum was provided by monitoring and recording
the magnetic field of the main ring magnets during the spill. At the
hydrogen target the beam had a spot size of 0.3 x 1.8 cm2, an angular
divergence of + 5 mr in the horizontal plane and < 1 mr in the vertical
plane, and a maximum instantaneous intensity of 6 x 105 protons/s (see
Appendix A). Events caused by the halo of slow particles which accompanied
the main beam were eliminated by a veto counter upstream of the target.
Events in which two protons could have interacted in the target within
the resolving time of the spark chambers were tagged (confusion eliminator
flag) and eliminated in the data reduction. The horizontal angle of each
interacting proton was determined to 1/2 mr by a 16 element scintillation
counter hodoscope placed n 10 m upstream of the target.

The liquid hydrogen target was a cylinder 20 cm long and 5 cm in
diameter. The vacuum jacket, appendix and reservoir were mounted on
rails which were attached to the upstream end of the ARGO magnet, allow-
ing the target to be positioned at the center of the cylindrical chambers

without dismantling the VS.

E. Electronics and Triggers

The two external spectrometers provided for nine (HMS, LMS) triggers:
pp, pm, Wp, WW, -p, -, p—, T, and --. Since there was a wide range of
rates for these triggers, we electronically selected the predetermined
fraction of events of each trigger type to be accepted during the spill.

Typically, we would accept all of the rare triggers (e.g. double arm



triggers) and only enough of the more copious ones to maintain the system
at maximum capacity. We usually took 8-10 events per AGS spill because
of the limited storage (4 K decimal words) in the memory of our data
handler. When a trigger condition was satisfied, all of the spark chambers
were fired and the entire system was held "busy" for a preset deadtime,

"~ 10 ms. During this deadtime, the spark chambers were interrogated and
the digitized spark information was stored in the data handler. The core
chambers were read out directly by the data handler, while all of the
magnetostrictive chambers were read out by a MIDAS system.ll In addition
ancillary information about the event was also recorded during this time:
TOF, trigger type, event number, hodoscope flags, etc. Events were thus
recorded until the memory of the data handler was full, at which time its
contents were simultaneously recorded on magnetic tape and sent to the

on-line computer. A schematic diagram of the data collection and storage

process appears as Fig. 4.

F. On-Line Monitoring

During data taking, there were a wide variety of monitoring codes
available which enabled the experimenter to be reassured about the
quality of the data and to detect obvious malfunctions in the system.
Most of the simpler diagnostics were provided by a DEC PDP—912 computer
located adjacent to the electronics trailer. It had a 5 x 105 bit words
data storage drum, a lineprinter, and a CRT display. This system
monitored all magnets, power supplies, and the quality of the raw spark

data.



A subsample of the data was also shipped over a high speed data
link, BROOKNET, to the CDC 6600 for analysis by program ONLINE.4
ONLINE, which was executed remotely from the PDP-9, provided more de-
tailed information, such as individual chamber efficiencies, physics
histograms, target distributions, etc. These results were shipped back
to the run trailer where they were printed out. The typical time in

this exchange was % hour.



Chapter III

DATA REDUCTION PROCESS

The procedures to reduce and collate the data which produced the
sample of events for physics analysis are discussed as well as the

geometrical constants, calibrations, and systematic biases which resulted.

A. Data Sample

In a three week run in April, 1972, MASS completed a total of

~n 260 data runs, with the HMS and LMS positioned at a variety of angles.
The beam intensity was usually N6 x 105 protons/s, and occasionally

2 x 106 protons/s. Only the low beam intensity runs,where the cleanest
events in the VS occurred,were analyzed. All double-arm proton triggers
which occurred when the system was active were accepted. About 157 of
the (p,p) triggers were lost because they occurred when the system was
storing a previous event. Half of the total number (v 16,000) of (p,p)
triggers were recorded in four runs where the HMS and LMS were at their

smallest angles, position (1,4).

B. Reduction Chain

Figure 5 is a schematic representation of the data reduction chain.
The first code, CDT, read a Raw Data Tape and generated a Condensed Data
Tape. Calculations were made, from which cuts on the data were effected
and failing events were dropped.

Each event on the Condensed Data Tape was stored in segments. The

first contained run number, event number, trigger type, incident beam
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momentum, hodoscope information, and confusicn eliminator flag. The
second segment contained contents of the digital voltmeter memory. The
raw data was stored in the third segment, so that in subsequent analyses
corrections could be made without reference to the Raw Data Tapes.
Segments four and five contained the calculated HMS and LMS informatioﬁ,
respectively. For each external spectrometer the track was reconstructed,
and its momentum, production angles, and the particle type were stored.
Segment six contained the calculated information from the VS. For each
spark, the raw digitizing was '"cleaned'", normalization constants were
applied, and a quality tag was assigned.

The code PITRACK used the spark digitizings from the VS and, by
associating them into helical trajectories, attempted to reconstruct
the event.6 The output from PITRACK contained the coordinates of the
event vertex, the charge, number of sparks, and three-momentum for each
charged track in the event. Extra beam tracks, tracks not connected to
the vertex (e.g. neutral decays) and tracks which could only be assoc-
iated in two dimensions, were tagged Non-Associated TrackS by PITRACK.
The PITRACK solution of an event was appended to the Condensed Data
Tape as the seventh segment. All of the (p,p) events on the Condensed
Data Tape were processed by PITRACK, except the ones classified as
"confused".

The code VUE provided an interactive graphics CRT display of the
data and the results of the PITRACK solution.5 One could then
intervene and modify the PITRACK solution of an event by adding or

deleting sparks on a track, associating new tracks or eliminating tracks
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established by PITRACK. A scanner could process &415 events/h in this
manner. VUE recorded all of the changes made, and the results, con-
taining the scanner's initials, the original and final number of tracks
and extras, and a grade reflecting the quality of each event, were
stored as the eighth segment on the Condensed Data Tape. VUE also ovef-
wrote the seventh segment of the Condensed Data Tape for an event if an
amendment to the set of tracks was found necessary by the scanner.

Scanned events were graded according to the following nine
classifications:

S: Super - a perfect event, with all tracks clearly identifiable,
originating from a common vertex while the unused sparks were distri-
buted randomly.

A: No questionable tracks, no NATS but some unused sparks which
might indicate the passage of a particle.

B: No questionable tracks, but NATS present and tagged as such.

C: No questionable tracks, but some unused sparks present which
might indicate the passage of NATS.

D: One questionable track from the vertex and either no NATS or
identified NATS present.

E: Same criteria as grade C except also contains one questionable
track.

F: More than one questionable track.

G: Outside the target volume or double vertex events.

H: Chaos.
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A questionable track was one which did not contain sparks in 2/3
of the chambers it should have intersected. Two spark tracks, whose
dip angles allowed them to exit the VS after the first two chambers,
were also classified as questionable.

The code FIT used an iterative least squares procedure to fit all
tracks from the primary vertex to a common intersection point.13 The
fitted vertex coordinates, and momenta and two angles for each track,
and a fully correlated error matrix were produced for each event.
Events which failed to converge were flagged and were either rescanned
or dropped from further analysis. Successfully FIT events were then

passed on, subject only to a final target and grade cut.

C. Data Cuts

Table II enumerates the cuts and their effect on the data. The
failure to get all the anticipated data from the Raw Data Tape resulted
from human error, scaler malfunctions and parity errors.

In the CDT code, cuts were made in hierarchical order, so an event
which failed at any step was dropped from further analysis. First
the bit pattern of the hardware trigger flag was checked. Since there
were eight bits, one for each trigger type, events which had no bits
or two or more bits set were illegal triggers. The bit pattern of the
16 element beam hodoscope flag was checked next to see if one or two
adjacent bits were set. A reconstruction of the trajectory of the HMS
trigger particle was then attempted. Failures occurred because chambers

were inefficient, more than one particle traversed the spectrometer or
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a particle scattered before reaching the Cherenkov counter. If the

HMS particle's trajectory was successfully reconstructed, it was
extrapolated through the ARGO magnetic field and was required to inter-
sect the target within liberal margins. After the HMS trajectory had
been accepted, the CDT code attempted the same procedure for the LMS
particle and performed the same cuts.

In determination of particle type the hardware input and the calcu-
lated quantities in the external spectrometer were compared. In the two
gave contradictory particle identification, the CDT code resolved the
issue. For example, if the HMS Cherenkov counter fired, indicating the
passage of a pion, but the particle's momentum was calculated to be
greater than 27 GeV/c (for position 1), the particle was defined to be
a proton and the appropriate trigger flag was set. For the LMS, which
had a less efficient Cherenkov counter, the opposite was usually true;
i.e., if the Cherenkov failed to fire, indicating a proton, but the TOF
measurement indicated a pion, the partiéle was defined to be a pion.

All events surviving the cuts in CDT were input to PITRACK, except
those classified as confused.

Between the PITRACK step and the FIT output some events were lost
at random because of irreversible software errors. A cut was made on
grade after FIT and events of quality D and above were accepted. A
target cut of + 9.65 cm in the longitudinal direction completed the
data selection. The final data sample of n 1,500 events represents

9.5% of the raw (p,p) triggers.
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D. Biases and Corrections

The VS covered less than 4m sr,so some charged particles would
escape detection. Therefore,we had to correct for these missed tracks.,
In first approximation, we did this by adding sufficient tracks to each
event to obtain a net final state charge of +2. A corrected charge
multiplicity then resulted, whose average value, <n>, for the sample of
1,500 events was 5.25 + 0.06. The error is statistical and does not
include the systematic effects inherent in the experimental device and
analysis.

To check the accuracy of this procedure, we constructed a final
state charge matrix, seen in Table III, where the tracks of the trigger
protons are not included. Events in the [1,1] eclement (1w+, 1n ) were
topologically four prong events. We now discuss three categories of
events which could bias our results: those with missed particles, those
with excess particles and those with tracks whose charge is incorrectly
assigned.

By scanning the events, we found that ~ 107 of the tracks were not
detected by the VS, while ~ 1% were charge ambiguous, high momentum
pions and < 17 of the events had excess tracks.

First, we had to correct for tracks which occurred outside the VS
detection volume. Here we treated each track of an event as being
independent, so for an n prong event the probability for finding one
of the n-2 VS tracks was €y The misses were then binomially distri-
buted. For example, for six prong events N6 was the true number of

events, Ng the number found (the [2,2] element) and N6 the number with
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one missing negative particle (the [2,1] element). We wrote two

equations with two unknowns, N6 and €63

- 3
and N + N, = 4! N6(l - 66)66 .

1t 3!

o + -
6 = 269 and N6 + N6 = 176, so €6

N6 = 494 + 22. The € and Nn for the other final states similarly

From Table III, N = 0.86 + 0.02 and

obtained are tabulated in Table IV.

Next we calculated the total number of events expected to have two

missing particles,

For six prongs:

N

N, = 4 N6(1 - 86)2€§ = 43 ,
21 2!

1/6 of which would appear in the [0,2] and the [2,0] elements and 2/3
in the [1,1] element. The double miss contributions, appearing in
parentheses in Table III, were added to the appropriate diagonal element.
The non-zero, doubly off-diagonal elements were populated by events
where a high momentum pion had an incorrect charge assignment. Scan-
ning revealed that v 27 of the events had a negative and n %% had a
positive track misassigned. These events had the correct number of
tracks andeere moved to the appropriate diagonal element. Finally,
the remaining off-diagonal elements were corrected by requiring a final

state charge of +2. The resulting average charge multiplicity was
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<n> = 5.32 + .06, which is consistent with the previous estimate.

From the charge matrix the number of particles not seen by the VS
was estimated to be v 147, which was consistent with the detection
probabilities calculated above. We investigated the source of these
missed tracks by generating Monte Carlo events using the code NVERTEX14
in the geometry of the VS. The HMS proton was constrained to lie within
the acceptance of the external spectrometer and was generated with an

exponential momentum transfer dependence. The LMS proton was left free.

The events were weighted by

Ce—bz |PT| s

where the sum was over the transverse momentum of all the produced
secondaries, and C and b were constants related to the number of prongs
in each event. Of the particles thus generated » 117 would not have
been detected, which is consistent with our other estimates.

In addition we tried to determine the losses from the data itself

by plotting, for the produced pions, the production angle,

P
- i
6 = Cos 1 ( - ),
|P
versus the azimuthal angle,
-1 P
¢ = Tan ~ (3%).
X

Assuming an isotropic distribution in ¢, up-down losses can be estimated
for 0 < 6 < 90°. However, for 6 > 90°,backward losses were also pre-

sent. By extrapolating the cross-section in 6 to 1800, we obtained
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losses which were consistent with 14%.

Other effects (< 1%) which caused misses are enumerated but were not
considered: slow pions not reaching the second chamber, particles
which scattered in the VS, incorrectly tagged NATS and fast pions, part

of whose trajectories were in the chamber dead spots.



Chapter IV

RESULTS AND INTERPRETATION

The original data sample of n 16,000 events was reduced to n 1,500
events, all of which were scanned and fit to a common vertex. Both
final state protons were identified experimentally,and we assume that
the remaining charged particles are pions.

| Here, we give the dependence of the multiﬁlicity on several
variables which characterize the (p,p) events. Next, we investigate
clustering effects of the final state particles in order to specify the
production process. A comparison of our results with those from (p,-)
events is then given. Finally, we summarize our conclusions and
discuss the future analysis of this experiment which bears on these

results.

A. Presentation of the Data

We now study the behavior of the average multiplicity for (p,p)
events. The lack of a specific model which could be used as a guide
forces us to express these results in terms of the variables on which
the data depend most strongly: W and W', the recoiling mass from the
HMS and LMS protons, respectively. We then attempt to understand these
data in phenomenological terms.

We plot in Figs. 6-8 the average corrected charge multiplicity vs.
W, for two intervals of W', for the data from positions (1,4), (1,9),
and (2,4) respectively. The data points have been displaced in W for

clarity. 1In all cases, <n> rises sharply and lineérly with W. No

18
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dependence on W' is seen,which may be because the range of this varia-
ble is limited in each position. However, the <n> from position (1,4),
which has larger average W', is consistently higher than for position
(1,9), the disparity increasing with W.

This strong dependence of <n> on the recoil mass from either pro-
ton can be understood in terms of a fragmentation model of particle
pr'oduction.15 In this picture, a small value of W indicates that the
secondary particles were produced by the single fragmentation of the
recoil proton into a small mass, low multiplicity final state. Similar-
ly, a large W would indicate the fragmentation of both protons,
yielding a higher multiplicity final state. Since pp scattering is
symmetrical we expect the same reasoning to hold for W'. We postpone
further discussion of this behavior until Section B, where a more
detailed analysis is presented and which strengthens our belief in the
correctness of the fragmentation model.

The average charge multiplicity for all the data, as a function
of the recoil mass from both protons, the double mass W', is seen in
Fig. 9. Again we see a linear increase of <n>. Further, as we see in
Fig. 10, increasing W' kinematically allows for higher charge multi-
plicity final states so few prong events dominate at low W' and many
prong at large W'. This effect is partially responsible for the linear
increase in the average multiplicity.

The average charge multiplicity vs. the inelasticity, K, defined as

1
s * -~ Ex - E'%
K = 1 ’
: 5
s - 2m
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1
where s ° is the total center-of-mass energy, m the proton mass, and

E* and E'* are the energies of the HMS and LMS protons in the center-
of-mass, respectively, is plotted for the whole data sample in Fig. 11.
Inelasticity, a fractional measure of the energy available for particle
production, varies between 0, elastic and 1, both protons at rest in
the center-of-mass. The linear increase of <n> with K indicates that
many low energy secondaries are produced as the energy available from
the protons increases.16 A process in which the energy is transferred
to a small number of secondaries would show a much weaker dependence
of <n> on K.

We checked the dependence of <n> on other variables which describe
the behavior of the two protons, such as the four-momentum transfer t

and the transverse momentum, P We find no strong dependence on these

T

variables discernible with our statistics.

B. Search for Clustering of the Final State Particles

We now find the production mechanism responsible for our multi-
particle final states. Current theories are all able to fit some
portion of the pp scattering data but they describe the production of
pions in distinctly different ways. For example, diffractive fragmenta-

15

tion models™~ view the pions as boiling off from the two protoms,

while in multiperipheral modelsl7

the pions are produced as a result
of a multiple exchange process between the two protons. Since we have

detected both final state protons in our data sample, we are able to

look for clustering effects among the final state charged particles.
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The clustering is very different in these two models. Difficulties
arise however when one attempts to establish unambiguous criteria for
associating certain pions into clusters, difficulties which are
exascerbated as the incident energy is lowered.

We assume that pions which go into the backward center-of-mass
hemisphere are associated with the LMS proton and forward going pions
with the HMS proton. We plot the average number of backward versus
forward pions, and vice versa,in Figs. 12-15 for three different
spectrometer positions and the entire data sample. These multiplicities
are derived from detected pions only and have no correction for missed
tracks.

We note first that the backward/forward pion ratio is n 2:1 for
all the positions implying that for our data, the pions are more often
associated with the recoil target proton than the fast beam proton.

This is a consequence of the detection constraints on the protons and
we expect that data which doesn't constrain the protons would show an
equal number of pions in each hemisphere. Second, the average number

of produced particles changes with the position of the external
spectrometers. In position (1,4) ~ 3 pions are produced on the average,
while only ~ 2 pions are produced in position (1,9). This effect will
be investigated in more detail in the following section where we compare
our data with a sample of (p,-) data. Finally, the average number of
pions produced in each hemisphere is remarkably constant. This is a
strong indication that the two protons are fragmenting and doing so

independently. A recent result from the Intersecting Storage Ring at
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CERN18 at considerably higher center-of-mass energy, 31 GeV vs. our
7.5 GeV,shows this effect in data where the average multiplicity is
much larger ( ~ 10).

A more quantitative investigation of clustering of the final state
charged particles is now called for. Since the secondaries produced in
pp scattering have an exponentially damped transverse momentum distri-
bution centered at <Pp> v 300 MeV/c,16 we expect that clustering effects
will be most prominent in the longitudinal direction. We therefore need
a variable which enhances the longitudinal behavior of the particles.

19
Such a variable is the rapidity, defined in the laboratory frame as,

E+P

P
_ 1 [ _ -1, "
y =3 ln['if:—ﬁr ] = tanh 67;0,

where E is the energy of the particle and % the longitudinal component
of the momentum. Rapidity is not Lorentz invariant, but the difference
between any two rapidities is.

Rapidity is a good variable for us to use since pions which are
associated with one of the protons should have a rapidity similar to
that of the proton to indicate a fragmentation process. Pions which
are produced in a multiperipheral process should be randomly distri-
buted in rapidity.

In this analysis we first select events that have charge balance
in the final state,thus eliminating biases arising from non-detected
particles. We then categorize every four prong event as belonging to

one of four production processes, the first three of which are
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fragmentation type events, while the fourth is a multiperipheral type:
1. (p) (mwmp'), 2. (pm) (wp'), 3. (pwm) (p"), 4. (p) (wm) (p'),
where p is the HMS and p' is the IMS proton and the parentheses denote
clusters.

For six prong events, the possible processes are: 1. (p) (mmwmp')
2. (pm) (mmwp'), 3. (pmm) (wmp'), 4. (pmmm) (mwp'), 5. (pmmmm) (p'),
and for eight prongs: 1. (p) (mwmmamp'), 2. . (pm) (wmmmmp'), 3. (pmwm)
(rommp'), 4. (pmam) (wmwp'), 5. (pmmwum) (wmp'), 6. (pumwmmm) (mp"),
7. (pmwmmmm) (p'). No attempt is made to look for multiperipheral
type events here because the separation in rapidity values at our
energy is not great enough to make an unambhiguous determination.

The following criteria are used to decide on the category for each
event: if Iyp, - ynl < Iyp - yﬂl the pion was associated with the slow
LMS proton and vice versa. In addition, four prong events of type four

were characterized by

Iynl - yn2’ < Iyp - yni! and 'ywl - YWZI < Iyp' T Ypils

where i = 1,2,

The validity of the results from this procedure can of course be
impuned because m° are produced which are undetectable by MASS. Thus,
events which appear to result from an unambiguous single fragmentation
process may indeed be double fragmentation with one or more m°'s
associated with the protons. It is not possible to determine the

frequency of these neutral pion processes from our data but we have

made two attempts below to estimate their magnitude, Tables V-VII
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contain the percentage of events for each process for four, six and
eight prong events in poéitions (1,4), (1,9) and (2,4). An analysis
was not done for position (1,9) eight prongs since there were only
five events. At all positions for four prongs,the largest fraction of
the events are type 1, fragmentation of the LMS proton, while only

nv 107 of the events are of the multiperipheral type. An estimate of
the contamination due to double neutral pion production can also be
made from Table V by noting that type 3 processes occur v 1% of the
time. Assuming that the fast proton produces two 7° with the same
frequency as W+ﬂ— we believe that double 7° production also occurs

~v 17 of the time. Single n° production, however, may still be a large
effect.

As the multiplicity of the final state increases the dominance of
type 1 processes lessens and other processes occur more frequently. The
conclusion we draw is that low multiplicity final states for our trigger
configuration are produced by single fragmentation, while as the multi-
plicity increases so do the occasions of both protons fragmenting.

Also a dependence on the position of the external spectrometers can be
observed since the six prong events in positions (1,4) and (2,4) are
more strongly peaked toward single fragmentation than in position (1,9).
As is seen in Fig. 2, position (1,4) and (2,4) constrain the two protons
to vastly different regions of phase space, while position (1,9) is a
more symmetrical case.

To check that the rapidity criteria is valid, we have calculated

the effective mass, M, of all combinations of particles in four prong
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events by

If the association of particles based on the rapidity criteria is cor-’
rect, we expect that the effective mass of these combinations will be
low (typically M < 1.7 GeV/cZ), while incorrect associations will have
a mass above that. We find that n 95% of the éluster associations
based on rapidity had their effective mass in the appropriate range,
giving us confidence that the rapidity selection criteria are valid.

We can make another check on this procedure and get another
estimate of m° production by calculating W, the recoil mass from the
HMS proton, for each event. We assume that events with W < 3.0 GeV/c2
seldom have pions associated with the HMS proton, while events with a
W above this value are ones where we would expect double fragmentation.
We found that ~ 487 of all four prongs in position (1,4) had W < 3.0 GeV/c2
as opposed to 127 of the six prongs and none of the eight prongs. This
behavior supports the result of the previous section concerning the
rise of the multiplicity with W. Second, since all of the eight prongs
have W > 3.0 GeV/cz, the events classified above as type 1 for this
final state are probably double fragmentation with at least one n°
associated with the HMS proton. Thus, our conclusion above that high
multiplicity final states procede via double fragmentation is strengthened.
Finally, following a suggestion by Berger, Krzywicki and Fox,z0

we took a statistical approach and calculated a dispersion parameter
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which is a measure of the spread of the rapidities - in each event.

The average rapidity for any n prong event is defined as

7=1
y n yi'

nn~mpg

i=1
Then, to eliminate the leading particle, which would tend to spuriously

broaden the distribution, we discard the rapidity Yie satisfying
1 - 7| = tnaxly, - 3], 1 = L,n).

After rejecting this Yy ve define the dispersion, §, as

n-1
= yOH".

Berger et.al. predict that events representing single fragmentation
should be centered around the value § =0.9,while double fragmentation
events should have a somewhat larger 8. 1In both cases § will be inde-
pendent of the final state multiplicities. Multiperipheral type pro-
cesses should have a § which increases with the final state multiplicity.

The data from position (1,4) were used to generate Table VIII,
which shows that § does not depend on the final state multiplicity,
thus indicating that fragmentation type processes dominate. Unfortunate-
ly our incident energy is not great enough to give the larger disper-
sion values so this result is not definitive. For position
(1,4), the range of rapidities observed is from 4 to -1. If eight

particles are produced in this range, there is a limit to the value

of § which may obscure the results.
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C. Comparison with (p,-) Data

Using data in which the HMS profon triggered MASS, (p,-), the
behavior of the average charge multiplicity was found as a function of

two independent variables to be
NCEW) = 2+ AL = m) + (At = A (W - m?2,

where m is the proton mass and t is the momentum transfer to, and W,
g . . 6

the recoiling mass against the trigger proton. The constants were

A1 =1.19 + .033, A

= 0.011 + .001 and A, = 0.114 + .0I.

2 3

Since both protons provided the trigger for our data sample, (p,p),
and thereby kinematically constrained the events, we compare and con-
trast our data with the (p,-) parameterization. The (p,-) events were
not scauned, as there were ~ 14,000 of them, and there was a known bias
which resulted from relying on the PITRACK code alone to give the
multiplicity. Therefore, an overall correction of 0.15 tracks/event was
“added to the (p,-) results before they were compared with our data,
which have all of been scanned.

In Figs. 16 and 17, we plot the average charge multiplicity, <n>,
for events in position (1,4), for two t intervals, as a function of W.
The solid curve is the (p,-) result, calculated using the average t of
each interval. In both cases, the <n> from the (p,p) triggers are
higher than those from (p,-), the disparity increasing with W and
independent of t. The uncertainties shown on the (p,p) data are

statistical only, and merely reflect the number of events in each bin.

No attempt has been made here to evaluate and include systematic errors.
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A typical error for the (p,-) function, derived from the uncertainties
in the fitted coéfficients, waé found to be n .02 particles and is not
shown in the figures.

In Fig. 18 we plot similar distributicns from the position (1,9)
data. We see here that the results from both triggers agree within
errors.

To understand this behavior, we refer to Fig. 2. The majority of
the (p,-) events came from the high cross-section region of phase space,
in which the recoil proton goes strongly backward. This region is
characterized by small W and low multiplicity final states indicative
of distinguishable isobar production. For (p,p) triggers, the region
spanned by position (1,4) is far from the isobar region and could be
characterized as having more central collisions, with expected higher
multiplicity final states. Events from position (1,9) are closer to the
isobar region and therefore should agree with the results from the (p,-)
data.

To check this deduction, we plot the data from position (2,4)
events in Fig. 19. Here, the recoil proton is again constrained to lie
in the central region of phase space and the multiplicity is higher
than for the (p,-) trigger.

Further evidence can be found by reversing the roles of the two
protons: in position (1,4) the HMS proton will lie in the isobar region
if it is viewed as the recoil proton. The two relevant variables are
then t', the momentum transfer to, and W', the recoiling mass from,

the LMS proton. We now expect the (p,p) multiplicity to be lower than
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the (p,-) since the recoil HMS proton is now constrained entirely to
the isobar region and there are no small cross-section, high multi-
plicity events present. The results, shown in Fig. 20, fulfill our
expectations.

For the position (1,9) data, shown in Fig. 21, the difference
between the (p,p) data and the (p,-) is approximately the same as for
position (1,4), as is expected since the HMS proton has been constrained
to the same phase space region. For the position (2,4) data, we expect
the (p,p) multiplicity to increase somewhat, relative to the (p,-),
since now the HMS proton has been constrained to lie somewhat further
away from the isobar region. This is indeed the case, as seen in
Fig. 22.

To emphasize the change in the multiplicity with position, we plot
<n> vs. W for positions (1,4) and (1,9) for the interval 0.0 < t < 0.4
(GeV/c)2 in Fig. 23. As expected, the average multiplicity from position
(1,4) is systematically higher than that for position (1,9). 1In Fig. 24,
the data from positions (1,4) and (2,4) are consistent within statis-
tics, reflecting the rather weak dependence of multiplicity on t for
fixed W.

To improve the statistics, the data was summed over t and dis-
played in Fig. 25 is <n> vs. W for all three positions. The increase
in <n> for position (1,4) over that for position (1,9) is now more
apparent, especially at large recoil mass values. We checked and
found that the average value of t was equal within statistics for each

W bin. A comparison between positions (1,4) and (2,4) is more difficult,
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since the average values of t were not the same for each W bin. We
therefore use the (p,-) fuﬁction to correct for ﬁhe differing t values.
For W = 4.5 GeV/cz, the function predicts that the (2,4) data should be
higher than the (1,4) data by ~ 0.1 particle. Similar corrections were
made for the other values of W, and the two sets of data points are

equal within statistics.

Finally, we sum Fig. 25 over W and obtain an overall multiplicity

Il

for each position. This yields <n> = 5.16 + 0.08 for position (1,4),
<n> = 4.07 + 0.14 for (1,9) and <n> = 6.07 + 0.18 for (2,4). The
average W in each position is 3.44, 2.82, and 4.28 GeV/cz, respectively.
If we take an average t and use these values of W in the (p,-) function,
we find that the multiplicity from positions (1,4) and (2,4) should
differ by ~ .6 particles, an amount consistent with the observed result.
However, the multiplicity from (1,9) and (1,4) should differ by NG
particles, which is in disagreement with the (p,p) data. This extra

increase in the multiplicity must be due to some dynamical effects

associated with the LMS proton.

D. Conclusions

In our study of the reaction pp = pp (nﬂi) we found certain regu-
larities governing the production of these multipion final states.

The average charge multiplicity varied strongly and linearly with
the recoil mass from each proton individually, W and W', as well as
with the recoil mass from both protons, W'. The increase as a function

of W is explained by the fragmentation of the LMS proton, with the
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fragmentation of the HMS proton becoming increasingly important at large
W. The linear dependence of the multiplicity on W' is understood by the
increasing ordering of prong topologies and their abundances. The
multiplicity was also found to vary linearly with the inelasticity,
indicating that as more energy becomes available from the two protons,
more pions will be produced in the final state.

A rapidity analysis yields evidence of clustering of the final
state particles which is explained by the fragmentation of the target
proton for low multiplicity final states, with the projectile proton
becoming increasingly fragmented as the multiplicity increases. The
protons fragment independently of each other for all multiplicities.

No evidence for multiperipheral type production processes was found.

By comparing our events with those in which only one proton was
detected, we find that the average multiplicity depends strongly on the
behavior of both final state protons. Constraining the protons to
central regions of phase space causes the average multiplicity to
increase by N1 particle over that found for isobar processes. This
indicates that a central as distinct from a peripheral process is

occurring.

There exists n 8 times the number of (p,p) triggers in the current
data from MASS than was analyzed here. Its analysis will not only
improve the statistics but will extend the range of the variables
examined here. This data will include events from intermediate LMS
positions which will allow checks on the consistency of our results

over the entire ILMS acceptance region.



Appendix A

CONSTRUCTION AND PERFORMANCE OF THE VERTEX SPECTROMETER

The VS, designed and built for use in this experiment, is a unique
detection device possessing the large solid angle advantage of a bubble
chamber and the triggerability, digitized readout, and high data rates
of spark chambers. It utilizes unique cylindrical spark chambers with
high multiparticle efficiency which were developed for this experiment

and were built by the Physics Design Group at Brookhaven National Laboratory.

A. Chamber Construction

The chamber electrodes were constructed from commercially available
50 p Kapton (H—film)21 bonded to a 25 uy aluminum backing. This foil was
stretched over a wooden cylindrical drum, Kapton side up, and a thin
layer of epoxy22 was applied onto which 130 u gold plated copper wire was
continuously wound with a pitch of 12.5 wires/cm. A strong bond between
the wires and the backing foil resulted while the top surface of the
wires remained exposed to permit spark formation. The wires and backing
foil were electrically connected, half the wires at the top and half at
the bottom of the cylinder, by bonding a copper strip to the aluminum with
conducting epoxy23 and soldering the wires to the copper. To prevent edge
sparking the free ends of the wires were cut back and buried inside the
chamber end structure.

A half chamber was constructed by epoxying a 76 u mylar sheet, which

was stretched over an assembly drum, to a metal chamber skelton consisting

32
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of steel (type 1010) headers at the top and bottom, stainless steel
vertical support bars at i900 from the forward direction, and vertical
aluminum support bars at the edges of the chamber. Nylon honeycomb24
(cell size 0.95 cm, height 0.95 cm, wall thickness 25 microns) was
epoxied to the mylar in the interior of the metal skeleton. The elec-
trode foil was stretched and epoxied wire side up to the skeleton and
the - honeycomb. The high voltage electrode was isolated from the steel
by 2 mm lucite and the ground electrode by 50 u of Kapton tape. Steel
spacer rings, similarly insulated, were placed at the top and bottom of
the active chamber area. These rings together with vertical lucite
spacer bars, located at the edges of the active area, maintained the
0.95 cm gap spacing.

Two half chambers were joined and removable steel T-caps were at-
tached to the steel headers to form a cavity for the magnetostrictive
lines and their readout coils., With the headers imbedded in a steel
plate the magnetic field inside the cavity was reduced ten-fold. A
finished chamber withstood large forces, contained little material in
the active area (0.25 g.), and maintained the gap spacing to + .02 em25
The high-voltage electrode had wires parallel with the axis of the
cylinder while the ground electrode had wires at either +26.5° or -26.5°
with respect to the axis. Because half of each electrode's wires were
soldered at the bottom of the foil and half at the top, we were able to
detect sparks over the total area of both electrodes. Figure 26 shows a

drawing of a typical chamber.
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B. Chamber Readout

Each header cavity contained two magnetostrictive lines (0.3 x
0.13 mm2 Remendur26 ribbon) whose velocity was premeasured. Pickup coils,
40 turns of #40 copper wire, were located at both ends of each line
inside cylindrical biasing magnets.2

The readouts, built as complete units, consisted of two lucite strips
formed to the correct radius with grooved notchgs to house the magneto-
strictive lines. Curved copper boxes, which contained pickup coils,
biasing magnets, insulated standoffs and clay to damp out signal reflect-
ions, were epoxied onto the ends of the lucite. The magnetostrictive line,
inserted into a teflon tube (diameter 0.8 mm), was wound with a solenoidal
biasing coil which provided the capability of polarizing the magnetostrict-
ive line remotely. The line assembly was then placed into the groove in
the lucite strip.

The lucite carriers were fitted to the chambers and shimmed tightly
against the wires of the electrodes (the distance between the chamber
wires and the magnetostrictive line was approximately 1 mm). The pickup
coil and solenoid leads were soldered to cable connectors mounted on
another copper box attached to the chamber. Shielded twinex cables carried
the signals to the amplifiers,28 located 3 m from the magnet.

The signals from the chambers were digitized by a MIDAS11 system
located in the electronics trailer v 30 m from the amplifiers. The
minimum spark separation resolvable was 3 mm. Each pickup coil was as-
signed either four or six scalers. Since each magnetostrictive line had

two coils and each line read half of an electrode, a chamber was capable
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of recording up to 24 sparks. If the number of spa;ks was less than the
maximum, the double coil readout provided a consistency check. Because
fiducial wires were not mounted on the chambers, the scalers were started
by a fast logic signal.

The steel headers of the chambers were designed to minimize the
effects of the 10 kG magnetic field on the magnetostrictive lines. We
found that the lines were unaffected by magnetic fields of 1.5 kG normal
to and n 40 G parallel to the wire.29 Thus the lines were oriented
perpendicular to the main field component. The normal component seen
by the readout wire in the magnet was v 1 kG while the 107 field non-
uniformity caused the longitudinal component to be as high as 100 G in
some places close to the magnet coils resulting in small dead spots and
signal inversion on a few of the lines. Digitizings from an inverted
signal had a distinctive double-spark pattern and occurred away from the
forward direction, so they were averaged by software without loss of

resolution.

C. Chamber Operation

To obtain a high multiparticle efficiency, the chambers were operated

. . . . 30
in a transmission line mode.

The high voltage and ground were connect-
ed to the aluminum backing sheet instead of to the wires directly. 1In
addition, each chamber was terminated into a resistor-diode combination
which matched the inherent chamber impedanée, typically 5Q. This re-

sulted in a uniform high voltage pulse with a rapid rise time over the

entire chamber area, while reducing the voltage reflections from the end
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structure. The chambers were operated with standard spark chamber gas
(90% Ne - 107% He) bubbled through isopropyl alcohol at 0°C which provided
the quenching agent. This mode of operation produced sparks with re-
latively uniform signal height and reduced spark robbing effects.

The chambers had an operating voltage of 5 kV and were pulsed with
an HY-13 hydrogen thyratron,31 which produced a negative high voltage
pulse with a 20 ns risetime and 400 ns RC decay. time. A regulated high
voltage power supply32 and recharge circuit33 was capable of operating
at rates of 100 pulses/s; the chambers were normally operated with a
10 ms dead time. A +80 d.c. and a +500 V pulsed (2 ms width) clearing
field were used to keep the chamber free of electrons. These conditions
resulted in a single particle memory time with chamber efficiency down

to 30% of v 1.5 us. Delay time between particle passage and the high

voltage pulse was 550 ns.

D. Spectrometer Assembly

The completed spark chamber system, which consisted of six full-
round (2700 active area) and three half-round chambers (1800 active area),
is shown in Fig.27 . Each chamber header was placed in a groove in the
bottom plate of the support structure. The chambers we?e then aligned,
high voltage and readout cables attached, and the assembly completed by
placing a top plate over the chamber headers and bolting it into place.
The steel plates and chamber headers formed a continuous plate-like
extension of the pole pieces, so we substantially reduced the magnetic

field components on the lines without altering the magnetic field homo-
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geneity in the gap. The assembly was inserted into the ARGO magnet by
removing a plug in the magnet top pole piece. The liquid hydrogen target
was then introduced into the upstream median spacer gap of the magnet and
positioned at the center of curvature of the six full-round chambers. The
particles produced in the target and destined for the external spectro-
meters passed through a 6" gap about the median plane of the magnet and
chamber support structure.

The support structure prevented damage when the magnetic field
interacted with the chamber headers. This was accomplished by adding
1 cm of steel to the bottom and top plates which resulted in magnetic
forces which stretched rather than compressed the chambers. The degree
of stretching was adjusted by set screws inserted through the top plate:

a 10 kG field caused a stretching force of n 3/4 tons.

E. Spectrometer Performance

Because of high instantaneous beam rates we deadened each chamber
where the beam traversed it by epoxying 0.25 mm Kapton to its electrodes.
Sparks from beam halo, knock-on's, delta-rays and interactions near the
target limited our beam intensity to N6 ox lO5 protons/s.

The high multiparticle efficiency which was a cardinal feature of
our chambers is shown in Fig. 28 . These efficiencies were calculated by
reconstructing a sample of events, calculating the number of sparks
expected for each track and comparing it with the number of sparks ac-
tually found as a function of the number of prongs detected. Efficiencies

determined in this way may ‘be biased as tracks had to be found before the
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efficiency was calculated. Thus, we next extrapolated externally measured
particle trajectories into the VS and counted the number of sparks found
in the predicted location. The average multiplicity of these events was
v 5 and the efficiency 96.5%. Finally, we took elastic events, predicted
the path of the recoil proton from the information of an external spectro-
meter, and found a 2-prong efficiency of n 99.7%. That this efficiency
is slightly higher than the others may be accounted for by the large
ionization of the slow recoil protons.

The spatial resolution of the chamber was measured with the magnetic
field on and off. For field-off runs, a straight line fit was made to
the particle trajectories as found from the spark location from the
vertical wires. A "fit minus measurement" distribution was then con-
structed which was found to be + 0.5 mm wide at half maximum. For field-
on runs, the vertical wire sparks were fit to a circle with corrections
applied to account for the electron drift resulting from the crossed
electric and magnetic fields (e.g. 3.3 mm at N 10 kG).34 These "fit
minus measurement' distributions also had a value at half maximum of

+ 0.5 mm.
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TABLE I. SPECTROMETER CHARACTERISTICS

Spectrometer

Solid Angle
(mrz)

Momentum Acceptance
(GeV/c)

Resolution A6

(mr)

Resolution AP/P
%)

Mass Identification

Data Rate
(events/s)

Movement Time
- --(hours)

HMS LMS
33 x 10 180 x 47
5 - 28.5 .6 — 10
+ .2 + 1.0
(P = 20 GeV/c) (P =2 GeV/c)
+4 +%
(P = 20 GeV/c) (P = 2 GeV/e)
Yes Yes
100 40
2 1

VS

2T sr

(forward)
(side)

(forward)
(side)
1 GeV/e)

No

20

£y
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TABLE ITI. DATA REDUCTION AND CUTS

Per Cent Surviving (p,p)Events
Raw Data Sample 100.0 15,787
Input to CDT 99.6 15,724
CDT Cuts:
Illegal Trigger Types
89.1 14,066
Hodoscope Failures '
85.7 13,529
HMS Track Reconstruction
70.0 11,050
HMS Vertex Cut
48.2 7,609
LMS Track Reconstruction
41.6 6,567
LMS Vertex Cut
28.8 4,547
Particle Identification Changes (p>m)
13.2 2,084
Surviving Events 13.2 2,084
Confused Events Cut
12.7 2,005
PITRACK Cut
12.6 1,989
Scanning Cut
12.1 1,910
FIT Cut
11.3 1,784

Final Target and Grade Cut
9.5 1,507
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TABLE III. FINAL STATE CHARGE MATRIX
1 2.
5
(1) 2
8 16
w
2 3 (3) 14 (1)
=
A~y
=1
a 18 98
[
S 1 (6) 40 (8) 8
o
[a¥}
=3
° 15 269 2
£ 6 40
Exée‘ %) 2 (16) 3)
413 10
11 80
3 (29) (5) 1
146 9
(26) 93 (7)
0 1 2 3 4

NUMBER OF NEGATIVE PIONS




TABLE IV.

46

DETECTION EFFICIENCIES, €, AND

CORRECTED NUMBER OF EVENTIS, Nn’ FOR VARIOUS

n - PRONG TOPOLOGIES

=}

|

.80

647

| &

.03

25

.86

494

|oy
|oo
—
o
’_-I
[

+22 211 + 16 57 + 8 6+ 3




TABLE V. PERCENTAGE OF EVENTS FOR EACH FINAL STATE CATEGORY OF FOUR PRONGS

Position # Events Type
1 2 3 4
(1,4) 205 69.8 + 5.8 17.6 + 2.9 1.5+ .8 11.2 + 2.3
(1.9) 86 62.8 + 8.5 25.6 + 5.5 2.3 +

1.6 9.3 + 3.3

(2,4) 41 53.7 + 11.4 19.5 + 6.9 4.9 + 3.4 22,0 + 7.3

LY



TABLE VI. PERCENTAGE OF EVENTS FOR EACH FINAL STATE CATEGORY OF SIX PRONGS

Position ## Events .Type
1 2 3 4 2
1,4) 121 50.4 + 6.5 33.1 + 5.2 13.2 + 3.3 3.3 + 1.7 0.0
1,9 21 4.8 + 4.8 38.1 + 13.5 38.1 + 13.5 9.5 + 6.7 9.5 + 6.7

(2,4) 46 30.4 + 8.1 32.6 + 8.4 30.4 + 8.1 4,3 + 3.1 2.2 + 2,2

8%



TABLE VII. PERCENTAGE OF EVENTS FOR EACH FINAL STATE CATEGORY OF EIGHT PRONGS
Position # Events Type
1 2 3 4 2 & 7
(1,4) 34 26.5 + 8.8 41.2 + 11.0 20.6 + 7.8 11.8 + 5.9 0.0 0.0 0.0
(2.4) 21 33.3 + 12.6 23.8 + 10.6 19.0 + 9.5 19.0 + 9.5 4.8+ 4.8 0.0 0.0

6%



TABLE VIII. NUMBER OF EVENTS FOR THE DISPERSION PARAMETER § VS. FINAL STATE TOPOLOGY

1.1

1.3

1.5

1.7

Number of Prongs

| &

28

72

57

35

12

|on

16

40

38

25

10

oo

14

14

0s
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Figure 1. Schematic of the Multiparticle Argo Spectrometer System.
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Figure 2. Phase space regions accessible to the IMS and IMS protons.
The regions spanned at a few positions are outlined and numbered.

49



@b%
8

SAADI S
yimiey

Figure 3. Schematic of the Vertex Spectrometer

119



SCALERS

(A9

P - SCALERS
TRIGGER =51 FAST  —®{ TRIGGER l
TOR
COUNTERS|—a] LOGIC -:—Tseuac TYPEWRITER|
TRIGGER BUSY
2§¢g START DRUM
M
BusY DATA HANDLER 28
Fve HY CoRe [ = . DEC BIT
—— Y SPARK |
circult| [PULSER cHAMBERS | —H—o{ CONTROL | | TAPE WORDS
A.G.S. ! !
TIMING R
CYCLE ; SORE |
| :
i EXX) ! POP-9
MAGNE TO- | MEMORY T Iéﬁ;T gggé
AV STRICTIVE | | REGISTER }—
‘ i WORDS BROOKNET
PULSER SPARK : ; f | LINK
CHAMBERS, | i
: MEMORY :
| 4K
- || seer || ! il
TOF I WORDS
COUNTERS ADC sac ! ; LINEPRINTER| |CRT| |TELETYPE
: MIDAS SYSTEM I — i .
500 SCALERS MAGNETIC
—= FLacs 16 WORDS TAPE
p— 7 TRACK
556 B.P.I.
DVM
MAGNETS, 100 DIGITAL MEMORY
POWER_SUPPLIES, = CHANNEL —+1\ o '"PMeTeR o] 100
ETC. SCANNER 36 BIT
WORDS

Figure 4. Data collection and storage.



RAW
DATA

MAGNETIC _
TAPE

COMPUTER _
CODE

COoT

PITRACK

Figure 5.

Computer program chain.

FIT

PHYSICS
ANALYSIS

VUE

99



56

o 5.0<W <6.0 Gev/c2

X 6.0 < W < 6.5 Gev/c?

]
|——l:e

=t
==

2.5 3.5 4.5 5.5

W(Gev/c2)

Figure 6. Average charge multiplicity vs. recoil mass for position (1,4).
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Figure 7.  Average charge multiplicity vs. recoil mass for position (1,9).
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Figure 8. -Average charge multiplicity vs. recoil mass for position (2,4).
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the double recoil mass.
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the double recoil mass.




<n>

T T T T
1 1 1 - |
.2 b .6 .8
K
Figure 11. Average charge multiplicity vs. inelasticity.

19



NUMBER OF BACKWARD PIONS

62

T T i ‘ !
O = Average number of
6L P‘*é'i backward pions
x = Average number of
forward pions
st o
4 I 53
3t b4 T
T 0
1 i
) B
P4 L
1 bl
o B4
1 2 1 L 1
0 1 2 3 &

NUMBER OF FORWARD PIONS

Figure 12. Number of pions backward vs. the number of

pions forward in the CM for position (1,4).
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Figure 13. Number of pions backward vs. the number of

pions forward in the CM for position (1,9).
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Figure 14. Number of pions backward vs. number of pions

forward in the CM for position (2,4).
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Figure 15. Number of pions backward vs. the number of

pions forward in the CM for all data.
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Position (1,4)
0.0 < t <0.4 (GeV/c)2

<n>

L L y a A

2.5 3.5 4.5 5.5

W(GeV/cz)

Figure 16.  Average charge multiplicity vs. recoil mass for <t> = 0.2
(GeV/c)2 in position (1,4). The solid-line is the result

from (p,-) triggers.
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Figure 17.  Average charge multiplicity vs. recoil mass for <t> = 0.9

(GeV/c)2 in position (1,4).
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Figure 18. Average charge multiplicity vs. recoil mass

for <t> = 0,3 (GeV/c)2 in positioh (1,9).
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Figure 19. Average charge multiplicity vs. recoil mass

for <t>=1.4 (GeV/c)2 in position (2,4).
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Average charge multiplicity vs. momentum transfer for <W'> = 6.1
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GeV/c2 in position (1,4).
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Figure 22. Average charge multiplicity vs. momentum transfer for <W'> = 6.1 GeV/c2

in position (2,4).
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Figure 23. Average charge multiplicity vs. recoil mass

for. <t> = 0.2 (GeV/c)2 in positions (1,4) and (1,9).
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Figure 24. Average charge multiplicity vs. recoil mass

for <t> = 1.0 (GeV/c)2 in positions (1,4) and (2,4).
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Figure 25. Average charge multiplicity vs. recoil mass
for positions (1,4), (1,9) and (2,4).
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Figure 26. Schematic drawing of a cylindrical
spark chamber and readout.
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MULTIPARTICLE EVENTS WITH IDENTIFIED FINAL STATE PROTONS

RESULTING FROM pp INTERACTIONS AT 28.5 GeV/c
by
Blair Culver Stringfellow

(ABSTRACT)

Using a new and unique multiparticle detection device, we have
measured the average final state multiplicity for a sample of 1,500
events from the reaction pp > pp (nni) at 28.5 GeV/c where both protons
were constrained to limited regions of phase space. We find that the
resulting average charge multiplicity depends linearly on the recoil
mass from both protons, and on the inelasticity. A rapidity analysis
indicates that low multiplicity final states are produced by one
fragmenting proton, while as the multiplicity increases, so does the
probability of the other proton also fragmenting. No evidence was
found for multiperipheral production. We compare our data with events
in which only one proton is constrained and find that the multiplicity
varies with the behavior of both final state protons, the higher

multiplicities occurring for more central collisions.
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