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I. INTRODUCTION

The study of single particle inclusive spectra provides insight
into the underlying constituent structure of the interactfng
systems, For example, inelastic iepto—production exper iments
meagure the quark structure functions for the target nucleons,!

Both low and high Py hadronic reactions study the gquark-quark
interaction and the methodology of guark confinement.2?’3’*  fThe
coincidence study of the remaining particles left behind mav provide
further insight into the reaction mechanisms through correlations
with the trigger particles with respect to multiplicities, angular
distributions, momentum spectra, or flavors,

The Fermilab Single Arm Spectrometer facility, SAS, was used to
study the multiplicities and angular distributions of the assoclated
charged particles produced in hadronic interactions. A non-magnetic
vertex detector surrounding a liquid hydrogen target was triggered
by a single charged hadron detected in the Single Arm Spectrometer.
The beamline and spectrometer instrucantation allowed complete
identification of the incident and trigger hadrons, allowing

simultaneous measurement for all reactions of the type
A+ p=>cCc+ X

where a and c are any combination of nt,kt,p, and E. Data were taken
at incident momenta of 2100 Gev and =175 Gev. The scattered trigger
hadrons were measured over the Feynman-x range 0.2 x<0.94 and

transverse momentum range 0.1 5?:21'2 Gev/c. We present results on



the multiplicity and pseudo-rapidities of the remaining charged
particles as a function of beam and trigger particle species and

kinematics,



II.

APPARATUS AND TECHNIQUES

A.

Description

M6 /SAS Single Particle Inclusive Cross Sections

The Permilab Mé beamline and the Single Arm
Spectrometer have been used by this group for a
continued study of single particle inclusive elastic
and inelastic hadronic scattering.’ This facility
provides events tagged with regard to beam and
spectrometer particle momentum, direction, and
position., Eight Cerenkov counters, electromagnetic
and hadronic shower counters, and a muon absorber give
unambiguous identification of the incident and
scattered particles on an event-by-event basis. This
information provides measurement of the single
particle inclusive cross sections.® In addition, the
M6/SAS system provided a fast trigger to the vertex
detector to study properties of the charged particles

associated with a fast forward hadron.

The single particle inclusive data reported here
include studies of the beam fragmentation regien,
Feynman x > 0.2, for moderate transverse momenta
0.1 < p, £1.2 GeV/c. All results are empty target

substracted and are averaged over plus and minus



production angles in order to reduce systematic

effects.

Transmission Total Cross Section Triggers

In addition to the spectrometer system described in
Ref. 5, provision was included to form a total cross
section trigger. This allowed the properties of the
associated particles measured in this experiment with
a minimal bias trigger to be compared with similar
bubble chamber results. A small scintillation counter
was placed at the momentum dispersed focus of the
spectrometer. The spectrometer was placed at zero
degrees to the incident beam and tuned to the beam
momentum. Particles that met the criteria for beam
particles, but failed to fire this scintillation
counter, were candidates for inelastic interactions
and produced a trigger for the vertex detector, The
largest background for a total cross section
measurement was from low &, high x scatters that
gstruck the transmission veto counter. The etfect of
this background was estimated using the results of
sz. 5. Losses of transmission due to scattering or
absorption in the spectrometer were treated as empty

target backgrounds.



Vertex Detector?

The 20" liquid hydrogen target (0.06 absorption
length) was surrounded by a non-magnetic vertex
detector. The primary goal of this detector system
was to measure the associated charged particle
multiplicities and pseudo-rapidity distributions for
single particle inclusive events triggered by the
Single Arm Spectrometer., The vertex detector and
liquid hydrogen target were mounted on a tilt frame to
maintain alignment along the incident beam:-while the
beam was pitched vertically to vary the Py of the
trigger reaction. A schematic layout showing the
relative positions of the vertex detector components

is shown in Fig. 1.

Three separate detector systems were used to cover the
full angular range: the forward multiplicity Cerenkov
counters (MC), the mid-range multiwire proportional
chambers (PC), and the wide angle target recoil
hodoscopes (MT and MB). All detectors had a hexagonal
geomettf. Two adjacent detector regions allowed
substantial overlap for tracks originating from any
vertex within the hydrogen target. Table I lists the

detector properties,

The multiplicity Cerenkov counters, MC, detected



charged particles within 1.8° of the incident beam.
Multiwire proportional chambers would@ not have been
feasible for this region because of tracking
ambiquities due to the large particle density for a
large fraction of our events. The incident beam and
spectrometer trigger particle also passed through the
MC counters. This required short resolving times and
high rate capability. An array of six one-half inch
thick (0.02 absorption length) Pilot 425 Lucite

Cerenkov Counters®

was positicned on the incident
beamline. The Cerenkov light cutput was independent
of the velocity for particles with 8 > 0.9 allowing
detection of multiple particles in a single MC counter
by pulse height analysis. The MC array could be

removed remotely to study backgrounds and absorption

of the spectrometer trigger particles,

Multi-wire proportional chambers (PC) covered the
angular range 1.5° to 24°. In addition to track
counting, the PC array was used to reconstruct the
interaction vertex positiocn for each event, a
necessary point for studying angular distributions for
an extended target. The nine sense planes were
arranged in three packages providing three points for
each track in each of three projections rotated 120°
between views.' There were 2600 sense wires of

0.080" spacing in the entire vertex detector.



Hexagonal kapton plugs of 0.002" thickness were used
to deaden the beam reqgion for the PC's, The plug
sizes were chosen to shadow most of the MC array. The
middle triplet package had a smaller plug to allow
more overlap with the MC array for intercalibration

»

studies.

The hexagonal target hodoscope (MT and MB) counters
covered the region beyond 22°, The double laver of
scintillators discriminated against delta rays while
maintaining sensitivity to stopping protons. A
coincidence between the inner (MT) and cuter {MB)
counters signaled a penetrating particle. Stopping
recoil protons were detected by requiring a 6 times
minimal energy deposition in the inner MT layer
without requiring a MT.MB concidence, The MT counters
formed three hexagonal barFels along the beam, Each
set of three MT counters was backed up by a single MB
counter for a total of eighteen MT and six MB

counters,

The overall resolving time of the vertex detector was
determined by the 40 nsec charge collection time of
the multi-wire proportional chambers. For the
multiplicity analysis, it was’required that there be
no other beam particle incident within :3 RF buckets

{¢55 nsec) of the spectrometer trigger to minimize



backgrounds due to old tracks from events in nearby RF
buckets. BEvents were vetoed if there were more than
one beam particle in a bucket as detected by ambiguous
beam Cerenkov patterns or large pulse heights in beam
trigger counters., Such accidental rates and MWPC wire
currents limited our luminosity to 1.5 x 10°
interactions/second or 3 x 10° incident

hadrons/second.

Analysis

The largest background for spectrometer triggers was
produced by the MC array in Fig. 1, Interactions of the
beam in this counter resulted in abnormally low
multiplicities recorded in the vertex detector. The
reconstructed beam and spectrometer trajectories were used
to determine the z position !along the beam)} of the
interaction vertex and éliminate this background. 1In

Fig. 2, the typical full and empty target vertex z
distribution appears for a 3.5 mrad production angle at 60
GeV/c. The target is symmetric about 0 while the MC
background peaks at 1.65 meters. The spectrometer

triggers were required to have z < 0.75 meters.

For those spectrometer triggers which were completely

reconstructed, satisfied all cuts and were compietely



jdentified, the multi-wire proportional chamber data was
decoded. The tracking algorithm first found a vertex by
extrapolating hits in each projection back to the target,
A fit Fombining all three projections determined the x,y.z
coordinates of the interaction vertex, Tracks were
discarded until an acceptable X? was attained, and the
discarded tracks were examined for a second vertex. Using
thin nuclear targets, the PC vertex resolution was
measured to be Uz = 0,7 inch. After the vertex was
determined, the three PC packages were analyzed beginning
with the downstream package. Lines were drawn to the
vertex including hits in other packages within a 4mm
roadwidth, The found tracks were scanned, deleting the
most ambiguous tracks which shared too many common
projections, Two PC tracks within 6mm were treated as a

single track.

Multiple particles could be detected in a single MC
counter as evidenced by the pulse height spectrum shown in
Pig. 3. The pulse height cuts corresponding to a specific
number of particles were set by egquating the miscounting
of adjacent multiplicity bins in order to preserve the
average multiplicity. In those cases where a single MC
counter appeared to have more than three particles
detected, it was assumed that a secondary interaction
occured in the lucite counter and the true multiplicity

for that counter was set to one. The percentage or good
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events with more than three particles in a single MC

counter was estimated to be much less that 1%.

Wide-angle particles were detected by a coincidence
between the inner MT counter and the corresponding MB
counter. A coincidence was not required for particles
stopping in the inner counter provided there was at least

a six times minimum energy deposition in the MT counter.

No vertex was found in 5-40% of the events depending on
the spectrometer kinematic setting. For the triggers with
large Feynman x, the small multiplicity gave a large
probability of no PC tracks. As x decreased, the PC
multiplicity increased‘enhancing the probability of
finding the vertex. When no vertex was found, the center
of the target was used to compute the track coordinates,
The overall multiplicity and angular distribution for each
event was determined by combining the results from the
three vertex detector systems, Coincidences between the
overlap regions of the individual detectors were checked
to prevent double counting. The charged particle hit
pattern for each reaction channel and kinematic setting
was stored in six angular bins with respect to the beam
axis, PFig. 1 and Table II list those bins and the
corresponding pseudo-rapidity ranges. Empty target
subtractions were performed on all distributions at this

point,
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Corrections?’!®

For each reaction type, we measured a raw charged prong
count Noj' To extract the true charged prong count, NTi'

we assume there is a linear transformation

Noy = f Mss Npj

where Mji is the probability of an event with i charged
prongs being measured as having j charged particles. The
elements Hji were determined using a Monte Carlo method
which simulated events with both charged and neutral

particles, including the vertex detector response.!®

Two related methods were used to generate the hadron
distribution at the vertex., Actual reconstructed Fermilab
30" bubble chamber events for 100 GeV pp interactions'!
were used for the charged tracks. Extra neutral tracks
were genefated using a pt—limited phase space Monte Carlo
method to balance momentum.'?  The number of extra
neutrals was generated as a Poisson distribution using the
°

average number of K°, n°, and A® measured in bubble

chamber data,®!?

The second method involved generating both charged and

neutral particles using the pt-limited phase space Monte
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Carlo. This method also generated events which were
triggered by the detected spectrometer particle. The
recoiling hadrons were generated for the appropriate

2 and recoil momenta. The overall single

missing mass M,
particle distributions generated were constrained to

reproduce the inclusive data measured by the spectrometer.

The generated events of a given multiplicity j were then
propagated through our vertex detector taking the
following effects into account: two or more particles in
the same MT.MB counter, delta rays, multiple scattering,
ionization energy loss, elastic and inelastic scattering,
gamma ray conversion, and the decays of neutral particles,
The measured detector inefficiencies, misalignments, and
responses were also included in the program, The
distribution in tne number of the particles detected by
our vertex detector produced the transform matrix

M,. = Number of j prong events detected as i prongs

13 Number of simulated events with j prongs

The charged prong distribution NTj was calculated by least

squares minimization of




where o5 is the statistical error on the number of events
of appareﬁt multiplicity i. A problem regarding the
oscillation of the fitted charged prong coefficients was

solved by constraining the prong count distribution

NTi =ae

for 1'greater than twice the average multiplicity. This
form approximates the tail of the KNO scaling distribution
discussed later. For rare channels, such as §p+k+x, with
less than 100 detected events, we simply used a correction
ratio of (fitted <n>/raw<n>) determined for a much higher
statistics process such as w-p+w+x to estimate the average
multiplicity of the rare channel. A similar least squares
matrix approach was used to correct the pseudo-rapidity

distributions,

Three actual data sets were used to calibrate our Monte
Carlo and detector models. Non-interactive beam particles
produced delta rays in the hydrogen target. By studying
the vertex detector response to these beam triggers, we
directly observed the difficult to model major background
due to production, self-absorption, multiple scattering
and transport of very low energy electrons through our
hydrogen target and detector. Elastic scattering data was

used toc calibrate the response of the MT and MB counters

13
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to slow recoil protons., Finally, we required good
agreement with the total inelastic multiplicities observed

in bubble chambers as described in Section III-A.
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III. TOTAL INELASTIC CROSS SECTION STUDIES

As a calibration of the vertex detector, the spectrometer
transmission veto system formed a total cross section trigger.
Total inelastic charged multiplicity data were compared to bubble
chamber measurements in order to check detector performance and to
understand systematic differences. This section contains
measurements of the total inelastic cross sections, the mean
inelastic charged multiplicities, and the topological cross
sections for 7%, ¥*, p and P beams at 100 and 175 GeV/c. The

negative beam data were used to demonstrate KNO scaling,

A. Total Cross Sections

The total cross sections measured in this experiment are
listed in Table III. These were corrected for elastic
events vetoed by the spectrometer?® (+20% and 50% at 100
and 175 GeV/c respectively) as well as for Ehe loss éf
low-t (|t]|< 0.04 GeV?) inelastic diffractive events!®.
These data are compared to those of Carrol, et. al .}?* .
The quoted errors are statistical only. The systematic
error is estimated to be about 33. The largest source of
error is the uncertainty in the spectrometer acceptance
for the elastic cross section (< 1.5%) . Other sources of
error include beam doubles (< 0.5%), beam particle

misidentification (< .li) and muon and electron

contamination of the pion sample ({(r5%).
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Mean Inelastic Multiplicities and Charged Topological

Croas Sections

A comparison of the mean multiplicities of charged

particles measured in this experiment with those measured

with bubble chambers appears in Table IV. The quoted

" errors are only statistical. Systematic errors are

discussed later. Although intended as a calibration, for
some channels this data represent the first multiplicity

measbrements at these energies.

The topological c¢ross sections for ﬁ+p,pp and pp at 100
GeV/c are listed in Table V indicating good agreement with
bubble chamber measurements. Topological cross sections
of the remaining channels are given in Table VI. For ease
of comparison, the topological cross sections in these
tables have been normalized to the inelastic cross

sections of Ref. S and 15.

Scaling

Charged topological cross sections for incident hadrons
have been shown to obey KNO scaling.'® The 100 and 175
GeV/c negative beam topological cross sections have been
plotted as ‘“’Un/Oinelastic vs. n/<n> (Pig. 4). Our data
is in good agreement with the curve, which represents a
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KNO fit!? to pp data over the range 50 to 300 GeV/c. This
is the first demonstration of KNO scaling for negatively

charged hadron beams.

Corrections and Estimates of Systematic Error

These are two sources of systematic error for the total
inelastic multiplicities and topological cross sections.
Oncertainty in the elastic event substraction can
contaninate the two-prong topology and shift the average
multiplicity by about 0.06 charged particle., The other
source of systematic error is in the modeling of the
detector system and in the parameterization of neutral
particle production and backgrounds used in the Monte
Carlo program. The set of physical effects considered and
the detector system modeling were discussed in Section II.
Table VII summarizes each effect, together with the actual
corrections applied to the 100 GeV r p data. For all
reactions, the systematic uncertainty in the average
charged multiplicity is <3% of the multiplicity. The
understanding and treatment of thia source of error are

directly appiicable to the associated multiplicity data.
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IVv. ASSOCIATED CHARGED PARTICLE MULTIPLICITIES

A. Kinematic Variables and Data Presentation

In this experiment, typical data runs consisted of varying the
scattering angle at a constant spectrometer momentum sSetting. Over
all of the kinematic range covered, the ratio
/e

accuracy. Por each spectrometer momentum, angle settings

X = approximated Feynman-x to better than 2%

pspectrometer beam

corresponding to Py = 0.3, 0.5, 0.75 GeV/c were chosen. Additional
P, values out to Py = 1.2 GeV/c were covered for x = 0.3, 0.6, and
0.92 or ¢.94.

‘The most useful kinematic variables for studying associated
multiplicities in the reaction a + p + ¢ + X are the total missing

mass sqguared Hx’ and the invariant momentum transfer t defined as

MEe (PePo-F ) 2 s(i-x)

bz (B-F )Y« M -x) s MY(i-%) - Pé/x
where 8 = 2Mppbeam’ the total energy squared. These forms are
approximations valid at high energies.
The average associated charged multiplicities for selected
channels are shown as functions of t and x in Figs, 5 and 6.
Complete tables of these results for all reaction channels are

available in Ref, 7.

B. t-dependence of the Leading Particle Associated Multiplicities
previous bubble chamber ''’'!?%* and counter experiments ?°/%! have
studied the Hx’ and t-dependences of the asscciated multiplicities

in leading particle reactions of ‘the type
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PR * PX_
Tp*TX
Tp > Xp
Most of these pp * pX experiments find very little dependeace of the
multiplicity on the momentum transfer t. However, the ARG groupz'
found definite increase in the associated multiplicity with

r

increasing t consistent with a form n = a(x) + BI(Mx-MP)’ ‘t|. The

® has also fouad a form

Fermilab 30" bubble chamber group’
n = a(x)+B|t] for the reaction T p*7 X where t cosefficient i s
independent of x or Mx'.

The leading particle data of this experiment have been fit to

the form

/;?-(X:f') = ot(x) —ﬂ;'\')f' .

at a constant x or sz. Results of this fit are displayed :in Fig. 7.
Por the high statistics channels, the term 8(x) is positive,
indicating an increase in the average multiplicity with increasing
scattering angle. B8(x) is independent of x except fof x > 0,8,
where it falls to zero as x *+ 1 in a manner consistent wit> the AEZGO0
spectrometer data.?' The t slopes obtained for " p + 73X are
somewhat smaller than those of Ref. 19, where a constant B = 1,15 =

0.18 was used for all x.

€. M '-Dependence
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The parameters a{x) in the previous fit, which represent the
average multiplicity at t = 0, are plotted for two reactions in
Figs. 8 and 9. This removes any complications dye to tmin effects.
For the pp + pX case, the dotted curve represents ISR data of Albrow
et al. ** as well as an average of the 100-400 GeV bubble chamber
data.!? This curve agrees well with our data and is also a good
representation of the s-dependence of the pp +» X inelastic
multiplicities, On the other hand, the Ensz slope of our = p + =X
data is somewhat shallower than either the pp + pX multiplicities or
that of Ref, 19, These data more nearly follow the s-dependence of
the rtp + X multiplicities. Assuming a single exchange trajectory
for hp + hX at high x or low Mx’, one would expect identical
behavior for associated multiplicities for all hadrons h, since all
target fragments arise at the pomeron-proton vertex,

Fig. 10 shows the average multiplicities for several reactions
at t = 0 and Hx’ = 53 GeV?, The results for these reactions are
essentially the same with an average n = 4.62, and a standard
deviation, ¢ = 0.18, and they agree well with the bubble chamber'?
results for pp + pX, A°X, ana 2**x. This shows that at fairly low
Hxi the multiplicity is gquite independent of the exchanged particle,
whether Pomeron, meson, or baryon, and primarily depends on M;L. |

Flg. 11 showsa the average associated multiplicities for various
channels at Hx’ = 131 GeV and t = 0, There is considerably more
scatter in the data (o = 0.6) than for Fig. 10. This is not
surprising since at this x-value the spectrometer trigger particle

may be centrally produced instead of being a true beam fragment,
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D. Global Fit

A form H(Mx’,t] = A+ B EnM x’ + C |t| was used to parameterize
all channels where there was sufficient data at at least 10
kinematic settings. This form includes a lnMx2 term representing
the growth of the available rapidity space and a |£] term which
arises from Regge-ology.’? The fitted values are presented in
Table VIII. The results of these fits have been indicated as solid
curves in Figs. 5-9. The coefficients show éood agreement with
previous experiments except for the non-vanishing t-dependence for
pp * pX observed in this experiment. The channels where the
incoming and ocutgoing particles differ show little or no
t-dependence.

The lonz coefficients, B, for all leading channels hp + hX are
compared with the %n s term for hp + X inelastic multiplicities”
Fig. 12. Good agreement is observed between the channels with the
same incident positive beam. The negative beam results for the
associated multiplicity are approximately two standard deviations

lower than the corresponding inelastic multiplicities.
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ANGULAR DISTRIBUTIONS FOR THE ASSOCIATED PARTICLES

A.

Introduction

The CHLM group?® has studied the associated multiplicities
and angular distributions for pp interactions at the ISR,
Pgseudo-rapidity distributions for pp+nt,Kt,p,§x triggers
show a flat central plateau for the recoil system. The
shape and cutoff of the rapidity spectra near the edges of
the recoil system phase space are independent of the mass
of the recoil system. The longitudinal and angular
distributions are consistant with those expected for a

pt-limited phase space model.

Due to limited statistics, all angular distributions for
this experiment have been integrated over azimuthal angle
and number of charged particles, We will discuss the
behavior of the pseudo-rapidity spectrum as a function of
x for leading particle interactions, The correlation
information for OPE p°® production will be discussed in
more detail. Finally, fragmentation models are compared
with the angular distributions. The stﬁdy of such
correlation data may provide an extra handle on
theoretical understanding of production and fragmentation

processes,

In the absence of momentum aznalysis, the associated

particles are described by the pseudo-rapidity.
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Niap = ~1n tan (8/2)

where g is the production angle relative tc the beam
direction. At high energies, this approximates the
rapidity except for very forward or backward particles.
In partiéular, n diverges as 9+0° or 180°. Assuming all
particles have pt=0.3 GeV, a typical average transverse
momentum, the maximum pseudo-rapidity available to an

associated particle is:

w In 2R (i-x)
AMA X (}%>

where p° is the beam momentum and x is the Feynman-x of
the trigger hadron. This estimate works reasonably wall
to define the p-bin center and bin width corresponding to
the MC detector region. Similarly, for backward particles

nminw—l.l, independent of x or po.

Particles Associated With Leading Hadrons

The pseudo-rapidities of particles produced in the
reaction r p+u1 X at 175 GeV and P,=0.5 GeV/c are depicted
in Fig. 13. As the x-value of the trigger 1 decreases,
the width of the pseudo-rapidity spectrum increases as

£n Mx’ as expected. The nr0 region and the forward slope

are independent of x. The dotted line represents the
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average slope observed by Ref. 20. PFinally, a central

rapidity plateau develops.

Fig. 14 shows the relationship between the total and
associated rapidity distributions at a common s=sz = 192
Gev’._The associated n-distribution for pp*pX measured in
this experiment (histogram) is compared to the total
n-distributions for pp*¥X (Ref, 235 and pp*X (Ref, 24) at
100 GeV. Good agreement is attained for all three data
gets indicating that these processes can all be described

by a simple p,-limited phase space model.
t

Resonance Production

+
The process T P+7 X at high Feynman-x2%

exhibits many
features not described by phase space. Strong
correlations are expected for the production and decay of
p®* mesons. The wt+w$ channel is cotmpared to the
conventional fragmentation p+n-. Fig. 15a shows the extra
cross sections at high x due to forward resonance
production and decay for the pion beam. The p*n and
e associated multiplicities are similar as a function
oé,x. In Pig. 15¢, the parameter fz = <n?>-<n>?-<n>
indicates that the multiplicity distribution is much

narrower than Poisson for the m +n~ channel at high x.

Pig. 15d,e show the inclusive cross section for aa given
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number of charged prongs. For w++n-, the 3- and S-prong
crogss sections are flat above x=0.5 whereas all prong
cross sections fall rapidly for p+x . The res&nance
contribution consists primarily of 2 and 4 prong events at

the exchanged n+p vertex in Fig. 1Sf.

The associated charged particle pseudo-rapidity
distributions are shown in Fig, 15g. As the spectrdmeter
trigger © increases in momentum above x=0.3, the phase
space plateau narrows and a very large positive
correlation emerges at nwr4. This represents the 7" from

the p*® decay.

Correlations in Fragmentation Models

The fragmentation of particle a into particle ¢ at high
Feynman x has been theoretically described in terms of
sonstituent interchange and recombination models,?’* For
many reaction channels, a single beam particle valence
quark ends vp in the forward hadron. The remaining
valence quarks in a may be exchanged with the target
fystem or may continue forward, possessing the remaining
momentum of the incident hadron. The latter situation
should be manifested in additional high rapidity secondary

hadrons produced by the possibly fast spectator quarks.
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Correlations between the trigger hadron species and the
assoclated charged particle multiplicities in the angular
range n>3.3 were studied for meson fragmentation
reactions. The spectrometer trigger hadron was required
to have x=0.868. A3 shown in Pig. 159, this kinematic
combination allowed clean separation of fast forward beam
fragments from the slower, wide-angle target fragments.
Pseudo~rapidity distributions for leading particle
channels hp+hX are dominated by target fragments and
provided a measure of the average associated multiplicity
of about 0.5 particles for n>3.3. The excess multiplicity
above this tail of the target fragmentation region is
presented in Pig. 16. Assuming an average Py of 0.3
GeV/c, an additional beam fragment may have up to n=4.4,
consistent with both the remaining beam hadron momentum
and the average x-value determined by the hadron structure

functions,

For most channels, the excess multiplicity fqr n>3.3 is
consistant with zero. It should be noted that the minimal
number of spectator quarks is at most two for these
channels. The double charge exchange reactions nt+n: or
K: do have an excess forward multiplicity, but this
presumably results from resonance preoduction. The beam
and spectrometer particles share no guarks in common and

require at least three spectator guarks. Reactions such

as p*k“or p*pP may tend to have similar higher forward



multiplicities, However, the cross sections are
vanishingly small in the high x region where beam and
target fragments could be separated in the angular

distributions.

27
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VI. Summary and Conclusions

This experiment studied the charged particle multiplicities and
angular distributions in hadronic interactions using both inelastic
cross section and forward spectrometer triggers. To a high degree,
these guantities agree with those expected from pt-limited
longitudinal phase space models.

The multiplicities behave as

E=A+31nmx2

or

Nn=A+Blns

where the coefficients are independent of particle specieg or
_kinematics implying that the available energy s or Hx’ is most
important for understanding multiplicities. A linear t-dependencé
was observed for the leading channels pp-+px, ntp+wtx. The
coefficient of t was constant'for x<0.8, but decreased to zero as
x+1. The multiplicities and angular distributions for particile
exchange reactions were similar to those for leading particles at an
equivalent Mx’ except for the effects of forward resonance
production,

A more extensive discussion and more complete tables of these

results can be found in Ref, 7.

We would like to express our thanks to the many people at
Ferﬁilah who have contributed to the successful operation of
the Single Armm Spectromeéer and of the accelerator. This work
was supported in pa?t by the U. 5. Department of Energy under
Contract Numbers EY76-C-02-3000 (Fermilab), 30669 (MIT),

3130 (Brown), and the Istituto Nazionale de Fisita Nucleare {Italy).
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Table I

Multiplicity Detecter Detafls

Counter 1 Fosit gn* Type of Light Detected Element Size

L0 S 67.9° Cerenkov 2.0° [on a side,
. equilaters] tri-

angle)

Ml -6 =5.0% Scintfllation a.5* x 10.°

m?e 2 +5.0" Scintillation 8.5" x 10.7

M) - 18 - +15.0" Scintillation 8.5 x 10."

M3l - 6 +5.0° Scinti]lation 8.5 x 30."

Hid 68.4" Scintillation Hole Trigger

Counter

Multiwire Proportional Chambers

Serse Plane r Pesition® Plug 5ize Cogrdinate Measured**
PC1Y 25.1" 1.5" x 1.8" u,
Fol2 24.5" 1.5 x 1.2* ¥y
1) 23.9* 1.5% x 1.2 Yy
#C2! 45.8" 1.0" x 1.2° u,
pe22 45.2° 1.0° x 1.2° v
PC23 45" 1.0 x 12" u,
el 63.56"° 3.3" x 3.8 '
Ll 4 63.0" 33" x 2.8 Uy
FL33 2.4 3.3" x 8" v,

#a11 z positions are given relative to the center of the 20° Hydrogen tar-
st which §s at 3 z = 1470, downstream of the meson producticn target.

Table II

Charged Multiplicity Cetector Angular Bllns

e Detector an  *

Name Regq. {rad) ('::L “ain Mex an
n " 0 0368 40 =

PCIA 036 .0737 1.30 8.00 R

ny "n 037 1382 2.70 3.30 4

g w2 342 .24 2.10 2.70 -6

ng pexT 2437 483" 1.40 2.10 R

ng 14 4836 haded - 1.40
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Yatastie
‘:aclnttc

“eotat

.
total

‘:l.::tte

°¢hst1c

%ynelastic

eatal
*“totat

':?asﬂ:

* ref,
** ref.
2k raf,

Table IIIX
Yotal Cross Sections (mb)

Beam Momentua = 100 GeV/c

'y *p P P p
_ Keasured
22.12 .9 17.7100.6  3¥6.2:1.3 23.1= .7 0.1
Gorrections
Jr 22 .52 1.7 .3 gt .1 St .2
% PN | 21t L1 32 REIN | g2 .1
Corrected Result
23.42 .9  18.4:1.7 38.72:1.] 23.9x .7 20.8:1.2
Yorld Data
23.32 .1 18.9: .1 38.4: .1 249z .1 0.4t .1
3.3 .2 2.5 .1 1.1z 4 L 2.5 .1
Beam Mncentus » 175 CeV/c
Reasured
20.9:1.1  16.9:1.§ 23.5:).0 21,1 B 20.111.0
Corractions
1.6 .2 .12 .3 irn a 1.7r .2 1.1 .2
A2 .1 2 1.0: .2 At 2 32 .1
Gorrected Result
22.921.2  18.2:1.8 239.6:1.1 21.41 8 21.411.1
Vorld Data
23.6: .1 12.6: .1 38.8: .1 24.2: .0 2072 )
J4z ) 252 .Y T: ) 3.4: .1 2.6¢ .}
14.
15.

o

38.1£1.1

2.0t .4

¢ 38 1

40.421.2

42,0t .2

1.0: .6

36.221.6

4.0¢ .6

1.0 .3

41.2¢1.7

41.6: .5

7.1z .8



Mean Inelastic Cherged Myltiplicity

Table 1Iv
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"“.‘:‘:‘ T™his Experiment
feaction "i';:?é? Mean ) tointe Hean o Ref

»'p 100 6752 .36 3332 .12 218 & N6 6.622 .07 1132 .05 26
p 100 6.7 = .17 1152 .08 M6l 2 140 6792.08 139 .04 27
) ”s 7555 .21 3.67:.04 1210z 72

¥p 178 7.83¢ .14 3.81 2 .30 20i3: 80

'p 100 6.95: .25 1.332.18 967 &2 6652+ .31 31.342.19 29
(g 100 6762 .18 3172 .10 2247 2 152

'p 175 7.60 ¢ .37 385:.21 665t M

P s 7.56 2 .18 3632 .11 1787 2 100 7.33:.1 3ste. 15 30%
s 100 6.442 .17 3.242.13 1N2:113 637+ .06 3.262°05 26
3 300 652+ .11 2.132.09 240232 93 6.74: .05 3.262.05 28
™ 75 7542 .15 372 .10 27392 130

) 17% 7.35+ .24 181 ¢.17 1093+ 80

*Results at 147 Ge¥/c



Table V

Iretastic Charged Topnloey 112 “e bl Lunparisons

34

100 ..” 100 pp Reaztion N } 100 5
Charyed ours kef 26 Qurs  Pef, 26 Ours Het., 25 Ours Ret. 2%
Prong fmb) [wo} JL)] (ot} {md_. {rt) = )
2 2.5:.8 2.4 1.2 1.7+ .9 4.9:3 1.9 =6 2.0+ 462 .6 36%.3
[] 4.2:.5 4.7 2 8.9: .9 1.3 4.8:4 4gs] 80=. 83:.2
‘ 4426 4.8 2.2 7.0: .9 7.0s.3 5.0 1.5 5.2 +.1 8.3=.9 3.3:.2
] 4.0t.8 3.6 2.2 4.311.0  5.62.2 1.9 =% 4321 4.9 23,1 6.9t .2
L 2.5%¢.8 2.6 2.2 4.4: B - 3.7:2.2 2.8 2.6 2.5 2.1 4.4 211 L1 .1
12 165 1.3 2.1 72 .2 170 1724 1.4s0 3027 22
14 «S52.1 .5 2.1 Je 2 Bt} BN .6 £.04 A2 .4 RIS
1% .2t 3.0 2 . 22,04 122,00 .131.03 22 .4t .04
1 gl 048,02 8 .05 L1802 .03e.01 05800 062 .06 122 .02
2 ——— .02:.00 BT E 7% L L e 012,008 - - .04z .01
20.0¢.% 20.2:2.2 3N.321.2 3.2 20.72.7 21.02,2 n.200 35.6:.4
Table VI
Inelastic Charged Topology Cross Section {mbarns)
Reaction
Charged orgo -n_:o ﬂ:s ﬂzs 175 -‘lzs -‘Zs -175
Prong P = S S I - W S T S < §
2 1.7 .9 2.1: .S 1.9z .8 2.121.8 3.7 .8 2.2+ .5 1.521.0 4.022.0
4 3.%¢.% 3.8:.5 3.72.7 2.6:.9 S4r.8 1.4 A1, 6.8:1.2
6 3.8 .6 A.9:.7 4.2¢ .9 3.4:1.1 5.521.0 3.62 .5 3.4- 6.9:1.7
) 3.2+ 6 2.9 7 1.621.0 3.621.3 5.9+1.0 3.7 .6 1.7: .8 7.002.2
10 2.+ .5 2.8: .7 2.521.0  2.3:1.2 4.,2:1.0 2.9: .4 2.7: .5 31.5:21.%
12 1.1 .5 132 .84 2.7:.7T 1.85:.7 37 .8 L7t .3 1.5 .2 3.32).5
4 5 .0 .4x .2 1.0s .5 .51 .5 1.5 .2 1.0t .3 .Bz‘. 1.72 .5
[ ] 2t L) N F o N ittt 6r .2 N T .5 .2 9 .3
" Ar.1 05805 M2l eeeeee ) 21 S .3
2 ' S P T T S T e 2
n - - REPR.

Totsl Instestic
Cross Section :

16.821.6 104113 20.2:1. 17.321.7 .7:1.0 19.92 .7 18.7:1 )

31,908
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Table VII

Corrections and Systeratic Errors
for Average Inelastic Chirged Multiplicity

Uncorrected ¥ p+X  average » 7.43 ¢ .32

Tyse of Uncertataty
Monte Carlo 1a
Carractizng Correction Corrsction

AlPnysics Effects

Oelta Ray Production -, 70 18
¥ Conversions in Target Reglon .29 M
K; Gecays -.10 05
2% decays -.07 K
Secordary Interactions - 70 03

5] Eguipment Respanse Correction
A Efficiency” and

oulse helght errors «10 <02
dire Chazder Efficiency

ard traccing Algoritha Mistakes .52 W
2T and F3 Efficiency*

and hch.ard Loss of Solid Angle .15 .03

C) Ctrer Sources
Elastic Sross Section Subtriction .48 .C8
Inelastic Two-Prong Loss -.03 03
Total Correction -S4 217"

Fina) Corrected v p = X average = 6.79 2 .11

note that these corrections {nclude yeray conversfons §n t“e counters.

*4Totsl correction uncertainty §s the yacertainty n esch correction
ludul1 ?ifl quadrature. fote that the final quoted error does not fnclude
m - L]



Reaction®

¢ e
wer
’.x
v -k

*
¥ *p

.
£ +x

4 L]
L

+
P

P*P

A
-T2 .18
Sl 89
-.J9¢ .53
B33, 10
WSSt

-2.42:2.08
-2t 45

-£.0521.9%
-7 .16

TABLE VII1I.

Fit Faramaters

B
1.34:.04
1.06¢.22
1.240. 14
1.842.9)
1.01£.38

1.742.50
1.29+.12

1.98:.42
1.362.05

2
<> v A+ BT e Clt

100 GeV/¢ Reactions
(Positive Incident Beam Particles)

<
e kIO |
- 462 .53

412 .2)

1.0821.32
Lot 31

L1821.22
.19: .37

.88z .51
42t .10

Kinematic Region Fitted
2 < t] < 2. 5V
0 < 42 <130 g’

x*/OF
as/
e
R
s
20717

i
48/27

mns
98735
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*A11 reactfons are on proton targets. For fnstance s° = v’ 13 shorthand
for t’p -u'x.
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FIGURE CAPTIONS

Non-magnetic vertex detector MT and MB are scintillators,
MC counters and lucite cerenkov radiators, and PCl,2,3 and
multiwire propertional chambers.

Vertex z distribution as calculated by beam counters and
spectrometer chambers, The kinematics were Pb=100 Gev,
ps-so GeV, angle=3,5 mrad,

Typical single MC counter pulse height showing particle
topology cuts.

KNO scaling curve for h'p reactions. The curve represents
the EKNO scaling fit for pp reactions of Ref, 17.

Typlcal t-dependence for leading particle reactions, The
curves are Eits described in Section IV., D.

Typical x-dependences for leading and production reactions.
The cirves are fits described in Section 1IV,, D.

B(x) for fits ton = a(x) ~ B(x)t for leading particle
reactions, The straight lines are trends from lower energy
pp*px data (Ref, 21) and the arrow is the result of a
global fit described in Sec. IV.

a(x) for pp*px at t=o, The solid line represents the fit
described in Sec, IV.D, The dotted lines are the results
of Ref. 20 and an average behavior cf data compiled in
Ref. 19.

+* .
a(x) for N"p*ﬂtx at t=o, The solid line represents the fit
described in Sec, IV.D, The dotted line represents the
data of Ref, 19 for 7 p*T X at 147 GeV/c.

Average multinlicities forzleading, resonance, and baryon
excitation processes at M_? = 53 Gev’.

Average multiplicity for M_® = 131 Gev? at 175 GeV and t=o.
The total inelastic multipficities are from fits to data
compiled in Ref. 19,

tn M_? or in s coefficients for the associated
mult¥plicities. '

Psuedo-rapidities of associated charged particles in the
reaction * p*T X at 175 GevV, P,.=0.3 GeV/c.



14. Rapidity distributions for pp+px (this experiment), 2p+x
(Ref. 23) and pp+X (Ref. 24) at 2 common v = 190 Gev?,

- -
15. Associated rapidity distributions for the reaction - p+r X.

16. Excess forward multiplicities for n> 3.3 at X=0.88.
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Conparison of Coefficients of fa M © for Rractions 3 ¢ p ~ 2+ X to the
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