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ABSTRACT

Preliminary results are presented on 205 GeV/c pp inter-
actions in the 30-inch hydrogen bubble chamber. The
single particle inclusive distributions are compared to
other NAI data, ISR data, and data from lower energies.
Data on charged particle correlations and the preliminary
results of a study of the diffractive process are also
discussed,

In this report we will present some new results from a
50, 000 picture exposure of the 30-inch bubble chamber to a 205
GeV/c proton beam at the National Accelerator Laboratory. The
total number of interactions observed is 8828 (without corrections
to the two-prong sample for azimuthal and small t scanning losses)
and corresponds to 235 events/mb. The charged particle multi-
plicity parameters are presented in Table I and are in excellent
agreement with those previously pubhshed by this collaboration
using approximately one-third of the present data. The errors,
however, have been reduced by ~30%.
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J. Rest, P. Schreiner, P. Schultz, R. Singer, H. Yuta,

L. Voyvodic, R. Walker, and J. Whitmore



TABLE I

All Prongs Negatives
Modal (Peak) 5,99 + 0.03 --
Median 7.13 £ 0.11 --
Mean <n> 7.68 £ 0.11 2,84 = 0, 06
<nin-1}> 66.6 £ 1.5 9,05 = 0.23
<nn-1{n-2)> ’ 636 + 17 30+ 1
fo 7.66 £ 0,49 1,00 = 0. 14
f3 7.25 = 1.9 -1.09 £ 0. 31

Measurements have been performed on a sample of events in
order to study a) the inclusive distributions of particle production,
b) the structure of individual events, and ¢) the diffractive excita-
tion of target and projectile. For this high beam momentum and
for high multiplicity events, there are practical complications to
the measurement of momenta and angles of secondary tracks in a
small bubble chamber. These problems involve track matching in
the different stereoscopic views, overlapping track images, and
poor momentum determination for fast forward-going secondaries,
To investigate the effects of these complications, we have made
two independent measurements. The first method involves using
the uniqueness of the spatial pattern of the bubbles to match all
secondary tracks. The second method involves measuring only
those tracks consistent with particle production in the backward
CM hemisphere.2 The number of events analyzed by each method
was 440 and 1484 respectively. The two methods yielded compati-
ble resulis in a track by track comparison as well as compatible
distributions for the entire sample.

To obtain v distributions, we have used a simple Monte-
Carlo technique to estimate the effects of the K and § contamina-
tion. We tried several functional forms for the K and p invariant
cross sections with intensities of 7% K™ 's and 2% p's in the Monte-
Carlo generation. We interpret the generated tracks as m~, apply
the corrections to the raw negative particle spectra, and obtain the
7~ inclusive distributions. The resulting corrections” were insen-
sitive to reasonable variations of the shape of the K and p spectra
and are shown in Fig. 1.
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Fig. 1 Corrections applied to the raw negative particle
rapidity distribution to obtain v~ spectra at 205
GeV/c. The error bars show the statistical
errors on the raw data, :

Data on wt production have also been obtained4 from the 102
and 303 GeV/c bubble chamber experiments. Shown in Fig. 2 are
the x distributions for n* production for various values of the
transverse momentum pp. Figyre 3 shows the x distributions ob-
tained by integrating over all pp'. These data gre compared to
lower energy data“” as well as to ISR data. 6 pr distributions for
7~ production for various x intervals and when integrated over all
x are shown in Fig. 4.
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From these data one observes the following features:

a)

b)

)

The =% cross sections at small |\{| and small pTz
[<0.15 (GeV/c)? ] show a definite rise as the incident

energy increases. Therefore, if any scaling limit exists
in this region, it is approached from below.

For large x (~0.2) and large pT2 [50.15(GeV/c)*], scal-
ing seems to be reached at relatively low energies (~20
GeV/c).

After integrating over all x, the pT2 distributions at 28. 5
and 205 GeV/c are almost equal for ©  production.

In Fig. 5 we show the laboratory rapidity distributions for

production in pp collisions.

We note that scaling (~£10%) in the

fragmentation region seems to occur at energies below 30 GeV/ec.
Our 7~ data at 205 GeV/c show evidence for a plateau in the central
region with a full width of the order of two units of rapidity.
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As noted above, the cross section in the central region is in-
creasing with energy. This is shown for n~ production in Fig. 6

which shows

1 d2<r d 2

L 2 Pp

dy dp
T
y = const
. -1/4 .

as a function of S for different values of y = constant. The
data at 90° CM are consistent with the A + B S~1/4 behavior ex-
pecte—‘:d7 from the Mueller-Regge phenomenclogy. We also see in
Fig. 6 that the approach to scaling in the fragmentation region
occurs at lower energies for smaller values of y. In fact, for
Yiab < 0.2, the differential cross section at 12 GeV/c seems to be
consistent with that at NAL energies.

THE STRUCTURE OF INDIVIDUAL EVENTS

Figure 7 shows the v rapidity distributions for various multi-
plicities. There is a definite trend for the width of the distribution
to decrease as the multiplicity increases. To be more quantitative,
the rms width of the highest multiplicity data shown in Fig, 7is a
factor of 1.32 * 0,08 smaller than that of the lowest multiplicity
data.

The average charged particle multiplicity in the forward
hemisphere is shown in Fig. 8 as a function of the number of
charged particles in the backward hemisphere, One observes that
the average number in one hemisphere is independent of the charge
multiplicity in the other hemisphere. )
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Fig. 8 Average charged particle multiplicity in the forward
CM hemisphere as a function of the number of
charged particles in the backward hemisphere. The
open circle corresponds to including the inelastic
two-prong events.

In Fig. 9 we show, for a given topology, the frequency of ob~
serving np particles in the backward CM hemisphere. Since pp
collisions are symmetric on the average, the distributions have
been folded about np, = n_, /2. This figure indicates that for all
charged multiplicities above 4, the most likely configuration is a
symmetric event with an equal number of charged particles in
each hemisphere. This would favor a multiperipheral type of pro-
duction process.® For the 4 prong event, there is some indication
that the 1-3 split is most probable. This is probably related to
diffractive type processes.
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Fig. 9 The distribution of events, for a given multiplicity,
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It has been suggested9 that the transfer of charge from one
CM hemisphere to the other could be a distinguishing feature of
various high energy multiparticle production processes. For pp
collisions we define the charge transfer

where Q- (Qpg) is the net charge in the forward (backward) hemi-
sphere followmg the interaction. Figure 10(a) shows the charge
transfer distribution obtained at 205 GeV/c. We note that this dis-
tribution is symmetric about zero (as it should be for pp collisions)
and that the maximum charge transfer observed is £ 3. Figure 10(b)
shows the average value of u evaluated for all events (u2 = 0,94

+ 0.08) and the energy dependence of u“ expected for two different
models.

We now discuss the two particle correlations observed in 205
GeV/c pp collisions. Although the problems associated with not
having particle mass identification are not severe, we shall use the
variable n = -fntan @8, , /2. We define

dzo'
U‘ b ————————
inef dn_dn
R = 12 - q
12~ do der
dnl dn2

and in Fig. 11(a) we plot R12 as a function of (ny-n,) for fixed val-
ues of ny in the central region and for all charged partlcles The
data are consistent with an exponential falloff with a correlation
length of 2 and a value of Ry (nl 9= 3) = 0.6 £ 0.1. Both of these
values are consistent with ISR datal® and again favor a multi-
peripheral production process. We further observe that the shape
and magnitude of Ry9 are not dependent upon the exact value
chosen as the center of the rapidity distribution.

Figure 11(b) shows R 12 when ny is fixed at the edge of the
plateau. As ny moves towards the center of the plateau the same
exponential dependence is observed and indicates that R 9 is in-
variant under translations provided that ny, ny remain in the
plateau region. Figure 11(b) also shows that as n, moves off the
plateau, the decrease in Ry, is faster. This may also be seen in
Fig. 12 which shows that as Ny» N become far apart, the correla-
tion between them becomes zero and that as ny, Ny both approach
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the fragmentation regions, the correlation becomes strongly nega-
tive, This is presumably indicative of the dominance of energy-
momentum constraints.

Finally, Fig. 13 presents the correlation in the central re-
gion for like charges and shows (a) that the correlation for posi-
tives and for negatives is similar, (b) that Rqo (nlzn2=3)~ 0.2,
and (c) that there is little dependence on (ng - nl).
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Fig. 13 Correlation function in the central region
for like charges.
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DIFFRACTIVE EXCITATION

In order to study possible diffractive effects present in 205
GeV/c pp collisions, we have measured the 2- and 4-prong events
as well as all tracks identifiable as being protons with a momen-
tum less than 1.4 GeV/c. The results of our latter measurements
have been summarized by Slattery. Figure 14 shows the proton t
distributions in the 4-prong events for different ranges in the miss-
ing mass squared (MM?) recoiling off the proton. One observes
that the top plot, which corresponds to the low MM? peak, has a
sharp t distribution with a slope parameter, b= 9.3 £ 1.1 (GeV/c)
which is similar to that for elastic scattering. These events are
therefore consistent with being diffractively produced by excitation
of the beam proton. The higher ranges in MM~ show less steep t
distributions with slopes ~ (5.0 £ 1, 5) (GeV/c) 72,

While being able to study beam excitation via MM2 distribu-
tions, the bubble chamber also permits the study of the comple-
mentary process of target proton excitation via effective mass dis-
tributions. The pr mass {(using measured variables) for those 4-
prong events where both the p and =" are identified is shown in
Fig. 15(a). A significant at*(1238) 51gna1 appears with a cross
section of {0.51 % 0.08)mb. The p7~ mass spectrum, shown in
Fig. 15(b), indicates that little A®(1236) ~ pv~ is produced.
Figure 15(c) shows the At~ mass distribution. One observes
that this mass falls mostly below 3 GeV. Figure 15(d) shows that
the MM2 recoiling from these AT 1~ events has a strong tendency
to peak at the nucleon mass. Furthermore, the distribution in
four momentum transfer between target proton and AtTn” (with
mass less than 3 GeV) is shown in Fig. 16 and has a slope of ~9.7
(GeV/c) 2 in excellent agreement with Fig. 14. Hence, these
events would appear to be examples of target excitation.
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Fig. 14 Protont distribution in the four-prong topology for

different ranges in the missing mass recoiling off
the proton. '
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