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A comprehensive measurement of the differential cross section for w%p and pp elastic scattering has been
made at large center-of-mass angles. 7 p and pp scattering were measured with incident laboratory
momenta ranging from 2 to 9.5 GeV/c. w*p scattering was measured with momenta from 2 to 6.3 GeV/c.
Scattering angles were in the range — 0.3 S cos0,,, S 0.4. The results of the experiment are compared to

constituent models and statistical models.

I. INTRODUCTION

Large-momentum-transfer scattering processes
have had an important role in providing informa-
tion about the structure of hadrons. Inelastic lep-
ton scattering, Drell-Yan production of lepton
pairs, electron-positron annihilation to hadrons,
and inclusive hadrons from hadron collisions,
all with [¢2|>1 GeV? form the main body of ex-
perimental data on which the quark-parton model
rests. High-quality elastic-scattering data for

- electrons and protons from protons also exist
and generally support the model. Notably lacking
have been detailed measurements of pion-proton
elastic scattering at large momentum transfers,
except for the region near 6., =180° where co-
herent processes dominate. The pion-proton
channels are particularly interesting because of
the presence of resonances and the resulting op-
portunity to compare the data with predictions of
statistical models as well as constituent models
of hadron scattering.

This paper reports the results from an experi-
ment which measured large-angle elastic scat-
tering of positive and negative pions and protons
from protons with high statistics and good resolu-
tion in both s (square of c.m. energy) and ¢ (four-
momentum transfer squared). Measurements
were made for the range of incident laboratory
momenta from 2 to 9.5 GeV/c (to 6.3 GeV/c for
7*) and for cosé, ,, from -0.3 to +0.4. The an-
gular range was chosen to be well away from the
forward and backward peaks in the differential
cross section. Figure 1 shows the kinematic re-
gion covered by this experiment.

It has been shown by Brodsky and Farrar!' and
by Matveev ef al.? that models with fermion con-
stituents in general lead to the dimensional-count-
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ing rule, which predicts that do/dt < s™, where

n is predictable. The data presented here allow
the first sensitive test of the rule for m*p elastic
scattering. They also allow a search for the ef-
fects of large numbers of resonances as predicted
by statistical models. We have looked especially
for evidence of Ericson fluctuations, as discussed
by Frautschi® in analogy with nuclear physics.

In Sec. II of this paper we present a short dis-
cussion of the theoretical predictions. The de-
tails of the experimental method are given in
Sec. III. Section IV contains discussion of the re-
sults and comparison with models. Partial re-
sults from this experiment have been published
earlier.*

II. THEORETICAL MODELS

A. Constituent models
1. Dimensional-counting rule

Brodsky and Farrar® and Matveev e/ al.? have
shown that in a two-body collision a+b —~c +d, the
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FIG. 1. The approximate kinematic region covered
by the pion-proton data of this experiment.
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differential cross section should have the follow-
ing asymptotic form for large s and ¢:

do _ —n
E—f(t/S)s ,

where n=n, +n, +n, +n, = 2, and n; =number of
fermion constituents in particle z. The rule is
derived from dimensional arguments and a scal-
ing hypothesis that the constituents are asympto-
tically free and have negligible mass. Thus at
fixed ¢/s, do/dt should fall with energy as a sim-
ple power of s. When s and ¢ are large, fixing
t/s is equivalent to fixing the c.m. scattering
angle. .

Sivers® has compiled the results of previous
tests of the rule, as shown in Table I. The agree-
ment quoted by Sivers appears to be good. In
fact, though, the errors on the exponents are
large and the agreement is far from conclusive.
The pion-proton case is based on very few points,
with large statistical errors.® The proton-proton
case, while based on many more data points, is
not consistent” with a pure s™ power law. Our
data supplement the existing proton-proton data
and provide enough new pion-production data to
make possible a stringent test of the rule.

2. Constituent-interchange model

In the constituent-interchange model (CIM) of
Gunion, Brodsky, and Blankenbecler,® scattering
proceeds not by quark-quark scattering, but by
the interchange of quarks in the scattering pro-
cess. Because the model provides a method of
calculation, its predictions are more detailed but
include the dimensional-counting rule.

The model makes specific predictions for the
angular structure in pion-proton elastic scatter-
ing. With z=cosb, ., ,

do, . _0g l+z 4o 2

dt (m*p—~ 7T+P)—ss 1-2)° ((1+z)2 +ﬁ) ,
o, _ -y _0O0 1+z 4B 2
E("T p—-m P)‘ss 1 -z)° ((1 +2)2 +a) ’

where a and 8 are measures of the (s¢) and (ut)
scattering amplitudes. The standard quark con-
figuration corresponds to @ =2 and 8=1. The

angular functions are independent of energy. Gu-
nion et al . claim agreement with this formula in
the data of Owen et al.®

3. Quark-rearrangement model

Fishbane and Quigg® have proposed that such
detailed predictions as we have just discussed
are premature; operating in the same spirit as
dimensional arguments, they propose tests of
quark-parton ideas based on a quark-rearrange-
ment scheme.

In the reaction a¢ +b -~ c +d, they picture the
hadrons a and b dissociating into their consti-
tuent quarks. The constituents are then regarded
“as marbles in an urn which may be drawn out in
many ways to form the accessible states.” The
cross section is then proportional to the number
of distinct ways the constituents (of a and b) can
be combined to form ¢ and d. Assuming the stan-
dard quark picture, this counting leads to simple
predictions for baryon-baryon scattering. For
example, pp— pp is proportional to 12B2, and
np—~np to 9B%, where the 12 and 9 comes from
counting the ways the quark pool can be distribu-

_ted, and B? is an association probability, as-

sumed independent of the particular mechanism.
Thus they predict

do/dt(pp~pp) 12
do/dt(pn—pn) ~ 9

at large angles and energies. They claim ex-
periments are consistent with this prediction.
In meson-baryon scattering, the possibility of
quark-antiquark annihilation and creation com-
plicates the method, but they are able to arrive
at a number of predictions. With the additional
assumption that up and down quarks annihilate
equally probably and have equal probability for
forming pairs of any combination, Fishbane and
Quigg predict that the ratio of the n*p elastic-
scattering cross section to that of 77p is equal
to 1.5.

B. Statistical models

A quite different explanation of wide-angle scat-
tering is found in statistical models. In these

TABLE I. Previous fits to do/dt (90° c.m.) from Ref. 5.

‘mEngtnytngtng =2 Measured s range (GeV?)
YN —7aN 7 7.3+0.3 7.9-11.4
K*% —K*p 8 7 =1 4 -13
TP —TP 8 8 1 4 =17
atp —mtp 8 7T %1 4 =12
PP —pp 10 9.7+0.5 6.3=-37
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models, a hadronic collision causes the particles
to lose part of their energy to internal excitation
of an intermediate state. The intermediate state
comes into “thermodynamic” equilibrium and
“boils off” hadrons in proportion to phase space.
In specific models, different assumptions are
made as to what it is that is excited, but all the
models require some sort of constituents which,
when excited, appear as hadronic levels. In

contrast to the parton model discussed in the pre- -

vious section, these models do not assume that
the constituents are essentially unbound. Fraut-
schil® has argued that three popular theories (the
“bag” model, the quark model, and the statisti-
cal bootstrap) are equivalent in the prediction
that the density of states has the form p(s)

o g™/t wherem =vVs and that, therefore, sta-
tistical effects are to be expected.

Resonances occur in both 7*p and 77p states
and are typically 100 to 200 MeV wide at low
mass, while approximately 400 MeV wide at the
highest observed mass. From the lowest A (1238),
there are an increasing number of resonances up
to masses of about 2 GeV but only a few between 2
and 3 GeV. About that, there are no well esta-
blished resonances. The highest-mass reson-
ances are exceedingly difficult to observe be-
cause the level separation is comparable to the
width of the resonances.

However, it is argued by Ericson'! and Frauts-
chi that such a situation still leads to observable
structure. Using statistical ideas, and making an
analogy with nuclear physics, they predict “Eric-
son fluctuations” in hadronic collisions. In this
picture, elastic scattering proceeds through a
number » of overlapping resonances such that on
average, n=p(m)I’, where I is the width of a
typical resonance. At a nearby energy where
Am>T, an independent set of resonances is ex-
cited which differs from the first set in number,
phases, partial widths, and angular momenta.
Thus as a function of energy, there will be fluc-
tuations in the total cross section and stronger
fluctuations in the angular distribution because of
the changing mix of angular momenta. In gen-
eral, there will also be a nonstatistical compon-
ent in the cross section due to diffraction or
other coherent processes. The amplitude can be
written as the sum A=A +A,, where A, is the
coherent part and Ay the fluctuating part of the
amplitude. In a purely statistical reaction, A.=0
and

bo 2 0AF _ _2_

o TlApl Vu -
Even with a large coherent component present,
the A, term should produce fluctuations in the

cross section
00
P 26AF/IACI .

The most sensitive search for these fluctuations
can be made where IACI is small, as is the case
for elastic scattering well away from the forward
and backward directions. In all cases, the fluc-
tuations are characterized by an energy width
AV's=T and an angular width A6, ,, * L% A
case of Ericson fluctuations in nuclear physics is
shown in Fig. 2, where random fluctuations can
be seen superimposed on a diffractive back-
ground,'?

A quantitative comparison with the theory can
be made by calculating the correlation function

C= ((0' —03)2/0'sz> s

where the average is taken over a range of en-
ergy AV s> I, Here o, is the smooth nonfluc-
tuating part of the cross section and must be
estimated from the data via a smooth fit.

Eilam ef al.'® have argued that if elastic scat-
tering is due primarily to overlapping resonances,
the density of states is directly observable at
wide angles. They predict that the energy depen-
dence at fixed large angles is

do_ _sv(/s)
ae - pl/s) ’

where y is the average partial width. This leads
to the result

b L)
atr P\, )

The inverse exponential dependence comes es-
sentially from the statistical competition of
other (inelastic) processes. This model differs
from Frautschi’s in that nonstatistical compon-
ents of the cross section are small at large an-
gles. '

Eilam et al. claim that this model fits the
m™p, K~p, and pp elastic-scattering well for s
greater than 4 GeV?2,

III. EXPERIMENTAL METHOD
A. The beam

The configuration of the magnets and counters
in the beam line is shown in Fig. 3. The beam
selected 0° negative secondaries or 3° positive
secondaries produced by 12.5-GeV/c protons
incident on a beryllium target. The acceptance
of the beam was 0.5 msr. The beam line had an
intermediate focus at the position of the momen-
tum hodoscope shown in the figure. The momen-
tum acceptance of the beam line was +5% of the
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FIG. 2. Differential cross section for elastic p -Fe scattering: an example of Ericson fluctuations in nuclear phy-

sics. Figure is taken from Ref, 12.

central momentum. Because the beam was dis-
persed in the region of the momentum hodoscope,
components of the beam with momenta differing
from the central momentum passed through dif-
ferent elements of the array, thus signaling their
momentum. In this way, the beam was divided
into 19 momentum bins, each 0.5% wide. The
beam was refocused to a 3-cm-by-2-cm spot at
the target.

The central momentum of the beam was deter-
mined by a Monte Carlo simulation of the magnet
system and by wire orbit studies. In addition, a
separate experiment measuring proton-proton
elastic scattering used the beam line as a spec-
trometer and verified the momentum determina-
tion.!* A final check was provided by the kine-

matics of the elastic scattering in this experiment.

EXPERIMENT

MOMENTUM
HODOSCOPE

PRODUCTION
TARGET

7° EXTERNAL PROTON BEAM

[
T
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1

FIG. 3. Plan view of the beam line.

The overall uncertainty of the absolute momentum
calibration is estimated to be +0.5%.

The positions of incoming beam particles were
measured by scintillator hodoscopes upstream of
the target. The hodoscopes were spaced 2 m
apart and had a resolution of +3 mm.

The Cerenkov counters in the beam, marked
K and 7 in Fig. 4, were threshold-type counters
filled with ethylene. Each contained two optically
isolated sections to minimize accidental signals
from knock-on electrons. The ethylene pressure
for each beam momentum setting was set to opti-
mize the signal for kaons and pions, respectively,
while giving no signal for protons.
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FIG. 4. Plan view of the detector.
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FIG. 5. Measured fraction of pions and protons in
the positive beam, as a function of momentum.

The beam flux was measured by scalers count-
ing the number of coincidences in the beam-de-
fining counters B1, B2, and B3. With the po-
larities set to transmit positive particles, the
beam was composed of mostly pions and protons.
Figure 5 shows the pion and proton fraction of
the beam as a function of momentum. With the
opposite polarity, the beam consisted almost
entirely of negative pions. In each case, there
were a few kaons and leptons, generally less than

2%.
B. The detector

The detector was designed to measure the pas-
sage of particles undergoing wide-angle elastic
scattering and to ignore all other scattering pro-
cesses. A plan view of the apparatus is shown in
Fig. 4.

In the center of the detector was the target—a
30-cm flask of liquid hydrogen.

The proportional wire chambers (PWC’s) to
the sides of the target measured the positions of
scattered charged particles. The two rear cham-
bers in each arm were of size 33 cm (horizontal)
%X 25 em (vertical) and had wires spaced 2.5 mm
apart. Each chamber had a horizontal and a ver-
tical plane of wires. The Cerenkov counters in
the arms were filled with Freon 12 and were used
to distinguish between scattered pions and pro-
tons in the small fraction of events that were
kinematically ambiguous. :

The laboratory angles corresponding to wide
center-of-mass angles varied with the beam mo-

mentum, so the arms were built to pivot around
the hydrogen-target center point. The laboratory
angles of the center of the arms were set be-
tween 30° and 48° from the beam direction. These
angles were determined by optical measurements
to an accuracy +1 mr. Positions of the PWC
wires relative to the arm centerlines were es-
tablished by optical surveying, and verified by
track reconstruction of the data taken with the
arms placed in the beam. The effective angular
resolution of the hodoscope PWC system was 4
mrad [full width at half maximum (FWHM)] in
the laboratory scattering angle, corresponding to
typically 9 mrad in the center-of-mass angle.

The trigger consisted of a coincidence of the
scintillator counters B1, B2, B3, L1, L2, R1,
and R2, indicating an entering beam particle and
a particle in each arm of the detector. In addi-
tion, the small beam counter BV behind the tar-
get was required as a veto. To minimize triggers
due to inelastic scattering, we also required that
there not be any signals in the veto counters
covering the other areas of the experiment.

All the veto counters, with the exception of
BV, were made with lead-scintillator sandwiches,
four radiation lengths thick, enabling us to veto
inelastic #° production. To prevent accidental
vetoing by knock-on electrons, the veto counters
were faced with a 0.32-cm sheet of aluminum,
sufficient to block most knock-ons. There were
four counters downstream of the target and four
surrounding the target area (two semicircular
ones above and below, and two to the sides). The
combination of trigger and veto counters covered
most of the scattering area: Inthe center-of-
mass system, about 3.57 sr were covered by
counters, with only the backward direction un-
covered.

Under typical running conditions, two million
incident beam particles, in a spill of 0.6 seconds,
caused 1000 B1*B2:-B3* L1+ L2*R1*R2 coinci-
dences. The inclusion of the veto counters in the
trigger reduced the number of triggers by factors
of 10 to 100, resulting in typically 50 event trig-
gers per 2x 10° beam particles.

At intermediate energies, the fraction of pro-
tons in the beam was higher than the fraction of
pions, and the cross section for pp is higher. In
order to prevent domination of the data by proton-
proton scattering in this situation, these triggers
were prescaled. A proton-proton scatter trigger
was defined as a scatter trigger with no signals
in the beam Cerenkov counters.

In addition to the triggers caused by scattering,
random “beam triggers” were taken with only an
incident beam particle required in the logic. This
gave a sample of the beam spectrum, position,
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TABLE II. Summary of data sample.

(a) Negative runs

Elastic 77p
Momentum (GeV/c) Flux (108) events? (10%) Subtraction?
1.963 5.24 40.8 0.02
2.120 5.13 38.4 0.01
2.303 8.00 51.0 0.01
2.488 9.05 38.8 0.01
2.688 31.6 84.7 0.01
2.885 61.2 93.4 0.01
3.130 97.5 81.3 0.01
3.393 122.7 58.6 0.02
3.668 175.6 31.8 0.04
3.963 238.9 27.7 0.06
4.283 469.0 23.6 0.08
4.658 662.3 10.1 0.11
5.030 513.9 5.1 0.17
5.433 413.9 3.7 0.15
5.867 513.4 4.0 0.16
6.337 675.5 3.8 0.17
6.844 849.4 4.5 0.15
7.392 1003 2.7 0.22
7.983 692.2 1.3 0.30
8.621 1763 1.6 0.30
9.311 472.8 0.31 0.37

(b) Positive runs

Elastic 7% m*p background Elastic pp pp background
Momentum (GeV/c) Flux (108) events? (10°) subtractionP events? (109) subtraction®
1.970 7.31 40.0 0.02 31.6 0.01
2.129 9.55 45.9 0.01 31.0 0.01
2.310 11.99 46.5 *0.03 24.8 0.01
2.496 15.6 55.3 0.01 24.8 0.01
2.698 19.2 46.1 0.01 24.7 0.01
2.906 17.8 30.0 0.01 12.0 0.01
3.135 23.0 18.4 0.01 4.5 0.01
3.393 87.5 31.8 0.02 25.6 0.01
3.668 105.2 15.6 0.03 24.8 0.01
3.963 125.9 10.2 0.04 12.9 0.01
4.283 260.0 8.09 0.07 10.2 0.01
- 4.658 355.2 29.3 0.04 13.1 0.02
5.030 1792 20.7 0.07 4.5 0.02
5.433 1360 9.1 0.10 17.3 0.02
5.867 237.2 0.56 0.17 3.3 0.04
6.337 56.9 4.1 0.05
6.844 70.3 2.8 0.07
7.392 143.3 2.8 0.09
7.983 234.0 2.1 0.17
8.621 1.4 0.22

238.3

2 Events after background subtraction and kinematic cuts.

b Background/(“raw” signal—background).

and composition, free of the bias caused by de-
manding a scatter trigger.

C. The data sample

Data were taken at momenta from 2 to 9.5
GeV/c. To cover this range, the momentum of

the beam line was set, in the successive runs, in
8% increments. Because the beam had a +5% mo-

mentum spread and was divided into 19 bins by

the momentum hodoscope, each momentum setting
overlapped the adjacent settings.

At incident momenta above 6.3 GeV/c, there
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were not enough positive pions in the beam to
make statistically meaningful measurements of
T - 7%, so our data taking was limited to 77p
- 77p and pp— pp between 6.3 and 9.5 GeV/c.

The total flux of the experiment was 15x 10%,
resulting in 28x 10° triggers. Table II lists the
data sample broken down into momentum setting
and particle type.

D. Data analysis
1.. Event identification

The first calculation was the reconstruction of
tracks from particle “hits” ih the PWC’s and
beam hodoscopes. We chose, from all the hits,
one track in each arm and in the beam hodoscopes,
according to the criterion of making the best ver-
tex. Inthe arms, preference was given to tracks
with three hits on a line. If there was only one
hit instead of two or three, the track was re-
constructed using the vertex determined by the
other tracks, if this was possible. All subsequent
analysis was done using the tracks chosen this
way.

The thrust of the subsequent analysis was to
recognize elastic events among all reconstructed
events. The “spectrometer” of this experiment
was magnetless (in order to make the acceptance
large and smooth) so that only directions are
available for kinematic constraints.

The first test of elasticity was made on the
acoplanarity of these three tracks. Our defini-
tion of acoplanarity was the triple scalar product
of the direction vectors of the tracks, so that the
acoplanarity vanished for a perfectly elastic
event with no measurement error. Figure 6(a),

a typical acoplanarity histogram, shows a clear
peak corresponding to elastic scatters (acoplan-
arity from -0.01 to +0.01) and a broad continuum

1395
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~
~
o

4

1 1 1 n 1 1 A1 1 1
040370201 0 .0! ,02 .03 .04
ACOPLANARITY

FIG. 6. (a) Example of coplanarity distribution with no cuts.
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of other events which caused a trigger.

A test was also applied to the scattering angles.
This test uses the fact that for elastic collisions
of known particles at a known momentum, the
angles of the scatter and recoil particles are
uniquely related. The quantity A6, defined as
shown in Fig. 7, is a measure of how closely the
pair of measured angles matches this relation-
ship. A typical histogram of A6 for a positive
beam is shown in Fig. 8. In this case, we cal-
culated A 6 assuming all the incoming particles
were pions. Peaks due to elastic scattering of
pions and protons are clearly visible. In addition,
for m*p scattering this method nearly always re-
vealed which arm had the pion and which the pro-
ton. When the kinematics were ambiguous, the
Cerenkov counters on the arms were used to
identify the scattered particles.

The quantities, acoplanarity and A9, are nearly
independent because they are derived from hori-
zontal and vertical measurements of the tracks,
respectively. Applying the criterion that A6 be
approximately equal to zero to the events in the
acoplanarity histogram of Fig. 6(a) results in
Fig. 6(b), in which the background is much re-
duced.

We proceeded to compute cross sections by
selecting and grouping elastic events. We re-
quired (1) good identification of the incoming
particle, i.e., unambiguous signals in the beam
Cerenkov counters, (2) unambiguous signals in
the momentum hodoscope, and (3) an interaction
vertex located in the hydrogen target.

The events chosen as elastic by these cuts were
histogrammed according to their momentum and
value of ¢. This histogram is then a raw distribu-
tion of elastic events. At this stage of the analy-
sis, each momentum setting was divided into ten
1% momentum bins. (At the last stage of the

990 (b) 17
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(b) Same distribution with A6> 0.5°.
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FIG. 7. Kinematics of mp and pp elastic scattering.
The polar angle of the particle detected in the left arm
is plotted against that in the right arm. The quantity
A0 is defined to be the closest distance, in two dimen-
sions, from the measured point to the appropriate
kinematic curve. The quantity discussed in the text is
the smaller of the two distances to the mp curves.

analysis, the bin size was doubled, so the final
cross sections are for 2% increments.)

To subtract the remaining nonelastic background,

we divided the data into large ¢ groups and esti-
mated the background for each such group. This
was done by fitting the acoplanarity distribution
(with all cuts) to the sum of two Gaussian func-
tions to represent the peak and a background
polynomial. These functions were then used to
fit the distributions for all { and momentum bins
with the only adjustments being the normalization

T T T T T T
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FIG, 8. Distribution of Af showing séparation of elas-

tically scattered pions and protons at 4 GeV/c.

of the signal and background parts. We subtracted
from the raw distributions that number of events
under the elastic peak which belonged to the poly-
nomial background. We did not use the fit to the
signal as the measure of the signal. The back-
ground subtraction after cuts varied a great deal
with momentum, ranging from a few percent at

2 GeV/c to as much as 30% at 8.6 GeV/c. Figure
9 gives an example of a raw distribution with and
without background subtraction.

The result of this procedure of selecting elastic
scatters was to produce, from 28x10° triggers,
1.3x10° elastic events (4.1 x10°% 7*p, 2.8x10° pp,
and 6.1x10° 77p) with which we calculated dif-
ferential cross sections.

2. Acceptance

The azimuthal acceptance was computed by a
Monte Carlo simulation in which elastic scattering
occurred in all directions (in the c.m. frame) and
from all positions of the target which the beam
was able to hit. The program counted, as a func-
tion of + and momentum, what fraction of the
generated events passed into the apparatus. The
trigger counters behind the arms were the limit-
ing apertures. The maximum acceptance varied
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FIG. 9. Effect of background subtraction.
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slowly as a function of momentum, from 17%
at 2 GeV/c to 26% at 9 GeV/c.

It is of interest to point out here that two im-
portant advantages of the magnetless spectrome-
ter used are that (1) the acceptance was large,
allowing high data-taking rates and that (2) it was
a smooth function of momentum and ¢. (A typical
acceptance is shown in Fig. 10.) Thus, we were
freed from the danger that we would introduce

structure into the cross sections by a slight mis-
calculation of a complicated acceptance. We did
not use data for which the acceptance was less
than 20% of the maximum at that momentum.

3. Corrections to raw data

To convert the histograms in ¢ to differential
cross sections, we used the following formula:

do _ (number of events in A¢)(corrections)

o dt (acceptance)(flux)(at )(number of target protons per unit area)’

The number of target protons per unit area was
computed by the formula N=plA, where p is the
density (0.0715 g/em?), [ is the length of the li-
quid (30 cm), and A is Avogadro’s number. Un-
controllable fluctuations in the target pressure
made the density and, therefore, this product
uncertain by +1.5%.

The flux was measured by the beam counters as
discussed previously. The effective flux for each
momentum bin was defined as the measured flux
times the fraction of beam particles of the type
being used (pions or protons). Beam trigger
data were used to determine these fractions.

The correction factors to do/dt were of two
types: instrumental inefficiencies and ineffi-
ciencies of the analysis.

(1) Accidental vetoing. Scattered particles
could be accidentally vetoed by random coinci-
dences in the veto counters. During the running
of the experiment, there was a delay circuit set
up to give a measure of this effect. Beam rates
were typically 2x10%/sec, and the resolving time
of the veto counters was about 20 nsec, so the
accidental rates were ~4%, though there were
sometimes higher losses when the instantaneous
rates were very high.

GEOMETRIC EFFICIENCY ("ACCEPTANCE")
FOR 4 GeV/c POSITIVE PIONS

40%

30%

<7

+
L
20%f A ty

ACCEPTANCE

10% +

-2. -3. -4,
t (Gev¥c?)

FIG. 10. Example of calculated acceptance.

r

(2) Empty-target scattering. Some data were
taken with the target vessel emptied of hydrogen,
but analysis of that data show that less than 1%
of the elastic scattering was due to scatters off
the target vessel. Hence, no correction was made
for this effect.

(3) Chamber inefficiencies. Since there were
three horizontal and three vertical chambers in
each arm, we were able to use the redundancy to
estimate the inefficiency of each. Reconstructed
events were used to estimate the inefficiency of
the hodoscopes. Those calculations were done for
each momentum setting. The resulting correc-
tions were typically ~7%.

(4) Lepton contamination. At low momenta, the
electron and muon contamination of the beam was
directly measured by the beam Cerenkov counters.
The contamination was a few percent at the low-
est momentum and decreased for increasing mo-
mentum. Since these leptons registered as pions
but could not scatter at large angles with com-
parable probability, we reduced the effective
pion flux accordingly.

(5) Absorption and decay. The beam was at-
tenuated by absorption in the hydrogen as it passed
through the target, so the effective flux was re-
duced. In passing through the remaining hydro-
gen, air, and trigger counters in the arms, scat-
tered particles could be absorbed by nuclear pro-
cesses. The total correction for these effects
was 6%. The loss due to pion decay after scat-
tering was less than 1% and was not corrected for.

(6) Reconstructed losses. In the track-recon-
struction program, certain classes of complex
events, such as events with too many hits or too
many possible track combinations, were rejected
as being inelastic to save computing time. We
calculated a small sample of data of these types
and found that they contributed a small number
of elastic events, up to 3% in the worst case.

(7) Selection inefficiencies. In cuts using aco-
planarity and A6 to define elastic events, we ex-
cluded events in the tails of the Gaussian curve.
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For each momentum, we estimated the loss due to
these cuts by comparing the distributions obtained
with wider cuts. These inefficiencies were typi-
cally 5% each.

(8) Momentum hodoscope losses. In order to
determine the momentum, we required unambiguous
hits in the momentum hodoscope. Typically, 20%
(the amount varied with intensity and momentum)
of the incident particles were ambiguous due to
the simultaneous passage of two or more particles
through the hodoscope and were therefore not
usable. The flux used was reduced accordingly.
This was done separately for each run.

We made many checks to verify the data and the
corresponding calculations. We analyzed sub-
sets of the data taken months apart, or under
different conditions, to see if the final cross sec-
tions agreed. - Independent analysis of some of the
data was done by members of the collaboration
at different laboratories. In some cases, different
arm angle settings were used for runs at the
same momentum. This last test was particularly
useful for checking the acceptance calculations.
Because the highest bins of each momentum set-
ting corresponded to the lowest bins of the next
setting, a comparison of the overlapping momen-
tum bins provided an excellent test of the consis-
tency of the data. In all cases of comparing inde-
pendent data samples at a given momentum, the
two differential cross sections were fit to each
other as a function of ¢ with only the relative
normalization as a free parameter. For all such
tests, satisfactory x® values were found for the
fits. The fitted relative normalizations revealed
a random rms uncertainty in the normalizations
of 3%.

In addition, we estimate the overall normaliza-
tion uncertainty to be +10%. The major contribu-
tions to this uncertainty are the flux corrections
for accidental vetoing and momentum hodoscope
losses.

The corrected cross sections are listed in Table
III. The errors listed there are statistical only
and do not include the systematic errors discussed
above.

IV. RESULTS AND INTERPRETATIONS
A. Differential cross sections

In Figs. 11, 12, and 13, we have plotted exam-
ples of our differential cross sections do/d¢ for
T'p, mp, and pp elastic scattering. Energies for
these figures have been chosen to coincide with
those of previous experiments'®™!” whose data are
also shown. We see that our experiment covers
a smaller angular range than the earlier ones,
but we have comparable or greater statistical

precision at each momentum and have data at
many more momenta. Apart from normalization
differences, the new data are consistent with the
old.

Two differences between pp and 7p scattering
are noticed: pp cross sections are about an order
of magnitude larger than the 7p at the larger an-
gles but about the same at the smaller angles, and
the pp scattering shows relatively little angular
structure. For both reasons, elastic proton-pro-
ton scattering has been comparatively well studied,
and in this experiment the proton-proton data
serve as a check on the experimental method.
The important new results of this experiment are
the pion-proton differential cross sections.

Elastic proton-proton scattering can be charac-
terized rather simply.® The cross section de-
creases with increasing energy at a fixed angle
(or ¢), and at a fixed energy, decreases with in-
creasing angle. The energy dependence at a
fixed angle becomes stronger, the larger the an-
gle. The shape is approximately the same for all
energies measured in this experiment. (A fixed-¢
dip appears in the differential cross section at
much higher energies.'?)

To give an overall picture of nmp scattering, we
have shown differential cross sections of several
momenta in Figs. 14 and 15. The lines are drawn
to guide the eye. The dashed lines represent the
forward cross sections measured by Eide ef al.,?°
Rust et al.,*® Coffin ef al.,'® and Aplin ef al.?*
Several comments are in order:

(1) Both 7p and 7°p cross sections have the
same general shape and energy dependence.

(2) The forward cross section falls relatively
slowly with energy while the large-angle cross
section falls relatively quickly. This is similar
to the proton-proton behavior mentioned above
except that here the angular regions are distinct.

(3) There is a pronounced dip at an approxi-
mately constant ¢ value of —2.8 GeV2/c?. This dip
is a principal reason for displaying differential
cross section as afunctionof £ rather than coso, . .
In the latter, the dip would have different posi-
tions according to energy and could obscure any
more subtle structure.

(4) The cross sections for |t|>2.8 GeV?/c?
show a nonregular structure. Though charac-
terized by a rapid decrease in energy, they also
show minor peaks, dips, and changes of curvature.

It is fairly natural to regard the forward scat-
tering as due to diffraction, but this idea is not
without difficulties. For example, in low-energy
scattering, the £=-2.8 GeV?/c? dip occurs at
very large angles, possibly even at 180°. This is
contrary to the usual notions of diffraction as a
forward-scattering process. However, a number
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TABLE III. Elastic-scattering differential cross sections in units of pb/AGeV/c).
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' Tp—=T"p
¢t [(GeV/c)% \ Momenta (GeV/c) 1.889 1.938 1.973 2.007
~0.675 51744 420£40
-0.725 413+34 46936 35939 418+38
~0.775 446+34 442+ 32 441+ 37 41933
-0.825 540 £ 39 453+ 33 416+ 36 482+ 34
~0.875 559+36 591+ 36 593 +44 511+ 34
-0.925 671 +40 586+ 36 588 +42 588+ 36
-0.975 759 £41 703+38 816+49 696 = 38
-1.025 780 =38 782 = 37 70342 638+35
~1.075 971+39 812 +35 823+42 742 + 34
-1.125 1050 +39 900 £ 35 890 =40 888+ 36
~1.175 985 £37 957 + 34 93339 900 + 33
-1.225 953 =37 95934 880+ 36 950 + 33
-1.275 865 =37 948+ 34 924 + 38 874 +30
-1.325 863+39 943 37 959+ 41 920 + 32
-1.375 796 £42 873+38 84841 875+ 33
~1.425 826 +47 81640 794 £43 852+ 35
~1.475 653 £42 71341 751 +46 658+33
-1.525 749 £47 614 =38 530 +40 650 =36
-1.575 712 +49 644 £42 70849 596 + 36
—-1.625 574 47 635+44 585+ 46 592+ 37
-1.675 605 £ 57 632£49 566 £ 50 546 + 38
-1.725 587+ 57 538+41
~1.775 506 = 56 47542
Tp—=Tp
t [(GeV/c)?] \ Momenta (GeV/c) 2.040 - 2.093 2.130 2.167
—0.725 342 £36
—-0.775 37726 47140 37945
-0.825 47427 443+34 409+40 406+ 36
—-0.875 475+26 435+ 32 467+ 38 461+35
-0.925 573 £28 553 =36 506 £40 - 481+ 33
-0.975 63530 546 + 36 564 £42 534 +34
—-1.025 718 +30 648 + 38 634 £45 592+ 36
—-1.075 714 £28 671+37 65944 680+ 39
~1.125 760 +27 677+34 685 + 42 705 + 37
-1.175 800 =26 752+ 34 793 +43 745+ 36
-1.225 90526 83134 845 +41 744 + 34
~1.275 901 +26 910+ 34 889 40 730 31
-1.325 829+24 880 + 33 911+ 39 832+32
~1.375 86225 815+31 832+ 37 809 =31
~1.425 80726 848+ 34 812 +37 769+ 30
~1.475 702 +26 770 £ 34 796 £ 38 778 +30
—-1.525 697+29 732 +36 748+ 39 754 + 31
~1.575 60028 675+37 644 £ 39 656 + 31
—-1.625 60229 537+35 527 £ 37 574 %31
~1.675 456 +26 506 + 34 48138 533 +32
~1.725 465+28 459+ 35 471+39 456+31
-1.775 508 +31 435+34 41637 357+29
-1.825 389+30 466+38 405+ 39 329+28
-1.875 324 +39 386+38 44947 26626
-1.925 37140 34242 285+29
-1.975 265+ 30




2456

K. A. JENKINS et al.

TABLE IIl. (Continued.)

Tp—~7"p
¢t [(GeV/c)?] \ Momenta (GeV/c) 2.217 2.274 2.314 2.354
—0.775 284+29
—0.825 35428
—0.875 396+23 358+26 .
—0.925 401+22 38325 34328 342 +24
—0.975 44822 448+26 39329 375 +23
—~1.025 53824 514 +29 47532 39724
—-1.075 50523 47727 424+ 30 421 +24
—-1.125 60024 591 +30 455+ 30 494 £26
-1.175 590 +23 546 +27 529+ 32 46525
—1.225 645+22 561 %26 55130 487+24
—~1.275 69921 56825 470+26 48223
—1.325 697+20 592 £23 530+ 26 477+21
—-1.375 73620 658+ 24 556+ 25 51221
—1.425 711+20 652 22 58725 52419
—1.475 681+19 655+ 22 544 £23 521+19
—-1.525 662+19 670 £22 48021 494+18
—1.575 60419 63622 53623 48117
—-1.625 61021 583+23 513+23 504 +18
—-1.675 51621 554 +24 47423 48218
—1.725 45120 526 +25 473+25 449+19
-1.775 429+21 43024 37824 406+19
-1.825 32219 32822 347+24 37819
—~1.875 31419 31122 30724 320£19
-1.925 26018 319+24 240+22 272419
—-1.975 258+20 287423 264+24 238+18
—2.025 203+31 206 +21 20922 21718
—2.075 20723 16722 17417
—2.125 223£26 204 + 26 130+15
—-2.175 14923 146+17
—2.225 122+18
Tp— TP
t [(GeV/c)*] \ Momenta (GeV/c) 2.395 2.456 2.500 2.543
—0.95 312+13
-1.05 35212 31315 292 17 325 +16
-1.15 37512 353=15 318 =18 293 =14
-1.25 403+12 33014 365 =18 296 =13
-1.35 432+11 344 +13 343 =16 294 =12
-1.45 433+10 374£12 347 £14 279 =10
-1.55 44710 388=11 364 £13 285 £ 9
-1.65 407+ 9 35010 335 =12 271 = 9
~1.75 371+ 9 362+11 338 +12 257 + 8
-1.85 294+ 9 270+10 267 =11 260 = 9
-1.95 222+ 9 210+10 231 =12 197 = 8
—2.05 165+ 9 15910 190 +12 140 = 8
-2.15 153+ 9 13610 139 +12 98.6+ 7.3
-2.25 111+13 12111 103 =11 78.8+ 7.2
—-2.35 75.1+10.8 66.5+ 7.5
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TABLE IIL. (Continued.)

2457

8 T p—=T"p
¢ [(GeV/c)?] \ Momenta (Ge V/c) 2.587 2.654 2.701 2.748
-1.05 264 9 270 %9 .
-1.15 286 =8 259 %7 256 =8 250 8
-1.25 289 %8 283 =8 273 %8 266 +7
-1.35 268 =7 250 %7 254 +8 231 =6
—1.45 274 6 250 =6 235 =7 225 =6
-1.55 267 =5 238 %5 217 6 206 %5
—-1.65 256 =5 231 %5 221 %6 193 =5
-1.75 232 =5 203 =4 194 =5 176 =4
-1.85 215 %5 195 =4 165 =4 152 +4
-1.95 195 =5 192 4 177 =5 144 =3
=2.05 142 =4 155 =4 147 %5 130 =3
-2.15 97.1+4.0 115 %4 102 =4 103 *3
-2.25 75.6%3.9 79.7+3.9 77.1+4.2 78.1+3.2
~2.35 54.0+3.7 55.3+3.5 54.8+3.8 51.7+2.9
-2.45 36.6+3.4 39.7+3.3 44.3+3.8 33.3%2.5
—2.55 26.2£3.1 28.6+3.4 29.8+2.7
-2.65 17.3+2.3
Tp—T"p
¢t [(GeV/c)?] \ Momenta (GeV/c) 2.771 2.848 2.899 2.949
-1.15 283 =13
-1.25 270 * 6 238 %7 221 +8
-1.35 242 = 5 227 £6 218 =7 214 =6
-1.45 217 * 4 191 =4 173 %5 176 =4
-1.55 199 = 4 170 =4 158 =4 154 =4
—-1.65 185 = 3 159 %3 143 =4 134 =3
-1.75 168 = 3 143 =3 123 =3 124 =3
-1.85 146 = 3 128 =3 111 =3 97.8+2.3
-1.95 126 = 2 110 2 85.4%2.5 85.4+2.1
—-2.05 115 = 2 91.9+2.3 73.8+2.3 71.0+1.8
-2.15 93.6% 2.3 87.8+2.3 67.5+2.2 58.6+1.7
-2.25 75.4% 2.2 66.9+2.2 55.0%2.1 49.2+1.6
-2.35 49.4% 2.0 48.5+2.0 43.6+2.0 44.6+1.6
-2.45 36.4% 2.0 34.5+1.9 31.3+1.8 29.6+1.4
-2.55 22.6+ 1.8 23.9+1.9 22.7+1.8 23.8+1.4
—-2.65 18.9% 1.9 22.2+2.4 16.0+1.8 14.4+1.3
-2.75 22.3+ 3.2 18.5+2.3 14.4%2.2 13.1+1.5
—-2.85 14.8+1.8
T p—>T"p
¢ [(GeV/c)t] \Momenta (GeV/c) 3.013 3.090 3.145 3.200
-1.35 217 %8
—-1.45 164 =3
-1.55 145 =3 135 =3 139 £4 135 +3
~1.65 124 %2 121 =2 121 3 115 %2
-1.75 109 =2 98.2+2.0 98.0+2.3 91.9 +1.9
~1.85 86.7+1.6 80.2+1.7 76.5+1.9 73.8 +1.6
~1.95 71.1+1.4 66.1+1.5 60.8+1.7 54.8 +1.3
-2.05 58.8+1.3 51.4+1.4 49.4%1.5 41.3 =1.1
-2.15 44.6+1.1 38.4+1.2 37.7+1.3 31.6 +1.0
-2.25 39.0+1.1 31.9+1.1 27.8+1.1 23.7 +0.8
~2.35 35.8+1.0 28.6+1.0 23.1£1.0 21.4 +0.8
—2.45 25.8+0.9 23.5+0.9 20.3+1.0 16.2 £0.,7
—-2.55 20.2+0.9 17.3+0.8 15.2%0.8 14.8 0.7
~2.65 14.4+0.8 14.5+0.8 12.2+0.8 9.96+0.57
-2.75 13.3+0.9 11.1£0.8 11.2+0.8 8.09+0.53
-2.85 13.3%1.1 13.3+1.0 11.91.0

6.91+0.53




2458 K. A. JENKINS e al.

TABLE LI {(Centinued.)

Tp—=Tp
¢ [(GeV/c)z\Momenta (GeV/c) 3.013 3.090 3.145 3.200
-2.95 12.8+2.1 10.5£1.1 9.02+0.68
-3.05 9.48+0.87
TP TP
t [(GeV/c)?] \ Momenta (GeV/c) 3.266 3.350 3.410 3.469
-1.55 115 +3
~1.65 102 2 95.3 +2.3
-1.75 82.7 +1.5 77.0 £1.7 79.5 2.1 75.7 +1.9
-1.85 65.1 +1,2 63.3 1.5 60.8 =1.7 64.2 1.5
-1.95 48.6 +1.0 47.9 1.2 43.8 1.3 46.5 1.2
—2.05 36.0 +0.8 34.0 1.0 33.2 1.2 32,9 1.0
-2.15 25.0 0.7 25.4 +0.8 24.0 +0.9 22.2 0.8
-2.25 21.0 £0.6 17.2 +0.7 17.4 0.8 15.9 0.7
-2.35 14.6 +0.5 13.1 £0.6 11.3 0.6 10.9 0.5
-2.45 12.8 £0.5 8.76+0.49 8.38+0.55 6.35+0.40
-2.55 10.8 £0.5 8.25=0.48 5.98+0.47 4.50+0.34
—2.65 8.41+0.41 6.01+0.42 5.69+0.48 4.07+0.33
-2.75 6.61+0.37 5.13%0.40 3.80+0.39 2.81£0.29
-2.85 - 6.13+0.38 3.50+0.36 3.82£0.42 2.21£0.27
-2.95 5.46 + 0,40 3.08+0.37 2.73+0,39 2.17+0.28
—3.05 7.69+0.55 3.71+0.46 3.47+0.45 2.52+0.31
-3.15 6.98+0.86 6.59+0.67 6.19+0.67 3.27+0.37
—-3.25 8.43+0.88 6.22+0.77 3.95+0.43
-3.35 6.71+0.63
TpTPp
t [(GeV/c)?. \ Momenta (GeV/c) 3.530 3.621 3.686 3.750
-1.75 70.9 1.6
-1.85 57.2 +1.2 53.3 +1.6 54.7 £2.0
—1.95 41.5 £0.9 40.9 £1.2 38.0 =1.3 38.2 1.2
—2.05 29.2 0.7 30.1 £1.0 27.4 1.0 . 28.6 =0.9
-2.15 20.0 0.6 20.6 +0.8 20.2 0.8 20.5 £0.7
-2.25 13.7 0.5 12.4 0.6 11.8 +0.6 12.1 0.5
-2.35 8.74+0.38 8.02+0.46 7.06+0.48 7.52 +£0.42
—2.45 5.44£0.30 5.24+0.37 4.63+0.38 4.14 +0.31
—2.55 3.60+0.25 2.94£0.28 2.43+0.29 2.48 +£0.24
—2.65 2.55+0.21 1.65+0.20 1.40+0.22 1.15 +0.17
-2.75 2.05+0.19 1.31+0.19 1.25+0.21 0.698+0.132
~2.85 2.02£0.20 1.75+0.22 1.36+0.22 0.598+0.124
-2.95 1.75+0.18 1.49+0.21 1.41+0.22 0.810+0.143
-3.05 2.09+0.21 1.29+0.19 1.17+0.21 0.762+0.141
-3.15 2.03+0.21 1.63+0.23 1.28+0.23 1.30 =0.18
-3.25 3.22+0.28 2.15+0.27 1.57+0.24 1.60 £0.20
-3.35 4.59+0.37 2.90+0.33 1.70+0.27 1.36 £0.19 .
—3.45 8.24 +0.59 4.51+0.45 2.69=0.36 2.66 +0.27
—3.55 6.29+0.62 4.58+0.53 3.00 +0.31
—-3.65 5.61=0.65 2.78 +0.34
-3.75 4.79 +0.52
. T p—T"p
¢t [(GeV/c)? \ Momenta (GeV/c) 3.814 3.913 3.982 4.051
—1.95 37.5 1.6
—2.05 25.3 +0.7 22.9 0.8
-2.15 17.3 0.5 14.4 0.6 14.9 0.7 14.7 0.7
—2.25 11.1 0.4 10.9 0.4 10.7 +0.5 9.22 £0.45

-2.35 6.76 +0.28 6.35 +0.32 5.96 +0.37 6.38 +0.34
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TABLE IIl. (Continued.,)
Tp— TP
¢t [(GeV/c)?] \Momenta (GeV/c) 3.814 3.913 3.982 4.051
-2.45 4.25 +0,22 3.77 £0.24 3.26 =0.25 3.71 +0.24
—-2.55 2.06 =0.15 1.92 +0.17 2.02 %0.20 2.15 #0.18
-2.65 1.01 =0.11 0.820+0.111 1.06 =0.15 1.15 =0.13
-2.75 0.643£0.086 0.474 0,084 0.487+0.105 0.499+0.086
—2.85 0.602+0.084 0.417+0.081 0.257+0.077 0.380=0.073
-2.95 0.726+0.091 0.396+0.080 0.394=0.089 0.377+0.071
-3.05 0.776=0.095 0.904%0.110 0.466=0.096 0.501=0,079
-3.15 1.02 £0.11 0.787=0.104 0.840=0.121 0.622+0.086
-3.25 1.07 £0.11 0.971+0.118 0.874=0.124 0.816+0.097
-3.35 1.22 £0.12 1.02 0.12 0.868=0.130 1.07 =0.11
—3.45 1.28 +0.13 1.22 +0,14 0.880+0.135 0.681+0.096
-3.55 1.66. £0.16 1.11 =0.14 0.944 0,141 0.984=0.116
-3.65 2.81 £0.21 1.49 =0.18 0.846 0,144 0.900+0.118
-3.75 4.30 £0.30 1.80 £0.20 1.10 =0.16 0.979+0.128
-3.85 3.25 =0.32 2.02 =0.25 1.12 %0.14
-3.95 3.17 %0.35 1.19 £0.16
—4.05 2.41 £0.26
Tp—T"D
t (GeV/c)? \Momenta (GeV/c) 4.122 4.229 4.304 4.379
-2.15 12.3 0.4
-2.25 8.84 +0.27 7.38 £0.28 7.66 *0.36
-2.35 5.82 £0.21 4,98 =0.21 5.10 £0.26 4.28 £0.21
—2.45 3.54 =0.15 3.13 £0.16 3.00 =0.19 2.80 +0.16
—2.55 1.72 £0.10 1.86 £0.12 1.59 =0.13 1.38 =0.10
—-2.65 0.765%0.069 0.834=0.078 0.911+0.096 0.763+0.076
-2.75 0.317+0.048 0.489+0.062 0.417+0.068 0.425+0.058
—2.85 0.302%0.046 0.252+0.047 0.173=0.048 0.359+0.052
-2.95 0.306+0.045 0.254+0.047 0.234+0.053 0.213+0.042
-3.05 0.471+0.053 0.417+0.055 0.471+0.066 0.301%0.047
-3.15 0.536=0.054 0.524£0.060 0.454 +0.064 0.437+0.053
-3.25 0.638=0.057 0.609+0.063 0.603+0,072 0.656 £0.062
-3.35 0.652 %0.059 0.655+0.065 0.802+0.085 0.465+0.054
—3.45 0.897+0.071 0.737+0.071 0.886=0.089 0.709+0.064
-3.55 0.838+0.070 0.771%0.074 0.657+0.078 0.574+0.060
—-3.65 0.785%0.070 0.764+0.074 0.989+0.096 0.620=0.063
-3.75 0.765=0.072 0.756+0.077 0.566 +0.072 0.639+0.066
~3.85 0.712+0.072 0.641£0.075 0.643+0.,080 0.578 +0.063
-3.95 0.939+0.087 0.518+0.070 0.651=0.088 0.468 =0.059
—4.05 1.25 +0.11 0.688+0.084 0.488=0.079 0.580 + 0,068
-4.15 1.63 =0.14 0.917+0.105 0.618=0.091 0.415+0.062
—4.25 1.41 %0.15 0.894+0.124 0.358+0.063
—4.35 0.708+0.126 0.357+0.069
—4.45 0.818%0.113
TTHp—Tp
t [(GeV/c)*] \ Momenta (GeV/c) 4.483 4.599 4,681 4.762
-2.25 4,87 +0.27
-2.35 3.85 =0.17 2,92 +0.19 3.35 +0.27
—-2.45 2,12 +0.11 1.60 =0.13 1.31 +0.14 1.45 +0.14
-2.55 1.24 =0.08 0.991 %0.092 1.03 £0.12 0.796%0.092
—2.65 0.765=0.062 0.481+0.066 0.630=0.090 0.336+0.059
—-2.75 0.398+0.047 0.288 +0.051 0.339 £ 0.062 0.362+0.057
—2.85 0.229+0.036 0.264+0.048 0.207=0.053 0.243+0.046
—2.95 0.159+0.030 0.151+0.039 0.178+0.047 0.143+0.037
-3.05 0.225+0.033 0.266=0.046 0.224+0.051 0.272+0.046
-3.15 0.387+0.040 0.288+0.046 0.269+0.054 0.273%0.044
-3.25 0.474+0.043 0.277+0.045 0.307+0.057 0.270+ 0,044
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TABLE III. (Continued.)

Tp—T"p

¢t (GeV/c)?] \ Momenta (GeV/c) 4.483 4.599 4.681 4,762
-3.35 0.516+0.044 0.431+0.053 0.319+0.053 0.3330.047
—3.45 0.571+0.047 0.478+0.056 0.354 0.057 0.399+0.051
-3.55 0.633+0.048 0.431+0.052 0.350+0.052 0.334 +0.,046
-3.65 0.659+0.049 0.702 +0.065 0.536+0.067 0.312+0.044
-3.75 0.579+0.048 0.592+0.061 0.563+0.068 0.414+0.050
-3.85 0.592+0.049 0.546 £0.059 0.573+0.070 0.457+0.053
-3.95 0.486+0.046 0.555 = 0.061 0.482+0.064 0.489+0.055
-4.05 0.340 +0.042 0.369+0.052 0.505+0.070 0.457+0.055
-4.15 0.360 +0.044 0.365+0.054 0.345+0.061 0.430+0.054
-4.25 0.339+0.045 0.284+0.050 0.287+0.060 0.282 £0.047
-4.35 0.265+0,045 0.157+0.043 0.228 +0.054 0.277+0.048
—4.45 0.447+0.061 0.154+0.046 0.289+0.062 0.168+0.041
—4.55 0.371+0.063 0.379+0.070 0.155+0.049 0.181+0.042
—4.65 0.731+0.129 0.359+0.075 0.202+0.063 0.258+0.050
-4.75 0.575+0.106 0.278+0.081 0.238+0.053
-4.85 0.597+0.127 0.292+0.062
-4.95 0.429+0.084

T p—>T"p

t [(GeV/c)*] \Momenta (GeV/c) 4,841 4.966 5.055 5.142
-2.35 1.90 +0.19
-2.45 1.16 +0.10 0.891+0.125
-2.55 0.799+0.076 0.469 £0.085 0.662 +0.130
—2.65 0.317+0.047 0.368£0.067 0.368 +0.085 0.339%0.077
-2.75 0.231+0.039 0.238+0.052 0.0856 +0.0465 0.112+0.046
-2.85 0.195+0.035 0.1360.040 0.0679+0.0413 0.149+0.045
-2.95 0.114+0.028 0.170£0.042 0.0650 +0.0425 0.180+0.046
-3.05 0.204 +0.033 0.130 £0.037 0.212 +0.057 0.199+0.046
-3.15 0.218 +0.033 0.265+0.047 -0.207 £0.054 0.209+0.045
-3.25 0.229+0.033 0.290 £0.047 0.224 =0.056 0.260+0.049
-3.35 0.326+0.037 0.367+0.051 0.271 +0.057 0.275+0.049
-3.45 0.301+0.035 0.347+0.049 0.379 =0.065 0.314 +0.051
-3.55 0.311+0.036 0.282 £0.044 0.271 +0.055 0.333+0.051
-3.65 0.313+0.035 0.292 £0.045 0.274 %0.051 0.284+0.046
-3.75 0.257+0.032 0.274 +0.043 0.367 +0.062 0.2520.043
-3.85 0.380+0.038 0.254 +£0.041 0.192 +0.042 0.227+0.041
-3.95 0.351+0.037 0.219+0.039 0.275 +0.052 0.266 +0.043
-4.05 0.385+0.039 0.283+0.044 0.351 +0.061 0.212£0.039
-4.15 0.296+0.036 0.219+0.038 0.268 +0.051 0.175+0.036
-4.25 0.241+0.033 0.256+0.043 0.271 +0.053 0.237+0.042
-4.35 0.193+0.031 0.240+0.043 0.241 +0.053 0.189+0.038
-4.45 0.300+0.038 0.318 £0.049 0.236 +0.054 0.223 +0.042
—4.55 0.166+0.031 0.168+0.039 0.185 +0.049 0.138+0.035
—4.65 0.206=0.035 0.123+0.036 0.146 +0.042 0.325+0.051
—4.75 0.233+0.039 0.178 £0.042 0.231 +0.056 0.134 0,037
—4.85 0.159+0.036 0.217+0.047 0.258 +0.058 0.181 +0.042
-4.95 0.313+0.051 0.148+0.043 0.225 +0.060 0.217+0.047
-5.05 0.388+0.064 0.150+0.048 0.215 +0.063 0.214 £0.047
-5.15 0.349+0.068 0.337+0.075 0.224 =0.068 0.190+0.047
—5.25 0.342+0.083 0.272 +0.085 0.331+0.063
-5.35 0.315 +0.098 0.238+0.062
—5.45 0.444 +0.133 0.313+0.079

—5.55

0.342+0.096
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TABLE III. (Continued.)
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Tp=Tp

¢ [(GeV/c)z]\Momenta (GeV/c) 5.229 5.364 5.460 5.554
-2.65 0.304 =0.063
-2.75 0.197 +0.045 0.138 £0.052 0.108 +0.063
-2.85 0.174 +0.039 0.0594 +0.0335 0.112 +0.052 0.0776 +0.0436
-2.95 0.209 +0.039 0.118 =0.040 0.205 +0.062 0.104 +0.043
-3.05 0.1000+0.0290 0.142 +0.040 0.142 +0.053 0.160 £0.047
-3.15 0.226 =0.037 0.214 +0.046 0.240 =0.060 0.292 +0.055
-3.25 0.232 +0.037 0.300 =0.051 0.280 +0.063 0.272 +0.051
-3.35 0.268 +0.038 0.294 +0.050 0.351 +0.067 0.272 +0.049
-3.45 0.290 +0.039 0.275 +0.048 0.254 +0.053 0.254 +0.045
—-3.55 0.184 +0.031 0.196 =0.040 0.296 =0.056 0.306 +0.049
-3.65 0.278 +0.036 0.298 +0.047 0.285 +0.053 0.287 +0.046
-3.75 0.178 +0.030 0.309 =0.048 0.205 +0.046 0.174 +0.036
-3.85 0.184 +0.029 0.224 =0.041 0.343 £0.059 0.308 +0.046
-3.95 0.204 +0.031 0.159 +0.034 0.224 +0.047 0.201 +0.038
—4.05 0.185 +0.029 0.172 +0.036 0.239 +0.047 0.194 £0.037
-4.15 0.143 +0.026 0.239 +0.040 0.164 =0.042 0.149 +0.032
—4.25 0.173 +0.028 0.150 +0.033 0.167 +0.039 0.150 +0.032
—-4.35 0.162 =0.028 0.144 +0.032 0.165 +0.040 0.167 =0.033
—4.45 0.164 =0.028 0.199 +0.038 0.133 +0.038 0.161 +0.033
—4.55 0.180 +0.030 0.148 +0.034 0.155 +0.037 0.104 +0.028
—4.65 0.221 +0.034 0.136 +0.032 0.192 +0.046 0.145 +0.032
—4.75 0.158 =0.029 0.191 =0.039 0.166 =0.040 0.116 +0.030
—4.85" 0.170 +0.031 0.166 =0.037 0.136 =0.038 0.111 +0.030
—4.95 0.176 +0.032 0.123 +0.033 0.0988 +0.0369 0.154 +0.034
-5.05 0.224 +0.036 0.172 +0.038 0.108 +0.040 0.105 +0.029
-5.15 0.205 +0.035 0.171 +0.040 0.121 +0.042 0.0875+0.0281
-5.25 0.193 +0.036 0.196 +0.043 0.135 +0.043 0.166 +0.038
~5.35 0.210 +0.040 0.291 +0.052 0.142 +0.042 0.189 +0.040
—5.45 0.191 =0.044 0.168 +0.044 0.292 +0.066 0.162 +0.038
—5.55 0.205 +0.051 0.103 +0.039 0.211 =0.059 0.230 +0.045
-5.65 0.257 £0.071 0.249 +£0.062 0.192 +0.061 0.196 +0.044
-5.75 0.0696 +0.0441 0.141 +0.052 0.209 +0.049
-5.85 0.146 +0.061 0.192 0.051
-5.95 0.201 +0.056
—6.05 0.198 +0.063

THpTp

¢t (GeV/c)?] \ Momenta (GeV/c) 5.647 5.792 5.896 5.998
-2.75 0.0779+0.0487
-2.85 0.0914 +0.0471 0.131 +0.051
~2.95 0.0412+0.0285 0.163 +0.050 0.166 =0.070
~3.05 0.237 +0.043 0.186 +0.050 0.226 +0.073 0.224 +0.061
-3.15 0.220 =0.040 0.208 +0.046 0.267 +0.067 0.189 +0.051
-3.25 0.228 +0.037 0.352 +0.056 0.238 +0.059 0.172 +0.044
—-3.35 0.204 =0.034 0.239 =0.044 0.407 +0.072 0.298 +0.052
~3.45 0.210 +0.033 0.321 +0.049 0.141 +0.040 0.357 +0.055
-3.55 0.339 +0.039 0.297 +0.045 0.311 +£0.056 0.293 +0.049
~3.65 0.358 +0.040 0.250 =0.042 0.361 +0.059 0.241 +0.043
-3.75 0.228 +0.032 0.289 +0.044 0.222 +0.046 0.286 -+0.045
-3.85 0.207 +0.030 0.279 +0.043 0.286 +0.054 0.274 +0.043
-3.95 0.176 +0.028 0.284 =0.042 0.229 +0.047 0.253 +0.041
-4.05 0.245 +0.031 0.175 +0.033 0.221 +0.045 0.240 +0.039
-4.15 0.167 *0.026 0.214 +0.037 0.148 +0.036 0.181 +0.034
-4.25 0.151 +0.025 0.176 +0.033 0.204 +0.044 0.175 +0.033
-4.35 0.114 +0.022 0.125 +0.028 0.112 +0.029 0.149 +0.031
—4.45 0.0869%0.0194 0.112 +0.026 0.121 +0.033 0.0751 +£0.0225
—4.55 0.0816+0.0188 0.137 +0.029 0.132 =0.033 0.0895 +0.0238
-4.65 0.0414 +0.0152 0.104 +0.025 0.122 =0.030 0.150 +0.029
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TABLE IIL. (Continued.)

T p— T p

¢ [(GeV/c)? \ Momenta (GeV/c) 5.647 5.792 5.896 5.998
-4.75 0.110 +0.022 0.0851+0.0230 0.119 +0.030 0.161 +0.031
—4.85 0.120 +0.023 0.121 +0.028 0.0981 +0.0310 0.0724 +0.0220
—4.95 0.160 +0.026 0.147 +£0.031 0.115 +0.031 0.0995+0.0253
-5.05 0.116 +0.023 0.103 +0.026 0.107 +0.034 0.122 +0.028
-5.15 0.114 +0.023 0.110 +0.029 0.110 +0.032 0.0394+0.0179
-5.25 0.146 +0.026 0.150 +0.032 0.0888+0.0295 0.0974 +0.0261
-5.35 0.121 +0.025 0.0826+0.0246 0.0795+0.0267 0.0613+0.0219°
—5.45 0.156 +0.029 0.0826 +0.0250 0.148 +0.039 0.105 =0.027
—-5.55 0.139 +0.028 0.108 +0.031 0.166 +0.044 0.123 +0.030
—5.65 0.149 +0.029 0.116 +0.031 0.0971 +0.0359 0.109 +0.029
—5.75 0.179 +0.033 0.124 +0.033 0.0899 +0.0308 0.115 =0.030
—-5.85 0.157 +0.034 0.204 +0.041 0.101 +0.036 0.223 +0,041
-5.95 0.152 +0.036 0.121 +0.039 0.230 +0.054 0.147 +0.035
—-6.05 0.143 +0.037 0.112 +0.038 0.147 +0.051 0.110 +0.032
-6.15 0.0407 +0.0280 0.229 +0.054 0.112 +£0.042 0.178 +0.040
-6.25 0.231 +0.079 0.167 +0.053 0.0482 £0.0304 0.0899 +0.0320
-6.35 0.119 +0.052 0.121 +0.051 0.107 +0.037
—6.45 0.100 +0.059 0.0885+0.0380
—6.55 0.167 £0.075 0.146 +0.050
—6.65 0.0884 0.0477
§ W‘p—’ﬂ'"p

¢t [(GeV/c)] \Momenta (GeV/c) 6.099 6.257 6.368 6.478
-3.3 0.168 +0.029 0.199 +0.031 0.153 +0.035
-3.5 0.198 +0.028 0.197 +0.027 0.184 +0.033 0.205 *0.031
-3.7 0.247 +0.028 0.155 +0.022 0.197 +0.029 0.173 +0.026
-3.9 0.126 +0.020 0.140 +0.019 0.174 +0.027 0.218 +0.026
-4.1 0.124 +0.019 0.153 +0.019 0.131 +0.021 0.161 +0.021
-4.3 0.151 +0.018 0.119 0.017 0.132 =0.021 0.0919+0.0159
-4.5 0.147 +0.017 0.106 =0.015 0.100 +0.017 0.0864 +0.0148
-4.7 0.131 +0.015 0.0856+0.0138 0.115 +0.019 0.0906+0.0146
-4.9 0.116 +0.014 0.0955+0.0140 0.0982+0.0170 0.0835+0.0139
-5.1 0.0968+0.0128 0.0910=0.0137 0.0770£0.0142 0.0810+0.0134
-5.3 0.0966 +0.0131 0.0942 +0.0139 0.0638+0.0140 0.0722+0.0127
-5.5 0.116 +0.014 0.0741+0.0129 0.0684 +0.0146 0.0778+0.0131
-5.7 0.0953+0.0130 0.0852+0.0143 0.0648 +0.0147 0.0743+0.0133
-5.9 0.0963+0.0138 0.0738+0.0139 0.0967+0.0178 0.0650+0.0130
-6.1 0.0943 +0.0141 0.0925+0.0156 0.0709+0.0167 0.0562 % 0.0130
-6.3 0.0903+0.0145 0.0610=0.0139 0.0615+0.0167 0.0713%0.0147
-6.5 0.0919+0.0158 0.101 +0.019 0.0707+0.0190 0.0562+0.0141
-6.7 0.107 +0.018 0.0480+0.0159 0.0583+0.0202 0.0671£0.0159
-6.9 0.166 +0.030 0.0646 +0.0227 0.0971 +0.0275 0.0724+0.0177
-7.1 0.152 +0.030 0.0751+0.0212
~7.3 0.134 +0.030
-17.5 0.118 =0.033
-7.7 0.0768+0.0340

T"p—>T"p

¢t [(GeV/c)?] \ Momenta (GeV/c) 6.587 6.757 6.878 6.997
-3.5 0.186 +0.022 0.126. £0.023
-3.7 0.148 +0.017 0.141 +0.020 0.122 +0.024 0.165 +0.026
-3.9 0.172 +0.017 0.135 +0.018 0.144 =0.024 0.147 +0.022
-4.1 0.143 +0.014 0.139 +0.017 0.145 +0.021 0.134 +0.019
-4.3 0.110 *0.012 0.0849+0.0125 0.136 +0.019 . 0.110 =0.016
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TABLE IIl. (Continued.)

t [(GeV/c)?] \ Momenta (GeV/c)

6.587

Tp—T"p
6.757

6.878

6997

-4.5
-4.7
-4.9
-5.1
-5.3
-5.5
-5.7
-5.9
-6.1
-6.3
—6.5
-6.7
-6.9
-7.1
-7.3
-7.5
-7.7

0.0980+0.0108
0.0846+0.0097
0.0773+0.0090
0.0883+0.0094
0.0792 +0.0089
0.0591+0.0079
0.0760+0.0089
0.0564 +0.0081
0.0577+0.0085
0.0599+0.0090
0.0571+0.0091
0.0563+0.0096
0.0736+0.0112
0.0348+0.0094
0.0470+0.0126

0.0824+0.0120
0.0883+0.0114
0.0925+0.0112
0.0695+0.0096
0.0681+0.0093
0.0824£0.0103
0.0626 +0.0092
0.0806 +0.0107
0.0397+0.0081
0.0510+0.0091
0.0424 +0.0091
0.0586 +0.0108
0.0344+0.0092
0.0683+0.0129
0.0699+0.0145
0.0430+0.0151

0.131 +0.018

0.104 +0.015

0.0945+0.0147
0.0578+0.0114
0.0772+0.0120
0.0713+0.0114
0.0494 +0.0101
0.0511+0.0104
0.0643+0.0120
0.0636+0.0121
0.0431+0.0096
0.0378+0.0102

.0.0253 £0.0099

0.0498+0.0116
0.0246+0.0118
0.0239+0.0130
0.0505+0.0209

0.0967+0.0140
0.0703+0.0115
0.0651+0.0106
0.0737+0.0109
0.0529+0.0091
0.0696 +0.0100
0.0729+0.0102
0.0601+0,0093
0.0544 £0.0091
0.0562+0.0093
0.0533+0.0095
0.0529+0.0099
0.0422+0.0095
0.0336 £0.0095
0.0390+0.0105
0.0351+0.0112
0.0351+0.0127

Tp—=Tp

¢t (GeV/c)2]\ Momenta (GeV/c) 7.115 7.298 7.428 7.557
-3.7 0.100 +0.029
-3.9 0.156 +0.024 0.0827+0.0310 0.129 +0.045
-4.1 0.0992 £0.0151 0.101 +0.021 0.126 +0.029 0.0719+0.0215
-4.3 0.128 +0.015 0.119 +0.020 0.112 +0.023 0.113 £0.022
—-4.5 0.102 +0.013 0.0626+0.0139 0.0855+0.0190 0.0807 £0.0177
-4.7 0.0725+0.0100 0.0560%0.0120 0.0780+0.0165 0.0495+0.0132
-4.9 0.0669 +0.0090 0.0941+0.0138 0.0952+0.0166 0.0644 +0.0138
-5.1 0.0779+0.0092 0.0520+0.0101 0.0427+0.0112 0.0453 £0.0111
-5.3 0.0661 +0.0082 0.0493 +0.0093 0.0600+0.0119 0.0478 £0.0104
-5.5 0.0698+0.0079 0.0423+0.0081 0.0660+0.0116 0.0327+0.0084
=5.7 0.0498+0.0068 0.0477+0.0083 0.0477+0.0098 0.0495 £0.0095
-5.9 0.0545+0.0069 0.0565+0.0087 0.0391£0.0088 0.0208 £0.0066
-6.1 0.0514+0.0067 0.0412+0.0073 0.0313+0.0078 0.0381 £0.0079
—-6.3 0.0431+0.0062 0.04490.0075 0.0461+0.0090 0.0378£0.0078
—6.5 0.0353 £0,0057 0.0431+0.0074 0.0261+0.0071 0.0170 £0.0058
-6.7 0.0281£0.0054 0.0384 +0.0074 0.0222+0.0069 0.0396 +0.0082
-6.9 0.0266 +0.0054 0.0190+0.0059 0.0496 +0.0097 0.0310+0.0076
-7.1 0.0340+0.0061 0.0219+0.0063 0.0262 £0.0077 0.0141 +0.0060
-7.3 0.0203 +0.0054 0.0200+0.0063 0.0292 £0.0082 0.0285£0.0079
-7.5 0.0162 +0.0053 0.0154 +0.0061 0.0308+0.0089 0.0273+0.0083
-7.7 0.0344 +0,0072 0.0176 +0.0066 0.0163+0.0072 0.0277+0.0086
-7.9 0.0312+0.0072 0.0179+0.0069 0.0106+0.0068 0.0179+0.0080
-8.1 0.0150 £ 0.0063 0.0288£0.0084 0.0319+0.0104 0.0247+0.0096
-8.3 (0.870 +0.615) x1072 0.0137+0.0081 0.0133 £0.0083
-8.5 0.0109+0.0066 0.0133+0,0074 0.0113+0.0083 0.0273+0.0116
—-8.7 0,0194 +0.0111
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TABLE IIl. (Continued.)

t [(GeV/c)&VIomenta (GeV/c)

7.684

Tp—=Tp
7.882

8.022

8.161

-4.1
-4.3
—-4.5
-4.7
-4.9
-5.1
-5.3
-5.5
-5.7
-5.9
—-6.1
-6.3
-6.5
-6.7
-6.9
-7.1
-7.3
-7.5
-7.7
-7.9
-8.1
-8.3
-8.5
-8.7
-8.9
-9.1
-9.5

0.0875+0.0301
0.0511+0.0213
0.0984 +0.0176
0.0353+0.0106
0.0556+0.0116
0.0514 %0.0098
0.0445 +0.0087
0.0605+0.0093
0.0318+0.0067
0.0481+0.0076
0.0363 £0.0063
0.0202 =0.0050
0.0151 +0.0045
0.0280 0.0055
0.0126 0.0042
0.0188 +0.0048
0.0169+0.0048
(0.997 +0.425)x1072
0.0190+0.0054
0.0178+0.0054
(0.667 +0.415)x1072
0.0125+0.0059
0.0123 £0.0056
(0.781 +0.513)x1072
0.0121+0.0063
(0.939 +0.650)x1072

0.0759+0.0228
0.0594+0.0181
0.0475+0.0147
0.0644+0.0145
0.0755+0.0143
0.0544+£0.0116
0.0112+0.0061
0.0218+0.0071
0.0197+0.0064
0.0319+0.0075
0.0289+0.0070
0.0131+0.0052
0.0284 +0.0068
0.0176+0.0057
0.0164+0.0056
0.0194+0.0061
0.0176+0.0061
0.0276+0.0074
0.0103 +0.0057

(0.767 +0.561)x1072

0.0170+0.0087
0.0110+0.0088

0.0740:0.0263
0.117 =0.029
0.0592 £0.0187
0.0842 +0.0196
0.0538 £0.0143
0.0644 =0.0146
0.0382£0.0108
0.0230 =0.0085
0.0312 £0.0090
0.0230=0.0078
0.0212 £0.0073
(0.939 +0.543)x1072
0.0236 £0.0074
0.0179+0.0067
0.0199+0.0071
(0.531 =0.504)x1072
0.0197+0.0074
(0.879 £0.592)x1072
0.0125=0.0070
0.0213+0.0086
0.0161 =0.0083
(0.687 =0.676)x1072
0.0275+0.0113
(0.905 +0.814)x1072
0.0137+0.0109

0.0820+0.0277
0.0555+0.0207
0.0764 +0.0208
0.0441+0.0148
0.0313+0.0114
0.0267+0.0102
0.0112+0.0069
0.0324+£0.0094
0.0332 +0.0089
0.0277+0.0079
0.0242 +£0.0072
0.0165+0.0061
0.0209+0.0066
0.0306 +0.0078
0.0329+0.0082
0.0143+0.0061
0.0116+0.0058
0.0145+0.0065
0.0140+0.0069
0.0271 +0.0091

0.0244 +0.0106

t [(GeV/c) AMomenta (GeV/c)

8.298

T p—T"p
8.512

8.663

8.813

-4.5
-4.7
-4.9
-5.1
-5.3
-5.5
-5.7
-5.9
-6.1
-6.3
-6.5
-6.7
-6.9
-7.1
-7.3
-7.5
-7.7
-7.9
-8.1
-8.3
-8.5
-8.7
-8.9
-9.1
-9.3
-9.5
-9.7

0.0345+0.0105
0.0482 £0.0103
0.0477+0.0098
0.0377+0.0078
0.0493 £0.0083
0.0392 =0.0068
0.0353 +0.0061
0.0353 +0.0056
0.0218 +0.0043
0.0273 +0.0044
0.0183+0.0036
0.0158 £0.0032
0.0111 +0.0027
0.0138+0.0029
0.0134+0.0031
0.0165=0.0032
0.0102 £0.0027
0.0136+0.0030
0.0109+0.0029
(0.762 =0.277)x1072
0.0138+0.0034
(0.725 £0.293)x1072
0.0104 =0.0032
(0.362 +0.254)x1072
0.656 +0.315)x1072
(0.679 +0.347)x1072
(0.684 +0.342)x1072

0.0624 % 0.0147
0.0572+0.0130
0.0544 0.0117
0.03100.0081
0.0349+0.0079
0.0195+0.0056
0.0185+0.0051
0.0234+0.0053
0.0165 = 0.0042
0.0137+0.0036
0.0161+0.0037
0.0121+0.0032
0.0120+0.0030
(0.501 +0.230)x1072
0.0181 +0.0034
0.0108=0.0031
0.0157+0.0032
0.0152 +0.0032
(0.754 £0.257)x1072
(0.666 =0.251)x1072
0.0136+0.0038
(0.532 £0.266)x1072
0.0116+0.0035
0.0104 £0.0035
0.0128+0.0042
0.0139:+0.0046
0.0115+0.0045

0.0293+0.0113
0.0311+0.0101
0.0460=0.0102
0.0251 =0.0083
0.0238+0.0066
0.0255+0.0063
0.0184+0.0051
0.0229+0.0054
0.0163 £0.0044
0.0101 £0,0040
0.0149+0.0039
(0.830 +0.300)x1072
(0.538 £0.292)x1072
0.0142 £0.0035
0.0108+0.0038
(0.777 £0.340)x1072
(0.789 £0.352)x1072
0.0120+0.0036
0.0107+0.0036
0.0124 +0.0039
(0.862 +0.425)x1072
0.0116 £0.0042
(0.534 +0.413)x1072

0.0125+0.0111

0.0166=0.0095
0.0325=0.0109
0.0432 £0.0099
0.0238 £0.0069
0.0212£0.0071
0.0191 £0.0053
0.0106 =0.0040
(0.873 +0.370)x1072
0.0118+0.0038
0.0108+0.0035
0.0124+0.0035
(0.760 =0.273)x1072
(0.947 +0.290)x1072
(0.546 +0.284)x1072
0.0131+£0.0033
(0.712 +0.318)x1072
0.0101 £0.0031
0.0118+0.0034
(0.625 +0.550)x1072
(0.992 +0.425)x1072
0.0125 =0.0040
(0.777 +0.425)x1072
0.0212 £0.0062
(0.700 +0.453)x1072
(0.984 +0.526)x1072
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TABLE IIl. (Continued,)

¢t [(GeV/c)?l

Momenta (GeV/c)

8.962

Tp—T"p
9.193

9.357

9.519

—4.9 0.0175+0.0092

-5.1 0.0139+0.0073 0.0414+0.0198

-5.3 0.0231+0.0078 0.0309£0.0172

—-5.5 0.0186+0.0085 0.0114 £0.0101

—5.7 0.0137+0.0058- 0.0522£0.0175 0.0301+0.0193

-5.9 0.0143 +0.0049 0.0215+0.0111

-6.1 0.0205 +0.0052 0.0275+0.0116 0.0294 +0.0176

—-6.3 0.0117+0.0041 0.0243+0.0104 0.0180 +0.0120 0.0172+0.0130

—6.5 0.0107 +0.0040 0.0182+0.0087 .

—-6.7 0.0108 +0.0035 0.0102 £ 0.0066 0.0139+0.0096 0.0255+0.0135

—-6.9 (0.853 +0.301)x107% (0.925 =0.616)x1072 .

-7.1 (0.800 +0.306)x107% (0.593 =0.511)x1072

-7.3 (0.989 £0.409)x107%  0.0130+0.0065 0.0102 £0.0082

-17.5 (0.826 +0.307)xX1072 (0.775 +0.517)X1072 )

-7 0.0146 +0.0051 (0.981 +0.687)x1072

-17.9 (0.886 +0.288)x1072 0.0130+0.0075

-8.1 (0.284 =£0.230)x107% (0.504 =0.416)x10~2

-8.3 (0.874 +0.290)x107% 0.0112=0.0055 (0.902 +0.694)x1072

—8.5 (0.506 +0.321)x1072 0.0132+0.0081

-8.7, (0.836 +0.310)X1072 (0.517 +0.417)x1072

-8.9 (0.612 £0.310)x1072

-9.1 (0.733 +£0.337)x1072 0.0110 £0.0074

-9.3 (0.994 +0.383)x1072

-9.5 (0.903 +0.370)%1072 0.0171 +0.0093

-9.7

-9.9 (0.616 +0.350)x1072
-10.1 '0.0119+0.0059
-10.3 (0.906 +0.689)x10™2
-10.5 ,
-10.7 0.0135+0.0130
-10.9 (0.992 £0.704)x1072

T T
¢t [(GeV/c)?] \ Momenta (GeV/c) 1.896 1.945 1.980 2.014

—0.725 610 +44 824 + 52 744 +59
—0.775 75348 777 +47 719+53 66645
—0.825 88653 89551 75151 697 +44
—0.875 881 %50 87049 811+55 81047
—0.925 886 = 50 984 +52 838 £ 54 766 =44
—0.975 86946 951 +48 809+ 53 878 £47
—-1.025 91944 1030 +46 984 =54 817+43
-1.075 986 +41 958 £42 1070 52 85540
-1.125 1060 £41 1030 £40 941 +45 88639
-1.175 1000+ 39 1090 +39 995 44 . 99738
-1.225 1130+43 1020+ 38 918+40 969+ 35
-1.275 1120 +44 1200 +42 1090 £45 883+ 33
-1.825 1000 £45 1130 +44 1090 =46 1090 + 38
-1.375 990 =50 1050 +46 994 £49 1090 £40
—1.425 882 +48 88145 902 50 963 £40
—1.475 77147 796 £46 881+54 828 +40
~1.525 974 =57 723 £45 718+50 836 £45
—-1.575 846 =56 899 + 54 899+ 60 64741
-1.625 962 = 67 985+ 59 81458 684 44
—~1.675 111078 1100+ 69 719+ 58 63643
—-1.725 : 825+ 71 741+ 50
-1.775 847+175 744 %55
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TABLE IIl. (Continued.)

.n-+p_, 7r+p

¢ [(GeV/c)?] \Momenta (GeV/c) 2.049 2.102 2.139 2.176
—0.775 594 + 32 66343
—0.825 654 =31 540+ 35 523 £43 621 £41
—-0.875 662 + 31 61136 594 £42 53835
—-0.925 790 + 34 67338 720 £46 62336
—-0.975 742 £ 31 68537 63442 63735
-1.025 776 31 709+ 38 709 £44 621 +34
-1.075 848 + 32 784 £ 38 756 £44 702 + 36
-1.125 847+29 699 34 685+ 39 688+ 34
-1.175 859 27 813+ 34 765 £ 39 67732
-1.225 940 +27 855+ 33 773 £37 68630
-1.275 81524 80731 768 £35 765+ 29
-1.825 884 £25 742 +28 731 £33 684 £ 27
-1.375 915+26 81030 66631 608 £25
—-1.425 86927 88332 722 £ 32 60324
-1.475 768 =27 799+ 32 81136 768 £ 28
—~1.525 69728 61831 714 £ 37 62526
-~1.575 600 28 654 + 33 558 £33 548 =26
-~1.625 63330 522+ 31 489+34 498 +26
-1.675 583+29 522+ 33 48336 49128
-1.725 588 +31 585+ 36 48437 420+27
-1.775 624 + 34 570 =37 483 +38 42329
~1.825 771 £41 553+ 39 458+39 36827
-1.875 569 £47 63146 401+39 369+28
-1.925 56645 615+ 54 38331
-1.975 34332

Tp—Tp

¢t [(GeV/c)4 \ Momenta (GeV/c) 2.223 2.281 2.321 2.362
—-0.875 482+25
-0.925 498 £24 46830
-0.975 514 +23 489+29 462 +32 43227
-1.025 535+23 557 + 30 475+31 410£25
~1.075 59925 50128 501 +31 429+24
-1.125 547 £22 527 £28 569 + 34 476+25
-1.175 549£21 465+24 583 32 472+25
-1.225 581 £20 546 +24 52128 431+22
-1.275 60519 572 +24 577 +28 496+ 22
-1.325 597+18 565+ 22 583 £27 506 +21
-1.375 536+16 558 £21 57225 500 = 20
—1.425 540+16 524 £20 535+23 460£18
—1.475 539+16 459+18 479 +22 473+18
-1.525 582 17 54120 431+21 371+16
-1.575 468+16 535 £21 560 +23 37215
—-1.625 449+17 478+20 42921 424+16
~1.675 40217 454+21 455+22 41517
-1.725 35517 32619 368+21 350+16
-1.775 328+18 358 £21 293 +20 295x15
-1.825 271+17 255+19 286 +22 253+15
-1.875 24717 228419 235+21 207+15
—-1.925 274+18 214£19 19521 204+15
-~1.975 281£19 252 +22 17921 186+16
-2.025 293+23 245 +23 18522 14815
-2.075 232+26 204 25 14415
-2.125 222 £29 15517
-2.175 148+18
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TABLE III. (Continued.)
TP T
t [(GeV/c)?] \ Momenta (GeV/c) 2.402 2.464 2.508 2.552
-1.05 467+14
-1.15 506 £14 506 +17 551 £22 448 =16
-1.25 502 +13 484+16 518 +20 480 =16
-1.35 52912 495+14 483 17 437 =14
—1.45 477+10 47112 475 15 444 =12
—-1.55 435+ 9 452+11 433 13 435 =11
-1.65 412+ 9 379£10 352 . £11 359 + 9
-1.75 342+ 8 39411 347 11 294 £ 8
—1.85 273+ 8 30510 271 £10 270 + 8
-1.95 188+ 8 223+10 218 11 208 + 8
-2.05 147+ 8 142+ 9 155 =10 144 = 7
~2.15 136+ 8 117+ 9 124 10 82.8+ 6.4
-2.25 181+23 156 +12 98.5+ 9.7 75.6+ 6.8
~2.35 121 +13 88.6+ 8.2
mp—Tp
¢t [(GeV/c)?] \ Momenta (GeV/c) 2.597 2.664 2.711 2.758
-1.25 438 =12 427 =15 392 £17 367 +14
-1.35 401 =10 360 +13 371 %15 333 £12
-1.45 406 =10 358 12 351 =14 355 +12
-1.55 368 = 8 352 =10 310 =12 308 £10
~1.65 341 £ 7 333 £ 9 315 11 266 = 9
~1.75 279 = 6 271 = 8 264 = 9 240 = 8
-1.85 262 = 6 236 + 7 209 + 8 190 + 6
-1.95 205 * 6 217 £ 7 217 + 8 168 = 6
—-2.05 135 = 5 154 + 7 163 + 8 148 + 6
-2.15 95.4% 5.0 112 = 6 105 = 7 102 + 5
~2.25 63.4% 4.5 57.7+ 5.2 64.5+ 6.1 61.6+ 4.4
—-2.35 53.3+ 4.6 442+ 5.0 33.7+ 5.3 45.6+ 4.4
-2.45 62.1+ 7.5 40.6% 5.4 21.9+ 4.2 23.4% 3.5
—-2.55 72.7+ 7.9 45.6+ 6.6 22.7+ 3.7
-2.65 49.4% 5.9
mp—Tp
¢ [(GeV/c)?] \Momenta (GeV/c) 2.797 2.869 2.920 2.971
-1.35 292 =14
-1.45 283 = 8 249 =10
-1.55 279 = 7 236 + 8 232 =10 235 =9
~1.65 245 + 6 218 = 8 213 £ 9 200 =7
-1.75 218 =+ 6 198 £ 7 176 =+ 8 174 =7
-1.85 180 = 5 157 = 6 147 £ 7 151 6
-1.95 147 £ 5 121 = 6 119 = 6 120 %5
-2.05 122 + 4 110 £ 5 85.0+ 5.2 86.4+4.4
-2.15 96.9+ 3.9 83.6+ 4.6 91.3+ 5.4 72.6+4.1
—-2.25 68.6+ 3.4 68.1+ 4.3 67.0+ 4.8 59.5+3.7
-2.35 36.9+ 2.8 37.9+ 3.4 45.8+ 4.0 48.2+3.4
-2.45 26.8+ 2.8 20.6 2.9 19.2+ 2.6 28.9£2.7
—-2.55 24,3+ 3.2 17.5+ 3.2 21.1+ 3.4 18,9+2.4
-2.65 22.6+ 4.5 15.1+ 3.6 17.5£2.7
-2.75 56.6+ 7.7 10.4£2.5
Tp—=T"p
¢ [(GeV/c)?] \ Momenta (GeV/c) 3.017 3.095 3.150 3.205
-1.55 166 =6
—-1.65 168 =5 131 %6 144 %8 117 =6
~1.75 150 =5 132 %5 133 =7 109 %5
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TABLE IIl. (Continued,)

T TP
t [(GeV/c)*] \ Momenta (GeV/c) 3.017 3.095 3.150 3.205
-1.85 125 4 98.6 +4.5 104 =6 78.0 +3.9
-1.95 96.8+3.5 84.4 +4.1 75.7 £4.6 78.3 £3.9
-2.05 78.3+3.2 67.1 +3.6 64.5 +4.2 58.2 +3.2
-2.15 61.6+2.8 53.0 +3.2 46.4 +3.5 48.2 £2.9
-2.25 57.0£2.7 43.7 +2.9 43.5 £3.5 33.1 2.4
-2.35 37.7+2.2 42,9 +2.9 37.4 £3.2 28.4 +2.3
-2.45 24.6+1.8 127.3 £2.4 28.7 +2.9 24.3 +2.1
-2.55 16.1+1.6 18.1 £2.0 17.4 2.1 15.1 +1.7
-2.65 12.4+1.5 11,9 £1.7 10.1 +1.8 10.3 +1.4
-2.75 12.7+1.8 6.92+1.54 8.02+1.66 7.58+1.30
-2.85 10.1+3.1 11,9 £2.3 9.21+2.05 7.36+1.36
-2.95 7.47£2.19 9.26+1.71
-3.05 12,7 £2.5
T —T*p
¢ [(GeV/c)?] \Momenta (GeV/c) 3.266 3.350 3.410 3.469
-1.65 147 6 111 4
-1.75 112 3 97.1 +2.8 94,4 +3.9 77.5 £3.0
-1.85 95.8 +3.0 82.6 +2.4 74.6 £3.1 68.0 2.4
-1.95 78.8 £2.6 65.6 =2.0 58.7 £2.5 54.1 +1.9
-2.05 66.3 +£2.3 50.6 +1.7 46.7 £2.2 42.2 £1.6
-2.15 54.4 £2.1 40.5 1.5 31.1 *1.7 29.1 +1.3
-2.25 36.8 1.7 28.0 +1.2 26.8 +1.6 21.3 *1.1
-2.35 24.6 1.4 19.6 1.0 17.4 +1.2 15.6 +0.9
-2.45 23.8 +1.4 15.7 0.9 13.6 =1.1 10.3 £0.7
~2.55 16.3 +1.2 13.9 +0.9 9.72£0.98 7.53+0.63
~2.65 12.4 +1.0 9.13£0.71 8.87 0,92 6.60%0.60
—2.75 10.5 £1.0 6.86+0.64 6.88=0.81 6.17+0.58
-2.85 8.96+0.93 6.71+0.63 7.08+0.84 5.70£0.56
-2.95 11.2 1.1 6.90+0.67 5.11+0.72 5.85+0.57
-3.05 13.0 1.4 9.46+0.87 6.78 £0.82 5.73+0.59
-3.15 19.8 =2.5 13.1 1.2 8.49+1.08 7.84%0.70
-3.25 10.5 1.5 10.9 =1.0
-3.35 13.4 1.3
Tp—T*p
t [(GeV/c)?] \ Momenta (GeV/c) 3.530 3.621 3.686 3.750
-1.85 56.8 1.9 64.1 £2.6 44.0 +2.6
-1.95 45.0 =1.5 49.6 +2.0 36.5 +2.0 35.1 =1.7
~2.05 32.1 1.2 30.3 +1.5 23.6 £1.4 26.4 +1.8
-2.15 24.2 1.0 23.1 1.2 19.8 +1.2 17.5 +1.0
-2.25 18.1 0.8 17.3 1.0 12.0 1.0 11.7 +0.8
-2.35 13.2 +0.7 11.5 +0.8 8.28+0.81 8.23+0.65
-2.45 8.53+0.57 8.24£0.72 5.02+0.63 4.96+0.51
—-2.55 5.43+0.45 4.88+0.55 3.27+0.47 2.70+0.37
-2.65 4.40+0.40 3.37+0.46 1.86+0.38 1.57+0.29
-2.75 3.28+0.36 2.63+0.41 1.73+0.38 1.43£0.27
~2.85 3.18+0.36 3.05+0.44 1.33+0.34 1.06+0.24
-2.95 3.75+0.39 2.08+0.39 1.57+0.37 1.25+0.26
-3.05 4.20+0.41 3.85+0.51 1.85£0.37 1.23£0.26
-3.15 5.35+0.49 3.17+0.48 1.57+0.34 1.85+0.32
-3.25 6.43£0.57 5.50+0.64 4.02+0.59 2.68+0.39
-3.35 8.08+0.73 7.28+0.78 2.60+0.45 4.04+0.48
—3.45 6.95+1.11 7.88+0.90 4.59+0.68 4.09%0.50
—3.55 9.43+1.15 6.47+0.89 5.63+0.62
~3.65 5.82+0.99 7.35%0.79
-3.75 6.16£0.83
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T TP

t [(GeV/c)?] \ Momenta (GeV/c) 3.814 3.913 3.982 4.051
-1.85 45,9 £2.7
-1.95 29.9 1.4 33.8 1.9 30.1 2.0
—2.05 22.8 1.0 23.6 1.3 22.2 *1.4 204 +1.3
-2.15 17.1  +0.8 18.5 =1.1 144 1.1 16.5 =1.1
-2.25 10.7 +0.6 11.4 =0.8 7.98 +0.70 10.9 0.8
-2.35 5.97 +0.47 7.95 +0.66 6.39 +0.64 5.59 +0.53
—2.45 3.73 =0.36 3.71 +0.43 3.36 +0.45 4.47 +0.47
—2.55 2,16 +0.28 2.00 +0.32 1.69 +0.32 1.98 +0.31
—2.65 1.49 +0.23 1.13 +0.25 . 1.31 £0.28 0,924 +0.221
-2.75 1.13 +0.21 0.597+0.191 0.870+0.234 0.361+0.151
—-2.85 0.910+0.184 0.977+0.225 0.370+0.168 0.464 +£0.166
—-2.95 1.10 £0.21 0.950+0.219 0.654£0.195 0.539+0.170
—-3.05 1.37 +0.22 1.26 +0.25 0.662+0.186 0.592+0.177
—-3.15 1.47 +0.24 1.22 £0.25 1.11 +0.25 0.766 +0.197
—-3.25 1.53 +0.24 1.21 +0.25 1.01 +0.26 0.863+0.209
-3.35 2.57 +0.31 2.17 +0.33 1.38 +0.28 1.54 +0.27
—3.45 3.15 £0.35 2.24 +0.36 1.72 +0.32 1.44 +0.26
—3.55 4,07 £0.44 2.96 +0.43 2.06 +0.37 1.79 £0.30
—3.65 3.62 +0.43 3.32 +0.50 1.65 +0.33 2.54 £0.36
-3.75 4.86 +0.57 3.64 +0.54 2.39 +0.44 2,23 £0.36
-3.85 3.26 +0.71 4,29 +0.69 2.70 +0.50 2.93 +0.44
-3.95 4.98 +0.81 3.06 +0.63 2.05 +0.40
—4.05 4.52 £0.82 3.81 +0.61
—4.15 3.04 +0.59

Tp—T*p

¢t [(GeV/c)?] \Momenta (GeV/c) 4.122 4,229 4.304 4.379
—2.05 21.4 =1.0 17.3 *1.1
-2.15 144 =0.7 13.6 0.8 10.3 +0.8 12.1 0.9
-2.25 9.99 +0.55 8.44 +0.57 5.66 +0.52 7.75 +0.65
—-2.35 5.77 +0.39 6.37 +0.45 4,74 £0.44 5.81 +0.50
—2.45 3.47 £0.29 3.31 £0.32 2.30 +0.29 3.33 +0.34
—2.55 1.65 +0.20 1.53 +0.21 1.26 +0.21 1.76 +0.24
—-2.65 1.05 +0.16 1.05 +0.18 0.674+0.154 0.863+0.178
—2.75 0.613+0.131 0.681+0.149 0.5080.141 0.447+0.139
—-2.85 0.233+0.090 0.250 £0.102 0.497+0.135 0.300+0.119
—2.95 0.639+0.125 0.551+0.133 0.373+0.117 0.218:+0.098
—3.05 0.773+0.131 0.758 £0.142 0.615+0.142 0.572£0.137
-3.15 1.19 +0.16 1.06 +0.17 0.781+0.156 0.718 £0.146
-3.25 0.967+0.149 1.35 +0.19 1.10 +0.19 1.01 +0.17
-3.35 1.17 +0.16 1.27 +0.18 . 0.688+0.146 0.861+0.162
—3.45 1.52 +0.19 1.25 £0.18 1.01 +0.18 0.921+0.164
-3.55 1.78 +0.21 1.54 +0.20 1.08 +0,19 0.922+0.159
—-3.65 1.72 +0.21 1.40 +0.20 1.08 +0.19 1.08 +0.18
-3.75 2.25 +0.25 1.35 +0.20 1.10 +0.19 0.887+0.164
—3.85 2.03 +0.25 1.57 +0.23 0.919%0.185 0.899+0.173
-3.95 2.04 +0.26 1.07 +0.20 0.802+0.186 1.07 +0.19
—4.05 2.25 £0.29 1.50 +0.25 0.817+0.196 0.629+0.160
—4.15 2.16 +0.33 2.02 £0.31 1.03 +0.24 0.762+0.177
—4.25 3.34 +0.62 1.90 +0.34 1.50 +0.30 0.812+0.194
—4.35 1.20 +0.31 1.21 +0.29 1.28 £0.25
—4.45 1.35 +0.28
—4.55 1.43 +0.31
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TABLE IIl. (Continued.)

t [(Gev/c)Z]\Momenta (GeV/c)

4.483 4.599 4.681 4.762
-1.15 61.3 +3.2 65.0 *6.7
-1.25 61.5 2.4 66.8 *3.2
~1.35 64.0 +2.2 59.6 +2.3 57.5 £3.1 24.2 £7.8
—1.45 54.0 +1.8 55.2 2.0 55.5 +2.6 46.1 +2.2
—-1.55 41.3 1.4 42,9 1.6 50.3 2.2 42.6 =1.9
—-1.65 39.6 =1.4 34.8 £1.3 35.1 =1.7 33.4 =*1.5
-1.75 32.4 1.3 32.8 *1.3 29.3 1.4 24.0 =1.2
~1.85 23.3 1.0 24.6 *1.0 23.5 =1.3 18.8 =1.0
-1.95 16.4 =0.8 15.7 0.8 17.1  £1.0 15.6 +0.8
-2.05 11.8 +0.7 11.9 £0.7 13.9 =0.9 124 £0.7
-2.15 9.34 £0.52 8.21 +0.46 7.80 +0.69 7.44 +0.56
-2.25 6.33 +0.36 6.05 +0.37 5.13 +0.41 5.09 +0.37
-2.35 4,45 £0.29 4.48 +0.32 3.56 +0.34 3.10 +0.27
-2.45 2.34 +0.20 2.37 +0.23 2.28 +0.27 1.98 £0.22
-2.55 1.44 +0.16 1.83 +0.21 0.952£0.180 1.30 +£0.18
-2.65 0.999+0.139 0.989+0.169 0.605+0.160 0.820+0.148
-2.75 0.557+0.106 0.436+0.118 0.817+0.185 0.738+0.143
-2.85 0.533+0.108 0.412+0.127 0.294+0.120 0.323+0.108
-2.95 0.469+0.100 0.330+0.101 0.382+0.167 0.386+0.109
-3.05 0.535+0.104 0.673+0.131 0.525+0.145 0.288+0.096
-3.15 0.762+0.115 0.447+0.107 0.623+0.159 0.381+0.103
-3.25 0.767+0.115 0.571+0.118 0.549+0.133 0.367+0.100
-3.35 0.675+0.110 0.861+0.142 0.642+0.136 0.615+0.148
-3.45 0.756+0.113 0.917+0.147 0.592+0.143 0.546+0.115
—-3.55 0.960+0.124 0.732+0.128 0.725+0.142 0.581+0.115
—-3.65 0.647+0.107 0.828+0.139 0.665+0.130 0.525+0.110
-3.75 0.881+0.132 0.966+0.176 0.945+0.158 0.608+0.116
-3.85 1.06 +0.14 0.707+0.145 1.05 £0.18 0.420+0.101
-3.95 0.700+0.117 0.654+0.139 0.519+0.115 0.569+0.115
—4.05 0.696+0.119 0.604+0.125 0.549+0.134 0.618+0.123
-4.15 0.699+0.115 0.615+0.142 0.431+0.126 0.432+0.116
-4.25 0.493+0.098 0.670+0.141 0.475+0.151 0.450+0.119
—4.35 0.374+0.091 0.530+0.123 0.546+0.152 0.454+0.126
—4.45 0.676+0.122 0.511+0.114 0.569=0.154 0.535+0.126
—4.55 0.646+0.121 0.737+0.175 0.660+0.217 0.367+0.140
—4.65 0.447+0.117 0.508+0.161 0.381+0.156 0.439£0.122
—4.75 0.446+0.154 0.380+0.114 0.353+0.123 0.399£0.107
—4.85 0.654+0.183 0.845+0.161 0.362+0.150 0.313+0.108
—4.95 0.843+0.210 0.643+0,179 0.613+0.167 0.606+0.173
—5.05 0.409+0.165 0.503+0.159 0.457+0.177 0.286+0.126
-5.15 0.920+0.228 0.493+0.166 0.788+0.241 0.486 £0.156
-5.25 1.20 =0.26 0.692+0.192 0.525+0.176 0.514+0.159
-5.35 1.38 £0.27 1.39 +0.26 0.793 £0.250 0.560+0.166
-5.45 1.64 +0.31 1.28 =0.26 0.916+0.266 0.885+0.208
—-5.55 3.04 =0.46 1.72 £0.31 1.01 +0.28 0.663+0.189
—5.65 1.77 +0.42 2.74 +0.43 1.28 +0.32 1.06 +£0.24
-5.75 : 1.89 +0.44 1.40 +0.39 1.38 +0.28
—-5.85 2.04 =£0.52 1.46 +0.31

T TP

¢t [(GeV/c)*]1 \ Momenta (GeV/c) 4,841 4.966 5.055 5.142
~1.45 57.3 *2.6 49.3 +2.6 33.4 2.9
-1.55 377 =1.4 40.1 1.9 35.4 +2.4 28.5 £2.2
—-1.65 32.4 1.2 29.8 1.5 33.5 2.1 30.0 1.8
-1.75 24.8 1.0 24.8 1.2 23.6 1.5 22.2 1.4
-1.85 18.5 £0.8 17.3 =1.0 19.6 . £1.3 14.6 1.0
-1.95 13.6 +0.6- 12.0 0.8 13.8 =1.1 10.4 £0.8
-2.05 8.87 £0.50 9.53 +0.67 9.81 £0.84 7.49 £0.63
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TABLE IIl. (Coninued.)
TrH—Tp

¢t [(GeV/c)?] \ Momenta (GeV/c) 4.841 4.966 5.055 5.142
-2.15 7.14 =0.43 6.22 +0.51 6.54 +0.66 4.95 +0.48
-2.25 4,19 £0.33 4.63 £0.45 4.44 £0.52 4.01 +0.42
-2.35 2.81 £0,19 2.78 +0.29 3.04 =0.40 2.50 0,33
-2.45 1.91 =0.15 1.50 =0.15 1.34 +0.20 0.987+0.166
-2.55 1.13 +0.11 0.925+0.116 0.652+0.122 0.873+0.115
-2.65 0.571+0.086 0.487+0.086 0.397+0.093 0.539+0.085
-2.75 0.286 +0.070 0.264+0,063 0.282+0.079 0.326+0.075
-2.85 0.2620.063 0.214£0.055 0.338+0.092 0.206 0054
-2.95 0.3020.071 0.235=0.055 0.262£0.094 0.302%0.069
-3.05 0.331+0.061 0.305+0.059 0.318+0.073 0.248+0.066
-3.15 0.400% 0,064 0.283+0.055 0.428+0.078 0.3020.055
-3.25 0.589+0.080 0.422 0,065 0.392%0.075 0.278+0.052
-3.35 0.531+0.070 0.444£0.065 0.3500.069 0.424 0,060
-3.45 0.681+0.076 0.529+0.,071 0.566+0.083 0.342 0,054
-3.55 0.752%0.078 0.577+0.071 0.447+0.076 0.432£0.059
-3.65 0.854 +0.082 0.636+0.075 0.495%0.076 0.387+0.056
-3.75 0.593+0.069 0.548=0.067 0.501=0.078 0.610+0.068
-3.85 0.5890.070 0.599%0.070 0.515%0.078 0.374 0,054
-3.95 0.537+0.067 0.466 = 0.063 0.477+0.076 0.313£0,049
-4,05 0.3870.,058 0.547+0.068 0.398+0.068 0.481+0,059
-4.15 0.525+0.067 0.500£0.067 0.540=0.080 0.354 0,052
-4.25 0.481 0,067 0.440+0.063 0.385+0.,072 0.3380.052
-4.35 0.369+0.062 0.504 = 0,069 0.220=0.053 0.330 0,051
—-4.45 0.407+0.066 0.286+£0.053 0.328+0.067 0.253+0.046
—4.55 0.465+0.069 0.301+0.057 0.347+0.067 0.318+0.052
-4.65 0.227+0.057 0.409=0.068 0.302£0.067 0.232 £0.047
-4.75 0.288+0.064 0.265 = 0,056 0.283 0,064 0.367+ 0,057
-4.85 ©0.322+0.069 0.258+0.060 0.326=0.070 0.234 0,048
—4.95 0.469+0.080 0.331+0.069 0.247£0.071 0.159+0,053
-5.05 0.525+0.090 0.338+0.067 0.286 0,082 0.340+0.060
-5.15 0.514%0.096 0.368+0.075 0.206+0.108 0.298+0.061
-5.25 0.329+0.106 0.508+0.094 0.453%0.153 0.273+0.062
-5.35 0.798+0.154 0.644 % 0,140 0.423£0.113 0.343+0.069
-5.45 0.824%0,159 0.675=0.188 0.569=0.191 0.428+0,083
-5.55 0.965+0.173 1.48 +0.26 0.491+0.199 0.730+0.119
-5.65 1.29 £0.20 2.10 £0.31 0.358+0.185 0.370 0,127
-5.75 1.01 £0.18 2.10 +0.32 1.20 +0.30 0.714%0.184
-5.85 1.41 £0.22 2.16 *0.32 2.25 =0.40 1.22 +0.24
-5.95 1.71 0.33 1.32 £0.27 2.03 +0.39 1.01 0,22
-6.05 1.47 £0.29 0.831+0.272 1.80 +0.30
-6.15 1.74 £0.34 0.785+ 0,272 1.23 +0.25
-6.25 0.9150.302 1.06 =0.24
-6.35 1.07 £0.26
—6.45 1.06 +0.28

T*p—T*p

¢ (GeV/c)?] \Momenta (GeV/c) 5.229 5.364 5.460 5.554
-1.75 16.9 %1.0
-1.85 12.9 0.7 11.8 0.9
-1.95 9.30 +0.59 945 £0.75 8.21 £0.89 8.06 +0.85
—2.05 7.02 +£0.49 6.95 =0.60 6.16 =0.73 6.03 =0.66
-2.15 4.45 +0.36 5.47 =0.50 3.92 +0.51 4.80 +0.54
-2.25 3.28 +0.30 2.92 £0.35 3.17 £0.45 2.30 £0.34
-2.35 2.01 £0.23 1.78 £0.26 1.97 £0.34 2.04 +0.31
—-2.45 1.05 £0.17 0.923 £0.188 1.44 £0.30 0.963£0.206
-2.55 0.737+0.132 0.726 0,172 0.378+0,138 0.430 £0,140
~2.65 0.543+0.095 0.446 +0.092 0.24420.119 0.3110.117

0.286 %0.066 0.322 +0.072 0.416+0.127 0.190+0.066

-2.75
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TABLE IIl. (Continued.,)

T TP
¢ [(GeV/c)zl\Momen‘ra (GeV/c) 5.229 5.364 5.460 5.554
-2.85 0.165=0.048 0.179 +0.973 0.145+0.074 0.139%0.068
-2.95 0.321+0.060 0.145 +0.072 0.245+0.086 0.135+0.060
-3.05 0.295+0.050 0.274 +0.065 0.246£0.076 0.151 £0.047
-3.15 0.345£0.055 0.241 +0.055 0.217+0.068 0.227+0.063
-3.25 0.346+0.055 0.339 +0.061 0.295+0.076 0.410+0.068
-3.35 0.391+0.051 0.417 +0.066 0.218+0.058 0.152+0.049
-3.45 0.408 +0.054 0.386 +0.063 0.278+0.069 0.342£0.063
-3.55 0.401+0.052 0.428 +0.066 0.383+0.075 0.3070.059
-3.65 0.379+0.048 0.374 +0.062 0.341£0.071 0.290+0.055
-3.75 0.362+0.047 0.473 +0.071 0.451+0.081 0.379+0.065
-3.85 0.425+0.051 0.330 +0.057 0.340=0.069 0.166 +0.044
-3.95 0.375%0.047 0.298 +0.052 0.363+0.070 0.261+0.052
—-4.05 0.392 £0.048 0.331 £0.057 0.148+0.044 0.253+0.,050
—-4,15 0.316£0.044 0.317 +0.056 0.253+0.059 0.313%0.055
—-4.25 0.282 +0.042 0.258 +0.051 0.250%0.058 0.166 +0.041
—4.35 0.336£0.045 0.155 +0.041 0.265+0.059 0.236 £ 0.049
—4.45 0.403 0,049 0.276 +0.054 0.251+0.057 0.234 +0,047
—4.55 0.299+0.045 0.225 +0.047 0.216+0.058 0.196+0.045
—4.65 0.327+0.046 0.251 %0.053 0.156 +0.051 0.236 %0.047
~4.75 0.261+0.044 0.226 +0.051 0.131+0.043 0.191+0.045
~4.85 0.292 £0.045 0.249 %0.052 0.295+0.066 0.196+0.046
—4,95 0.269+0.046 0.236 0.052 0.366 0,073 0.165+0.043
~5.05 0.286 +0.048 0.215 +0.047 0.285+0.065 " 0.281+0.054
-5.15 0.429+0.064 0.301 +0.060 0.281+0.069 0.233+0.052
~5.25 0.369+0.055 0.349 =0.061 0.458+0.085 0.3690.062
—-5.35 0.350 0,057 0.352 +0.062 0.198+0.058 0.295+0.056
~5.45 0.304 £0.058 0.419 +0.080 0.259+0.072 0.214+0.049
~5.55 0.445+0.074 0.162 *0.052 0.340+0.073 0.191+0.053
-5.65 0.3300.083 0.347 +0.073 0.3570.085 0.328+0.070
—5.75 0.407+0.097 0.372 +0.083 0.341+0.089 0.249+0.056
‘ —5.85 0.116%0.079 0.0871+0.0560 0.3620.126 0.313 +0.065
~5.95 0.366+0.109 0.365 +0.128 0.183+0.099 0.239+0.063
—6.05 0.689+0.144 0.375 +0.126 0.362+0.153 0.279+0.109
—6.15 0.427+0.124 0.430 +0.136 0.415+0.162 0.216+0,098
—6.25 0.6610,154 ©0.361 +0,129 0.309+0.157 0.453+0.137
—6.35 0.746 +0.167 0.608 +0.182 0.414+0.174 0.245+0.108
—6.45 0.536+0.157 0.474 £0.171 0.414+0.171 0.619+0.164
—6.55 0.752 £ 0.206 0.594 +0.198 0.414+0.195 0.496 £0.152
—6.65 0.773 +0.253 0.227+0.145 0.509+0.160
—6.75 0.689+0.305 0.172+0.107
—6.85 0.620=0.209
Tp—Tp
¢ [(GeV/c)?] \ Momenta (GeV/c) 5.647 5.792 5.896 5.998

-1.9 6.48 +1.10

—2.1 4.87 +0.54

-2.3 2.21 +0.31

-2.5 0.669 +0.162

—2.7 0.315 +0.108

—-2.9 0.166 +0.064

—-3.1 0.248 +0.058 0.508 +0.225 0.522 +0.259 0.349 +0.197

-3.3 0.298 +0.051 0.441 £0.166 0.767 +0.243 0.537 +0.180

-3.5 0.335 +0.050 0.430 £0.142 0.285 +0.141 0.305 =0.126

—-3.7 0.288 £0.044 0.579 +0.149 0.431 +0.152 0.325 +0.117

-3.9 0.337 +0.047 0.250 =0.098 0.308 +0.125 0.269 £0.101

—-4.1 0.293 +0.042 0.212 +0.086 0.494 +0.149 0.417 +0.118

—-4.3 0.168 +0.040 0.365 +0.108 0.441 +0.141 0.137 +0.069

—4.5 0.234 +0.036 0.205 +0.081 0.230 £0.101 0.0504 % 0.0481
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TABLE III. (Continued.)
TP
t [(GeV/c)*] \ Momenta (GeV/c) 5.647 5.792 5.896 5.998
-4.7 0.177 +0.032 0.0614 = 0.0487 0.119 +0.075 0.101 +0.060
-4.9 0.269 +0.041 0.195 +0.078 0.109 +0.073
-5.1 0.152 +0.031 0.282 +0.093 0.0657+0.0649 0.0840+0.0541
-5.3 0.211 +0.038 0.315 £0.100 0.292 +0.114 0.0887+0.0552
-5.5 0.287 +0.045 0.194 +0.084 0.198 =0.098 0.145 +0.070
-5.7 0.229 +0.043 0.280 =0.101 0.257 +0.109 0.116 +0.067
-5.9 0.237 +0.046 0.142 +0.080 0.268 +0.114 0.244 +0.094
-6.1 0.0915+0.0497 0.225 +0.096 0.229 +0.108 0.247 +0.096
-6.3 0.218 +0.069 0.152 =0.088 0.205 =0.110 0.166 +0.086
~6.5 0.0921 £ 0.0865
—-6.7 0.206 +0.075 0.254 +0.156 0.138 +0.110
-6.9 0.231 +0.110 0.145 +0.145
-7.1 £ 0.542 +0.252 .
pp—pp
t [(GeV/c)?1 \ Momenta (GeV/c) 1.896 1.945 1.980 2.014
-0.475 6900 +1020
—-0.525 7070+ 511 5680417 4840 £546 4160 822
—0.575 4740+ 273 5720 261 5610291 4400 + 354
-0.625 4510+ 233 4970+194 4720195 4280 +223
—0.675 3650+ 196 4500+ 166 4280159 4170=187
-0.725 3070+ 168 3230£130 3640 +132 3340 £145
—0.775 3100+ 168 3120+126 3080+118 2860124
—0.825 2500+ 148 2650=111 2740+106 2750116
—0.875 2460+ 141 2430105 2350 93 2260101
—-0.925 2210+ 126 2190+ 95 2430+ 94 2140+ 96
—0.975 2100+ 114 2270+ 92 2080+ 81 2200 92
-1.025 2190+ 115 2250+ 86 2120+ 77 2070+ 85
—-1.075 1930+ 108 2010+ 80 2110+ 74 2020+ 78
-1.125 1990+ 73 1970+ 76
-1.175 1960+ 77
pp— pp
t [(GeV/c)?] \ Momenta (GeV/c) 2.049 2.102 2.139 2.176
-0.525 3890 =829 2380 +1020
—0.575 3680+297 2880+ 330 1020 £309
—0.625 3710+192 4040+ 232 2290 £185 1340 +207
-0.675 3720+154 3070+ 147 2960 £152 2500 £172
-0.725 2850117 2990+ 128 2460+114 2460 =130
-0.775 2190+ 91 2540 109 2550+108 1990106
—0.825 2380+ 91 2230+ 94 2110+ 88 1950+ 92
—0.875 2200+ 85 2100+ 89 2340+ 91 1780+ 82
-0.925 1850+ 75 1840+ 80 1940+ 78 1920+ 83
—0.975 1740+ 70 1780+ 78 1830+ 73 1610+ 72
~1.025 1700+ 65 1570+ 71 1670+ 67 1420+ 67
~1.075 1620+ 61 1630+ 67 1530+ 61 1460+ 64
-1.125 1710+ 61 1540+ 63 1440+ 56 1390+ 59
-1.175 1650+ 60 1530+ 62 1480+ 56 1310+ 54
—-1.225 1530+ 62 1390+ 54 1390+ 56
-1.275 1380+ 54 1320+ 54
-1.325 1040+ 48




2474

K. A. JENKINS ez al.

TABLE IIl. (Continued.)

pp— P
¢t [(GeV/c)Y] \ Momenta (GeV/c) 2.223 2.281 2.321 2.362
—0.625 3010715
—0.675 1760+232
—0.725 2150 +169
—0.775 1640 +121
—0.825 1710+ 90 2290 £133 2090 £126
-0.875 1560 77 2060 £106 1860+ 98 1830+119
-0.925 1620 77 1690+ 90 1610+ 83 1460+ 88
-0.975 1530+ 71 1560+ 83 1530 78 1460+ 80
-1.025 1910+ 87 1360+ 73 1390+ 69 1260+ 72
-1.075 1430+ 67 1470+ 76 1360+ 67 1210+ 66
-1.125 1620+ 70 1250+ 63 1210+ 58 1220+ 65
-1.175 1350+ 58 1220+ 58 1190+ 54 991+ 52
-1.225 1220+ 50 1190+ 54 1160+ 49 1070+ 52
-1.275 1290+ 52 1250+ 53 1100+ 48 991+ 47
—-1.325 1260+ 51 1130+ 51 1190+ 48 1040+ 47
—-1.3875 1170+ 52 1120+ 46 991+ 45
—1.425 1170 £ 47 1060+ 47
—-1.475 940+ 44
pp— pp
¢ [(Gev/c)}\Momenta (GeV/c) 2.402 2.464 2.508 2.552
-0.675 2290 + 607
-0.725 3550477 1800+ 314
—-0.775 2250 239 2690 £236 1050185
-0.825 2110+181 1910 £142 1860 +165 1170 £158
—0.875 1510121 1630105 1520+103 1440 +122
—0.925 1480+ 81 1430+ 87 1510+ 89 1620+103
-0.975 1260+ 69 1320+ 77 1450+ 79 1250+ 80
—1.025 1220+ 64 1290+ 74 1230+ 66 1050+ 67
-1.075 1130+ 60 1180+ 70 1260+ 68 1040+ 63
~1.125 1120 56 1190+ 67 1220+ 65 998+ 61
-1.175 1030+ 50 1090 + 62 1080+ 57 972+ 58
—1.225 1040+ 48 889+ 53 1050+ 55 794+ 49
-1.275 962+ 43 960+ 52 869 46 694 45
-1.325 925+ 41 938+ 48 936+ 46 842+ 46
-1.3875 1030+ 41 973+ 46 898+ 41 767+ 41
—1.425 967+ 39 926+ 43 923+ 41 802+ 40
~1.475 931+ 38 898+ 41 871+ 38 763+ 37
—1.525 716+ 45 952+ 42 851+ 36 759+ 36
-1.575 852+ 36 753+ 35
—1.625 806+ 36
pp—pp
¢ [(GeV/c)?] \Momenta (GeV/c) 2.597 2.664 2.711 2.758
—0.775 1440 + 357
-0.825 1500174 1120+176
—0.875 1440114 1290 +130 697111
-0.925 1310+ 89 1170+ 99 1290 £116 1200 +144
-0.975 1310+ 76 1320+ 84 1050 74 1330+113
-1.025 1150+ 65 1220+ 73 1100+ 67 966+ T4
-1.075 1040 57 1010+ 63 1060 = 62 1040 70
-1.125 930+ 52 911+ 57 912+ 53 935 61
-1.175 1010+ 52 994+ 57 970 53 864+ 55
-1.225 844+ 46 822+ 50 839 48 894+ 54
-1.275 849+ 44 805+ 48 738+ 43 751+ 47
—-1.325 807+ 42 828+ 48 T34+ 42 726+ 44
-1.375 833+ 40 808+ 45 721+ 40 712+ 43
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' pp—pp
t (GeV/c)*] \ Momenta (GeV/c) 2.597 2.664 2.711 2.758
—1.425 757+ 36 789+ 42 618+ 34 626+ 38
-1.475 807+ 36 736+ 38 736+ 37 621+ 35
—-1.525 743+ 33 697+ 36 689+ 33 698+ 36
-1.575 781+ 33 656+ 33 761+ 34 637+ 33
—1.625 822+ 33 785+ 37 675+ 31 586+ 31
-1.675 736+ 31 726+ 34 698+ 31 625+ 31
—1.725 603+ 31 618+ 28 629+ 30
-1.775 594+ 28 561+ 28
-1.825 531+ 27
bp—pp
¢t [(GeV/c)?] \Momenta (GeV/c) 2.797 2.869 2.920 2.971 -
—-0.925 1170 £268
-0.975 . 763117
-1.025 1140+116
-1.075 1130+ 96
-1.125 795+ 64
-1.175 765+ 57 615+126 182115 433+195
-1.225 838+ 53 493+ 86 560 129 257+ 92
-1.275 721+ 44 570+ 72 590+ 93 570+100
-1.325 585+ 37 504+ 59 723+ 91 458+ 68
-1.375 711+ 39 499+ 52 707+ 76 614+ 67
—-1.425 591+ 34 608+ 53 597+ 62 434+ 48
—1.475 536+ 30 505+ 46 442+ 49 499+ 47
-1.525 563+ 30 519+ 44 550+ 53 495+ 43
-1.575 516+ 27 524+ 43 469+ 47 419+ 38
—-1.625 580+ 29 521+ 42 518+ 48 473+ 39
—1.675 534+ 27 544+ 42 408+ 41 381+ 34
-1.725 563+ 27 443+ 38 484+ 45 442+ 36
-1.775 530+ 26 476+ 39 505+ 46 352+ 32
—1.825 536+ 26 518+ 41 397+ 39 430+ 34
-1.875 412+ 22 550+ 42 480+ 44 400+ 33
-1.925 429+ 36 428+ 40 377+ 32
-1.975 315+ 34 339+ 30
—-2.025 ' 314+ 29
b~ pp
t [(GeV/c)zxMomenta (GeV/c) 3.017 3.095 3.150 3.205
-1.225 486+161 245235
-1.275 358+ 80 700+ 209
-1.325 496+ 69 281+ 87 366+165
-1.375 609+ 65 473+ 90 347+98 357+116
—-1.425 426 45 350+ 64 219+63 305+ 82
—-1.475 396+ 39 340+ 57 303 =62 371+ 70
-1.525 406+ 37 376+ 54 303 £58 439+ 66
-1.575 416+ 35 302+ 46 405 =62 311+ 50
-1.625 399+ 33 364 47 332£51 398+ 53
-1.675 374+ 30 376+ 46 37351 320+ 45
-1.725 433+ 32 327+ 41 43754 339+ 44
-1.775 375+ 29 292+ 38 298 £45 326+ 42
-1.825 330+ 27 376+ 43 278 40 221+ 33
-1.875 394+ 29 386+ 43 359£45 272+ 36
—-1.925 344+ 27 277+ 35 318+40 233+ 32
-1.975 393+ 29 366+ 41 247+36 283+ 35
-2.025 344+ 27 291+ 36 321£40 212+ 30
-2.075 271+ 24 309+ 37 227+35 291+ 35
-2.125 243+ 33 29940 332+ 37
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pp—pp
¢ [(Gev/c)z]\Momenta (GeV/c) 3.017 3.095 3.150 3.205
-2.175 22033 327+ 36
-2.225 233+ 30
pp—bP
¢ [(GeV/c)ZRMomenm (GeV/c) 3.266 3.350 3.410 3.469
-1.275 232+ 85
-1.325 164+47 79.1+40.9
-1.375 393+ 53 188 41 96.3+61.0
—-1.425 314434 239 +34 137 +45
-1.475 317+27 303 =29 133 +29 170+ 37
-1.525 322+ 24 243 +21 <264 =34 171+ 26
-1.575 296+ 19 228 =17 273 +26 23024
-1.625 311+18 254 16 234 +22 206+ 17
-1.675 287+17 252 +15 228 19 22416
—-1.725 270+ 16 254 14 215 =18 217+14
-1.775 288+ 15 234 +13 215 +16 20213
-1.825 249+14 231 +12 194 +14 19712
-1.875 233+13 214 =12 190 =14 188+11
-1.925 259+13 213 *11 240 15 169+ 10
-1.975 254+13 202 +10 195 13 179+ 10
-2.025 250+13 203 +10 181 +12 166+ 9
-2.075 239+12 203 =10 186 =12 146+ 8
-2.125 232+12 186 + 9 166 =11 163+ 9
—2.175 22512 201 +10 175 +11 155+ 8
-2.225 22011 191 + 9 159 10 147+ 8
-2.275 198+11 188 + 9 172 +11 152+ 8
-2.325 184 + 9 146 +10 138+ 7
-2.375 150 +10 135+ 7
—2.425 142+ 7
pp PP
t [(GeV/c)?] \ Momenta (GeV/c) 3.350 3.621 3.686 3.750
-1.375 351+139
-1.425 249+ 63
—1.475 314+ 50 250 58
-1.525 181+ 23 218 =34
-1.575 202+ 18 167 £22 78.4%25.2 84.2+42.4
-1.625 176+ 13 148 +16 160 =26 100.0+19.7
-1.675 194+ 12 159 +13 173 =21 153 +19
-1.725 195+ 11 163 12 167 16 143 %15
—-1.775 162+ 9 149 =10 120 12 138 =11
-1.825 171+ 9 161 +10 133 +12 151 =11
-1.875 187+ 9 138 + 8 156 +12 160 =10
-1.925 167+ 8 155 = 9 138 +10 122 = 8
-~1.975 169+ 8 158 + 9 127 + 9 125 = 8
—2.025 135+ 7 140 + 8 141 £10 118 = 7
-2.075 144+ 7 122 = 7 126 = 9 115 + 7
-2.125 137+ 6 133 + 7 120 + 9 112 = 7
-2.175 116+ 6 115 + 6 113 = 8 116 = 7
-2.225 120+ 6 109 = 6 107 =+ 8 95.3+ 5.8
-2.275 132+ 6 95.8+ 5.9 105 '+ 8 93.1+ 5.7
-2.325 120+ 6 103 + 6 98.1% 7.3 103 = 6
-2.375 126+ 6 99.8+ 5.8 89.4% 6.7 82.3% 5.1
—2.425 119+ 6 95.9+ 5.7 103 = 7 83.5+ 5.1
—2.475 115+ 5 103 + 6 874+ 6.5 85.3+ 5.1
—2.525 113+ 5 108 = 6 75.6 = 6.1 78.8+ 4.9
—2.575 102 = 6 81.0+ 6.5 77.6% 4.8
—2.625 88.4% 5.3 85.0 + 6.6 69.5+ 4.5
—2.675 91.9+ 6.6 84.1+ 5.0
-2.725 84.8+ 5.0
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TABLE III. (Continued.)

bp—pp
t [(GeV/c)z\Momenta (GeV/c) 3.843 3.942 4.013 4.082
-1.35 170 +109
-1.45 131 = 34 21.7+20.6
-1.55 152 + 25 69.8+18.6 33.2+25.1
-1.65 142 £ 14 94.1+13.8 52.7+16.5
-1.75 158 = 10 114 +12 90.4+14.8 79.2+12.6
-1.85 138 = 7 119 + 9 105 11 82.9+ 8.8
-1.95 122 £+ 5 107 = 7 107 £ 9 91.7+ 7.3
—-2.05 126 + 5 108 + 7 94.7+ 7.6 90.5% 6.2
-2.15 100 = 4 94.7+ 5.6 85.8+ 6.6 83.6%+ 5.2
—2.25 100 + 4 91.7+ 5.2 7.6+ 6.0 82.0% 4.8
-2.35 82.3= 3.5 77.3+ 4.6 73.7+ 5.7 63.7+ 4.1
—2.45 83.7+ 3.5 65.8+ 4.2 66.5+ 5.2 67.5+ 4.0
—2.55 7.9+ 3.1 61.1+ 3.9 62.8+ 5.1 55.3% 3.6
-2.65 73.3+ 3.1 65.9% 4.0 59.9% 4.7 53.6+ 3.5
-2.75 7.2+ 3.1 62.3+ 3.9 49.8+ 4.3 45.2% 3.2
—-2.85 51.0+ 4.8 63.6 3.9 47.2+ 4.1 43.3+ 3.0
—-2.95 41.6+ 3.0
bp—pp
t [(GeV/c)*]\ Momenta (GeV/c) 4,151 4.258 4.334 4.499
-1.65 44.5+12.9
-1.75 70.4+10.2 64.3+15.0
-1.85 88.4% 8.2 48.2+ 8.3 33.9+12.1
-1.95 83.3+ 6.0 77.3% 8.1 67.5+11.8 58.8+10.5
—2.05 77.3+ 4.9 71.6+ 5.9 47.8% 6.5 54,7+ 6.7
-2.15 69.9+ 4.0 67.4% 4.9 50.3+ 5.8 58.4% 5.3
—-2.25 64.2% 3.4 58.3% 4.2 53.8+ 5.5 44.7% 4.0
-2.35 57.0% 3.1 48.7+ 3.5 59.5+ 5.2 52.0%+ 3.9
—2.45 56.7+ 2.9 44.9+ 3.2 44.8+ 4.2 44.5+ 3.3
-2.55 47.3+ 2.6 45.4% 3.1 45.7+ 4.1 43.9+ 3.2
—-2.65 48.3+ 2.6 34.7+ 2.7 36.4+ 3.6 42.9% 3.1
-2.75 47.3% 2.5 44.3+ 3.0 32.1+ 3.3 37.6+ 2.8
—-2.85 46.4% 2.5 40.3+ 2.9 43.2+ 3.8 34.0+ 2.6
-2.95 46.8+ 2.5 40.3+ 2.8 30.3+ 3.1 33.3+ 2.6
-3.05 38.0x 2.2 36.0 2.7 34.0+ 8.3 27.3%+ 2.3
-3.15 34.0% 2.5 33.6+ 3.3 35.1% 2.6
-3.25 33.4% 2.5
bp—pp
t [(GeV/c)z\ Momenta (GeV/c) 4.483 4.599 4.681 4.762
-1.65 66.0+19.1
-1.75 80.3+14.0 27.6+10.2
-1.85 53.6+ 7.6 52.8+ 9.0
-1.95 50.9% 5.5 37.5% 5.2 17.4+5.3
-2.05 48.8+ 4.4 42.5% 4.5 27.9%5.0 25.4+4.3
-2.15 46.7+ 3.4 36.5% 3.5 39.9%5.1 27.9+3.5
—-2.25 414+ 2.7 32.5+ 2.7 42.4+4.1 28.6+2.9
-2.35 38.7+ 2.4 34.5% 2.5 27.7£2.9 - 26.7+2.3
—2.45 37.0% 2.2 314z 2.2 28.0%2.7 25.12.0
—-2.55 35.5% 2.0 30.6+ 2.0 29.1+2.5 23.3+1.8
—-2.65 29.2+ 1.7 25.0+ 1.7 26.7+2.3 23.6+1.7
-2.75 31.8+ 1.8 25.3% 1.7 27.9+2.3 18.9+1.4
-2.85 28.6% 1.6 26.5+ 1.7 24.2+2.0 20.8+1.4
—-2.95 25.5% 1.5 22.8+ 1.6 23.5£2.0 19.7+1.4
-3.05 24.4% 1.5 23.5+ 1.6 21.5+1.9 17.8+1.3
-3.15 28.3+ 1.6 19.0% 1.4 19.8+1.8 19.2+1.3
-3.25 23.5¢ 1.4 21.7+ 1.5 16.9+1.7 16.7+1.2
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TABLE III. (Continued.)
pp— pp
t [(GeV /c)*]1\ Momenta (GeV/c) 4.483 4.599 4,681 4.762
-3.35 22.5+ 1.4 20.3% 1.5 21.0+1.9 16.8+1.2
-3.45 21.0+ 1.4 18.6+1.7 16.9+1.2
-3.55 17.3+1.6 16.8+1.2
pp— pp
t [(GeV/c)?] \ Momenta (GeV/c) 4.841 4.966 5.055 5.142
-2.05 16.3+4.4 19.9+ 7.0 11.2 8.3
-2.15 31.5+4.0 21.8+5.1 15.3 +7.6 12.9 +6.5
—2.25 23.8+3.0 35.9+5.5 6.51+3.76 14.6 +5.1
—2.35 26.3+2.4 20.4+3.5 19.5 +4.7 19.5 +4.6
—2.45 22.1+1.9 21.2+3.0 24.0 +4.3 19.0 +3.4
—2.55 22.2+1.8 20.1+2.6 16.2 +3.1 12.7 2.4
—2.65 22.3+1.6 19.8+2.4 18.1 +3.0 17.6 +£2.5
—2.75 20.7+1.5 20.6+2.2 15.5 2.5 16.0 +2.2
—-2.85 18.6+1.4 19.0+2.1 174 +2.6 15.7 £2.0
—2.95 16.6+1.3 16.3+1.9 14.1 £2.3 12.7 +1.7
-3.05 18.9+1.3 13.6+1.7 14.8 +2.2 13.0 +1.7
-3.15 15.0+1.2 14.8+1.7 13.3 2.1 15.4 +1.8
-3.25 16.9+1.2 17.0+1.8 16.9 2.4 14.6 +1.8
-3.35 14.9+1.1 11.6+1.5 13.0 +2.1 10.9 1.5
~3.45 15.7+1.2 10.5+1.4 17.0 +2.3 12.9 +1.6
—3.55 15.1+1.1 11.5+1.5 11.6 1.9 8.63+1.31
—3.65 14.5+1.1 14.9+ 1.7 13.9 2.1 12.3 1.5
—3.75 . 13.7+1.6 114 1.8 12.5 +1.5
—3.85 7.25+1.44 10.3 +1.4
—3.95 8.90+1.28
pp—pp
¢t [(GeV/c)?] \ Momenta (GeV/c) 5.229 5.364 5.460 5.554
—2.15 14.0 %8.0
—2.25 12.9 +2.8
—2.35 15.3 +2.2 5.81+1.94
—2.45 15.3 +1.6 12.6 1.8 4.57 +£1.65 4,39+1.84
—-2.55 14.8 +1.2 11.8 1.3 6.68 +1.29 8.35+1.52
—2.65 11.9 +0.9 10.8 1.0 9.28 +1.14 11.1 +1.3
—2.75 13.1 0.9 9.82+0.81 10.3 +1.0 9.48+0.93
—2.85 12.2 +0.8 10.8 +0.8 11.2  +0.9 9.19+0.79
-2.95 12.5 +0.8 10.0 +0.7 9.74 +0.83 7.92%0.69
—-3.05 12.7 +0.8 10.2 0.7 8.54 +0.72 8.97+0.68
-3.15 11.2 0.7 11.3 +0.7 7.62 +0.64 8.76+0.62
-3.25 9.8440.61 9.55+0.60 8.72 +0.68 6.81£0.53
—-3.35 10.1 0.6 8.88+0.56 7.91 +0.62 7.07+0.52
—3.45 10.0 0.6 6.65+0.48 6.56 +0.54 7.61+0.51
—3.55 9.68+0.57 9.15+0.56 8.44 +0.62 7.83+0.51
—3.65 9.53+0.57 9.04%0.54 7.80 +0.57 6.46+0.45
-3.75 9.60+0.57 7.76+0.49 6.76 +0.52 7.07+0.46
—-3.85 8.33+0.53 8.37+0.51 7.28 +0.54 6.22+0.42
—-3.95 9.30+0.54 7.72+0.49 6.84 +0.51 6.04%0.41
—4.05 7.44+0.49 7.89+0.49 7.13 +0.54 6.96+0.44
—4.15 8.49+0.51 7.17 +0.53 6.70+0.43
—4.25 6.60 +0.49 6.17+0.41
—4.35 5.88+0.40
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TABLE III. (Continued.)
bp—pp
¢t [(GeV/c) ]\ Momenta (GeV/c) 5.647 5.792 5.896 5.998
-2.25 4.40+3.16
-2.35 7.83+3.51
—2.45 16.6 +4.5
—-2.55 9.47+1.64 7.16 £ 2.55
—2.65 8.15+1.19 7.81+2.18 5.00 +2.26 5.74%2.65
-2.75 8.28+0.97 6.76+1.76 5.24+2.15 8.60+2.32
—2.85 7.00£0.76 8.92+1.62 7.60+1.81 3.51+1.30
—2.95 9.28+0.76 6.64+1.24 8.51+1.82 7.00+1.50
-3.05 6.77+0.61 9.05+1.32 5.53+1.25 5.30+1.14
-3.15 6.67+0.56 10.1 +1.4 5.06+1.06 4.54+0.95
-3.25 5.76+0.50 6.72+1.04 4.53+1.02 6.17+1.02
-3.35 6.28+0.50 6.47+1.00 6.65+1.29 5.07+0.89
-3.45 6.31+0.48 6.61+0.98 6.01+1.11 4.38+0.79
-3.55 5.28+0.43 7.14+0.98 4.32+0.90 3.18+0.66
-3.65 5.32+0.42 4.88+0.80 4.92+0.91 3.95+0.70
-3.75 5.01+0.40 4.51+0.75 4.73+0.88 3.49+0.64
-3.85 4.91+0.38 3.62+0.67 4.53+0.90 3.76+0.65
-3.95 5.01+0.38 4.77+0.74 4.13+0.79 3.01+0.57
—4.05 4.78+0.37 4.31£0.70 5.89+0.93 3.95+0.63
—4.15 5.27+0.38 4.55+0.70 3.37+0.71 3.59+0.61
—4.25 5.77+0.39 4.29+0.68 3.66+0.76 2.96+0.54
—4.35 5.41+0.38 5.20+0.74 2.98+0.61 2.99+0.53
—4.45 4.71+0.36 5.24+0.73 3.38+0.67 3.08+0.53
—4.55 3.44%0.59 6.15%0.97 3.84+0.59
—4.65 3.20%0.65 2.71+0.50
—4.75 3.20%0.54
i bp—pp
t [GeV/c)’]1\ Momenta (GeV/c)" 6.099 6.257 6.368 6.478

—2.55 2.91+1,39
—2.65 5.45+1.55 1.10+1.01
-2.75 3.97+1.05 5.33+1.68
—2.85 5.63+1.31 1.96+0.89 5.23+2.27
-2.95 4.20%+0.79 3.16+1.02 5.23+1.71 4.70+1.76
—-3.05 4.70+0.71 4.78+0.93 5.34+1.41 2.10+0.80
-3.15 4.25+0.65 2.93%0.66 4.15+0.99 3.57+0.90
-3.25 5.01+0.66 5.71+0.88 4.36+0.96 4.40+0.88
—-3.35 4.76+0.60 5.00+0.78 4.58+0.92 2.99+0.66
—-3.45 4.50%0.55 4.67+0.70 4.55+0.78 3.70+0.68
-3.55 4.85+0.56 5.46+0.73 2.82+0.60 3.71+0.63
—-3.65 3.96+0.48 4.15+0.61 3.05+0.63 8.50%+0.57
-3.75 3.37+0.43 3.65+0.54 5.15+0.80 2.93+0.50
—-3.85 3.75+0.44 2.86+0.46 3.07+0.55 2.83+0.48
—-3.95 3.94+0.44 3.70+0.52 2.33+0.48 3.40+0.50
—4.05 3.44+0.40 2.84+0.44 3.73+0.57 2.05+0.37
—4.15 3.64+0.39 2.57+0.41 2.63+0.49 3.01+0.44
—4.25 3.86+0.41 2.96+ (.42 2.37+0.46 2.61+0.40
-4.35 3.43+0.38 2.20+0.37 1.31+0.34 2.26+0.37
—4.45 3.42+0.38 2.67+0.40 2.00%0.37 1.91+0.33
—4.55 2.91+0.35 2.83+0.40 1.70+0.38 1.69+0.31
—4.65 2.61+0.33 2.46+0.38 1.96+0.38 1.76+0.31
-4.75 2.98+0.35 1.85+0.32 2.64+0.44 1.94+0.32
—4.85 2.78+0.33 2.87+0.41 1.91+0.40 1.92+0.32
—4.95 2.13+0.34 2.51+0.43 1.38+0.27
—-5.05 2.10+0.40 1.71+0.29
-5.15 1.97+0.31
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TABLE LI. (Continued.)

pp—pp

¢t [(GeV/c)?]1\ Momenta (GeV/c) 6.587 6.757 6.878 6.997
-2.85 4.10+3.29
-2.95 8.46+3.15
—-3.05 3.88+0.94 1.96 +£0.95 1.77 +£1.43
-3.15 4.04+0.79 3.83 £1.10 3.99 +1.74 2.65 +1.57
-3.25 3.50+0.64 2.43 +0.76 2.51 *£1.02 3.70 £1.24
-3.35 4.30+0.64 3.23 +£0.75 1.74 +0.68 1.62 +0.70
-3.45 3.65%+0.57 3.25 +£0.73 2.12 £0.68 2.43 £0.71
-3.55 4.34+0.57 4.53 £0.79 3.05 +£0.76 1.20 £0.45
-3.65 2.44+0.38 2.18 +£0.51 2.99 £0.73 2.08 +0.53
-3.75 2.82+0.37 2.84 +0.51 1.51 +0.44 2.29 £0.51
-3.85 2.63+0.34 2.11 +£0.42 2.47 +£0.52 2.18 +£0.46
-3.95 2.02+0.30 2.14 £0.39 1.41 +£0.40 2.14 +0.42
—4.05 2.04+0.29 2.16 +0.39 2.18 +£0.46 1.78 +0.37
-4.15 1.68+0.25 1.73 +£0.34 1.70 +0.42 1.22 +£0.29
-4.25 1.73+0.24 1.90 +£0.33 1.39 +£0.35 1.32 £0.30
-4.35 1.64+0.23 1.05 +0.25 1.43 +0.34 1.69 +0.32
-4.45 1.86+0.25 1.85 +0.32 1.25 +0.30 1.01 +£0.24
—-4.55 1.51+£0.22 1.30 +0.26 1.47 +0.34 1.38 +0.27
-4.65 1.96+0.25 1.65 £0.29 1.17 £0.26 1.18 +0.24
—4.75 1.61+0.22 1.79 +£0.30 1.03 +0.24 1.37 %£0.25
-4.85 1.45+0.21 1.70 £0.29 1.34 £0.29 0.592+0.170
-4.95 1.56+0.21 1.11 +0.24 1.09 +0.24 1.05 +0.21
=5.05 1.70+0.22 1.37 £0.25 0.698+0.204 1.02° £0.21
-5.15 1.09+0.17 1.01 +0.21 1.15 +£0.26 1.07 +0.21
-5.25 1.39+0.20 0.972+£0.212 0.992+0.239 0.957+0.197
-5.35 0.906+0.203 0.549+0.179 0.867+0.188
—-5.45 0.662+0.171 0.799+0.212 1.08 +£0.20
-5.55 1.21 +0.27 0.943+0.184
-5.65 0.768+0.168

bp—pp

t [(GeV/c)] Momenta (GeV/c) 7.115 7.298 7.428 7.557
-3.05 247 £1.01
-3.15 4.23 +£1.37 1.18 +£0.79
-3.25 1.96 +£0.77 0.860+0.711
-3.35 2.85 +£0.68 1.52 +£0.65 1.15 +0.97
-3.45 3.91 £0.74 1.88 +£0.66 0.985+0.906
-3.55 2.34 £0.44 1.52 +0.49 2.74 +0.89
—3.65 1.13 £0.27 1.22 +0.36 0.906+0.464 1.25 +£0.52
-3.75 1.07 +0.24 1.24 +0.32 0.759+0.353 1.80 +£0.55
-3.85 1.47 £0.26 2.07 £0.40 1.39 +£0.41 0.561+0.268
-3.95 1.42 +0.24 1.73 +£0.34 1.50 +0.42 0.838+0.281
-4.05 1.24 +0.21 1.39 +0.28 0.896+0.326 0.837+0.273
—4.15 1.74 +0.23 1.08 +£0.23 1.62 +£0.37 1.21 +0.29
—-4.25 0.989+0.173 0.806+0.194 1.21 £0.30 0.915+0.226
-4.35 1.55 £0.22 1.18 +0.23 0.884+0.225 1.01 +0.22
—-4.45 1.11 £0.17 0.903+0.196 0.764+0.209 0.929+0.203
—-4.55 1.06 +0.16 0.753+0.164 0.901£0.207 0.539+0.150
—4.65 0.928+0.145 0.991+0.180 0.428+0.142 0.636+0.156
—4.75 0.766+0.127 0.773+0.154 0.762+0.172 0.570+0.140
—4.85 0.748+0.123 0.518+0.128 0.533+0.142 0.418+0.115
—-4.95 0.850+0.130 0.655+0.138 0.731+0.170 0.499+0.122
-5.05 0.861+0.130 1.17 +0.18 0.608+0.155 0.542+0.127
-5.15 0.865+0.124 0.677+0.137 0.414+0.117 0.371+£0.103
-5.25 0.679+0.111 0.522+0.117 0.363+0.117 0.486+0.114
-5.35 0.818%0.121 0.478+0.111 0.404+0.126 0.698+0.130
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TABLE II. (Continued.)
bp —pp
Momenta (GeV/c) 7.115 7.298 7.428 7.557
t[(Gev/c)?]
~5.45 0.686 +0.109 0.646+0.124 0.643 +0.147 0.512 +0.110
—5.55 0.553 + 0.098 0.344 £ 0.092 0.555 +0.132 0.390 + 0.096
~5.65 0.805+ 0.115 0.473+0.104 0.594 +0.133 0.400 + 0.094
—5.75 0.821+ 0,116 0.522£0.117 0.364 £0.110 0.320 +0.086
—-5.85 0.596 +0.115 0.474 £0.120 0.446 +0.097
—5.95 0.463 +0.112 0.443 +0.095
—6.05 0.392 +0.109 0.476 + 0.096
-6.15 0.341 +0.082
R pp—pp
¢ [(GeV/c)?] \ Momenta (GeV/c) 7.684 7.882 8.022 8.161
-3.35 0.810+0.473
-3.45
~3.55 1.15 +0.58
~3.65 1.25 +0.50
-3.75 1.29 +0.33 1.73 +£0.62
-3.85 1.28 +0.27 0.364+0.211
-3.95 0.790+0.183 0.369+0.165 0.713 +0.358
~4.05 0.673+0.166 0.658+0.218
-4.15 0.603+0.151 0.732+0.220 0.327+0.185
-4.25 0.437+0.116 0.895+0.223 0.565 +0.238 0.325+0.184
~4.35 0.505+0.116 0.261+0.118 0.360 +0.189 0.421+0.198
~4.45 0.734+0.131 0.502+0.145 0.392 +0.175 0.796+0.224
-4.55 0.668+0.117 0.478+0.140 0.850 +0.224 0.348+0.129
~4.65 0.477+0.097 0.434+0.124 0.622 +0.195 0.254+0.106
-4.75 0.419+0.092 0.348+0.106 0.363 +0.138 0.538+0.144
—4.85 0.457+0.086 0.395+0.108 0.291 +0.111 0.393+0.121
-4.95 0.338+0.075 0.268+0.084 0.373 +0.121 0.272+0.095
-5.05 0.461+0.083 0.273+0.083 0.299 +0.103 0.257+0.087
-5.15 0.417+0.075 0.229+0.074 0.430 +0.117 0.187+0.074
~5.25 0.257+0.058 0.263+0.075 0.204 +0.082 0.316+0.086
—-5.35 0.296+0.062 0.169+0.060 0.0958+0.0583 0.165+0.064
~5.45 0.324+0.061 0.313+0.076 0.483 +0.115 0.295+0.078
—-5.55 0.306+0.058 0.410+0.083 0.163 +0.064 0.238+0.069
—5.65 0.325+0.060 0.274+0.067 0.316 +0.087 0.260+0.068
-5.75 0.354+0.061 0.266+0.067 0.283 +0.082 0.286+0.067
-5.85 0.233+0.052 0.281%0.069 0.305 .+0.084 0.329+0.071
—5.95 0.322+0.058 0.273+0.065 0.312 +0.085 0.214+0.058
—6.05 0.283+0.053 0.332+0.070 0.410 +0.092 0.284+0.064
-6.15 0.267+0.051 0.375+0.071 0.215 +0.068 0.325+0.066
—6.25 0.347+0.057 0.353+0.071 0.111 +0.053 0.254+0.059
—6.35 0.248+0.060 0.195 +0.062 0.203+0.052
—6.45 0.340+0.067 0.333 +0.076 0.138+0.043
—6.55 : 0.260 +0.064 0.222+0.052
—6.65 0.202+0.049
—6.75 0.158:+0.044
pp—bp
t [(GeV/e)?] \Momenta (GeV/c) 8.298 8.512 8.663 8.813
-4.25 0.332 +0.241
~4.35 1.44 +0.49
~4.45 0.348 +0.222
—4.55 0.153 +0.130
~4.65 0.294 +0.129
—4,75 0.0850+ 0.0755
~4.85 0.154 +0.094

-4.95

0.0978+0.0594
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TABLE 1II. (Continued.)
bp—pp
t [(GeV/e)?] Momenta (GeV/ec) 8.298 8.512 8.663 8.813

~5.05 0.229 +0.076 0.399 +0.169

~5.15 0.161 +0.064 0.403 +0.149 0.196 +0.163
—5.25 0.163 +0.066 0.191 +0.106 0.184 +0.116 0.218 *0.108
~5.35 0.274 +0.073 0.307 +0.119 0.250 +0.122 0.0696+0.0690
—5.45 0.199 +0.064 0.256 +0.102 0.292 +0.120 0.257 +0.102
—5.55 0.290 +0.069 0.191 +0.085 0.252 +0.105 0.128 +0.071
—5.65 0.277 +0.066 0.367 +0.108 0.163 +0.085

—5.75 0.181 +0.053 0.256 +0.089 0.145 +0.078

—5.85 0.312 +0.063 0.249 +0.083 0.0641+0.0521
—5.95 0.176 +0.047 0.247 +0.080 0.209 +0.080 0.197 +0.071
—6.05 0.215 +0.050 0.183 +0.068 0.211 +0.077 0.100 +0.053
—6.15 0.156 +0.043 0.113 +0.054 0.235 £0.077 0.175 £0.062
—-6.25 0.216 +0.048 0.192 +0.065 0.200 +0.071 0.0950 +0.0481
—-6.35 0.148 +0.041 0.131 +0.055 0.220 £0.071 0.131 +£0.052
—6.45 0.179 £0.042 0.341 +0.077 0.220 +0.069 0.0926 + 0.0449
—6.55 0.143 +0.037 0.126 +0.051 0.146 +0.059 0.126 +0.049
—6.65 0.151 +0.038 0.200 +0.059 0.0702+0.0457 0.178 +0.054
—6.75 0.266 +0.047 0.0998+0.0454 0.137 +0.054 0.128 +0.046
—6.85 0.233 +0.060 0.181 +0.053 0.117 £0.049 0.126 +0.045
—6.95 0.169 +0.050 0.161 +0.054 0.0920+ 0.0385
—17.05 0.137 +0.045 0.152 +0.051 0.0913+0.0369
-7.15 0.184 +0.053 0.151 +0.043
-1.25 0.170 +0.044
-17.35 0.162 +0.043

of authors have argued that diffractive effects

are seen at all angles.

7,22

We might consider the scattering beyond this
dip to be due to all “other” processes; that is,
the scattering is not explained by diffractive (or
peripheral) processes. The same distinction is
not so easily made in pp scattering due to the ab-
sence of dips at these energies, but we might ex-
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FIG. 11. Differential cross section for 77 — 77 at

2.5 GeV/e.

pect that at large angles we avoid the diffraction
part. In Secs. IVB and IV C we will compare our
data with the predictions of constituent and sta-

tistical models.
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FIG. 13. Differential cross section for pp —pp at (a) 2.5 GeV/c and (b) 5.0 GeV/c.

B. Comparison of constituent models with data
1. Dimensional-counting rule

The previous proton-proton data do not follow
the predicted s™° rule at all energies: Plotted
against #, the logarithm of the 90° cross section
falls into sections of straight lines with several
abrupt changes of slope.'®2® Plotted against s,
these changes appear as an s-shaped curve. Of
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FIG. 14. Differential cross sections for positive-pion—
proton scattering at several momenta, Dashed lines

represent the forward cross sections measured by Refs.
15 and 20,

course, the data should follow the dimensional-
counting rule only asymptotically, but there is
wide disagreement about the behavior of the
existing data.” 22:24

In Fig. 16, we present our proton-proton data at
two angles on a log(do/dt) vs log(s) plot. An s™°
line is drawn to match the data at the high-energy
end. This line does not follow the data at low
energies. We have fitted the data above s=12
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FIG. 15. Differential cross sections for negative-
pion-proton scattering at several momenta. Dashed
lines represent the forward cross sections measured
by Refs. 16 and 21,
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FIG. 16. Proton-proton differential cross sections
at constant c.m. angles, plotted as functions of energy.
The lines are described in the text.

GeV? to the form In(do/dt)=a -n In(s), obtain-
ing for the 90° data, »=10.07+0.11 with a x?2

of 30 for 24 degrees of freedom. The dimensional-
counting rule is in excellent agreement with our
result. Fits at nearby angles are similar but the
value of n decreases: At 75°, #=9.21+0.13.

Thus the exact agreement at 90° may be acciden-
tal. Results of fits for a number of angles are
given in Table IV.

Our data suggest that the asymptotic region be-
gins at about s=12 GeV?®. This conclusion can also
be reached by looking at the previous data in this
energy range. Our agreement with previous ex-
periments (Kammerud et al.'” and Akerlof et al.?®)
is very good. However, for 90° cross sections at
higher energy there is uncertainty about whether
or not there is evidence for a constant power
(Barger?®®), or if there are oscillations around a
constant power (Schrempp and Schrempp,?? Hen-
dry”). Some authors® claim that the data develop

TABLE IV. Values of z in fits of pp —pp data to
form In(do/dt) =a—n In(s).

n-

Oe.m. (12<5<19 GeV?) x?/DF
90° 10.07+0.11 30/24
85° 10.05+0.11 41/24
80° 9.74%0.11 68/24
75° 9.21+0.13 116/24

an s™2 dependence at about s =25 GeV?. Our own
examination of the previous 90° data indicates a
poor fit for =10 in the range 12 <s<60 GeVZ,
with the highest few points deviating seriously.

It must be pointed out, though, that above s
=12 GeV?, the parametrizations?®

(a) do/dt=aexp(-bp, ),
(b) do/dt=aexp(-bVs),
(¢) do/d=a/s exp(=bp,) ,

fit the present data as well as s™° The forms
(a) and (b) follow the data fairly well to lower
energy also. A plot of do/dt=aexp(-bp, ) is in-
cluded in Fig. 16. These forms do not fit the
higher-energy data of Akerlof ef al.*® and Allaby
et al.®®

The evidence first cited for agreement with the
dimensional-counting rule in pion-proton scatter-
ing is very weak. For 77p, it is based on three
points® with errors of ~30%. There are no pre-
vious data for 7% above s=10 GeV?2,

In Fig. 17, we have plotted our new data for
angles of 80°, 90°, and 100° (averaged over +0.05
in cosec.m) and have included in these plots all
the previous data with momentum greater than
3 GeV/c.?" 1t is clear that a straight s™ line is
not tenable over the entire range of data. Both
positive and negative pion data show a large dip,
which is caused by the diffractive dip at ¢
=-2.8 GeV2/c% The dip has a different position
for the different angles because it is constant in .
Clearly, one cannot hope to make the dimensional-
counting rule apply in the region of the dip, so
the s® lines are drawn to approximate the highest-
energy cross sections. Even at these energies,
there are clear deviations from the predicted
power law. We have fitted the data to In(do/d#)
=a-nln(s) for several angles at energies above
s=10 GeV®. The results are listed in Table V.

It is clear that the data are not well described by
a single power of s, although it is possible that
the cross sections oscillate about the s line.

To make this region clearer, Fig. 18 plots
s®(do/dt) vs s. The energy dependence is seen to
become steeper with increasing energy, without
necessarily stopping at s, The lines drawn in
Figs. 17 and 18 do appear to describe an “aver-
age” energy dependence of the cross section. The
fit to negative-pion data at 90° does approach s=®
as the lower energy limit is raised. (The positive
pion data do not go to high enough energy to allow
a similar observation.) This suggests that the
data may be approaching the dimensional-count-
ing-rule prediction asymptotically, but it seems
equally likely that the slope changes again at
higher energy. Finally, we note that the value
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FIG. 17. Differential cross sections at constant c.m. angles for (a) 7™p and (b) 7p scattering. Data from Ref. 27
are also plotted. The lines are described in the text.

TABLE V. Values of z in fits of (a) 7p —7"p and (b) 7*p —7*p. Data to form ln (do/dt) =a —n In(s).

TP
n n n
Oc.m. (10<s<19 GeV?) X/DF (12<s<19 GeV?) X*/DF (14< s<19 GeV?)? X*/DF
105° 7.76+0.26 38/30 8.81+0.45 22/20 6.52+0.89 15/11
100° 6.88+0.16 68/32 7.62+0.29 34/22 6.79+0.49 23/14
95° 6.10+0.14 67/32 7.29+0.25 26/22 6.96+0.29 26/15
90° 5.69+0.12 82/33 6.67+0.22 45/23 8.32+0.33 23/15
85° 5.41+0.11 134/32 6.67+0.20 46/22 8.22+0.29 19/15
80° 5.36+0.10 95/33 6.05+0.19 49/23 7.34+0.29 36/15
75° 4.72+0.11 252/35 5.91+0.18 71/23 6.63+0.29 36/18
Tt
n

Oc.m. (L0 Ss<13 Gev?)? x}/DF

105° 12.01+0.83 27/9

100° 4.82+0.67 5/9

95° 3.29£0.54 12/9

90° 6.42+0.51 11/9

85° [ 1.25+0.46 20/9

80° 4.69+0.44 11/9

75° 1.33+0.49 20/9

2 Averaged over cos 6

c,m,

+0.1.
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FIG. 18. sbdo/dt at constant c.m. angles for n™p
scattering. The ordinate is logarithmic with decades
indicated.

of n drops rather quickly for energies above s
=14 GeV?, at angles away from 90°. This whole
region is characterized by rapidly changing struc-
ture, and the s7® rule can only possibly be true,
over a large angular and energy range, in an
average sense.

2. Constituent-interchang del

In Fig. 19 a number of angular-distribution
ratios

R(2) ZZTU(Z)/ZTU(O)

are given using high-energy 77p data. Qualita-
tively, they tend to show an energy-independent
shape. Additional distributions are not shown,
to retain clarity, but agree substantially with
those plotted. Below a momentum of 6 GeV/c,
the distributions do not agree. The prediction of
Gunion et agl. for a =2 and 8=1 is drawn on the
graph, and it is seen to agree fairly well with the
data.

With o and 8 fixed, the ratio of positive to nega-

PLA!
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2.} 4 8.51 GeV/c
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FIG. 19. Ratio of the differential cross section at 2
=c08f,  to the 90° cross section, for several nega-
tive-pion—proton data sets. Curve is the prediction
of Ref. 8.
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FIG. 20. Ratio R ,_ of the positive-pion—proton cross
section to the negative-pion—proton cross section, as a
function of energy, for several angles.

tive elastic scattering at 90° c.m. is given by

do .,
?dt.(” p) (4a +B)?

T(at+4p)

=

do , .
7 (7"p)

Our positive-pion data do not go to high enough
energy to call for serious comparison with the
theory and the angular-distribution ratios com-
puted do not agree well with the theoretical pre-
diction. Nonetheless, we have computed the ex-
perimental ratio to see if it tends to the predicted
value.

The experimental ratio R,. for three angles is
shown in Fig. 20. For each angle, the ratio has
a low-energy part which oscillates around unity
and a high-energy part of magnitude 1.6. (The
CIM predicts R,_=2.25 for the usual quark con-
figuration.) The division between these parts oc-
curs at the same energy at which the distributions
of cross sections at constant angles (Fig. 17) dip.
A possible interpretation of these ratios is that
below this minimum, the cross section is mainly
diffractive and reflects the charge independence
of the size of the proton. Departures from a
ratio of unity can be attributed to the excitation of
baryon resonances. In the region beyond the dif-
fractive dip, the predominant process is consti-
tuent collision, so that the cross section reflects,
instead of the pion-proton radius, the distribu-
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tion of constituents of the particles.

The a and B parameters can be adjusted to give
R,_=1.6; the resulting angular distribution ap-
pears consistent with our data.

3. Quark-rearrangement model

Fishbane and Quigg predict the ratio of 7*p to
7 p wide-angle cross sections to be 1.5. This is
in good agreement with our data. The Fishbane
and Quigg argument is not meant to be rigorous,
but a simple test of the validity of constituent
ideas. The approximate agreement with the data,
combined with some agreements in other experi-
ments, should probably be considered encouraging

We now summarize our comparison with the con-
stituent models.

(1) s™ dependence. We have good agreement
s7% for 90°#p scattering from s=12 to 19 GeV?,
but other parametrizations also give good fits.
The 7*p agree with s78 only in an average sense.

(2) Angular dependence. The 1”p data agree
fairly well with the constituent-interchange model,
but the @ and 8 parameters are not well deter-
mined.

(3) Ratio of positive - to negative-pion scatterving.
The prediction of the constituent-interchange mo-
del can be fitted if the parameters are adjusted.
Agreement with the quark rearrangement scheme
of Fishbane and Quigg is good.

(4) Additional structure. In 7*p scattering, there
is abundant evidence for a highly structured cross
section in addition to the diffractive structure and
approximate power-law dependence. Proton-pro-
ton scattering shows no such structure.

C. Comparison of statistical models with data
1. Review of previous experiments

Before examining our data for Ericson fluctua-
tions, we briefly mention evidence from other
experiments. The general technique used in
looking for fluctuations is to inspect the cross
sections-for any narrow structure in energy or
angle, where “narrow” means small compared to
resonance widths or angular envelopes.

The data of two proton-proton elastic ‘scattering
experiments were examined this way with nega-
tive results.??® In retrospect, this seems to have
been a futile place to look since the reaction is
“exotic”; that is, there are few if any observed
direct-channel resonances and, therefore, no rea-
son to expect fluctuations.

A dramatic effect, atrributed to Ericson fluctua-
tions, has been reported in elastic 7*p scattering.
The experiment of Eide et ¢l.?’ measured the
almost complete angular distribution of 7*p elastic
scattering at 5 GeV/c. Later Schmidt et ql.?
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FIG. 21. Asymmetry measured by Schmidt et al.,
(Ref. 29) in (a) negative-and (b) positive-pion—proton
elastic scattering at 5 GeV/c. Asymmetry parameter is
defined in text.

reexamined the data to look for fluctuations. Be-
cause the incident beam in the experiment had
some momentum spread, Schmidt et al. were able
to divide the data into angular distributions with
two slightly different central momenta. From
these distributions, they computed what they
called the asymmetry parameter, defined as

_(do/adt), - (do/dt);
" (do/at),+ (do/dt), ’

where « and ! refer to cross sections at the upper
and lower momenta. The difference in momentum
corresponded to a 30-MeV c.m. energy difference.
Their asymmetries are plotted in Fig. 21. In the
m'p data, there is a marked asymmetry indicating
that the cross section changes by as much as a
factor of 3 for the 30-MeV energy change. The
7 p asymmetries are consistent with zero except
for a few points. The dramatic resuilt for the
positive data suggests that the cross section
changes very rapidly in this region—perhaps
faster than expected, given the resonance widths
at lower energy.

Motivated by the results of Schmidt et al.,
Michael et al.3’ examined their 3.7- and 7.1-GeV/c
m'p data in the same way and found no such effect.
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Dixon et al.’! similarly examined their backward
7p data from 3 to 5.5 GeV/c, and they reported no
narrow structure but they did see a large asymme-
try when the c.m. energy difference was 140 MeV.
Since they claim that resonances can be seen in
their data, an asymmetry observed for this energy
separation is presumably just a manifestation of
the simple resonance structure.

2. General properties of the new data

Because our new data cover a very large energy
and angular region in fine intervals (the 2% mo-
mentum increments correspond to intervals of
20 to 30 MeV in the center of mass), and because
the fluctuating part of the cross section is expected
to be relatively greater at wide angles, these
data are the first to be really suitable for testing
the theory and resolving the discrepancy of the
earlier experiments.

To get an overall view of the data, we have
plotted them, in Fig. 22, in a fashion similar to
the plots made in nuclear scattering. Error bars
are not drawn on this plot in order to prevent
visual confusion. As in the nuclear scattering ex-
ample, we see apparent rapid changes in the cross
section for small changes in angle or energy.
However, the statistical significance of these var-
iations must be examined.
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2 3 4 5 6 789
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FIG. 24. Proton-proton cross sections at constant
¢ values, plotted as functions of energy. ¢ is in GeV2/c?,

We have thus taken constant ¢ slices of the data
and plotted them with their errors, a sample of
which is shown in Fig. 23. This data cannot be
simply characterized; a variety of shapes and
slopes is seen. In contrast, the proton-proton
data, plotted the same way in Fig. 24, show a
simple and universal shape.

Looking at the pion data closely, one notes that
for many of the # values a number of the points
deviate significantly from a simple curve. At low
energy we might expect some of these departures
to be due to known resonances. The mass and
widths of the well-established resonances in the
energy range are indicated in Fig. 23. A par-
ticularly clear example is the bump found in the
7 cross section at £= -1.5 GeV?/c?, correspond-
ing to the N(2190) and N(2220) resonances. At
30° (c.m.) to either side (not shown on this graph),
the bump is absent, as expected for resonances

with angular momentum 3 or 4. We take this as

evidence that this method of displaying the data
reveals known resonant structure. It can be seen
in the cross sections plotted here, and in the rest
of the data, that there is a structure—a bump or
a dip—within the width of each of the known reso-
nances. In general, the structures are signifi-
cantly narrower than the known resonances and
are not centered on them, so it is likely that they
are new phenomena. Further, we can see struc-
tures at higher energies where there are no
known nucleon resonances.

To get a quantitative measure of the departures
from simple curves, we have fitted the constant
t cross sections to several different functions of
s. These attempts have met with the same ob-
stacle: We have no a priori knowledge of the
functional form of the background curve. How-
ever, two different types of fits yield substan-
tially the same result. The first type of fit is of
the logarithm of the cross section to a polynomial
inthe logarithmof s. Fits generally converge with
three or four powers, but give bad fits in the x?sense,
where the cross section shows rapid structure. The
fits generally act to average the irregularities, sode-
viations from fits are above and below the fitlines.
The second fitting form is to do/dt = as® + cs?. This
formis particularly amenable to demanding that the
parameters vary slowlyand continuously for adjacent
t values. This constraint acts to emphasize dif-
ferent deviations than the polynomial fit, but
gives generally similar numerical results. Ex-
amples of these fits are shown in Fig. 25.

We have found no parametrization of the data
which gives good fits to all the constant ¢ data.
The weakest conclusion we can draw from this is
that there is substantial s-channel structure at
high energy. It has been generally believed that
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t-channel processes dominate at high energies,

leading to a smooth dependence on s. OQur data

show structure in s in pion-proton scattering up
to the highest energies measured.

To make a stronger statement, we have noted
that the deviations from simple curves tend to
appear in bumps and dips that are fairly narrow—
100 to 150 MeV. This is narrower than the widths
of known high-mass resonances. It is also seen
that structures persist over several adjacent ¢
values, but not over all the angles.

.5 T +
ASYMMETRY AT 2.24 GeV/c
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w i at,
E it Wt
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<
—.5 i 1

= -2.
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FIG. 26. Asymmetry for negative-pion—proton data
at 2.24 GeV/c, with an energy separation of 100 MeV.
See text for definition of asymmetry.
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FIG. 27. Asymmetries for (a) negative- and (b)
positive-pion—proton scattering at 5.0 GeV/c, with an
energy separation of 30 MeV.

3. Asymmetry analysis

The data have also been examined using the
method of Schmidt ef al. The asymmetry in the
region of the N(2190) and N(2220) in the 77 data
is shown in Fig. 26. For this asymmetry, the
c.m. energy difference is about 100 MeV, and the
large asymmetry seen is an indication of the reso-
nance structure.

At 5 GeV/c the asymmetry has been calculated
for each 2% momentum interval (30-MeV c.m.
difference). The results differ from those of
Schmidt et al. The asymmetries at 5.0 GeV/c for
m*p and 7p are shown in Fig. 27. These corres-
pond to the same energies as shown in Fig. 21.
There is a clear disagreement. However, there
is a partial agreement of the 7*p asymmetry at

T T T T
ASYMMETRY AT 5.2 GeV/c

5k . A Ec.m.x 30 MeV -
E m
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H AL AL

5 | i H

1
o
T
——
1

-2. -3, -4 -5, -6.
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FIG. 28. Asymmetry for positive-pion—proton scat-
tering at 5.2 GeV/c, with an energy separation of 30
MeV. )
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FIG. 29. Asymmetries for (a) negative- and (b) posi-
tive-pion—proton scattering at 5.0 GeV/c, with an ener-
gy separation of 116 MeV.,

5.2 GeV/c (Fig. 28). Both our data and Schmidt’s
show a large negative asymmetry at ¢= —6 GeVZ?/
c?, but we do not see a positive asymmetry at

t= -4 GeV?/c2, At a larger energy separation
(116 MeV), both positive and negative data show

a structured asymmetry, as displayed in Fig. 29.
This is a strong indication of structure of the type
we have claimed above by a direct examination of
the data.

Examining the rest of the data in this way, we
have seen that throughout all the positive- and
negative-pion data, there are significant asym-
metries when the c.m. energy interval is about
100 MeV. In contrast, there is no asymmetry in
any of the proton-proton data.

4. Correlation-function analysis

We have calculated the correlation functions for
our data. The procedure used was to make fits
to the constant-¢ data, use these data and fits to

compute correlation functions; and then for each
" energy interval, average the correlation function
of each ¢ value. For the 7p data, we used both
fitting methods mentioned previously to estimate
the smooth part of the cross section, whereas for
the 7*p and pp data, we used only the polynomial
method. The pion-proton results are shown in
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FIG. 30. Correlation functions for the (a) negative-
and (b) positive-pion—proton data. See text for defini-
tion of the function. The solid lines are the predictions
of Frautschi (Ref. 3), reduced by a factor of 10.

Fig. 30 and the pp data in Fig. 31.

We see that both positive- and negative-pion-
proton data show significant correlations, while
the proton data do not.®® The curves in the figures
are Frautschi’s predictions, calculated for a den-
sity of states larger by a factor of 100. The ser-
ious disagreement between the model and experi-
ment depends primarily on the density of states;
in the theory, the strong exponential increase of
states forces a strong decrease in the correlation
function. The normalization of the density is pre-
sumably adjustable.
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data. See text for definition of function.
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TABLE VI. Values of T in fits of (a) 7 —7"p and (b) 7*p —7*p. Data to form In (do/dt)=b —w/E/TO.

(@) 7P
T, (GeV?) Ty (GeV?) Ty (GeV?)
Oc.m (10S s<19 GeV?) X’/DF (12< s<19 GeV?) x%/DF (14< s<19 GeV?) x%/DF
100° 0.262£0.006 60/32 0.250+0.009 38/22 0.292+0.021 22/14
90° 0.317+0.007 64/33 0.285+0.010 39/22 0.238+0.009 24/15
80° 0.337£0.007 72/33 0.314%0.010 43/23 0.269+0.010 34/15
(b)ym*p
Ty (GeV?)
0c.m. (L0 S s<13 GeV?) x}/DF
100° 0.344+0.047 5/9
90° 0.257+0.020 11/9
80° 0.352+0.033 11/9

5. Comparison with predictions of Eilam et al.

We have also compared our data with the pre-
diction of Eilam et al. that do/dt < exp(-Vs /T,),
and the constant T is on the order of 140 to 160
MeV. We get a not dissimilar result if we fit the
90° data above s=4 GeV2. For m*p, T,=132 MeV
+1%; for 7p, T,=142 MeV+1%. However, the
fits are very poor in the x2 sense. It is argued,
though, that the exp(-vVs /T,) energy dependence
is the average behavior, around which there
should be statistical fluctuations which would re-
sult in a poor fit. On the other hand, the major
reason for the bad fit quality is the large “diffrac-
tive” dip. There is no evidence that this is statis-
tical, so the theory should either include this co-
herent structure or be applied in energy regions
where it is not present.

Choosing the latter approach, we have fitted the
pion-proton data to the form do/dt=a exp(—vs /T,)
for several energies and angles. The binning is
the same as used in part A of this section in the
comparison with the dimensional-counting rule.
The results are given in Table VI.

We note three points: (1) Only in the highest-en-
ergy range of the 7”p data are the cross sections
symmetric around 90°. The statistical model pre-
dicts a symmetric cross section. (2) There is
only a hint, again in the 7" case, that the tem-
perature T, is tending to a constant independent
of energy. (3) The temperature at the highest
energy is quite different from the prediction of
Eilam et al,; they relate T, to the hadronic in-
teraction radius, obtaining for 1.1£, T,=160
MeV. Thus we must conclude that if the model is
correct, and there is a statistical component of

the cross section, the component is small.

In contrast to the mp case, the pp data agree
fairly well with an exponential energy dependence,
even though the theory is not supposed to apply to
exotic reactions. As pointed out in part A of this
section, several exponential forms fit the proton
data moderately well over the entire energy range
measured in this experiment. In sharp contrast
to the pion data, the value for T,(200 MeV) for
s> 14 GeV? is not.very different from the value
(185 MeV) obtained by fitting the range 5.5<s
<20 GeV2. Thus we have a confusing picture:

The predicted energy dependence is found to agree
where it is not supposed to apply, but does not
describe the data it is designed to explain.

6. Summary

We summarize our comparison with statistical
models:

(1) The structures seen in pion-proton data are
probably caused by s-channel resonance produc-
tion.

(2) The structures are not due to isolated reso-
nances unless they have relatively narrow widths.
The structures do not appear to have pure J ang-
ular distributions.

(3) There are no structures, apart from the
t=-2.8 GeV?/c? dip, which are present in all the
data. There is no evidence that there are struc-
tures fixed in s, ¢, u, or cosf,, , which mimic
fluctuations. There is structure visible in all
displays of the cross sections.

(4) We believe that the structure we see is qual-
itatively consistent with the mechanism of Eric-
son fluctuations —that is, multiple overlapping
resonances.
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(5) The explicit prediction of Frautschi’s model
that there should be an exponential increase in
the number of states does not describe the data.
Hence, the observation of high-mass structures
does not lead directly to the density of resonant
states.

(6) There is no evidence that scattering at 90°
has a predominantly statistical exponential energy
dependence.
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