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ABSTRACT

Antiproton-proton elastic.scattering data at 6.2 GeV/c in the range
0.3 (GeV/c)? < -t < 10.0 (GeV/c)? is presented. The experiment, using spark

chambers and proportional chambers, was performed at the CERN Proton Synchrotron.

The dip at about -t = 0.5 and the structure at about -t = 2.2 (GeV/c)? are
equally strong at 6.2 GeV/c as they are at 5.0 GeV/c. The differential cross-
sections around 90° c.m. are not very different at 5.0 GeV/c and at 6.2 GeV/c,

whereas in the backward region there is a decrease of the order of one magnitude.
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INTRODUCTION

In a series of experiments performed at the CERN PS, where we measured large-
. . . 1 + + - .

angle elastic scattering, we have earlier ) reported results of mp, K p, and pp
. . . . . . + 2.3 + 3.u
elastic scattering at 5 GeV/c incident momentum, and similarly T p ° ) and Kp °’ )

wide-angle elastic scattering at 10 GeV/c.

. In this report we present results of Ep elastic scattering at 6.2 GeV/c, in
the interval 0.3 < -t < 10.0 (GeV/c)?. 1In the same experiment we have also results

on K p %»Kﬁp, ij *5ﬁ-p, PP > W—ﬂ+, and 5P,7 Kfoﬂwhich will be published elsewhere.

" The Ep'éléstic scattering has been studied in the forward direction up to
100 Gev/e ')

at rather low energies

« The dip at -t = 0.5 (GeV/c)? has been well studied particularly
5—9). With increasing energy this dip seems to become less

pronounced and moves towards larger absolute values of t.

Large—angle scattering data are less abundant. We have earlier presented_aﬁ“m
almost complete t-distribution of pp elastic scattering at 5 GeV/c. The most
salient features are the very low cross—sections at large scattering angles, the
lowest value being about 10 nb/(GeV/c)2. We also observed a significant backward
peak.  The very rapid decrease in cross—section with increasing energy (s—;q) makes

a detailed study of this angular region rather difficult at very much higher energies.

In Section 2 of this paper we discuss the apparatus, in Section 3 the data

analysis, and in Section 4 we present the experimental results.

APPARATUS

This experiment was performed with an incident momentum of 6.2 GeV/c, in the.

same beam and with almost the same experimental equipment as for the positive

..,,)

10 GeV/c experiment2 . Hence we will only give a brief outline of the apparatus,

and refer to oéher_publications for further detailél—u).

2,1 Layout of experiment

" The experimental layout is shown in Fig. 1. There are two liquid-hydrogen
targets in the beam. This makes it possible to measure both small- and large—-angle
events in the same experiment, and it is always possible to determine the momentum

of one of the two secondary-particles.

The direction of the incident particles was measured by means of hodoscopes

consisting of scintillation counters and proportional chambers. The direction of

one of the outgoing particles was measured by wire spark'chamber telescope W; if
the incident particle reacted in target 1, and by telescope Wy if the incident
particle reacted in target 2. The other secondary particle was measured by W3

after deflection in the magnetic field. A threshold Cerenkov counter CW; was
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placed behind W3. It was filled with freon at atmospheric pressure. During the
analysis it was used to reduce the background from the sample of backward elastlc

scattered pp events.
2.2 Incident beam

The unseparated beam was produced at an internal target at the CERN Proton '
Synchrqtron, and was the same as that used for the 10 GeV/c runz—“). The internal
proton momentum was 19 GeV/c. With a momentum spread of +1% the intensity of the

secondary beam was approximately 5 x 10° particles per machine pulse, with an

effective length of 350 msec and with a repetition time»of'ZieecrfsThe production - .

angle was 40 mrad. The beam contained 1.1% antiprotons, 1.4% kaons, 94.5% pions, .

and 37 muons.

2.3 Spark chambers

"~ The telescopes w;, W3, and Wy, in Fig. 1 contained wire chambers with~core
read-out. The two upstream chambers in W, also had core read-out, whereas the .
other four near or inside the magnet had capacity read-out. Wire spacing was 1 mm
and the ga§ width was 1 cm. The construction and the performance of the wire cham- _
bers have been described elsewherel). Typical cluster size was 3-6 wires.- Roughly
1% of the clusters were split in two halves with more than one wire missing between

them.

2.4 Spectrometer magnet‘

<

The C-frame-type magnet had a gap of 100 x 100 x 50 cm® and with an 1ntegral -
S B dl of approx1mate1y 1.5 Tm. ' ' ' '

The field components were measured at 37, 800 p01nts to an accuracy of 0. 3Z
of the main component. During the experiment the stability of the magnetic fleld

was monitored to an accuracy of better than O. 2%,

2.5 Tr1gger and counter 1051c

The incident beam was defined by the four scintillation counters S;, Sz, S3,
Sy, and the three threshold gas Cerenkov counters Ci, C2, and C3. The couﬁter‘V1
vetoed the beam halo, while V, vetoed partlcles passing through both targets w1th—

out 1nteract1ng.

Trigger counters T;, T3, and Ty were placed behind the corresponding spark
chamber telescopes Wi, W3, and Wy. The trigger counters consisted of twoﬂperallel
arrays of scintillation counters, one having narrow vertical elements, whereas the

other had wider horizontal elements.

The trigger counter T, or T, was used to decide if a beam particle defined

-~ - * . - - )
by the coincidence S; * Sz *S3 * Sy *Vy * Vg ) had an interaction in target 1 or

in target 2, respectively.
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The signatures for the different particles were

me (C1 + Cg) *C,p
K: Cy «C2*Cs

5: Cy*Ca*Cs

To get a restrictive trigger, only one signal was allowed in each of the arrays
Ti1, T3, and Ty. Furthermore, a rough test on coplanarity was obtained by requiring
that if one of the scattered particles hit the lower half of T3, the other partlcle

":should hit the upper half of T1 or Ty, and vice versa.

In addition to the "up-down" selection at the T3 array, a "1eft—right"‘se1ec-
tion possibility was also provided. The "left" part of T3 consisted of the three

vertical counters closest to the beam.

These "kinematical" combinations of counters in the beam and behind the spark“m,
chamber telescopes were combined with the information from the Cerenkov counters
in the incident beaﬁ. For target 1 events, only kaons or ‘antiprotons were allowed ]
as beam particles. For target 2 events, no restriction on the type of the incoming
_particle was imposed.. However; an extra dead-time was imposed en pion—induced

~reactions to suppress the event rate of pions in target 2.
The event triggers were thus the following:

Ey: T1(dovn)' T3(right, up) * e Ty s
Ez2: Ti(up) * T3 (right, down) * T+ Ty
Esz: Ti;(down) « T3(left, up) * TeT,
Ey: Ti(up) » T3(left, down) » T+ Ty
Es: Ty Ts(left, up) *K*CWs
Eg: T; * T3(left, down) * K * CW;
"Eq: Tu(deﬁn)' T3 (right, up) T,
Eeﬁ Ty (up) * T3 (right, down) * Ty

These event triggers initiated the following operations:

the high-voltage pulses on the spark chambers were switched on;

e
S

e
e
~

the fast electronics were gated off for an imposed dead-time of 10 msec;

iii) the signals from all the trigger logic fired’by an event were stored in CAMAC
memory gates; ' ‘ » .

‘iv) after a delaonf 0.5 msec the computer started to read out all 1nformat10n

related to the event, and

v) the pulsed clearing fields were switched on for the spark chambers.

The event triggers Es and Eg were used to accumulate events Kp - WZ.

.*) The symbols have the following meaning: The dot indicates a coincidence (AND)-
circuit, the plus indicates an 0R-c1rcu1t, the bar indicates an antisignal.




2.6 On-line computer

A Varian 620/i computer was used to control the data acquisition, to store
the data on magnetic tapes, and to check the performance of the set-up. In parti-
cular the efficiency of wire chambers, secintillation counters, and Cerenkov counters
was examined regularly. The Varian had a ferrite core memory of 24K. Each word
was 18 bits, of which only 16 were used. The quantities transmitted to the compu- .
ter were the content of 16 binary scalers, the counter information, and the spark
chamber data. ' ' ' -
. . B . ]
-v.Tﬁe binary scalers containéd mainly the numbers of incident particles of each o -
kind. Each scaler occupied one word. All the fired counters were registered, oc-vl
cupying one bit each. The spark.chamber information was decodedl) into binary‘

addresses of clusfers-and sizes of the clusters.

At the end of each data file, the déciﬁgl scalers were réad out. They con-
tained the integral df all the different particles in this particular file. The
binary scalers were reset after each event, but, as they were read each time, these
two éystems of scalers provided a control on the number of incident particles.

Each event occupied at most 254 words. Typically 5 evénts were registered during

each burst.

DATA ANALYSIS

The data from the main run was stored on 72 magnetic tapes, with roughly
50,000 triggers on each. Some of the tapes contained files with test data and

were thus not included in the analysis.

The inelastic events were filtered out on the basis of cuts on kinematical
variables alone, with no additional fitting procedure. The background of inelastic
events in the data was sufficiently small so that this procedure imposed no problems

in the estimate of the background.

Those triggers which fulfilled the criteria for elastic events were put on
data summary tapes. A Monte Carlo program calculated the acceptance of the appa-

ratus. The analysis was done at the CERN CDC 7600 computer. - .. o ™

In the foilowing‘a'briefbdescription is given of how the geometrical recon-

"struction of the events was performed by the programs. This set of reconstruction .

programs was used to make final adjustment of the coordinate of the set up, and
furthermore the kinematical parameters were also obtained. After a description
of the acceptance calculation the effect of the background and other corrections

upon the cross—section are discussed.




3.1 Geometrical reconstruction

3.1.1 Beam

The position and direction of the incoming particle were obtained from two
sets of scintillation hodoscopes, about 8 m apart. In the beam were also mounted
two proportional wire chambers. It was required to have one or two neighbouring
hits in each scintillation hodoscope plane. If the information from the counters
was missing, the corresponding information was obtained from the proportional

chambers. In this way the beam-efficiency was improved from about 707 to about 85Z.

The horizontal and vertical projection in each of the telescopes Wz,vW3, and
Wy had all possible track-projections recorded, defined by three or four clusters
on a straight line. The slope and position were obtained with the least—squares

)

* -
method . A maximum of eight tracks were accepted in each projection. On the

et

basis of the number of three- and four-cluster projections, the efficiency of the

chambers could be calculated.

3.1.3 Vertex reconstruction

" The distance between the beam track and each df the tracks in W; or W, was
calculated. If this distance was less than 7 mm in target 1 and 11 mm in target 2,
the teiescope track was accepted. The midpoint between these two lines was defined
as the vertex point. If more than one vertex point remained, after all the teles—
cope tracks had been tried, the track with the shorte;t distance to the beam was
used in the further analysis. When such an ambiguity occured, the main reason

was a cluster split with more than one wire between the two parts of the cluster.

The tracks in W3 were then extended to the midplane in the magnet, and the
straight line between this point and the vertex defined the direction of the other
outgoing track from the vertex. This method of reconstructing the scattering angle

was tested on Monte Carlo generated events.

3.2 Alignments

The positions of the chambers within each telescope were adjusted by examining
the distance from the clusters to the least squares fit line to a track, for a
large number of tracks. The position and orientation of each telescope relative
to the beam were obtained from a special run with low beam intensity and with no
field in the magnet. These adjustments were based on geometry alone, with no re-
quirements from kinematics being introduced. Likewise, the positions of the coun-
ters were adjusted. When afterwards compared with the kinematical parameters, the

results were éompatible with a beam momentum of 6,2 * 0.1 GeV/c.

'*) The counter in line with the projection of the track was required to be fired.




3.3 Kinematical tests

The directions of the incoming and the outgoing particles and the measured
momentum of one of the outgoing particles were compared with the criteria for
elastic events: the coplanarity, the scattering angle (8) of the forward—-going
particle, and the momentum of the forward-going particle (p). These three para-
meters are not independent, but their influence varies differently through the
t-range and they thus tend to complement each other. An elastic event must then
satisfy all three criteria, within certain limits. We thus represent each event
as a point in a three-dimensional (non-orthogonal) space. The excess of points
around coplanarity, A8 and Ap, all equal to zero, are the number of elastic events
in the Sample. The density of points in this space, outside this region, indicates

the background.

3.3.1 Coplanarity test

The coplanarity was defined as the scalar three-vector product

R = (¥ X <9

( beam wa) wb ?
where Gbeam is the unit vector of the beam particle, Gwa is the unit vector of the
track in W; or Wy, and wa is the unit vector from the vertex to the reconstructed
point in the midplane of the magnet. The effect on R of the magnetic field is a
second-order effect, and the distribution of R with test data, with the f1e1d in

the magnet off, showed almost no’ dlfference from data w1th the magnet on.

_During the DST production run the events were accepted if lRl < 0.01 for
target 1 and |R] < 0.02 for target 2. In the final cross—section calculation the
value lRl < 0.01 was used for all the events. The distribution of R from a set of

events from target 1 is shown in Fig. 2.

3.3.2 Test of scattering angle

From the knowledge of the type of 1ncom1ng particle and from the angle between
the beam and the Wi-track (or Wy-track), the angle of the other scattered charged
particle could be calculated, assuming élastic kinematics. The difference A0 be-
tween this calculated value and the measured value was subject to a cut. We ex-—
~amined the A8 distribution with and without the magnetic field, and no significant
difference was observed. For target 1 the cut—-off values in the DST production run
was given by —0:015 rad < A8 < 0.020 rad for target 1, and -0.025 rad < A6 < 0.030 rad
for target 2, '

In the cross-section calculations the value was -0.012 rad < A8 < 0.012 rad

for target 1, and -0.015 rad < AB < 0.015 rad for target 2.

The distribution of A8 for events from target 1 is shown in Fig. 2.

o
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3.3.3 Momentum measurement and test

The main purpose of the magnet was to filter out background particles with

low momentum, and to obtain the charge of the particle in an easy way.

The momentum was obtained from an inverse interpolation method given the
vertex, ﬁhe point in the middle of the magnet, and the deflection anglels). If
the difference |Ap| between the calculated momentum (obtained during the calcu-
lation of scattering angle, mentioned above) and the momentum obtained from the
) ”inverse interpolation method was greater than the cut-off value, the event was
- rejected. During prodﬁction runs, the cut-off test was }Apl <-1.5 GeV/e for
‘ target 1 and |Api < 2.0 GeV/c for target 2. In the cross-section calculation,

|ap| < 0.7 GeV/c for target 1 and |Ap| < 0.8 GeV/c for target 2.
The distribution of Ap for events from target 1 is shown in Fig. 2.

st

3.4 Acceptance calculations

The geometrical acceptance of the apparatus, as a function of t, was obtained
by a Monte Carlo type calculation. The observed beam profile was used. Absorption
in the targets and their surroundings, low momentum cut-off of protoms in Wi,
Coulomb scattering in target 1 (for target 2 events), and decay in flight of out-

going pions or kaons were included.

The results are shown in Fig. 3.

3.5 Cross—section calculation

The total number of events used in the cross-section calculation was 119,900
for target 1 and 1,200 for target 2. The cross-section for reactions in each of
the two targets was calculated separately, using the acceptance values obtained

for each target. 1In the final results several effects have been considered.

3.5.1 Cut—off values on kinematical parameters

Each event is represented by a ppint in a three-dimensional space with axes
represgnting coplanarity, A0 and Ap. From the density of points in this space in
the neighbourhood of the cuts, it is possible to estimate how many elastic events
are outside the cuts and also how much background is inside. We will discuss the

different kinematical regions separately.
a) Forward angular region [—t < 3.0 (GeV/c)zj

‘Two-dimensional scatter plots of any combination of variables A9, Ap, and co-
“planarity, were studied, with data from a special test run. Owing to some '
extent to cluster split, 10 * 27 of the elastic events are lost outside the
cuts. These events have the same t-dependence as the other elastic events.

The amount of inelastic events inside the cuts is 0.8 * 0.27.
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b) Large angular region [3.0 (GeV/e)? < -t < 9.0 (GeV/c)2]

An approach similar to that mentioned above was utilized when studying the
data in the large angular region. With somewhat larger cuts for A0 and Ap,
within the accuracy given by statistics no elastic events were outside the
cuts. 'The-background of inelastic events inside the cuts was examined for

the following t-bins [in (GeV/c)ZJ: 3.0-3.2, 3.2-3.5, 3.5-4.0, and 4.0-9.0.

The background in the bin 3.0-3.2 (GeV/c)? was estimated to 10 * 6%Z. The
background in the three other bins was estimated to 24 * 10%Z. In Figs. 4a

... and 4b are’shoﬁn scatter'plots=o£ coplanarity versus A6 for. all events from
target‘2."Events with Ap outside the cut-off value are indicated by open
circles. »The'events were randomly distributed in time, during the whole rum.
All events in the 90° c.m. scattering region were displayed, and were consis—

tent with being genuine elastic events.” »
¢) Backward angular region [9.0 (GeV/c)? < -t .< 10.0 (GeV/c)zjr

As above, we obtain information on the background inside the cut-off values:
from the scatter plot (Fig. 4c). All events giving a signal (m) in the
Cerenkov counter behind W; have been removed. 1In this region, the backgrouod
is definitely larger than in the other regions. Of the 17 * 4 events inside
the cuts, 7 £ 3 are backgroond events. This gives a cross-— sectlon, after

background subtraction, of 30 * 15 nb/(GeV/c)2

3.5.2 6-rays in the target

A separate Monte Carlo run was performed to study the effects of §-rays being -
produced by the partlcles travelllng in the targets, and hitting one of the anti-
counters around the targets and thus quenchlng the event. We assume that the lower
limit of the kinetic energy of the electron to be detected is 0.5 MeV. Within the
statistical uncertainties we observe no t-dependence of this event loss. For tar-
get 1 the loss is estimated to be 17 * 57, and for target 2, 35 % 87. (For tar-
get 2, see Section 3.5.6.). '

~3.5.3 Random veto

A random veto of an event can occur when two particles are close in time

~ and when one particle reacts in the target while the other hits the veto counter
behind the target. With a resolution time of the veto counter equal to 25 nsec,
the burst time 350 msec and 5 X 10° particles per burst, there will be an event
vetoed 3.6 * 0.9% of the time, assuming a random distribution of particles within
the spill. The extra dead-time for the other anticounters was examined by compar-
ing the cross-section for a test run at 1ow beam intensity with the results from

an ordinary run. The difference was 10 * 37.
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3.5.4 Absorption in the incident beam

The material (scintillators, target window, and proportional chambers) in the
beam line upstream of target 1 (Fig. 1) caused 6 * 27 of the antiprotons to interact

and pass through the hole of the V; counter.

The possibilities that an incident pion might interact upstream in front of
the first Cerenkov counter, producing a proton in the forward direction, have been

investigated, This could make a backward peak in the cross~section. Because of

. the small hole in V;, less than 0.1% of the 1arge-angle events would be affected

in this way, all having wrong kinematics.

An elastic event could be missed in the analysis for several reasons: too many
tracks in a telescope, inconsistent counter information, a track missing in a tele-
scope, etc. These effects were kept track of in the program chain and included -
directly in the cross-section calculation. One exception was a 3 t 17 effect,

mainly from missing momentum information for target 2.

3.5.6 ABsdrption effect of scattered particles

_ For target 1, the correction for reactions in spark chambers and in air was

-.estimated to 9.5 * 2,0% for forward scattering and 6.9 * 2.0% for backward scat—

tering. For target 2 the correction was 7.0 * 2,0%.

3.5.7 The overlap region of t for_target 1 and}target 2

The data from target 1 and target 2 had an overlap region of 1.55 (GeV/c)? <
< -t < 2,75 (GeV/c)?, consisting of 11 bins. Applying only the acception correc-.
tions (3.4), the cross-section values for target 2 were all lower than the- corres-
ponding cross—section values for target 1. A weighted average for all the bins
was calculated, and one obtained a ratio equal to 1.38 * 0.05 for the two samples

of dgta.v

The effects mentioned above, and not included in the Monte Carlo calculationm,
made ﬁp a normalization factor for the cross-section calculation. In the forward
direction this factor was 1.8 * 0.2. In the large angular region the factor was
2.2 £ 0.3. This higher value was consistent with what was observed in the overlap

region (Section 3.5.7). The factor obtained for the backward region was 1.8 + 0.2,

In the cross-section calculation the observed value (Section 3.5.7) was used
to normalize the large-angle data to the rest of the data. A factor of 1.8 was

then used as an . over-all normalization factor.

The observed background in the large angular and backward regions was sub-—

tracted, and the corresponding uncertainty folded in in the cross-section calcula-

tions.
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Furthermore, correction for beam efficiency and angular spark chamber efficien—

cies were included, taking into account possible changes during the runm,

The calculated beam and spark chamber efficiencies had an estimated error of
5% and 10%, respectively. The uncertainty in acceptance calculations is estimated
to be 5%. These uncertainties added to the uncertainty in the normalization implies

an over-all uncertainty of 207 in the absolute normalization.

RESULTS

- The cross-sections, based on the number of observed events, acceptance calcu-

lations, and normalization factors are given in Table 1,

The errors are statistical errors only, based on number of observed events,
possible background subtraction and Monte Carlo calculation, the last one beihng

much smaller than the other two.

The results are plotted in Fig. 5, together with our earlier 5 GeV/c results.
In Fig. 6 the angular distributions of the same data are displayed. The dip region
around -t = 0.5 is displayed in Fig. 7. There are some indications that the following
maximum around -t = 0.7 (GeV/c)? is decreaéing with energy. A shoulder at about
t = -2.2 (GeV/c)?, first observed at 5 GeV/c 1), is also present in these data

15)-

(Fig. 5). The data in this forward direction have been analysed elsewhere ~’,

6)

. . 1 e
based on an impact parameter picture . Fitting the data up to -t =3 (GeV/c)?,

one obtains 0.8 fermi as interaction radius.

In the iarge angular region, around_the 90° c¢.m. scattering aﬁgle, the 6.2 GeV/c
data again follow the same general pattern as the 5 GeV/c data. An s-dependence
of s % would imply a ratio of 6.0.between the two sets of data for the 90° c.m.
scattering angle region. Our data indicate a lower s—dependence value in this

region.

We observe from Figs. 5 and 6 that the cross-section in the backward region

is decreasing by an order of magnitude between 5 and 6.2 GeV/c.
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Table 1

Differential cross-section for ﬁg elastic scattering
at 6.2 GeV/c; s = 13.528 (GeV)*, E., = 6.678 GeV

-t At do/dt Error
(Gev/c)? ub/ (GeV/c)?

0.31 0.02 | 2377 64
'0.33 " 1771 49
0.35 " 1253 36
0.37 " 918 16
0.39 " 647 12
0.41 " 466 11
0.43 " 342 10
0.45 " 261 8
0.47 " 193 7
0.49 " 160 6
0.51 " 147 6
0.53 vl 132 5
0.55 " 134 5
0.57 " 136 5
0.59 " 141 5
0.61 " 145 5
0.63 " 159 6
0.65 " 169 6
0.67 " 177 7
0.69 " 183 7
0.71 " 167 6
0.73 " 184 7
0.75 " 181 7
0.77 " 172 7
0.79 " 166 6
0.81 " 176 7
0.83 " 165 7
0.85 " 170 7
0.87 " 151 6
0.89 n [ 150 6
0.91 " 153 7
0.93 " 136 6
0.95 " 133 6
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Table 1 (cont.)

-t At do/dt Error
(GeV/c)? ub/ (GeV/c)?
0.97 " 115 6
0.99 " 123 6
1.02 0.04 112 4
1.06 " 100 4
1.10 " 83.4 2.8
1.14 " 68.4 2.8
1.18 " 60.6 2.7
1.22 " 50.8 2.5
1.26 " 44 .6 2.4
1.30 " 41.4 2.2
1.34 " 29.8 1.9
1.38 " 24.9 1.7
1.42 " 21.1 1.6
1.46 " 18.7 1.5
1.49 .02 15.7 2.0
1.55 .1 12.0 0.73
1.65 " 10.4 0.70
1.75 " 7.94 0.60
1.85 " 7.70 0.60
1.95 " 5.47 0.48
2.05- " 5.15 0.43
2.15 " 5.32 0.47
2.25 " 5.16 0.47
2.35 " 4.60 0.46
2.45 " 3.78 0.42
2.55 " 3.28 0.42
2.65 " 2.68 0.40
2.75 " 2.59 0.40
2.85 " 1.69 0.40
2.95 " 1.44 0.34
3.05 " 1.04 0.33
3.15 " 0.93 0.35
3.35 0.3 0.33 0.15
4.00 1.0 0.077 0.046
5.50 2.0 0.026 0.021
7.75 2.5 - 0.0074 0.0059
9.5 1.0 0.030 0.015
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Figure captions

Fig. 1

Fig. 2

Fig. 3

Fig. &4

Fig. 5

Fig. 6

Fig. 7.

Experimental layout.
The distribution of kinematical parameters, coplanarity, Ap and A8.

The acceptance as a function of -t for pp elastic scattering for

events in target 1 and in target 2.

Scatterplot of coplanarity versus scattering angle, A8, for different
t-regions. The outside boundaries on the plots represent the limits
used during production runs, whereas the inner boundaries were used
when calculating tﬁe cross—-sections. Open circles represent events
with Ap outside the limits used during cross—section calculation.

All events with a signal (m) in the Cerenkov counter behind Wa have

been removed on Fig. 4c.

The differential cross-section for pp elastic scattering as a function
of -t, for this experiment and our earlier experiment at 5 GeV/c

(Ref. 1).

The differential cross-section for pp elastic scattering as a function
of cos ecﬁ, for this experiment and our earlier experiment at 5 GeV/c

(Ref. 1).

The differential cross-section for pp forward elastic scattering as .

a function of -t. The data at 3.66 GeV/c is from Katz et al. (Ref. 9),
at 5.0 GeV/c from Eide et al. (Ref. 1), at 6.2 GeV/c from this expefi—
ment, and at 8.0 GeV/c and 16.0 GeV/c from Birnbaum et al. (Ref. 10).-
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