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The PP elastic-scattering differential cross section shows a minimum at t- 0.5 (GeV/c)2
and a secondary maximum at t - 0.9 (GeV/c) . The total cross section for the annihilation
process P+p x +r is 6.6 + 3.5 pb; the cross section for P+P K +K is &2.2 pb.

A recent counter experiment' which measured
the antiproton-proton elastic-scattering cross
section at 30 & Oc m & 90 for incident momen-
ta between 1.0 and 2.5 GeV/c clearly demon-
strated the presence of a minimum in the dif-
ferential elastic-scattering cross section at
t-0.4 (GeV/c)'. We report on a bubble-cham-
ber measurement of the large-angle elastic
pp scattering cross section at a laboratory
momentum of 3.66 GeV/c. This exposure was
taken in the 20-inch Brookhaven National Lab-
oratory (BNL) liquid-hydrogen chamber; the
Yale-BNL separated beam was used. '

In order to measure the large-angle pp elas-
tic scattering distribution and to study the two-
meson annihilation reactions p+p - v +m+

and p+p-If +R+, we conducted a special scan
of approximately 50000 frames of film. The
following criteria were imposed on the two-
pronged events before these events were ac-
cepted for measuring. '

(1) To be accepted for measurement the bub-
ble density on the positive prong had to be less
than about 5 times the minimum value. In par-
ticular, the positive track had to have at least
one gap larger than 0.6 mm in space (project-
ed length).

(2) The event had to satisfy the requirements
of two-body kinematics in that at least one of
the prongs had to have a projected momentum
of at least 1700 MeV/c. We also required that
the line of flight of the beam antiproton be strad-
dled by the two outgoing tracks.

Our scanned sample contained approximate-

p+p 77 +1T (2)

(3)

There were no events found which gave ac-
ceptable fits to Reaction (3). Only three events
satisfactorily satisfied the kinematics for Re-
action (2). And a total of 600 events made ac-
ceptable fits to Reaction (1). There were no
ambiguities found among Reactions (1), (2),
and (3).'

At 1.61 GeV/c, Lynch et al.' observe cross
sections of 119+30 pb and 55+18 jL(b for Re-
actions (2) and (3), respectively; our measured
cross sections for these final states are 6.6
+ 3.5 pb and &2.2 pb. ' This surprisingly large
difference in the two-meson-annihilation cross
sections may be due to contributions from res-
onant states in the pp system at -2.3 GeV in
the center-of-mass system. '

To correct our elastic-scattering data for
the losses incurred as a result of the scanning
criteria, we made the following assumptions:
(1) The antiproton beam is unpolarized', we
therefore expect an isotropic distribution in
the azimuthal angle of the proton about the beam

ly 20000 two-pronged events of which we ac-
cepted 3800 for measuring. The accepted events
were measured and were subsequently processed
using the Yale analysis programs. The follow-
ing three interpretations were considered in
the analysis. '

p+p-p+ps
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Table I. The PP elastic-scattering cross section at
3.66 GeV/c.
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FIG. 1. Corrected angular distribution of the anti-
proton in the center-of-mass system. Errors include
systematic effects. The smooth curve is a prediction
of a black-disk diffraction model with radius R =1.3 F;
the curve is normalized to the optical point t.see Ref. (14)].

direction. (2) The bubbles along a track are
randomly distributed. ' (3) The bubble density
is proportional to 1/p' (p is the velocity rela-
tive to speed of light). ' Analytically calculat-
ed' corrections were checked and found con-
sistent with Monte Carlo simulations of the
data. "

Figure 1 shows the corrected elastic-scat-
tering distribution, ' we tabulate the same re-
sults in Table I. There are essentially no cor-
rections for t&0.32 (GeV/c)'. The error bars
take account of systematic" as well as statis-
tical sources. The forward cross section is
particularly sensitive to the parameters we
use in correcting the data. " The outstanding
feature of the experimental spectrum in Fig.
1 is the pronounced dip at t = 0.55 (GeV/c)';
a similar minimum observed at lower beam
energies' was found to occur at smaller val-
ues of I;. Our data also exhibit a broad secon-
dary maximum at t = 0.85 (GeV/c)~, and a sug-

The numbers in parentheses signify the corrected
number of events in that interval of cos9c m Where
the entry is missing there are no corrections because
of our special scanning criteria.

gestion of a second minimum or shoulder at
t -1.8 (GeV/c)'.

Minima in differential scattering cross sec-
tions have been interpreted as resulting from
the vanishing of spin-flip amplitudes due to
Regge-pole exchanges. The Regge interpre-
tation predicts these effects to diminish with
incoming p energy The ra. tio of the differen-
tial cross section at the secondary maximum
to the cross section at the first minimum is
2.2+0.5; hence, it appears that the relative
size of the dip does not change strongly with

energy. ' It is interesting to note than a sim-
ple black-disk diffraction model, '~ with a ra-
dius of interaction of 1.3 F, predicts similar
zeros in the differential cross sections.

Finally, we wish to point out that, although
the evidence is not yet compelling, there ap-
pears to be a systematic change in the position
of the first diffraction-peak minimum with en-
ergy'~",' this observation may be related to
the "antishrinking" of the pp diffraction peak
noted by Czyzewski et al.'
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