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ABSTRACT

In principle nucleon-nucleon bremsstrahlung remains one of the
most direct and least ambiguous ways of investigating the off-energy-
shell behaviour of the NN interaction. Model calculations, such as
that by Heller,! indicate that in the symmetric Harvard geometry?
the off-shell effects are largest for high bombarding energies and
small proton opening angles. Heller's calculation also shows that
for the particular model and geometry he used, off-shell effects are
fairly small for the conditions of previous experiments. Thus moti-
vated we have measured ppy cross sections at a somewhat higher bom-
barding energy (200 MeV) and over proton angles significantly smaller
than in previous experiments. Two sets of data were taken covering
intervals centered at 13° and 16.3°, respectively. Preliminary re-
sults from the 16.3° data are reported here.

EXPERIMENTAL TECHNIQUE

The measurement utilized an ultrapure natural hydrogen gas tar-
get at 0.95 atm pressure. The proton beam from the TRIUMF cyclotron
entered the gas through a 20 um thick titanium window 2.3 m upstream
of the scattering chamber and exited through a 25 um thick steel win-
dow 3.6 m downstream. A carefully designed system of five collima~
tors In the beam pipe upstream of the scattering chamber was used to
eliminate beam halo, especially that caused by scattering In the
entrance window.

The two protons from the p+ p + p + p + y reaction exited from
the target gas through 76 um thick Kapton windows and were detected
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In coincidence In two Identical detector telescopes. A permanent
magnet was placed Inside the target chamber to deflect delta rays.
Each telescope provided two Independent measures of the proton's en-
ergy: the times of flight over a 2.5 m flight path and the energies
deposited in a thick plastic scintillator. A thin (0.793 mm) plastic
scintillator at the entrance to the telescope provided timing resolu-
tion without destroying trajectory information. The thick scintilla-
tor was sufficient to stop the ppy protons but not the elastic pro-
tons. This feature allowed a veto detector to be used behind the to-
tal energy detector to eliminate most coincidences involving elastic
protons. The praton trajectories were determined using two x-y mul-
tiwlre counters in each telescope. Helium bags minimized the multi-
ple scattering in the flight path between the multiwire counters.

The detector telescopes limited the effective length of the target to
25 cm along the beam direction and the total angular acceptance to

"%0.4° in 6 and £4° in ¢. Figure 1 shows the layout of the experiment.
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Fig. 1. Layout of ppy experiment mrozmmm collimator system and
makeup of proton telescopes.

CHz Monitor

Scattering Chamber

An on-line computer recorded 60 words of Information on magnetic
tape for each detected event. In addition to the ppy events the com-
puter simultaneously recorded elastic scattering events defined by
small scintillators located beyond the veto counters. These were
acquired independently in the left and right counter telescopes in
order to measure indirectly the combined target thickness, beam in-
tensity and electronics dead time. An independent measure of the
normalization was also made using a direct beam current monitor.3

The experiment utilized beam currents of 10 to 20 nA which gave
a ppy counting rate of approximately 10 per hour. About 300 h of
cyclotron beam time was required for both data-taking and calibration.

PRELIMINARY DATA ANALYSIS

We have made the conventional "'8y spectrum'' cholce, expressing
amo\anvuaovnam< as a continuous functlon of the photon polar angle
By for fixed proton angles (%p; and Qp,). ppy events were identified
by requiring simultaneous detection of two protons with measured en-
ergies approximately satisfying the ppy kinematics, i.e. that the
missing mass* My be approximately zero. The missing-mass distribution
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remain to be analyzed. Off-shell effects should be larger there and
so may be more easily distinguishable.
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