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The motivation for the study of the anti-nucleon cross section
at low energy has been discugned extensively at this conference
and allnwhere.l Despite a substantial experimental effort a number
of important questions have yet to be answered., Among them are:

a) At what energy does the fiN interaction procced mx=
clusively through s-~wave? What is the range of
annihilation forces?

b) Are there important meson resonances produced in
the direct channel of SN system above NN threshold?

A major obstacle in the study of pN at low encrgies is the
energy loss of the antiproton due to ionization, This severely
limits the track length which can be obtained at a given momentum.
Fuvthermore, the rapid change in energy and the accompanying flue-
tuations in energy loss make it difficult to ascortain tha energy
of a particular interaction. Ones way to circumvent this problem
is to “turn off" the energy loas mechaniam by using anti-neutrons
instead of antiprotons. The antineutrona can be obtained cither
directly in p-nucleus collisione or indirecctly by first isolatina
antipratons and allowing them to cherge oxchanqe (Ep s hindl. The
latter method has been used by our group at Wisconsirn to study np

using both bubble chamber and counter techniques.
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V. Scherer, D. Cline and myself have studied interactions of
antinecutrons in the BNL 30" hydrogen bubble chamber which has since
been retired.2 In a 200,000 picture exposure of the chamber to a
antiproton beam of variable momentum (500-750 MeV/c) we found
65,000 neutral “2crc-prong" interactions., 9f these about 2000 were
accompanied by an n annihilation into three or more charged parti-
cles. In the bukble chamber the likelihood of observing a zaro-
prong and an annihilation is proportional to the production of the
antiproton charge exchange crose scction and the antineutron total
cross section, Thus the charge ox ‘hange (CEX) cross section i3 ob-
tained as a by=product in the anolys’s. The CEX results aro mhown
in Fig. 1 which indicate that the charge exchange reoction remains
a significant part of the P total cross section to cnevgies quite

near threshold (100 MeV/c). We measure the p momentum and the n
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lyboratory angle only. Thus there ;s 2 two-fold ambiguity in the
cm angle and consequently in the R laboratory momentum. Fortunately
in a small number of events the ambiguity can be resolved by also
observing the elastic scattering of the neutron. The forward back=-
ward ratio for the charge oxchange reaction is shown in Fig. 2.
Because the low cnergy antinoutrons are corrolated with backward
angles, the approach to forc aft symmatry indicates tha utility of
tho charge exchange technique in producing low cnergy antinsutrons.
buring the analysis of thin experiment we became convinced
that the tochnigue of producing antineutrons coupled with a counter
detectcer would boe vory useful in the imvestipation of the character-

istics of annihilation at low energy. A pioneering experiment to



meagure np total cross section was proposed at ANL in collaboration
with J, Learned, J. Mapp, B, Gunderson and U. Camerins.3 A diagram
of the apparatus is shown in Fig. 3.

An enrlched antlproton beam was produced by the Low Energy
Separated Beam =zt ANL (Beam 42). This beam incorporated a single
stage of electrostatic separation. The resultant beam had a
(n-u}/p ratio of 50, as shown in Fig. 4 where the time of flight
spectrum of the beam particles is shown. The use of time of flight
rejection in the trigger colncidence and a water cerenkov counter
(see Fig. 3} to reject light particles reduced the 7~: background
in the trigger to ~2%. An a posterjori cut on time of flight fur-
ther reduced the background to a negligible value (Fig. 4). How-
aver, the rate of unwanted particles through the various counters
was the limiting factor in the extansion of the oxperiment to very
low energies.

The identified antiprotons were directed into a polyethylene
target in which counters 81_3 were imbadded. The production of an
antineutron was signaled by the Alsappearance of an antiproton with
no count in the lead scintillator counter A. Tha detector was com=
posed of five layers of steel and scintillator (about 1, absorption
iength). The momentum of the h is calculated from the time of
flight botween T, and the detector.

The measuremant of the cross section is made by measuring the
transmission of the antineutrons in poor geonmetry through a target,
This target consisted of a <t|l(2 heptane liquid scincillator or an

equal amount of Carbon in solid form. The hydrogen cross coction

can be obtained using the customary subtraction technique.

The “poor geometry™ transmission measurement will provide
only the inelagtic cross section. However, information on the elas-
tic scattering can be obtainecd from the active heptane target,
Recoil protons from n elastic scattering on free hydrogen are
stopped and the energy is measured by recording the pulse height of
scveral 5" photomultipliers which view the scintillator. Coherent
elastic scattering on the Carbon nuclous cen ba eliminated by its
very amall encrgy depesition. Incoherent elastic scattering is
belioved negligible becausc in a similar situation we muasure logs
than five percent of the charge cxchange antineutron production to
occur on heavy nuclnl.‘ Thus the pulse height distribution is pro-
portional to the proton kinectic onergy distributjon which in turn
is proportional to the momontum transfer t. 1In Fig. 5 we plot the
t distribution measured in this way for all the data (250 to 750
MoV/c). The solid line is the measurod siope from pp olastic scat-
tering., The agreement is qualitative but suggests that wae can
correct the inelastic cromss soctjon using the elastic cross section
and cdtain the total cross soction.

The results of the measuremont of n total cross section are
plottod in Fig, & togethor with other coxisting data., Tho dashed
line is a paramotorization of the pp total cross section by
Kalaqorououlm.5 The rosults indicate that the annihilation amp-
litudos arc predominatoly I = | at low energy. Tho solid line
ropregents the s-wavu unitarity limit and the data support the con-

clusion drawn from pp data that cven at the lowest momenta P-wave
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and higher arc very important.

In conclusicn, we have denonstrated that the technique of
using antineutrons to study vory low cncersy antihucleon interac-
tions is feasible. The limitatione of the cxperiment wurfe jhgv sied
by the besam backgrcund ratos and arce not ianherent 16 e method.
The limitations of the bubble charber oxperinont were impmacd by
the small size of the chambor which reoduces the rate and introducen
systomatic orrors in correcting for detection vfficiency. We hove
addressed this problor by a very recent oxposure cf tho ANL 12’

bubble chamber to & low enorgy p beam. We expect to make a tuch

nOre Precise “0asuroresnt usane thix ¢xcellent rerearch teel.
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ANTI-NEUTRON CROSS-SECTION MEASUREMENT
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