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ABSTRACT

Recent results from LEAR experiment PS187 are gresented. Pre—-
liminary data for the inclusive production of oK , and p from the
annihilation of 180 MeV entiprotons in 2854 and }38U are compared
with predictions of intranuclear cascade calculations. Proton and
pilon production aata are well veproduced by the calculations, but
kaon yields at low momenta appear to be strongly suppressed in the
experimental data.

INTRODUCTION

One of the primary goals of LEAR expgrimint PS187 is to measure
the features of light charged particle (", K7, », d and t) produc~
tion following the annihilation of antiprotons on a variecy of
nuclei. This study of the inclusive spectra is aimed at determining
whether or not anything unusual (above and beyond the known p-N, 7-N,
A-N and N-N interactions) takes place in p-nucleus annihilations. 1In
particular, the study of the K+ spectra is of interest, since these
kaons are produced only in the annihilation process and should travei
relatively undisturhed through the nuclear mecium, due to the small
K'=N interact.on cross secticns. Thus, th: Kt may carry cleaner in-
formation on the annihi ation process inside nuclei than is the case
with pions. These data are to be cumpared to the pr?dﬁctions of
Monte Carlo Intra Nuclear Cascade (INC) calculations '“ which provide
a quantitative simulation of the conventional physics expected from
low energy antiproton annihilastions in nuclei.

EXPERIMENTAL ARRANGEMENT
A broad range spentrometer, depicted in Fig. l3 zas developed
’

for the experiwent. and tested at LAMPF and TRIUMF. It consists
of a circular dipole magnet, B8l cm in diameter, with a pole gap of
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PRIMARY SEAN PATH

Fig. 1. Schematic diagram of CALLIOPE spectrometer.

12.7 cm and a magnetic field of 1.2 Tesla., Targets were placed in a
vacuum chamber in the pole gap at the center of the magnet. Six
detector modules consisting of a pair of x,y position sensitive gas
counters, 10 cm apart from one another, together with a glaat!c gscin-
tillator (AE) and a plastic threshold Cherenkov detector” asurround
the pole gap. These detector modules provide position, time of
flight, energy loss and Cherenkov information., Together with the mo-
wentum and scattering angle obtained from the reconstruction of the
particle trajectories, they aliow for the identification of w, K, p,
d and t, The beam is countaed by a thin scint.llator (Sl), and event
triggers are Jdefined by the combination s '32°AE'§ + The electronics
and data acquisition system are capable o% acquiring data at a
sustained rate of 1000 events per second, with minimal dead time.
This spectrometer lggtem provides angular acceptance of ~1/2 sr, an-
gular coverage of 0 < elab < 180" and momentum acceptance of

0¢1 < pygp < 145 GeV/e.

INTRA NUCLEAR CAS7ADE MODEL

In order to search for any "exotic'" effects in the experimental
data, a reliable celculation of the known phylic’ &s required. We
fiave chosen to use the INC code of Clover et al.''“ which was devel-
oped to treat low energy antiproton-nucleus interactions. This com-
puter code is a modtf’ed version of the INC code ISABEL written by
Yari{v and Fraenkel,™’ Annihilations were included by taking the ex-
perimental characteristics of nucleun-antinuclieon annihilation and
scattering anu allowing the resulting particles to cascade through



the nccleus in the conventional way. All of the known pion and kaon
branches are Included in the annihilation channels.

ACTIVE Si TARGET/DETECTOR

The use of an active target, like a Si detector, beside offerinug
a clean way of scaling the beam on target and efficiently rejecting
most of the background events, promises to allow selection of central
annihilations. Using the results of the INC calculations, the total
amount of charged particle energy deposited in the Si detector gubse-
quent to an annihilation can be determined. This is performed by
calculating the energy loss of each charged particle emitted from the

nucleus as it propagates through the Si wafer.
the incident p up to the point of annihila-

cludes ghe QE/dx from:

tion: ¥, K” and p emission from the INC calculation; p, d, t,

The computation in-

3He.

and a production from ninclear evaporation; and the recoil energy of

the residual nucleus.

The result of this calculation indicates that in the cases in
which a large Si pulse is obtained, most of the Si signal is due to
cascade protons and evaporation particles, thereby reflecting the
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Fig. 2. Annihilation probability

as a function of annihilation ra-
d{us calculated using the INC model
for the interaction of 180 MeV p +
2854, The solid histogram fo for
all events, while the dsshed his-
togram is for events which depos-
ited greater than 80 MeV in the Si
detector.

amount of excitation deposited
in the nucleus by the annihi-
lation process. This quantity
in turn 18 quite sensitive to
the depth at which the annihi-
lation occurred inside the
nucleus, since annihilations
near the surface deposit the
least amount of excitation
enetgy in the nucleus, The
correlation between the Si de-
tector gignal and the annihila-
tion radius 1is shown in Fig. 2.
It is apparent that by choosing
events with greater than 80 MeV
deprsited in the Si datector
(the dashied histogram), the
annihilations which take place
on the nuclear surface can be
rejected and the resulting data
set will contain events for
which the mean annihilation
radiuvs {1 ineide the half den-
sity nuclear surface.

EX2ERIMENTAL RESULTS

In Fig. 3 the angle integrated momentum distributions are pre-

sented for "
28g4 and 238y,

and p produced in the interaction of 180 MaV p with
The solid histograms are the experimental data, while
the dashed lines represent the INC calculations.

A striking feature

is observed in the pion momentum distribution; the spectra show

*
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Fig. 3. Angle integrated momentum distributions for " and P
following the interaction of 150 MeV p with 2854 and 238, The
solid histograms are the experimental data while the dashed
histograms are the result of INC calculations.

two bumps, one at high momentum which corresponds to primordial pions
produced in the snnihilation and another at low momentum which is
presumably due to pions that formed deltas and reappeared at lower
energies. This structure is well reproduced by the INC calculation
for both target masses, with the exception of the £it at the highest
pion momenta. The distributions from uranium and silicon show iittle
difference other than the slopes ai high momenta being steeper for
uranium, which reflect the surface nature of the annihilation and the
lurger interaction probability for fast pions in uranium relative to
silicon, respectively. Angular distributions of the pions (not shown
here) show that the low energy pions are emitted isotropically from
the targets, wvhile the high energy ones appear to be coming from the
rest frame of the nucleon-antinucleon system. These distributions
are also well described by the INC results.

The proton momentum distributions are relatively featureless
with a broad maximum at low momenta. The shape and magnitude of the
distributions from Si and U are again well fit by the INC calcula-
tions which confirms the belief that the protons receive their kinet-
ic energy primarily via the path of delta formation and absorp.ion:

"4+ N=+A (1)
A+ N=+N+N (2)

Little dependence of the shapes of these distributions upon target

’



mass is observed other than the slope at high momenta again being

staeper for uranium.

Angular distributions of the protons are

generally isotropic, which 1z consistent with the mechanism shown
above and is well reproduced by the INC calculations.
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Fig. 4. Angle integrated momentum dis-
tributions for ** and p following the
intera:tion of 180 MeV p with 2851,
gated by an energy depositicn of
greater than 80 MeV in the Si detector.
The solid histograms are the selected
experimental data and the dashed histo-
grams are the selected results of INC
calculations.

occurring in p-nucleus annihilations.

In Pig. 4 the momen-
tum distribution for **
and p from Si gated by a
large signsl (E > B0 MeV)
in the Si detector are
compared with the gated
results from the INC
model. The shapes of both
experimantal distributions
are similar to the ungated
data discussed previously
but are depleted at high
momenta and enhanced at
low momenta. Thus the net
effect of gating the sili-
con spectra to select
smaller average annihila-
tion radii is somewhat
similar to choosing a
heavier mass target, as
has been observed for
uranium. The INC model
results fit the selected
Si dara to the same degree
of accuracy cbtained
earlier for the unselected
data. Nothing unexpected
is observed in the spectra
as a result of selecting
annihilations that occur
primarily inside the half
density nuclear radius
versus ourside this radius
for the ungated events.

Thus by considering
only the experimental
measureme.ta for protons
and pions, one would be
forced to conclude that
nothing unexpected is

Most of the annihilations are

taking plice on the nuclear surfacc and once the annihilation occurs,
the pions formed appear to irnteract primarily via the delta resonance
pathwvay. However, the preliminary experimental kaon momentum distri-
butions, shown in Fig. 5, are not consistent with the predictions of
the INC model; the experimental data are ~4 times lower than the
model calculations at ~200 MeV/c momentum. At much larger momenta
the agreement is excellent. The shape of the experimental spectrum
is even inconsistent with rhe shape of the known primordial kaon
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Fig. 5. Angle integrated momentum dis-

tributions for K producticn from the
interaction of 180 MeV p with 2851 and

38y, The solid histograms are the ex-
perimental data and the dashed histo-
grams are the result of INC calcula-
tions.

distribution direct from
the p-N annihilation;
there simply are too few
low momentum kaons in the
experimental data. This
may be a signal that the
kaon branches of the
annihilation channel are
strongly affected by the
nuclear medium, perhapse
due to a change in con-
finement scale as gas been
recently suggested” ss the
causze of the EMC effect.
It was not possible to
select the kaon events
according to annihilation
radius, using the Si de-
tector pulse height, due
to inadequcte statistics.

CONCLUSTONS

Pion and proton pro-
duction data from the in-
teraction of 180 MeV p
with 2851 and 238y are now
available. In general,
these experimental meas-
urements are well repro-
duced by conventional
Intra Nuclear Cascade cal-
culations, even when
annihilations believed to
occur inside the half den-
sity nuclear radius are
gselected. Preliminary

date for k' production are inconsistent with INC calculations and

with free p-N annihilation data.

'S production appears to be sup-

pressed for low momentum kaons produced in p-nucleus annihilations.
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