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ABSTRACT

It is proposed to investigate the characteristics of antiprotonic X-rays in a number
of heavy nuclei. The objective of this study is a combined analysis of observables
depending on the nuclear periphery and the antiproton-nucleus optical potential. These
observables would be gathered during the realisation of the proposed program (X-rays
level shifts and widths) and will also come from the previous neutron halo investigation
performed within the PS203 experiment. The present Proposal demonstrates that such an
analysis will substantially improve our knowledge of the nuclear periphery in heavy nuclei
and, at the same time, will substantially delimitate the parameters defining the antiproton-
nucleus optical potential. In 1995 we request 3 weeks of the beam time for this experiment

(about 105 P'/s, 200 MeVic),

) Presently at CERN, PPE Division, Isolde Group
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Figure 1. Examples of nuclear matter distributions. (a) Billiard ball nucleus with a well-
defined radius R. (b) The fermi distribution. (c) Shell model distribution.
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FIG. 11.1. The nuclear matter distribution Apm(r) for 1ZOSn given by the
BG (proton) and ZD (neutron) distributions shown in Fig. 2.2. The horizon-
tal lines show the region of the nucleus probed by various processes;

where the lines are broken the extent of the region is still uncertain.
(From Jackson 1975.)
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FIG. 1. Neutron and proton densities, derived as de-
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Level structure
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Antiprotonic atom level scheme showing how the width (T,) of
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Fig. 4. Measured shifts (with reversed sign) and widths for p-atoms.
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Fig. 6. The general view of the main parts of the experimental setup.
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The following table compares the estimate for gamma-X ORTEC and Low-Energy
Photon ORTEC detectors previously described:

Gamma-X ORTEC detector

Low-Energy Photon

ORTEC detector
(Distance 30 cm) (Distance 10 cm)
Detector surface 1892 mm? 491 mm?
Detector thickness 49 mm 13 mm
Solid angle (% 4I1) 0.16 0.34
vy-ray efficiency (200 keV) 1.0 0.8
7t efficiency 1 1
p efficiency 1 1
7 energy loss (Ex = 200 MeV) 37 MeV 10 MeV
p energy loss (E; = 50 MeV) 50 MeV 50 MeV
counting rates
(105 p stopped in the target)
X-rays 1860/sec 2860/sec
T 400/sec 850/sec
p 160/sec 340/sec
Energy deposition rate 23 000 MeV/sec 25 000 MeV/sec
Preamplifier rate limit
(from producer) 140 000 MeV/sec =30 000 MeV/sec
vy Peak /Total ratio (200 keV) 0.55 0.32
Single photopeak counting rate 102/sec 92/sec

About 106 counts in a photopeak will be collected during 5 h of measuring time with
105 pps. Pions and charged particles will overload the X and y-X detectors. For both detectors

the recovery time will be comparable so the y-X detector will perform better due to lower rate.
However energy resolution is better for the X detector by about 25 %. Plastic scintilators in
front of detectors will prevent triggering data acquisition during overload (anticoincidence).
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OBSERVATION OF ANTIPROTONIC ATOMS
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X-rays originating from the antiprotonic cascade have been observed for several elements. From the
energies of the measured antiprotonic transitions of g1 Tl, the mass of the antiproton could be determined
to be 938.3 = 0.5 MeV. With this result the masses of the antiproton and the proton are equal within 0.5
MeV with a confidence of 68 %. The magnetic moment of the antiproton shows up in a broadening of the

n=10— n =9 transition.

In this letter we report the first measurement
of X-rays originating from the atomic transitions
of antiprotons bound in a nuclear Coulomb field.

Antiprotons stopped in a target will finally be
captured into Bohr orbits of the target nuclei.
This capture is expected to take place into orbits
with high main quantum numbers. Subsequently,
the antiprotons will cascade down to lower orbits
releasing their energy by emission of either
Auger electrons or X-rays. For sufficiently low
quantum numbers, the overlap between the atomic
antiproton wave function and the nucleus becomes
so large that nucelar absorption dominates the
radiative processes and no further X-rays are
observed. According to pertutbation calculations
for nuclei in the oxygen region, the cascade is
expected to terminate with the transition n =
= 4 —n =3 at about 70 keV, whereas in heavy
nuclei such as lead the transitionn =9—-n=18
with an energy of 550 keV should be the last with
a strongly reduced yield. The energies of these
X-rays can be well calculated because the nu-
clear interaction is important only for the lowest
populated levels.

*On leave of absence from: Institute of Nuclear Re-
search. Warsaw, Poland.
“=0On leave of absence from: Institute of Experimental
Physics. University of Warsaw, Warsaw, Poland.
*=*Visitor from ETH Zurich. Switzerland.
I Present address: University of Sussex, Brighton,
England.
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Fig. 1. Experimental set-up of the beam telescope. the
target and two Ge (Li)-detectors.

A low momentum separated beam has been
constructed at the CERN Proton Synchrotron
for experiments with stopped particles [1]. In
this beam about 300 antiprotons can be stopped
in a 4 g/cm2 thick target with 7 x 1011 protons
hitting the 6 cm long tungsten production target
of the slow ejection. The antiproton beam is
strongly contaminated with 103 passing pions
per stopped antiproton. A careful identification
of the antiprotons is made with the beam tele-
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