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ABSTRACT 

First measurements of antiproton nucleus scattering and of the 
(p-p) knock-out reaction which have been made recently at LEAR are pre
sented and commented. 

1. Introduction 

The advent of the low energy antiproton ring (LEAR) that happened 
at CERN on July 1983 has open new fields which could not be investigated 
with conventional antiproton beams. Pure, high intensity (=3* 10s p/s) 
antiproton beams are now available at two incoming momenta (300 MeV/c 
and 600 MeV/c) with qualities (momentum spread and emittences) compara
ble to those of proton beams. The p beams are still being developed but 
LEAR feeds already around twenty experiments and the first experimental 
data have been already published1) by a Saclay-Grenoble-Strasbourg-Tel 
Aviv collaboration2). The detailed study of the p-nucleus interaction is 
one of the investigated subjects. 

The interest of the antiproton as a nucléon probe is twofold3) : 
i) the antiproton has specific properties which make it a nuclear probe 
complementary to the usual ones : e,p , d, a-particles, IT andK mesons ... 
ii) the nucleus may be an "useful laboratory to study the p-nucleon 
(p-N) elementary interaction and get information that is not available 
in the free p~-N interaction"2). 

The first point may be summarized as : the p is an antiparticle so 
that : i) the large total and annihilation cross sections of low energy 
p lead to very short mean free path in the nuclear matter (0.5 fm at 
0.3 GeV/c and 1 fm at 0.6 GeV/c). As a consequence, Che reaction mech
anism used to describe p-nucleus scattering is simplified since multiple 
scattering is highly inhibited. Furthermore, as the antiproton is dis-
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tinguishable from the constituents of the nucleus, exchange processes 
and antisymnetrization are irrelevant in the p*-nucleus interaction, ii) 
if one keeps apart the annihilation, the p-N and p-N interactions are 
related through the G-parity. Then comparison of p-nucleus to p-nucleus 
data for the same reactions investigated under the same conditions may 
provide an useful test of the reaction mechanisms, iii) if the anti-
proton annihilates inside the nucleus, about two GeV are released in a 
small volume with a little transfer during the annihilation. Very highly 
excited states may be obtained in a different way than through heavy ion 
collisions"). 

On the other hand, one can take advantage of the organization of 
the nucleus to probe the p-nucleus interaction. In particular, the 
ground state and excited states of the nucleus have well defined quantum 
numbers. The study of transitions between selected nuclear states may 
provide information about the spin and isospin components of the p-N 
interaction. In addition, the p-nucleus field is built from the elemen
tary p-N interactions some features of which may be probed by specific 
experimental measurements. Finally, it is trivial but worth while to 
quote that the study of the p-neutron (p-n) interaction is only possible 
in nuclei... 

Before the first experiments were performed at LEAR little things 
were known about the p nucleus interaction at low energy. Uncertainties 
in treating annihilation produce large ambiguities in the determination 
of the p-nucleus potential. In this way, real potentials ranging from 
strongly attractive to repulsive values have been calcualted5'8). Data 
used to construct these optical potentials come from level shift and 
width of antiprotonic atoms7) and from absorption cross sections9). In 
a recent paper5), it has been shown that the antiprotonic atom data are 
only sensitive to the peripheral part of the potential, and that absorp
tion cross sections are insensitive to the details of the interaction. 
New experimental data were necessary in order to constrain the p-nucleus 
interaction. We shall consider sucessively p-nucleus elastic and in
elastic scattering and the (p,p) knock-out reaction. 
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- p elastic scattering must provide information about the p-nucleus in
teraction complementary to that extracted from antiprotonic and p ab
sorption cross-section data. 

- Phenomenological analysis fits the p-atom data with two adjustable pa
rameters. Usually the geometry of these potentials is that of the target 
nuclear matter density. This does not take into account the range of 
the p-N interaction and is unlikely to reproduce data involving short-
range or medium range parts of the interaction. Large ambiguities are 
observed in the (V,W) parameters, as illustrated on fig. 1. One cannot 
make a choice between the two proposed optical potentials which both fit 
the experimental data. 

100 <»m.-omn—wT 

«30 200 
VIMtvl 

40C 

Fig. 1 -Seal (V) and imaginary (W) potential depths which reproduce p-atom 
data (from ret.9)). The solid dots correspond to the most probable mea
sured values. The open squares correspond to plus or minus one standard 
deviation. 

- The relativistic mean field theory 1 0" 1 2) predicts very deep energy 
dependent attractive potential (V - - 700 MeV). It is very interesting, since 
p-nucLeus. and'p-ttucLeus scattering are related through the G-parity. One 
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has to note, however that the imaginary part of the potential has to be 

constructed separately. 

- The other calculations involve the folding of the p-N interaction with 

the matter density of the nucleus. If the reaction mechanism is well 

accounted for by the theory, one may expect to get information either: en the 

elementary interaction or on the matter density distribution, according to 

the input of the calculation. In the Glauber-type or Kerman-McManus and 

Thaler-type (KMT) calculations, the free p-N amplitudes are used13 » 1'* , s). 

The other inputs are point proton and neutron matter densities which 

are taken from electron and hadron scattering at intermediate energy. 

In that respect, one may expect that p is a nucléon probe, complementa

ry to the ones previously used for the study of the nucléon matter den

sities, with the specificity to be elementary and sensitive to the tail 

of the density. 

Inelastic p-nucleus scattering brings complementary information. 

Predictions have been made for a variety of N-N observables 1 5 - 1 7). They 

result in imaginary parts of the N-N interaction differing qualitatively 

by the amount of their spin and isospin dependence. Fig. 2 illustrates 

this difference. Dover et al. 1 9) have suggested to test this spin and 

isospin dependence of the p-N interaction 

through p inelastic scattering to unnatural 

parity states of 1 2C. They have made DWIA 

predictions for transitions at Tg • 180 MeV 

to the 1 + , T»0, 12.7 MeV state and the 1+, 

T»1, 15.1 MeV state of 1 2C. Cross sections 

are at very forward angle proportional to 

for those two states respect a 2 and 
"cc 

100 150 200 250 300 
E(MeV) 

tively. Their calculation shows that at very 

Fig. 2 - The magnitude of various spin-isos-
pin components of the central part of the 
ÎÏ-N t-matrix as a function of energy for q«0 
(taken from ref. 1 8)). The solid curves corre
spond to the model of ref.'5) and Che dashed 
curves to that of ref. 1'). 
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forward angle, values as large as one order of magnitude may be expected 

for the ratio of the cross -sections for the excitation of those two 

states according as the Paris 1 5) or the Dover and Richard16) amplitudes 

are used. Thus additional information on the p-N central amplitudes 

should be provided through p inelastic scattering on selected states. 

In addition, one can expect that, the excitation spectra of the 

investigated nuclei will be cleaner.̂  : i) p are not constituents of the 

nuclei and cannot be emitted like protons or a-particles, ii) as pointed 

out by Garreta3) due to large annihilation cross sections of low energy 

p, multiple scattering is inhibited. Thus multi-particle-multi-hole 

states are likely to be weakly excited so that the nucléon background 

should be reduced. This should favour the study of nuclear states at 

high excitation energy. 

- The (ff,p) knock-out reaction. If the p-nucleus potential is attrac

tive, exotic nuclear p-states are possible. Calculations predict a wide 

spectrum of p-nucleus bound 9' 2 0' 2 1) or resonant statess) which can be 

observed only if their width is narrow enough. This width depends on 

the binding energy of these states and on details of the interaction 

like the strength and the range of the p annihilation in the nucleus. 

Widths of several hundred MeV have been predicted 2 0 » 9 ) although quasi 

nuclear or unbound resonant states mightbe a few MeV wide 5). This sit

uation is similar to the search of E-hypernuclei3) through the "re-

coiless" (K~,TT) reaction22) which showed the existence of unexpected 

narrow £-hyper nuclear states. The (p,p) knock out reaction is worth

while to be investigated. Speculative as the existence of antiprotonic 

states might be, their observation would provide useful information on 

the inner part of the p-nucleus potential and, consequently, on the 

p-N interaction inside the nucleus. 

p scattering measurements have been recently studied at LEAR at 

T- = 47 MeV on Li, 1 2 C and 2 0 3Pb and at T- = 180 MeV on 1 2C, ^°Ca and ? p ' 
Pb by the Saclay, Grenoble, Strasbourg and Tel-Aviv collaboration 

(CERN, PS 184 experiment). A first preliminary study of the (p,p) 

reaction has been performed at T- » 180 MeV on lzC, 6 3Cu and 2 0 9Bi. 
P 

Part of the data have been analysed. I shall concentrate on p scattering 
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on 1 2 C (at both energies), w 0Ca and 2 0 8Pb (at T- - 180 MeV) and the pre
liminary results on the (p,p) reaction. 

2. Experimental set-up 

Fig. 3 shows the experimental lay-out. The incident antiprotons 
(s 4 x loVs) were counted by a 0.36 mm thick scintillator (SI) located 
at 25 cm in front of the target. Scattered p were momentum analysed by 
the magnetic spectrometer SPES II [ref.23)J which has a momentum res 
olution of 5 x 10"*, a solid angle of 30 msr and a momentum acceptance 
of ± 18 Z. Three multiwire proportional chambers (MWPCS) j^ef.2*)} and 
a scintillator hodoscope were used to detect antiprotons. Pions pro
duced by annihilation in the target were 
discarded by a time of flight measurement 
between S1 and the hodoscope. Information 
from the MWPC, was treated on and off-line 
by a fast storage unit (SAR) jjref.25^ 
in order to provide the scattering angle 
and the excitation of the target nucleus. 
The full acceptance of the spectrometer 
was divided into 1.67s angular bins. 

WMt S«Mr CI2M2 

bags Hodoscopt 

UuadrupoU 

Fig. 3 - Experimental set-up for the PS 
184 experiment. Sitm 

AI ft» Ti Ft* 
1M|M 21 MM Short proton test runs allowed cal

ibration of the apparatus. The effective 
solid angle of the different angular bins 
has been calibrated at both, energies. The corresponding uncertainty, 
of the order of 5 7. has been added quadratically to the statistical 
error for antiproton measurements. The uncertainty on the absolute nor
malization is t 10 %. All the data have been corrected from the anti-
proton absorption in the different materials located between S1 and the 
hodoscope, for the detection efficiency and the dead time in the com
puter. These corrections are of the order of 10 %. Sending the beam 
through SPES II at zero degree allowed us to calibrate the absolute 
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scattering angle with an accuracy of 0.2*. The incident energies are 
given in the center of the target (note that for X 2 C at T - 46.8 MeV 
the energy loss in the target is = 4 MeV). The energy resolution was 
around 1 MeV. It was due to the target thickness (0.3 g/cm2 at 
T_ = 47 MeV and = 1 g/cm2 for T- • 180 MeV) but the main contribution 
P p 

comes from multiple scattering at the exit of the spectrometer, despite 
He bags were inserted between the spectrometer vacuum chamber and the 
MWPCS. The experimental conditions are summarized in the Table 1. 

Table 1 

Experimental conditions of the measurements 

T-
P 

(MeV) 

Target Thickness 
(g/cm2) 

Angular 
range 

(degree) 

Energy 
resolution 

(MeV) 

Angular 
resolution 
(degree) 

46.8 l 2C 0.318 6.7-58.3 1. 2. 
179.4 1 2C 0.87 5 -58.3 1.2 1.2 
179.7 ""Ca 0.93 5 -53.3 1.2 1.5 
180.3 2 0 8Pb 1.11 5 -43.3 1.2 2.4 

For the (p,p) measurements, target thicknesses between 1 and 
2g/cm2 were used 

3. Results and discussion 

3.1 Experimental spectra 

Fig. 4 shows an experimental spectrum obtained for 1 2C at 
T_ • 46.8 MeV at 9. . • 25°. As an example, it was recorded with 
4 x I07 p and a 0.318 g/cm2 target. The excitation of the 4.44MeV and 
9.64 MeV states is clearly seen. À cluster appears around E* » 15 MeV 
which may correspond to the 1 + , 15.1 MeV state. If one compares to pro
ton scattering data taken at the same incoming energy 2 6), one finds that 
all the p cross sections are lower than the p- l 2C cross sections (by a 
factor of 3 for the 4.44 MeV state and a factor of n*> 2 for the 9.64 and 
15.1 MeV states). The background intensity is substantially smaller Chan 
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OPh-N Sactav S82651 in the proton case : above 
9 MeV in excitation energy, i t 
i s estimated to be less than 
0.1 rab/sr MeV versus 0.66 mb/sr 
MeV at 35° [ r e f . 2 6 ) ] and 0.75 
mb/sr MeV at 25° in our p test 
measurement. 

*C • p 0 = 25° 

E,* » 46.8MeV 

7(5HtV 

4 964MtV t$.lMtV 

\ I 
J , k f̂iff M i . AviUI UnA n 

S 10 
E, (HtV) 

20 

Fig. 4 - Experimental spectrum 
for 1 2 C at T p » 46.8 MeV at 

Fig. 5 shows a l 2 C spec
trum taken at an average angle 

of 20° for T - 179.4 MeV. Although the statistics are low, many states 
p 

are likely to be observed. Low lying states are well seen but a reliable 
study of the interesting unnatural parity 1 states at 12.7 and 15.1 MeV 
requires both more statistics and a better energy resolution. The same 

+ «- --remark is valid for heavier targets. In ""Ca only the 0 2 3 5 state, 
group is observed besides the elastic peak. Fig. 6 shows a Pb spec
trum taken at T- • 180.3 MeV and <8. . > - 20.38.Only the elastic peak 

p lab 
is clearly observed. 

For the time being, most of our available data concern elastic p 
scattering. We have got angular distributions for few low lying states 
which can be injected into coupled channel calculations to bring more 
constraint to p-nucleus potentials. 

3.2 p elastic scattering 

As an example p- 1 2C scattering at 46.8 MeV will be extensively 
discussed. Fig. 7 shows the experimental angular distribution. In con
trast to the p-scattering data at 46 MeV Qref.27)J,a deep minimum is 
observed near 9 equals 40°. Several calculations are presented. All cm ^ 
the macroscopic calculations have been performed by means of the code 
ECIS fref?3)]] assuming a Woods-Saxon dependence and a volume absorption. 
Calculations made with the potentials A and C adjusted to reproduce 
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0 10 
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15 20 

Fig. 5 - Experimental spectrum for 1 Z C at T- « 179.4 MeV and <9iat,> 20' 
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203i Fig. 6 - Experimental spectrum for Z 0 8Pb at T_ « 180.3 MeV and 
< 9 U b > - 20.3°. 



- 10 -

p-atom data5) give a deep min
imum but are rather far from the 
data. A systematic study of op
tical model fits has been made. 
Real potential depths ranging 
from 10 to 100 MeV have been 
tested with the only restriction 
that the resulting reduced radius 
would be compatible with the 
known 1 2 C radius. This implies 
1 fm i rj y < 1.3 fm. Equally 
good fits could be obtained with 
attractive V values between 10 
and 50 MeV. 

In order to bring more 
constraint to the potential cou
pled-channels calculations have 
been performed including the 
4.44 MeV, 2* state. If one res
tricts the deformation length 
82R to the average values from 
the literature (the 2 state is 
oblate with 02R - - 1.8 ± 0.2 
fm) |jef.29 3 0 ) ] , the potentials 
with real depth values of 10 MeV 
and 50 MeV had to be ruled out. 
Fig. 8 displays the results for 
the 4.44 MeV state in 1 2C. The 

10* 

e 

f p . , 2C 46 8 MeV 

KMT calculation 

C.C fit 
O 0 ."C ^4 MiV 

30 s UO" 

Sen W«8> 

Fig. 7 - Angular distributions for 
p- Î 2C elastic scattering at 46.8 MeV. 
p data are drawn as full circles. 
Given are for comparison p- 1 2C re
sults at 46 MeV (open circles) from 
fref.27)3. The curves correspond to 
optical model calculations from 
|jef.5)] (dashed and dotted-dashed 
line) coupled channel optical model 
calculation (full line) and a KMT-
type calculation (dotted line). 

solid curve, on both figs. 7 
and 8, corresponds to the calculation with the following parameters : 
V - 25 MeV, r v - 1.17 fm, a y • 0.61 fm, W - 61 MeV, r y - 1.2 fm and 
^ • 0.51 fm ; in that case 82R - -1.65fm. Some ambiguities still re
main but all the obtained potentials are strongly absorbing and have 
the same values at r-3.7 f m : V - - 3.5 ± 1.5 MeV and W - - 8.5 ± 1 MeV. 
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They all present the following features : 
i) the calculated reaction cross section 
is 620 mb, i.e. 50 Z more then the geo
metrical one calculated with r "1.25 

o 
fm. This is 70 Z larger than for pro-
ton-12C scattering at the same energy, 
ii) none of these potentials produces a 
rise at backward angles, iii) in con
trast to p-scattering, p are strongly 
absorbed in the nucleus (T. » 1 up to 

0» W If 30» «T SO» «0* 70» ^ m ^\ 

Fig. 8 - Angular distributions for p- 1 2C inelastic scattering. The an
gular bin width is here 7.2°. The comments are the same as for Fig. 7. 
Proton data are from [jref.25)^. 

The dotted curve displays the results of a KMT-type calculation. 
It was done by means of the same code which were used to analyse pro
ton 3 1) and K-meson32) scattering at intermediate energies. Point proton 
and neutron densities are taken from electron33) and proton32) scatter
ing data analyses. The p-N amplitudes are from Coté et al. 1 5). A fair 
agreement is obtained with the data although the impulse approximation 
is not very adequate at this incoming energy. The KMT calculations of 
ref . 6) which have been done with the Dover and Richard p*-N amplitudes 
ref. A O)| need some interpolation in order to be compared to our data 
and are consistent with our results. 

Results at T- - 180 MeV still must be considered as preliminary 
and we shall just comment on elastic scattering. The corresponding an
gular distributions are shown Figs. 9-11. p cross-sections seen to be 
higher than the proton ones. 

Optical model calculations have been undertaken in the same 
framework as for T- • 46.8 MeV. À set of real potential depths ranging 
from V» 10 MeV to 100 MeV has been systematically tried, the others 
give parameters being varied until the best x 2 value is obtained. As a 
result, equally good fits have been obtained with real potential depths 
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E u a 
N 

as different as 20 and 70 
MeV for all the target nu
clei. All these potentials 
are strongly absorbing as 
can be seen on Fig. 12 
where the T. coefficients 
are displayed. The complete 
analysis is not yet achiev
ed but as for the.lower 
energy data analysis, there 
are common features : i) 
there is a radius close to 
the absorption radius where 
all the potentials have the 
same value for each target 
nucleus, roughly, at this 
radius W = 2V. ii) All these 
potentials give almost the 
same value for the reaction 
cross section, i.e. : 
= 500 mb, = 1000 mb and 
= 2760 mb for 1 2C, *°Ca 
and 2 0 8Pb respectively. If 
we adopt the same geometry 
as Wong et al.9) our data 
favors potentials of the D 
type for 1 2C. 

We have compared our 
results with those of the 
recent paper of Nakamura 
et al. 3 6) who have measured very forward angle p-scattering by liC, 
2 7A1 and Cu at six beam momenta ranging from 470 to 880 MeV/c. These 
data are not directly comparable to ours since only one nucleus (l2C) is 
common to both experiments, the angular range overlap is small, and 
they have measured elastic scattering plus part of inelastic scattering. 

20 30 40 50 60 
0° u cm 

Fig. 9 - Angular distributions for p- 2C 
elastic scattering at T» • 179.4 MeV. Full 
circles represent the p data and the open 
circles the p- 1 2C scattering at 182 MeV 
Ijref.31*^. The two curves represent : an 
optical model calculation (dashed line) 
the parameters of which are : V « 30 MeV, 
r v » 1.2 fm, a v » 0.52 fm, W - 176.4 MeV, 
r w » 0.95 fm and a w « 0.55 fm, and a KMT-
type analysis (full line) with the Dover 
and Richard's amplitudes'*1). 

12, 
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Fig. 10 - Angular distributions for 
p- °Ca elastic scattering at T* * 
179.7 MeV. Same comment as for Fig. 
9. The optical model parameters are : 
V-30 MeV, rv-1.225 fm, a«0.525 fm, 
W-73 MeV, *jj*1.2 fm and aw-0.56fm. 

10 20 30 40 50 
0° u cm 

Fig. 11 - Angular distributions 
for p- 2 0 8Pb elastic scattering at 
Tp » 180.3 MeV. Same comment as 
for Fig. 9. p- 2 0 8Pb data are from 
ref. 3 S). The optical model param
eter are : V»30 MeV, rv-1.225 fm, 
aw-0.65 fm, W-136 MeV, rM»1.1 fm 
and a^-0.674 fm. 

We find that their 1 2C data at 622 MeV/c are consistent with ours. If 
one compares the reaction or absorption cross sections, plotting our 
results on Fig. 2 of ref. 3 6), one finds that except the Aihara's data 
for 2 7A1 and Cu [ref.9)^ which seem to low, all the results are con
sistent (Fig. 13). 
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— * C 179.65MeV 
— w C a 179.9 MeV 
— Pb 180.3 MeV 

«,,„„ Fig. 12 - The T A coefficients for 
p- l 2C, *°Ca and 2 0 8Pb scattering 
at T^ % 180 MeV. 

Comparison has been made 
between the p-reaction cross sec
tion and the p-reaction cross sec
tion measured at 182 MeV Qref.31*)]. 
Both are proportional to A ' ,'with 

deviations when A tends to zero. Fig. 14 displays all the available data 
around P - = 600 MeV/c 

P»P 
for p than for protons. 

around P - = 600 MeV/c. The strong absorption radius is clearly larger 
P»P 
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Fig. 13 - Absorption (or reaction) cross sections for antiprotons by 
1 2 C , 2 7 A 1 , ^ C a , Cu and 2 0 8 P b are plotted as a function of the incoming 
"p momentum. Data are from refs. ' ) • 

KMI type calculations have been performed is the same framework 
as for p - 1 2 C at T- » 46.8 MeV. p-N amplitude are from either the Vin-
Mau group" 0) or Dover and Richard 1* 1). The nuclear matter densities are 
the same as for the 47 MeV data for 1 2 C , those of r e f s . 3 2 ) and n ) for 
"''Ca and 2 0 9 P b respectively. Rather good agreement is obtained with 
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Fig. 14 - The quantity /O"R/TT is 
plotted as a function of A.1'3 for 
P p r : 600 MeV/c. Data are from 
this work, refs. ' 3 6 ) for the p 
and refs.31*) and 3 5 ) for the p. 

both interactions as can be seen 

on Figs. 15 and 16 for 1 2 C and 

"•"Ça respectively. On Figs. 9-11, 

one can see that the slope of the 

KMT-type calculations is system

atically steeper than that of the 

experimental points. 
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Fig. 15 - Two KMT calculations are 
presented with different p-N am
plitudes from the Paris group (full 
line, ref.1*0)) and Dover and Ri
chard (dashed line, ref.1*1)) for 
p- 1 2C elastic scattering. 

To what extent does it mean that 

the p-N amplitudes should be mod

ified? Fig. 17,where two calcula

tions with p n / p and o n « p p are 

displayed,shows that, the calcula

ted cross section is not much sen

sitive to the details of the nu

clear matter density. In contrast, 

Fig. 15 shows that they are sensi

tive to differences in the p-N am

plitudes in the 1 2 C case, whereas 

they are not for i f 0Ca. 

This is consistent with a reaction peaked at very large radius, 

the better sensitivity of 1 2 C being due to the fact that it is almost 

a surface nucleus. 
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Fig. 17 - The calculations are not 
very sensitive to changes in the 
nuclear matter densities. 

3.3 Preliminary measurements of 
the (p,p) reaction 

Few measurements of the (p,p) reaction have been done at T_ = 180 
p 

MeV on 1 2C, s 3Cu and 2 0 9Bi targets at 0 and 40". The analysis of the 
data is still in progress but already some information is available : 
i) proton spectra are exponential-like, falling with increasing proton 
energy, ii) there is nuclear evidence of any peak corresponding to a 
p-nucleus state, iii) other processes contribute to the proton spectrum. 
One of them is the quasi free p(P,p)p" reaction on the protons of the 
target nucleus. A first estimate of the corresponding cross section 
gives too small cross sections, showing that this process is not dom
inant, iv) the dominant process is probably proton emission following 
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p-annihilation in the target**2). Cascade calculations have been made by 
several groups**3~"5) to predict proton and pion spectra through final 
state interaction of the pions created in the p-annihilation in nuclei. 
Our results are in good overall agreement with the calculation of Clover 
et al."3) for p + 1 2C at 600 MeV/c. If one describes the data as 
da/dfldE » C exp -(E/T) where T is associated with the "effective tempe
rature", T varies with the target but is found around T = 100 MeV, va
lue which is not unconsistent with the calculation of ref."3) since the 
effective temperature is deduced in the cascade model from a higher 
energy part of the proton spectrum, v) the observed near isotropy is 
consistent with the cascade calculations, vi) cross sections increase 
with the target mass. The mass dependence('v A 0* 7) will be close to the 
A 0 , i prediction of ref." 3). 

4. Conclusion 

First measurements of p-nucleus scattering have been made at two 
energies : 47 MeV and 180 MeV. Optical model analyses lead to strongly 
absorptive attractive potentials. Coupled channel calculations '.aking 
into account inelastic scattering, angular distributions to the low 
lying states bring more constraints to these potentials. The KMT type 
calculations give already a fair agreement with the data, showing chat 
Che available amplicudes for Che p-N inceraccion are reasonably good, 
specially for p-n. The calculaCions have been found not co depend 
strongly on the matter densities, but to be in some case sensitive Co 
decails in Che p*-N interaction. The systematic difference between 
theory and experiment suggests that slighc changes in Che p-N incerac
cion should be necessary. 

Good inelascic scaccering data are scill missing Co high lying 
exciced scaces. They require more beam incensicy and delicace small 
angle measurements wich a better energy resolucion. Mew measurements 
will be made under better experimental conditions. 

A first attempt to measure the (?,p) knock-out reaction did not 
show any clear evidence for any p-nucleus scace. Cross seccions for 
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these states are probably lower than the predicted ones. Important phys

ical background which is mostly due to p-aunihilation has to be minimiz

ed for the future measurements. It has been found uo be consistent with 

the cascade model predictions. It limits the search of such p-nuclear 

states to very light target nuclei. 

This work reports on the work of the whole PS 184 team. I want to 

acknowledge particularly discussions with the D. Garreta, H.C. Lemaire 

and A. Chaumeaux. 
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