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Division de Physique Théorique", I.P.N. - Orsay 91406 
and LPTPE, Université P. et M. Curie - Paris 75230 

Abstract : The present status of the low and medium energy NN interaction and of 
the low energy NN interaction is reviewed. Careful confrontation of theoreti
cal predictions with the most recent results on experimental observables is 
emphasized. The question of the dibaryon resonances is discussed. For the 
Nfi interaction, in view of the problem of the existence of baryonium states 
as bound states or resonant states of the Nfi system and of their properties, 
tests of different types of annihilation potentials against the existing ex
perimental data are examined.Implications for the future experimental program 
at LEAR are discussed. 

1. Introduction 

In this talk,I shall review some new developments that have occured since the 
Vancouver Conference in the following topics : 

i) the Nucleon-Nucleon Interaction at low energies, below the pion produc
tion threshold (Ti a D i 350 MeV). 

In this section, attention is focused on a direct confrontation of the theo
retical results with the most recent (post 1978) measurements on experimental ob
servables. The successes met in this confrontation suggest strongly that the ha-
dronic degrees of freedom (mesons and isobars) are able to provide, by themselves, 
a quantitative description of the outer part of the interaction. Arguments are gi
ven that subhadronic degrees of freedom should give a significant contribution in 
•the core region. In the course of this analysis, it is shown, through an explicit 
example, that such a direct comparison tests the quality of different models more 
severely than does a comparison of phase shifts. 

ii) the Nucleon-Nucleon Interaction at medium energies (Ti ab^ 1 GeV). 
In this section some theoretical results on inelastic processes obtained 

during the last two years are surveyed and the present situation of the dibaryons 
is discussed. 

iii) the Nucleon-Antinucléon Interaction at low energies (Xlgb * 350 MeV) 
In this section different optical models proposed for the NN interaction are 

reviewed. It is shown that the generally accepted statement that annihilation pro
cesses are of long range is, in fact, not in agreement with more recent and accu
rate data. Predictions for certain experiments (e.g. polarization) planned at 
LEAR are discussed. 

2. The Nucleon-Nucleon Interaction at low energies (T, . £ 350 MeV) 

The present status of the low energy nucléon nucléon interaction is charac
terized by the following salient features : 
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i) a vast wealth of experimental data, many of them of very high accuracy, 
are now available. For Tiab < 350 MeV, several thousand data have been accumula
ted 1). 

ii) there is an increasing evidence for a theoretical and quantitative under
standing of the long and medium range parts of the interaction in terms of mesonic 
and isobaric degrees of freedom. 

iii) it is expected that subhadronic constituents (quarks, glucns, etc..) 
should play a significant role in the short range part. 

From the theoretical point of view, as it is believed now that nucléons are 
made of quarks and gluons, purists are entitled to demand that the whole theory 
of nuclear forces should be derived from their degrees of freedom, and the appa
rent lack of unity in the above mentioned situation seems somehow disturbing. In 
fact, this situation reflects merely a feature of the confinement of quarks and 
gluons. On the one hand, for large separation distances, because of confinement, 
the nucléons can only exchange color singlet objects i.e. mesons, in the process 
of these exchanges the nucléons can also get, during part of the time, into exci
ted states i.e. isobars. On the other hand, when the overlap of the nucléons is 
important, the various constituents (quarks, gluons, etc..) can interact with each 
other and contribute to the nuclear interaction energy. The dividing line between 
the two phases might not be sharply defined and depends of course on the size of 
the domain of confinement in a hadron (large bag versus little bag). An intuitive 
image of the situation can be given by a cloudy bag 2). 

Several attempts 3 - 8) have been made to estimate the contribution to the 
NN forces from the interaction - as far as it is known - among the subhadronic 
constituents. In fig. 1, some results reported by de Tar 3) at the Vancouver Con
ference are recalled. 
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Fig. 1 
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They represent the deformation energy of a 6 quark bag into two free nucléons as a 
function of an average distance between the two clusters. If this energy is iden
tified with the potential between the two nucléons, the results indicate a repul
sive core at short distances. The calculation of de Tar is based on a relativis-
tic bag (the M.I.T. bag) with a color dependent hyperfine quark-quark potential 
due to one gluon exchange, it uses the adiabatic Born-Oppenheimer approximation 
and it considers only a single NN cluster state for the configuration path of six 
quarks from the free nucléons to the complete overlap. Other works'*"6) based on 
slightly different ingredients were also reported during the last two years. For 
example, Harvey8) calculated the short range nucleon-nucleon potential using a non 
relativistic quark hamiltonian with color dependent potentials in the same adia
batic Born-Oppenheimer approximation but considering clusters with not only nu
cléons but also other baryons like Nâ or Ai and colored states (hidden color sta
tes). His results do not show any repulsion (fig. 1). One can argue that the Born 
Oppenheimer approximation used in both previous calculations may not be adequate 
in this problem. Oka and Yazaki 5) avoided it in using the generating coordinate 
method. They calculated the S wave phase shifts and found that the quark contri
butions to both lSo and ^S\ are negative indicating again a repulsion. However, 
they allowed only a nixing of nucléon and A channels and the possibility remains 
that inclusion of hidden color states could eliminate this repulsion. In brief, 
the available results on the short range nucleon-nucleon forces from quark models 
are still uncertain. However, the issue, I believe, is important enough to deserve 
further efforts for a thorough study of the subject. 

Fortunately, in the meanwhile, a provisionnai phenomenological description of 
the short range forces is made possible with the constraints provided by the rich 
body of existing experimental data. The Paris NN potential9) is constructed by 
using such a possibility. Namely, it contains a theoretical long and medium range 
part which is carefully derived from the mesom'c and isobaric degrees of freedom, 
and a short range part which is provisionnally parametrized in a phenomenological 
form, the parameters of which ar>e adjusted to fit the world NN data set for 
Tlab £ 350 MeV. This set of 913 pp data for the energy region 13 MeV<Tiab<350 MeV 
and of 2239 np data for the energy region 13 MeV < T-|aD < 350 MeV includes new 
measurements on cross sections, polarization, Uolfenstein parameters and spin 
correlations performed during the last two years 1 0). In a very recently published 
paper, Lacombe et al. 1 ) compare these new data with the Paris potential results. 
Some examples of this comparison are displayed in figs. 2 and 3. 
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Fig. 2 (a) The analyzing power in pp scattering. The solid lines refer to the 
Paris potential predictions. The dashed line to the MAU-X phase shift analysis. 
Experimental data are from Bittner et al., Hutton et al., and Lovoi et al. 1 2) 
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ry kinetic energy, The rsfs. for 
experimental points can be found 
in Tornow et al. 1 2). 

Fig. 2 (c) np polarization at 14.2 and 
16.9 MeV as function of c m . angle. 

The very good fit, both for pp and np scatterings, of the very accurate polariza
tion data at low energies (6-20 MeV) 1 2) shown in fig. 2 is of particular interest. 
At these energies, the polarization depends mostly on the P and higher waves which, 
in turn, are mainly given by the medium and long range part of the interaction, 
the theoretical part in the Paris potential. 
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Fig. 3 (a) pp polarization and Wolfenstein parameter A. 
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Fig. 3 (b) np differential cross section and polarization. 

The fit yields a total x2/data of 1.99 for pp scattering and of 2.17 for np scat
tering, to be compared, for reference, with the values of 1.33 and 1.80 of the 
most recent phase shift analyzis by Arndt et a l . 1 3 ) . The total x2/data of the 
same set of data was also calculated by Lacombe et al. for the Reid soft core po
tential, they get the values of 4.76 for pp scattering and 9.99 for np scattering. 
As they emphasized, this mediocre score of the popular Reid potential which, other
wise, gives avery good fit of the phase shifts, suggests strongly that, for an accu
rate quantitative test of models (theoretical or phenomenological), it is more de
cisive to proceed directly through observables rather than through phase shifts. 
Up to now, comparison of various potential models is only made via the fit of 
phase shifts. For example, in Table I, are listed the x2/data values in fitting 
the MAW phase shifts 1't) obtained by some potentials : the one boson exchange po
tentials of Holindeand Machleidt (HM115) and HH2 1 6)), of de Swart et a l . 1 7 ) , the 
Reid soft core potential 1 8) and the Paris potential. Although they are of different 
sources, the quality of their fit of the phase shifts is very comparable. 

Potentials HM1 HM2 de Swart Reid Paris 

x2/data 3.10 2.77 2.17 2.4 2.5 (pp scattering) 
3.7 (np scattering) 

Table I 

This leads some people to think that on shell properties of the scattering ampli
tude (i.e. physical observables) are unable to settle the choice of different po
tential models, only the off shell behavior could do so. Besides the fact that 
off shell extrapolation procedures are far from being unique, the fit of observa
bles as done in reference (11) for the Paris potential and the Reid soft core po
tential provides a counter example to this statement. It would be a good idea for 
potential model makers to confront their results with experimental observables ra-



ther thn with phase shifts. 
Finally, another assessment of the ability of the mesonic and isobaric de

grees of freedom in describing the medium and long range parts of nuclear forces 
is shown in fig. 4. , 
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Fig. 4 the solid lines refer to the complete potential, the dashed lines to the 
theoretical (n + 2rr + <o + A,) potential. 

In this figure the theoretical (n + 2n + m + Ai) exchange potential is compared 
with the full Paris potential for two examples, the triplet central potential, 
T=l and the tensor potential, T=0. Deviations of the long and medium part from 
the full potential occur only at distances r < 1 fm. This suggests that we have 
gained during the last few years a reasonable quantitative understanding of the 
low energy NN interaction for interdistances larger than 0.8 - 1 fm and that any 
ultimate theory of strong interactions should recover the same results in that 
region. 

3. The Nucléon Nucléon Interaction at medium energies (T, bg 1 GeV) 

In this energy range, experiments indicate that multipion production is ne
gligible. The open channels are then : 

NN -• NN (elastic) 
A 3 3 N 

•* nNN {one pion production)=D M 

•* nd (pion-deuteron) 

In most, if not all, of the theoretical works devoted to the subject, the 3-
body final state nNN is approximated by quasi 2-body states {A33N and P11N) follo
wed fay a decay of the isobars (Û33 and P u ) into a pion + a nucléon. Within these 
approximations, the natural procedure is to use a multichannel formalism with the 
following amplitude : 
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NN 

Ni 

Ni 

Ni 

NN -• NP 

nd -»• Ni 

11 NN •* nd 

Ni -<• nd 

nd •»• nd 

whose different channels are coupled by a set of integral equations, of the form 

/ > T= V + / VGT 

The driving term V contains the dynamical inputs, the Green function G describes 
the nature of the intermediate states retained in the calculations and the way 
those states propagate. 

During the last two years, a large amount of theoretical papers on single 
pion production in NN scattering, en pion absorption by deuteron or its inverse 
process, NN •* nd, and on pion deuteron elastic scattering, have been published' 9). 
They are essentially based on the above coupled integral equations although the 
formulation could be made different. For example, Afnan, Avishai, Blankleider, 
Fayard, Kloet, Koltun, Lamot, Mizutani, Rinat, Silbar, Thomas consider these equa
tions as resulting from the coupling of a 3 body scattering amplitude to the NN 
channel, Laget considers them as equations arising from a multichannel S-matrix 
theory and Betz, Coester, Lee derive them from a relativistic hamiltonian. 
Anyway, whenever practical calculations are performed, the underlying physical 
assumptions for the inputs are very similar : the 2 body interactions which appear 
in the equations, namely, the nN and NN interactions are assumed to be dominated 
respectively by the A33 and P u resonances and by the one pion exchange. The other 
dynamical ingredients, apart from the nN and NN amplitudes, are the nNN, nNi and 
the deuteron form factors. The relevant set of integral equations can then be re
presented diagrammatically as in fig. 5. 
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Fig. 5 



where the different elements of the reaction matrix T J I , Ti2»--. etc.. correspon
ding to different channels are represented by different drawings. In this figure, 
we only keep the matrix elements corresponding to the channels where experimental 
data are available, i.e. 

"* N i33| 

-> N P > n N N 

•» nd 

and nd -» nd 
We have omitted to draw the channel NN •* NPJJ, as the P,, resonance is treated in 
most papers as a nN bound state with the same quantum numbers as the nucléon. In 
principle, the above set of integral equations should be solved as a whole to 
yield the amplitudes of the four processes NN •» NN, NN •* nNN, NN -* nd or its in-
vf- e and nd -• nd. However, different groups emphasize different reactions. For 
e;.<. Die, to quote only the most recently published works, Kloet and Silbar 1 9) 
concentrate on pion production 

NN •* NP,j) 
ilU nNN - Na J 

while Afnan and Blankleider 1 9) and Fayard et al. 1 9) consider 
NN - NN 

•+ nd 

and nd •+ nd 
Therefore, in these two cases, the above set of integral equations is truncated 
differently (e.g. Kloet and Silbar do not include the coupling of the nd channels). 
Also, Kloet and Silbar use relativistic kinematics (à la Blankenbecler, Logunov, 
Sugar and Tavkhelidze) while Afnan and Blankleider and Fayard et al. use non re
lativistic kinematics for the nucléons. A systematic comparison of the results 
obtained by the different groups in all the channels NN •* NN, NN •*• nNN, NN * nd 
and nd •+ nd is an uneasy task since, as mentionned earlier, different groups are 
interested in different reactions. Moreover, the details of the inputs used in 
different calculations are not the same (e.g. the P u nN partial waves are trea
ted diversely). 

For the pp •* n d and nd •* nd, the theoretical results are in good agreement 
with experimental unpolarized cross sections but the agreement is only limited 
with polarization experiments. It is found that the results are rather sensitive 
to the choice of the Pji amplitude and whenever comparison of the results of dif
férents groups is possible, discrepancies are attributed to the particular choice 
of this Pji amplitude. 

For the NN channel, the phase shifts were calculated by all the above men
tionned groups and some samples are shown in figs. 6 - 8 . 
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A careful Uok at these results reveals some discrepancies. The complexity of the 
equations is such that it is t =ird to detect their origin. As far as comparison 
with empirical phase shifts is concerned, the agreement is satisfactory at low 
energies and for the high partial waves but not so good at higher energies (Tiab > 500 MeV) and for the'low partial waves. One obvious origin of Mrs lies in the 
use of the OPEC as NN driving forces. Shorter range forces due co heavier meson 
exchanges have been considered by Kloet and Silbar 2 0) who found some improvements 
(fig. 9). 

• ' | K > I • • • • I I ' • • ' I 

05 10 15 20 25 OS 10 15 Z.0 2S 

TWGeV) W G e V ) 
Fig. 9 Solid lines represent previous results obtained with the OPEC. Dotted, 
dashed and dash-dotted curves correspond to various models for heavier mesons 

exchange. 

4. The Problem of Dibaryons 

Since it was suggested 2 1) that the Argonne experiments22) on the spin 
dependent total cross sections yield some evidence for the existence of dibaryon 
resonances in the medium energy range, the above mentioned groups also addressed 
themselves to this question. They examined the Argand diagrams of their partial 
waves and found that they show loops in the ^ 2 and ^F3 states, and to a lesser 
extend,in the 1G4 and Ŝn, states (fig. 10) . 
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1 3 Fig. 10 (a) Argand diagrams for the D- and F, partial waves obtained by Kloet 
and Silbar 1 9; 

0A- 1D2 

•0A 3p 
r 3 

| 0.3-
Imf Imf 

•0.3 

0.2- •0.2 

0.1- •0.1 

-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2 
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Fig. 10 (b) Argand diagrams for the D- and VF, partial waves obtained by the 
Lyon group 2 1 1) 

O O.I 
Re X N N 

Fig. 10 (c) Argand diagram for the D„ partial wave obtained by Afnan and 
Blankleider 1 9) 



12 

However, it con be argued that the existence of loops in the Argand diagrams is not a sufficient condition for the existence of resonances. These loops could be a mere reflection thtt cross-sections present bumps or oue to the opening of strong inelastic thresholds (here the NA threshold) which can also cause bumps 2 3). Before firm conclusion, one should, at least, look at the existence of corresponding poles in the 2nd sheet of the complex energy plane near the real axis. None of the previous groups has done it. However, Kloet and Silbar have studied the convergence of the Neumann series and the Lyon group21*) the convergence of the Padé series -for their partial waves. They conclude that there is no pole in the partial waves since their series converge rapidly. The same conclusion was reached by Afnan anc! Blankleider in investigating the eigenvalue trajectories. 
The search for poles in the S matrix was performed recently by Edwards, Kamal and Thomas 2 5)- 2 7) and by Arndt et a l . 2 8 ) . The S matrix is written in a coupled channel form : 

S(s) 
/ 2 i M s ) 2 1/2 n"(sl + 62> \ I n(s)e 1 i(l-n Z) 1 / Ze l Z 

\ , n ZA/Zjth + V 2 1 s 2 < s > / 
\i(l-n ) e ne / 

1 3 where &, represents the D„ or_ F 3 pp phase shifts 
5 5 6„ represents the S~ or P, NA pi.ase shifts 
2 s : (total energy) in the CM. system. 

The above expression of the S matrix couples only the NN and NA channels but the effect of coupling the NN, NA and nd channels is also discussed in reference 
Z 7 ) . The successive steps of the analysis are as follows : 

i) Remove the kinematical singularities by relating the S matrix to the T matrix 
S(s) = 1 + 2ip 1 / 2T(s)p 1 / 2 

, 2 q . ] 2 L i + 1 

with p. = » — - I (the index i referring to the channel) 
: s 

q. : CM. momentum of a baryon 
L. : orbital angular momentum 

ii) Approximate the T matrix by a K matrix form 
T/c\ K(S) 
T< s> = 1 - C(s)K(s) 

where C = Chew-Mandelstam function, ImC = p 
iii) Parametrize K{s) as a polynomial in s 

Kij " aij + b i / + c i / 1 3 The free parameters a-.,, b.., c-. are determined by fitting the D, and F, pp 
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phase shifts. In Fig. 11 is shown an example of such a fit as performed in - e f 2 e ) . 
One should note that there is no constraint from the NA channel since 6-(s is 
un> nown. 

1 3 
Fig. 11 K-mat-ix fit to the D2 f id F3 nucleon-nucleon partial waves of Arndt et 
al. Continuou line is the fit to the phase shift 6 (in degrees) while the broken 
line is the fit to the inelastic parameter n.T|_ is laboratory kinetic energy of 

the incident nucléon. 
iv) Analytically continue l(s,i in the complex plane and search for poles near 

th-, real axis. 

The characteristics of the poles found are given in Table II : 
Ref. ? 6) Ref. ? 7) Ref. 2 B) 

M R = 2.14 - 2.16 GeV M R = 2.04 - 2.05 GeV 

\ 
r R = 70 - 220 MeV 

r = 10 - 60 MeV 

r ? = 60 - 160 MeV 

r R = 200 - 240 MeV 

elasticity : 0.15 - 0.20 

M P = 2.18 - 220 GeV M p = 2.18 - 220 GeV 

3 F h 3 r l = 
r 2 = 

50 - 160 MeV 

5 - 95 MeV 

40 - 95 MeV 

r R = 120 - 140 MeV 

elasticity : 0.1 - 0.2 

The interpretation of those poles as dibaryon resonances remains still subject to 
uncertainties, related to ambiguities arising from the K matrix parametrization 
(remember that no constraint ir provided by the unknown Nû phases). Another major 
question is the effect of the left hand cut dynamics. For exampje in reference 2 5) 
this left hand cut dynamics was approximated by the one pion exchange and the one 
boson exchange, and the resulting ID2 amplitude shows the standard resonance-like 
features but has no complex pole. Finally it should be noted that although poles 
were found in the previous calculations no dynamical explanation for them was 
provided. 
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5. The Nucleon-Antinucléon Interaction at low energies (T, a b < 350 MeV) 
The interest in the study of the NN interaction has been revived some .years 

ago by the experimental discovery of narrow width bosons strongly coupled to the 
NN system, the baryonia. Although the existence of these narrow baryonium states 
seem now to be questionned by more recent experiments 2 9), this interest still re
mains and is shifted towards the question of understanding the NN interaction it
self. 

Theoretically, on the one hand a baryonium state can be viewed as a state of 
2 quarks and 2 antiquarks confined in color singlet system. This multiquark 
approach has been reviewed by Chan at the Vancouver Conference. On the other hand, 
a baryonium can be, in a more conventionnel way, viewed as a NN bound or resonant' 
state produced by an optical potential 

VNN = UNN " i WNN 
where the real part U,,n describes the NN elastic scattering and the imaginary part 
W Nn accounts for the ' NN annihilation processes. 

In contrast with the multiquark approach which confines itself in the spectro
scopy of baryonium states, the optical potential approach has to deal also with 
scattering and reaction observables (cross sections, etc..) besides the bound and 
resonant states. As the experimental situation is presently unclear I shall,in the 
fol lowing,leave temporarily aside the question of baryonium states and shall ra
ther concentrate on the comparison of results of different optical models with 
the existing experimental data on proton antiproton total, elastic, differential 
cross sections and polarization. In fact, the amount of these existing data is far 
from being negligible. A compilation of 870 data can be collected 3 0). Some of 
them 3 1),") are very accurate. 

It is well known that the real part Ufjfj can be derived from the nucleon-
nucleon potential via the G parity transformation provided the latter is due to 
particle exchange. As already seen in Section 2, the long and medium range parts 
of the NN potential which, moreover, seem to be theoretically well founded, satis
fy this property, while the short range part is, at present,_still phenomenologi-
cal. Correlatively , we recover the same situation for the NN potential, namely 
the long and medium range parts are known from theory whereas the short range is 
not.Concerning the imaginary part UfiRiVery little is known except that it is given, 
from unitarity, by annihilation diagrams of the type shown in fig. 12 where the 
intermediate states are meson states. 

Vf,*,* 

Fig. 12 
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Dispersion relations give : 

W N S(s.t) 
J f-t 

2 2 
where s = (pi + ni) , t = (pi - pj) and m = nucléon mass.Since the intermediate 
states are meson states with different masses, the spectral functions p's are ex
pected to be strongly dependent on s, and the resulting potential Wfjfj should be 
non local, and for fixed energy of short range (̂ l/2m = 0.1 fm). This last pro-
perty is due to the fact that the lowest mass of the systems which can be exchan
ged in the t channel is 2m independently of the nature of the intermediate states 
in the s channel. This general property of WNM beinq non local or at least state depen
dent (energy,angular momentum,etc.)and short ranged in a local approximation should be 
respected by any realistic model 3 3). The first optical model for the NN interac
tion was proposed by Bryan and Phillips31*) where UNJJ is the G parity transformed 
of the Bryan-Scott QBE potential and where WN.N is assumed to be local and state 
independent : 

W„ 
W„a = 

1 + e 
r/rn 

rç is taken to be 0.17 fm, compatible with the short range property as it should 
be. However, in order to fit simultaneously the elastic and annihilation cross 
sections Wo is found to be 62 GeV. With these values for Wo and ro, WNN =• 150 MeV 
at 1 fm, wl"'ch is effectively a long ranged potential. The results of this parti
cular model have led some people to consider this characteristic as a quite gene
ral property. More recently, Dover and Richard 3 5) use for V«,jq the following form : 

t ann 

where V.(r) = 
V N

Pf S(r 1).r<r 1 

v S r 1 s ( r ) . r > r j 

r/r n 

with r : = 0.8 fm 

a n d vnnn< r) = "(Vfi + ™t))/V + e ") with r n = 0.2 fm 

By fitting the shapes of the integrated elastic, total and charge exchange cross 
sections (o e l, o t o t = a e 1 + aam, a c £ ) they found V Q = 18 - 21 GeV and W Q = 20 

GeV. This gives still a long ranged effective annihilation potential. Also, with 
such values of VQ, their phenomenological real "short range" part modifies signi
ficantly the long and medium range part V^ even at distances as large as 1 fm. 
With effective long ranged annihilation as those of references31*),") the bound 
and resonant states produced are ver;/ broad as shown by Dalkharov, Gerstein, 
Myhrer and Thomas 3 6). 

An annihilation potential arising from multipion intermediate states but grouped 
in clusters as represented in fig. 12 has been studied by Moussallam 3 7). His cal
culations yield a non local potential : 

(' Pi(s.t') 
W N f i(s,t) = zaA 2 -J dt' 

m i^Mni t'-t 
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where the a^ s are the usual invariants (central, spin-spin, spin-orbit, tensor quadratic spin-orbit).The actual expressions of the spectral functions pi's are quite complicated but, in the local approximation where s is held fixed when takinp the Fourier transform, the spatial dependence of the different components of % is mainly of the form : f(s)K0(2mr) with K 0 = modified Bessel function of the second type. Before treating the complete problem with the previous non local potential one could try a phenomenological but simpler model possessing all the same physical properties. For example, the following parametrization : 
„ ,T , Ko<2mr) f 1 " V°? lW Tlab' r> = ~ V 1 + a n T

l a h ) ( — > 2mr 
+ fl<* + al Tlab) 

3 + o, .o. 

+ g t.t + h s 12 
is of short range but energy and state dependent. In a communication at this Con-«n 6M Cw' ^lle e t a 1 - 3 0 ) m a d e a f i t of the available pp 870 data points for T 1 a b < 360 MeV with such an imaginary part of the optical potential, the real part being similar to the V t of reference 3 5). Preliminary results give a x

2/data = 3 , a better fit than the ones obtained with the models of references3''),35) Some results of the fit for different types of observables ( a . , , o ,, do ,/dn, polarization) are shown in fig. 13. t o t e 1 e' 
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Fig. 13 (a) 
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Fig. 13 (b) 
The model of reference 3 0) provides, at least, a counter example to the belief that 
the fit of the pp data require a long ranged annihilation potential. It can be 
seen from fig. 13, that the variation of the polarization with respect to angles 
is very model dependent and it is hoped that more accurate polarization measure
ments planned at LEAR could settle even more clearly the choice of theoretical mo
dels. Also, other observables like Wolfenstein parameters, spin correlations, 
e t c . , can be calculated which provide the possibility for further tests when 
polarized antiproton beams will be available. 
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