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I have been asked to give a brief report on the progress of the dispersion 
theoretical approach to the two nucléon Interaction. Indeed, during the last few 
years, this approach has been successful in providing a good understanding of the 
NN forces - at least for long and medium ranges - and at the same time a good 
quantitative fit of the data. The fact is noteworthy since the whole scheme is 
based on properties as fundamental as unitarity, analyticity and crossing. A 
rather detailed account was reported last year at the Vancouver Conference1 and 
to avoid repetition, I shall limit myself here only to the progress which has 
been achieved during the elapsed year. 

Defining the nuclccn-nucleon channel (direct or w channel), as : 
nl + Pi + n2 + D 2 ' t n e unltarlty condition in the crossed (nucléon antinucleon) 
t channel is : 

m < F j P ^ T l n ^ « £ <p~1P2|T
+|a><a|T|n1n^> (1) 

a 

where the states |o> possess the_same quantum numbers as |njU2> and |p 1P2
> 

(i.e. |II>, |2II>, 13IT>, ... , |KK> e t c . ) . It expresses that the two nucléon 
interaction is mediated by the exchange of particles or systems of particles in 
the crossed channels. Knowing the imaginary part of the NN amplitude given by 
the unitarity condition (1), it is natural to exploit the analyticity properties 
to write a dispersion relation which relates the imaginary part to the amplitude 
itself and then crossing relations to pass from the NN amplitude to the NN 
amplitude. The procedure enables the computation of the nucleon-nucleon scattering 
amplitude in terms of the NN •*• 211, 3JI amplitudes, etc... which in turn can be 
obtained from the IlN •* IIN and IlN •* TUBS amplitudes etc... by crossing 
properties and analytic continuation. 

The successive terms of the unitarity relation (1) correspond to the 
one pion exchange (OPE) contribution, the two pion exchange (2IIE) contribution, 
etc... After the long range forces given by the OPE, the next longest range 
forces are due to the two pion exchange (2IIE). in the dynamical calculations 
described here, the underlying belief is that most of the medium range forces 
are correctly given by the 2IIE when the latter is properly determined. Also the 
hope is that the long and medium range forces if accurately known provide strong 
enough constraints to leave little freedom for a phenomenological determination 
of the short range part of the interaction. 

The main task is therefore to perform an accurate calculation of the 
2ITE contribution. The actual formalism is quite intricate and can be found, for 
example, in Ref. 1). However, superficial arguments have led, in the past, 
to misleading statements in this matter. In order to settle the situation and to 
provide a simple insight into the method and the physical inputs, let me remind 
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briefly the different steps of the argument : the 2 n d term ocouring in the unita-
rity condition (1) (the 2IIEC) can be easily shown to be : 

p2n{w,t>£/" <p1P2|T
+|2n><2n|T|n1n2> 

*>ZM+»\tf**mM\\lcoS9v) (2) 

where f y ^ are partial wave helicity amplitudes, 

t and w are (total energy)2 and (momentum transfer ) 2 

in the MJ+2II channel. 

Since pojr has to be inserted into a dispersion integral with an unphysical 

region for the variable t It) 4p 2), one can use the analytic properties of 

fj' 2 I Ito write the following dispersion relation : 

50u2 JIIMUt o NN*2Il 

in f^lt) - £ — i df +|j -S df • R(t> (3) 
* " / f (f-t) " J f (t'-t) 

' 4y 2 -A 

where *» is the phase of_f£ and where the unitaritycondition has 
been used again to identify &F+ 31 with the im phase shifts 6]p+"11 , for 
4u2<t'<50u2. 

In the first term of Eq. (3), 6% can be taken from theoretical models 
or from expérimental studies (IlN+IfllN, Ka. decay, e+e"-*HH , nucléon form factors 
etc...) for the low angular momentum (S and p waves) and are known to be 
negligible for the high angular momentum _(p or higher waves). _ 

Injthe second term of Eq. (3), ^ * 2 J 1 ' tan - 1 (Inf£N*2?Ref£N*211) and since 

t' < 0, fj™ can be obtained from the Froissart-Gribov formula, namely 

(t'l-i ( Q I 2^'- 2" 2- 2P 2 Y 
n jn2 ' ' U t ^ ^ i t - v , ' / 2 ) ' 

(s,t')ds (4) 

where M (s,t'J is the physical ID) scattering amplitude since s > m 2 and 
t' < 0. For example 

Im ̂ ""(s.t'J « £ (21 + 1) sin2 ôf (a) P^cos 8t.) (5) 

A 

where oj" are the JIN phase shifts. 

The third term R(t) of Eq. (3) represents the far away contributions of 
the right and left hand cuts. 
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The set of equations (2) to (5) forms the bulk of the relationships 
which, via analyticity properties, unitarity and crossing relations, connect the 
2IIE contribution with the pion-nucleon and pion-pion Interactions. The pion-
nucleon scattering is very accurately known by various phase shift analyses2. 
The S and P wave pion-pion interaction has also been extensively studied in the 
last few years3. 

By using these analyses as inputs, one automatically includes all the 
nucleonic resonances (they are contained in Eq. (5) through the IIN phase shifts) 
as well as the realistic S and P wave pion-pion resonances, and besides these, 
the smooth background of both pion-nucleon and pion-pion scattering is also 
taken into account. I NN^ITI 
I nnr»2nl N o t e' t n a t i n t h e O B E "odels, only the two first terms : I fjj | and 
If'p I are kept in Eq. (2) and approximated respectively by 
g26(t'-m2) and g 2o(t'-m 2). 

It is sometimes argued wrongly that (in contrast with explicit non 
covariant calculations of box diagrams including A 3 3 isobars in the s-channel 
intermediate states or treatments by means of transition potential, NN-)NA, 
NN+M ..) the present approach is not a microscopic one as the NtH-211 amplitude 
used is a "black box" extrapolated from experimental data on IIN scattering. 
A quick but careful examination of Eqs. (2)-(5) shows that i) the analytic 
continuation is not a mere extrapolation from t i 0 to t i 4u 2 (actually, the 
extrapolation refers only to the function R which is a smooth function and which 
is probably set to zero in other circumstances), ii) the degrees of freedom of 
the isobars as well as the mesons appear explicitly in there so that one is free 
to replace the related phase shifts by any "microscopic" models one likes, so 
long as they fit the data, iii) there is no double counting in this approach. 

The same procedure could, in principle, be repeated for Pojj and pm 
with, however, formidable complications in general, in the case of P3JT, the 
(il meson exchange can be easily taken into account, and other specific processes 
can also be included as we will see later. 

The ability of the OPE, of the above calculated 2HE and of u exchange 
contributions (as part of the three pion exchange) to describe the long and 
intermediate range forces can be checked by calculating the low energy (up to 
330 HeV) peripheral (J>2) NH phase shifts and by comparing them with the 
empirical ones8. 

Although Eq. (3) looks rather simple, the procedure of solving it 
requires delicate technical methods. The first results4 obtained in this problem 
seem to be invalidated by more recent ones 5 - 7 which indicate that |fg| and |fj| 
have larger values that it was thought . A typical result for the 
unitarized partial wave phase parameters is displayed in Fig. l . Effects 
of the changes on |fo| and |f1| , when values of Ref. 7 are used, are also 
shown. 

The success of the previous works gives much support to the general 
method of probing into the form of the NN interaction by calculating first the 
one pion, then the 2 pion and so on exchange contributions to the scattering 
amplitude (or to the potential), hoping that a good approximation can be obtained 
by keepingonly the first few terms. Along this line it is believed that the 
inclusion of the 311 exchange terms will improve situation. A study of the 3JI 
exchange which is as complete as that of the 211 exchange seems to be rather 
remote. However, it is relatively easy to single out those parts of the 311 
exchange which can be built up from the same ingredients as those used in the 2H 
exchange. 

A first class of diagrams is concerned with the socalled vertex correction 
to the OPE (see Fig.2). m the dispersion relations approach these diagrams have 
a branch point at t » 9u* and, consequently, contributes to the 311 exchange cut. 
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This type of corrections to the OPE has been studied either In a field theoretic 
approach or In a dispersion theoretic approach 9-1-1 .JThe effects of these 
corrections to the OPE, when the same S and P wave N5*2H amplitudes as those 
described previously are used as Inputs have been calculated 1°/12 and it is found 
that the triplet even tensor potential gets more repulsion and provides, in 
the energy region around 150 MeV, a better fit of the 3Dj phase shift. 

Another type of contributions to the 311 exchange to which the same 
treatment is applicable, are shown in Fig. 3. The methods required by the calcu
lation of such contributions are very similar to those encountered above. For 
example, the absorptive part p3„i»,t) which corresponds to the process of Fig.3 
a) is : 

p3n(w,t) - g2 J - — â ! L _ G ( P l - k , G , n i + w p ^ t w , ^ , 

where POTT'™'^ ** -tei~P2" K' 2 ' *v " -tp,-",-1'^ i s t n e 2 n B absorptive part 
considered earlier (see Eq.2)) but now with off mass shell incoming nucléons 
and G(P) is the propagator of the Intermediate nucléon with 4-momentum P. 

The very involved algebra has been carried out and preliminary numerical 
results 1 2 show the effects are small for low energy and for peripheral partial 
waves but can be significant for larger energies ( 1 450 MeV) and for low 
partial waves. In other words, the 3IIE contribution seems to play a role only 
for rather short internucleon distances (r ̂  0.8 fa). Interesting enough, it is 
also found that the projection of this 311 exchange contribution on the J»l, I»0 
crossed channel state (the u meson state) is important, reducing the usual 
empirical effective value of the w-nucleon coupling constant. 

In summary, since the Vancouver Conference on the NN interaction (1977), 
the following progress has been achieved in the field s 1) the results obtained 
by different groups 5 - 7 on the S and P wave NW+2II helicity amplitudes seem to 
converge despite all technical difficulties. 11) The determination of some speci
fic 311 exchange, using the same ingredients as In the 2IIE case, is now in its 
numerical stagel2. preliminary results seam to show they give corrections at the 
more or less expected place (r < 0.8 fra). 
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fig. 1 
The (n+2n+«0 W phase parameters shown in the central, spin-orbit 
and tensor combinations. The continuous lines refer to results ob
tained with values of jfj and |fjl given in ref. 4), the dotted 
lines with those of r e f . 7). Experimental points are from ref. 13). 
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"Vertex corrections" to the one pion exchange 
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f ig . 3 

Some specific 311 exchange contributions to the NN interaction 
considered in Kef. 13. 


