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We evaluate the one pion exchange contribution due to the A N n  vertex to the isospin one 
5S2 and 5P3 A N  an~plitudes, and discuss the effect of its addition to the short-range part of 
the A N  interaction which was evaluated previously from an analysis of nd elastic scattering. 

I. Introduction 

In a series of papers[1-3] we were able to show that 

the inclusion of a residual A N  interaction yields sub- 

stantial and very specific improvements in the results of 

Faddeev calc~lations[~l for nd elastic scattering. These 

contributions lead to an almost perfect description of 

a11 measured observables in this process. The extracted 

values for these parts of the A N  amplitudes show a very 

smooth energy dependence and can be well described by 

reasonable potentials[5]. However, our extraction of the 

parameters of the A N  interaction is based on theoret- 

ical calculations of Faddeev type[4], which include the 

ANn-vertex via the n N  scattering amplitude, contri- 

butions of which are already included in the background 

amplitude, and thus the A N  interaction parameters ex- 

tracted through our procedure are only the residual 

ones. We must be aware that a large contribution of 

the ANn-vertex would interfere non-linearly with the 

residual interaction. This would not be of large impor- 

tance for the overall description of the elastic nd data, 

since the main contribution to it is given by the simple 

impulse approximation, and the A N  interaction is only 

a correction to that, but it may influence the extracted 

parameter values severely. 

In the present note we evaluate the one-pion- 

exchange graph containing the AN7í vertex shown in 

fig. 1, and project out the two A N  partia1 waves whose 

contributions have been shown to be decisive in the 

analysis of 7íd elastic scattering, namely the isospin 

I = 1, 5Sz and 5P3 waves. 

Figure 1: One pion exchange diagram for the A N  interac- 

tion due to the ANn-vertex. 

It is here important to recall the question of the def- 

iriition of the scattering amplitude for unstable states. 

The A instability manifests itself in singularities of 

the Born term on the physical sheet. The denomi- 

nator in the propagator of the n-exchange graph, 

l / (u  - rn; $ i € ) ,  where u is the squared Cmomentum 

transfer from the initial A to the final nucleon, may 

vanish, thus leading to an imaginary part for the Born 

amplitude. 

We have dealt with this problem in two different 

ways: 
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1) - We jiist ignore the imaginary part of the Born 

amplitude and proceed with the real part only. Then 

the real part of the partial wave amplitude still shows 

logarithmic singularities in the energy, but these 

disppear as cne smears over tl-ie mass of the A,  taking 

into account its finite width. 

2) - We give the resonance mass a value below the 

N a  thresholtl. 

Although being independent in principie, these two 

methods lead to similar results for the amplitudes, in 

the range of momenta of our interest. 

11. Bom Amplitude and Partia1 Waves 

The Born amplitude corresponding to the diagram 

of fig. 1 for the A N  interaction in the I = 1 state is 

given by 

Here A ,  A', A', N' denote the four-momenta of the in 

and outgoing A-resonance and nucleon respectively and 

m, is the picm mass. $'(A) and u(N) are respectively 

the Rarita-S:hwinger and Dirac spinors and q a ~ ,  is 

the A S + p ~ +  coupling constant, with ga,v,/4a = 20.4 

G e T 2 .  The factor (-1) is due to the exchange of the 

A' and N' ir the final state. 

We are interested in the amplitudes at cm momenta 

below 0.4 Gt V, so that we may keep only the leading 

non-relativisik terms. Furthermore, for the cases of our 

interest (the 5S2 and 5 ~ 3  A N  partial waves), we only 

consider statrs with total spin S = 2, hence the A and 

N spins can be aligned, and we obtain for the S = 2 

part of the amplitude I, defined through 

M = i ( 2 ~ ) ~ ~ .  h 4 ( ~  + N - A' - N') , (2) 

the expressicn 

Here J? and j' are the A and A' momenta, respectively, 

in the A N  cm frame, 

2 IA2 z p2 = {(s + mw - m;)' - 4smi) /4s  , (4) 

with 

zi=P'lId 1 

In the denominator in eq.(3), we have kept only terrns 

of lowest order in (p2/m2). We remark that y 2 2 

identically, and for the physical masses ma = 1.211, 

mN = 0.94, its vaIue y = 2.06 is only slightly larger 

than 2. 

In a nonrelativistic approximation the polarization 

four vector P ( A )  can be expressed through the polar- 

ization vector Eof the A in its rest frame in the form 

We then obtain, with 

the expression for the amplitude is written as 
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In order to  facilitate the angular projection, we use the identity 

This yields the convenient expression 

We now perform the angular projection of tlie 7(s=2) amplitude, to  build the partia1 amplitudes for the 

5S2 and 5P3 states, respectively, througli 

and 

The integrations over a give 

and 
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where 

These qumtities I j  (p2) may develop imaginary parts as determined by 

I 
As mentioned in the introduction, we deal with the in- that P - rp2 + 2p2 < /3 < O, in which case there is no 

stability problem in two ways. In one procedure, we imaginary part to begin with (we recall that y > 2). 

ignore the existence of the imaginary part of the Born 

amplitude, while in the other one we displace the A- The explicit forrns taken by the real parts of the two 

resonance mass to  a value below the T N  threshold so partia1 wave amplitudes are, for both cases, 

and 

For the czse p > ( r  - 2)p2, the amplitudes show 

logarithmic s ngularities for (y + 2)p2 > P. If we take 

into account the mass spread of the A-resonance and 

integrate the amplitude over the ma-mass, we obtain 

regular results for any value of P. We thus evaluate in 

this case the averaged amplitudes 

with s fixed, mR = 1.211 GeV and r = 0.11 GeV. 

Near the A N  threshold, the finite mass spread of 

the A-resonance influences strongly the value of IA, and 

we use the same procedure as employed in the analysis 

of the data: we evaluate lpí2 using the complex mass 

m~ + i r12 in eq. (4) and identifying Ip'l with ~fll. 

In Table 1 we present numerical values for I,?~ and 

e2, both for m a  = 1.211 GeV and for aficticious sta- 

ble A with mass value m a  = m a  + m, x (1 - 10-6). 

In the latter case the expressions have been evaluated 

for the same values of p2 (thus not the same values of 

s) as used for the experimental mass case. In the same 

table we also present the values of the phases obtained 

for the two cases. 
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Table 1. Born amplitudes of the one pion exchange diagram for the 5S2 and 'p3 states. The unprimed quantities 
are evaluated with central mass values ma = 1.211 GeV, and amplitudes smeared over the physical finite width of 
the A ,  while the primed quantities are evaluated using a ficticious value ma = mN + ms(l  - 10-6) for the A m a s .  
In the last two columns we give the total AN phases for these waves, i.e. the combination of the residual phases of 
ref.[3] and an interpolation of the 6e and 6; values. It should be emphasized that for the S-wave this value should 
only serve as a rough estimate, since in this case an addition of the phases is not justified. 

Re T$)' Re 5';)' (degr ees) 

0.822 0.101 6 12 1.5 1.4 31 30 
0.820 0.101 8 14 2.0 1.8 36 30 
0.817 0.106 12 19 3.2 2.6 42 33 
0.813 0.109 17 23 4.1 3.3 51 33 
0.813 0.111 21 26 4.4 3.9 53 33 
0.812 0.112 25 30 4.3 4.5 56 32 
0.811 0.113 28 32 3.9 5.0 57 30 
0.811 0.114 31 34 3.4 5.5 58 25 

The evaluated amplitudes are related to the Argand 
amplitudes through 

so that the phases are given by 

111. Discussion and Commen t s  

The S-wave amplitude is, except for very small 
values of p2, dominated by the large constant term 
( m N + m i ) / 2 m h  E 0.8, while in the p-wave amplitudes 
we have for the constant term the value 3 [ 1 6 m j v m a  - 
-y(mN + 61na)] / 4 0 m a  % -0.06, which is an order of 

I 

magnitude smaller. These constant terms disappear if 
a A N n  form factor is introduced. Introducing a param- 
eter p, with dimensions of m a s ,  to replace the ANT-  
vertex g n ~ ~  by 

where u = (A' - N ) ~ ,  we can incorporate this modifi- 
cation analytically in the evaluation of the amplitudes. 
In the approximation m: < p2, we have 

and tlie S-wave amplitude with ANT form factor then 
becomes, in the place of eq. (19), 

We have also neglected (ma - mN)2  compared to the ANT vertex must be added to our (short range) 

p2. An analogous expression can be easily written for residual amplitudes in order to  describe the full inter- 

the pwave. action. For the 5P3 wave, both the residual amplitudes 

As rnentioned at the beginning, the contributions of and the r-exchange amplitude are small enough in or- 
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der to justify a simple addition of the phases. There is Summarizing, we note that we get reliable full 

another pararnetrization[6] of the A N  interaction based phases for the ' ~ 3  channel and some qualitative insights 

on a two chimnel analysis of the N N ,  A N  system. for the 'S2 channel. We empliasizc, however, tliat a 

The phases there obtained are, in the limit of weak more consistent determination of the A N  5S2 inter- 

N N  -, A N  iiiteraction, the full A N  scattering phases. action nlust start with a background amplitude which 

The inclusion of the contribution of one pion exchange should not include contributions due to virtual pion ex- 

increases sliglitly the difference between our phases[3] change at all. 

and those of i ef. 6. 

The situation is more involved in the case of the 5S2 
Acknowledgements 

channel. Her: the Born term is large and there is no 

justification f x  just adding the phases. However the 

qualitative result is clear, namely that the contribution 

of the A N n  certex is attractive. Hence the full phases 

should be stronger than the residual ones. 

In order to obtain a more qualitative insight in the 

influence of the ANn-vertex on the 'S2 channel, we 

may construc: a potential local in the distance r, rep- 

resenting the contribution of diagram 1 to this wave. 

Identifying the Bom term in potential scattering with 

the result obtained above we have 

(for r # 0) . (27) 

2 ,2 ;FF  The dominani, part in the expression for To0 is the 

last term of eq. (26), which leads to  the potential 

where we havv taken y = 2 and neglected /3 compared 

to p2. 

The other terms in the expression for are small 

and negative itnd could be treated perturbatively. 

The global picture that we obtain for the contribu- 

tion of the APía vertex to the A N  5S2 potential is thus 

the following: there is a weak long range repulsion and 

a stronger short range attraction, the range of the latter 

We acknowledge partia1 support by Deutscher 

Akademischer Austauschdient (DAAD) of Federal Re- 

public of Germany, by Conselho Nacional de Desen- 

volvimento Científico e Tecnológico (CNPq), and by 

Financiadora de Estudos e Projetos (FINEP) of Brasil. 

Work partially supported by SCT/PR, CAPES, 

CNPq (Brazil) and by DAAD (Germany). 

References 

1. S. C. B. Andrade, E. Ferreira and H. G. Dosch, 

Phys. Rev. C34,  226 (1986). 

2. E. Ferreira, S. C. B. de Andrade and H. G. Dosch, 

Phys. Rev. C36,  1916 (1987). 

3. E. Ferreira and H. G. Dosch, Phys. Rev. C40, 

1750 (1989). 

4. H. Garcilazo, Phys Rev. C35,  1804 (1987). 

5. E. Ferreira and H. G. Dosch, Rev. Bras. Física 

20, 133 (1990). 

6. R. L. Shypit et al, Phys. Rev. Lett. 60, 901 

(1988); R. L. Shypit et al, Phys. Rev. C40, 2203 
(1989); D. V. Bugg, Nucl. Phys. A508, 209c 

(1990). 

being deterrnined by the A N n  form factor. 


