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Recently (' ,2) some experiments on pion absorption by light nuc.l ei 

have been performed with the aim of finding a new method of investigation 

of nuclear structure ('). The basic idea is that, since the absorption can 

be considered a direct process, the cross-section, as function of the fi­

nal state variables, can give information on the wave function of the nu­

cleus. More precisely, assuming only a two nucleon interaction, the ·tdtal 

momentum distribution of the emitted pair is sensitive to the form of the 

wave function of the relative motion of the C.m. of the nucleon pair with 

respect to the c.m. of the residual nucleus. This is immediately shown if 

one assumes the following form of the wave function of the nucleus: 

where 

-, 
R = 

A 

L 
1=3 

~ 

r. 
~ 

(A-2) 

(spin and antisymmetrization are neglected). If the reaction leaves the r~ 

sidual (A-2) nucleus unexcited, the differential cross-section in the im­

pulse approximation is given by: 

where 

A = K2~4- - k"k" , cos . 'o __ - ~ u cos 8, cos 82 + sin 8, sin 82 Ie" 4- + 
x 

8" ~" 02, ~2 are the spherical coordinates of the momenta of the 

two nucleons; K and k are the total and relative momentum respectively 
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of the emitted nucleons. The phase space factor is calculated in the C.M. 

reference frame. 

The sim?lest way to look at the form of the wave function of the nu­

cleus is the measurement of the following quantity: 

(3) da 

x K 

Since experimentally the two nucleons are detected by means of counters of 

finite dimensions, it is possible to evaluate the quantity (3) only by as­

suming a vanishing solid angle of detection. In the experiment of ref.(2) 

this approximation does not hold; on the other hand it is possible experi­

mentally to measure, with fair accuracy, the relative angle of the emitted 

neutrons. According to this fact, the following quantity can be measured 

with a good ~ccuracy: 

where 

The region of integration is determined by the experimental geometry (two 

opposite solid angles). For the case of Li6
, if we do general assumptions 

on the wave function X and on the Tlrr> operator, as remarked by Koltun and 

Reitan (5), the function f(K,k) is angle independent. Therefore, in this 

case, the integral is easily calculated and the distributions (3) and (4) 

are connected by the following relation: 



- 5 -

A2 
IAI > I cos a l 1_A2 

(5) do 
Icos 

~ dCT 
dK dO, d02 fI, = 1 dK A2 

cos fl2 = -1 [ J (A )] 2 lAI<lcosa l .[H!- 1 - - .j1-i! 
COB a 

a is the minimum angle between the momenta of the two nucleons 

allowed by the geometry. The above expression gives us the possibility to 

deduce the quantity dCT/dK dO, d021cos fI,=1, cos fl2=-1 from the experime~ 
tal curve dCT/dK. In Fig. 1 the experimental data for dCT/dK (for pions at 

rest) are plotted together with the theoretical curves, obtained - With a 

Butler form factor for three values of the parameter R (6). Only points 

corresponding to the 'He, as residual nucleus, are considered. 

In Fig. 2 the points calculateli by formula ( 5) --from the experimental 

data of Fig . 1 are reported. For comparison the experimental data of ref. 

e ) , normalized at the value of K = 10 MeV/c on the theoretical curve of 

ref. (6) , are also reported. 

The agreement of the theory with the experimental data, corrected by 

formula (5), is now more satisfactory as it was before (6). The rough mo­

del of Li and the pole approximation used in ref . (6) are therefore able 

to fit fairl y well the experimental data. However, in our opinion, the di 

stribution da/dK is more reliable for a comparison bet ween t heories and 

experiments, because of better experimental precision and greater sensiti 

vity to the parameter involved in the theory. 

* * * 

We are grateful to Prof. J. Sawicki for stimulating discussions on 

the argument. 



30 

20 

10 

o 

in 

d IS 

dK 

arbitrary I.c.O"'..h-_~ 

units 

, I 

I I 
I I 
I I 
I I 
1/ 
II 
'I 
: I 
I I 

" /1 

20 

, 
I 

I I 
I I 

I I 
I 

I I 
I , 
I , 

I I 

I I 

40 

\ 

\ 
\ 
\ 

\ 

60 

\ 

, 
\ 
\ , , 

\ , , 
\ 

\ 
\ 

80 

, 
\ 

\ , 
\ 

\ 

\ 

IIO \ 
\ 

\ 
\ 
\ , 

\ 

" >-~"'-< 
\ 

\ 
\ 

\ 
\ 

\ , 

\ 
\ 

100 120 

\ 

\ 
\ 

\ , , 

140 160 

MeV Ie 

Fig. 1 _ Experimental points of ref. (2) for daldK in arbitrary units. Theoretical 

curves I, II and III correspond to the value 2.5, 2.0 and 1. 5 F of the p!! 

rameter R In ref. (6 1. 



do in arbitrary units 
1.0 

cos 13 oj, 

cos 9'1=-1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 I 
0.2 

O. I 

IO ! I IIO 

I 
£ 

50 100 150 
MeV Ie 

Fig. 2 - Circles are the calculated point for dO' /d K dO, do2 i cos t'l, :: 1 from the data 
cos (/2=-1 

of Fig.!. using formula (5) in the text. Triangles are the data of ref. (1). 

Theoretical curves and II correspond respectively to the value 0.0 and 3.0 

F of the parameter R in ref. (6). 
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