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A s is well known, the n - nucleus interaction is 
most frequently «described by means of optical po
tential. The quantity called optical potential is calcu
lated in first order with respect to the п-N t -mat
rix, i.e., in the single scattering approximation. 
Obviously, such a description of the rr -nucleus 
interaction is in a s e n s e not consistent. The reason 
is that, in the equation for the rr -nucleus scattering 
amplitude effects of multiple n -scat ter ing a re taken 
into account while, in the calculation of the optical 
potential they a re neglected. 

Farther, the first order optical potential is fre
quently calculated in the impulse approximation, i.e., 
the t -matrix describings the interaction of a pion 
with a bounded nucleon is replaced by the free 
я-N - t -matrix. Although such a replacement (appro
ximation) at first sight seems to be justified it in
volves bes ides kinematical uncertainties still 
another approximation, which may lead to a non-
adequate descritpion of the considered p roces s . 
This is because the t -matrix, describing the sca t 
tering of the pion by a bound nucleon, is a many-
body operator which h a s a well defined symmetry 
with respec t to a permutation of the target particles. 
Obviously, the free t -matrix, being a two-body 
operator, will never obey such a symmetry. The re 
fore, a s the ground state wave function of the nuc
leus is a superposition of components with different 
symmetry with respect to permutation of the target 
particles, the first order optical potential calculated 
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in the impulse approximation may differ very much 
from the exact first order potential *. Below we 
consider a simple model for elastic scattering of 
pions a t He, in which the above-mentioned difficul
ties have been overcome. For simplicity two as sump
tions have been made: l) The ^N -interaction is 
chosen in a simplified manner. 2) The target nucleus 
is descr ibed only by the ground s ta te wave function. 

Of course , due to these assumptions we cannot 
expect a good quantitative agreement with the expe
rimental data; rather in the present paper we want 
to study the sensitivity of the differential and total 
c r o s s section to the chosen п-N -potential and to 
the properties of the ground state of the nucleus . 

We start with the many-body Lippman-Schwinger 
equation for the transition operator T . 

T (Z)-V+VG(Z)T (ZX (1) 
if A JT A 

where д 
V - J V ^ ; G{Z).(Z-Kn-\\n)-X; Z - E + i f . 

K̂  , kinetic energy of the pion, H ц , target Ha-
miltonian. As it is well known, eq. (l) is not of 
the Prendholm type. Therefore, following Faddeev, 
we introduce "channel" amplitudes T' defined by 

n A 
T^A ( 2 ) . У ^ + V 7 N G (ZjT^CZ). 

3 , (2) 
T rA< z >- ( ? 1

T ,A< z )-
For the amplitudes T A(Z) one obtains in the usual 
way a set of equations 

* In this respec t the three-body model for the 
first order optical potential is more adequate 7 1 / . 
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Т Л < 2 ) - r i (Z>H-r I CZ)GCZ) j | i T„ J

A (Z )„ (3) 

w h e r e r , s a t i s f i e s t he foil owing e q u a t i o n : 
я-N wN (4) 

r i (Z)-V 1 +V, G(Z)rj(Z). W 
Strictly speaking, the system of equations (3) and 
(4) is not yet of the Predholm type and in the gene 
ral c a s e one would have to transform these equa
tions once more by pass ing to the Yakubovsky / z / 

or AGS, r e f . / 3 / equations. However, within the a s 
sumption 2) one can derive corresponding approxi
mate equations which a r e of the Fredholm type. 
Indeed, within the aforesaid approximation we have 
for the target Green function 

G(Z) = G(Z) - *УП > < У 0 
Z - K ; r + | E B 

(5) 

where \VQ> is the ground state vector and Ев d e 
notes the binding energy of the nucleus. Then, 
within the approximation (5) the equations (З) and 
(4) become a system of one-dimensional integral 
equations. Making u s e of the symmetry of the nuc 
leus wave function, eq. (з) r eads in the momentum 
representat ion: 

<4|T |q'>«A<q|r(i) |q'> + (A-l)/_L<П\гЩ$ >x 
(2*) 3 (6) 

x G 0 ( p , Z + | E B | ) < i f | T i f A | r > , 

where 

4A < « 1 \ А 1 ^ ' > - < Ч . 1 ' 0 1 Т 1 Т А

, | ? О 5 ' > 

is the needed n -nucleus scattering amplitude and 
< q | r ( i ) | q'>-<4,\\ri \4>Q,q'> 

is the ground state ave rage operator r

4 • Here q 
denotes the n -nucleus relative momentum. G0 

s tands for the free, energy shifted Green function 
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of the pion. The amplitude r satisfies the following 
equation: 

<q>( i ) |3 |>-<<nv f f N |q |>+ f^-r,<q.|v, f f N |p>G (p,Z + 

( 2„)3 ' ° ( 7) 
+ | E B | ) < p | r ( i ) |q '> . 

For a local я-N -potential the effective potential 
takes the form 

< q l v » K | q ' > - V |

f f N ( ^ ' ) P ( 3 - ? ' ) . (8) 

where V (p) is the elementary ^N -potential and 
F(p) denotes the nucleus form factor. Choosing 
the /rN potential a s 

V f f N ( r )— V 0 5( r -a ) ( 9 ) 

after partial wave decomposition it r eads 
7TN 2 

V p (q.q')»-V 0 4rra J p ( q a ) j p ( q ' a ) . ( 1 0 ) 

Only the dominating P -wave potential has been 
included in the explicit calculations. The numerical 
calculations have been performed with the following 
parameters 

V0=8.92 MeV, a -0.61 fm 

which reproduce position and magnitude of the ' ^ - r e s o 
nance in P -wave n -nucleon scattering. However, 
those two parameters have proved to be not suf
ficient for a correct description of the width of the 
resonance . 

The form factor F(x),(x = p 2 ) has been paramet
rized a s !n2 „ 

-ex. ~ b " ( b _ x ) 2 
P(x)-e \l-e ] 2 . 

Here the parameter b determibes the position of the 
minimum of the form factor, while с is defined by 
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180 9cm 

Pig. 1. Differential c r o s s section of the n + He 
elastic scattering at E - 290 MeVj_-—y/Fs - 1.92 fm; 

y/f2~ • 1.82 fm; ^/r2» 1.65 fm. 
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Fie.. 2. Total c r o s s sect ion of the nь Не scattering 
a s a function of the pion energy for different para 
meters of the form factor He: (b»12fm", с -0.3fm). 

- 1 . (b-15fm , c-0.45fm); - l (b«12fm .*e-0.45fm). 

180 Qcm 

Pig, 3. Dependence 
of the angular distri
butions on energy at 
experimental values of 
the parameters of the 
form factor —•• — •• — E» 
-135 MeV; 90MeV; 

68 MeV. 
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The values b«12fm~8 and c«0.321fm2, (v/<r 2 > -1.82 fm). 
correspond to the experimentally observed form fac
tor of 3He. 

The set of equations (б) and (?) was solved 
by expanding each partial wave of the form factor 
F ( q ~ q ' ) in a s e r i e s of 10 separable terms. Further, 
into the n -nucleus relative motion, four partial 
waves were included. 

The numerical resul ts a r e displayed in figs. 1-5. 
Figure 1 shows the differential c ro s s section at 

an energy of E n « 290 MeV for different values of 
the root-mean-square radius of the three-body nuc
l e u s . With decreas ing radius, i.e., with increasing 
nuclear density, the shape of the differential c r o s s 
section changes drastically, what may indicate to 
a great importance of multiple scattering effects at 
this energy. Further we should mention that the ^N-
potential (lO) shows a wrong behaviour for large 
Q.q', which is characterist ic for all rapidly changing 
in s p a c e potentials (e.g., hard core potential, squa re 
v^ell potential), namely it only slowly d e c r e a s e s at 
large q or q'. In the present ca.'culations this circum
s tance h a s caused an unnaturally strong dependence 
of the n -nucleus scattering on energy. This can be 
read off, for instance, fig. 2 whore the total e l a s 
tic c r o s s section again slowly inc reases upon ha
ving pas sed the r e sonance energy. Moreover, 
this figure shows that, if the position of the mini
mum in the form factor, or (equivalently) the root 
mean squa re radius, is varied the total c r o s s s e c 
tion changes only in the resonance region. 

A. further consequence of the wrong behaviour 
of the chooser! irN potential is the energy depen
dence of the position of the minimum in the differen
tial c r o s s sect ion ( see fig. 3). By including a cut 
off factor into the potential (10), the position of 
the minimum is immediately stabilized (see fig. 4). 
On the bas is of this fact and of the effective po-
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180 e c m 

+ 3 „ Fig. 4. Differential c r o s s sect ion of n He scattering 
for a n additional cut-off in the form factor: E m 

«290 MeV, E-320 MeV. 
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ioo e c m 180 

Pig . 5. A n g u l a r d i s t r ibu t ions of t he ir+m 4 s c a t t e r i n g 
for different v a l u e s of min in t h e form factor 3He 
(E - 290MeV): b - l S f m - 1 ; Ь-вГш" 1 ;b=12fm 

b«12fm-l . 
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tential (8) we suppose that the "mobility" of the 
angular distribution with energy observed for hea 
vier nuclei :з produced by the "extension" of their 
nuclear form factors in momentum space . Finally, 
fig. 5 shows how the position of the minimum in 
the differential c r o s s sect ion depends on the posi
tion of the minimum in the form factor in the r e s o 
nance region. A s is seen , only the depth of the 
minimum changes while its position remains fixed. 

In this way, the presented model allows one to 
investigate easily the dependence of the observable 
quantities on any parameter of the problem/whereat c a r e 
is strictly taken of the multiple scattering charac te r 
of the considered p roces s . A special feature of 
e q s . (б) and (?) is that they do not depend directly 
on the binding energy of the target nucleus. So, 
for small transferred momenta (small angle sca t 
tering) where one can eTtpect that the contributions 
from the neglected part of the three-body G r e e n ' s 
function a r e small and that the model works well, 
the scattering is determined by the density distri
bution in the nucleus and by the number of particles. 
Let us now consider in more detail the approxima
tion (l). As the fN -potential has been fitted to the 
P 3 3 p h a s e our model, strictly speaking desc r ibes 
the scattering of pions by three bounded protons 

-'ratKef-tnari-ТЭу' triS-*hOCK?&s *Her r^(3We^er/'thTsM"" - ~ 
d o e s not influence the position of the minimum in the 
differential c r o s s section. This result was obtained 
by studying the other limiting c a s e where the pion 
does not interact at all with the neutron but only 
with two protons. Indeed, the differential c r o s s 
section has not changed. 

A s the proposed model does not include appro
ximation except (l) and (2), we a r e led to the con
clusion that the shift of the minimum in the differen
tial c r o s s section toward large angles relative to 
the experiment resul ts either from the unrealistic 
form of the chosen 17 N -potential or from contribu
tions from absorption and emission of the pion in the 
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multiple scattering p r o c e s s e s . In the conventional 
optical m o d e l / 5 / a.xi in the fixed sca t t e r e r approxima
tion / & / the minimi ^m in the angular distribution is 
turned back into the region of "small" angles 
(80 °-90 °) by including the nuclear recoil. In our 
above considered model the few-body kinematic 
is exactly taken into account. Therefore, there is no 
necess i ty for a n additional shift in the nucleon mo
menta. 

Discussions with Dr. Wrzecionko J. a r e greatly 
acknowledged. 
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