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I . INTRODUCTION 

Several papers have been reported lately in which elastic 
pion-nucleus scattering has been analysed in the framework 
of an optical model (OM) with a second-order potential u<2l/1-~. 
These investigations were stimulated by, at least, two cir­
cumstances: I) a first-order OM potential U(ll provides a bad 
description of experimental data at low energies ( T

17 
.<100 HeV), 

2) the inclusion of a second-order potential U <2l allows one 
to study the influence of two-particle nucleon-nucleon corre­
lations on elastic rr!A -scattering. The main results of the 
above-mentioned papers, from our point of view, are the fol­
lowing: they have shown a strong energy dependence of u< 2l and 
it has turned out that the inclusion of U(2) is more impor­
tant at low energies. At the same time, it was shown that the 
influence of short-range N-N correlations on the elastic 17!A­
scattering is quite weak. 

The main goal of our investigation is to find the effects 
which determine the gross features of u< 2l and its depen­
dence on energy. We have analyzed the different physical pro­
cesses which may contribute to ul2l : N-N correlations, double 
spin- and isospin-flip of nucleons in the intermediate states 
and the role of correction to the impulse approximation (IA). 

As for N-N correlations we study the long-range N-N corre­
lations due to the recoil of a nucleus. In our region of small 
transferred momenta ( T 

17
-25-250 MeV) just these long-range 

correlations determine the main features of the two-particle 
correlation function. Nevertheless, it Lurned out that the in-· 
fluence of these long-range correlations on the elastic rr 4He 
scattering is quite small. 

We have found that the dominant contribution to u< 2l at 
low energies is given by the process of pion charge-exchange 
in the intermediate states. The correction of the impulse ap-­
proximation is extremely large, too. But itn contribution to 
u<m is to a large extent cancelled out with correction of the 
coherent approximation. 

From a methodical point of view the advantage of our cal­
culations is in a complete consideration of the spin-isospin 
structure of the pion-nucleon amplitude f rrN. (Lee and Chak­
ravarti/ I/ did not take into account the spin terms in the f

17
N). 
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We also calculated u< 2l with just the same approximations as 
for u<Il. We have not assumed the static approximation in eva­
luating u<2l, i.e., we have not neglected the difference bet­
ween the pion-nucleus (ACM) and pion-nucleon (2CM) centre of 
mass systems as WakamatsuiV did. 

All calculations were performed within the framework of 
two approaches in the multiple scattering theory: the Kerman­
McManus-Thaler formalism/51 and that of Watson (see, for 
example, ref./61). The comparison of the Kerman-McManus-Thaler 
(KMT) and Watson (W) approaches shows that the alterations 
caused by the U(2) are smaller in the KMT-model. 

The article is organized as follows: in section 2 we dis­
cuss the physical contents of the u< 2 l and the main assump­
tions of our model. In section 3 we consider the influence of 
correla~ions, the processes involving double spin (isospin)­
flip and the correction of IA. The results derived within the 
frameworks of two formalisms, of KMT and W, are compared. Con-
cluding remarks will.be given iri section 4. · 

2. OPTICAL MODEL HITH A SECOND-ORDER POTENTIAL u<2l 
2.1. Physical Contents of u< 2 l 

We shall briefly remind the main relationships of the opti­
cal model. For definiteness we shall use here the Watson ap­
proach (W). Thus, a many-body equation is to be solved for the 
rr -nucleus T -matrix 

~ 

T = U + U G(E) P T, (I) 

where f is the projection operator on the nuclear ground 
state P =I 0><0 1, and G(E) is the pion-nucleus Green function 
G(E) "'(E-HA -K" +if)-1 .The optical potential U is defined by 
the equation 

U .. Ar+ (A-1) rG(E)QU, (2) 

where Q "'nldri>.<nl and r is the many body operator for the scat­

tering on a bound nucleon: 

r (E) .. u + u G(E) Q r( E). 
'l 

u is the pion-nucleon potential. 
The impulse approximation (IA) consists 

of r by two-particle operator t, where 

2 

t(w) ~ U+Ug(w) t(w), 

g(w),. (w -K17 -KN+iE)-1 

(3) 

in the replacement 

(LI) 

From (3) and (4) 1t follows that 

r(E) .. t(w) + t(w) [G(E)Q -g(w)] r(E). (5) 

Let us consider that the second order optical potential ~( 2 l 
is a sum of all terms quadratic in the t -matrix. It is clear, 
that such terms appear, first, in the iteration of eq. (2) 
(called usually a correction of the coherent approximation 
(C~)) and second, due.to the iteration of eq. (5), that is 
a correction of the IA. Therefore 

U<2l u<2l u (2l 
"' CA + lA ' 

(6) 
(2) ~ 

UCA =:A (:A-1) t G(E) Q t , 

u< 2l =:At[ G(E)Q -g(w)] t. 
lA . 

(7) 

Assuming that GnnCE) ... <njG(E)I n>::: Goo (E) and using the clo­
sure approximation, the matrix element U(2) may be rewritten 
as 

... ( 2) ... . . 
.<Q'OIU IOQ>,. :A(A-l).<t G00 (E)t> 00 x 

(8) 

x Coo ( Q' - Q"' G" -<n -··A .<t>ooGooCE) Foo (IQ'- Q'') FOo (Q"-G) <t~o • 
where Fbo (q) is the nuclear form factor and c00 (q 

1 
q 2) is the 

Fourier-transform of the two-particle nuclear density 

C00 Cii 1 <i 2) .. <0 1 exp c- i -q 11 1) exp c- i -q 
2
1

2 
) 1 o > (9) 

The complete two-particle correlation function is 

......... r-+-+ 
D (ql q2) "' COO'qlq2) -Foo(ql) Foo(q2) (I 0) 

It i~ clear from eqs. (8)-(10) that taking into account of 
u< 2l allows one to"study the sensitivity of rr:A elastic scat­
tering to the nucleon corr~lations in a nucleus. Besides that, 
u< 2l contains a correction of the IA. Below we shall examine 
in greater detail the expressions from eq. ·(8). 

2.2. Correlation Function and Form Factors 

Nuclear wave functions were constructed using the single­
particle harmonic oscillator basis. Then, in the case of 4He, 
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the correlations due to the Pauli exclusion principle vanish 
(see ref. /7 I ) • At the same time, the short-range N--N corre­
lations are not important in the elastic rr!A scattering. There­
fore, we take into account only long-range recoil correlations. 
Then the nuclear form factor is 

·A-1 2 2 F ( q) .. exp (- -· - · q a0 ) , 
4A 

2 2 •A 2 2 where a0 .. - ~.( R h-r h), R h and r h are the r .m. s. charge 
3 !A-1 c c c c 

radii of 4He and the proton. Then matrix element (9) takes the 
following form 

2 2 .... 
.... ao!A-1 2 2 aoq1q2 

Coo (qlq2) • exp (- 4' -;;--· (ql + q2)) exp (- --u;--·) · (II) 

2.3. Pion-Nucleon t -Matrix and the Choice of w 

The t -matrix of pion scattering on a free nucleon is con­
nected with the amplitude frrN 

.... .. .. - .... 
f"Jkr ki w (k0 ))- !Ao(krk) +(tr)!AT(k 1 ki) + 

_,. _,. .... -+ -to -+-+ .... ..... 
+ i u [ nr x n i] (:A 5 ( k1 k i) + ( t r) !A sT( kr k i)) , (12) 

.. ,. .. 
Uj - kj I I kj I , ~r .. k r I I kr I . , 

where w (k 0 ) is the total energy in the 2CM system and the va­
lues !Ao , !As , !AT ,!AsT are as usually related to the pion-nuc­
leon phase shifts. 

At low w ,and on the energy shell, <kr -ki • k0 ) we used for 
the rrN phase shifts the parametrization made by Salomon et 
al./8/ and for w above the inelastic threshold in rrN scatter­
ing we used the CERN-TH phase shifts/9/. We assume that the off­
shell behaviour of the frrN is of a separable type: 

.. .. ge(k r> ge( ki) <fl .. .. 
f N(k rk· w (ko )) .. ~ ------· f N (k0' k0 w (k0 ) ) 

TT I f g l (k0 ) TT 

The form factors gf (k) were obtained by solving the inverse 
scattering problem of rrN -scattering as did Londergan et 
al./10/. 

For construction of the optical potential the choice of con­
nection between the energy E in ACM and w in 2CM in which the 
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frrN is calculated is very important. We adopted the following 
energy choice: 

1 il ·A-1 ... .. 2 
w (k) .. E(~)- (A-1) M -·- lin'-· - (Q +G') , 

8M Jll :A 
(13) 

where M is the mass of a nucleon. il and :»1 are reduced masses 
of rrN and rr!A systems, respectively. 0 and Q' are the pion 
momenta in ACM in which the potential (8) is calculated. E(Q0 ) 
is the total energy in ACM. 

The relatio-qship (13)· l:J.as been discussed in detail by 
Mach/11/ and we wi•ll only mention that (13) 'provides for the 
optical potential being Galileo-invariant. At the same time, 
the choice (13) allows one to minimize the error of the facto­
rization approximation. 

2.4. Initial Equation for u< 2 1 , 

The Lippman-Schwinger eq.(l) is conveniently rewritten for 
the amplitude of elastic scattering: 

.... ...... -+ -+ ...... 

-) ...... -+ ...... 
1 

V(Q'(J").F(Q"Q 0 )dQ'~ 
- f -------------

(2rr)2 [E(Q0)- E(Q")+id :»i(Q") 
(14) F(Q' Qo) • V(Q'Qo ) -

... 
where Q0 is the momentum of the initial pion in ACM, and 

......... -+-+ 
v ( Q' Q) ... -m (Q) u (Q' Q) I (2rr) . 

If in (8) we pass from t~N to f N' and average it over the 
ground state and expand 1n parti~l waves, we obtain the follow­
ing expression for v< 2l · e 

(2) , 1 dQ", dx 1 dx 2 
V n • ( Q Q ) "" -- f ------------~--- X 

L 4rr '[ E(Q0 ) -·E{Q")+icl Jll(Q") 
2' 0 0 ... ... ... ... 

xI (A-S) Pe (x 1)Pe (x 2)A0(k 1p 1)!A 0(k 2p 2)F00 (q 1) x 

( a2R 

xFQo<qz)+(A-1) (A...:S) ~ ;-r(-1)m~f-m)!Pr(xl) X 

m-e <f+m) t 

(IS) 

x pfm(x2) [ Im(z)AOT-BST(Im+l (z) +lm-l(z))] I, 

where 

.... .. ... ..... 2 .... ... .... ... 
!Ao T'" - :Ao (k 1P 1) !Ao(k2 P 2) + a·!A -y{kl Pt)~A -y{k2 P 2) • (16) 
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1 . .. -+-+ -+-+ -+-+ 

BsT"'- ·smO(sm02[~As(kiPI) As(k 2p 2) + 2AsT(kiPI) x 
6 

x ~AST(k2p2)] • 

Here 

... k Q ... ' ~A..,...ll!:...(Q ... 'Q ... ") ... k -+Q ~A-lu(Q ... " ... Q) 
I "' - --· + ' 2 = -· --· ~ + ' M M M M 

.... , !A-1 ll -+, -+,., ....,. ... , !A-1 .!!:... ....... ,, ,..... 
PI= Q -- .r;..(Q +Q -), P2=Q -- -(Q +Q). 

2A M 2A M 

... 

(17) 

(18) 

Relation (18) between the momenta in 2CM system and ACM arises 
from our method of taying into account the Fermi-motion of 
nucleons (see ref./II ). Note that the static approximation, 
carri~d out by Wakamatsu/2/, corresponds to neglecting the 
terms with ~-l /L, in (18).. Further, 

2A M 

z -
2 • ll . e 1!:.._. Q, Q ·sin vi ·sm 2 • 6 

... ... ... 
ql"' Q' -Q", 

... ... ... 
q2"' Q"- Q, 

R Q,2 Q2 8 (Q·,2 .Q'Q Q"Q ) 2 Q'Q = + + - - XI - X 2 + - X I X 2 , 3 3 

... -+ ... ... 
2 · 2 ~A-1 

a "'a 0 ---A 

Q'Q" Q Q" 
x2-XI = ...... 

I Q G"l I Q' Q"l 

I m (z) is the modified Bessel function. Pt (x) is associated 
Legendre polynomial. The coefficient ·s distinguished between 
the Watson (S ... O.) and KMT(S=l) multiple scattering formalisms. 
Equation (14) was solved in momentum space by matrix inver­
sion/12~The Coulomb effects were taken into account according 
to the method of Vincent, Phatak/13/, 

3. NUMERICAL RESULTS AND DISCUSSION 

3.1. The Influence of u< 2l on Elastic Scattering. 
Principal Trends 

All calculations were performed for the elastic scattering 
of rr- mesons on 4He. 
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Fig. I. The influence of the u<zl 
on the differential cross sec- . 
tions of the elastic rr 4He scat­
tering ( W -approach). The da­
shed, full and dot-dashed lines 
correspond to calculations with 
u<Il, U(ll+ u\2) and u0l+u(2l 

with recoil correlations "turned 
off", respectively. The experi­
mental data are from/14-17/, 

In Figures I ,2 we show the differences obtained through 
taking into account the second order potential u< 2l for dif­
ferentiai and total cross sections of rr ~e scattering. One 
can see that at low energies the addition of u< 2 l decreases 
strongly the da /dO for the forward scattering and signifi­
cantly deepens the da /dO in the region of the minimum. To­
tal cross section is also decreased almost by half. As pion 
energy- increases, the addition of u< 2l detetiorates the ag­
reement with the experimental data: differential cross sections 
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Fig. 2·. The influence of the U( 2) 

on the total and total elastic 
cross sections of the elastic 
rr 4He scattering ( w -approach). 
The dashed line corresponds to 
calculations with uOl, the full 
line- to u(ll+ o(2l, The expe­
rimental data are from/15,18/, 

as well as the total one increase as compared with the results 
of calculations with first order potential o(ll only. Such 
energeti~ dependence is a cornnon feature for all calculations 
with the second order potential. We shall try to explain quan­
titatively this fact in section 4. Now we only note that the 
strong decrease of da·/ dO at the minimum (Fig. I) and the 
fall of the total cross section (Fig.2) at low-energies are 
closely connected. The point is that at low energies the da/d{l 

in the deep depends on the imaginary parts of th'e partial am-
4 

plitudes fe He only. That is due to the fact that at low 
energies the real parts of the partial amplitudes in S- and 
P -waves have the. opposite signs and in the deep region their 
contributions to du·/ d{l are negligible. Therefore, the dee­
pening of the minimum in da /dO is tantamount to a decrease 

of utot • 
Table I shows the S- and P -phase shifts at two typical 

energ1es, 

Phase shifts os and op at T" .. 51 and 145 MeV 
from the calculations with different potentials 

Trr (MeV) 51 145 

Phases (deg) os op os 
u(l, -5.3 14. -8.5 
uo ,+ u (2l -6.5 I I • -13. 
From PSA -8.6 8.25 -18,4 
Nichitiu +0.28 +0. 10 +I .2 - -
et al / 191 
--

8 

Table 1 

op 

54. 
66. 
21.3 
+3.2 

f\ 
f) 

/} 

It is evident that the same trend is observed: at low 
energies U( 2 ) moves the phase shifts in right direction, 
though, it is not enough to give agreement with data of the 
phase shifts analysis. From Table I one can conclude that 
the reason for the increasing disagreement at high energies 
is' the abnormal increase of the P -wave phase shift, 

3.2. The Role of Recoil Correlations 

The term (i) 0 (q 1q2 ) (eqs. (9) and (II)) appears as a result 
of taking into account the recoil long-range correlations. To 
study the sensitivity of the elasticrr 4He scattering to such 
correlations we performed a calculation in which th~ recoil 
effects were "turned off". For that we take c

00 
(q

1 
q

2
) in the 

following form 

Coo (ql q 2)"' Foo (ql) Foo (qz) . ( 19) 

Then the correlation function D (q1q2 ) in (10) is zero. (How­
ever, we did not change. the form factors and, in this sense, 
the effect -of recoil did not "turn off" entirely). The obtained 
results correspond to the dash-dot~ed lines in Figure I. One 
can see that the lack of long-range correlations practically 
does not change the differential cross sections at low ener­
gies. In the resonance region, there is an effect at the back­
ward scattering only. 

Therefore, one can conclude that by no way does the space 
correlations determine the main features of the u( 2 ~ It is 
clear, then, that taking into account the short-range correla­
tions, which change the D (q 1q2 ) at high q only, must also not 
be important in the rr 4He. That was demonstrated by Lee, Chak­
ravarti /1/ and Wakamatsu/2/. 

3.3. The Effects of Charge Exchange 
and Double Spin Flip in the Intermediate State 

From eqs. (15)-(17) one can see that when the space corre­
lations are "turned off" (in the sense of eq. (19)) the terms 
in u(Zl which depend on the scalar part of frrN (i.e., the 
terms of ~Ao(klp 1 )!Ao (k 2 p2))disappear. In the KMT approach this 
cancellation 1s complete but in the W -formalism a part of 
scalar terms is not vanished. Further we shalL use the KMT 
approach. 

Figure 3 presents the results oE calculations when the 
recoil corre.lations are "turned off" and the terms ~AT(k 1p1}AT(k2p 2 ) 
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Fig.3~ The role of different effects 
in the U ( 21 (KMT-approach) • The 
dashed line corresponds to calcula­
tions with uOl only. The full 
line - to U 04-U <2 1, the dotted 
line - to u< ll+ U (21 without recoil 
correlations, the dash~dotted line -
to u< 1~ u(2) without recoil correla­
tions and without terms with :AT:A T· 

are omitted (dash-dotted lines). It 
is seen that at low energies these 
results are very similar to those, 
when only u<Il was taken into ac­
count. The deep in d.1.; dQ is shal­
low and at small angles the cross 
sections increase appreciably. The 
remaining difference between the 
dashed and the dash-dotted lines is 
due to the term of B ST (see eq. 
(17)) and corresponds to the effects 

. of double spin-flip in the interme-
29 40 60 80 100120 140 160 diate states. One can conclude that 

8(deg) • . • 
at low energ1es ~he ma1n contrlbu-

tion in u< 21 is made by the terms that are proportional to the 
production of AT AT· 

It is seen from Figure 3 that at high energies all effects 
give approximately equal contributions in the u<2l. Neverthe­
less, the role of the double spiru (isospin) flip terms increase 
and at the backward scattering theii~contribution becomes sig­
nificant. 

The appearance of A TAT terms is associated with the double 
isospin-flip processes "± .. 17° ... "± in the intermediate states, 
i.e., with virtual excitation ofT,. 1 nuclear states. ·In our 
model we assume from the b~ginning that all int;.ermediate sta­
tes degener~te and their energies are equal to the energy of 
the ground state. Nevertheless, our conclusion about the im­
portance of the infl6ence of the exci~ation of states with 
T,. 1 on the elastic 17 4He scattering at low ·energies is 
confirmed by the results of the paper by Gmitro, Mach/20/.These 
authors 6tudi~d the infl~en~e of the excitation of different 
nucl~ar states on the elastic " 4He' scattering in the frame­
work of coupled channels method. They conclude that the contri­
bution of the sta·tes with T = 1 is the most significant one. 
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3.4. The Correction to the Impulse Approximation (IA) 

As we noted earlier, the potential of u< 21 includes q cor­
rection of the IA .(see eq. (7)). The physical meaning of (7) 
is a double pion rescattering on the same nucleon. In general, 
the rescattering or all orders is exactly taken into account 
by the operator r (see eq. {3)). However, then r is replaced 
by t, this property of the r -matrix is lost and it is neces­
sary to control in some way the validity of IA. When writing 
down (7) in detail with closure approximation an~ neglecting 
the energy of nucleon KN in the g(w) (see eq. (4)) we obtain: 

-+ 

(2) ... -+ . (A-S)~A-1) 1 dQ" --'-- X. 

UIA (Q' Q) = --;x---· (277 )3 f [E(Q)-E(Q")+idlJl(Q'") (20) 

x I .< t Goo (E) t::t 0 [Coo (ql q2) - Foo <<I\+ q2)H, 

...... _.. ...... _,. -to -+ 

where q 1 ,. Q' --Q", q 2 .. Q"._ Q 
It is seen that the term with F00 (q 1 + q 2) corresponding to 

the rescattering on the same nucleon, is independent of the 
integration variable Q'~. It leads to the convergence of the 
respective integral at large Q". being provided for only by 
a decrease of pion-nucleon form factors ge (~ off the mass 
shell. Therefore, the calculations with Uj!_l demonstrate 
a &trong dependence OJ;). the off-shell behav1our of f 17 N. But it 
is impossible to choose a too fast decrease of f 77 N off the 
mass shell because it leads to a rather strong increase of 
the nonlocality region of rrN interaction. For studying the 
dependence of U

1
(1) on the off-shell behaviour of f

77
N· we 

used simple Yamaguchi form factors: 
ke 

ge (k) , - . - , 
(1+ A a2k2)2 

where a 2z0.056 fm2. 
Usually A"" 1. We used A=4, then the ge (k) are not much dif­

.ferent from thos~ which are determined in the approach of 
. ' !10/ Londergan et al. , at least in the resonance P 33 7partial 

wave. Nevertheless, the c~lculations of u,<;l at low ener­
gies show that this correction is so large that it breaks 
down the unitarity, i.e., a still faster decreasing of ge(k) 
is needed. At high energies the unitariry is not violated but 
the correction is still. large. That is illustrated in Figures 4 
and 5. 

It is important to note, that as has been shown by Feshbach 
et al./7/, the main part of the correction of IA (the term 
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with F00 (q 1+G 2 ))is cancelled out exactly with a correspond~ng 
term from the correction of the coherent approximation if the 
closure approximation is assumed. It may be proved, that such 
cancellation appears in any order of the optical potential. 
Therefore, though the correction of IA is large, it is can­
celled out, to a large extent, with the correction of the co­
herent approximation. Moreover, if one works with the full 
expression for u(2l., u~x) + u,~2) then the terms which appear 
from sob!ing the Lippman-Schwinger equation (I) with u(ll only 
and correspond to the double scattering on non-correlated nuc­
leons are exactly cancelled out with the part of u<2l which 
is proportional to F00 (q1) F00 (q 2), This cancellation does not 
occur if only u}il is taken into account and in this case 
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there appears a strange mixture of terms that describe double 
scattering on the correlated and non-correlated nucleons. 

3.5. The Comparison of the KMT and W Approaches 

A detailed analysis of the advantages and shortcomings of 
both approaches can be found, for example, in the papers/21,2~ 
Here we note only that both approaches lead to the exactly 
the same results if either eq. (1) is solved exactly or (1) 
is solved with the first order potential, but the latter de­
pends on the exact r -matrix. When impulse approximation is 
performed, the KMT and W models predict different results. 
In principle, one can consider this difference as a measure 
of deviation from the exact solution of the problem of elastic 

rrA -scattering. It is interesting to study the change of this 
difference due to addition of u< 2l . The results of calculation 
are summarized in the Table 2. 

.. 
The comparisons of the results of the KMT and W 

approaches* 

T (MeV) 24 51 145 180 

0(1)/8(2) 1 • 2.4 4.4 2.9 
(1) 

~W /atot (%) 60 59 II 17 

i (1) (%) ~KM (]tot • 54 46 6 9 

Table 2 

220 

1.5 

17 

8 

*lB .. IciKMT -awl' ~-la(ll_ a( 2l I. where (Jpl and a·( 2l were cal-
culated with the potentials uOl and uOl+ U(2l, respectively. 
The ratio in the first line is for a~1 • 

It is seen that the addition of the u< 2l decreases signi­
ficantly the difference between KMT and W results. Moreover, 
in the KMT-model taking into account of u<2l does not change 
tqe cross sections as much as in the W-approach. One can con­
clude, with some caution, that this fact may indicate that the 
convergence of the series for an optical potential is better 
in the ICMT-approach. 
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4. CONCLUS r'ONS 

As is seen from Figures I and 2 the addition of' the second 
order potential u<2J leads to better agreement with experi­
mental data at low energies ( T

17
.<100 MeV) and deterioration 

at the resonance region. That peculiarity may be understood 
on the ba~is of the following quantitative arguments~ Let us 
assume that the amplitud~.~rrN includes only the resonant 
wave, omit the term with the principal~value integral in the 
Green function in (14) G(E):: -irro(E (Q 0 ')- E(Q"))* and leave 
in the u< 2l only the terms that are proportional to:ATAT.From 
the discussions in section 3 one can draw the 4oncluslon that 
these approximations do not change significantly the main fea­
tures of U.(2), When ' 

Uopt u<ll u<2l (A ) (q)• . ( 2 -( 2 . ~ + ,.•-ltrrNFoo -lrr:A-1) Doo,qlq2)(trrN) • 
where t 7,N::: t33' 

In th~ ~33 -region the t33 is a large imaginary quantity, 
i.e., t3 3 ::: ( + iC. Then the addition of u<2l leads to a further 
increase of the imaginary part of U opt by quantity- c2.There­
fore, the atot must be increased, too. At T

17
-70 MeV, on the 

contrary, the potential uOl is a large real quantity u<ll= 
= c + i( and the addition of u< 2l leads, in general, to a de­
crease of the imaginary part of the total U0 Pt, Therefore, the 
cross sections must be de.cre'ased. 

These oversimplified arguments are not to be taken lite­
rally. They indicate only that the strong energy dependence 
of u< 2l is not caused by some approximations in the model, but 
is ~ reflection of a resonant structure of the pion-nucleon 
scattering. 

Figures 1,2 and Table 2 show that taking into account of 
u<2l is more important at low energies. In this region the 

1 behaviour of u< 2l is determined·mainly by the terms connec­
ted with pion charge exchange in the intermediate states. The 
influence of the N-N space correlations due to the recoii 
is rather small in the elastic rr 4He scattering. In the reso­
nance region the effects of the double spin-flip in the inter­
mediate states. become important, too.· 

The S·tudy of the correction of the impulse approx~mation 
involved in the u< 2) sh~J.WS that though the corre.ction itself 
is rather big, it is largely cancelled out with the correction 
of the coherent approximation. Such a.mechanism of the mutuaL 

4Ne checked that such approximation did not change the gross 
features of the resu~ts of calculations with u< 2t. 

14 

I • 

cancellation, . .probably, makes applicable the impulse approxi­
mation in the pion-nucleus scattering. 

Finally, the comparison of the KMT and W approaches shows 
that the alterations caused by the u< 2l are smaller in the 
KMT-model. 

It is a pleasure for us to express, our gratitude to V.B.Be­
lyaev, M.Gmitro, M.Kh.Khankhasaev and G.Pontecorvo for help­
ful discussions. One of us (R.M.) is also grateful to Prof. 
Yu.A.Shcherbakov for hospitality rendered to him during the 
staying in the Joint Institute for Nuclear Research in Dubna. 

REFERENCES 

I. Lee T.S., Chakravarti S. Phys.Rev., 1977, Cl6, p.273. 
2. Wakamatsu M. Nucl.Phys., 1978, A312, p.427. 
3. Hakamatsu M. Nucl.Phys., 1980, A340, p.289. 
4. Garcilazo H. Nucl.Phys., 1978, A302, p.493. 
5. Kerman A., McManus H., Thaler R. Ann.Phys., 1959, 8, 

p.551. 
~.Watson K.M. Phys.Rev., 1960, 118, p.886. 
7. Feshbach H., Gal A., Hufner J. Ann.Phys., 1971, 66, p.20. 
8. Salomon M., Rowe C., Landau R. Phys.Rev., 1978, CIS, 

p.584. 
9. Herndon D. et al. UCRL report-20030, 1970. 

10. Londergan J., McVoy K., Moniz E. Ann.Phys., 1974, 86, 
p. 147. 

II. Mach R. JINR, E2-12932, E2-12957, Dubna, 1979. 
12. Haftel M., Tabakin F. Nucl.Phys., 1970, Al58, p.l. 
13. Vincent C., Phatak S. Phys.Rev., 1974, C10, p.391. 
14. Crowe K. et al. Phys.Rev., 1969, 180, p.l349. 
!5. Binon F'~ et al. Nucl.Phys., 1978, A298, p.499. 
16. Shcherbakov Yu.A, et al. Nuovo Cim., 1976, 31A, p.249. 
17. Nordberg H., Kinsey K. Phys.Lett., 1966, 20, p.692. 
18. Wilkin C. et al. Nucl.Phys., 1973, B62, p~61. 
19. Nichitiu F. et al. Nuovo Cim., 1982, 67A, p. I. 
20. Gmitro M., Mach R. Z.Phys., 1979, A290, p.179. 
21. Nagarajan M. et al. Phys.Rev., 1975, Cll, p.1167. 
22. Tandy P.C., Redish E.P., Bolle D. Phys.Rev., 1977, C16, 

p. 1924. 

Received by Publishing Department 
on March 16 1982. 

15 



WILL YOU FILL BLANK SPACES IN YOUR LIBRARY? 

You can receive by post the books listed below. Prices • in US $, 

09-10500 

02-10533 

013-11182 

017-11490 

06-11574 

03-11787 

013-11807 

including the packing and registered postage 

Proceedings of the Second Symposium on Collective 
Methods of Acceleration. Dubna, 1976. 11.00 

Proceedings of the X International School on ' 
High Energy Physics for Young Scientists. 
Baku, 1976. 11.00 

Proceedings of the IX International Symposium 
on Nuclear Electronics. Varna, 1977. 10.00 

Proceedings of the International Symposium on 
Selected Problems of Statistical Mechanics. 
Oubna, 1977. 18.00 

Proceedings of the XV Symposium on Nuclear 
Spectroscopy and Nuclear Theory. Oubna, 1978. 4.70 

Proceedings of the III International School on 
Neutron Physics. Alushta, 1978. 12.00 

Proceedings of the III International Meeting 
on Proportional and Drift Chambers. Oubna, 1978. 14.00 

Proceedings of the VI All-Union Conference on 
Charged Particle Accelerators. Oubna, 1978. 
2 volurnes. 25.00 

01,2-12450 Proceedings of the XII International School on 
High Energy Physics for Young Scientists. 
Bulgaria, Primorsko, 1978. · 

0-12965 

011-80-13 

04-80-271 

04-80-385 

04-80-572 

02-81-543 

D10,1i-81-622 

The Proceedings of the International School on 
the Problems of Charged Particle Accelerators 
for Young Scientists. Minsk, 1979. 

The Proceedings of the International Conference 
on Systems and Techniques of Analytical Comput­
ing and Their Applications in Theoretical 
Physics. Oubna, 1979. 

The Proceedings of the International Symposium 
on Few Particle Problems in Nuclear Physics. 
Oubna, 1979. 

The Proceedings of the International School on 
Nuclear Structure. Alushta, 1980. 

Proceedings of ·the VII All-Union Conference on 
Charged Particle Accelerators. Oubna, 1980. 
2 volumes. 

N.N.Kolesnikov et al. "The Energies and 
Half-Lives for the a- and tj-Oecays of 
Transfermium Elements" 

Proceedings of the VI International Conference 
on the Problems of Quantum Field Theory. 
Alushta, 1981 

Proceedings of the International Meeting on 
Problems of Mathematical Simulation in Nuclear 
Physics Researches. Oubna, 1980 

18.00 

8.00 

8.00 

8.50 

10.00 

25.00 

10.00 

9.50 

9.00 

Orders for the above-mentioned books can be sent at the address: 
Publishing Department, JINR 

Head Post Office, P.O.Box 79 101000 Moscow, USSR 

' 

LQ 

Max P., Cano~HHKOB M.r. E4-82-189 
OTITH~ecKoro ll3y~eHHe 3~eKTOB, CBR3aHHb~ C ~eTOM 

noTeH~Hana BToporo nopRgKa B ynpyroM TT 4He-pacceRHHH 

BbmonHeHbi pac~eTbi ynpyroro rr 4He -pacceRHHR B paMKax 
OTITHqecKOH MOgenH C TIOTeH~HanoM BTOporo TIOPR~Ka, ll3yqeHa ponh 
3~eKTOB, CBR3aHHb~ C OTga~eH Hgpa, C nepe3apRgKOH H gBOHHb~ 
CTIHH /H30CTIHH/-~nHTIOM B TipOMe~yTO~HOM COCTORHHH, HccnegoBaHa 
KOppeK~HR K HMTiynhCHOMY TipH6nH~eHHID. llpOBOgHTCR cpaBHeHHe 
Me~y nogxogaMH KepMaHa-MaKM~Hyca-Tanepa. n BaTcoHa. 

Pa6oTa BbmonHeHa B lla6opaTopnn RgepH~ npo6neM OHRH. 

npenpHHT 06~eAHHeHHOrO HHC~HTYTa RACPH~X HCCneAOBaHHH. ~y6Ha 1982 

Mach R., Sapozhnikov M.G. 
Investigation of Second-Order Optical Potential 
for Elastic rr 4He Scattering 

E4-82-189 

The calculations of elastic rr 4He scattering within the 
framework of the optical model with a second-order potential 
were performed. The effects of recoil correlations, charge 
exchange and double spin (isospin) flip in the intermediate 
states are studied. The correction of the impulse approxima­
tion is investigated. Comparison between Kerman-McManus-Thaler 
and Watson formalisms is made. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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