








smaller than even significant corrections to the eikonal
approximation could indicate. No systbmatical investi-
gation of validity of the eikonal approximation was,
however, performed in the Agj resonance region.

Recently, several elaborate Glauber model calcula-
tions of 7-He cross sections have been done in the
energy interval 80-300 MeV. Franco !¢ succeeded to
take into account all the spin-flip and charge-exchange
effects produced by the spin and isospin dependent part
of the 7N amplitude in the case of r -*He scattering.
These effects, being of order 1/A ( A is the number
of nucleons) were shown to influence strongly - He to-
tal cross section in the resonance region. Most of the
spin- and isospin-degendent terms were included also
in/11 in calculating “He(# ~,793He cross section. Despite
the progress reached in/!%:1/ it remains unclear whether
the Glauber model is in a position to produce more
accurate results including more realistic features of
both the target nucleus and the elementary #N amplitude
or it is possible to obtain - especially in the case of
the lightest nuclei - only some qualitative predictions
in the A4, resonance region.

In order to obtain at least a partial answer to this
problem, we proceed as follows. Firstly, the Glauber
model results were compared with new experimental
data on elastic differential cross sections for »* -*He 12’
and 7~ - He /13/reactions. Such acomparisonis especially
interesting for =% - 3He reaction, since no 3He data
were earlier available. Using the QPt;cal model, it was
established in the previous paper ''%  that owing to the

nonzero value of nuclear spin and isospin (J=T=_1/2 ) ,
therg are considerable differences between =+ -"He and
7~ -"He elastic scatterings. It will be shown that such
differences can be accounted for in the Glauber frame,
too. In deriving the Glauber model, the full spin and iso-
spin structure of =N amplitude was retained also in the
more complicated case of >He nucleus. Further, we
preferred to express the N amplitude in terms of the
experimentally known pion-nucleon phase shifts. Although
the off-energy-shell continuation of such an amplitude
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has some drawbacks /8/, the procedure seems to be less
ambiguous than various high-energy parametrizations
commonly used in the previous Glauber-type calcula-
tions. Besides the spin-flip and charge-exchange effects,
the nuclear correlations connected with the nuclear
recgil were studied also in detail. It will be shown that
7 -"He cross sections are influenced by these correla-
tions to the surprisingly large extent in the energy region
considered.

Secondly, the Glauber model results were compared
with those obtained utilizing the first order optical po-
tential. The approximations used in deriving the two
models are discussed. If the underlying approximations
are chosen to coincide as much as possible,some conclu-
sions can be drawn from the comparison of the two models
concerning the validity of the eikonal approximation.

In section 2 a brief derivation of the Glauber and
the optical model is given. Different features of the two
models are discussed in section 3. The calculated results
are compared with experimental data in section 4, where
some conclusions are also drawn concerning the validity
of the approximations used.

2. FORMALISM

Earlier, a detailed derivation was given (see,
e.g.,'"? and’'3/) of both the Glauber and the optical
model starting from the famous Watson’s multiple scat-
tering series

A
g =3 - +.Z'riGrj + .

i=l L

: 1)

where 7; denotes the collision operator for pion scat-
tering by a bound nucleon. The pion-nucleus collision
operator is denoted ‘as J and the Green function G

describes the propagation of the pion through a nucleus.
Rather than to repeat the derivation here, we point out
the different physical content of the two models. The first,
common approximation used in eq. (1) consists of r=t

where t denotes the collision operator for scattering



by a free nucleon (impulse approximation). In the case
of ground state elastic scattering, eq. (1) canbe rewritten
as follows : .

<0] fT(E)|0>=A<OIt(E)| 0>+A(A—1)L;l<0| t(E)[n)Gnn(E)x 2)
x<n|t(E)] 0> +...,

where

G, (E) =<n|G(E)|n>.

2.1. Glauber Model

The pion-nucleus amplitude is obtained in the fol-
lowing steps.
(i) Closure approximation. If the nuclear excita-
tion energy e, corresponding to the nuclear state |n>
is neglected, G,,(E) = Gyy(E),then the summation over all
intermediate nuclear states in eq. (2) can be easily
performed and we have

<0} J (E)|0>= A<O|t(E)]O >+A(A-1)<O|(E)G,{E)(E)| 0>+...

: 3)
(ii) Eikonal approximation.' The term linear in
transferred momentum is retained in G oolE) only. As
a result, the series (3) becomes finite being terminated
by the term involving A scatterings.

(iii) Parametrization of thepion-nucleonam-
plitude. The amplitude f,_ N is supposed to be a func-
tion of the transferred momentum ¢ and of the pion
energy E,, in the pion-nucleon centre-of-mass system
(will be denoted as 2CM). If the amplitude f,N is trans-
formed properly from 2CM to the pion-nucleus centre-
of-mass system * (referred to as ACM), the pion-nucleus
amplitude will be as follows

Performmg the transformation  ”sudden passage”
relativistic kinematics was used as described in /9/
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. _,—» —> g p 2 l_’b_’
o Fl GET,Dla>=3 A,cfd be 1°<0,JTa’|
4
xH [l—F(b—s )1-110,] T a>
i=1
in ACM. Here, L
P 1 2 —iq'b 3> 5 3
1'(b) - - fd°q e an (q,o,r,t,E2(_’ ),
27”p2c
p,,. and Py denote the pion momentum in ACM and

2CM respectlvely As a’,a(a=m;,m_,m ) there are
denoted projections of nuclear spin, isospin and of
projectile isospin. One has

Py [ (4.0.7,0,E, )=ay+a t-7+idJ(by+ b (), (5)
where
N L _a? (62)
i:ai(q’E2():g§0AP ( 2C)pf( —T‘;—)
() : q* 6b
bi bR )RR By (B )P 5y 60
C

Gi )
for i =0,1 . The dimensionless coefficients Apl' and B(gl)

are simply connected with pion-nucleon phase shifts.
In actual calculations the phase shifts /16/ were used.
The unit vector v normal to the scattering plane is
generally different for each individual scattering act.
In our calculations, the vector v was approximated
by the expression [qyl( l/p . If the momenta of in-
coming and outgoing plon are denoted as pl and
Be(lpP, [=‘pf|—pAc ; respectively, then K- =(p; +pf)/2
(iv) Nuclear model. Nuclear wave functions were
constructed using the single particle harmonic escillator
basis which yields
3 _ -
v CHe ) =y (r )y (5, )0, (ra)\/l—?(xmjan—me T,



v (*He) =y (e )y, (5 )y (o, w (r )\/—(xn Xn) > (7b)

where x ,>Z(><mI ,le) are mixed symmetry spin wave

functions corresponding to the spin S=0(1/2).The isospin
wave functionsy,n (5 .7 _ ) have a similar meaning.
Further, T 7T

—r2/2¢102

o) = )w : ®)

where the parameter a, can be determined from electron
scattering experiments. Whereas by the symbol |0, ]Tm m,.>
the ”inner” nuclear wave function is denoted in eq. (4’5
the expressions given by eqs. (7) being translationally
not invariant contain some portion of the nuclear motion
as a whole. In’/1!7/ it has been shown that the nuclear
reccil can be treated correctly even if not invariant wave
functions are used. To this end, it is necessary to sub-
stitute in eq. (4)

i o 1 A -

s, > S, - —A-jélsj . 9
In this way, we obtain for A=3 and 4 after angular
integrations

q2ad
Fc(q,?,T,])=pAce M F ()20 TE (@ +
(10)
i LK e )2t TR @)
pAc
Here
o A A
Fo@= / Jolab)bdb { (7] Yay+i(; )[a%‘——%—alz-%coszg;x
X(,32+232)]— ( A )[a3 —2a2a —cosz-g(aO B; +
2 (11a)
+2a063 40162,33)]'-1(4)[a +Tal —4a0al

_2am2§4a%32+2 alB2+2a B2 +243B2 -Baga B,B)+
+cos476-(,824+%)—,83 —43263)“,

A ) .
where the coefficients (i ) =A!/i!(A-1)! are supposed
to equal zero for i >A. We have for A -3

1

(11b)
+_5—ai3—C052-26—(a1B22—2aDB2 B3 + %alﬂi)x

oo . 2
F (9) =Of Jo(qb)bdb{al'+21(a0al—cos 02-[32,83)—a§a +

Fs(q)=0f Jo(qb)bdb{ Bz+ Zi(aOB2 -—2a133) +4a0alﬁ3_
) . . (11c¢)
a(fBz - 2azl[32 + cos? -g— (B; - 2[32,823)1

(Q)- f Jo(qb)bdbi-p, +21(a ~a B, )Fa /3 L2 IB_

_2a a‘3 +COS - (Zﬁzﬁ -—B )i (lld)

whereas F, (9) = F(q) = Fyp (@) =0 for A-4. We used the
notation '

q2a2

“u (bE, =-J§—£°e a(q,Ey )] o(bq)adq (12a)
Pae 2 2
q ag

B, =B, (bE, )= — fe 4 b(qE, )] (gb)a’q. (12b)

2cpAc

In order to determine the parameter a,, nuclear charge
form factor

€, 2 3 Al 2
Fch(q)zexp{-z-(rp+2— A ay )} (13)



was constructed from the wave functions (7). We put

2, 3 A-1 2 .
Pty TA ag=R%, (14)
where R

is the experimental charge radius (R (sHe)—
- 1.88 fm /18/and R h(‘{l )= 1.71 fm/1®/and r, = 0.8 fm
is the proton radius.

In our calculations, the Coulomb term Fq(q~ h(q)/q2
was also introduced. Fmally, 7 - 3He and 7 - He cross
sections were obtained.

2.2. Optical Model

Since the = —3He and 7 - 4He optical model was de-
rived in detail in’* ., we only briefly recapitulate the
approximations utilized.

(i) Coherent scattering approximation. The
terms containing nondiagonal matrix elements <0|«(E) |n>,
In>#£]0>, are fully neglected in eq. (2). Thus,

’0[——-——13(E)|0> (A=1)<0[t(E)|0> +(A=1)" <0 |K(E)|0>

(15)
G 5o (E)<0[ t(B)[0>+...= (A=D)<O[ t(B)| 0> (14G  (E)x

x<0|_‘.‘x‘ij(E)|0>).

Here, the pion-nucleus elastic scattering is treated as
a two-body problem, and the mutual interaction is des-
cribed by the optical potential

a p*f|U(?,f,f,E)|p*ia>=(A—1)< 0,a'F |t(E)|p, a,0>. (16)

(ii) Parametrization of the pion-nucleon amplitude, the
kinematical transformation of it from 2CM to ACM
as well as the nuclear wave functions were chosen to be
exactly the same as is shown in section 2.1. Then the
optical potential becomes
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2

<p, U, T,TE)B, >=F, (@) +{a(@+a()(1- -2%2-“
2¢
> R 17
2 J-Ip ><Pf]b(l) }F (q),
Ap
2¢
where q —-ﬁf—ﬁi and
Pre (0 S (D
a(?)=~4, tA, (E, )+ 2 “TAp (E,) |, (18a)
p2 A : ¢
2¢
(0) L2 (D
b(0)=—4z p;‘C—lBg (E, )-28-TB, (E, )} (18b)
p2c

The coefficients Ag (E2.) and B(el)(Egc.) were introduced in

eq. (6). Pion-nucleon s— and p-waves were considered
only in deriving eq. (17) Nuclear body form factor F(q)
is given by

A=l 2 2
- Acl 2,
F(q)=e 4A ) (19)
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In the case of 7- He elastic scattering, solely the
scalar-isoscalar part of the potential (17) 1s of course,
different from zero.

3. COMPARISON OF THE GLAUBER
AND THE OPTICAL MODEL

The main difference between the two models ( apart
from the eikonal approximation) consists in the fact
that in the Glauber frame all intermediate nuclear
excited states are approximately taken into account,
while the optical model allows for intermediate elastic
scatterings only. As a consequence, the Glauber model
could tell us, if taken seriously in the energy region
considered, something about the effects which do not
enter the first order optical potential.
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3.1. Spin-Flip and Charge-Exchange
Effects .

The spin- and isospin-dependent portion of the #N
amplitude does not give any contribution to the first
order optical potential for J=T =0  nuclei. Only those
transitions can be described by the potential for J £ 0 ,
T # 0 nuclei, which differ by value M. and/or mj from

the ground state (e.g., = "+ He-r®+’Hor"+ He ). On the
other hand, the part of the Glauber amplitude, eqs.
(10, 11), which is induced by vector-isovector component
of 7N amplitude, approximately describes virtual pro-
cesses of the type =~ + He»n°+n+?He +7~ + He etc.

3.2. Nuclear Correlations

As can be seen from eq. (17), nuclear structure enters
the first order optical potential via nuclear form factor.
It is well known /2%, that the Glauber amplitude contains
in addition to the formfactor also various nuclear corre-
lation functions. For example, the double-scattering
term in eq. (4) can be rewritten as follows

(2) 2 2 (2) » » Y Y >
F (@~ fd q;dq,0 (9—q,—q,) fTTN(ql’E2C>f77N(q2’E2c)X (20)

where x C(q, ,q,),
> i(i’ -; iq_’-g
C(q,.9,)=<0le '} 1e "2 2 10> (21)

and ﬁ=§f—§i . Spin and isospin indices were suppressed
in eqs. (20) and (21). Using the wave functions/ﬁiyen by
eq. (7) and the Gartenaus and Schwarz receipt con-
tained in eq. (9), e obtain 2,2 2
AGA—1, 2, 2 Ay > q“ag a5, 2 2
= 5+ q) 52q,q Y v B (R P

Clapag-e * 4 1 Ze 2A T2 40 e 127

in accordance with /21/, where the correlations caused by

nuclear recoil were studied in detail. In order to test the
sensitivity of the Glauber medel results to this effect,
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elastic "and total cross sections were also calculated,
when the recoil correlations were ”turned-off”. To this
end, we substituted in eqs. 510) and (12) exp(qZal/4A)
by 1 and af) by (A-Da2/A, respectively. It can be
easily verified, that using this prescription, the recoil
correlations are suppressed in all multiple-scattering
terms and the recoil effects remain unaltered in the
expression (19) for nuclear form factors.

3.3. Optical Model and Eikonal
Approximation

Even if the eikonal approximation is applied to
the optical model Green function Ggo(E) in eq. (15),
the resulting optical and Glauber model pion-nucleus
amplitudes will be different. The optical model amplitude
for ] =T=0 nuclei becomes

l(A—l )ao(b,Ezc)

F0M<q)=f:1—hciof bJ,(qb)db(l—e ), (23)
whereas
. o . A
F(;(q)=PAc‘0f bJy(ab)db [1-(1+ia (bE, )) ! (24)

is obtained in the Glauber model neglecting all spin-flip
and charge-exchange effects as well as correlations
connected with the nuclear recoil. Here, ay(b,E 2.) s
given by eq. (12) provided that azo is substituted by

(A-D)ag /A . If we express the right-hand side of eq. (23)
as a power series in terms of ay(b,E,. ), it can be
easily verified that single- and double-scattering terms
in eqs. (23) and (24) coincide. The difference between
the two amplitudes is caused only by scattering terms
of higher multiplicity. As was impressively shown by
Eisenberg /13/ such terms cancel out to the large extent
in the Glauber model. Using the coherent scattering
approximation in deriving the optical model, the structure
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of multiple-scattering terms is crudely simplified, the-
refore the cancellation cannot fully occdr.

In this paper, pion-nucleus cross sections calculated
utilizing eq. (23) are compared with the exact optical
model results. Such a comparison can give us an idea
about validity of the eikonal approximation in the energy
region considered. Provided that the eikonal approxima-
tion is adequate, the comparison of results obtained
using eqs. (23) and (24) could tell us something about
the validity of the coherent scattering approximation.

4. DISCUSSION AND CONCLUSIONS

We have calculated elastic ni—aﬂe' and % —4He
differential cross sections, corresponding total cross
sections apd the total cross section for the reaction
SH(7z*,7°)"He in the region of the first pion-nucleon
resonance using the Glauber model. Several results were
compared with those obtained utilizing the optical model.
The main aim of this study was to investigate the validity
of various approximations used in deriving the two
models, therefore no attempt was made to adjust the
input parameters in order to obtain better agreement
with experiment.

(i) Differential cross sections. The Glauber
model results are compared with the experimental 7t -3He
differential cross sections /!2/  in Fig. 1 at several
energies. A reasonable agreement is observed up to
the first minimum. The calculated results overestimate
somewhat the experimental data in the region of the
secondary maximum. The difference between »* and
7 cross sections is accounted for quite well, as
displayed at energy 98 MeV. A similar situation occurs
also for other energies. Differential cross sections are
influenced rather weakly by the nuclear recoil cgrrfla-
tions. An analogous comparison performed for = -~ - "He
reaction is given in Fig. 2. An agreement between theory
and experiment is satisfactory up to the minimum,
however the large angle discrepancies become more
serious. The Glauber model is also in a position to
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ntHe 98 MeV
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_, do/de [mb/sr}

10t

1--He 208 Mev

20 40 60 80 100 120 %0 08enm

Fig. 1. Differential »* —3He cross sections. Full Glauber
model 7results are compared with the experimental da-

ta/lz'/ (solid lines). If the recoil correlations are

“turned off”, the dot-dashed curve is obtained at 156MeV.
Pion-nucleon s— ,p— ,d—,f—, g— and h-waves were
considered.
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7"~ ‘He 208 MeV

20 40 60 80 100 120 %0 B0 Bcm

Fig. 2. Differential nt -4He cross sections. Full Glauber
model results are compared with the experimental da-
ta 13/ (solid lines). By dotted lines the results are shown
obtained neglecting the spin-flip and charge-exchange
effects. If the nuclear correlations are also neglected,
the dashed curves are obtained. Six =N waves were
considered. The difference between the dashed and dot-
dashed lines at 98 MeV is caused by d— ,f— |, g—and
h —waves, which are neglected in the latter case.
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describe correctly one of the most interesting features
observed in the = - 3He and = -*He differential cross
sections - the fact that the minimum occurs at approxi-
mately the same angle over the whole resonance region.
(Rather than in the angular variable, the dip position is
a constant in transferred momentum in the case of
heavier nuclei). The role of spin-flip and charge-exchange
effects is also shown in Fig. 2. If the nuclear recoil
correlations are ”turned-off”, changes in the calculated
results are surprisingly large.

(ii) Charge exchange reactionaH(n+,n°)3He.The
calculated total cross section is shown in Fig. 3. If the
correlations are neglected, a quite different result is
oObtained for E, <100 MeV. Unfortunately, this interes-
ting reaction was not yet studied experimentally. Our

5exch
[mb]

6L

L

1 1
100 200 300 400 Ex[Mev]

3
Fig. 3. Total cross section of H(7* 7°) SHe reaction.
Solid line denotes the full Glauber model result. The
dashed one represents a result of neglecting the recoil
correlations. Six "N  waves were considered.
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calculations predict somewhat bigger value of the cross
section in the peak region and more rapid decrease
for > 200 MeV compared to the results obtained
in /11, 227 The difference is caused by different paramet-
rization of the pion-nucleon amplitude and by the fact
that some spin-flip terms were neglected in /11,22/
There is a quite good agreement between our predlctlon
and the optical model result as obtained utilizing eq.
(17) (see /4 ).

(iii) Total cross sections. The calculated =*- He
and #~-"He total cross sections are shown in Fig. 4.
It can be seen from Fig. 4 that the recoil correlations
produce a noticeable effect for energies E, < 200 MeV
only. For the sake of completeness, the Glauber model
result for 7 - He total cross section is drawn in

Gtot
(mb]

300+

2001

100F

I} 1 1
100 200 300 Egq [MevV]

3 -
Fig. 4. Total m "-"He and = ~He cross sections. The
meaning of the curves is the same as in Fig. 3.
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Fig. 5. The spin and isospin dependent terms influence
the cross section for E_< 200 MeV considerably, as
was pointed out earlier in /1%/. The optical model curve,
also shown in Fig. 5, is of similar shape as the Glauber

Gtoth T T T T
{mb}

400

T

300

200}

100~

1 1 1 1
100 200 300 %00 Ex [Mev]

Fig. 5. Total 7 - *He cross section. The results of the
optical model, of the full Glauber model and of the
Glauber model without spin-isospin effects -are shown
by dot-dashed, solid and dashed lines, respectively.
Six 7N waves were considered in the Glauber model.
The full Glauber model result obtained using s— and
p ~-waves only is gwen by dotted line. Experimental
data were taken from/'24/

model result. The measured maximum is smaller than
the calculated ones..If the correlations were neglected,
we ‘obtained a total cross section curve (see Fig. 6),
which differs substantially from those displayed in Fig. 5.

Another interesting observation can be made in Figs. 2
and 5. Pion-nucleon s— , p— ,d-,f—g-and h -partial
waves were taken into account in constructing the Glauber
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model amplitude according to eqs. (10-12). If the pre-
dominating s— and p— waves are retained only, different
results are obtained in the small energy region E_<
<100 MeV ™ The effect of higher partial waves was
described at first in connection with the reaction

”‘O(n’”,n“)mNe by Liu and Franko /23{ Unlike the

authors of /23/ who concluded that higher partial waves
represent an important constituent of the scattering
amplitude in the region E ~ 100 MeV, we assume the
effect to be spurious. This effect occurs due to the fact
that higher powers of the transferred momentum q are
not damped effectively enough by the Gaussian in eq. (12)
for small energies. In fact, the integrals in eq. (12) are
of the type

q?al
Py T4 i+1 .
I=7 ]i(bq)e P[,(x)q dq, 1=0,1, (25)
0
where x =1—q2/2p§p . It can be easily shown that if

(py.39)< 1, the Glauber model results depend strongly
on the parametrization chosen for the #N amplitude,
since the contribution of even those q will be signifi-
cant in eq. (25) for which x<-1 occurs. For higher par-
tial waves the spurious effects will be, of course, more
serious. Therefore the Glauber model is hardly adequate
in the energy regime, where p,. <1/a, holds (at least in
the case if the N amplitude is expected to be a func-
tion of transferred momentum only). The inequality
(py.a4)>>1 represents some minimum condition, since the
Glauber model can be applied with safety only when
(Piap r)>>1°2% Here, r characterizes the range of pion-
nucleon interaction.

It is instructive to evaluate (py,a,) at E = 100 MeV.

We have 1.34, 1.13 and 1.53 for °He , *He and '*C |
respectively. Since the condition (py.agp>>1 is fulfilled
less well in the case of "He nucleus, somewhat better

* The effect is much stronger if the recoil correla-
tions are neglected.
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results obtained for =+ - °He scattering are not surpri-
sing. Moreover, model dependent multiple-scattering terms
give a more significant contribution to the = -*He cross
sections compared to the 7 -He ones.

Now, we can explain qualitatively also the remarkable
sensitivity of the Glauber model results to the nuclear
recoil correlations. It should be remainded that if the

recoil correlations are neglected, the parameter a% is

substituted by (A—l)a(z)/A _in egs. (12). Therefore, validity
of the condition (p, a,) v (A-1)/A >> 1 istobe examined.

This condition is fulfilled still worse than the previous
one. Thus we may conclude that at least some part
of the correlation effects reported at the beginning of this
section is spurious. This statement is expected to be
valid especially for » - *He scattering and for energies
E_< 100 MeV.

One of the most important results of this paper
is obtained, if a more detailed comparison of the Glauber
and the optical model is carried out. Such a comparison
is more instructive and easier to perform for » - *He
scattering. Total cross section calculated using the
optical model is compared in Fig. 6 with the ”eikonalized”
optical model result and with the Glauber model prediction
obtained neglecting the correlation, spin-flip and charge-
exchange effects. The three curves differ widely for
E <100 MeV, the “eikonalized” optical model result
is very similar compared to the Glauber model pre-
diction in the energy interval 100-200 MeV and all the
curves practically coincide for E_> 200 MeV. Having
in mind the results of our discussion contained in sec-
tion 3, the following conclusions can be drawn. Validity
of the eikonal approximation for En< 200 MeV is very
doubtful. Provided that the eikonal approximation is used,
the intermediate nuclear excitations seem to be a rather
unimportant constituent of the theory for En> 100 MeV.
Finally, our version of the Glauber model is probably
quite inadequate for energies E < 100 MeV. A large
instability of the Glauber model concerning to the various
corrections studied in this paper provides an additional
argument for the validity of the last statement.
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Fig. 6. Total = - 4'He cross section. The results of the
full optical model, of the ’eikonalized” optical model
and of the Glauber model without correlations and spin-
isospin effects are shown by solid, dot-dashed and dotted
lines, respectively. Pion-nucleon s— and P -waves were
considered only.

It is important to note that the marginal validity of
the eikonal approximation for E_< 200 MeV does not
necessarily mean that the Glauber model breaks down
completely. As was mentioned, the delicate cancellation
which occurs in the model may cause that the full Glauber
model result describes experiment quite well. Such an
eventuality probably takes place for = ~"He and n- 4He
elastic scattering in the energy interval 100-200 MeV.
The mechanism of cancellation is not very well under-
stood, especially if the spin-flip and charge-exchange
effects are taken into account and we postpone this
problem to further studies.
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