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ABSTRACT

Distortion effects for inelastic scattering of heavy ions
from nuclei at intermediate energies are discussed in
terms of Glauber multiple scattering theory. Effective
impact parameter is introduced for one-step inelastic
collisions. The absorption appears to be smaller for
inelastic scattering compared to pure elastic collisions.
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1 In .recent years much of interest has been brought to slightly
w;elastlc nucleus-nucleus collisions. A bright example of it is the
(“He, t) reaction where various reaction channels have been ob-
served. Namely, the excitation of Gamow — Teller transitions, nucle-
on knockout and A-production have comparable cross-sections
[1—4].

| The parameters of delta-peak observed in the reaction on nuclei
diifer from those observed in the reaction on a proton. The peak is
shifted around 40 MeV down and is broadened up to 150 MeV. The
possible explanation of the shift is usually based on medium effects
[5, 6]. These effects become significant at densities about 0.5m,
wher:_’-: no is average nuclear density [7]. From the other hand. cal-
culations of the cross-section based on nuclear response fur{ction
a.nd convolution model for distortion factor give extreme periphera-
lity of the process and can explain neither observed shift no magni-
tude of the cross-section [8].

The origin of this failure lies in usi ' ' '

factor. Indfed, the distortion factor Ve Rars Bl

Exp[—x—gl]=exp[— S0m § g BAF—F") B fF’)] (1)

appeares in description of elastic nucleus-nucleus collisions [9). .
depends on impact parameter which is for elastic scattering the dis-
tance between centers of mass of the colliding nuclei. Therefore, it
1eI_Is nothing about the position of the nucleon in a projectile und‘er—
going charge exchange. The magnitude of inelastic cross-section
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depends, however, on target density at the position of this very nuc-
leon and not the position of the center of mass ol a projectile. Since
the target density varies rapidly at the surface the difference of the
positions must be important for the cross-section magnitude.

In this Letter the distortion factor for (*He, ) reaction with
excitation of 1p—1h or A—h states in target nucleus is obtained.
To describe the distortion Glauber approach for accounting rescat-
tering will be used.

Let T (§—7) be T-matrix amplitude for charge exchange reac-
tion in nucleon-nucleon collisions. It can be either elastic charge
exchange or inelastic with A-production. To obtain the nucleus-nuc-
leus amplitude we shall follow the way used in [9] for elastic
nucleus-nucleus collision. '

First. we introduce the profile function y.i($.—7j) for elastic
nucleon-nucleon scattering between nucleons o and j.

[ g exp| —ig(E—F)| 2 (@) (2)

Vol §a— 1) = 2
In the following the simplest case will be assumed for profile fun-
ction Vai(5,—7;). Namely, it will be taken spin and isospin indepen-
dent. Moreover, the same y(5—r) will be used for delta-nucleon
elastic scattering as well. With these approximations the amplitude
of charge-exchange reaction between nuclei B and A can be written
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The structure of the amplitude (3) is obvious, every rescattering
gives the factor | —vy(R+5—7) and one must exclude rescattering
between inelastically scattered nucleons to avoid double counting.

The next step is calculation of matrix elements of the amplitude
(3) between nuclear states. It will be done for (*He, {) reaction on
Carbon. At this step it is important what kind of final states is exci-
ted in target nucleus. We shall restrict ourselves by lp—1h or
A—h states that can be excited by one inelastic step. In this case
the matrix element between target states can he factorized
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This approximation is expected to be good in the regions of nucleon

or dF—‘llEI quasi-free peaks. In other regions of triton spectrum the
multistep excitation should be taken into account.

To f:alcularte the diagonal matrix element of rescatterings in (4)
usual approximation for target wave function as a product of

SII"JE{iC-pEI}'lICIE densities will be used. For diagonal matrix element
one obtains
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where p(F) = | dzp(7, 2) is the thickness function.
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The profile function ?(F‘} is narrow peaked compared to sizes of
both target nucleus A and °He or ¢. It can be used to obtain optical

!imit that gives clear physics of the procvess. First, integration over r
in (5) can be performed explicitly,

{ WR+5—F) §(F) d®r = (R 45) (6)

WhE‘I‘E: *F:'HV(F} d’r. Second, the terms in (5) containing product of
Vs with dlfferen} S, can be omitted because in integration over all §
with wave functions of *He and ¢ these terms will have small factor

{r[},{RHo}_g, where ry is the width of (7). Omitting these terms and
taking limit A>1 one obtains
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Now the matrix element of the reaction amplitude is

LA
Taeen—) d*RPsids5 €T Y (f) T, ..(R+5—7) 10) X
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X Wie (51, 52, §3) Wi (51, 5, 53) - (8)

where W (5, 52, §3) is the internal wave function of *He or ¢ depen-
ding on internal coordinates §, (Sa= —3§1—S52).

The amplitude (8) has clear interpretation. The particles emerge
from bound °He with probabilities given by the wave function
W (51,5 55). In neglection of excitation energies of *He and ¢ in
intermediate states every particle rescatters independently with its
own factor exp [—7p(R-+3S,)]. The particle undergoing charge
exchange has one rescattering less than others. The probability of
collecting them into bound tritium is described by wave function
WelSy, 5o, 531

The amplitude of charge exchange depends on coordinate s
coupling thus inelastic step with elastic rescattering. To separate
them let us introduce the effective impact parameter R.jj=R+5.
This is, in fact, the distance between proton in *He undergoing
charge exchange and the target. The amplitude of the reaction can
be represented as

* A 4 &
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i=1

where inelastic eiconal factor is introduced

exp[ — LyulRos. | =exp| =7 IS R | | dsidPsze™ ™ Wil 5. 53) %
X exp| — Fp(Refi =+ 52— 51) — Fp(Repj+ 5 —51)] Wi (51.52,83) . (10)
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For Gaussian wave functions of *He and { integration over longitu-
dinal coordinates can be factorized and performed explicitly giving
longitudinal formfactor of (°He, t) vertex. The remaining transver-
sal eiconal factor for 0°-degree reaction on Carbon is shown in
Fig. 1. It is obviously less steep at nuclear surface compared to
elastic eiconal factor in convolution model and has greater probabi-
lity of penetration inside a nucleus to higher density. The smoothing
arose from additinal integration over 7 in (10). This integration
corresponds to averaging over different positions of the "He center
of mass with the effective impact parameter being fixed.

The eiconal factor (10) has been used for calculation of absolute
cross-section in A-region for 0° '*C(°He, ¢) reaction at 2 GeV kine-
tic energy of *He. At this energy the momentum transfer in delta
region is rather big compared to size of '*C. Thus, local density
approximation for nuclear response has been used [7]. For the nuc-
lear response function at given density the model developed in [6]
has been used.

The results of calculation are shown in Fig. 2. The medium
effects are definitely stronger here than in [8] giving both the shiit

‘of the peak and almost all the cross-section in A-region. The

cross-section is proportional to
ialr?\" E}Lp[ —xm(ﬁ@“}] g (1”

For Woods — Saxon density of Carbon this expression has its maxi-
mum at 0.4 f. behind the radius of '*C. The maximum corresponds
to the density ~1/3no, where no is average nuclear density. This
value is considerably bigger than that found in [8] with elastic
eciconal factor. This is the reason for stronger medium effects. The
results shown in Fig. 2 are not sensitive to the constant of
short-range nucleon-nucleon interaction gj. The constants gy and
g\, are, however, important. The constant g} influences mainly the
peak position and g4, the strength of delta excitation in nuclei.

In summary, it was shown that the eiconal factor for inelastic
one-step reactions in nucleus-nucleus collisions differs from the one
for elastic nucleus-nucleus scattering. The. absorption is not so
strong for inelastic reaction giving possibility to reveal the influence
of nuclear medium on nucleon resonances.

The auther acknowleges the discussions of the subject with
V.L. Korotkich and L.C. Maximon.




{ r/Re

Fig. I. Eiconal factors for "?C. Full line—inelastic eiconal factor for (*He, {) reac-

tion. Dashed line—the eiconal factor for elastic scattering in convolution model.
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Fig. 2. The cross-section d*o/dE«dQ in mb/sr/MeV for '2C(*He, ) reaction. The lines
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