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Abstract: The paper contains a numerical evaluation of the expressions for the absorptive potential in
heavy ion reactions given earlier. With a standard folding expression for the real part of the ion-
ion potential general good agreement is found with experimental data for the angular distributions
of elastic and inelastic scattering. Special interest is attached to the case of 'O+ 28Si where the
calculated imaginary potential is very small at low bombarding energies.

1. Introduction

In the present paper we evaluate the imaginary part of the optical potential for a
number of collisions between heavy ions. The calculations are made on the basis of
the expressions derived in ref. !). The long-range part of this potential takes into
account the depopulation of the entrance channel due to single-particle transfer.
Multiparticle transfer as well as fusion are included to the extent that these
processes go through successive steps of single-particle transfer.

Inelastic scattering due to processes where a particle goes back and forth
between the two nuclei are thus also included. The major depopulation to inelastic
channels take place, however, to collective states excited by the average field. This
depopulation can be included as a separate contribution to the imaginary potential
having a shorter range than the one due to particle transfer. The expression given
in ref. ') for this potential is applicable only if the collective states are of vibrational
type and are excited by the nuclear field only.

The calculation of the imaginary potential due to particle transfer and vibrations
can be generalized to deformed nuclei by evaluating the associated quantities in the
intrinsic system. They would then depend on the orientation of the system and
have non-vanishing matrix elements connecting the rotational states. In this case
Coulomb excitation often plays a dominant role. This excitation mechanism and its
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370 G. Pollarolo et al. | Heavy ion potential

interference with nuclear inelastic scattering should be treated explicitly either
classically or in the coupled-channel Born approximation.

In the present paper we calculate the imaginary potential for a number of
reactions, where Coulomb excitation can be neglected. The results are applied to
the analysis of elastic and inelastic differential cross sections at a variety of
energies 27 %). For the real part of the optical potential we have used the folded
potential of ref. ®).

In sect. 2 we give a resumé of the expression for the real and imaginary
potentials. The calculation of W(r) for the different reactions and energies as well
as the comparison to the experimental data is presented in sect. 3. In sect. 4 the
conclusions are presented.

2. Theoretical basis for the calculations

The basic assumption for the use of the imaginary potential as derived in ref. ')
is that the depopulation of the elastic channel is due to a large number of
independent transfer reactions and to nuclear inelastic scattering to a few collective
vibrations. The imaginary potential can be written as

W(!) = Wrax\s(’.)+ vvinel{r)' {i}

The first component arises from the depopulation of the entrance channel due to
single-particle transfer. It reads

an’{al * (1' )
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The single-particle levels connected in the transition are labeled by a, = (n,l,j,), n,
indicating the number of nodes, while {, and j, are the orbital and total angular
momenta. The quantity a,(a,a}) is the diffuseness of the form factor associated with
the single-particle states a, and a4, connected by the reaction. This quantity is, on
average, of the order of 1.2 fm. The first term in (2) is connected with stripping
reactions while the second term corresponds to pick-up.

The acceleration 7, at the distance of closest approach for the grazing trajectory
can be estimated through the expression

myafo = (2E—~ Eg)/rg, 3)
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valid for the Coulomb trajectory. The quantities Eg and ry are the height and the
radius of the Coulomb barrier [cf. ref. 7), subsect. [11.2], while E is the bombarding
energy in the center-of-mass system.

The parameters U? and V2 are the spectroscopic factors, thus,

2. o 1 ol ; ;
Viayl,) = il Y KM a} e (@)agm (@O M D
: my

4)
Is the probability that the single-particle orbital is occupied in nucleus a while the
quantity U? = | — V7 is the corresponding probability that the orbital a, is empty
in the target A.

The function g¢,(Q} which depends parametrically on the Q-value and on the
angular momentum A transferred in the reaction determines the adiabatic cut-off.
That is, it weighs the probability with which the different transfer channels
contribute to W, (r).

The component of the imaginary potential arising from the nuclear inelastic
scattering to vibrational states is

an \! L /eUN N
W oY o | o rd aA
mel(’) (h2|r01> g ( E}F ) 3 (5)

where U}, is the nuclear part of the ion-ion potential, while a(x 0.6 fm) is its
diffuseness. In the quantity éU/dr we recognize the collective form factor for
inelastic excitations, while

24+1 (hwi hw?
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is the square of the zero-point fluctuation of the surfaces of the two nuclei, weighed
by the adiabatic cut-off.

The first term in (1) leads to a long-range component of the absorption with a
diffuseness of the order of 0.6 fm. The second, to a short-range part with ay, x 0.3 fm.

The imaginary potential depends on the energy mainly through the function g,(0).
As the bombarding energy increases, the collision time decreases leading to an
increase of g,(Q) and thus of W.

At higher bombarding energies (E > 10 MeV per nucleon) one should
include the momentum dependence of the form factor as described in ref. !). The
associated reduction of the contribution from each of the single-particle levels in
part compensates for the increase due to the opening of the Q-window. These recoil
effects are not included in the present paper.
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3. Examples

In this section we present the results of the calculations for W(r) associated with
the scattering of '°O on 2%®Pb, ##Sr, *°Ca and *%Si.

In fig. 1 we show the mass partitions which are populated in these collisions
through single-particle transfer. The single-particle levels involved in the transfer
processes can be read from the diagrams of fig. 2. They were calculated making use
of the standard potential

Vir) = — Voflag: 6. 7) + VeoulFoo 1)
5 I ¢
+V;sr03(l.s)_ Af(a0s9r053r)’ (7)
r or
where
Jla,ro.r) = (14+exp ((r—Rg)/a)) ", (8)
Ry = roAd®. (9

The corresponding parameters are collected in table 1.

The resulting levels agree well with the observed experimental values for single-
particle energies around the Fermi surface and for 4 2 100. Deviation of the order
of 0.5-1 MeV are observed for individual levels in lighter nuclei. In all the cases
however, the correct sequence of levels s predicted.

The single-particle form factors for stripping reactions, defined as [cf. ref. '),
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Fig. 1. Channels populated through single-particle transfer reactions from the collisions studied in this
paper. The entrance channel partition is contained in the central block.
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Fig. 2. Neutron and proton single-particle levels obtained from the single-particle potential (7) with the
parameters of table 1. The hatched areas contain the levels below the Fermi surface. Note that the
energy scale for 2°%Pb is different from the others.
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Taste |

The parameters for the shell-model potential {7} used to evaluate the form factors for the single-particle
transfer reactions

Vo do 'y Vi Fos oy Toe

L] n 54.84 0.66 1.18 264 0.95 0.55 -
P 55.16 0.66 1.18 26.4 0.95 0.55 110

2881 0 5479 0.66 1.22 83.4 1.01 0.55 -
g 5521 0.66 1.22 834 1.01 0.55 IR

40Ca n 54.75 0.66 123 22.1 1.04 0.55 -
P 55.25 0.66 1.23 22.1 1.04 0.55 L1t

83Gr n 50.74 0,66 123 20.2 1.03 0.55 -
‘ p 59.26 0.66 1.24 20.2 1.03 0.55 1.11

208py n 47.76 0.66 1.24 18.8 1.13 0.55 -
P 62.24 0.66 125 18.8 113 0.55 L13

For each of the nuclei considered the parameters are given for neutrons (n) and protons {p)
separately {in MeV and fm).

eq. (B.30) et seq.]
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mymy

were calculated using for U,, the potential (7) associated with the target nucleus
and setting ¥, = 0. With the same potential the single-particle wave functions R{r)
were calculated. The quantity (U, > is written as

Uiay = U?A(rm)”‘ U?A{rbA)"*“ UgA(raA}’"' UEA(rbA)a (an

and was calculated making use of the Saxon-Woods parametrization to the ion-ion
potential [cf. eq. (IT1.1.44) of ref. 7)], i

"N - V()

Uaa = 1+exp ((r—R,)a)’ (12)

where

R,R
l/b = 1675'}) “ﬁ“*ijig“ d,
a A

a=0855[1+0.53(4;  + 45 4] ' fm,
Ro = R,+Ry, (13)
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and

R; = 1.204} ~0.09 fm. (14)
The quantity y = 1 MeV-fm ™2 is the surface tension parameter.

The form factors associated with pick-up processes appearing in (2) were
calculated making use of a similar expression to (10) [cf. ref. ')].

The resulting form factors were parametrized according to

Ji0(0,r) = Foe=r—Rla, (15)

where the corresponding parameters are collected in table 2. In all cases
spectroscopic factors equal to | have been assumed, ie. V3{ail,) = U(a;1,) = 1
for stripping and U?(a\1,) = V*(a,1,) = 1 for pick-up reactions (cf. eq. (2)).

In order to calculate the absorptive potential associated with inelastic scattering
we need the energy and the zero-point amplitudes of the different modes. The
values for 'O as well as for the different targets are given in table 3. To calculate
the two components of the absorptive potential (2) and (5) one needs, aside from
form factors, the adiabatic cut-off function g,(Q). It depends parametrically on the
Q-value of the reaction and on the transferred angular momentum through

a = aO(Q_Qopt}
with
ap = (ayla,ay)/h*Fo |, (16)
and
b = by4,
with .
b = aylaay) hl(fg‘f'%) (17
©N Rl ) maard
The optimum @-value is given by
(L Z4 my My
Qopt - <ZA Zb> Fot <mb My (E=Ey)
Mgfo
— R,m, — R, my), 18
+ ma+mA( A, — Romy) (18)

where Z, is the charge and m, the mass of the transferred particle. The quantities
are defined to be positive for stripping reactions and negative for pick-up reactions.
They are zero for inelastic scattering. The height of the Coulomb barrier is denoted
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TABLE 2

Form factors for single-particle transfer reactions considered in the evaluation of the absorptive potential

by mli i Fy ay 0 (MeV)
1O +2°pPb 1Py 28412 5 6.6 1.23 — 768
liyy) 5 1.0 1.22 ~8.37

Livs 8 43 1.09 —9.25

3ds,, 3 4.8 1.45 -9.63

2841 3 1.8 1.40 —10.15

453 1 22 1.62 —~10.22

3ds,, 3 4.2 1.54 —10.52

Ip3 28012 3 2.0 117 —12.81
5 33 1.13 ~12.81

ISP 5 05 1.10 —13.50

7 33 1.05 —13.50

Hisp 6 09 1.07 —14.38

8 22 1.01 —14.38

3ds,, 1 1.8 1.39 —14.76

3 24 1.36 —14.76

284 3 0.7 1.30 —1528

5 36 1.25 —15.28

43y, 1 1.7 1.54 —15.35

3ds, 1 1.6 1.49 ~15.65

3 2.1 1.46 —15.65

O +27Pb 1ds;‘z IPin 3 82 1.37 —4.77
3psp 1 22 1.38 —5.52

3 33 1.33 —552

s, 1 0.2 1.35 —584

3 0.8 1.3 —5.84

5 5.2 1.23 —5.84

s 4 0.2 1.25 — 647

6 0.4 1.16 —647

8 19 1.07 —6.47

A t 0.8 1.24 —802

' 3 12 1.21 —8.02

5 28 115 —802

thy,, 3 0.1 1.19 ~833

5 0.5 1.13 ~8.33

7 37 1.06 —833

28452 K i 40 1.45 —5465
3py2 1 40 1.41 —6.40

2y, 3 28 1.33 —6.72

T 6 1.1 1.17 —7.35

2y 3 2.7 1.24 —890

thg, 5 1.4 1.15 —9.21

PN +29°Bi 1py2 1hgs 4 14 1.18 —284
26,2 4 76 1.17 —4.50

liy 32 7 53 1.06 —4.51

Ay 2 29 1.18 —6.64

3pyss 0 3.1 118 —7.69
e 2 R 03 TT6
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TasLE 2 (continued)

377

nily nidy 2 Fy Gy Qg (MeV)
1ps2 25, 2 13 0.97 —9.49
4 4.9 0.95 —9.49

liyy; 5 1.5 0.93 —-9.50

7 34 0.89 ~9.50

sz 2 1.6 0.92 —11.63

4 7.8 0.90 —11.63

3p1z 2 7.4 0.85 —12.68

UF 420771 1ds, 38452 2 0.8 1.17 —807
2ds,;, 2 0.3 1.05 —8.91

4 0.6 1.23 —~8.91

thyy s 3 2.9 0.62 —10.15

' 5 1.5 0.69 —10.15

7 0.4 095 —10.15

2ds), 0 0.3 1.06 -~ 1043

2 0.3 1.16 —10.43

4 0.2 1.36 —1043

lg,;, 2 0.2 0.82 —12.64

4 0.2 0.96 —12.64

6 0.1 1.41 —1264

50 +898r 1Pz 2d,,, 3 7 1.20 —~561
2452 1 39 1.29 ~7.04

1872 3 1.7 1.21 —7.51

245, 1 2.9 1.29 —7.63

1hyy, 6 5.8 110 —1022

Ipsj2 2ds,, 1 3.1 1.10 —10.74
3 44 1.06 — 1074

3y, 1 33 1.15 —1217

g7, 3 0.8 1.07 —12.64

5 4.5 1.02 —12.64

2d;, 1 0.9 1.14 —12.76

3 4.7 111 —12.76

thy,, 4 1.4 1.07 —15.35

6 31 1.01 —15.35

O +878r Ids;, 18,2 2 04 1.24 ~7.66
4 08 1.16 —7.66

6 29 1.06 —7.66

284 4 1.9 117 ~8.55
1ds,, 2p1,2 3 6.3 1.09 —10.78
285, 1 39 1.18 —11.66
tdsp, Ify,; 1 0.2 1.10 —11.59
3 0.8 1.07 ~11.59

5 50 1.01 —11.59

2815 3 2.2 1.10 —1247
1ds) 2p3 1 2.7 1.09 —12.26
3 39 1.06 —1226

28152 1 3.8 1.14 —13.15
1ds,, 1f,, 1 08 0.98 ~ 1656
3 1.2 0.96 —16.56

5 25 092 —16.56

28,2 3 2.1 1.00 —1744

{
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TasLE 2 {continued)

il nidijy 2 Fq Gy g (MeV)
1SN 489y 112 2y 0 31 1.28 0.69
18,2 5 6.8 L1t —1.61
2ds,, 3 9.0 11 ~7.26
1ps2 2Py 2 4.6 0.90 ~830
1852 3 24 0.87 ~10.60
5 43 0.84 ~10.60
2ds,, 1 44.0 0.54 ~16.25
3 34.7 0.58 —16.25
1F +5%Rb 1ds, 2p3s 1 1.8 0.68 ~10.03
3 218 0.64 —10.03
Uy, 1 03 0.88 —10.04
3 1.6 0.80 —10.04
5 18.7 0.65 - 10.04
1y, i 44 0.62 ~15.08
3 37 0.66 —15.08
5 38 0.69 ~15.08
28,, 2 1.3 0.96 —18.96
1ds,, 2 0.2 095 —~19.95
' 4 0.5 1.05 —19.95
150 +41Ca 1pis 15 4 8.1 1.10 ~3.30
2P32 2 7.2 121 —6.47
2P 0 29 1.28 ~8.00
Iy, 2 19 1.26 —~10.36
1ps,2 1, 2 26 1.02 —~8.43
4 4.6 0.97 ~8.43
2Psn 0 L5 L1z ~11.60
2 22 1.09 ~11.60
2y, 2 40 L1 ~13.13
i, 2 0.7 1.14 ~15.49
‘ 4 4.3 1.08 —15.49
0 +3%Ca Ids;s 1d;,, 2 L0 1.10 ~11.20
4 6.3 1.04 ~11.20
282 2 30 115 —1208
ids,, 25, 2 64 1.07 —12.65
28, 0 45 1.16 —13.53
1ds;; lds), 0 1.1 1.00 ~16.68
2 1.7 0.98 —16.68
4 13 0.95 ~16.68
28, 2 26 1.05 —17.56
1SN £ 418¢ 1Py 11, 4 7.9 1.09 —6.47
P32 2 34 0.90 —11.46
4 6.2 0.87 ~11.46
VF+3°K 1ds,; 1dy 2 1.1 1.07 ~691
4 7.4 1.01 —691
25, 2 8.1 1.00 ~8.24
tds;, 0 2.8 0.77 ~12.32
2 34 0.79 ~12.32
4 6.3 0.78 —12.32
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TABLE 2 {continued)

I nily iy A Fy Ay Q (MeV)

130 42981 1pin 25y, 1 59 1.18 —1.59
1d;,, 1 29 1.19 —4.33

if,, 4 7.1 1.16 — 10.65

2p3;; 2 4.9 .36 —1111

2py 0 1.5 1.59 ~12.06

ipsn 2842 { 5.4 1.02 -6.72

ldy; { 09 1.03 —9.46

3 5.4 1.00 —9.46

s 2 2.4 1.1t ~15.78

4 3.8 1.06 - 1578

233 0 19 1.30 —16.24

2 1.1 1.37 —16.24

2p12 2 1.8 1.48 —~17.19

70 +2780 1ds,, dg, 0 1.1 1.15 ~10.38
2 1.8 1.12 - 10.38

4 4.2 1.06 - 10.38

2502 2 34 1.16 —11.27

1ds,, 1py2 3 50 0.96 ~ 18.40

2842 1 2.5 1.08 -19.29

SN 4-29p Ipy2 25y, 1 54 1.24 —3.29
id;,; 1 2.7 1.18 ~5.94

Ipssa 28y,3 1 6.0 0.98 - 8.28

1d;;, 1 1.6 0.86 —~10.92

3 9.2 0.85 ~10.92

F 427A1 1ds,, 1ds,, 0 1.2 1.08 ~797
2 21 1.04 -1797

4 5.5 0.99 —-7.97

1py,2 3 56 0.87 ~15.40

For each channel the quantum numbers for the state in the projectile and in the target are given in
columns 2 and 3, respectively, while column 4 indicates the total angular momentum transfer A
Columns 5 and 6 contain the strength (in MeV) and the decay length (in fm) of the corresponding form
factor {cf. eq. {15)) with R = 1.20 (4} + AY®) fm. They were calculated from wave functions in the
standard shell model {7) with the parameters given in table 1. The last column is the Q-value for the
single-particle transfer in this shell model.

by Eg. The quantity [, is the grazing angular momentum, while m,, denotes the
reduced mass and r, the distance of closest approach [cf. egs. (111.3.28) and
(111.2.6), ref. 7)].

In table 4 are given the coefficients ag, b, for a,, = 1 fm and Q,,, for the different
reactions analyzed below. An illustration of the function g,(Q) is shown in fig. 3.

160 4+298pp. In the calculation of the absorptive potential for the scattering of
'O on 2°®Pb we have included the single-particle transfer processes given in table
2. We have also included the inelastic transitions to the levels of '*O and of ?°®Pb
shown in table 3.



380 G. Pollarolo et ai. | Heavy ion potential

TasLe 3

The collective states included in the evaluation of the imaginary potential due to inelastic scattering

A E, B, putEA) 1B
208pp 27 4.10 10.8 0.061
3 2.6 32.0 0.12
47 43 15.0 0.07
5 33 17.0 0.067
58gr 2% 1.84 4.5 0.12
ke 273 13.6 0.206
40Ca 2t 39 2.0 0.112
3 3.7 12,0 0.27
4" 79 28 0.127
5 45 9.0 0.22
2853 2" 1.78 12.6 0.38
3 6.88 250 0.56
10 2* 6.92 34 0.36
3~ 6.13 5.6 0.46

For each state of spin 1, the excitation energy (in MeV), the B(E/) value in single-particle units and the
deformation parameter is given.

From the Q-values and excitation energies one evaluates the function g,(Q}. The
results associated with the transfer reaction for four bombarding energies are
shown in fig. 3. Each transition is indicated by a point. The figure illustrates how
at the higher bombarding energies more transitions contribute.

The resulting imaginary potential {W{r)),.., can be fitted by

_ Wo(E)
1+exp ((r—Ro)/aw)’

Wirans(r) (19)

with R, given by (13) since the internal part of the potential is irrelevant. The
resulting parameters Wy(E) and ay, are given in table 5.
The imaginary part of the potential arising from inelastic processes is given by

N ¢ 2
Wialr) = K(E)(-‘il—“—g—;@) . 20)

The values of K for the different bombarding energies are also collected in table 5.
The real part of the ion-ion potential U,,(r) is given in eq. (12).

With these ingredients the differential cross sections for elastic scattering were
evaluated with the optical model code GENOA °). The results are compared to the
experimental data in fig. 4. While the agreement is good at higher bombarding
energies, one notices an important discrepancy at the lower bombarding energies.
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TasLE 4

Parameters for the determination of the adiabatic cut-off

Ky Qope (MeV) o by
{MeV) ns. n.p. p.s. p.p {Mev)™!

16+ 20ph 88 0.78 +0.78 - 10.70 8.30 0.213 0.152
96 -0.52 0.57 — 1045 8.10 0.203 0.211
102 -0.32 0.40 —10.25 7.83 0.193 0.238
104 -0.25 0.35 —10.18 7.87 0.190 0.245
1295 0.60 —0.34 - 935 7.18 0.160 0.299
1385 0.50 —0.58 — 903 6.94 0.152 0.309
192 2.68 -2.02 - 725 5.50 0.122 0.340
1oy 4+ B8Sr 48 -0.51 046 - 521 388 0.285 0.062
52 -0.40 0.38 - 511 3.80 0.264 0.198
56 ~0.30 0.30 - 500 372 0.247 0.254
59 —-0.23 0.23 ~ 493 3.66 0.236 0.282
10 +40Ca 40 -0.14 0.10 - 233 1.54 0.273 0.319
50 0.01 —0.29 — 218 [.41 0.229 0.407
74 0.37 —~.34 - 1.82 1.1t 0.174 0.466
104 0.82 —0.72 - 1.38 0,72 0.141 0.484
140 1.56 —1.18 - 083 0.26 0.119 0.488
160 + 285 36 - 0.06 0.01 - 1.29 0.69 0.273 0.393
S5 0.12 —-0.15 — L1 0.53 0.200 0.480
81 0.36 —(.38 — Q.87 0.31 0.157 0.515
141 0.91 —{(.89 - 0.32 -0.20 0.114 0.519

For each reaction and at each bombarding energy are given the optimum Q-values for neutron
stripping (n.s.} and pick-up (n.p.) and for proton stripping {p.s.} and pick-up {p.p.). The quantities a,
and b, (cf. egs. (16) and {17} are given in the last two columns for the case of g, = 1 fm.

We have also calculated differential cross sections for inelastic scattering for the
2%,37 and 5~ states in 2°®Pb at a bombarding energy of 104 MeV. The results are
given in fig. 5 together with the experimental data.

For the highest bombarding energy of 192 MeV some states not included in the
single-particle spectrum might contribute leading to an underestimate of the
potential. On the other hand, at this bombarding energy one should include recoil
effects which would diminish the form factors and thus the absorption.

"0 +885r. With the single-particle form factors of table 2 and the inelastic
channels given in table 3 we obtain the parameters for the imaginary potential
given in table 6. The resulting elastic scattering angular distributions are compared
with the experimental data in fig. 6.

Y0 +4°Ca. Similar calculations for the scattering of '*O+°Ca leads to the
imaginary potential given in table 7. The associated elastic angular distributions
are given in fig. 7.

'°0 4-?8Si. The imaginary potential for the scattering of 1°0+ 28Si as calculated
with the single-particle transitions shown in table 2 is given in table 8. Elastic



382 G. Pollarclo et al. | Heavy ion potential

lGO + EOBPb

Ll — , —
o 15N,208p E,_ = 88MeV

x  150+209py

o 1Tg, 2077
o b v 170, 207 pp /] /
MM_“/""\ 3 2
4

e

6.
o

&}7 »
3@%\\

91 il
T

<

3

b(x)

PETY

=88 .

T2

0

Fig. 3. The adiabatic cut-off function g,(Q) for the reaction '*O-+?°*Pb. To display the energy

dependence of the W,,,, we have shown how the different single-particle transfer channels move in the

(a,b) plane defining the adiabatic cut-off. The values of the function g,(Q) are represented by contour

lines. The different channels given in table 2 are represented by dots according to the legend in the
left upper corner.

TABLE 5

The absorptive potential for the scattering of '*O on *°°Pb (the parameters of egs. (19) and (20} are
given at various bombarding energies)

E, E, . /Es W,(E) aw K(E)
{MeV) : {fm) {fm>-MeV™1)
88 1.07 —27.40 0,54 —0.043
96 1.17 —28.16 0,56 —0.045
102 1.25 —28.04 0.57 —0.046
104 1.27 —27.90 0,58 —0.046
1295 1.58 —24.68 0.60 —0.046
1385 1.69 —23.60 0.60 —0.045

192 234 -10.10 0.61 —0.042
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TABLE 6

The absorptiver potential for the scattering of '°O on ®%Sr (the parameters of eqs. (19) and (20) are
given at various bombarding energies)

E, E.m/Es WolE) aw K(E)
(MeV) (fm) (fm?-MeV ™)

48 1.01 —21.30 0.53 —0.026

52 1.09 —2337 0.53 —-0.031

56 1.17 —28.80 0.52 —0.034

59 1.24 —34.70 0.52 —0.036

0 e
]j ‘SO‘* BBSr

I+ 4
x
b
~
o | F * 52 Mev]
b 4
' ° 56 MeV
) * 59 MeV
10

B
0 30 GO 90 |20 150 180

cm

Fig. 6. The ratio of elastic to Rutherford angular distribution for the '°O+*8Sr reaction at different
bombarding energies. The curves are calculated with the real potential (12) and with the imaginary
potential of table 6. The data points are from ref. 7).

TABLE 7

The absorptive potential for the scattering of '°O on *°Ca (the parameters of eqs. (19) and (20) are
given at various bombarding energies)

E, Ecm/Es Wo(E) aw K(E)
(MeV) (fm) (fm?-MeV ™)
40 1.21 — 954 0.54 —0.055
50 1.51 —13.67 0.53 —0.059
74 2.24 —17.23 0.52 —0.055
104 3.14 —17.11 0.52 —0.050

140 423 —1592 0.52 —0.045
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Fig. 7. The ratio of elastic to Rutherford angular distribution for the '°O +%°Ca reaction at different
bombarding energies. The curves are calculated with the real potential (12) and with the imaginary
potential of table 7. The data points are from ref. *).

scattering angular distributions are compared with the data in fig. 8. The
theoretical prediction miss the backward rise shown by the data at the lowest
bombarding energies.

For these bombarding energies the absorptive potential is, however, very
sensitive to the Q-value of the single-particle transfer reactions. The results above
are based on Q-values calculated with the average single-particle potential (7). We
have recalculated W taking into account the experimental single-particle spectrum
for both target and projectile (cf. fig. 9). The resulting potential for different
bombarding energies is shown in fig. 10 and table 9. One observes that W, .(r)

TABLE 8

The absorptive potential for the scattering of 'O on ?%Si (the parameters of egs. (19) and (20) are given
at various bombarding energies)

Ey Eom/Ey Wo(E) aw K(E)
(MeV) (fm) (fm?-MeV™1)
36 1.33 — 9.65 0.57 —0.098
55 2.03 —17.16 0.54 —0.100
81 3.00 —17.55 0.54 —0.085

141 5.25 —14.98 0.55 —0.065
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Fig. 8. The ratio of elastic to Rutherford angular distribution for the 'O+ 28Si reaction at different
bombarding energies. The curves are calculated with the real potential (13) and with the imaginary
potential of table 8. The data points are from ref. °).

depends strongly on the energy and becomes very small at bombarding energies
close to the Coulomb barrier. In fig. 10 we have indicated by a dotted curve the
potential W, ., at 33 MeV. As is seen from fig. 11 the absorption is dominated by
inelastic scattering almost exclusively to the lowest 27 state in 28Si (cf. table 3).

TABLE 9

The absorptive potential due to single-particle transfer for the scattering of 'O on 28Si (the parameters
of eq. (19) were calculated on the basis of the experimental single-particle energies, cf. fig. 9)

E, (MeV) WolE) R, Ay

(MeV) (fm) (fm)

100 + 288i 33 —0.50 6.00 0.55
36 —1.60 6.00 0.525

55 —-50 6.50 0.50

81 —6.0 6.50 0.53

141 -75 6.50 0.53
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Fig. 9. The “experimental” single-particle spectrum for the single-particle motion of neutrons and
protons in '°O and 28Si. (cf. fig. 2).
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Fig. 10. The absorptive potential W, as calculated from the single-particle spectrum of fig. 9 for

different bombarding energies. The full drawn curves indicate the Saxon-Woods fit to the calculations,

the parameters of which are given in table 9. The dotted curve indicates the absorptive potential at 33
MeV due to inelastic scattering treating the 2* state of **Si as a vibrational state.
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Fig. 11. The ratio of elastic to Rutherford angular distribution for '*0O+?8Si at 33 MeV bombarding
energy. The data points are from ref. *). The full drawn curve (T,) is obtained in an optical model
calculation where the real potential is given by {13) while the imaginary potential is given by W, {r} of
fig, 10. The dashed curve (T,) is obtained by treating the collective state in **Si as a harmonic vibration.

This is however not a vibrational state was as assumed. It is well established that
288} is deformed, and as was mentioned earlier [cf. also ref. ')] the inelastic
scattering must in this case be treated by coupled channels with deformed
potentials. Such calculations which are in progress show that the angular
distributions are then much in agreement with the experimental results '°).

4. Conclusions

Although some discrepancies remain, the overall agreement between the data
and the theoretical calculations, based solely on nuclear structure information,
gives us confidence that a detailed understanding of the grazing collisions can be
obtained. The calculation of Wi{r) should be improved to incorporate besides the
experimental single-particle energies also the spectroscopic factors as obtained from
the measured single-particle transfer cross sections. Since the latter not only
enters through a multiplicative factor but also through the derived absorptive
potential, this improvement must be done self-consistently.
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