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Starting from a semiphenomenological analysis of fi@+2°%Pb elastic scattering data at energies ranging

from 78 to 312.6 MeV and using the dispersion relation, we have obtained the energy dependence of the real
potential up to 1503 MeV. This real potential was then used with an absorptive potential calculated with a
microscopic model, to analyze the elastic scattering at 793 and 1503 MeV. A good agreement between
calculated and measured elastic scattering cross sections at 793 MeV corroborates that at this energy the
collision is still dominated by collective processes. However, at 1503 MeV, the agreement between theoretical
calculations and experiment is poor as expected, showing that the low collective modes are not the “prepon-
derant” channels responsible for absorption anym#€556-281®9)01109-7

PACS numbds): 25.70.Bc, 24.10-i

[. INTRODUCTION concentrated in a narrow domain of the nucleus surface po-
tential. Considering only the contribution of the low lying
For many years, the optical model has been a useful toahelastic channel§l11] plus other peripheral processé®.,

to describe heavy ions elastic scattering. Particularly, théransfej [12] one can reproduce the experimental data.
160+2%%pp system has been widely studied because it is\When energy increases, the radial domain of the absorption
from a theoretical point of view, an interesting systembroadeng11,13 and one cannot reproduce the elastic scat-
formed by two colliding spherical shell closed nuclei. Phe-tering data by taking into account only peripheral processes.
nomenological Woods-Saxon potentifil§ as well as semi- Other nonelastic processes, such as nucleon-nucleon scatter-
phenomenological ones, where the real part was deducdBd, Will also contribute to the absorption.
from renormalized double folding M3Y effective interaction ~ The closure approximation model would not be able to
[2], have been successfully used to reproduce the elastic scagProduce the elastic scattering data when energy increases if
tering data in a large domain of energies ranging from 78 t(5)ther processes not !ncluded in the model contribute S|g_n|f|—
1503 MeV[1,2]. Assuming a semiclassical approach, theo_cantly to the absorption. The aim of the present paper is to

retical calculations were carried out to evaluate the contribuSjetermlne its validity at energies higher than those usually

tion to the imaginary potential coming from some of the considered, where_ its predictive power has begn widely
lowest inelastic and transfer channg, In the same way tested. The model is better adapt_ed to t_he calculations of the
but starting f the Feshbach th .fth tical potenti bsorption than to the real potential mainly because of some

ut starting from the Feshbach theory ot the optical potentidy,io e gjiate approximations such as the use of a zero range
[4], different attempts were performed to evaluate th

. . €h-n interaction. We will first determine the real potential in
nucleus-nucleus potential. Both microscofi¢ and macro-  yhe semiphenomenological way presented in Sec. I, where

scopic[6] form factors were used to evaluate the contribu-ye 150 determine its energy dependence with the help of the
tion of some of the low lying inelastic channels to the poten-gispersion relationf14]. In Sec. Ill we briefly recall the

tial. The nonelastic channels were introduced eitheimodel and its parameters. Elastic scattering cross section cal-
individually [5—7] or globally[8], by assuming closure rela- cyjations at 793 and 1503 MeV will be shown and discussed

tions for both projectile and target nuclei. This last modelin sec. IV, while Sec. V is devoted to our conclusions.
calculates the contribution to the potential coming from all

the collective inelastic channels and simulates the contribu-
tion due to transfer channe]9]. Within this model, elastic
scattering data were reproduced successfully on a wide do-
main of energies that, in the case'80+2%Pb, ranges from
78 to 312.6 Me\[9,10]. It has also been used successfully to  Elastic scattering data dfO+2°%b at energies listed in
predict excitation functions of near- and sub-barrier fusionTable I, have been taken from R¢L5] and analyzed in the
for %0+2%%Ph and *?s+4%Ca systems[10]. However, it same semimicroscopic way as in RgZ]. The absorptive
should be valid for low energy scattering only and we arepart is chosen to be an energy dependent Woods-Saxon po-
interested in this paper by studying its limits in terms of tential with parameters taken from RgL6]. They are given
energy. in Table I. The real part of the potential has been calculated
As we have previously shown for energies close to theas a double folding M3Y potential. The only difference with
Coulomb barrier, the radial distribution of the absorption iscalculations of Refd.2,16] is the ground state density which

II. ELASTIC SCATTERING ANALYSIS:
ENERGY DEPENDENCE
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TABLE I. %0+2%pph semiphenomenological optical model parameters.

Elab N(E) Wo rw aw -V(12.4fm)  —W(12.4 fm) oR x%n
(MeV) (MeV) (fm) (fm) (MeV) (MeV) (mb)

7800  1.726 28350 12635  0.4206 2.859 0.456 4030 0.7
80.00  1.479 29590 1.2695  0.4408 2.450 0.641 109.30 1.2
81.00 1581 32280 1.2666  0.4201 2.618 0.549 14020 1.3
8200  1.635 29.809 1.3482  0.3077 2.708 1.063 20550 0.4
83.00  1.606 26.760  1.3428  0.3211 2.659 0.950 253.80 1.0
85.95 1414 27436 1.3284  0.3847 2.342 1.214 451.90 1.0
87.00 1429 29.380 1.3251  0.3730 2.366 1.104 475.60 0.9
88.00  1.380 25476  1.3208  0.3681 2.285 0.835 49580 13
90.00  1.266 32953  1.2924  0.4339 2.097 1.039 626.80 0.7
94.00  1.112 35300 12787  0.4840 1.842 1.245 84230 17
96.00  1.259 32240 12900  0.4424 2.085 1.037 89430 05
102.00 1.000 36.150 1.2286  0.5687 1.656 0.999 1153.00 0.7
10400 1.311 32800 1.3099  0.4088 2.171 1.197 1208.00 0.2
12950  1.100 35578  1.2370  0.6271 1.822 1.511 2079.00 06
13850  0.958  40.203  1.2155  0.6029 1.586 1.132 215200 3.1
19200 0.952 42.223  1.2098  0.6196 1.577 1.209 289300 1.1
21660 0584 38.092 1.1595  0.7363 0.967 1.071 3069.00 15
312.60 0.868 23.783  1.2178  0.6478 1.437 0.874 3419.00 0.1

in our calculations is parametrized as a four parameter Ferniitting the experimental measurements with the help of the
distribution: Ecis94code[20]. The energy dependent renormalization fac-
tors are shown in Table I.

Elastic scattering data fol?0+2%Pb at 793 MeV have
been taken from Refl21]. Phenomenological calculations
have been performed by using the optical model parameters
where the?®®Pb, density was obtained in a variational semi-of Mermazet al. taken from Ref[1]:
classical method[17] with ©=0.0, ¢=7.194fm, a
=0.658 fm,n=1.56 for neutrons and)zo.é%, c=6.375fm, Vo=50MeV, 1,=1.083fm, a,=0.7551m,
a=0.535fm,n=1.42 for protons, while the®O density was _ _ _
obtained by fitting electron scattering ddth8] with w= Wo=42.2MeV, r,=1083fm, a,=0.755fm. (2)
—0.051, c=2.608fm, a=0.513fm, n=1. For the '®O A good agreement between elastic scattering calculations
nucleus, corrections due to the neutron charge distributioand data is observed in Fig(l&ft). The o and x?/n values
and finite proton range have been taken into account in thgre included in Table II.
standard way19]. We renormalize the bare real potential by At 1503 MeV elastic scattering data have been taken from

Ref.[22]. In Eq. (3) we give the optical model parameters of

pe(N=po(1+wr?/ct){l+exd(r—c)/z]} ", (1)

S I=AR RN RN AR LR 1= SRl R IR B Rousselet al.[1,23] used in optical model calculations:
Bk T R E
12 1wy = 793 MeV- TV Eu = 1503 MeV Vy,=80MeV, r,=1.072fm, a,=0.718fm,
1F =% b E
0.8 E- == = W,=51.6 MeV, r,=1.072fm, a,=0.718fm. (3)
0.6 — =+ = TABLE Il. 1%0+2%%pb elastic scattering and total reaction cross
04 == = section calculations.
02 =+ - 5
0 :l [ l 111t I 111 I J I:: 1 1| [ | ‘:""': | | 3 Elab (Mev) Real pOt Im pOt O-R(mb) X /n
6 25 5 75 100 2 4 o 6d 793 Eq.(2) Eq.(2) 3600 0.75
em(4¢8) 793 N(793)-Vysy  EQ.(2) 3600 0.78
FIG. 1. Comparison of%0+2%pb elastic scattering data with 793 N(793)-Vysy  Eq.(12 3673 0.68
calculations. On the left we compare elastic scattering calculationd503 Eq.(3) Eq. (3 3586 54.00
with parameters of Mermaet al. (full line) to our microscopic 1503 Eq.(4) Eq. (4) 3209 2.18
potentials at 793 Me\(full line). On the right we compare similar 1503 N(1503)- Vyay Eq. (4) 3210 2.76
calculations with potentials of Eq4) (dashed lingto our micro- 1503 N(1503)- Vysy EQ.(12) 3527 11.50

scopic ones at 1503 Me\full line).
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However, a bad agreement with the data was obtained by

using these parameters in our calculations, as it is shown in  § s b AL L L N
Table Il. g ]
Keeping the same geometry for both real and imaginary & , L 3
potentials we searched for the depths of the real and imagi- = | o ]
nary potentials to reproduce the experimental measurements. 1F =
We obtained 05,,1,...1....1,.“1. ]
N Er | 1 LA

Vo=44MeV, r,=1.072fm, a,=0.718fm, Sis b o 3
Wy=26.1MeV, r,=1.072fm, a,=0.718fm. (4) ;’1 - E
Elastic scattering calculations with potentials of E4). are 05 E

shown(dashed lingin Fig. 1 (right) and compared to experi- g Lo bl L e L
ments. In Table Il we show ther and y2/n values which 0 100 200 300 400 500

are very different from those obtained using the parameters Evuy(Me¥)

of Roussel of Eq(3). ) . FIG. 2. Energy dependence of the real potential*f@-+2°Pb

Energy dependence of the real potential has been expery 15 4 fm.
mentally observedi24,25 and theoretically well understood
[10,14,28. This phenomenon arises from the coupling be-our microscopic absorptive potential, we use the dispersion
tween the elastic and nonelastic channels. relation to obtainN(793 MeV)=0.331 andN (1503 MeV)

The energy dependence of the real potential is then re=0.255. When energy increases it is known that the sensi-
lated to the strength of these couplings and it is directlytivity radius decreases and the sensitivity domain of the
linked, by a dispersion relation, to the variation of the ab-imaginary potential broadens. We can expect a sensitivity
sorption with energy. The subtracted dispersion relation camadius shorter than 12.4 fi23] at the highest energies and a

be written as sensitivity domain of the potential different from that of the
) lowest energies for which it is known to be very narrfd].
ReAVg (r,E)= E-Es fm ImAV(r,E’) ' We could construct a new dispersion relation at this shorter
s’ iy Eo(E'—Eg)(E'—E) ' sensitivity radius but it would not have a physical meaning.

(50  Indeed, the energy dependence of the real potential is related
o ) _ to the energy dependence of the imaginary one, which
whereP represents the principal value of the integia),is  strongly changes in the vicinity of the barrier, where the
the threshold energy at which the imaginary potential vansensitivity domain of the potential is very narrow and sur-
ishes Es is a reference energy, and B¥ (r,E) is given by rounds 12.4 fm. Assuming at these energies, a sensitivity
radius very different from 12.4 fm we get out of the sensi-
ReAVe (r,E)=V(r,E)-V(r,Ey), (6) tivity domain where the absorption takes place and the cor-
) ) responding imaginary potential is unphysical.
whereV(r,Eg) is the value of our total real potential at the  \ye can verify that the real potential calculated from our
reference energy. This real potential can be calculated Witﬁispersion relation with Eq5) shows a correct radial depen-
Eq. (5. ) ) dence. In Fig. Jleft) we compare the real potential of Eq.
In a linear schematic modg14,27 Eq. (5) can be evalu- (5) (hold full line) at 793 MeV to the real potential of E(R)
ated assuming that IthV(r,E") can be represented by linear (hold dashed ling Starting from 10 fm they both agree. At
segments joining the values of the imaginary potential ag503 MeV the agreement between the real potential deduced
shown in Fig. 2(bottom. We have chosen four segments fom Eq. (5) (full line) and that of Eq(4) (dashed lingis
consistent with the values of/(r) atr=12.4fm, deduced opserved starting from 9.5 fm. This figure also shows that
from the elastic scattering analysis of Réfs2] and Eqs(2)  the energy dependences of the renormalized real potentials of
and (4), and plotted in Fig. 2 as a function of laboratory gq. (5) and that of the phenomenological ones of E@.
energy Ep,. The segments connect the valuesW(r  and(4) are roughly the same. These results give support to

=12.4fm)=0,1.21,0.84,0.56,0.24 MeV corresponding tooyr dispersion relation and justify the use of the renormal-
Ejap=74, 85.95, 400, 793, and 1503 MeV, respectively. Wejzed potentials in the following calculations.

then obtain, for a given radius, the energy dependence of the

real potential which can be expressed as an energy dependent |j|. THE MODEL: MICROSCOPIC ABSORPTIVE
renormalization factoN(E). Following Ref.[14] calcula- POTENTIAL CALCULATIONS

tions have been carried out assuming an average sensitivity o

radius of 12.4 fm and a reference energy of 138.5 MeV. In  The closure approximation modf] starts from the Fes-
Fig. 2 (top) we compare the values of the potentials obtainedbach theory4] where the nonlocal optical potential is given
at 12.4 fm with Eq.(5), to those deduced from the fit of the by

elastic scattering data which are included in Table I. A good "N — o ’N_ o
agreement is ot?served. Since in this paper we are interested V() =Uo(n olr =) + AV(r,r)=Ug(r) o(r—r")

by higher energies and we need the real potential to calculate +ReAV(r,r')+iImAV(r,r'). @)
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S e ——N(E)V,,;, at 793 MeV ] S C —Wofqu. (12) at 793 MeV]
= Feo = ==V of Eq. (2) at 793 MeV] =~ s === WofEq. (2)at 793 MeV
A e ] § PR, W of Eq. (12) at 1503 MeY]
= Lo MY ] Y - S\ - - - WofEq. (4) at 1503 MeV]
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FIG. 3. Microscopic and phenomenological potentials'fi@+2°%b. On the left, the renormalized real potentials of Gy at 793 MeV
(bold full line) and at 1503 Me\{full line) are compared to the phenomenological ones of Ejgbold dashed lineand(4) (dashed ling
respectively. On the right, our microscopic imaginary potentials at 793 Kbe\d full lines) and at 1503 MeMfull line) are compared to
the phenomenological ones of E¢®) (bold dashed lineand (4) (dashed ling respectively.

Although the model evaluates the total potential of Eq. m 5
(7), we are only interested in the absorptive part which, in Vij(r)=—Voexg — 5 (ri+r))
the weak coupling limit, can be written as

M
exp{—E(ri—errr)z

(13)
" * , , where u is a parameter related to thig interaction range,
ImAV(r.r’) (m,ng’(o,o) Vina(PIM G (1,1 Vima(r'), ro=(2/)*? andV, is the strength of the interaction.
(8) (5) The Slater approximatiof29] is assumed to describe

the off diagonal elements of the density matrix.
where ImGy,,(r,r") is the imaginary part of the relative mo- (6) If the nonlocality range of the potential of E(B) is
tion propagator in channén,n) andV, ,(r) is the transition  small in comparison with the range of the potentiglof Eq.
matrix element from the initial statevhere target and pro- (7), the local imaginary potential can be approximated by the
jectile are in their ground stateso the intermediate state first term of the Wigner transforf80] of the nonlocal po-
(where at least one of the two nuclei is excjtdequation(8)  tential. In this way our imaginary local potential is finally
can be evaluated by assuming a number of simplifying hygiven by
potheses.

1) The G ropagator is approximated by the WKB w
Dro(p:)igator mn PIOPAY i g ImAV(R)= f ek sIm AV(R,s)ds, (12
0

G(r.r') =Gy (r.r'). (9 where IMAV(R,s) is the nonlocal potential of Eq8) now
expressed in terms of the center of mass and relative motion
(2) Assuming that all excited states are concentrated in @oordinatesR and s, defined byR=(r+r’)/2 and s=r
narrow domain of energy one can replace their excitation-r’, The details of the derivation of the local imaginary
energies by average value&) for the target andEp) for  potential are given in Ref8]
the projectile. Under this assumption, the WKB propagator is - The input parameters of the model are only EreandEp
replaced by an average WKB propagator for each one of thgverage excitation energies of the two colliding nuclei, the

two colliding nuclei: strength,V,, and rangefr,, parameters of the two body
effective interaction and the ground state densities of the
GRB(r,r)=GMB(r,r"), i=1,2,3. (100  target and projectile. The values adopted here for these pa-

rameters are given in Ref§9—12 where they have been

In this way, Eq.(8) only includes three terms that describe widely testedEp andE; were determined to be 6.5 and 3.5
the excited states of each ome£0,n=0), (m=0,n#0) or  MeV from the excitation spectrum 3O and?°®Pb, respec-
both (m#0,n#0) of the two colliding nuclei, which corre- tively. As we have shown in Ref9] this assumption repro-
sponds td =1,2,3, respectively. duces well the absorption coming from the low-lying collec-

(3) If the closure relation on complete setsrof(projec-  tive channels but overestimates the absorption due to the
tile) andn (targej states is introduced in E¢B), all nonelas-  contribution of the high-lying collective channels in a way
tic channels are implicitly taken into account. that decreases when energy increases. In PRéfwe also

(4) A separable two body interactid28] with Gaussian discuss how in the closure approximation model the high-
form factors is assumed. This effective force can be writterlying states are taken into account to simulate transfer con-
as tributions. Indeed, our imaginary potential contains much
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more than only the contribution coming from low- and high- tant[33] while that of the low-lying states is strongly attenu-
lying channels. Due to the inclusion of the closure relationsated. This leads to a shorter range absorptive potential com-
all mean-field excitations are implicitly included. However, pared to the one calculated with the closure approximation
the nucleon-nucleon scattering channels are not taken int&odel, where the imaginary potential is dominated by the
account by the model. The strength and range were fixed tng range terms coming from the low-lying channels
be V,=58.7MeV andr,=2fm. While the value of the contribution.

strength is very close to those obtained for different systems

[9,10,31,32, the range of the interaction is24% larger than IV. CROSS SECTION CALCULATIONS AT 793

the 1.69 fm assumed for all the analyzed systems. In[Ref. AND 1503 MeV

it is shown why for strongly asymmetric systems the range A previous phenomenological elastic scattering calcula-
of the separable two body interaction must be larger than it i at 793 MeV has been assumed as a reference to test our
for symmetric ones. The ground state densities used in M3y potential deduced from Eg5). In fact, assuming the
trix (_alement calculations have previously been given in Seci'maginary Woods-Saxon potential given in H@) and our

Il Finally, to evaluate the average WKB propagator of Eq.req| potential extracted from the dispersion relation, we cal-
(10) and then calculate the imaginary local potential of Eq.qjate the elastic scattering and total reaction cross sections.
(12), the renormalized real potential deduced from ES).  Tape || shows therg and x2/n values which are very close

has been used. to those obtained using the parameters of Mermaz given in

Microscopic absorptive potentials have been calculated aéq. (2). In Fig. 1 (left) we cannot distinguish between both

793 and 1503 MeV with Eq(12). In Fig. 3 (right) these 50 jations. This is a way to show that both the real poten-
potentials are shown and compared to the phenomenologicgl; ot Mermaz et al. of Eq. (2) and our real potential de-

ones obtained from Eqs2) and (4), respectively. At 793 4 ceq from Eq(5) are equivalent. This equivalence as well

MeV an excellent agreement between the potentials calcusg the good agreement observed in Fige®) between both

Iated with EQ(].Z) (bO'd full Ilne) and EQ(Z) (bO'd dashed potentials of EQS(Z) (b0|d dashed Iln)eand (5) (bOld full
line) is observed from 8 fm. However, at 1503 MeV one canjine) from 10 fm, show the insensitivity of the elastic scat-

observe that the potential calculated from EXP) (full line)  tering and cross section calculations to the value of the real
has a longer range than the phenomenological one calculatgflienial at short distances. The sensitivity domain must be
from Eqg. (4) (dashed ling This figure also shows different paceq at distances larger than 10 fm. Finally, by using the
energy dependences of the imaginary potentials of(E®).  yonormalized double folding potential deduced from the dis-
and OT the phen.om.enologmal ones of E(. and (4). One persion relation in Sec. Il and the microscopic absorptive
can give a qualitative explanation of these different energy,tentia| calculated in the way described in Sec. Ill, elastic

dependences and different long range of the imaginary plscatering distribution and total reaction cross section calcu-
tentials calculated at 1503 MeV with Eggl) and (12). In- lations are performed at 793 MeV. The, and y2/n values

deed, the closure approximation model evaluates the contrjqcded in Table Il are very close to those calculated with

bution to the imaginary potential due to the mean fieldyanomenological or semimicroscopic potentials. In Fig. 1

excitations. Particularly the_ low-lying collective stapes ar_‘d(left) we compare experiments and microscopic calculations
the transfer processes, simulated through the high-lyings " ine) which are indistinguishable from the previous

states, give a long range contribution to the absorptive pognas The very good agreement observed between calcula-

tential whose energy dependence is only given by the Ongyns ang data in all the angular domain where the elastic
|ncIL_1ded In th_e WKB propagator. However, Itis known tha_t scattering cross sections have been measured, shows the
at high energies the nucleon-nucleon scattering becomes 'r%'quivalence between the imaginary potential of &).and
portant giving a contribution to the volume part of the imagi- o\ ‘microscopic absorptive term, as it is shown in Fig. 3
nary potential which exhibits a short range, while the com-j5¢ \where one can observe that both potentials agree from
bined effects of the energy dependence of the mean field anglty, "These agreements have a twofold meaning: the poten-

) - o Yial gives a negligible contribution to the absorption for dis-
inelastic processes. In R¢B3] it is shown that at bombard- tances lower than 8 fm and the model includes all the chan-

ing energies above 50 MeV/nucleon the absorption due tQgs that contribute significantly to the absorption which

large-angle nucleon-nucleon scattering is not too importanais from about 8 fm. Effectively, the total reaction cross
but clearly dominates above 150 MeV/nucleon. We can eass'ectionch can be written a$12,34

ily understand why our microscopic potential at 793 MeV

(49.5 MeV/nucleoih agrees with the phenomenological one % )

from 8 fm showing a similar range. Nevertheless, at 1503 oR= Jo f(r)dr with

MeV (93.9 MeV/nucleoh our microscopic potential dis-

agrees with the phenomenological one and shows a different 1 87

range. In fact, at 793 MeV the nucleon-nucleon scattering f(ry=— E 5

channels give a low contribution to the absorption which is (2lp+1)(2r+1) T Kvo
dominated by the long range contribution due to the low- X (214 1) |y (1) PW(r), (13)

lying states which are included in our calculations. However
at 1503 MeV the contribution to the absorption coming fromwherel p, | are the intrinsic spin of the projectile and target
the open nucleon-nucleon scattering channels is very impomuclei in their ground states, |, andy,(r) are the velocity,
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g F NERREERNRE In Figs. 5a)-5(c) the (2+1)|x,(r)|? functions calcu-
%‘1000 . =@ 1503 MeV lated at 793 MeV assuming as absorptive terms our micro-
§ 750 3 3 scopic potentia(full line) and the one deduced from B®),

& C are shown for some values of th@angular momentum. The

500 F agreement is excellent. From Figgb} (left) and §a)—5(c)

C we can easily understand the shape of the radial distributions
of the absorption and their agreement. Indeed, at distances
shorter than 6 fm the negligible values of thel (2
+1)|xI(r)|? functions[Figs. §a)—5(c)] annihilate the strong
value of the imaginary potential. However, at distances
larger than 15 fm the negligible value of the imaginary po-
tential annihilates the strong values of thel €21)|x;(r)|?
functions and then the absorption is concentrated in the ra-
dial domain where both imaginary potentials of E@s2)

250

P

W(r) (MeV)

[

R
|-

— W of Eq. (12) — Wof Eq. (12)

=== WofEq. (2) -« WofEq. (4) and(2) agree. .
gl d v v o T 1 ] Following at 1503 MeV the same procedure as we did for
] 10 I5 5 10 15 793 MeV we use the imaginary Woods-Saxon parameters of
r (fm) Eqg. (4) and the real potential deduced from dispersion rela-

FIG. 4. On the left(a) we show the radial distributions of the tion given by Eq.(5). We, then calculate the elastic scatter-

absorption calculated from E6L3) at 793 MeV with the imaginary ing distribution and totzal reaction cross section. In Table I
potentials of Eq(12) (full line) and Eq.(2) (dashed linewhich are W& Show theo and x“/n values which are very close to
drawn on the lef(b) with the same symbols. On the right we show tN0Se calculated with potentials of Hd). A good agreement
similar calculations at 1503 MeV. between both calculations is shown in Fig(right) (dashed

line) where they are indistinguishable. The equivalence be-

angular momentum, and radial part of the partial wave funciween the real potential given in E(l) and the one calcu-
tion of the relative motion in the elastic channel at the,,  lated from Eg.(5) is then evident. In Fig. 3left) one can
energy,k is the wave number, an@/(r) is the absorptive observe that both potentials agree from 9.5 fm, showing the
potential. insensitivity of the calculations to the values of the real po-

TheEcisoacode[20] was used to calculate thg(r) wave  tential at short distances. Both phenomenological and
functions with the real potential extracted from the disper-semimicroscopic calculations have been taken as a reference
sion relation and the imaginary ones evaluated with E2)s. for comparison with microscopic ones. Assuming this renor-
and(12) at 793 MeV and Eqs4) and(12) at 1503 MeV. At  malized real potential and the microscopic absorptive term
793 MeV the radial distribution of the absorptidir) has calculated in the way described in Sec. llI, elastic scattering
been calculated from Eq13). On the left of Fig. 4a), cal-  calculations performed at 1503 MeV give, and y?/n val-
culations assuming the absorptive potential of B@) (full ues(Table Il) which are very different from those calculated
line) are shown and compared to the ones obtained with theith phenomenological or semimicroscopic potentials. In
phenomenological potential of Eq2) (dashed ling The  Fig. 1(right) we compare experimental measurements to mi-
value of the area under each curve corresponds to the totafoscopic calculationsfull line). A poor agreement is ob-
reaction cross section calculated with the imaginary potentiagerved. Our microscopic potential gives a total reaction cross
of Eq. (12) (full line) and Eq.(2) (dashed ling respectively, section 10% greater than the one calculated with phenom-
that we draw in Fig. &) (left). The agreement observed enological or semimicroscopic potentials.
between both radial distributions is excellent and the total On the right of Fig. 48) we compare the radial distribu-

reaction cross sections differ by less than 2%. tions of the absorption calculated from E@.3) with the
o 200 ———— 3000 ——————T————— 7
g (@) (] 4 Lo©
= 1 3000\
= 0<1<200 200 <1<280 280 <1< 350
T |
3 150 -

2000

L 2000 H
100 r

1000 —

T

sol 1000
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FIG. 5. Some of the (2+ 1) x,(r)|? functions for the!®0+2%%b system at 793 MeV calculated with the imaginary potentials of ).
(full line) and Eq.(2) (dashed ling
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imaginary potentials of Eq(12) (full line) and Eq.(4) calculate the energy dependence of the real potential up to
(dashed ling The imaginary potential of Eq4) has been 1503 MeV at an average sensitivity radius of 12.4 fm. Elastic
fitted to reproduce the data; it then, implicitly includes thescattering calculations performed at 793 and 1503 MeV are
absorption coming from all the open channels. As we havehen consistent with the dispersion relation.

discussed in Sec. lll, at this energy, the nucleon-nucleon Optical model calculations have been performed at 793
scattering becomes very important and gives a strong contrivieV assuming the phenomenological imaginary potential of
bution to the volume imaginary potential which exhibits aEq. (2) and the real ones of Eq$2) and (5). Comparison
short range, while the low-lying state excitations gives abetween experimental measurements and elastic scattering
slight surface imaginary potential. When new channels argalculations shows the equivalence between both real poten-
open the absorption is distributed among all the open chartials which agree from 10 fm.

nels and the shape of the imaginary potential changes. In- Assuming the real potential of E¢p), a microscopic ab-
deed, the imaginary potential of E@t) must show a shorter sorptive potential has been calculated starting from the clo-
range than the microscopic one calculated from B  sure approximation model which globally evaluates the con-
which overestimates the low-lying state contributions andribution to the absorption coming from all nonelastic
does not take into account the nucleon-nucleon scatteringhannels of both target and projectile nuclei. This model has
On the right of Fig. 4b) we show the imaginary potentials of proved to be very successful in predicting experimental mea-
Eq. (4) (dashed lingand Eq.(12) (full line). Both potentials  surements and excitation functions at energies ranging from
strongly disagree in the domain of distances where the althe Coulomb barrier up to 20 MeV/nucleon but has never
sorption takes place, being our microscopic potential stronbeen tested at much higher energies. Elastic scattering calcu-
ger than the phenomenological one. In Figa)66(d) the lations performed with the real potential of E@&) and the
(2141)|x(r)|? functions calculated at 1503 MeV with the microscopic absorptive one are in very good agreement with
imaginary potentials of Eqg12) (full line) and(4) (dashed data, showing that at 793 MeV the absorption is then mostly
line), are drawn for some values of thangular momentum. controlled by collective processes included in the model and
The most important contribution to the absorption comesonsequently the model is able to reproduce the experimental
from the functions with higher angular momentum which measurements.

roughly agree for both potential§igs. &c) and &d)]. In- In the same way, optical model calculations at 1503 MeV
deed, the higher value of the total reaction cross section othave been performed assuming the absorptive potential of
tained with the potential of Eq(12) is consistent with its Eq. (4) and the real ones of Eq&) and(5). A good agree-
higher strength in the sensitivity domain. ment between experimental measurements and elastic scat-
tering calculations was obtained showing the equivalence be-
tween both real potentials which agree from 9.5 fm.

Finally, elastic scattering calculations have been per-
Starting from the imaginary Woods-Saxon potentials ob-formed with the help of our microscopic absorptive potential.
tained from elastic scattering calculations performed at eneffhe disagreement observed between theoretical calculations
gies ranging from 78 to 312.6 MeV and assuming a veryand experimental measurements shows that the model is not
simple modelling of the subtracted dispersion relation, weable to reproduce the data. Indeed, at this energy deeper pro-

V. CONCLUSIONS
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cesses, such as nucleon-nucleon scattering, become very inange imaginary potential and, consequently, a too big total
portant giving a short rage imaginary potential and the relareaction cross section.

tive contribution to the absorption coming from the low-

lying 'channels is strongly attenuated. The imaginary ACKNOWLEDGMENTS

potential must then exhibit a shorter range than when

nucleon-nucleon channels are not open. The closure approxi- The authors wish to express their gratitude to N. Vinh
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