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Average strength of the effective interaction in multistep direct reactions
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The effectiveNN-interaction strength for the firdd N collision in multistep reactions, averaged along the
trajectory of the incident nucleon with respect to both the nuclear density and theNirsollision probability,
is obtained. Good agreement between the calculated values of this quantity and its phenomenological values is
found. The account for the finite-range corrections to the involved local density approximation has a small
effect on the average strength of tR&\ interaction. It is concluded that the nuclear-density dependence of the
effectiveNN interaction may account for the phenomenologMéglvalues which have been underestimated at
low energies when the trend of the optical-model potential only has been foll¢®@856-28187)00309-9

PACS numbses): 21.30.Fe, 24.60.Gv, 25.40.Ep, 25.40.Fq

Various semiclassical models and quantum-statisticalvave (SCDW) model[11] have been discussed in REE0].
theories (e.g., [1]) describe the energy equilibration in First results from the applications of thg calculated values
nuclear reactions by a sequence of nucleon-nuclédN)( to analyses of preequilibrium-reaction cross sections have
interactions leading to particle-hole excitations. A real finite-been shown if12]. The aims of the present work afe to
range Yukawa potential with a range parametgrl fm has  complete the study of the averagN-interaction strength
been generally used within the multistep-dir¢etSD) and  using various realistic optical potential§i) to include finite-
multistep-compoundMSC) reaction theory of Feshbach, range correctiongl13] to the LDA considerations(iii) to
Kerman, and KooninFKK) [2]. The respective two-body study the surface effects ovi, calculated within both the
interaction strengthVy has been the only free parameter of LDA and the improved local-density approximatidhDA ),
the FKK calculations adjusted to reproduce the experimentadnd (iv) to give a comparison of the predicted and phenom-
data. However, there exist quite large discrepancies in thenological values o¥/.
systematics of the phenomenologid4) values although a In a finite nucleugFN) the simple folding model approxi-
consistent model-parameter set as well as several other afhation for the real part of the optical potential, in terms of
fects has been considerg®i4]. A particular meaning in this the nuclear density and effectivéN interaction[13],
respect has the eventual scalingugfin order to compensate
for some effects which have been neglected and should be ENy oy / , '
added to the theori5,6]. Here we shon?ld mention that the v (r)—f dr p(r'jvo(|r=r')), @)
microscopic calculations 0¥ [7] lead to unsatisfactory re- . _ .
sults for the real proton-nucleus scattering potentials. Mear?€COMes in the frame of the local density approximation
while, it has been found that the so-called M3Y interaction(©-9-:[14D).,
may perhaps not be as good as assufbéd

The monotonic decrease ¥f, with the projectile energy VLDA(r)zp(r)f dr’ vo(r'). )
is consistent with a similar trend of the real part of the
nucleon optical-model potentidOMP), in agreement with |, the case of the 1-fm-range YukawéN interaction this

the simple folding modefi8]. Cowleyet al.[9] assumed that ie|ation leads to the following radial and energy dependence
V, has the same energy variation as the real optical potential ihe effective strength:

normalized to the value obtained by Ausit8] from a survey

of the inelastic proton scattering to discrete final states in the 1 VPA(r)

energy range 20—50 MeV. On the other hand, the different Vo(p)= In pn) ©)
behavior of the actuaV/, systematics below 30 MeV has

recently been inquired10]. Thus, a strength/, averaged On the other hand, the Brueckner-Hartree-Fock nuclear

along the trajectory of the incident nucleon with respect tomatter calculations performed by Jeukeneéal. [13]
both the nuclear density and the fifdiN-collision probabil-  showed that the contribution of the OMP isoscalar compo-
ity has been obtained in the local-density approximatioment in Eq.(3) can be parametrized so that we may hEMg
(LDA). The fulfilled conditions under which one may con-

sider theNN collision in the nucleus as localized and adopt B o

actually the basic assumptions of the semiclassical distorted Volp)= EF(Ei) [1=dp™(1)], @)

where d=2.03 fm? and F(Ei)=(903—7.67Ei+0.0225i2)
*Electronic address: mavrig@roifa.ifa.ro MeV fm? in the energy ranggl0,140 Me\. This form of
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FIG. 2. Comparison of the effectivéN-interaction strengths as
functions of the incident energy, obtained from FKK analyses of
nucleon-induced reactions ofiNb using a 1-fm-range Yukawa
form factor, with the calculateda),(d) only energy-dependent,
values given by the volume integral per nucleon of the real optical
potentials(used in Fig. 1, and the average valu&g of the local

r (fm) strengths provided by the same potentials while the first
NN-collision probability is eithefb),(e) not taken into account, i.e.,

FIG. 1. Radial dependence of the fildN-collision probability  P(r)=1, or(c),(f) it is considered as given by the respective OMP
for 20 MeV incident neutrons and protons 8Nb. The OMP pa-  parameters. The phenomenological values are from Wataetadde
rameter sets of Lagrange-Lejeui9] (LL), Walter-Guss[20]  [3] (solid triangles and squagesDemetriouet al. [23] (open tri-
(WG), and Becchetti-Greenle¢21] (BG) have been used. The ar- angles, Chadwicket al. [24,25 (open squares, solid circlesand
row indicates the value of the half-density radils7] of the Cowley et al.[9] (open circles
nuclear-matter density distribution fdfNb.

with respect to both the nuclear density and the first

the local density-dependent strength of the 1-fm-rangdVN-collision probability becomes

Yukawa interaction is in agreement with Myers’ expression "

[15], used first in FKK-MSD analyses by Bonetti and Co- v Jdr p(r)P(r)\Vo(p) Jodr r?p(r)P(r)Vo(p)

lombo [16]. The parametrization of Negeld7] has been 0~ = Re, .2

used to describe the realistic nuclear matter distribution. fdr p(r)P(r) [odr rp(rP(r)
The method to calculate the average strength of the effec-

tive NN interaction along the trajectory of the incident

nucleon in a complex distorting optical potentidl0,12] radius Ry=r , A3+ 6a, at which the surface part of the

originates from the geometry-dependent hybriGDH) imaginary potential is 1% of its central depth. The present

model [18] for preequilibrium emission(PE) processes. formalism makes it possible to integrate over the whole

Thus,|-dependent average Fermi energies given by the LDA . ” .
. o ; nuclear volume without any additional assumption about the
were introduced. Additionally we have derived average

- . X L : localization of the firsNN collision [22].
guantities of interest for the reaction description by introduc- — )
The calculated average valu&g corresponding to the

ing the radial-dependent probabili§(r) of the first two- 3 p U '

body collision between the projectile and one of the targef@rget nucleus°Nb are compared in Fig. 2 with phenomeno-

nucleons. The form and behavior of the probabiftgr) at  logical Vo values obtained fromn(n’) and (o,p’) reaction

low incident energies has pointed §@0] a surface character analyses. Actually, some phenomenological va[ﬂﬁsgrre—

of the respective PE. This resultis illustrated in Fig. 1 for 20Spond to the FKK analysis ofp(p’) processes orf°Nb,

MeV nucleons on®*Nb by means of three realistc OMP’s ~ Mo, and Pa. However, since neither the phenomeno-

which are chosen mainly due to the possibility to providelogical Vo values nor the calculated average valigsshow

both neutron and proton optical potentials with asymmetrya Significant dependence on the target atomic mass, we have

terms being different only by the opposite signs. The first ighvolved in the present study only the calculatégl for the

the phenomenological local OMP parameter set obtained btarget ®*Nb. The comparison carried out in the energy range

Lagrange and Lejeur[g_g] for 93Nb, in close agreement with of the Walter-Guss OMP is especially meaningful for low

the microscopic OMP of Jeukenee al.[13]. The second is energies where the two-step contribution to the MSD process

the global OMP of Walter and Gu§&0], proposed as part of IS negligible. We begin with the values of the 1-fm-range

the standard parameter set which can be used for systematf¢lkawa-interaction strength given by the volume integral

FKK analyses[3]. The last one is the well-known global Per nucleon of the respective real optical potentials, which

OMP of Becchetti and Greenlef21]. are shown in Figs. (@) and Zd). Next, the average values
Under these circumstances, the effectiibl-interaction  V of the local strength§3) provided by the same potentials

strength averaged along the trajectory of the incident nucleoare shown in two cases. First, there are shown in Fif®. 2

®)

The upper limit of the integral is chosen to be equal to the
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80 : : : : : : : into account more accurately the effect of the nonuniform
VO (LM) @n’) ——ILDA medium on the effectivé&l N interaction, Jeukennet al. in-
60 ——P@):LLT LDA - troduced a range of the interaction in a semiphenomenologi-
P(r): WG; cal way using a Gaussian form fac{dr3]

40 ——— P(r): BG-

Vo(p,|r—r'D)=(tm) “3exp(—|r—r'|%/t?) Vo(p), (6)

20 . .
g ol , , RONR:OSS , where the range parameter 1.2 fm, andVy(p) is the LDA
> o ' 1 ' ' ' form defined by either Eq3) or Eq. (4). Within this ILDA
1> ol Vo (JLM) N 1 with an account for finite-range effects, the nominator of Eq.
a (5) becomes
Ny
RS RS
] fo dr rzp(r)P(r)fo dr/(tym) 3
0 ©), . . @ POl . X exp( —|r=r'|2t2)Vy(p(r'))
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FIG. 3. Same as Fig. 2, except the local strengths are provided t\/; 0 0

by the parametrization based on the Brueckner-Hartree-Fock
nuclear matter calculations withit@),(c) LDA and with the first
NN-collision probabilityP(r) given by the respective OMP param-
eters, andb),(d) including finite range corrections to the LDA, and The results for the ILDA average values of the local effective
by the use ofP(r) corresponding to the optical potential of NN-interaction strength, Figs.(8 and 3d), show an im-
Lagrange-Lejeungl9]. provement of the agreement with the phenomenologital
values at low energies by around 3% in the case when the
and Ze) the values which are given by E() irrespective of  parametrization of the Brueckner-Hartree-Fock nuclear mat-
the position where the firéiN collision takes place, i.e., for ter calculations are used. In the other cases/thealues are
P(r)=1. Then, the curves in the Figs(c2 and 2f) are ob-  almost unchanged. The small changesvgfwhen the sug-
tained by means of the probability functié¥(r) calculated gested ILDA is used in comparison with the LDA predic-
using the corresponding potential. tions can prove therefore the correctness of the average
The average strengths obtained by using the parametrizguantities which are introduced and used in our method.
tion (4) based on the Brueckner-Hartree-Fock nuclear matter We have investigated surface effects on the average
calculations are shown in Figs(e3 and 3c). They corre- strength of the effectivéNN interaction when its nuclear-
spond to the probabilitieB(r) given by each of the OMP’s density dependence is taken into account besides the energy
discussed19-21]. Similar to the results in Fig. 2, an im- dependence. Both types of local effectiN-interaction
provement can be seen of the agreement between the calastrengths given by the real part of the OMP or based on the
lated and the phenomenologicd) values at lower energies Brueckner-Hartree-Fock nuclear matter calculations have
when not only the nuclear-density dependence of thdeen considered. Three of the most widely used optical po-
NN-interaction strength is taken into account but also theentials have been involved in the present analysis in order to
surface localization of the firdiIN collision (Fig. 1). This  establish the respective sensitivity of the results. Good agree-
remark may be related to the well-known increase of thament between the average strength of the effedtiikinter-
effective NN interaction when the nuclear density reducesaction and the phenomenological values has been obtained. It
[15]. is pointed out that the account for the finite-range corrections
One comment may concern the underestimation of théo the LDA (in the approach usédas a small effect. We
phenomenologicaV, values for the p,p’) reactionsat the  have concluded that the nuclear-density dependence of the
lowest energiesby the average values obtained by using theeffective NN interaction may account for the low-energy
parametrization based on nuclear matter calculafiéBs It  phenomenologicaV, values which have been underesti-
may correspond to the similar behavior of the expressiommated in other studies. The suggested method can provide
F(E,) fitting the isoscalar real potentidFig. 1 of [13]) at  the strength values requested in order to obtain the agree-
small nuclear density. The mentioned shortcoming originatement between the experimental data and the FKK multistep
from the properties of the effectivN interaction at low reaction theory without using free model parameters.
densities for which the nuclear matter results are not reliable Actually, the specific experimental data could be equally
[7]. well reproduced in terms of different approaches by adjust-
The lack of reliable methods by means of which thement of parameters always involved even in the “parameter-
nuclear matter results can be mapped onto finite-nucleiree” models[26]. This comes from various assumptions on
theory has led to the use of the LDA in many applications.both thespecialPE parameters anekternalones which de-
The successful GDH mod¢ll8] is based on the LDA in scribe general nuclear quantitigg7]. The effects of the lat-
order to account for the PE surface effects despite the LDAer class on calculated cross sections can be minimized by
not being accurate in the surface regjda]. In order to take  using the fit of different types of independent experimental

xexfd — (r2+r'?)/t2]sinh(2rr ' 1t?)Vo(p(r')). (7)
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data in order to establish or validate a consistent set of exdasis a definitd/y value which should be used for eventual
ternal parameters as the OMP parameter sets, partial stefigrther studies of the general nuclear quantities involved as
density (PSD parameters, and PSD spin distributions external parameters.

[12,22,28,2% However, even following this way, different

assumptions considered for the external paramefess., This work was carried out under the Romanian Ministry
single-particle state densjtylead to differentV, values of Research and Technology Contract No. 34/A13 and the
solely adjusted in order to reproduce the experimental datBulgarian National Science Foundation Contracts Nos. Phi-
[28]. It is the final aim of this work to obtain on a different 406 and Phi-527.
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