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In the present study, the optical potentials are obtained to describe the interactié@saifdifferent incident energies. With this goal, the

elastic scattering angular distribution data measured for many systems, rangintf Kano 2°®Pb are analyzed by using the phenomeno-
logical model (PM) and the double folding model (DFM) within the framework of optical model (OM). It is presented that the theoretical
results with the PM and the DFM are in very good agreement with both the experimental data and the results of previous studies. A new
global set of imaginary potential of the double folding calculations is derived to describe the interactid@saiflow energies. Also, the

volume integrals of potentials, the cross sections afN values obtained by means of the theoretical calculations for each system are
given.
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1. Introduction Ea = 46 MeV. They presented the results of theoretical
analysis of the data. S&ah-Vasconcelost al. [15] recorded

The nuclear reactions are from the most important topics of'€ €lastic and the inelastic scattering'df*0 + *Zn sys-
nuclear physics. When two or more particles collide at any®MS aiap = 49 MeV. They showed the agreement between
energy, the different forms of nuclear reactions such as elasti@€ theoretical results based on the OM and the experimental
scattering, inelastic scattering, transfer reactions, breakup réata. Also, :tlhey observed a sharp difference bﬁy means of
actions, etc. may occur [1]. The elastic scattering is the mostlige inelastic*'Zn (2*) excitation function for botfi®0 and
common type of reactions. In this process, the total kinetic © Nuclei. As a reason of this, they indicated that the two
energy of system is conserved in the center-of-mass fram&eutrons of *O contribute to the nuclear mteracgt)loon. Jeta
The angular distribution of elastic scattering for any reactiorf- [16] studied as compared the two systeff® +“°Zr and

is investigated via different theoretical approaches. The op- © * *°Zr. With this goal, they measured the elastic scatter-
tical model (OM) is accepted as one of the simplest and th&'9 angular distribution at 90 MQV and reported that the two
most successful models of nuclear physics in the explanatiof€utrons of *O do not show an important effect on both the
the elastic scattering. In this context, the phenomenologielasnc scattering data and the optical potential apcordmg to
cal model (PM) and the double folding model (DFM) within _160 +90Zr. Robertsoret al. [17] measured the elastic scatter-
the framework of OM are among the most well known mod-iNg data for'*0 +120Sn system afigm = 57.97 MeV. They

els. In the phenomenological formalism, Woods-Saxon (wsperformed the analysis of data by using the OM. Vulgatis
shaped potential for the real and the imaginary parts of opti?l-l[ls] rr;easured fusion, transfer, and elastic scattering for
cal potential is often applied. However, the DFM determines 6180 + 208pp systems. Consequently, a large body of ex-

the real potential over the density distributions of projectilePerimental data at various incident energies has been accu-
nucleus and target nucleus [2-5]. mulated for the elastic scattering B0 nucleus with differ-

ent target nuclei. However, we need further theoretical study
fh order to better understand the experimental data of the re-
actions regarding®O nucleus. For example, a global OM
ﬁ]arameters are necessary to determine the inelastic scatter-

targlet ngcgel at d|ffde_;fent |r1[ct|r(]1ent ?_nelrgles. Thﬁy hzglgn?ee g and the quasielastic scattering of the system investigated
analyzed by using difierent theoretical approaches. as by means of the CC formalism or to use in the calculations

al.l[éLZ] mﬁasured the elastic and the inelastic scattering datgmf transfer reactions. But, if one researches the global po-
of O +**Mg system atlis, = 50 MeV and also gave the tential parameters for these systems in the literature, one can

theoretical results as compared with Fhe exper?mental datri"fot obtain them. In addition to this, there is no the theoreti-
Mermazet al [13] reported the elastic scattering data aScal analysis of PM and DFM reported in the literature, which

;Ne” dafs th‘;g‘.et'as“‘i sca;[termgt qat% OftprO]eCtlﬂ;é? 55((5:?\; vV the similarities and differences of the models used in analy-
ered from™>i target nucleus at incident energy o V. sis with this comparison are pleasantly visible. The present

Theyl pgrfcr)]rmedlthectgeoretlcal iniﬁs \Inalzhe OM an%the'Study has been divided into two parts. We first obtain the po-
coupied-c annels ( )appm‘?‘c ' =l [ ]mﬁg"swe tential parameters of elastic scattering angular distributions
the experimental data of elastic scattering&® by 2Ni at

There have been many experimental efforts to study th
interactions with'®0 [6-11]. Some of these experiments
have been on the elastic scattering of projecfi@ by several
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of 180-nucleus reactions by using the PM. Then, we find the2.2. Double Folding Model Analysis
global potential parameters of the same reactions with the aid
of DFM. We reacquire the theoretical results reported in IoreIl'he DFM is often a model used in the determination the real
vious studies and compare these results with the PM and tHa't of nuclear potential. This potential is called the double
DFM results as well as the experimenta| data. The S|m||ar|_f0|d|ng potential in the literature. To obtain the double fold-
ties and differences between the models used in the calcul#d potential in the theoretical calculations, the nuclear matter
tions are provided. distributions of both projectile and target nuclei together with

In the next section, we present the theoretical model use@ €ffective nucleon-nucleon interaction potentia\ v) are
in our calculations. The results of these calculations are pre4se€d. The double folding potential is given by
sented in Sec. 3. Section 4 is devoted to our conclusions.

Vor(r) = /d71 /d?sz

2. Theoretical Analysis < (F)pr(Fo)van(F — 714 7a),  (5)

i H 24 28 58\ 64
The elastic scattering data 5O by **Mg, **Si, °*Ni, *Zn, wherepp(7'1) andpr (7 5) are the nuclear matter densities

90 120 08 i i i i _ . . . .
Zr, 129Sn, and”**Pb target nuclei at different incident en- ¢ 1 vieile and target nuclei, respectively. In our work, the

ergies are investigated. Thus, a comprehensive analysis OVgL ity distributions of both projectile and target nuclei have
various target nuclei and different theoretical models is carpqan, taken from RIPL-3 [20]. In Fig. 1, the density distri-

ried out. For this, it is assumed that the theoretical calculabuﬂOn of 180 is displayed. In folding model calculations
t|qn§ consist of the two parts which are the PM and the DFMNe have used the M3Y nucleon-nucleon realistic interaction,
within the framewor_k of OM. _ N which is given by [21]

The total potential over the potentials describing the sys-

tem investigated is given by van(r) = vp(r) 4 Joo(B)(r) (6)

Viotal(r) =V (r) +iW (r) + Ve(r), (1) wherevp(r) s the direct part of M3Y interaction anty(E)
is the exchange termvp () andJoo (E), respectively can be

whereV (r) andiWW (r) are the real part and the imaginary expressed as

part of nuclear potential, respectivelyW(r) denotes the
Coulomb potential taken as [19]

exp(—4r) exp(—2.57)

vp(r) = 7999 — 2134 55 @)
Ve - 1 ZPZT€2 >R 2 . ’
=t rzR. (2 Joo(E) ~ —276 [1 — 0.005 (ELap/A,)] MeVim?. (8)
_ 1 ZpZye? . r r<R () Lastly, the imaginary part of the nuclear potential is taken
dmes 2R, R2)’ ¢ as WS potential in the following form
whereR, is the Coulomb radius, taken a25(AY > + AY/%) _ Wo
. . P T W(T) 1/3 1/3 (9)
fm in the calculations and'» and Z; present the charges of 1+ exp(Z=re (Ap"+A7 ))

aw

the projectileP and the target nucldi, respectively.
whereAp and A1 are mass numbers of projectile and target
2.1. Phenomenological Model Analysis nuclei, respectively.

Here our aim is to obtain the potential parameters for the -_ ,
same potential geometry of all the reactions investigated with 5 000l N
the aid of phenomenological analysis. In this context, the real ©

part and the imaginary part of the nuclear potential are cho- s
sen as WS shaped potential. In this way, the nuclear potentia ¢

0,08

L8
®—* Proton density of O

is written in the following form 006 oo Neutron density of "0
Vo 0,05 -
VNucIeav(T) = - | . (A},/3+A1T/3) 0,04 n
+ exp(———LF—"=L—+ -
N Gv ) 0,03 4
_ Wo (4) 00| 4
r—Ty (A},/3+A1/3) ’ r
1+ exp(———L—"—) 001 - -
. i 0 . ] . | . L
whereAp and A are the masses of projectile and target nu- 0 ! 2 3 4 5 6
clei, respectively. The parameters of the real and the imagi- r, fim

nary potentials are obtained by searching of the values whickicure 1. The proton and neutron density distributions'86
fits the experimental data. This procedure is described belowucleus.
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TABLE |. The OM parameters used in DFM analysis-% scattered from*Mg, 28Si, 58Ni, 64zn, °°Zr, 12°Sn and?*®Pb target nuclei.

System FErap Vo T o Wo Tw Aw J Jw o X—;
MeV MeV fm fm MeV fm fm MeV fm? MeV fm3 mb

180+24Mg 50 103 1.110  0.625 28 1.110  0.625 251.4 68.3 12429 2.2
180+28g;j 56 90 1.110  0.625 24 1.110  0.625 203.3 54.2 1270.4 2.1
BO+%8N 46 91.85 1.110  0.625 55 1.110  0.625 148.1 88.7 454.4 0.5
180+%17n 49 133 1.110  0.625 70 1.110  0.625 205.6 108.2 618.5 0.2
180+%07y 90 80 1.110  0.625 38 1.110  0.625 107.6 51.1 1504.6 1.7
Bo+1205n  66.73 180 1.110  0.625 46 1.110  0.625 217.0 55.4 663.1 1.1
180+208pp 86 216 1.110  0.625 105 1.110  0.625 215.1 104.6 475.5 5.2

TABLE Il. The OM parameters used in PM analysis 8D scattered fromM*Mg, 28Si, 58Ni, 54Zn, 2°Zr, 12°Sn and?*®Pb target nuclei.

System Erap Nr Wo Tw aw J Ju o X
MeV MeV fm fm MeV.fm? MeV. fm? mb
180+24Mg 50 1.0 20 1.14 0.6 414.2 52.2 1182.8 1.3
180+28g;j 56 1.0 36.5 1.14 0.6 410.2 88.3 1325.4 3.6
180+58Ni 46 0.83 43 1.14 0.6 344.4 74.5 435.2 0.7
180+%17n 49 1.08 43 1.14 0.6 448.1 71.4 574.3 0.8
1804907y 90 0.61 45 1.14 0.6 251.2 65.1 1567.2 1.6
180+120gn 66.73 1.0 50 1.14 0.6 413.8 64.9 675.2 1.1
180+298pp 86 0.96 61 1.14 0.6 396.2 65.5 413.0 7.1
2.3. Fitting Procedure imaginary potential. The potential parameters of all the reac-

tions within the framework of DFM are shown in Table II.
In this part, we introduce fitting procedure used while the  The code FRESCO [22] has been used in theoretical cal-
PM and the DFM calculations are performed. We have firstulations of both the PM and the DFM. FRESCO, a general-
found the values of parameters of real potential and imagpurpose reaction code, is used in determining the parameters
inary potential used in the PM calculations. That's why of OM to fit the experimental data.
we have started from the values used in the previous stud-
ies [12,13,16,17]. We have examined the quality of cohering?-4. Volume Integrals

between the experimental data and the theoretical results ?g‘ s t ine th lation bet h | and
all systems investigated in our study. While the potential pa: one wants to examine the refation between the real an

rameters have been determined, we have searched the Sam@ginary potentials, onecan use the volume i_ntegrals of real
values ofr,=r,, anda,=a,,. After we have made the test and imaginary potentials. For this, the volume integral of real

calculations, we have taken as 1.110 fm the values of.,. potential is determined by using the following formula

Then, wg havg examined the best value@m?ndaw param_— Jv(B) = 4m /V(r, E)r2dr, (10)
eters which give good agreement results with the experimen- ApAr

tal data for these values fixed gf andr,,. We have found and for the volume integral of imaginary potential

0.625 fm value fowm,=a,,. Finally, we have investigatetl A

andW, values for the values obtained of=r,, anda,=a.,. Jw(E) = 1A /W(Ta E)r?dr, (11)
We have shown the OM parameters obtained for all the reac- P

. . where Ap is the mass number of projectile ant is the
tions in Table I. .
mass number of target nucleus. The volume integrals for both

Later, theWs, 7,, anda,, values of imaginary potential 4 yoa| and the imaginary potential have been obtained from
used in the DFM calculations have been determined as SIMke theoretical analysis of elastic scattering data

ilar to the PM. In this context, firstlyy,, value in steps of

0.1 fm at each incident energy has been investigated and kepts 2 Eyror Calculation

constant at 1.14 fm. Then, theg, value of imaginary poten-

tial has been varied in steps of 0.1 and 0.01 fm at the fixedk? error calculation is generally used to discuss the com-
value ofr,, and has been taken as 0.6 fm. Finally, the fittingpliance between the theoretical results and the experimental
procedure has been completed by adjusting only the depth afata. With this goaly? is given in the following form
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FIGURE 2. The elastic scattering angular distributions 80 + 2*Mg and2®Si. The solid lines show PM results; dashed lines show DFM
results and dot-dashed lines show the results obtained by the literature [12, 13]. The circles show the experimental data, which have bee|
taken from [12,13].

N calculations. This state can be attributed to the efficiency of
s 1 (Ttheo — Texp)? absorption.
YTN Z (Avexp)? (12) In the second part, we have made the theoretical calcula-
. 1:1. ) ) tions by using the DFM for the same reactions and the same
whereo; ., is the theoretical cross-sectiom,,,, iS the ex-  gnergies. We have searched the convenient values ahd
perimental cross-sectioldo...,, is the error variation of ex- ;, for the same geometry of imaginary potential of systems
perimental cross-section arid represents the total number investigated. We have taken 1.14 fm value for and 0.6

of measured angles. fm value fora,,. For constant values of, anda,,, we have
determined/¥/; values which provide good agreement results
3. Results and Discussions with the experimental data. Finally, we have examined the

variation of normalization constaniVz) and have given all
We have analyzed the elastic scattering angular distributionthe values found in Table II. We have compared the DFM re-
of 180 scattered front*Mg, 28Si, °8Ni, 64zn, 20zr, 120Sn  sults with the data in Figs. 2, 3 and 4. We have observed that
and?%8Pb target nuclei over different incident energies withinthe DFM results are in very good agreement with experimen-
the OM. Firstly, we have performed the PM calculations. Intal data as the PM results. In addition, we have presented the
order to reduce the number of free parameters of PM, we hav@FM results together with the previous studies in Figs. 2, 3
sought the convenient valuesqf=r,, anda,=a,,. We have and 4. We have noticed that the DFM results are as good as
taken as,=r,,=1.11 fm ancz,=a,,=0.65 fm. Then, we have the results of previous studies.
adjustedly and W, values and have given all the values of  Figure 5 shows the values df, andJ,, for the PM and
OM parameters in Table I. As seen from Figs. 2, 3 and 4the DFM potentials that fit*0 + 24Mg, 30 + 28Si, 180 +
we can say that the agreement between the PM results aféiNi, 30 +64Zn, 180 +29Zr, 180 +120Sn, and'®0 +208pp
the experimental data is almost perfect. We have comparediata. As will be seen, the volume integrals per nucleon pair
the PM results with the results of previous studies and havéor the different real potentials present similar behavior. The
observed that both results are very similar to each other. Wdifference between the magnitudes of real volume integrals
have realized thatV, values are generally large in the PM is due to the use of folding model with deep potential. The
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FIGURE 3. The elastic scattering angular distributions 80 + °*®Ni, ®*Zn and®°zr. The solid lines show PM results; dashed lines show
DFM results and dot-dashed lines show the results obtained by the literature [16]. The circles show the experimental data, which have been
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taken from [14-16].
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FIGURE 4. The elastic scattering angular distributions 60 + '2°Sn and®®®Pb. The solid lines show PM results; dashed lines show DFM
results and dot-dashed lines show the results obtained by the literature [17]. The circles show the experimental data, which have been taken

from [17,18].
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500 7 In our study, we have derived a new global set for the

] A imaginary potential which depends on the incident energy of
a0l a % A4 180 and the charge numbeéff) and mass numbed() of

] target nuclei in order to use in the double folding calculations.
With this goal, we have used the values in Table Il obtained

%007 from the theoretical calculations of present study. Thus, this

f 4 - new equation is given as in the following form:
g 200_- . u L} | ] Z
. = J-OM W =16.88 — 0.075E + 3.783— -, (13)
] e J-OM Al
100 o e = w T
] ] A A J-DFM
R 3 ov v J,DFM whereF is the incident energy dfO. We have obtained very
N — close results to the values of Table Il when this equation has
02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 been applied to find the depth of imaginary potential. How-
E/A (MeV) ever, this consistency is slightly disrupted for light target nu-

FIGURE 5. The real and imaginary volume integrals per interact- clei **Mg and?*Si. We should draw attention that we do not
ing ion pair as a function of projectile energy per nucleon for seven@im to achieve the best fits for the experimental data. We try
different systems by means of the PM and the DFM. to derive a new global set for the imaginary potential which
gives reasonable results with the experimental data. Conse-

imaginary volume integrals of the PM and the DFM poten-quently, we should say that this new equation can be used in
tials show very close values with each other. the analysis of interactions §fO with different target nuclei,

In Tables | and II, we have given the cross-sections of alespecially in the medium-heavy and heavy target nuclei.
the systems examined by using the PM and the DFM. We
have noticed that the cross-section values of both the PM a_ng. Summary and Conclusions
the DFM are very close to each other. As known from previ-
ous study [23], it can be said that similar cross-sections obwe have introduced a global PM and DFM analysis of the
tained for different OM calculations such as the PM and theslastic scattering angular distribution 610 by different tar-
DFM denote to good fits of the elastic scattering angular disget nuclei such a§*Mg, 28Si, 5Ni, 64zn, 90zr, 12°Sn, and
tributions. In this sense, we have compared our cross-sectiod8Ph. To obtain the global potential sets, we have applied
with the literature. Bernast al. [12] reported as 1314 mb the these methods to the systems. We have provided all the val-
cross-section value dfO + **Mg reaction. For the cross- ues of optical potential parameters obtained in Tables I and Il
section of this system, we have obtained 1242.9 mb with thén addition to this, we have given the cross-sections and the
PM and 1182.8 mb with the DFM. Jieh al. [16] showed that  volume integrals of all the reactions investigated. We have
the value of cross-section &fO +?°Zr reaction has become showed the theoretical results of the PM and the DFM as
1500 mb. In our results, we have found 1504.6 mb with thecompared with the previous studies as well as the experimen-
PM and 1567.2 mb with the DFM for this system. The cross-al data. We have observed that the PM and the DFM results
sections which are close with each other can be attributed tare very compatible with each other. Also, these results of
the suitability of the fits of the elastic scattering angular dis-the PM and the DFM are in very good agreement with the
tributions. experimental data. We have proposed a new global set for

We have calculated thg?/N values for each system, the imaginary potential to use in the double folding calcula-
which are given in Table | for the PM and in Table Il for tions. We have observed that the reasonable results with the
the DFM. We have noticed that?/N values found via both experimental data for this new equation can be obtained.
models are generally very low. Hence, we can say that the Consequently, the theoretical results obtained with this
theoretical results obtained for the PM and the DFM accordstudy will be very useful and practical in calculations of elas-
ing to x?/N values are quite reasonable for the analysis otic scattering, inelastic scattering, transfer reactions etc., of
80O-target nucleus systems. unknown reaction and energies'd nucleus.
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