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Abstract: We investigate the elastic scattering angular distrimstiof’Be nucleus byBe, 198, 12C, 14N, 27Al, %8Ni and298pb target
nuclei. The analysis is performed by using the double fgdibF) model with density-dependent and density-independ#ective
nucleon-nucleon (NN) interactions based on the M3Y intiiwacThe results are compared with each other as well as{perienental
data. Then, simple formulas for the imaginary potentialtdegwe proposed, for the first time, to use in the folding maddtulations
of the’Be-nucleus interactions.
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1 Introduction elastic scattering by?%®Pb at Em=121 MeV was

_ . measured 0] and analyzed by using globalLi
'Be is known as a weakly bound nucleus with a parameters of CooKl[l] as a starting point. Howevei3e
separation energy of 1.59 MeM][ ‘Be, a half-life of  needs more experimental data for different target nuclei.
53.2 d, is a radioactive nucleus and is considered as core . .
of 8B nucleus.’Be has an important place in examining __ S far as we know, a comprehensive theoretical

the interactions of weakly bound projectiles in researchanaIySIS of .the elastic scattering .686.3 with _dlfferent
fields of nuclear physics. Various experimental and target nuclei over the existing studies in the literature ha

theoretical studies have been carried out on theot been evaluated for the same potential geometry. As a

interactions of' Be projectile with different target nuclei. result of th'SF’ there is no global .optlcal pqtennal
For example, the scattering data e + °Be reaction parameters fofBe nucIeus. The analysis of expenmgntal
were measured at&=17, 19 and 21 MeV in the angular data has been started with literature values suchLas

range 24 < Bem < 57 [2,3]. Elastic scattering data of nucleys in first stage. Then, a agreement fit Wi'Fh the
Be + 198 (at 84 MeV) and’Be + 1N (at 85 MeV) experimental data has been obtained by searching the

reactions were recorded by Azhari et adl].[ Elastic potential parameters. To address this deficiency, we focus
scattering data ofBe by12C at incident energiés of 18.8. °N theoretical analysis of elastic scattering Bé-nucleus

140 and 280 MeV were reported and investigated byreactlons based on the. OM. Such a work will b_e
using Woods-Saxon (WS) and the double folding (DF) important z_:lnd va}luable in the calculatlon§ of elastic
potentials based on the optical model (ON,8,7]. scattering, melca%sgc scattering, transfer reactionaptad
Kalita et al. B] measured quasi-elastic scattering data ofchannels, etc. ofBe nucleus.

"Be + 27Al reaction in the angular range 1% 0cm < In the present work, we investigate angular
43 in steps of 8 at 17, 19, and 21 MeV in order to distributions of elastic scattering ofBe projectile
compare’Be +27Al and "Li + ?’Al systems. Aguilera et scattered fron?Be, 19B, 12C, 14N, 27Al, 58Ni and ?°%Pb

al. [9] reported elastic scattering data e on°8Ni at different target nuclei in a comprehensive manner. For
different energies. The theoretical analysis for thesa datthis, we use four different nuclear potentials within the
were conducted within the framework of the ONBe  framework of the OM. Firstly, we assume the DF
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potential with M3Y interaction for the real part and WS **T ‘ ‘ ‘
potential with three free parameters for imaginary pal 07", ‘ o El
Secondly, we use the DF potential with M3Y interactio Lanones, WL ]
for both real and imaginary parts. Thirdly, we evaluate tt %% Tk Eln
DF potential with DDM3Y interaction for real part and | [ %10'35 1]
WS potential for imaginary part. Finally, we apply the D} ot o'b ]
potential with DDM3Y interaction for both real and 'gooa- . E L 3
imaginary parts. From these calculations, we acquire = | . 7 e °
unique set of potential parameters describing the data.”  ** ‘. ]
compare our results with the experimental data. 0,02 ‘. VMC proton density ofge | |
In section2, we give a brief description of theoretical . ., ®VMC neuton densiy ofee] |
formalism. In section3, we mention the results of the oo~ ]
calculations. In sectiod, we present the summary anc N TN T
conclusions. 0 ! 2 3 4 5 6

. . Fig. 1. The proton and neutron density distributions ‘@e
2 Theoretical Formalism projectile in logarithmic scale (small panel) and lineaalsdbig

. . . . panel)
In first approach, real and imaginary parts of optical

potential have been taken as the density-independent
M3Y effective interaction, which well reproduces a lot of
reaction data 12,13,14,15,16,17]. In this manner, the
real potential is written Po
M= _——"—"". 4
p(r) =1 ey (4)

V['D\"F3Y(r):/drl/drzpp(rl)pT(rz)vNN(rlz), (1)  po, ¢ and z parameters for each nucleus have been
presented in Tablg.

whererjp =1 —ry+4r2, n(rie) is the effective NN While vny is obtained, we have applied the M3Y
interaction, pp(r1) and pr(rz) are the density nucleon-nucleon (Michigan 3 Yukawa) realistic
distributions of projectile and target nucleus, respetyiv  interaction pQ]
Density distribution of’Be projectile has been taken the
Variational Monte Carlo (VMC) density distribution,
which Pieper et al. 18] have reported’Be density — v¥3Y(r) = 79992840 _ 213420250 | 3,,(E)5(r) MeV,
obtained from the VMC calculations using the Argonne ' (5)
v18 (AV18) two-nucleon and Urbana X three-nucleon  whereJyo(E) is the exchange term given by
potentials (AV18+UX). This density has been displayed
on both a logarithmic scale (small panel) and a linear
scale (big panel) in FidL. Joo(E) = 276[1— 0.005E ap/Ap] MeV fms.  (6)

9Be density distribution has been assumedi& [

The imaginary potential has been taken as WS

(1) = (¢ + wn2r2)exp(—n2r2) + (T + wx2r)exp(—x2r2), potential formulated by

) _
where ¢ = 0.0651, w = 0.0398,  — 0.5580, W(r) = —Wof (r,Ry, aw) ™)
{ =0.0544, = 0.0332, andy ;(9.4%28. y
The density distributions for’B, ~C and~“N target - 1
nuclei have been generated by F R ) = 1+ exp(%)’ ©®
p(r) = (& +yr?)exp(—pr?). 3) whereRy = 1y (AY?+AY3) and Ap (Ar) are mass
&, yandp values have been listed in Tatdle numbers of projectile (target) nuclei. In the present study

To provide the density distributions &fAl, 58Ni, and  this potential is called as DF(R).
208ph target nuclei, two-parameter Fermi (2pF) density has  In second approach, the imaginary potential of the
been used. It is given by optical potential is handled as folded potential multiglie
by a normalization factoN, while the real potential is
thought as the DF potential. Thus, the real and imaginary
potentials are in the same shape and different strengths.
This potential is in the following form

U(R) =Vc(R) — (Nr+ Ni)Vor. ©)
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Fig. 2: The elastic scattering angular distributiong B& +°Be reaction for DF(R), DF(R+l), DDM3Y(R) and DDM3Y (R+1) pentials
in comparison with the experimental data at 17, 19 and 21 M&¥.experimental data are from Ref2,3].

Table1: The parameters of 2pF density distribution¥Al, °Ni and2%8Pb nuclei, and the parameters of gaussian density distibut
for 108, 12C, 1*N nuclei.

2pF Gaussian
Nucleus c z Po Ref. Nucleus 3 y B Ref.
27l 2.84 0569 Q2015 R3 105 0.15924 0045519 0341991 RS
58N 4.094 Q54 0172 24 12c 017261 0064712 0351376 5
208pp 662 0551 Q1600 R3 1N 0.1660 007171 03350 pe|
and, is represented as DF(R+I) in our work. Here, the M3Y interaction has density dependence

In third approach, the real part of optical potential hasform given by
been evaluated as the density-dependent M3Y effective
interaction which is known as DDM3Y interaction. For VRRMY (1. p,E) = f(p,E)vnn(r) (11)

this, total potential is shown by . _ _ _
wherevnn(r) is the M3Y interaction described above

andf(p,E) is parameterized by

VERPM (1) = / dry / drapp(ri)pr(r2)van(riz), (10) f(p,E) =C(E)[1+ a(E)e PP (12)
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Fig. 3: The same as Fi@ but for "Be +10B reaction at 84 MeV. The experimental data are from REf. [

Table 2. The optical potential parameters and real and imaginarymelintegrals obtained from analysis with DF(R) potentfal o
elastic scattering ofBe from®Be, 19B, 12C, 1N, 27Al, °8Ni and298pb,

System Energy Nr Wo rw aw J Jw
MeV MeV fm fm MeV. fm?3 MeV. fm?3
17 0750 155 13 06 3464 163
Be +9Be 19 1080 160 13 06 4988 168
21 0925 193 13 06 4272 203
Be +108 84 10 7.0 13 0.6 4157 698
188 101 150 13 06 3498 136
Be +12C 140 100 115 13 06 3464 1046
280 Q80 117 13 06 2771 1065
Be + 19N 85 10 17.0 13 0.6 2969 1435
138 1.00 100 13 06 1539 6.3
152 0.98 110 13 06 1509 6.9
Be +27A| 17 1.02 120 13 06 1570 75
19 101 150 13 06 1555 94
21 105 450 13 06 1616 282
17.1 111 161 13 06 795 750
“Be +%8Ni 185 0.88 165 13 06 631 769
19.9 1.00 169 13 06 717 788
214 0.89 200 13 06 638 932
7Be +298pp 12507 119 240 13 0.6 238 755
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Fig. 4: The same as Fi@ but for ’Be +12C reaction at 18.8, 140 and 280 MeV. The experimental dater@reRefs. p,6,7].

wherep(ri,r2) = pa(r1) + p2(r2). The parameterg,
o andf are 0.2845, 3.6391 and 2.9605, respectivaly.|
This potential is arisen as DDM3Y(R) in our work.

27Al, 58Ni and 2°8Pb target nuclei. For this purpose, we
have used four different approaches. In first (DF(R)) and
third (DDM3Y(R)) approaches, the optical potential

In fourth approach, the imaginary potential is parameters have been researched to obtain good
assumed as folded potential multiplied by a normalizationagreement results with the experimental data. To study in
factor N;, and the real potential is in the DF potential the same potential geometry, anday, values have been
form. In this manner, both real and imaginary potentialsfixed for all the investigated reactions. After the test
have been considered in the same shape but differerttalculations in steps of 0.1 and 0.01 frg,anday, values

strengths, which are given by

U(R) =Vc(R) — (Nr+ N )VEPM3". (13)

This potential is denoted to DDM3Y(R+I) in our
work. The program FRESCO2f] is used for the
theoretical calculations.

3 Results and Discussion

We have investigated elastic
distributions of ‘Be projectile by°Be, 19B, 1°C, 1*N,

scattering angularnormalization

have been taken as 1.3 fm and 0.6 fm for the DF(R)
approach and 1.4 fm and 0.7 fm for the DDM3Y(R)
approach, respectively. Thelg andWp values have been
searched. The optical potential parameters obtainedlfor al
the reactions in terms of DF(R) and DDM3Y(R) have
been listed in Table® and4, respectively.

In second (DF(R+l)) and fourth (DDM3Y(R+I))
approaches, the real and imaginary parts of the optical
potential have been multiplied withNr and N,
factors. These values have been
investigated to obtain the behavior of the experimental
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Fig. 5: The same as Fi@ but for "Be +1%N reaction at 85 MeV. The experimental data are from R&f. [

Table 3: The normalization factord\Ng andN;), real and imaginary volume integrals obtained from analysth DF(R+I) potential
of elastic scattering ofBe from®Be, 1B, 12C, 14N, 27Al, 58Ni and 298pp.

System Energy NR N, J Jw
MeV. fm3 MeV. fm3
17 135 040 6235 1847
"Be +9Be 19 085 090 3926 4157
21 060 135 2771 6235
"Be + 10 84 065 065 2702 2702
188 140 045 4849 1559
"Be +12C 140 100 050 3464 1732
280 100 056 3464 1940
"Be + 19N 85 06 10 1781 2969
138 130 130 2001 2001
152 140 075 2156 1155
Be +27Al 17 1.30 130 2001 2001
19 100 100 1540 1540
21 125 035 1924 539
17.1 1.00 100 716 716
"Be +58Nj 185 0.82 090 588 645
19.9 0.82 110 588 789
214 0.80 100 573 717
"Be +208pp 12507 100 125 200 250
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Fig. 6: The same as Fi@ but for Be +27Al reaction at 13.8, 15.2, 17, 19 and 21 MeV. The experimetsh are from Refs8[27).

data.Nr andN; values for all the systems analyzed with and DDM3Y (R+l) potentials by using the DF model have
this work have been given in Tabl@sand5. been shown in Fig4. Agreement between theoretical

Angular distributions of Be +°Be system have been results and the experimental data is quite reasonable
investigated at incident energies of 17, 19 and 21 MeV.despite the oscillating structure of the experimental data

The theoretical results, obtained for four different nacle . ) 14
The elastic scattering results Be + 1*N have been

potentials, have been plotted in Fi@ In spite of . , ;
oscillatory experimental data, our results are in agreémerc@/culated via four kind potentials at 85 MeV and have
with the data in general. appeared in comparative form in Fi§. It has been
. . 10 observed that the results are in good agreement with the
The elastic scattering data éBe on1°B has been

. X experimental data. Especially, this harmony is excellent
examined at 10 MeV. The analysis results of the systeny,, DF(R+I) and DDM3Y (R+I) potentials.

have been plotted for potentials evaluated in BigThe
behaviors of DF(R+l) and DDM3Y(R+I) potentials are  The theoretical calculations dBe elastic scattering
the same up to 22but after 22 the results are dlfferent.. by 27Al as an example of light-heavy target nucleus have
However, it has been seen that the potentials well definegeen carried out for DF(R), DF(R+l), DDM3Y(R) and
the experimental data except for DF(R). DDM3Y(R+1) potentials within the framework of the DF
Another reaction analyzed with this work/iBe +12C ~ model at incident energies of 13.8, 15.2, 17, 19 and 21
system at incident energies of 18.8, 140 and 280 MeVMeV. The theoretical results have been plotted
The results obtained for DF(R), DF(R+l), DDM3Y(R) comparatively with each other as well as the data in Fig.
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Fig. 7: The same as Fi@ but for "Be +8Ni reaction at 17.1, 18.5, 19.9 and 21.4 MeV. The experiniefat are from Ref.g].

6. It has been seen that agreement between theoretic#theoretical analysis. Then, we have given in a
results and the experimental data is quite reasonable.  comparative manner the cross-sectiomg ©f DF(R),

’Be + %Ni reaction has been investigated as anDF(R+l), DDM3Y(R) and DDM3Y(R+l) potentials
interaction with the medium mass target. The elastictogether with literature for all the reactions in Tablene
scattering angular distributions have been obtained fohave observed that the cross-sections of the potentials
different nuclear potentials at 17.1, 18.5, 19.9 and 21.4"ave shown a similar behavior with each other. That is,
MeV. The results have been exhibited with the the cross-sections have displayed an increasing behavior
experimental data in Fig7. It has been realized that With the incident energy for the systems except'e +

agreement between our results and the data are almo$fC reaction at 280 MeV. In addition to this, we have
perfect except for DF(R) results at 17.1 MeV. compared our cross-sections with the literat&7,8,9,
Finally, elastic scattering interaction diBe with 10] shown with Table6. We have realized that the results

208pp nucleus as heavy target has been studied for DF(R f this work are very close to the literature values.

DF(R+), DDM3Y(R) and DDM3Y(R+) nuclear hergfore, it can be said that.the similar cross-sections
potentials by using the DF model at =121 MeV. The acquired with different potentials are attributed to the

theoretical results have been shown in Fglt has been harmony of the theoretical results.

Obseryed that the results are in agreement with the In our Work’ for the first time' we propose new g|0ba|
experimental data but not at forward angles. imaginary potential equations to determine the depth of
In Tables 2-5, we have listed the reallf) and imaginary potential in DF(R) and DDM3Y(R)
imaginary () volume integrals which are calculated by calculations based on the DFM while the elastic

using the optical potential parameters obtained from thescattering interactions ofBe projectile with different

(@© 2017 NSP
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Fig. 8: The same as Fi@ but for "Be +2%8pb reaction at 125.07 MeV. The experimental data are from[®Rejf

Table 4: The same as Tabbut for analysis with DDM3Y(R) potential.

System Energy Nr Wo rw aw J Jw
MeV MeV fm fm MeV. fmd MeV. fm3
17 085 420 14 0.7 3926 563
Be +9Be 19 100 7.10 14 0.7 4618 952
21 100 185 14 0.7 4618 2481
Be +10B 84 10 7.00 14 07 4157 889
188 0.90 250 14 0.7 3117 289
Be +12C 140 102 7.70 14 0.7 3533 891
280 100 870 14 0.7 3464 1007
Be + 19N 85 100 100 14 07 2969 1073
138 1.00 620 14 0.7 1539 493
152 1.00 7.00 14 0.7 1539 556
Be +27A| 17 1.00 890 14 0.7 1539 707
19 100 155 14 0.7 1539 1232
21 100 156 14 0.7 1539 1240
17.1 1.00 530 14 0.7 717 312
Be +8Nj 185 0.78 540 14 0.7 559 318
19.9 091 550 14 0.7 652 323
214 0.65 560 14 0.7 466 329
Be +298pp 12507 105 7.50 14 0.7 210 297

target nuclei are examined. These equations change withumber At) of target nucleus. We have used the potential
the incident energy ofBe, charge numbeZf) and mass  parameters listed in Tabl&and4 while these equations
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Table5: The same as Tabl&but for analysis with DDM3Y (R+l) potential.

System Energy Nr N J Jw
MeV. fmd MeV. fm3
17 088 040 4065 1848
Be +%Be 19 090 090 4156 4156
21 057 135 2632 6234
Be +10B8 84 090 060 3741 2494
18.8 130 055 4502 1905
Be +12C 140 100 050 3464 1732
280 100 054 3464 1871
Be + 14N 85 075 110 2227 3266
138 120 120 1847 1847
152 150 090 2309 1385
Be +27Al 17 1.00 100 1539 1539
19 100 100 1539 1539
21 140 035 2155 539
17.1 1.00 140 717 1004
"Be +598Nj 185 1.00 119 717 853
19.9 106 130 759 931
214 1.00 121 717 867
"Be +2%8pp 12507 130 140 260 280

Table 6: The cross-section®i obtained with DF(R), DF(R+I), DDM3Y(R), DDM3Y(R+I) nucée potentials in comparison with the
literature.

System ELab ODF(R) ODF(R+) ODDM3Y(R) ODDM3Y (R+) OLiterature
MeVv mb mb mb mb mb
17 9057 13333 12211 12018 1298 - Ref§]
Be +%Be 19 8031 13445 13623 13260 1445 - Ref ]
21 9703 14022 15705 13726 1562 - Ref.g]
’Be +10B 84 11440 12112 13352 11922
1838 7840 11483 10122 11107
Be +12C 140 12571 11719 13522 11278
280 11386 10913 12559 10389
Be + 14N 85 14544 13965 15731 13877
138 3472 7519 6684 6715 741+ 48 - Ref.p7]
15.2 4577 8610 8369 8264 896+ 71 - Ref.p7]
Be +27A| 17 606.6 10678 10350 9305 772 - Ref.B|
19 6867 11304 12949 10629 1010 - Ref.§]
21 10429 11495 14116 11054 1105 - Ref.§]
17.1 699 851 896 875 106+ 30 - Ref.p]
"Be +58Njj 18.5 1696 1857 1968 1896 182+ 26 - Ref.p]
199 3316 3599 3597 3551 330+ 101 - Ref.p]
214 5020 5124 5026 5071 506+ 97 - Ref.p]
"Be +208pp 12507 30507 30483 31600 30114 3182 - Ref.1(]

are obtained. Thus, our equations for DF(R) and and
DDM3Y(R) nuclear potentials are formulated by

W = 9.43937+ 0.00072& — 0.26895@, for DDM3Y(R) potential

W = —2.22698} 0.041095£ + 1.890962L;,  for DF(R) potential (15)
T
(14) whereE is the incident energy diBe projectile.
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4 Summary [19] V. Hnizdo, J. Szymakowski, K. W. Kemper and J. D. Fox,
Phys. Rev. @4, 1495 (1981).

In the present study, we have examined eighteen data sef80] G. R. Satchler and W. G. Love, Phys. R&p, 183 (1979).
of ’Be nucleus scattered from seven different target nucle[21] D. T. Khoa and W. von Oertzen, Phys. Lett. 382, 6-12
at various incident energies at the same potential (1995).
geometry. For this purpose, we have evaluated fouf22]!.J. Thompson, Computer Phys. R&p167 (1988).
different nuclear potentials such as DF(R), DF(R+l), [23] S. Hossain, M. N. A. Abdullah, Md. Zulfiker Rahman, A. K.
DDM3Y(R) and DDM3Y(R+I) based on the DF model Basak and F. B._Malik, Phys. S&7, 015_201 (2013).
within the framework of the OM. We have achieved good [24] M. El-Azab Farid and M. A. Hassanain, Nucl. Phys678,
agreement results with the experimental data. The 39-75(2000). _
theoretical results for some reactions are almost exdellen[25] C- W. Glover, K. W. Kemper, L. A. Parks, F. Petrovich and
This indicates that a successful analysis of experimenta]_ D P- Stanley, Nucl. Phys. 837, 520-532 (1980).
data of’Be by different target nuclei has been performed 2817 Ma_lltleja, D. P. Stzn:fy, L. (\1/' Theisen, AI" D. Flrav‘;:ey’
in_terms of DF(R), DF(R+), DDM3Y(R) and g & aonich tiggl';"e sker and P. B. Nagel, Nucl. Phys. A
DDM3Y(R+1) nuclear pOtent!als' Thus, We can say that [27] V. Morcelle, R. Lichtenthéler, R. Linares, et al., BhyRev.
the OM parameters dgtermmed Wlth'OUI’ work W!|| be C 89, 044611 (2014).
useful in both theoretical and experimental studies of
"Be-nucleus interactions.

In our research, also, we have derived new equations
to find the imaginary potentials of DF(R) and DDM3Y(R)
in examining the’Be-nucleus reactions. We think that
these equations will be very valuable and applicable in
the analysis of the nuclear interactions such as elastic
scattering, inelastic scattering, coupled channelssfesin
reactions etc.
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