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Abstract: In the present study, we show a new and comprehensive amalyie elastic scattering cross section§lafoy °Be, 12C,
13¢, 14N, 27Al, 51y, 58N and 298pb target nuclei. For the first-time, the real potential Hasethe optical model is obtained by using
proximity potentials which consist of Broglia and Winthe39ll (BW 91), Aage Winther (AW 95), Bass 1973 (Bass 73), Ba§¥ 19
(Bass 77), Bass 1980 (Bass 80), Christensen and Winther (@®676), Ngd 1980 (Ngo 80), Proximity 1977 (Prox 77), Prokim
1988 (Prox 88) and Siwek-Wilczynski-Wilczynska (SWW). Ttheoretical results are compared both experimental datavith each
other. The similarities and differences of the potential®stigated are discussed and alternative potentialsuafervard.
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1 Introduction [9] has tried to obtain a global potential set for the
reactions with®Li nucleus by using the double folding
The choice of the nuclear potential is very important in m.odel. Although the theoretical results are compatible
defining the interaction of the two nuclei. So, dependingWith the experimental data, they are clear to develop.
on the structure of this potential, the reaction observatio | hUS, achieving consistent results with the experimental
may change. For example, in the sufficiently high data using alternative potentials will be important in
absorption of heavy-ion scattering reactions, the tait par €xPlaining nuclear interactions withi.
of the optical potential is directly related and the insifie o In the present study, our aim is to introduce alternative
the potential does not play an important rolé. [In this  potentials in explainingLi-nucleus interactions. For this
manner, different nuclear potentials such aspurpose, we investigate ten various nuclear potentials
Woods-Saxon, Woods-Saxon Squared, Yukawa, Gaussuch as Broglia and Winther 1991 (BW 91)(], Aage
Double Folding etc. have been proposed and investigatedinther (AW 95) [L1], Bass 1973 (Bass 73)2 13|, Bass
by using various theoretical approachés3[4,5,6,7]. 1977 (Bass 77) 14, Bass 1980 (Bass 80)1(],
They have given agreement results with the experimen€hristensen and Winther 1976 (CW 7@)], Ngd 1980
data for some nuclear reactions, but there are stil(Ngo 80) [L6], Proximity 1977 (Prox 77)17], Proximity
deficiencies for the general. Moreover, due to the excesd988 (Prox 88) 17] and Siwek-Wilczynski-Wilczynska
of parameters of the applied potentials and the ambiguitf SWW) [18 19]. These potentials are evaluated in the
of these parameters, investigation of nuclear potentals i analysis of the elastic scattering cross sections #Be
still one of the hottest topics of nuclear physics. Thus, the'?C, *3C, N, 2Al, 5V, >8Ni and 2%%Pb target nuclei of
introduction of alternative potentials will be both useful 8Li which is an important nucleus for both nuclear
and important in the analysis of nucleus-nucleusphysics and astrophysics. For the first-time, a

interactions. simultaneous and comprehensive analysis of these
8Li as a radioactive nucleus is an important nucleus inpotentials is carried out for tfii-nucleus interactions.
the field of nuclear physicsiLi is generated in the A summary of nuclear potentials and theoretical

radiative-capture reactio8 and presents a neutron-rich process is given in next section. Secti®mprovides the
structure. ®Li has been studied widely both results and discussion. Finally, sectidnpresents the
experimentally and theoretically. In this respect, Aygun summary and conclusions.
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2 Theoretical Process 2.1.3Bass 1973 (Bass 73) Potential

2.1 Nuclear Potentials The third type potential investigated from proximity
potentials is given by12,13,21]

Here, the nuclear potentials used for the real part of the

optical model are introduced. For this purpose, ten daSA1/3A1/3 r_R
different nuclear potentials which consist of BW 91, AW V,\'?ass73(r) - —#exp(— _ 12) MeV, (7)
95, Bass 73, Bass 77, Bass 80, CW 76, Ngo 80, Prox 77, Ri2 d

Prox 88 and SWW are investigated.

where

2.1.1Broglia and Winther 1991 (BW 91) potential Rip = 1.07(Ai/3+A§/3), d = 1.35fm andhs — 17 MeV.

(8)
The first examined proximity potential is Broglia and
Winther 1991 (BW 91) potentiall0, 20] given by
v 2.1.4Bass 1977 (Bass 77) Potential
VEWOL(r) = — e TMeV. (@)
[1+exp( a )} Another potential analyzed for the real part is in the
following form [14,20]
where
RiR> RiR
Vo = 167t a, a=0.63fm, 2 Bass77(g) — _ 1122 —r—Ry—
0 R R, ) W(s) = —g R (s=T ~Ri—Rp) MeV, (9)
and where
1/3 ~1/3 R =116A"3—130A 3 (i=12) (10)
Ro=Ri+R+029, R =1233""-098A "> (i=1,2), = L16A 397 =12).
3) . . .
with surface energy constapis The universal functio(s=r — Ry — Ry) is shown as
s s
Np—Zp. N —Z s) = [Aexp(—) +Bexp(—)] 1, 11
y= VO[l—kS( P p)( )] (4) (0() [ qdl) [Xdz)] ( )

Ap A
whereA = 0.030MeV 1 fm, B = 0.0061MeV 1 fm,
yo and ks are taken as 0.95 MeV/fmand 1.8, d; =3.30 fmandd, = 0.65 fm.

respectively.
2.1.5Bass 1980 (Bass 80) Potential
2.1.2 Aage Winther (AW 95) Potential

) ) ) Bass 1980 (Bass 80) potential is the same as Bass 77
The second type potential applied for the real part is thepotential form except for the functiop(s = r — Ry — Ry)

same as BW 91 potential except far[20] given by [L0,20]
1 () = [0.033 expi— ) +0.007 ex——)] "L, (12)
a= sy gy LU C) 35 0.65"
1.17(1+0.53(A; 73+ A, 73))
and
and
13 _ R=R(1- %), R=128A7°-076+08A *m (i=12).
Ro=Ri+R;, R=12A7°-009(i=12). (6) (13)
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2.1.6Christensen and Winther 1976 (CW 76) Potential

The other type of proximity potentials evaluated with this

work is assumed a4 b, 21]

RiR, @(r—Ri—Ry)MeV  (14)

VW 8(r) = —50
N ( ) Ri+ Ry

where

R =1233"%-0978n *m (i=1,2). (15)
The universal functiop(s=r —R; —Ry) is

r-Ri—Ry

063 (16)

o(s) = exp(—

2.1.7Ngbd 1980 (Ngo 80) potential

Ngd 1980 (Ngo 80) is another proximity potential used in

the analysis of nuclear interactions. It is written Q]

V,\Tgogg(r) =Ro(r —C; —C) MeV (7)
5 GG _RM_ E 2
R=c g G=RII-(g)+-] (8
= NRi T 2R g ) (19)
A
Rpi = ropiAil/3, R = ronA”>, (20)

fopi = 1.128 fm ron = 1.1375+ 1.875x10°*A fm. (21)

The universal functiop(s=r —C; —Cy) (in MeV/fm)
is assumed as

—33 exfj—(s—s0)?] for s> s,

—33+5.4(s—5)?, for s< s,
P(s) =
s =-16fm

2.1.8Proximity 1977 (Prox 77) potential

Nuclear potential with Proximity 1977 (Prox 777,22
is parameterized by

C-C

R, the effective radius, is

R=128A"%-076+08A %M (i=12). (24)
y, the surface energy coefficient, is

N—-Z
= o[l —ks(——=)? 2
y=wll-k(772) (25)
whereN andZ is total number of neutrons and protons,
respectively. Also, the value gf is 0.9517 MeV/fnt and
ks is 1.7826 R3. The universal function@®({), can be
written as

@)= ~3(Z —2.54)? -0.0852 —2.54), for { <1.2511
T 3437 exgi—55s), for ¢ > 1.2511

2.1.9Proximity 1988 (Prox 88) potential

In Proximity 1988 (Prox 88) potential, the new values of
o andks have been used and taken as 1.2496 Me¥/fm
and 2.3, respectivelylf]. The other parameters of the

potential have been considered to be the same as Prox 77

potential.

2.1.10Siwek-Wilczynski-Wilczynska (SWW) Potential

Siwek-Wilczynski-Wilczynska (SWW) potential within
the framework of the liquid drop model and with the WS
potential is shown adlB 19

VW () = _ Vo (26)

[1+exp (@)}

where

VO = b:surf[Ai/3 + A§/3 - (Al + A2)2/3]7 bsurf ~ 17 MeV7
(27)
and

R =11280"%1-0786A %% (=1,2)  (28)

VBT (1) — 4rybRa (7 = ' —IMeV,  (22)
with
where
Vo(Ry +Ry)
_ GG . L. b, ~ 16MRIR, =
R_C1+C » G=R[ (R|) +e] (23) 16myR1Ry
(@© 2018 NSP
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Fig. 1: Distance-dependent changes féki+°Be, 8Li+12C,
8Li+13C, 8Li+ 14N, BLi+27Al, 8Li+51V, BLi+58Ni and8Li+2%8Pb
reactions of AW 95, Bass 73, Bass 77, Bass 80, BW 91, CW "’
Ngo 80, Prox 77, Prox 88 and SWW potentials.

2.2 Optical Model

The theoretical calculations in our work are based on t
optical model. In this way, total interaction potential fc
interacting nuclei can be shown by

Viotal (1) = Ve(r) +Wn(r), (30)
whereVc(r) is Coulomb potential shown byl]
Velr) = = ZA€ g, 31)
2 P
_ %&) ZPZZF;:’Z (3— %), F<R, Ro=130AY31AY%) (32

and Wn(r) is nuclear potential. While the proximity
potentials defined above are used to produce the real p
of the optical potential, the imaginary part is taken as th
Woods-Saxon potential in the following form

o (2]

The code FRESCO has bheen applied in the optic
model calculationsZ4].

(33)

W(r)=—

3 Results and Discussion

The distance-dependent variations of proximity potestia
used for the real potential in our study have been shov
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Fig. 2: The elastic scattering cross sections in comparison with
the experimental data of tHi.i+°Be reaction for AW 95, Bass
73, Bass 77, Bass 80, BW 91, CW 76, Ngo 80, Prox 77, Prox
88 and SWW potentials at §,= 27 MeV. The experimental data
have been taken fron2§).
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Fig. 3: The same as Fig, but for theSLi+12C reaction at Eqp=
14 and 23.9 MeV. The experimental data have been taken from
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comparatively in Figl. It has been observed that when Fig. 4: The same as Fig, but for the®Li+*3C, 8Li+1*N and
the change of the potentials is examined, they aresLi+27A| reactions at Egp= 14 MeV. The experimental data have

different from each other according to both shape ofPeen taken fromZg].
potential and target nucleus. The values of the imaginary
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Table 1: Wy values of the imaginary potentials for the AW 95, Bass 73 sB&s Bass 80, BW 91, CW 76, Ngo 80, Prox 77, Prox 88
and SWW potentials used in the elastic scattering analysleedLi+2Be, 8Li+12C, 8Li+13C, 8Li+14N BLi+27Al, 8Li+51V, 8Li+ 58N
and8Li+298ph systems at various incident energies.

Wo(MeV)
Reaction Energy AW Bass Bass Bass BW CW Ngo Prox Prox SWW
(MeV) 95 73 77 80 91 76 80 77 88
8Li + “Be 27 8.70 11.5 6.30 8.90 13.4 14.2 14.0 17.0 19.0 17.0
8Li+ I2C 14 10.8 6.00 8.70 11.4 8.40 11.0 6.00 10.4 12.0 7.90
23.9 7.20 8.50 8.50 10.5 8.00 14.0 7.00 8.00 8.20 6.20
8Li+ 13C 14 6.00 6.00 8.00 5.00 2.80 11.2 4.50 3.50 9.10 6.40
8Li + %N 14 12.5 2.00 7.30 11.5 5.50 6.50 3.60 7.30 6.00 5.00
BLi+ 27Al 14 5.20 6.20 6.10 6.00 6.00 5.00 6.00 9.00 7.00 6.00
8Lj+ Sly 18.5 14.0 15.0 1.40 13.0 11.9 13.9 14.5 5.50 1.10 10.0
26 24.4 25.8 18.0 25.6 23.2 25.8 25.2 16.0 25.9 17.0
BLj + 98Nj 19.6 15.8 18.8 16.7 15.5 16.0 15.8 15.8 16.0 15.6 16.5
20.2 17.8 20.0 20.1 16.3 19.5 18.8 20.0 18.9 17.6 19.8
BLi + 208pp 25.33 19.7 13.4 18.4 18.2 18.4 18.4 18.6 18.4 18.4 18.4
30.01 7.70 3.00 8.00 6.80 7.70 7.30 8.60 7.70 7.40 7.30

Table 2: The same as Table 1, but fiqg values.

rw(fm)
Reaction Energy AW Bass Bass Bass BW CW Ngo Prox Prox SWwW
(MeV) 95 73 77 80 91 76 80 77 88
8Li + 9Be 27 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36
8Li+ 12C 14 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34
23.9 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34
8Li+ I3C 14 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20
8Li + 19N 14 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
BLi+ 27Al 14 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
8Li + 5Ly 18.5 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
26 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
BLj + 98Nj 19.6 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38
20.2 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38
8Li + 208pp 25.33 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38
30.01 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38

potential parameters for each nuclear reaction examinedgsults have been obtained for Bass 73 potential at both
have been given in Table 1 (fo¥), Table 2 (forry) and  energies. At 14 MeV, the results of Bass 77, BW 91, Prox
Table 3 (foray). In addition, Table 4 lists the cross 77, Prox 88 and SWW potentials are very similar to each
sections @) according to potentials for all reactions. other, but the results of the Prox 77 potential are slightly

The theoretical calculations of the elastic scatteringbetter than the others. At 23.9 MeV, the results of Bass

angular distributions ofLi nucleus from the light to 77, BW 91, Ngo 80 and Prox 77 potentials are in better
medium and heavy nuclei have been carried out for teregreement with the data than the results of the other
different potentials. The first investigated nuclear rigact ~ Potentials. Prox 77 potential, which is common for both
is 8Li+%Be at 27 MeV. The theoretical results have been€nergies, has given good agreement results with the data.
displayed as compared with the experimental data in FigThe elastic cross sections diLi+*°C, Li+*N and

2. It has been observed that the results of Bass 80, ProxLi+?’Al reactions which are other light nucleus
77 and Prox 88 potentials are slightly better than the€xamples have been obtained, for the first-time, by using
results of the other potentials and are in good agreemerf2roximity potentials at incident energy of 14 MeV. All the
with the experimental datefLi+2C reaction as light theoretical results have been presented together with the
target nucleus example has been investigated at 14 arfperimental data in Figd. Similar to the Li+**C

23.9 MeV energies. The results have been shown a§eaction, the worst results in these reactions have been
compared with the experimental data in FigThe worst ~ obtained for Bass 73 potential. However, the best results
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Table 3: The same as Table 1, but fay, values.
aw(fm)
Reaction Energy AW Bass Bass Bass BW CW Ngo Prox Prox SWw
(MeV) 95 73 77 80 91 76 80 77 88
8Li + 9Be 27 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
8Li+ 12C 14 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
23.9 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
8Li+ 18C 14 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
BLi+ 7N 14 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
BLi+ 27Al 14 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
8Lj+ Sy 18.5 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
26 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
BLi + 98Nj 19.6 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
20.2 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
BLi + 298pp 25.33 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
30.01 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Table 4: The same as Table 1, but farvalues.
o(mb)
Reaction Energy AW Bass Bass Bass BW CWwW Ngo Prox Prox SWwW
(MeV) 95 73 77 80 91 76 80 77 88
8Li + 9Be 27 1868 2178 1679 1867 2042 2073 2050 2161 2224 2155
8Li+ 12C 14 1616 1820 1498 1625 1501 1594 1348 1566 1632 1448
23.9 1680 1958 1682 1796 1676 1897 1590 1660 1685 1543
8Li+ I5C 14 1140 1555 959 1077 970 1035 885 902 1003 892
8Li+ 9N 14 1198 1408 1036 1162 1053 1024 915 1031 1047 947
BLi+ 27Al 14 977 1411 887 968 926 885 826 916 926 852
BLi+ o1y 18.5 1087 1417 751 1082 1038 1071 996 895 677 976
26 1645 1882 1544 1658 1616 1648 1590 1511 1638 1526
BLi + 98N 19.6 1489 1745 1498 1485 1487 1484 1461 1485 1483 1495
20.2 1598 1827 1637 1568 1628 1616 1622 1614 1593 1632
BLi + 298pp 25.33 278 237 263 262 263 263 264 263 264 265
30.01 649 542 657 619 649 636 673 646 639 637
EgLi-t-SI\/ BLi+55Ni
LS L L I IR TTTTT T T IARRNRARR RN AR RN AR RRARI RN FARAN L LN LN L LA AR AL L
16 st B Ep=185MeV| ol P ',,‘,.u,.\- i e ESN 4
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02| Broxss Hogg2k 4 Prox 88 E,,=10.6 MeV | E,,,=20.2 MeV
S e o W R e o e S o

6, ,(deg)

Fig. 5: The same as Fig, but for the8Li+51V reaction at

6, (deg)

O m(deg)

B m(deg)

Fig. 6: The same as Fig2, but for the8Li+°8Ni reaction at

ELap=18.5 and 26 MeV. The experimental data have been takerfE ap=19.6 and 20.2 MeV. The experimental data have been taken
from [26,30].

from [28,29].
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Ui+ "o The cross sectionso) of the reactions investigated

T AR using ten different nuclear potentials have been listed in
P I ) SRR Table 4. Our results have been compared with the

r 1 literature P]. In this context, Aygun 9] have reported as
A\ ] 2103 mb for8Li+°Be reaction at 27 MeV, 1623 mb for
] 8Li+12C at 14 MeV, 1203 mb fofLi+27Al at 14 MeV and
1445 mb forBLi+°8Ni at 19.6 MeV. In our study, we have
acquired in the range of 1679 o < 2224 mb, 1348
< 0 <1820 mb, 826 0 < 1411 mb, 146K 0 < 1745

; mb, respectively. As a result of this, we can concluded

prox 77 o E that our cross sections are in agreement with the results of
S | ; Aygun [9]
630 60 o0 a0 Tso 180 0 30 G0 90 120 150 i0
6, (deg) 6, ,(deg)

o Exp.
— AW 95
r Bass 73

G/ORuth
.
010

---- Bass 77
-- Bass 8
BW 91

CW 76

- Ngo 80

Fig. 7: The same as Fig, but for the8Li+2%8Pb reaction at 4 Perspective

E_ap= 25.33 and 30.01 MeV. The experimental data have been . .
taken from B1]. In the present study, the elastic scattering angular

distributions of8Li projectile from eight different target
nuclei such asBe, 1°C, 13C, 1*N, 27Al, 5V, 58Ni and
208pp have been analyzed within the framework the
optical model. The real part of the optical potential has
have been obtained with Prox 77 potential fi+'3C  been obtained by using ten kind nuclear potentials while
reaction and AW 95 potential fdiLi+1N reaction. The  the imaginary potential has been determined with the WS
8Li+27Al reaction have close results. It is useful to note potential. It should be remarked that a comprehensive
that the theoretical results acquired with the help of theanalysis of the proximity potentials has been performed,
potentials studied in all three reactions are consistetiit wi for the first-time, with this work. Alternative potentials
the experimental data. from the comparative analysis of our results have been
The8Li+51V (at 18.5 and 26 MeV) anflLi+58Nij (at ~ Put forward. It has been seen that the potentials are in

19.6 and 20.2 MeV) reactions as medium heavy nucleido0d agreement with the experimental data. However, it
have been examined for ten various potential approachedl@s generally been found that the Prox 77 potential gives
The theoretical results obtained for these nucleaPelter results with the experimental data than other
potentials have been displayed as compared with eaCHoten_uaIs. In addition, the worst results fqr all the_
other as well as the experimental data in Figsand 6, reactions h'ave been found for. Bass 73 potential. Thus, it
respectively. The most consistent results with theCan be said that the theoretical results depend on the
experimental data fdtLi+ 51V system have been acquired shape of the potentials |nvest|gated in-our study. Also, we
with Ngo 80 potential at 18.5 MeV. However, at 26 MeV, &N dgduce that f[he alterna}tlve potentlals demonstr_ated
the results of Bass 77, BW 91, Prox 77 and sww With this yvork which have given consistent results WI'[-h.
potentials which show a similar behavior with each otherth® €xperimental data can be used in situations where it is
are in very good agreement with the data and are betteflifficult to determine the real potential. We think that
than the results of the other potentials. Fui+58Ni similar studies for other different nuclei will give
reaction, the results of the other potentials except fosBas MPortant and useful results.
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20.2 MeV and are in good agreement with the
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