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The angular distribution of th&*Mg(*H,2H)2"Mg reaction at 36 MeV incident energy is reanalyzed by using the distorted wave Born
approximation (DWBA) method. Four forms of the optical model potentials such as temperature dependent and temperature indepen-
dent density distributions, different nuclear potentials, and different nucleon-nucleon interactions are used to determine the effect on the
26Mg(®H,2H)?"Mg transfer reaction of the entrance channel. These analyses display the similarities and differences of all the approaches
which are discussed in this work, and provide alternative density, nuclear potential and nucleon-nucleon interactions.
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1. Introduction transfer reaction cross-section for eleven different nucleon-
nucleon (VN) interactions. We have compared the theoreti-
In a transfer reaction one or more nucleons are transferregh| results with the experimental data, and have proposed al-
from a projectile nucleus to a target one. Transfer reacternative density, nuclear potential ahdV interactions for
tions play an important role in understanding the naturathe analysis of thé®Mg(*H,2H)2”Mg transfer reaction.
magnesium (Mg) which has three isotopes with mass num-  Section 2 introduces the theory of transfer reaction chan-
bers 24, 25 and 26. Over the past years, deuterium—inducqﬂgs_ Section 3 and 4 present the temperature indepen-
transfer reactions such d$Mg(d,pf°Mg, *>Mg(d,pf°Mg  dent and temperature dependent density distributions, respec-
and **Mg(d,py"Mg have been investigated and informa- tively. Section 5 and 6 give the theory of different nuclear
tion about?**Mg, *Mg and *’Mg nuclei have been ob- potentials and differentV NV interactions, respectively. Sec-
tained.  Later, tritium-induced transfer reactions suchtion 7 shows the results and discussion. Section 8 exhibits the
as **Mg(t,py°Mg, *7Al(t,@)*Mg, **Mg(t,p)’’"Mg and  summary and conclusions.
26Mg(t,p)**Mg have been carried out to provide further in-
formation about the Mg isotopes [1-6]. )
In the past, the angular distribution Mg(*H,2H)>"Mg ~ 2-  Theory of transfer reaction channels

transfer reaction was measured at 36 MeV [7]. K. |. Pearc . . 314 21827
et al. [7] analyzed the experimental data by using the dis—?: or the theoretical analysis of théMg(°H,”H)*"Mg transfer

torted wave Born approximation (DWBA) method. Then, Al- reaction, various nuclel_Js-nuc.Ieus and nucleon-nucleus inter-
Farra [8] examined the experimental data for Woods-Saxorf.ctons should be ggns'dered’ entrance ng‘m‘*@ Mg),
parity and spin-orbit interactions of the optical model baseoéxIt channel {H +*"Mg), ggre'core Zﬂ_g,} - Mg), _b|r!d|ng

on the DWBA method. From the findings obtained, it can pePotentials (n +#H and n +7Mg). The '; projectile is as-
seen that the results of the cross-sections should be improve _med as the composite systéhh = n+ H (see Fig. 1) in
Additionally, to our knowledge few theoretical studies aboutt e entrance Ch‘"ﬁ‘””e'- Then, one n is t_ransferred_ t°fig
the2Mg(®H,2H)2"Mg transfer reaction are available in liter- gir,\%et'_agd thus it !eads to t.he composite target-hkg fragment

g = “®Mg + n in the exit channel. Generally, it can be

ature. In this context, we believe that a comprehensive anal- id that the int i tentials for th i d exit
ysis of the?Mg(3H,2H)?"Mg transfer reaction by using dif- >2!¢ that the Interaction potentiais for the entrance and exi

ferent approaches will provide important information on the_channels of transfer reactions are different [9]. As a result of

oretical and experimental studies which will take place in the
future.

In this study, we have investigated the angular distribu-
tion of the 2Mg(*H,?H)?"Mg transfer reaction at 36 MeV o
incident energy by using the DWBA method. For this, we .
have first calculated the angular distributions for five differ- 2
ent density distributions of th&éH projectile. Then, we have
obtained the transfer cross-section for temperature depender 1\
density of the?®Mg target nucleus. We have also calculated
the transfer cross-section for nine different proximity poten-Ficure 1. The scheme of th&®Mg(*H,2H)?>"Mg transfer reac-
tials in the entrance channel. Finally, we have obtained theon.
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2 M. AYGUN, Z. AYGUN, AND N. KARAALI

this, knowledge of interaction potentials is needed for the par2.3. Core-Core ¢H + 26Mg)
titions. The calculation procedure associated with these po-

tentials is described below. The core-core potential, which means the interaction between
core and core nuclei, contains the real, the imaginary and the
2.1. Entrance channel {H + 2Mg) spin-orbit potentials. As a result, the nuclear potential is the

same form with the potentials of the exit channel.
The potentials applied for the entrance channel, which are a

dominant cause of theoretical uncertainty in the analysis 0f 4 Binding potentials

the transfer reactions, play a significant role. For this, we ex-

amine the effect of the entrance channel on the transfer crosginally, the binding potential for thé€Mg(*H,2H)2"Mg

section by using different approaches. transfer reaction is composed by two parts, one for the en-
The nuclear potential of the entrance channel consists afance and one for the exit channels. The binding potential for

the real and the imaginary potentials. To obtain the real pothe entrance potential is n*H, and the binding potential for

tential, both the optical model and the double folding modelexit channel is n £6Mg. Only the real potential is assumed

are used via the FRESCO [10] and DFPOT codes [11] whiclind taken as the same form with EB) with Woods-Saxon

are used extensively in the analysis of various nuclear reagotential having standard geometry parametgrs 1.25 fm

tions [12-20]. Thus, the real part is calculated for temperanda = 0.65 fm. Its depth is determined from the binding

ature dependent and temperature independent density disténergies.

butions, different nuclear potentials and different NN interac-

tions, which all of these interactions are summarized below. . o

The imaginary potential is in the Woods-Saxon volume form:3- *H density distributions

r—R,\] " (1) In our study, five different density distributions of tHé
’ projectile have been examined, and are summarized below.
However, the density distribution of tiH#éMg target nucleus

W(r)=-Wy [1 + exp( -
whereW, is the depthR,, is the radius, and,, is diffuseness '
parameter. Additionally, the spin-orbit potential for the real!S evaluated as

part is assumed and written as 00
2 p(?") = 1 r—cy’ (5)
R - = + exp(7)
Violr) = — (Te5)
Mrc wherep,, ¢ andz parameters are 0.1695 fr, 3.05 fm and
v exp(rjlfj" 0.523 fm, respectively [21].
x 7 2) o
@soT [1 + exp(%)] 3.1. The variational Monte Carlo (VMC)
whereV;,, Rs, anda,, are the depth, radius, and diffusenessSteveret al.[22] reported thé H density which was obtained
parameters of the spin-orbit potential, respectively. from the Variational Monte Carlo (VMC) calculations using
. the Argonne v18 (AV18) two-nucleon and Urbana X three-
2.2. Exit channel ¢H + *"Mg) nucleon potentials (AV18+UX). The VMC density is taken

. . . rom Ref. [23].
The nuclear potential of the exit channel is thought as the rea[, [23]

the imaginary and the spin-orbit potentials. The real part of
the optical potential is written as 3.2. Gauss1(G1)

_p\1! The G1 density is given b
Vir)=W [1 +exp(7‘aR”>} ) 3) yisg Y

2 2
Additionally, the spin-orbit potential for the real part is pr) = po xp(=r7/a’), ©)
expressed as the one of the entrance channel indiqTe  where p, and o values are 0.224389 fni and 0.557704
imaginary potential is the sum of the imaginary volume (thefm [24], respectively.
Woods-Saxon potential) and the imaginary surface (the sur-
face absorption form). The imaginary volume potential is3 3 Gauss 2 (G2)
represented by Eql), and the imaginary surface potential is

given as follows: The G2 density can be written as
d —Rp\1"
Wo(r) = ~tapWo [ 1e( "2 )| @) plr) = poxp(—12/a?), @
D
whereW, is the depthRp is the radius, andp is diffuse-  where py and « values are 0.181828 fni and 0.484741
ness parameter of imaginary surface potential. fm [25], respectively.
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A COMPREHENSIVE ANALYSIS OFPMG(®H,?H)?"MG REACTION AT 36 MEV 3

3.4. Ngo-Ngo (Ngo)

The Ngo density can be formulated as [26, 27]
Poi

p;(r) = T o (r—C\’ (i=n,p), )
1+ exp(535)
where
3 N(2Z) 1 1
=__ C=R[(1-=
pOn(Op) dr A rgn(Op)7 ( R2) ’
_ NR,+ZR,
R= 1 , )
with
R, = (1.1375 + 1.875 x 1074 A) A3,
R, = 1.128A'/3. (10)

In the calculations,p, ., are 0.107975(0.0554451)
fm=3, andC are 1.02548 fm.

3.5. Schechter (S)

The parameters of the S density with the two parameter Fermi y/Prox77 .y — 4z~ R®

(2pF) shape can be taken as [28]
po = 0.0930316 fm—3,
Ry = 1.49994 fm,

a = 0.54 fm. (11)

4. The form of temperature dependent density

5. The form of proximity potentials

The nuclear potential used in the explanation of a nuclear in-
teraction has a very important place. Proximity model, which
is established by J. Blockt al.[31], is one of the most effec-
tive models in explaining the nuclear interactions. It includes
a geometric factor and a universal function. Various proxim-
ity potentials which can change with the parameters such as
the radius parameter, surface energy coefficient and univer-
sal function can be obtained from the literature [32—36]. As
a result of these, we are looking for alternative nuclear po-
tential(s) for the analysis of th#Mg(*H,2H)?"Mg transfer
reaction.

5.1. Proximity 1977 (Prox 77)

Prox 77 potential [31, 37] is written as

(C: T_Oll)_OQ) MeV, (18)
where
B9 g1 £2+ (19)
= ioy GR 7 o]

We examine temperature dependent case of the entrance

channel of the?Mg(®H,?H)?"Mg reaction. We apply the

The effective radiusR;, is given by

2pF density distribution for different temperatures as given

below [29]
poi(T)
r—Roi(T)\]’
oo
where the central densityy;, is written as
3A; m2a2(T)] "
pOl(T):4 R3 T R2 EZ—‘):| )

TR, (T) (1)

the half-density radiusRo; (T' = 0), is given by
Roi(T = 0) = 0.90106 + 0.10957A; — 0.0013A42

pi(r) = (12)

[1 + (13)

+7.71458 x 1079A4% — 1.62164 x 10734},  (14)

and the surface thickness parametg(I” = 0), is parame-
terized as

a;i(T = 0) = 0.34175 + 0.01234A; — 2.1864 x 107+ A?

4 1.46388 x 107547 — 3.24263 x 107 A?. (15)

To form the real part of the nuclear potential for different

temperatures, we use temperature dependent casgs(af)

anda;(T) parameters given by [30]
Roi(T) = Ro;(T = 0)[1 4 0.000577], (16)

a;(T) = a;(T = 0)[1 + 0.017?]. 7

R; = 1.284}% —0.76 + 0.84;/*fm (i =1,2). (20)

The surface energy coefficient, is assumed as

=y (1-k N-77°
Y =" s N+Z ;

where N(Z), respectively is total number of neu-
trons(protons)y,=0.9517 MeV/fn?, and k,=1.7826 [38].
The universal functio®(¢) is in the following form

(21)

~5(¢ —2.54)?
3
B(¢) = 4 ~00852(C—254)°, for (< 12511 o))
—3.437 exp(—%5), for ¢ > 1.2511.
5.2.  Proximity 1988 (Prox 88)

7o and k, values of Prox 88 potential are taken as
1.2496 MeV/fn? and 2.3, respectively [39]. The other pa-
rameters of Prox 88 are the same as Prox 77.

Rev. Mex. Fis69051201
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5.3. Broglia and Winther 1991 (BW 91)
BW 91 potential [39] is assumed as [40]
Vo
[1+exp (=£0)]

a

VEWV(r) = — MeV,

where

R R
Vo= 16ﬂi’ya,

a=0.63fm,
Ri+ R,

and
Ry = R; + Ry +0.29,
Ry = 1.2334,° —0.984; "% (i=1,2),

with ~y is

B [N =2, (Ne— 2
v (1o BB (2]

~o andk, are 0.95 MeV/fm and 1.8, respectively.

5.4. Akyuz-Winther (AW 95)

(23)

(24)

(25)

(26)

where
Ry = 1.164;° —1.394; % (i=1,2), (32)
s s -1
o(s)=(Aexp|—| + Bexp|— , (33)
dl d2
with A = 0.030MeV~! fm, B = 0.0061MeV~! fm,

dy = 3.30 fm, andd, = 0.65 fm.

5.7. Bass 1980 (Bass 80)

The only difference between Bass 80 and Bass 77 poten-

tials is the functionp(s = » — R; — Ry), and can be given

by [39,40]
o(s) = (0.033 exp [ ] +0.007 eXp{%}>—l7
and

R, =1.284}"% = 0.76 + 0.84;/*fm (i = 1,2).

The only difference between AW 95 and BW 91 potentials5.8. Christensen and Winther 1976 (CW 76)

[40,41] is

1
‘T <1.17(1 +0.53(47 % + A;1/3))> m
and
Ry = R1 + Ry, i
5.5. Bass 1973 (Bass 73)
Bass 73 potential [42,43] can be written as [37]

Bass73 _ dasA}BA;/?)
G O
12

X exp (—T dR12> MeV,

where

Riy =107 (4} + 4°), d=1351m,

and a;, = 17 MeV.

5.6. Bass 1977 (Bass 77)

Bass 77 potential [44] is assumed as [40]
Ri1 Ry
Ri + Ry
X (b(s =r— Ry — RQ) MeV,

V]\?ass 77(8) _ _

R =124Y3-0.09 (i=1,2).

(27)

(28)

(29)

(30)

(31

CW 76 potential [45] can be exhibited by [37]

RiRs
R+ Ry

X ¢(S =r—R; —RQ) MeV,

VAW (r) = =50

where

R; = 1.23341° —0.9784; % fm (i =1,2),

- 77” — Rl — R2
o(s) = exp( reh )
5.9. Ngd 1980 (Ngo 80)

Ngo 80 potential can be parameterized by [26]

V9% (r) = Ro(r — & — &) MeV,

_ &&
R= ,

&1+ &2

b 12

i = 1t 1—|— P
¢ R( |:Ri:| " >

NR,; + ZR,;
Ri:w (i=1,2),

1/3 1/3
R;m' = TOpiAi , Rpi= rOniAi s

Topi = 1.128 fm,
Toni = 1.1375 + 1.875x10~ %A, fm.
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A COMPREHENSIVE ANALYSIS OF26MG(3H,2H)2"MG REACTION AT 36 MEV 5
The universal functio(c = r — & — &) (in MeV/fm)
is written as
—33+5.4(c — )2, for ¢ < <o
—33 exp—3(s —<0)?] for ¢ >q
o= —1.6 fm

The exchange term is written as

E
Joo(E) = —276 <1 —0.005 :‘b

) MeV fm3,  (47)
®(c)

P

(44)

whereE)| 5, and A, are the incident energy and mass number
of the projectile, respectively. The parameters of all Ah&

6. The form of microscopic N N interactions interactions are listed in Table I.

The double folding model is a very effective model in obtain-
ing the real part of the nuclear potential. It requestsig 7.
interaction and density distributions of projectile and target

nuclei. Therefore, the optima/ IV interaction should be de- The theoretical calculations of the transfer cross-section of
termined for the analyzed system. In this context, we examz26g(3H,2H)2"Mg reaction at 36 MeV consist of four dif-

ine the effect on the cross-section of #i#1g(*°H,’H)>"Mg  ferent stages. We have first used the parameters reported in
transfer reaction of eleven different.V interactions which  Ref. [7] as starting values of the optical potential parame-
consist of the HS [49], Z [49], W [49], L1 [49], L2 [49], L3 ters of the entrance channel. The optical potential parameters
[49], TS [50], NL1 [49], NL2[49], NL3 [51] and NL3[52].  for the exit channel and core-core channel come from global

As a result of this, we can discuss the similarities and differ-deuteron potentia|s [53] Then, we have performed the pa-
ences of variousV N interactions examined in our study.

The effective NN interaction can be formulated as the .
sum of scalar and vector parts of the single meson fields given ' ' ' ‘ T

Results and discussion

. o—s VMC neutron
by [46 48] o—o VMC proton b
2 ,—m 2 —mpr 2 —mgr 10" e Gl -
(& w g, e [ e 7 E — G2 E
VNN(T) — Jw + P _ ‘gi —o Ngo
4 r T r T r s
2 2 —3m,r 107 E
9 g3 e dme _ :
+ Z2pe2mer 4 23, ; (45) =
4 47 r E

whereg,,, g, andg,, are the coupling constants, and,, m,
andm, are the masses faw, p ando mesons, respectively.
If the single nucleon exchange effect is added, the equation

(45) becomes

=

2 — My T 2 —m,T 2 —MeT
_Gwe ™ " G T 10° i : : ; 7
vn(r) = 47 T 47 T 47 T ) ()
2 2 —3megr
e T . .
+972,’,672m,,r+973r FJoo(E)8(r). (46) FIGURE 2. The .chgngt'as Wl.th the dllstarlce of VMC, G1, G2, Ngo
4 4 r and S density distributions in logarithmic scale.

TABLE |. The values of then, (in MeV), m., (in MeV), m, (in MeV), g-, gw, 95, g2 andgs parameters of eleven differeM.V interactions
including HS, Z, W, L1, L2, L3, TS, NL1, NL2, NL3, and NL!3nteractions.

Parameter

Mo My mp 9o Juw 9o g2 g3

HS 520 783 770 10.4814 13.8144 8.08488 - -

z 551.31 780 763 11.1933 13.8256 10.8883 - -

w 550 783 - 9.57371 11.6724 - - -

L1 550 783 - 10.2999 12.5999 - - -

L2 546.940 780 763 11.3972 14.2478 - - -

L3 492.260 780 763 10.6920 14.8705 - - -

TS 597.6 783 770 11.2060 12.7200 2.78 - -
NL1 492.250 795.359 763 10.1377 13.2846 9.95145 -12.1724 -36.2646
NL2 504.890 780 763 9.11122 11.4928 10.7732 -2.30404 13.7844
NL3 508.194 782.501 763 10.2170 12.8680 4.474 -10.4310 -28.885
NL3* 502.5742 782.6 763 10.0944 12.8065 4.5748 -10.8093 -30.1486
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LR s LA M) Ml LA L LA LA LA 7.1. Analysis for different densities

i e Exp |

We have examined the effect of different density distribu-
tions of the*H projectile in the entrance channel. We have
used five type densities in the calculations which consist of
VMC, G1, G2, Ngo and S. We have obtained the real poten-
tials within the scope of the double folding model for these
densities. In this context, we display the radial changes of the
density distributions in Fig. 2.
We have calculated the transfer cross-section of
26Mg(®H,2H)2"Mg reaction at 36 MeV, and compare the re-
E sults together with the experimental data in Fig. 3. We have
NI T PP PP T O NI VT PO T also listed the optical potential parameters used in obtaining
60 70 80 90 100 110 120 130 140 150 . . ..
0, (deg) the theoretical results in Table Il. The results are very similar
to each other at small angles although there are differences
FIGURE 3. The cross-sections of tfMg(°H,”H)*"Mg transfer i the results at forward angles. The behaviors of Ngo and
reaction calculated by using VMC, G1, G2, Ngo and S densities ing regyits are close to each other as well as those of G1 and
comparison with the experimental data at 36 MeV [54]. G2. The theoretical results are in good agreement with the
] ] o data. Additionally, the results with the Ngo and S densities
rameter search in order to obtain the best-fit with the expergre better than the results of the other densities in agreement
imental data. In order to reduce ambiguity in fitting pro- yjth the data. Thus, we can say that the Ngo and S densities
cedure, the geometrical parameters (radius, diffuseness) aggn be especially used as alternative density distributions for
usually fixed to average values, and then the potential depthge analysis of the®Mg(®H,2H)2"Mg transfer reaction.
Vo, Wy, W4, andVy,,) are adjusted to improve the fit quality.
In all the calculationsy,,=1.65 fm, a,,=0.74 fm,7,,=1.36 7.2 Analysis for temperature dependent density
fm and a,,=1.18 fm for3H + 26Mg channel,r,=1.17 fm,
a,=0.77 fm,r,,=r4=1.325 fm,a,,=a4=0.74 fm,r,,=1.07 fm  Here, we have examined the effect on the reaction cross-
anda,,=0.66 fm for2H + 2"Mg channel, and-,=1.17 fm,  section of temperature dependent density of’thdg target
a,=0.77 fm, r,=ry=1.325 fm, a,,=a4=0.737 fm,r,,=1.07  nucleus in the entrance channel. We have used the 2pF den-
fm and a,,=0.66 fm for2H + 26Mg channel. In the fold- sity for temperature dependerif (= 1, 2, 3, 4, 5, 6 and
ing model calculations, we have also fixed the renormalisa7 MeV) and temperature independeht£ 0 MeV) cases of
tion factor (V,.) as one and have not changed its default valughe 26Mg nucleus. We have calculated the density distribu-
(= 1.0). Thus, we have eliminated the effect of the value  tions based on the temperature?®iflg, and show the radial
on the cross-section calculations. changes of the densities in Fig. 4. We observe

TABLE Il. The optical potential parameters of the entrance channel, exit channel and core-core potentials used in the calculations of different
density distributions.

Potential VMC G1 G2 Ngo S
3H + 26Mg

W, (MeV) 13.0 13.0 14.0 14.0 14.0

Vso (MeV) 1.70 1.00 1.00 1.00 2.70
24 4+ 27Mg

Vo (MeV) 69.0 72.0 69.0 69.0 69.0

W, (MeV) 2.40 2.30 1.40 2.40 2.40

Wa (MeV) 11.0 11.0 11.0 11.0 11.0

Vso (MeV) 3.30 1.30 1.30 3.30 3.30
2 4 26Mg

Vo (MeV) 86.2 84.0 84.0 86.2 86.2

W, (MeV) 4.60 1.60 1.60 1.60 1.60

Wa (MeV) 5.34 5.54 5.54 5.54 5.54

Vso (MeV) 6.30 6.30 6.30 6.30 6.30

Rev. Mex. Fis69051201



A COMPREHENSIVE ANALYSIS OFPMG(®H,?H)?"MG REACTION AT 36 MEV 7

experimental data in Fig. 5. We given the optical potential pa-
rameters for all the channels in Table Ill. While determining

T Mev the optical model parameters, we have first searched the po-
—ilﬁs E tential parameters providing good agreement results with the
Iy 1 experimental data fdl' = 0 MeV case. Fofl' =1, 2, 3,4, 5,

— T=7 MeV 6 and 7 MeV calculations, we have applied without changing

n( fin™)

the potential parameters usedlin= 0 MeV case. The aim

of this is to see only the temperature dependent effect without

1 changing any potential parameter. We have observed that the

E results fromI’ = 1 MeV to T = 7 MeV are different from

1 each other. As a consequence, we can deduce that the tem-
: ] perature changes the cross section somewhat. Additionally,

S S e T S 7 the changes in the cross section values are very small and the

rm oscillation pattern of the angular distribution is not a function
FIGURE 4. The changes with the distance of the density distribu- o 7.

tions of the®*Mg nucleus for T=0, 1, 2, 3,4, 5, 6 and 7 MeV in
linear scale. 7.3. Analysis for different nuclear potentials

In the present study, we have also examined the effect on the
cross-section of th&Mg(®H,2H)?"Mg transfer reaction of
- ?i%Mey nine different potentials which consist of Prox 77, Prox 88,
0 AW 95, Bass 73, Bass 77, Bass 80, BW 91, CW 76 and Ngo
I3 Mey 80 for the entrance channel. In this respect, we demonstrate
the distance dependent variations of the potentials in Fig. 6.
We have obtained the transfer cross-sections for the nu-
clear potentials, and compare each result separately in Figs. 7
and 8. We have also listed the optical potential parameters
for all the channels in Table IV. We have observed that the
behaviors of the results with the Prox 77 and Ngo potentials
are very close to each other while the behavior of the Bass 77
and Bass 80 results is generally similar. The other potentials
generally differ from each other, especially at forward angles.
el CW?76 and BW91 are not clearly working properly at forward
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 angles. We have realized that the Prox 77, Prox 88, Bass 77,
Bass 80 and Ngo 80 results are in good agreement with the
FIGURE 5. The cross-sections of tféMg(*H,’H)*"Mg transfer ~ experimental data, and are slightly better than the results of
reaction for the densities of tféMg nucleus in comparison with  the other potentials.
the experimental data [54] & =0, 1, 2, 3,4, 5, 6 and 7 MeV.

10" g T T T T T T T T T T

T T

Lt

T

Ll

T=4 MeV
— T=5MeV
T=6 MeV
— T=7MeV

Ll

do/dQ (mb/sr)
1)

T

Ll

T

Ll

7.4. Analysis for different NN interactions

TABLE Ill. The optical potential parameters of the entrance chan-Finally we have investigated the effect on the transfer cross-
nel, exit channel and core-core potentials used in the analysis wittsection of eleven kindv V interactions which consist of HS,
temperature dependent density. Z, W, L1, L2, L3, TS, NL1, NL2, NL3 and NL3. We have
Channel V; (MeV) W, (MeV) Wy (MeV) Vi, (MeV) prodyced th_e real potentials of the entrance channel for these
5H+ Mg ~ 140 — 1.00 _NN mtgractl_ons_. We show the radial changes of a_IINIH
ot o7 mtergctlons in Fig. 9. .V\{e observe that the behaviors of the
H+""Mg 69.0 2.40 11.0 3.30 N N interactions are similar to each other. However, we have
H+>Mg 862 1.60 5.54 6.30 noticed that the shallowest potential is for NL2, and the deep-
est potential is for L2.
that the?’Mg densities change with varying of the tempera- ~ We display the transfer cross-sections together with the
ture. We can say that the densities in the center decrease widlxperimental data in Fig. 10, and list the optical potential pa-
increasing of the temperature, and the tailing of densities inrameters of all théV NV interactions in Table V. We observe
crease with increasing temperature. that the results with differenV NV interaction potentials show
Then we have calculated the cross-section of the transsimilar and differences. We have seen that the behaviors of
fer reaction for the densities calculated7at= 1, 2, 3, 4, the results with the Z, W and TS interactions are close to each
5, 6 and 7 MeV. We compare the theoretical results and thether. We have realized that the
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FIGURE 6. Distance-dependent changes of Prox 77, Prox 88, AW 95, Bass 73, Bass 77, Bass 80, BW 91, CW 76 and Ngo 80 potentials.

TABLE IV. The optical potential parameters of the entrance channel, exit channel and core-core potentials used in the calculations of different
nuclear potentials.

Potential Prox Prox AW Bass Bass Bass BW CW Ngo
77 88 95 73 77 80 91 76 80

3y +26Mg

W, (MeV) 11.2 12.0 12.0 11.0 9.50 11.5 12.5 12.1 11.1

Vio (MeV) 2.00 3.00 1.00 1.00 4.00 3.00 1.00 1.00 2.20
2y +27Mg

Vo (MeV) 70.0 73.5 72.0 70.3 72.0 72.0 72.0 70.0 70.0

W, (MeV) 1.90 2.20 2.30 2.10 1.30 1.30 1.30 2.00 1.90

Waq (MeV) 10.8 10.8 11.0 11.0 11.0 11.0 11.0 11.0 10.8

Vso (MeV) 2.30 2.60 1.30 1.30 1.30 1.30 1.30 2.30 2.30
2y +26Mg

Vo (MeV) 90.0 94.0 86.0 86.0 88.0 87.0 88.0 90.0 90.0

W, (MeV) 1.60 2.90 5.60 4.60 4.60 3.60 4.60 4.60 3.60

Wa (MeV) 2.70 2.70 4.54 4.10 4.70 4.70 3.70 2.70 2.70

Vso (MeV) 6.30 6.30 6.30 6.30 6.30 6.30 6.30 6.30 6.30
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TABLE V. The optical potential parameters of the entrance channel, exit channel and core-core potentials used in the calculations of different
N N interactions.

Potential HS z W L1 L2 L3 TS NL1 NL2 NL3 NL3*
3H +26Mg
W, (MeV) 10.0 25.0 21.0 10.0 9.50 9.00 21.0 26.0 21.0 24.0 24.0
Vso (MeV) 2.70 4.60 1.00 2.70 1.70 1.70 1.00 1.00 1.00 1.00 1.00
2H +27Mg
Vo (MeV) 72.0 65.7 62.5 62.0 68.0 68.0 62.5 68.0 63.5 61.5 64.5
W, (MeV) 2.30 1.30 1.20 5.30 5.30 1.60 1.20 1.60 1.20 1.20 1.20
Wa (MeV) 11.0 5.70 5.70 9.00 9.00 9.00 5.70 6.50 6.50 6.50 6.50
Vso (MeV) 2.10 1.00 1.00 9.00 9.00 9.00 1.00 3.00 1.00 1.00 1.00
2H +26Mg
Vo (MeV) 84.7 80.7 80.7 94.7 94.7 94.7 83.7 92.7 92.7 88.7 88.7
W, (MeV) 7.00 8.00 2.00 1.00 3.00 3.00 2.00 3.00 1.00 1.00 2.00
Wa (MeV) 3.00 4.60 4.60 1.00 1.20 1.20 4.60 6.40 6.40 4.40 3.60
Vso (MeV) 6.30 6.30 6.30 6.30 6.30 6.30 6.30 6.30 6.30 6.30 6.30
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FIGURE 7. The cross-sections of tféMg(®H,?H)?"Mg transfer reaction calculated by using Prox 77, Prox 88, AW 95, Bass 73, Bass 77,
Bass 80, BW 91, CW 76 and Ngo 80 potentials in comparison with the experimental data [54].
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L1, L2, L3 and NL1 results are generally far from describing
the experimental data. Additionally, we can express that the
results with the HS, Z, W and TS interactions are better than
the results of the otheW N interactions.

8. Summary and conclusions

We have carried out a comprehensive review of the
26Mg(®H,2H)%"Mg transfer reaction at 36 MeV incident en-
ergy by using temperature dependent and temperature in-
dependent densities, different nuclear potentials, and dif-
ferent NN interactions. We have calculated the transfer
cross-sections within the code FRESCO based on the DWBA
method. We have proposed alternative density distributions

FIGURE 8. Comparison of both the experimental data and the which can be used in the analysis of #&1g(*H,2H)2"Mg

cross-sections of th&*Mg(®*H,?H)2"Mg transfer reaction calcu-

transfer reaction. We have observed that the temperature

lated by using Prox 77, Prox 88, AW 95, Bass 73, Bass 77, Basghanges the transfer cross-section somewhat. We can also

80, BW 91, CW 76 and Ngo 80 potentials.
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FIGURE 9. Distance-dependent changes of the HS, Z, W, L1, L2,

2

L3, TS, NL1, NL2, NL3, NL3 and M3Y interactions.
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say that the changes in the cross section values are very small
and the oscillation pattern of the angular distribution is not
a function of T. Then, we have displayed that Prox 77, Prox
88, Bass 77, Bass 80 and Ngo 80 can be used as alternative
potentials in analyzing th##Mg(*H,2H)2"Mg transfer reac-
tion. Also, we have shown that HS, Z, W, and TS can be
alternative N N interactions to the M3Y interaction for the
analysis oMg(®H,2H)?"Mg transfer reaction. Finally, we
have observed that the results of alternative density, nuclear
potential andV N interactions suggested with this study are
better than the results obtained by both Farra [8] and Timo-
feyuk [55] when we have compared our results with the lit-
erature. We believe that it would be interesting and useful to
implement these approaches to another transfer reactions.
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FIGURE 10. The cross-sections of tf#Mg(®H,?H)?"Mg transfer
reaction calculated by using the HS, Z, W, L1, L2, L3, TS, NL1,
NL2, NL3 and NL3 interactions in comparison with the experi-

mental data [54].
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