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We theoretically analyze many fusion experimental data by using ten different density distribution&’#t thegleus. The real potentials are
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1. Introduction noticed from these studies that the effect of different density
distributions on thé®F fusion cross-sections has not yet been
The fusion reaction is a reaction where light nuclei can formexamined simultaneously.
a heavier nucleus. If the two interacting nuclei cross the The nuclear potential is one of the parameters required to
Coulomb barrier, the fusion reaction can occur. The fusiorexplain fusion reactions. With the help of this potential, an
reaction is one of the reactions studied to obtain informatioraccurate analysis of the system can be performed. The dou-
about the structure and properties of interacting nuclei. Thushle folding model (DFM) is one of the widely used models
a lot of experimental and theoretical studies have been cafer this purpose [9-11]. It uses the density distributions of
ried out [1, 2]. However, fusion reactions still deserve to bethe projectile and target nuclei. Therefore, the density distri-
studied in the field of nuclear physics. bution is of particular importance in generating the nuclear
19F is an important nucleus that has been extensivelypotential. Recently, Aygun [12] examined the effect of dif-
studied both experimentally and theoretically in the contexferent density distributions of’F on the elastic scattering
of fusion reactions. In this context, th&- +°Be fusion cross  cross-sections, and obtained good agreement results with the
section was reported at energies above the Coulomb baexperimental data. We believe that it would be important and
rier [3]. The experimental data 6fF + 12C fusion reaction useful to see the effectiveness of these density distributions
was measured by Ref. [3]. They also investigated the effeatn the'F fusion cross-sections.
of breakup on the fusion reaction, and reported that breakup In the present study, we first calculate the cross-sections
has not an important influence. Anjesal. [4] reported the of 1F +°Be,"F +12C, F + 160, 9F + 19F, 19F + 27|, 19F
fusion cross-section df'F + 160 system. They showed that + 28Si, °F +39Sj, 19F + 40Ca, 19F + >*Fe, 19F + 56Fe, 19F
the light heavy-ion fusion cross-sections depended on the er-2%Pb and!?F +232Th fusion reactions by using ten differ-
trance channel mass asymmetry. The fusion dat8fe# '9F  ent density distributions of’F. Then, we obtain the fusion
reaction was measured by Ref. [4]. TH& + 27Al fusion  cross-sections based on the one-dimensional Wong formula
experimental data was presented by Ref. [3]. Chiou et al. [5in order to make a comparative study. We compare our re-
recorded the cross-sections’8f + 28:30Sj fusion reactions, sults with the one-dimensional Wong results as well as the
and compared the data with the theoretical results obtaineexperimental data. Then, we calculate the barrier positions
using different models. The fusion data'8F + “°Careac- (Rp) and heights () for all the analyzed fusion reactions
tion was reported by Ref. [4]. The experimental datd®®  and the density distributions, and derive new analytical ex-
+ 54.56Fe fusion reactions were measured by Ref. [6]. Theypressions for these results. Finally, we acquire for the first
observed that the one-dimensional barrier penetration modéime global potential equations that provide the imaginary po-
did not successfully explain the data. Then, they performedential depths for all the analyzed density distributions.
the coupled channel calculations, and obtained agreement re- Section 2 presents the calculation procedure which con-
sults with the experimental data. The fusion experimentasists of the models and densities. Section 3 states the results
data of'°F + 208Pp was reported by Ref. [7]. Finally, the fu- and discussion. Section 4 gives the summary and conclu-
sion data of°F + 232Th system was measured [8]. We have sions.
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2. Calculation procedure
2.1. Optical model

The optical model possesses two potentials: one real and one imaginary. The DFM produces the real part of the optical model
by means of the following equation

V) = [ 71 [ aTape(T0pr(Fahusn(F = F1+ T, &)

WherepP(T)(?l(g)), respectively are the densities of projectile and target,.and is nucleon-nucleon interaction accepted
as [13]
exp(—4r) exp(—2.57) Elap
) = — —2134 — — 2 1-0. d(r) MeV. 2
vnn(r) = 7999 i 3 55 76 0.005 A, (r) Me (2)
The imaginary part of the optical model is taken in the Woods-Saxon type
Wi
W(r) = 0 . Ry=ry (AP A%, ©)

1+ exp(”';@)

where W, is the depthy,, is the radius, and.,, is diffuseness parameter. The code DFPOT [14] is applied in the DFM
calculations.

2.2. Fusion cross-sections

In this study, the fusion cross-sections are calculated by using the code FRESCO [15] based on the barrier penetration model
(BPM). Within the framework of the BPM, the fusion cross-section can be written in the following form

s (E) = % (20 + 1) T, (E). 4)
£=0
T,(E) is the transmission coefficient, and is given as
Ty(E) =1~ |8, (5)
whereS, is S-matrix.T;(E) value is acquired over numerical integration of the following &dirger equation [2]
d?uy(r 2
4 20— Vi) ) = 0. ®)

2.3. Densities of°F projectile
2.3.1. &0 Paulo (SP), Fermi (2pF), Schechter (S), Moszkowski (M), Jager (J)
SP [16], 2pF [17], S [18], M [19] and J [20] densities can be taken as the two parameter Fermi

S — 1=n
mm—1+w&iﬁy (i = n,p), 7

wherepy;, R; anda; parameters are listed in Table .

TABLE I. Thepo, Ro anda values of SP, 2pF, S, M and J densities.

Density po (fm~3) Ry (fm) a (fm) Ref.
sp pon=0.1220860 R,=2.42011 a,=0.47460 [16]
pop=0.0891972 R,=2.64495 ap=0.46253
2pF p0n=0.0700497 R,=2.96218 4,=0.526 [17]
pop=0.0708402 R,=2.84187 ap=0.5129
S 0.154342 2.77514 0.54 [18]
M 0.16 3.06866 0.50 [19]
J 0.17784 2.59 0.564 [20]
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2.3.2. N@ (Ngo)

Ngo density can be formulated as [21, 22]

3 N(Z) 1
4r A 3 1
Pa (1) =~ 0= R(1- =), ®)
PN Trexn(555) i
where
Nron A3 + Zrg, A3
r— Nro + Z7op ron = 1.1375 + 1.875 x 10744, g, = 1.128fm. ©)

A b
2.3.3. Guptal(Gl)
G1 density [23, 24] is given by

i 3A; r2a2\ !
Pi (T) = p—07 Poi = (1 + z) ) (10)

1+ exp(r_a—’?‘“') ARG, R
where
Ro; = 0.90106 + 0.10957A4; — 0.0013A% + 7.71458 x 1070 A% — 1.62164 x 1075 A7, (11)
a; = 0.34175 4 0.012344; — 2.1864 x 10~ *A? 4 1.46388 x 107543 — 3.24263 x 1077 A?. (12)

2.3.4. Gupta2(G2)
G2 density [25] based on Eq. (10) is accepted as
Roi = 0.9543 4 0.0994A4; — 9.8851 x 107*A? 4 4.8399 x 107 %A% — 8.4366 x 1072 A, (13)
a; = 0.3719 + 0.00864; — 1.1898 x 10~ *A? + 6.1678 x 107" A? — 1.0721 x 10~ ? A} (14)
2.3.5. Wesolowski (W)

W density [26] is in the following form [27]

T™a
po = 47TR3( + R%) a=0.39fm, (15)
b 1,5
= 1— (=) + = 1
Ro=H 1= () + 3 ()" + ] (16)
' 096 (N—-Z 1/3 T
PR YE R P w

2.3.6. Hartree-Fock-Bogolubov (HFB)

Neutron and proton densities are obtained over the HFB model considering the BSk2 Skyrme force calculations [28]. In this
respect, detailed information about the BSk2 force and the HFB model can be found from Refs. [29] and [30], respectively.

2.4. Densities of target nuclei
In our study, thé’Be density is taken as [31]
p(r) = (A4 BC*r*)exp(—C?r?) + (D + EF?*r?)exp(— F%r?), (18)

whereA = 0.0651, B = 0.0398, C' = 0.5580, D = 0.0544, £ = 0.0332, andF" = 0.4878.
The densities of?C and'®0O targets are produced by

p(r) = (£ +r®) exp (—Br?), (19)
where£=0.1644,y=0.082003,3=0.3741 for'2C [32], and¢=0.13173,=0.085058,3=0.3228 for'O [33-35].
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TABLE Il. The 2pF density parameters fgtAl, 22Si, 3°Si, *°Ca,>*Fe,**Fe,?°®Pb and®>?Th targets.

Nucleus po (fm=3) ¢ (fm) z (fm) Ref.
2TAl 0.2015 2.84 0.569 [36]
2g;j 0.175 3.15 0.475 [32]
30g;j 0.174908 3.17048 0.538603 [25]
10ca 0.169 3.60 0.523 [32]
SFe 0.1699279 4.012 0.5339 [20]
56Fe 0.174934 3.971 0.5935 [20]
208pp 0.1600 6.62 0.551 [36]
232Th 0.16477 6.80516 0.559058 [25]

TABLE IlI. The imaginary potential depth&l{y) obtained from the analysis of the fusion reactions. The geometrical parameters are fixed as
follows: r,,= 1.07 fm ancz,, = 0.75 fm.

Reaction SP 2pF Ngo Gl G2 W S M J HFB
19F +9Be 2.60 2.20 2.20 2.50 2.60 2.50 2.20 2.15 2.25 2.45
9F +12¢ 16.5 7.50 7.50 12.5 14.0 11.2 8.20 7.50 8.90 11.0
9F 4160 4.80 3.30 3.30 4.00 4.10 4.30 3.30 3.10 3.30 3.90
OF 4+ 19F 7.50 3.20 3.50 5.50 6.20 6.50 3.20 3.20 3.40 4.80
O 4274 4.20 2.70 2.80 3.50 3.55 3.70 2.80 2.70 2.80 3.20
19F + 28g;j 4.00 2.60 2.70 3.60 3.80 3.60 2.70 2.60 2.70 3.20
9F 4+ 30gj 3.70 2.70 2.70 3.50 3.80 3.60 3.20 2.70 2.70 3.30
OF +40Cq 8.50 3.70 4.50 7.60 7.00 7.30 4.00 3.60 4.00 5.00
19F 4+ 54Fe 2.80 1.40 1.45 2.10 2.30 2.30 1.40 1.35 1.50 2.10
9F 4+ 56Fg 2.20 1.10 1.10 1.60 1.90 2.10 1.10 1.10 1.20 1.50
19F 4 208pp 9.00 6.00 6.00 7.60 8.00 9.00 6.00 6.00 7.00 8.00
19F 4 2327h 17.5 9.50 9.50 17.0 17.0 16.5 9.50 8.50 9.50 15.5

The density distributions of’ Al, 28Si, 39Si, 4°Ca, 5*Fe, °°Fe, 2°8Pb and?3?Th targets are accepted as the 2pF density
shown by

_ Po
p(?") - 1 + exp(T;c)a (20)

wherepg, ¢ andz parameters are given in Table Il.

3. Results and Discussion

imaginary potentials. Thus, the, anda,, values are ac-
cepted as 1.07 fm and 0.75 fm, respectively. Finally,iihe

The fusion cross-sections have been calculated for ten diffei/@lues which are determined at the values.pfanda,, are

ent densities of thé’F nucleus that includes SP, 2pF, Ngo, 9iven in Table IIl.

G1, G2, W, S, M, J and HFB. The changes with the dis- The cross-section calculations have been carried out for
tance of the density distributions can be found in our previoudight, medium and heavy mass targets. For light mass targets,
work [12]. While the real parts of the optical model potential we have analyzed th€F + °Be, 1°F + 12C, 19F + 160, 19F

are obtained using these density distributions, the imaginary '°F, 19F +27Al, °F +28Sj and!?F + 3°S;j fusion reactions.
parts are assumed as the Woods-Saxon potential. In order We have presented the theoretical results'fér + °Be in
acquire good agreement results with the experimental dat&ig. 1,'°F +12C in Fig. 2, for'?F + 0 in Fig. 3, for'°F +

the depth 1), radius ¢,,) and diffussenesa(,) parameters '°F in Fig. 4, for'°F + 27 Al in Fig. 5, for 1°F + 28Sj in Fig. 6

of the Woods-Saxon potential are researched at 0.1 and 0.@id for'°F + 3°Si in Fig. 7. In the'°F + °Be, the results of
step intervals. Additionally, the same potential geometry forthe density distributions show similar results with each other,
all reactions is applied to obtain general expressions of theand agree with the data. We have observed that

3.1. Fusion cross-sections
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FIGURE 1. The fusion cross-sectior$F + °Be system calculated
by using different densities of tHéF nucleus in comparison with
the experimental data [37].
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FIGURE 2. Same as Fig. 1, but fd°F + 2C reaction. The data
are from Ref. [37].

19]:+ 160

LN B e B s B B B B

Exp.

Ngo

Q
&
Ll

HFB

10 15 20 25 30 35 40

FIGURE 3. Same as Fig. 1, but fd°F + '°0 reaction. The data
are from Ref. [37].
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FIGURE 4. Same as Fig. 1, but foF + '°F reaction. The data
are from Ref. [37].
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FIGURE 5. Same as Fig. 1, but fdfF + 27 Al reaction. The data
are from Ref. [37].
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FIGURE 6. Same as Fig. 1, but fd°F + ?2Si reaction. The data
are from Ref. [37].
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FIGURE 7. Same as Fig. 1, but fdF + 3°Si reaction. The data
are from Ref. [37].
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FIGURE 8. Same as Fig. 1, but fd’F + “°Ca reaction. The data
are from Ref. [37].
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FIGURE 9. Same as Fig. 1, but fd’F + 54Fe reaction. The data
are from Ref. [37].
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FIGURE 10. Same as Fig. 1, but fd°F + °°Fe reaction. The data
are from Ref. [37].
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FIGURE 11. Same as Fig. 1, but fd’F +2°Pp reaction. The data
are from Ref. [37].
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FIGURE 12. Same as Fig. 1, but foPF +232Th reaction. The data
are from Ref. [37].

the density results of’F + '2C exhibit similar results with

each other, and are in good agreement with the experimen-
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tal data (within the error limits). FO’F + 160 reaction, we  We have compared our results together with the experimental
have noticed that the density distributions are coherent witllata of'F + 4°Ca in Fig. 8,'°F + 5*Fe in Fig. 9 and’F
the data. We have observed that the results of tket '’F  + °°Fe in Fig. 10. For thé’F + *°Ca reaction, we have ob-
and'F + 27Al reactions are in good agreement with the ex-served that the agreement between the theoretical results and
perimental data. At the same time, it has been observed théte experimental data is good. In tHé + >*Fe reaction, we
there is a slight difference in the results at small energies. linave noticed that the theoretical results are in good agreement
the '°F + 28Si reaction, it has been seen that the density diswith the data. For thé’F + *6Fe reaction, we have observed
tributions fit well the experimental data, and the SP and Wthat 2pF, Ngo, S, M and J densities are slightly better than the
densities are slightly better than the other densities. In thether densities although the densities fit the data well.
19F +30Sj reaction, it has been observed that the SP, G1, G2,
and HFB results match the experimental data very well. Ad- ~ As the fusion reacts with heavy mass targets, we have an-
ditionally, it can be said that low energy results, which can-alyzed the'’F + ?°*Pb and'’F + 2**Th systems. We have
not define the data, have very high experimental error valuegresented the theoretical results '8F + *°*Pb in Fig. 11
Consequently, it can be expressed that the results obtaingd '°F + ?3Th in Fig. 12. For the’F + 2°*Pb and"’F +
using the density distributions can explain well the experi->>>Th reactions, we have observed that the density distribu-
mental data of°F + 9Be, 19F + 12C, 19F + 160, 19F + 19F,  tions show an average behavior with the experimental data.
19F 4 27| 19F + 28Gj and!'9F + 30Sj fusion reactions, and It has been seen that the densities o + 2°*Pb reaction
these density distributions can be evaluated for the theoretic®ehave close to each other. Additionally, it has been realized
analysis of'°F fusion reactions. that the HFB density fol°F +232Th reaction is slightly more

We have investigated tH8F +4°Ca,1°F +54Fe and!°F  compatible with the experimental data compared to the other

+ %6 Fe systems as fusion reactions with medium mass targetgensities.
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FIGURE 13. A comparison of thé’F + 12C, 19F + 150, 19F + 285, 19F +30Sj, 19F +19Ca,19F + Fe,'°F + 55Fe,'9F + 208Pp and'°F +
232Th fusion cross-sections calculated by means of SP, 2pF and Ngo densities and one-dimensional Wong formula.
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TABLE IV. The Rp (in fm), V5 (in MeV) and’ w (in MeV) values evaluated in calculating théF + 12C, 19F + 160, '°F + 285j, 19F +
30gj, 19F +40Ca,19F + 5*Fe,'9F + %°Fe, '°F + 298pp and'F + 232Th fusion cross-sections by using one-dimensional Wong formula.

Reaction Rp (fm) Vs (MeV) hw (MeV) Ref.
19F 412 8.79 8.51 7.50 [4,40]
19F 4160 8.23 11.21 7.50 [4,40]
19F 4 28g; .79 20.33 7.50 [40]
19F 4 30g; 8.91 20.41 7.50 [40]
19F 44004 8.41 24.09 7.50 [4,40]
19F 4 54Eg 9.43 33.20 3.70 [6]
19F 4 56 9.48 33.00 3.66 (6]
19F 4 208pp 11.8 84.50 4.50 [41]
19F 4 232 11.92 91.07 4.25 [42]

TABLE V. The R (in fm) and Vg (in MeV) values calculated for SP, 2pF, Ngo, G1, G2, W, S, M, J and HFB densities together with the
literature and experimental values for various fusion reactions.

Target Parameter SP 2pF Ngo Gl G2 \W S M J HFB Lit. Exp.
9Be Rp 562 538 538 552 556 560 538 537 538 5.50
|%:] 8.54 8.90 8.88 8.68 8.62 8.60 8.90 8.94 8.88 8.72
12 Rp 8.06 8.44 8.42 8.20 8.14 8.12 8.44 8.48 8.42 8.26 8.79 [4]
Ve 893 851 851 876 882 891 851 849 851 873 8.51 [4]
160 Rp 8.30 8.68 8.64 8.44 8.38 8.36 8.66 8.71 8.64 8.48 8.23 [4]
|%:] 11.57 11.06 11.06 11.37 11.45 11.55 11.06 11.03 11.07 11.33 11.21 [4]
19 Rp 834 9.06 9.02 862 850 846 9.04 9.14 9.00 870 8.30 [4]
VB 1292 11.86 11.88 1248 12.65 12.86 11.87 11.80 11.90 1240 12.44 [4]
27 Rp 882 916 914 894 888 883 914 920 9.12 898 8.40 [4] 9.06 [47]
\%:] 1759 16.92 16.94 1732 17.43 17.52 16.93 16.87 16.95 17.26 17.54 [4] 17.95 [47]
28g; Rp 868 9.04 902 88 87 874 9.02 9.08 9.00 886 8.72[40] 9.05 [47]
Ve 19.33 18.55 1856 19.02 19.15 19.26 1855 18.50 18.57 18.95 20.33 [40] 19.31 [47]
80g; Rp 894 928 926 9.06 9.02 9.00 9.28 932 924 9.10 891 [40] 9.18 [47]
Ve 18.74 18.03 18.05 1846 18.57 18.67 18.04 17.98 18.05 18.40 20.41 [40] 19.05 [47]
4004 Rp 9.10 9.44 9.42 9.22 9.16 9.18 9.42 9.48 9.40 9.26 8.41 [4]
|%:] 26.33 25.36 25.39 25.96 26.11 26.22 25.38 25.29 2541 25.86 24.09 [4]
54Ee Rp 944 978 9.74 956 950 952 976 9.82 9.72 9.60 9.43 [6]
VB 33.06 3190 3194 32.61 32.80 3292 31.92 31.81 31.96 32.49 33.2 [6]
56Ea Rp 9.62 9.94 9.92 9.74 9.68 9.70 9.92 9.98 9.90 9.78 9.48 [6]

VB 32.36 31.28 31.33 31.95 32.12 3222 31.31 31.20 31.35 31.84 33.0 [6]

Rp 11.60 11.90 11.88 11.70 11.66 11.68 11.88 11.96 11.86 11.76 11.80 [41] 11.25 [48]

Vs 85.74 83.41 83.54 84.87 85.24 8535 8349 83.19 83.61 84.59 84.50 [41] 87.44 [48]

232Th Rp 11.80 12.10 12.06 11.90 11.84 11.88 12.08 12.14 12.04 11.94 11.92 [42] 11.46 [49]
VB 92.68 90.22 90.36 91.76 92.15 92.26 90.30 89.98 90.44 91.46 91.07 [42] 89.50 [49]

208Pb

3.2. One-dimensional Wong formula Wong formula [38] in the following form

Tiw Ry? 2
o(E) = 2Eb log {1 + exp [hz (E - Vb)} } ,  (21)
To make a comparative study, we have calculated the fusion

cross-sections within the scope of one-dimensional WongvhereV,,, R, andhw, respectively are the barrier height, ra-

formula. In order to obtain the results, we have applied thalius and curvature [39] which are listed in Table IV. In order
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to make a comparative study, we have obtained the Wongcquired for the first time ten different potential equations for
formula results for°F + 12C, 19F + 160, 19F + 28Sij, 19F +  ten different densities by using the potential parameters that
30Gj, 19F + 40Ca, 9F + 51Fe, 19F + 56Fe, 9F + 208Pp and  are determined in the cross-section calculations. These equa-
19F + 232Th fusion reactions. Then, we have compared thetions are formulated as

Wong with some density distributions which provides good 0.55%Z
agreement results with the experimental data in Fig. 13. We SP density= W = 3.61 + —3 (24)
have noticed that the results are better than the Wong results Ap
in general. ) 347
9 2pF density= WP = 1.75 + Ojli/f, (25)
3.3. Barrier position (Rg) and height (V') values
0.347
H Ngo __ T
The R and Vi are among the desired parameters to be Ngo density= W™9? = 1.90 + Y (26)
known by the analysis of fusion reactions. For this purpose, T
we have calculated the; and Vs values for all the density - G1 density= WE! = 2.34 + 0. 59ZT7 27)
distributions and all the fusion reactions investigated with this Al/?’
study. TheRg and Vg values can be determined from the 0577
analytical form of the total interaction potential. From this G2 density= W% = 2.77 + 1/3T7 (28)
point of view, we obtain thétg andVz parameters from the Ay
total potential based on the potential parameters used in the
theoretical calculations. We have listed our results together _ w 0.63Zy
with experimental and literature values in Table V. We have W density=> W™ = 2.22 + — =, (29)
observed that our results are consistent with the literature. Az
It is helpful to formulate theR gz andVp parameters cal- s 0.327Z7
culated in the theoretical analysis of fusion reactions. As S density=> W* = 2.00 + BN (30)
known from the literature [3, 38, 43-46], tigz depends on T
the s_ize of the coIIidi_ng_systgms. Thus, the Elc/13 (221)/§an be M density= WM — 1.88 + 0. 3(1)Z3T’ (31)
obtained when th& g is fitted in the context of A "+ A7) AT/
terms. Additionally,Vp parameter is linearly dependent on 0.357
the (Zp + Zr)/ (A} + AY/®) term, and Eq. (23) can be J density= W’ = 1.96 + 1/3T, (32)
acquired for thd/z. Thus, new analytical expressions of the Ap
Rp andVy parameters can be written in the following form 7
pandvsp g HFB density— WHFB — 1.76 4 5? o)
Rp = 1.14093(A}* + AY?) +2.0083  fm, (22) Ar
ZpZp where Z7 and Ar are atomic and mass numbers of target,
Vi = 102636 —7z———77 — 2.85701 MeV.  (23)  respectively. We would like to point out that these equations

1/3
Ap” + Ar are approximate expressions.
3.4. New pocket formulas of the imaginary potential

4. Summary and Conclusions
It is useful to determine the potential parameters used in the

theoretical analysis of fusion reactions. A pocket formulawe have analyzed the cross-section¥’&f+°Be, °F + 12C,
giving the imaginary potential depth would be helpful in de- °F + 160, 19F + 19F, 19F + 27A|, 19F + 28Sj, 19F + 30gj,
scribing the fusion cross-sections by using the DFM. We haveé’F + 4°Ca, 9F + 5‘Fe, '°F + 56Fe, 19F + 208pp and!°F
realized that such an equation is absent for these densities?32Th fusion reactions by using ten type densities of the
when we have examined the fusion reactions with e  '°F nucleus. We have obtained good agreement with the ex-
nucleus. To obtain a pocket formula for thig, values de- perimental data. Thus, we have proposed alternative density
termined using the density distributions, we have used thdistributions for the theoretical analysis of tHd= fusion re-
same potential geometry accepted for all the reaction and thections.

densities as well as thiéd’; values given in Table Ill. In this In the present study, we have also calculatedR®feand
context, the equations should depend onThgvalues to- Vg values for all the density distributions and all the fu-
gether with the chargeZg) and the massAr) numbers of  sion reactions. Additionally, we have derived new equations
the target. So the Egs. (24)-(33) can be obtained by fitting thevhich give theRz andV parameters.

Wy values given in Table Il at,, = 1.07 fm andu,, = 0.75 Finally, we have produced new and practical pocket for-
fm values. We would like to point out here that we do not getmulas of imaginary potentials for ten different densities of the
precise expressions. We simply propose new equations thatF nucleus. We believe that the formulas would be helpful
give their imaginary potential depths by taking a different ap-in understanding the mechanism of fusion reactions induced
proach to the analysis of fusion reactions. Thus, we havéy the'°F nucleus.
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