Study of (p,n) reaction in a wide energy range

Abdtract

In this gaper the quasi-elastic scattering (p, n) reactions are studied for a wide range of
targ@t nuclei °C, **C, *Ca, *Zr and ?®®Pb and different incident energies (35-160 MeV). The
pheﬁomenologlcal Optical model potential and density independent approaches are used for these
calc@lations in comparison with density dependent semi-microscopic approach. The density
depdfident parameters are modified to achieve the best calculations for many targets at different
enertly levels.
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1. Irstroduction

20

2Examinations of the elastic and quasi-elastic scattering of neutrons and protons is one
simgst way for better understanding the character of the nuclear interaction. The isospin is one
imp28tant and interesting feature of the nucleon-nucleus interactions. In order to be determined,
Lan24[1] postulated a straightforward reliance of the nucleon-nucleus optical potential upon the
iSosptn operators in terms of the optical model (OM). The matrix elements ensuing from this
dep@édence are expressed in simple forms [2] for both of the (p,p), (n,n), and the (p,n) reactions.

27

28 Also, more realistic method is using the folded nucleon-nucleon (NN) interaction potential
in tf@framework of OM. The folded potential represents the real part of the optical potential [3-5].
WitBh this method, antisymmetrization of the investigated system has been mulled over to
incdporate the exchange terms [6].

32

33We represent here a systematic study of the (p,n) reactions in the framework of the OM, in
whi8d the interaction potential is engendered by folding the chosen potential with the densities of
the BBcleus. The NN interactions are taken in the form of sums of direct and zero range exchange
tern36 Supplementally, phenomenological OM is used to describe the same reactions. It is an
extediding to our previous work [7].

38

2. Bhe Lane Model
40
4The nuclear interaction between an incident nucleon and a target with non-zero isospin has an

isospin dependent part. The lane isospin dependent part is formulated as
43
44T

44 —u,, (1)
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whetB, U; is known as the Lane potential that contributes to both the elastic (p,p) and (n,n)
scattding just as to the charge exchange (p,n) reaction. The isospin of the particle and target
nuckeLs, are t, T, respectively and A is the mass number of the target. Thus, in a straightforward
meth8d, lane potential (isospin dependent part) is connected to optical potential to form the total
nuck@r nucleon-nucleus interaction as

50 U:UO+£U1. (2)

A

51 Knowledge of U, is of key enthusiasm for investigations of nuclear phenomena in which
neu&Bns and protons are different (isovector modes). Numerous past appraisals of U; are liable to
seri®@s uncertainties as Distorted Wave Born Approximation (DWBA) analysis of (p,n) reactions.
For 3dstance, in the comparison of elastic nucleon scattering from different nuclei one must make

N -2 .
W.Itlsona
A )

fund@inental level conceivable to stay away from these uncertainties by extracting U; from a
con&stent study of the elastic proton and neutron scattering and the charge exchange (p,n) reaction
on B& same target nucleus, at the same energy. We recall here briefly the consistent isospin
coupbing scheme [1] for the elastic nucleon-nucleus scattering and charge exchange (p,n) reaction

assusBptions [2] about the variation of nuclear geometry with A and ¢ {g =

exciéng.
61
62 The matrix elements resulting from equation (2) give the following relationships [2].
63 Upp:Uo—N_Zul (3)
A
64 Um:UO+N_ZU1 (4)
A

65 Similarly, the transition matrix element or (p,n) form factor for the charge exchange
reaéton is

1/2

2(N - 2)

67 v, - 222 )
A
Acodddingly
69 Unn—Upp:MUI:(N—Z)UZUpn. (6)

70 The present calculations of angular distributions of the (p,n) elastic scattering cross sections
weré&ade by using the distorted-wave code DWUCKA4 [8], and the optical potential is

72 Upp(nn)(R)—NR[VFO(R)i — VFl(R)}JriW(R) , (7
for18,n), (p,p), and for (p,n) reaction
4 U, (R)= LS R AR 8)
A

where Vro) (R) is the nuclear real potential calculated by the folding procedure, including the zero
ranggbexchange part of the potential by using DFPOT code [9]. W(R) is the imaginary part of the
potefitial including both type; volume Wy(R) and surface Ws(R).



78 The last outcomes for the angular distributions of scattering cross sections were gotten by
chai@ng the parameters of the imaginary part of the potential to get the best fit with the
exp&imental values.

81
.3. B4ethod of Calculations

83

84n this work, we study the quasi-elastic scattering (p,n) reaction. Differential scattering cross
sectins are determined for a wide range of incident proton energies by different targets. Initially,
prot®® of energies 35, 45 and 135 MeV [10,111] incident on target nuclei **Ca. Pursued by, proton
of eBiérgies 35, 45, 120 and 160 MeV [10,13,14] incidents on target nuclei *°Zr. Then, proton of
enelfes 35 and 45 MeV [9] incidents on target nucleus 2°®Ph. At long last, proton of energies 35
and820 MeV [15,16] incidents on target isotope nuclei *C and “C, respectively.

90
3.1 9he phenomenological Optical potential

92

93 The global WS parameters for different nucleon potentials [17-19] have been carefully
detedrhined based on large experimental data bases of the elastic nucleon-nucleus scattering. Then,
it hd@5been found to be useful in calculation of the transition optical potential (Upn).

96 We have been chosen CH89 global optical parameters as initial parameters, and in that case
a mfidor change is needed to reproduce the best fit of the scattering cross sections with the
exp&8mental data in the optical model (OM) analysis. The equations and parameters used in
poteédfial CH89 are listed in ref.[18].

100
3.2.1D&nsity independence folding potential

102

10Bhe nucleon-nucleus potential can be obtained by single folding (SF) the density distribution
of th®#arget nucleus p. (r) with the NN effective interaction Vyy (S) [20]

105

106 Ve (R) = [ pr () Vy (S)dr )
whet87s = |R - r| is the distance between the two nucleons. Here, we take the NN interaction to be

dendi®y independent (DI) M3Y effective NN interaction with a zero—range approximation in the
form09

—4s -2.5s

, (10)(v,),, (S) =799 e o © — 216 [1-as ]5(s)
4s 2.5s
and111 (V,)  (S)= 4886 e © ' +28 [1-as ]5(s). (12)
4s 2.5s
112

Vo driB V; are the (isoscalar and isovector) M3Y effective NN interaction potential respectively,
supflbnented by zero range potentials. Where (« ) is the energy dependent parameter = 0.005
Me\(T5The zero range potential (third term) in equations (10) and (11) represents the single
nucleb® exchange term [20].

117

1XBonsequently, the real folded isoscalar Vg (R) and isovector Vg (R) components of Ve (R)
potetitials are calculated and further scaled by a factor N in addition to W(R) to obtain Ug). Thus,

110



the baéx fitted real folded potential in addition to WS imaginary potential parameters are listed in
Tablgxl(1-11).

122
3.3.128nsity dependence folding potential

124

1Zbhe failure of simple M3Y-NN type interactions to give a good description of the data in
mar2@ases [21-24], leads to the inclusion of explicit density dependence. In consequence, the
othetaype (DD) of the SF potential is introduced as follow

128

129 Ve (R) = g(p. &) pr () V (S)dr . (12)
Theldhsity dependence [25] adopted is

131 g(p.e) =C(1-B(e) p") . (13)
Theldshsity dependent parameters C and B, can be given by the subsequent

133

134 g=la-pP)p "JBn+1)-(n+2)P]", (14)

135

136 P=(ome ) (k)" , (15)

137

138 k =[s72p.]", (16)

139

140 C=-(2n%)[sm1 p (1-(n+1)p"8)] . 17)

Wharkl m is a nucleonic mass equal to 931.5 MeV/c? k, is Fermi momentum at saturation
cond#tion. It is quite obvious that density dependence parameter () obtained by this method
depddds only on the saturation energy per nucleon (¢ ), the saturation density (po) and the index

(n) Bdenot on the parameters of the M3Y interaction while the parameter (C) depends on and also
throigh the volume integral (s ) of the isosaclar part of the M3Y interaction supplemented by the

zerdlrhge exchange potential having the form
147

148 J.=[ (V)w(s)d’s . (18)

149

150As a result, the two parameters  and C are chosen to have different values with different
inveékbibated energies. Thus, the density dependent factor g(p,e) is turned out to be function of
enerth2 The value of parameter n= 2/3 was firstly taken by Myers in the SF calculation [25].Three
form&are applied in our analysis which is summarized according to energy range used as:

154

155 g(p,e) =2.07(1- 1.667 p**) (19)
this15@enoted as DD1 within energy range 120-160 MeV, where po= 0.15 [26,27],

157

158 g(p,e) = 2.85(1- 1.614 p*?) (20)
this159ndicated as DD2 at energy 45 MeV, where po=0.16 [28,29], and



160
161 g(p,e) = 1.55(1- 1.054 p**) (21)
thisi§2eferred to as DD3 at energy 35 MeV, where po=0.28 [30,31].

163Notice that, g(p,e) in equation (13) is a function of energy at only one value at saturation.

This is represented by:

167
168 p. =10 PE*-5x10 °E®+8x10 "
169

Conkrent with the above formula, it is proper to draw the relation that shows the variation of pg
witHLElin the figure (1) as following:

4

E®-0.08 E +1.47 . (22)
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175 Fig.(1): The variation of different values of saturation density (po )
176 with different energies (E).
177

178 Summarizing that, we are used the SF program to calculate the real parts of the
nucletth-nucleus scattering of several systems. The interactions are divided into density
indé@hdence M3Y-DI and density dependence DD1, DD2 and DD3 interaction. From the
abo¥81description, the basic inputs to a folding calculation are nuclear densities of the target
nucli2and the effective NN interaction. The densities of *C and **C are taken as Gaussian [32],
8C4433], *°zr [34] and *®Pb [35] are taken as Fermi. In the present work, we examine a few
reprE8éntative cases about the real part of nuclear potential. These data are very helpful to test
the b@adified density dependent Folding potential.
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4. Regults and Conclusion

191

191 this work, the phenomenological OM and semi-microscopic (SF) model are used. The
DI a488DD1, DD2 and DD3 effective NN interaction is employed to drive the real folding optical
mode4otentials of the investigated systems, assuming the density distribution for different targets
nuclE95The imaginary potentials are supplemented to the derived potentials in phenomenological
Woadd¢-Saxon (WS) form. The quasi-elastic angular distributions for the different systems are
calcii®ated and the results are compared to the experimental data.

198

19Bhe Figures (2-12) show the cross section data for the quasi elastic scattering using different
pote2@ials for the investigated nuclei at low and high energies. It is easy to notice from these
figu2€d that, all the used potentials give a good results in a comparison with others work as in ref.
[36-3& for the scattering cross sections of each of the reactions (p,n), although these potentials
hav@@Bfferent characteristic values. This is due to the fact that the calculations of the interaction
crosa®ections depend also up on the imaginary potential.

205

206 harmony with the success of density and energy dependent in the analysis of quasi-elastic
scatBfiTng (p,n) reaction, it is interested to study how far the calculated Unn and Upp are consistent
witl2QBpn in equation (5). So, the calculations were done to get Unn and Upp by changing the
pote2@fal according to equations (3) and (4). The Unn, Upp and Upn characteristics of the
inveatigated nuclei for the used potentials are presented in Tables (1-11).

211

2enerally, we concluded that using the modified density dependent single folding model
suc@®3fully describes the quasi-elastic scattering experimental data at different energy ranges and
givedlalgood agreement of the calculated values of Unn and Upp with equation (5).
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Taldes 1. The best-fit parameters of the folded real potential in addition to Woods-Saxon
imaphary potentials to (p,n) data of *°Zr at 35 MeV within different models

Model | Channel | Ne | e | g B Ve P A A VP Rl
©p) 7097 | 1.062 | 0.8563 | 0.966 | 147 | 069 | 6785 | 127 | 0.69

OM | (m | = | 1421 | 1052 | 08454 | 0696 | 1.27 | 069 | 5878 | 1.27 | 0.69
(o) 173 | 1.045 | 0.8795 | 1.326 | 1.16 | 0.69 | 0.00 | 0.00 | 0.00

(p,p) 2.64 66.97 1.0427 | 0.8263 | 0.166 | 1.37 | 0.69 | 6.785 | 1.27 | 0.69
DI (n,n) 0.53 12.21 1.0427 |0.8254 | 0.096 | 1.27 | 0.69 | 5878 | 1.27 | 0.69

(p,n) 2.30 1.830 1.0356 | 0.8595 | 1.366 | 1.17 | 0.69 0.00 | 0.00 | 0.00

(.p) 1.86 | 71.97 | 1.0429 | 0.8263 | 0.866 | 1.47 | 0.69 | 6.785 | 1.27 | 0.69
DD1 | (n,n) 041 | 14.21 | 1.0427 | 0.8254 | 0596 | 1.27 | 0.69 | 5.878 | 1.27 | 0.69

(p.n) 159 | 1.930 | 1.0360 | 0.8622 | 1.356 | 1.17 | 0.99 | 0.00 | 0.00 | 0.00

(p,p) 2.10 75.00 1.0427 | 0.8294 | 0.966 | 1.37 | 0.69 | 6.785 | 1.27 | 0.69
DD3 (n,n) 0.53 15.81 1.0431 0.8256 | 0.956 | 1.37 | 0.69 | 5.878 | 1.27 | 0.69

(p,n) 1.89 1.930 1.0358 | 0.8611 | 1.206 | 1.17 | 0.69 0.00 | 0.00 | 0.00

266
267
268
269
270
271
272
273
274
275
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Talder2: The best-fit parameters of the folded real potential in addition to Woods-Saxon
imagihary potentials to (p,n) data of °Zr at 45 MeV within different models

Model | Channel | N | e\ | g o e | | e ey | Em |
©.0) 68.72 | 1049 | 08431 | 3.052 | 1.27 | 069 | 5974 | 1.27 | 0.69

oM | () | - | 2362 | 1050 | 08380 | 3.080 | 1.27 | 069 | 5008 | 1.27 | 0.69
(o) 1277 | 1038 | 08875 | 1152 | 129 | 069 | 000 | 0.00 | 0.00

(p.p) 0.83 69.72 1.0391 0.8431 | 3.052 | 1.27 | 069 | 5974 | 127 | 0.69
DI (n,n) 0.29 22.62 1.0402 0.8380 | 3.080 | 1.27 | 0.69 | 5.098 | 1.27 | 0.69

(p,n) 046 | 1.177 | 1.0289 | 0.8875 | 1.152 | 1.29 | 0.69 | 0.00 | 0.00 | 0.00

(p.p) 1.11 75.72 1.0425 0.8467 | 6.052 | 1.27 | 069 | 5974 | 1.27 | 0.69
DD1 (n,n) 0.42 25.62 1.0431 0.8421 | 4080 | 127 | 069 | 5098 | 127 | 0.69

(p.n) 075 | 1557 | 1.0324 | 0.8932 | 1.552 | 1.27 | 0.69 | 0.00 | 0.00 | 0.00

(.p) 075 | 7372 | 1.042 | 08466 | 6.052 | 1.27 | 0.99 | 597 | 1.27 | 0.69
DD2 | (n,n) 028 | 2462 | 1.0431 | 08412 | 4080 | 1.27 | 099 | 509 | 1.27 | 0.69

(p,n) 0.56 1.677 1.0322 0.8928 | 1.502 1.28 | 0.69 0.00 0.00 | 0.00
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Tal#go3: The best-fit parameters of the folded real potential in addition to Woods-Saxon
imagmary potentials to (p,n) data of *°Zr at 120 MeV within different models

291
Model | Channel | Ne |\, fm B IV S I BVl I
o) 5256 | 09663 | 1057 | 773 | 127 | 069 | 1.338 | 127 | 069

oM | (n) | - | 3184 | 1203 | 09018 | 776 | 127 | 069 | 1123 | 127 | 0.69
(o) 1905 | 0885 | 1277 | 038 | 127 | 069 | 000 | 0.00 | 0.00

(op) | 083 | 5016 | 09963 | 1007 | 7.730 | 127 | 069 | 1388 | 1.27 | 069

DI | () | 055 | 3059 | 1.0039 | 09818 | 7.760 | 127 | 0.69 | 1.123 | 1.27 | 069
on) | 138 | 1885 | 08557 | 1.377 | 0430 | 127 | 069 | 000 | 0.00 | 0.00

(op) | 125 | 5016 | 09514 | 1166 | 7.730 | 127 | 069 | 1.388 | 1.27 | 069

DD1 | () | 084 | 3059 | 09584 | 1146 | 7760 | 157 | 0.69 | 1123 | 1.27 | 069
on) | 179 | 1985 | 08588 | 1394 | 0350 | 127 | 069 | 000 | 0.00 | 0.00
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Tald@4: The best-fit parameters of the folded real potential in addition to Woods-Saxon
imaphary potentials to (p,n) data of *°Zr at 160 MeV within different models

306
V r a W\/ RV av WS RS aS
Model | Channel | Ng MeV fm fm MeV | fm fm MeV | Fm | fm
®.0) 6050 | 0951 | 1273 | 5794 | 127 | 099 | 0509 | 1.27 | 0.69
OM (n,n) - 38.81 0.951 1.158 8.196 2.27 | 0.59 0.406 | 1.27 | 0.69
(p,n) 0.456 0.965 2.646 1.124 | 1.17 0.99 0.00 0.00 | 0.00

(o.p) | 096 | 61.90 | 09414 | 1.173 | 5.794 | 1.27 | 0.99 | 0.509 | 1.27 | 0.69
DI (n,n) | 058 | 3541 | 0961 | 1.118 | 8.196 | 2.27 | 0.59 | 0.406 | 1.27 | 0.69

(on) | 006 | 0356 | 0955 | 2546 | 1.124 | 1.17 | 0.89 | 0.00 | 0.00 | 0.00

(o.p) | 1.59 | 55.90 | 0.9476 | 1.198 | 8.794 | 0.17 | 0.99 | 0.509 | 1.27 | 0.69
DD1 (n,n) | 1.06 | 3541 | 009673 | 1.140 | 8196 | 0.37 | 0.69 | 0.406 | 1.27 | 0.69

(p,n) 0.008 | 0.146 2.249 2.805 | 0.694 | 1.10 | 0.99 0.00 | 0.00 | 0.00
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Tald205: The best-fit parameters of the folded real potential in addition to Woods-Saxon
Ima&pnhary potentials to (p,n) data of 3C at 35 MeV within different models

322
V r a WV R\/ a.\/ WS RS aS
Model | Channel | Ng MeV fm fm MeV | fm fm MeV | Fm | fm
(p,p) 65.58 0.694 0.631 1.238 1.25 0.49 4.490 1.15 | 0.69
OM (n,n) --- 55.82 0.692 0.630 1.600 1.25 0.69 5.769 1.65 | 0.69
(p.n) 0.784| 0635 | 0658 | 2700 | 1.43 | 1.10 | 0.00 | 0.00 | 0.00

(p,p) 0.64 | 50.58 0.7944 | 0.7314 | 1.238 | 1.25 | 049 | 4490 | 1.15 | 0.69
DI (n,n) 0.62 | 45.82 0.7927 0.7300 | 1.600 | 1.25 | 0.69 | 5.769 | 1.65 | 0.69

(pn) | 012 | 0584 | 0.8254 | 0.7389 | 2.700 | 1.44 | 095 | 0.0 | 0.00 | 0.00

(o,p) | 0.66 | 48.98 | 0.8084 | 0.7315 | 1.638 | 055 | 0.69 | 4.49 | 1.15 | 0.69
DD1 (n,n) | 065 | 4502 | 0.8059 | 0.7309 | 1.600 | 255 | 0.69 | 576 | 1.15 | 0.69

(o,n) | 017 | 0.784 | 0.8505 | 0.7359 | 5.638 | 1.05 | 0.89 | 0.00 | 0.00 | 0.00

(p,p) 0.83 | 42.98 0.9530 | 0.7434 | 1.638 | 155 | 0.69 449 | 1.15 | 0.69
DD3 (n,n) 0.82 | 40.02 0.9488 0.7439 | 1.600 | 1.55 | 0.69 576 | 1.15 | 0.69

(p,n) 0.09 | 0.284 1.0058 | 0.7393 |6.638 | 0.98 | 0.89 0.00 | 0.00 | 0.00
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Taldg26: The best-fit parameters of the folded real potential in addition to Woods-Saxon

Ima&ghary potentials to (p,n) data of C at 120 MeV within different models

334

Model | Channel | N | e\, | g o Imev | o | e | ev | B |
©0) 3950 | 1255 | 0.650 | 8.756 | 125 | 0.69 | 1239 | 115 | 0.69

OM | (n) | — | 2250 | 1177 | 0669 | 5761 | 125 | 0.69 | 0.936 | 1.15 | 0.69
(o) 0097 | 1840 | 0.256 | 3.856 | 0.87 | 0.79 | 000 | 0.00 | 0.00

(op) | 122 | 3550 | 1.1559 | 0.6001 | 8.756 | 1.25 | 0.69 | 1.239 | .15 | 0.69

DI | (n.n) |067| 2050 | 1.0776 | 0.6494 | 5761 | 1.25 | 0.69 | 0.936 | 1.15 | 0.69
(on) | 017 | 0067 | 1.8409 | 0.2167 | 3.856 | 0.87 | 079 | 0.00 | 0.00 | 0.00

(op) | 101 | 2950 | 1.1551| 06013| 8.756| 1.25| 0691239 | 115|069

DD1 | (nn) | 100 | 3050 | 1.0775| 0.6481| 5761 1.25| 0690936 |155 |0.69
(on) | 025 | 0097 | 18413| 02216| 3.856| 087| 079|000 |0.00 |0.00
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Talder 7: The best-fit parameters of the folded real potential in addition to Woods-Saxon
Imagihary potentials to (p,n) data of *8Ca at 35 MeV within different models

349

V r a WV R\/ av WS RS aS

Model | Channel | Ng MeV fm fm MeV | fm fm MeV | Fm | fm
(p.p) 36.16 1.158 0.69 3.27 1.11 0.69 7.073 1.11 | 0.69
oM (n,n) -—- 32.79 1.158 0.69 3.90 1.11 0.69 3.420 1.11 | 0.69
(p,n) 1.100 | 1.158 0.69 342 | 1.21 | 069 | 0.00 | 0.00 | 0.00

(p.p) 1.08 | 70.27 0.9870 | 0.8826 | 2.270 | 121 | 069 | 7.073 | 1.11 | 0.69
Dl (n,n) 0.64 | 35.85 0.9881 | 0.8782 | 2900 | 1.21 | 0.69 | 3.420 | 1.11 | 0.69

(o.n) | 0.67 | 2230 | 0.9779 | 09128 | 2.270 | 121 | 0.60 | 0.00 | 0.00 | 0.00

(o,p) | 088 | 60.12 | 0.9966 | 0.8986 | 6.110 | 1.11 | 0.69 | 8.073 | 1.11 | 0.69
DD1 (n,n) | 0.88 | 5129 | 0.9977 | 0.8934 | 8.900 | 1.11 | 0.69 | 7.420 | 1.11 | 0.69

(p,n) | 025 | 0.882 | 09875 | 0.9304 | 4100 | 1.21 | 055 | 0.00 | 0.00 | 0.00

(p.p) 0.89 | 62.12 0.9911 0.8905 | 4510 | 1.11 | 069 | 0.173 | 1.11 | 0.69
DD3 (n,n) 0.76 | 45.29 0.9927 0.8849 | 8.110 | 1.11 | 0.69 5.42 1.11 | 0.69

(p,n) 0.28 | 0.982 0.9820 | 0.9215 | 2900 | 1.25 | 0.59 0.00 | 0.00 | 0.00
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Tal#g98: The best-fit parameters of the folded real potential in addition to Woods-Saxon
Imapmhary potentials to (p,n) data of *8Ca at 45 MeV within different models

361
Model | Channel | Ne | i | g BN o P A T VA A
©0) 56.46 | 0964 | 07512 | 1.184 | 121 | 069 | 6.163 | 1.11 | 0.69

oM ) | -~ | 4181 | 0924 | 09207 | 118 | 121 | 069 | 5383 | 111 | 0.69
(o) 0.145 | 1054 | 01445 | 288 | 125 | 0.69 | 0.00 | 0.00 | 0.00

(op) | 089 | 6046 | 09647 | 07812 | 1.184 | 121 | 0.69 | 6.163 | 1.11 | 0.69

DI (nn) | 062 | 4081 | 09248 | 09107 | 1.180 | 121 | 069 | 5383 | 1.11 | 0.69
(on) | 016 | 0245 | 10549 | 01345 | 2.880 | 110 | 0.69 | 0.00 | 0.00 | 0.00

(0p) | 097 | 6216 | 09724 | 07934 | 1.770 | 121 | 069 | 6.163 | 111 | 0.69

DD1 | (nn) | 064 | 3979 | 09319 | 09309 | 1280 | 121 | 0.69 | 5420 | 1.11 | 0.69
(on) | 014 | 0200 | 1.0566 | 01329 | 2520 | 1.21 | 0.69 | 0.00 | 0.00 | 0.00

(op) | 057 | 4816 | 1.040 | 06966 | 0.770 | 0.85 | 0.39 | 6.163 | 1.11 | 0.69

DD2 | (n) | 052 | 4200 | 1.026 | 0.8091 | 2780 | 1.21 | 069 | 542 | 1.11 | 0.69
on) | 009 | 020 | 10563 | 01331 |4520 | 1.00 | 0.89 | 0.00 | 0.00 | 0.00
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Talde19: The best-fit parameters of the folded real potential in addition to Woods-Saxon
Imajibary potentials to (p,n) data of *8Ca at 135 MeV within different models

373
V r a WV RV a.\/ WS RS aS
Model | Channel | Ng MeV fm fm MeV | fm fm MeV | Fm | fm
(p.p) 40.16 1.158 0.69 2.27 1.11 0.69 7.073 1.11 | 0.69
oM (n,n) --- 20.79 1.158 0.69 2.90 1.11 0.69 3.420 | 1.11 | 0.69
(p,n) 0.100 | 1.158 0.69 122 | 111 | 079 | 0.00 | 0.00 | 0.00

(p.p) 1.27 | 60.80 0.8755 1.041 2.77 1.11 | 119 | 0950 | 1.11 | 0.69
Dl (n,n) 0.68 | 30.10 0.8917 0997 | 7780 | 121 | 0.89 | 0.449 | 1.11 | 0.69

() | 0.06 | 010 | 04344 | 1785 | 1670 | 1.01 | 0.79 | 0.0 | 0.00 | 0.00

(p.p) | 093 | 4216 | 08818 | 1.071 | 1.270 | 1.11 | 069 |7.073 | 1.110.69
DD1 (n,n) | 058 | 2409 | 0.8992 | 1.020 | 1.90 | 1.11 | 069 |3.420 |1.11 |0.69

(,n) | 073 | 1.300 | 03351 | 1.968 | 1.120 | 1.11 | 0.69 |0.00 |0.00 |0.00
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Taldgs10: The best-fit parameters of the folded real potential in addition to Woods-Saxon

Ima&gnary potentials to (p,n) data of %py at 35 MeV within different models

388

Model | Channel | Ne |\ | g o e | o | | e | F | e
(p.p) 4150 | 1.079 0.848 | 5274 | 1.23 | 0.69 | 5302 | 1.25 | 0.69

OM (n,n) 9.50 1.080 0.852 | 5.670 | 1.24 | 0.69 | 6.909 | 1.25 | 0.69
(p,n) 1.552 | 1.076 0.854 | 2.474 | 1.04 | 0.57 | 0.00 | 0.00 | 0.00

(p,p) 061 | 4050 | 1.0896 | 0.8382 | 5.074 | 1.25 | 0.69 | 5302 | 1.25 | 0.69

Dl (n,n) 0.16 8.500 1.0902 0.8320 | 5570 | 1.25 | 0.69 | 6.909 | 1.25 | 0.69
(p,n) 0.75 | 1.352 | 1.0864 | 0.8644 | 2574 | 1.01 | 055 | 0.00 | 0.00 | 0.00

(,p) 055 | 3850 | 1.0896 | 0.8398 | 3.074 | 1.75 | 0.89 | 5.302 | 1.25 | 0.69

DD1 (n,n) 025 | 1450 | 1.0904 | 0.8333 | 3.570 | 155 | 0.89 | 6.909 | 1.25 | 0.69
(p,n) 085 | 1.600 | 1.0864 | 0.8683 | 3.974 | 1.00 | 058 | 0.00 | 0.00 | 0.00

(p,p) 211 | 3765 | 1.0887 | 0.8468 | 3.374 | 1.35 | 0.89 | 8.302 | 1.25 | 0.69

DD3 (n,n) 2.44 12.53 1.0936 0.7985 | 3.800 | 1.35 | 0.89 | 6.909 | 1.25 | 0.69
(p,n) 0.13 0.250 1.0864 0.867 |3.074 1.01 | 055 0.00 | 0.00 | 0.00
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Talder11: The best-fit parameters of the folded real potential in addition to Woods-Saxon

Imaphary potentials to (p,n) data of %py at 45 MeV within different models

399

Model | Channel | Ne |\ | g o Lwev | | | e | rm | e
(p.p) 68.60 1.058 0.870 5.59 1.05 | 0.89 7.38 1.25 | 0.69

OM (n,n) 66.50 | 1.048 0862 | 568 | 1.05 | 0.89 | 599 | 1.25 | 0.69
(p,n) 2.35 1.053 0.858 | 229 | 1.19 | 0.79 | 0.00 | 0.00 | 0.00

(p,p) 1.07 | 68.10 | 1.0881 | 0.8506 | 5591 | 1.05 | 0.89 | 7.38 | 1.25 | 0.69

DI (n,n) 1.29 67.50 1.0889 0.8429 | 5.680 | 1.05 | 0.89 5.99 1.25 | 0.69
(p.n) 153 | 255 | 1.0832 | 0.8881| 2291 | 1.20 | 0.79 | 0.00 | 0.00 | 0.00

(p,p) 1.07 | 7061 | 1.0881 | 0.8523 | 5791 | 1.01 | 0.85 | 7.38 | 1.25 | 0.69

DD1 (n,n) 1.15 | 65.03 | 1.0891 | 0.8455 | 5.980 | 1.01 | 0.85 | 6.03 | 1.25 | 0.69
(p,n) 0.83 | 2723 | 1.0833 | 0.8902 | 2.191 | 1.20 | 0.85 | 0.00 | 0.00 | 0.00

(p,p) 085 | 79.61 | 1.0882 | 0.852 | 3.791 | 1.20 | 0.65 | 7.388 | 1.25 | 0.69

DD2 (n,n) 0.45 36.03 1.0891 0.8458 | 0980 | 1.20 | 0.65 | 6.030 | 1.25 | 0.69
(p,n) 0.33 1.523 1.0833 0.890 |0.911 131 | 0.75 0.00 | 0.00 | 0.00
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Fig. (2): Quasi-elastic scattering for «Zr (p,n) at 35 MeV.
The data are taken from Ref.[10].
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411 Fig. (3): Quasi-elastic scattering for »Zr (p,n) at 45 MeV.
412 The data are taken from Ref.[ 10].
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418 Fig. (5): Quasi-elastic scattering for «Zr (p,n) at 160 MeV.



419 The data are taken from Ref.[12].
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420 Fig (6): Quasi-elastic scattering for =C(p,n) at 35 MeV.
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434 Fig. (8): Quasi-elastic scattering for «Ca (p,n) at 35 MeV.
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444 Fig. (10): Quasi-elastic scattering for «Ca (p,n) at 135 MeV.

445 The data are taken from Ref.[16].
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Fig (11): Quasi-elastic scattering for =Pb (p,n) at 35 MeV.

The data are taken from Ref.[10].
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463 Fig (12): Quasi-elastic scattering for =Pb (p,n) at 45 MeV.



464 The data are taken from Ref.[10].
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