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ABSTRACT. The calculation are based mainly on the nuclear optical model potential and relevant 

parameters are collected and selected from References Input Parameter Library (RIPL) which is 

being developed under the international project coordinated by the International Atomic Energy 

Agency (IAEA). The analyzing of a complete energy range has done starting from threshold energy 

for each reaction. The cross sections are reproduced in fine steps of incident neutron energy with 

0.01MeV intervals with their corresponding errors. The recommended cross sections for available 

experimental data taken from CINDA library have been calculated for all the considered neutron 

induced reactions for spherical U-235 and U-238 isotopes. The calculated results are analyzed and 

compared with the experimental data. The optimized optical potential model parameters give a very 

good agreement with the experimental data over the energy range 0.001-20MeV for neutron 

induced cross section reactions (n,f), (n,tot), (n,el), (n,inl), (n,2n), (n,3n), and (n,γ)  for spherical U-

235 and U-238 target elements. 

1. INTRODUCTION  

The excitation functions for induced neutron nuclear reactions (n,f), (n,tot), (n,el), (n,inl), 

(n,2n), (n,3n), and (n,γ) measured for U-235 and U-238 with the aid of CINDA libraries. The cross 

sections for these reactions have been evaluated for the exact estimation of the cross sections among 

different authors. This paper describes the standard optical model potential analyses of the spherical 

U-235 and U-238 target elements. The References Input Parameter Library (RIPL) used for input 

parameters. These data are used in the real and imaginary part of optical model potential-special 

emphasis is placed in this study on the isotope dependence of the optical model potential. 

2. RECOMMENDED CROSS SECTION 

The available measured data from CINDA library for the cross section (n,f), (n,tot) and 

(n,el) reactions for U-235 and for the cross sections (n,f), (n,tot), (n,2n) and (n,3n)  reactions for U- 

238 respectively. Those data have been plotted interpolated and recalculated in different fine steps 

and for different energy ranges of incident neutron by using Matlab-8.0 in order to calculate the 

recommended cross section with a minimum χ
2
 for U-235 neutron induced reactions is equal to 

0.001046 and a minimum χ
2
 for U-238 neutron induced reaction is equal to 0.0006. The 

interpolation for the nearest data for each energy interval as a function of cross sections and their 

corresponding errors have been done using Matlab-8.0. The sets of experimental cross sections with 

their corresponding errors data are collected for different authors with different energy ranges. They 

re-arranged according to different energy intervals for different energy ranges. The normalization 

for the statistical distribution of cross sections errors to the corresponding cross section values for 

each author has been done. The interpolated values are calculated to obtain the recommended cross 

section which is based on the weighted average calculation according to the following expressions 

[1]:  
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Where σi:  is the cross section value.  ∆ σi:  is the corresponding error for each cross section value. 

Figs. 1 to 4 illustrate the recommended cross sections for the above mentioned reactions as 

calculated in the present work compared with CINDA library.  The results are in good agreement 

with the measured data [2-13]. 

3. THEORETICAL BASIS OF OPTICAL MODEL POTENTIAL 

In the frame of the optical model, all the interactions between the nucleons of the projectile 

and the nucleons of the target are replaced by an average and central interaction V(r) between the 

projectile and the target in their ground states.  The nuclear optical model used to describe the 

interaction between two nuclei is inspired by the optical phenomenon. The nuclear medium diffracts 

one part of the incident wave which models the incident particle and another part of the wave is 

refracted [14]. As the nucleon-nucleon interaction is a short range interaction, the 

potential ),,( rrrr arrfV  , which is approximately the sum of nucleon-nucleon interactions, has the 

same behavior. The nucleons in the core of the nucleus undergo only the interaction with their 

closest neighbors. Due to this saturation of the nuclear forces, ),,( rrrr arrfV  is uniform inside the 

nucleus and then decreases exponentially in the surface region [15]. The present evaluations are 

based mainly on the calculations the optical model potential. A standard form of the optical model 

potential and relevant parameters used in the present work contains volume, surface, and spin-orbit 

parts, each having real and imaginary components. This Potential can be written as follows [16, 17, 

18]: 
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In Eq 3 rV and vW  are the real and imaginary volume potential well depths, dW is the well 

depth for the surface derivative term, gW is the well depth for the global nucleon-nucleon optical 

potential, soV and soW  are the real and imaginary well depths for the spin-orbit potential, and 
2

  is 

the pion Compton wavelength squared ( 2 ). The quantity 


s.  is the scalar product of the orbital 

and intrinsic angular momentum operators and is given by [16]: 

2

1
. 
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The ),,( iii arrf  are radial-dependent form factors. The real potential, imaginary potential and form 

factors are defined below [16]: 
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a. Real Potential  

    rV , soV   are the depths of real potential in (MeV). 

Since                AZNEVVEVEVVV iiiiii /)()( 43
2

210        with   sori ,                           (6)  

Where 0rV  1rV 2rV 3rV 4rV and 0soV 1soV 2soV 3soV 4soV  are the depth parameters of real potential in 

(MeV) taken from (RIPL). Z, N, and A are the numbers of protons, neutrons and nucleons in the 

target nuclide respectively. E is the energy of incident particle. 
 

b. Imaginary Potential 

    dW , vW , gW , soW  are the depths of imaginary potential in (MeV). 

Since                AZNEWWEWEWWW iiiiii /)()( 43
2

210      sogvdi ,,,                        (7)  

Where dW ( 0dW 1dW 2dW 3dW 4dW ); vW (  0vW 1vW 2vW 3vW 4vW ); (gW 0gW 1gW 2gW 3gW 4gW ); and 

soW ( 0soW 1soW 2soW 3soW 4soW )  are the depth parameters of imaginary potential in (MeV) taken from 

(RIPL).     
 

c. Form Factor 

    Wood – Saxon form factors is permitted for ),,( iii arrf   terms in Eq 3, is as follows:  

         
 )(exp1

1
),,(

i
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X
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
    with  sovdri ,,,  (Wood–Saxon form factor )                         (8)  

Where           iii aRrX /)(      with   sovgdri ,,,,                                                                  (9)   

r  is the radial distance in (fm). The nuclear radius iR is given by: 

 iiii CAErrR  3

1

10 )(                                                                                                               (10) 

 And the form used for the diffuseness, ia  , is given by: 

 Eaaa iii  10                                                                                                                              (11)  
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are the geometry parameters of real potential in (fm) taken from (RIPL). The optical poten.m 

program has been built in the present work using Matlab-8.0, to calculate the real and imaginary 

optical potential as a function of radial distance and the energy of induced neutron for spherical U-

235 and U-238 target elements. 

4. RESULTS AND DISCUSSION 

A limited number of parameters for spherical potential are included for incident neutron 

particles. The energy dependence of the neutron potential based on the Uranium isotopes (Z=92, 

A=235, 238) is E=0.001-20MeV for spherical U-235, U-238 nuclei. Which are included in the 

present calculations to cover the same energy range for the same target charge and mass. The 

optical model potential (OMP) parameters are including in the (RIPL) optical file coordinated 

research project with Beijing Library.  The parameters for optical model potential used in this work 

are tabulated in table 1 for spherical U-235 and 238 target element respectively. The global 

potentials are calculated for systematics utilization of nuclear radial distance r=1 to 20fm as well as 

real and imaginary potential. This model represents the scattering in terms of a complex potential 

V(r,E), see Eq 1, where the functions V and W are selected to give the potential its proper radial 

dependence. The real part, V, is responsible for the elastic scattering it describes the ordinary 

nuclear interaction between target and projectile and may therefore be very similar to a shell model 

potential. The imaginary part, W, is responsible for the absorption. 

The usual optical potential for Uranium-235(spherical nucleus) has a real optical depth roV  of the 

order of 48.8679MeV with radius of the real depth 0rr = 1.2647fm with spin orbit 

potential soV =6.2000MeV with radius 0sor =1.2647fm ,and imaginary optical depth doW = 

68 ILCPA Volume 60



Fig. 1. The recommended cross section of the U-235(n,f)   reaction (Left side)  and  U-235(n,tot)  reaction 

(Right side) compared with CINDA library. Data in Left side: Data1: Ref. [2] Belloni et al. (2011).  Data2: 

Present Work (PW). Data in right side: Data1: Ref. [3] Kegel et al. (1997). Data2: Present Work (PW). 
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6.3882MeV and voW = 0.2911MeV with radius 0dr = 1.3501fm and 0vr =1.3501fm with energy 

range(0.001-20MeV). The radial distance is to be at most of the order of the r= 1:20fm and the 

energy of incident neutrons have been taken at maximum cross section.  All parameters used in this 

work for optical model potential have been taken from (Beijing) library [19]. Table 1 tabulated the 

optical model parameters for Uranium-235, 238 as spherical nucleus respectively.  For spherical 

structure the real optical depth  roV  is of the order of 49.7237MeV with radius of the real depth 

0rr =1.2684fm with spin potential soV =6.2000MeV with radius 0sor =1.2684fm and imaginary 

optical depth doW is 6.5060MeV radius is 0dr =1.3059fm; voW  is  1.4504MeV radius 

is 0vr =1.3059fm, while deformed structure the real optical depth roV is 47.5000MeV; 0soV  is 

7.500MeV with radius 0rr = 0sor =1.2400fm and the imaginary optical depth doW is 2.700MeV with 

radius 0dr =1.2600fm.  

Fig. 5 shows the optical model potential for Uranium target element (U; A = 235,238) induced by 

neutron, in which absorption W is relatively weaker than elastic scattering V. The absorptive part, 

W, at low energies must have a very different form.  It is clear from these figures that for spherical 

structure both absorption and scattering depth parameters for Uranium-238 are greater than that for 

Uranium-235, since the well depth depend on the mass number of the target element.  Because of 

the exclusion principle, the tightly bound nucleons in the nuclear interior cannot participate in 

absorb the relatively low energy carried by the incident particle. The optical potential is thus often 

has the proper shape of being large only near the surface.  At higher energy, where the inner 

nucleons can also participate in absorption, W, may look more like V. A spin – orbit term is also 

included in this optical potential. It is also peaked near the surface, because the spin density of the 

inner nucleons vanishes.  A Wood – Saxon form factor is also included. The calculation using the 

optical model potential, as described in this work, does not deal with where the absorbed particles 

actually go; they simply disappear from the elastic channel. 

5. CONCLUSION 

We have evaluated the neutron induced nuclear cross section data of spherical Uranium-235, 

and 238 isotopes for considerable energy range.  The recommended cross sections are in good 

agreement with experimental data.  The reliability in this work is to estimate the global optical 

parameters chosen for the energy range 0.001-20MeV from Beijing library for spherical U-235 and 

238 target elements of neutron induced reactions.  The results confirm that the global optical 

potential parameters are appropriate for these calculations.   Hence, the optical model potential is 

successful in accounting for neutron induced reactions and leads to an understanding of the 

nucleon-nucleon interactions. 
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 Fig. 3. The recommended cross section of the U-238(n,tot)reaction (Left side) and U-238(n,2n) 

reaction (Right side) compared with CINDA library.  Data in left side: Data1: Ref. [8] Poenitz et al. 

(1981). Data2: Ref. [9] Meister et al. (2001). Data3: Present work (PW). Data in right side: Data1: Ref. 

[10] Frehaut et al. (1980).  Data2: Ref. [11] Raics et al. (1990).Data3: Ref. [12] Konno et al. (1993).  

Data4: Present work (PW) 
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Fig. 4. The recommended cross section of 

the U-238(n,3n) reaction compared with 

CINDA library. Data1: Ref. [13] Zhou 

(1978). Data2: Ref. [10] Frehaut et al. 

(1980). Data3: Present Work (PW). 
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Fig. 2. The recommended cross section of the U-235(n,el)U-235 reaction (Left side) and U-238(n,f) 

reaction (Right side) compared with CINDA library.   Data in left side: Data1: Ref. [4] Smith and 

Guenther (1982). Data2: Present Work (PW). Data in right side Data1: Ref. [5] Meadows et al. 

(1989). Data2: Ref. [6] Shcherbakov et al. (2001).Data3: Ref. [7] Nolte et al. (2007). Data4: Present 

work (PW). 
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Fig. 5. The Optical Model Potential of neutron 

induced reaction on spherical 235-U;  238-U as a 

function of radial distance.  Parameters are taken from 

Beijing Library. 

 

0 5 10 15 20
-10

-5

0

5

10

15

20

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real recom.

Imag.recom.

92-U-235(n,f)

CINDA

No.1 Related to Data1 in the left side of fig. 1. 
 

0 5 10 15 20
-45

-40

-35

-30

-25

-20

-15

-10

-5

0

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real recom.

Imag.recom.

92-U-235(n,tot)

CINDA

No.1 Related to Data1in the right side of fig. 1. 
 

 

0 5 10 15 20
-50

-40

-30

-20

-10

0

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real2

Imag.2

Real recom.

Imag.recom.

92-U-238(n,f)

CINDA

No.1& 2 related to Data1& Data 2 in the 

right side of fig. 2. 
 

 

0 5 10 15 20
-30

-25

-20

-15

-10

-5

0

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real recom.

Imag.recom.

92-U-235(n,el)92-U-235

CINDA

No.1 Related to Data1 in the left side of 

fig. 2. 

 

No.1 Related to Data1 in the left side 

of fig. 3. 

 

0 5 10 15 20
-50

-40

-30

-20

-10

0

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real recom.

Imag.recom.

92-U-238(n,tot)

CINDA

0 5 10 15 20
-50

-40

-30

-20

-10

0

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real2

Imag.2

Real3

Imag.3

Real recom.

Imag.recom.

92-U-238(n,2n)92-U-237

CINDA

No.1, 2 & 3 related to Data1, Data 2 

& Data 3 in the right side of fig. 3. 

 

0 5 10 15 20
-50

-40

-30

-20

-10

0

RADIAL DISTANCE r (fm)

O
P

T
IC

A
L

 P
O

T
E

N
T

IA
L

 (
M

eV
)

 

 

Real1

Imag.1

Real2

Imag.2

Real recom.

Imag.recom.

92-U-238(n,3n)92-U-236

CINDA

No.1& 2 related to Data1& Data 2 

in the left side of fig. 4. 
 

 

International Letters of Chemistry, Physics and Astronomy Vol. 60 71



Acknowledgments 

The authors thank the Dean of the College of Science and the Head of Department of Physics at the 

Al-Mustansiriyah University for supporting this research.  

References    

[1] T.V. Varalakshmi, T.N Suseela, T.G. Gnana Sundaram, T.S. Ezhilarasi and T.B. Indrani, 

"Statistics", Tamilna Textbook Corporation, College Road, Chennai-600 006 (2005) 98-100.    

[2] F. Belloni, M. Calviani, N. Colonna, P. Mastinu, P.M. Milazzo, U. Abbondanno, G. Aerts, H. 

Alvarez, F. Alvarez-Velarde, S. Andriamonje, J. Andrzejewski, L. Audouin, G. Badurek, 

P.Baumann, F. Becvar, E. Berthoumieux, F. Calvino, D. Canoott, R. Capote, C. Carrapico, P. 

Cennini, V. Chepel, E. Chiaveri, G. Cortes, A. Couture, J. Cox, M. Dahlfors, S. David, I. Dillmann, 

C. DomingoPardo, W. Dridi, I. Duran, C. Eleftheriadis, M. EmbidSegura, A. Ferrari, R. 

FerreiraMarques, K. Fujii, W. Furman, I. Goncalves, E. Gonzalez-Romero, A. Goverdovski, F. 

Gramegna, C. Guerrero, F. Gunsing, B. Haas, R. Haight, M. Heil, A. Herrera-Martinez, M. Igashira, 

E. Jericha, F. Kaeppeler, Y. Kadi, D. Karadimos, D. Karamanis, M. Kerveno, P. Koehler, E. 

Kossionides, M. Krticka, C. Lamboudis, H. Leeb, A. Lindote, I. Lopes, M. Lozano, S. Lukic, J. 

Marganiec, S. Marrone, T. Martinez, C. Massimi, M.H. Meaze, A. Mengoni, C. Moreau, M. 

Mosconi, F. Neves, H. Oberhummer, S. O`brien, J. Pancin, C. Papachristodoulou, C. Papadopoulos, 

C. Paradela, N. Patronis, A. Pavlik, P.Pavlopoulos, L. Perrot, M.T. Pigni, R. Plag, A. Plompen, A. 

Plukis, A. Poch, J. Praena, C. Pretel, J. Quesada, T. Rauscher, R. Reifarth, M. Rosetti, C. Rubbia, 

G. Rudolf, P. Rullhusen, J. Salgado, C. Santos, L. Sarchiapone, I. Savvidis, C. Stephan, G. 

Tagliente, J.L. Tain, L. Tassan-Got, L. Tavora, R. Terlizzi, G. Vannini, P. Vaz, A. Ventura, D. 

Villamarin, M.C. Vincente, V. Vlachoudis, R. Vlastou, F. Voss, S. Walter, M. Wiescher and K. 

Wisshak, " Neutron-induced fission cross-section of 233U in the energy range 0.5 < En < 20MeV", 

Journal of European Physical A: Hadrons and Nuclei, 47 (2011) 2. 

[3] G.H.R. Kegel, D.J. Desimone, J.J. Egan, Y.J. Ko, A. Mittler and P.N. Seo, " High Resolution 

Neutron Total Cross Sections of U235 from 200 to 400 keV", Conference on  Nuclear Data for 

Science and Technology, Trieste, Italy, May, 1 (1997) 589. 

Table 1 Parameters for optical model potential used for spherical Uranium-235 Uranium-238 from 

Beijing Library [19]. a is for U-235; b is for U-238. 
Depth parameters of real optical in (MeV) 

0rV  1rV  2rV  3rV  4rV   

 

rV  

 

 
V  
 

48.8679
a
 

49.7237
b
 

-4.4650
a
 

-0.4387
b
 

0.0235
a
 

0.0142
b
 

-24.0000
a,b

 0.0000
ab

 

0soV  1soV  2soV  3soV  4soV  soV

 6.2000
ab

 0.0000
ab

 0.0000
ab

 0.0000
ab

 0.0000
ab

 

Depth parameters of imaginary optical in (MeV) Geometry parameters of real potential in (fm) 

0rr  0ra   

rr  

 

 

 

 

 

 

 

 
r  

 

0dW  1dW  3dW  
dW

 

 

 

 

 

 

W

 

 

 

1.2647
a
 

1.2684
b
 

0.5666
a
 

0.6020
b
 

6.3882
a
 

6.5060
b
 

0.1283
a
 

0.1521
b
 

-12.0000
ab

 

0dr  0da   

dr  
0vW  1vW  3vW  

vW  1.3501
a
 

1.3509
b
 

0.6415
a
 

0.5047
b
 

0.2911
a
 

1.4504
b
 

0.0059
a
 

-0.0351
b
 

0.0000
ab

 

0gr  0ga  gr  0gW  1gW  3gW  gW

 0.0000
ab

 0.0000
ab

 0.0000
ab

 0.0000
ab

 0.0000
ab 

0vr  0va  vr  0soW  1soW  3soW  
soW

 
1.3501

a
 

1.3509
b
 

0.6415
a
 

0.5047
b
 

0.0000
ab

 0.0000
ab

 0.0000
ab

 

0sor  0soa  sor  
 1.2647

a
 

1.2684
b
 

0.5666
a
 

0.6020
b
 

72 ILCPA Volume 60



[4] A.B. Smith and P.T. Guenther, "On Neutron Inelastic-Scattering Cross Sections of 232Th, 

233U, 235U, 238U, 239Pu and 240Pu", Conference on Nuclear Data for Science and Technology, 

Spetember (Belgium), (1982) 39. 

[5] J.W. Meadows, "The fission cross sections of 230Th, 232Th, 233U, 234U, 236U, 238U, 237Np, 

239Pu and 242Pu relative to 235U at 14.74MeV neutron energy", Journal of Annals of Nuclear 

Energy, 15 (1988) 421. 

[6] O.A. Shcherbakov, A.Yu. Donets, A.V. Evdokimov, A.V. Fomichev, T. Fukahori, A. 

Hasegawa, A.B. Laptev, V.M. Maslov, G.A. Petrov, Yu.V. Tuboltsev and A.S. Vorobiev, "Neutron-

induced Fission of 233-U, 238-U, 232-Th, 239-Pu, 237-Np, nat-Pb and 209-Bi Relative to 235-U in 

the Energy Range 1-200 MeV", Journal of Nuclear Science and Technology, 2 (1) (2001) 230. 

[7] R. Nolte, M.S. Allie, F.D. Brooks, A. Buffler, V. Dangendorf, J.P. Meulders, H. Schuhmacher, 

F.D. Smit, M. Weierganz and S. Roettger, "Cross Sections for Neutron-Induced Fission of U-235, 

U-238, Bi-209i, and Pb-nat in the Energy Range from 33 to 200 MeV Measured Relative to n-p 

Scattering" , Journal of Nuclear Science and Engineering, 156, (2007) 197. 

[8] W.P. Poenitz and J.F. Whalen, "Neutron Total Cross Section Measurements in the Energy 

Region from 47keV to 20MeV", Argonne National Laboratory Reports No.80, USA, (1983). 

[9] A. Meister, H. Tagziria, A. Royer, H. Weigmann, C. Buerkholz and C. Van-Der-Vorst, 

"Measurements to Investigate the Doppler-Broadening Of 238-U Neutron Resonances " , Report of 

Reference Materials and Measurement , Geel ,Belgium, No.01, (2001) 96. 

[10] J. Frehaut, A. Bertin and R. Bois, "Measurement of the U-235(n,2n) Cross Section Between 

Threshold and 13eV", Journal of Nuclear Science and Engineering, 74 (1980) 29. 

[11] P. Raics, S. Nagy, S. Daroczy and N.V. Kornilov, "Measurement of the cross sections for the 

238U(n,2n) and 232Th(n,2n) reactions in the 13.5-14.8MeV energy range", Hungarian Report to the 

International Nuclear Data Center (INDC) No.029, (1990) 3. 

[12] C. Konno, Y. Ikeda, K. Oishi, K. Kawade, H. Yamamoto and H. Maekawa, "Activation Cross 

section measurements at neutron energy from 13.3 to 14.9MeV", Japanese Atomic Energy Research 

Institute, (JAERI) Reports ,No.1329, (1993). 

[13] Y.P. Zhou, "Evaluation of U-238(n,2n) and (n,3n) cross-sections", Institute of Atomic Energy, 

Beijing Reports, China, No.77091, (1980). 

[14] M. Hussain, "Evaluation of nuclear reaction cross sections relevant to the production of 

emerging therapeutic radionuclides", Ph.D. Thesis, Government College University Lahore, 

Pakistan (2009). 

[15] D. Kim, Y.O.  Lee and J. Chang, "Calculation of proton–induced reaction on Ti, Fe, C and   

Mo", Journal of the Korean Nuclear Society, 31(6) (1999) 595. 

[16] A.J. Koning and J.P. Delaroche, "Local and global nucleon optical models from 1keV 

200MeV", Nuclear Physics A, 713 (2003) 231-310. 

[17] M. Herman, "Overview of nuclear reaction models used in nuclear data evaluation", 

Radiochim Acta 89, (2001)305-316. 

[18] P.G. Yong, "4 Optical Model Parameters: Handbook for calculations of nuclear reaction data   

Reference Input Parameter Library (RIPL)", IAEA-TECDOC-1034, August (1998). 

[19] B. Zhang, Y. Zhang and J. Mo, " Col. of Theo. Meth. on Nuclear Reaction and their 

Application". Optical Model Potential Collected in Beijing [hsj78233(11js)], (1980) 115. 

International Letters of Chemistry, Physics and Astronomy Vol. 60 73


