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Nuclear Optical Model Potential   

     The nuclear optical model potentials simplify many-body 

problems into two-body problems in collisions between atomic 

nuclei. They are necessary in analyzing direct nuclear reactions. 

They can be obtained either phenomenologically by fitting 

experimental data[1] or microscopically with folding model[2]. 
   

 If the incoming wave characteristics and the optical potential 

(U(r)) are known, the resulting cross section and reaction 

channels can be calculated. 

 Similarly, if  the characteristics of the incoming plane wave 

(incident particle) and the scattering cross section are known 

then possible potential U(r)  can be calculated. 

 By analyzing potentials from many cross sections it is 

possible to create a model for U(r) that varies with the mass 

of  targets and incident energies, a global optical potential.  

1=incident particle, 2= target nucleus) 

Parameterization of the Optical Model 

Potential 

Real Volume Potential; −Vrfws(r,R0,a0) 

• Potential depth is parameterized by [3]; 

Absorptive Volume Potential -iWvfws(r,Rw,aw).   
• Potential depth WV is parameterized by [3]; 

Abstract 
      Although several global optical model potentials for A=3 

nuclei with heavy targets have been produced, often these 

global potentials have difficulty reproducing experimental 

measurements of 3He elastic scattering from lighter nuclei, 

such as Lithium-6 and Carbon-12. Recently  urgent 

experimental needs arose for a 3He/ 3H potential with light 

targets. In this work, we extract a systematic potential of 3He 

with 1p-shell nuclei. Angular distributions of elastic 

scattering cross sections for 3He from 6,7Li, 10,11B, 

12,13,14C, 14,15N, and 16,18O with incident energies from 8 

to 72 MeV are used. The result of this work will be useful in 

analyzing nuclear reactions such as 6Li(3He,d)7Be, 

14O(d,3He)13N, and 14O(d,t)13O, which are important in 

studies of nuclear astrophysics and  nuclear structures.  

Absorptive Surface Potential iWs(-4aw)
𝒅

𝒅𝒓
 fws(r,Rw,aw) 

• Potential depth WS is parameterized by [3]; 

• MINUIT, the statistical optimization program, varies 

parameters to search for a minimization of chi-squares. 

Tasks 

• To find the best fit potential, many different initial 

parameters must be tested.  During calculation MINOPT 

may halt at local minimum of chi-square, rather than the 

desired smallest chi-square. 

• Similarly, MINOPT may also produce un-physical results.  

These results must be discarded. 

• To make sure the final result is stable against variation of 

initial values. 

Utilizing MINOPT 
     The program MINOPT was used  to simultaneously fit  the 

3He elastic data with 14 correlated parameters. MINOPT 

consists of two parts. 
• OPTICS solves the Schrodinger equation 

for a given potential and provide the 

theoretical cross sections.  

U(r) = −Vrfws(r,R0,a0)-iWvfws(r,Rw,aw) 

-iWs(-4aw)
𝑑

𝑑𝑟
 fws(r,Rw,aw)+Vc 

• Vr, Wv, and Ws are the depths of the real, volume imaginary 

and surface imaginary potentials. 

• Vc is the Columb potential given by 

 

 

 

 

• fws(r,R,a) is defined the Woods-Saxon form factor, 

 

 

 

Each potential has distinctive  R 

and a values as shown in their 

subscripts. 

Zp,Zt= Projectile Charge, Target Mass 

Ap,At= Projectile Charge, Target Charge 

Rc=Colomb Radius rc= 1.24fm 

rc
(0)=0.12fm 

R=radius parameter 

a=diffuseness parameter 

The parameterization is fitted by varying the parameters from 

the equations above; V0,Ve , ro, r0
(0), ao ,Wv0 ,Wve0 , Wvew , rw , 

rw
(0) , ao , Ws0 ,Wse0 , Wsew  

• Fitting Strategies 

•  Using MINOPT to vary all parameters that were well 

confined by the data, and using the parameters of the 

previous GDP08 fit to fix parameters that were 

unconfined. 

• Once a set of good candidate fits are found, varying 

starting parameter values by 10% to verify convergence 

and stability of the parameters. 

 

Lithium-6; 8-20 MeV  
Boron-10; 8-46.1 MeV  Boron-11; 17.5-40 MeV 

Carbon- 12; 11-24.5 MeV 

Lithium-6; 24-72 MeV  

Carbon-12; 25.3-44 MeV  Carbon-12; 49.8-72 MeV 

Carbon-13; 33.0-41 MeV 

Carbon-14; 37.9-72 MeV 

Nitrogen-14; 26.7-44.6 MeV 

Nitrogen-15; 33 MeV  

Outgoing  Spherical Wave 
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Results; Experimental Cross Sections vs. Predicted Cross Sections 

6Li(3He,d)7Be: measured by Catania, Italy 

14O(d,3He)13N, and 14O(d,t)13O, measured at 

Saclay, France 
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𝑓𝑤𝑠(𝑟, 𝑅, 𝑎) =  
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𝑉𝑟 = 𝑉0 + 𝑉𝑒(𝐸 − 𝐸𝐶)  

𝑊𝑠 =
𝑊𝑠0 +𝑊𝑠𝑡

1 + exp
𝐸 − 𝐸𝑐 −𝑊𝑠𝑒0
𝑊𝑠𝑒𝑤

 

𝑊𝑣 =
𝑊𝑣0

1 + exp
𝑊𝑣𝑒0 − 𝐸 − 𝐸𝑐
𝑊𝑠𝑒𝑤
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