




 Main mechanisms of the photonMain mechanisms of the photon--matter interactionsmatter interactions  

 Photoelectric effectPhotoelectric effect  

 Compton scattering Compton scattering   

 Pair productionPair production  

 PhotoPhoto--induced nuclear reactioninduced nuclear reaction  

Electron Electron 

emissionemission  

 Gamma emissionGamma emission  

 PhotoabsorptionPhotoabsorption  

Photodisintegration Photodisintegration 

(knock out a nucleon)(knock out a nucleon)  

  PhotofissionPhotofission  

High energy induced photonHigh energy induced photon  



In this process, the incident photon interacts with the dipole moment of 

a neutron–proton pair inside the nucleus rather than with the nucleus 

as a whole; hence the name quasideuteron. At photon energies >35 

MeV, while at 50 <E< 140 MeV, the photoneutron production is due to 

quasi-deuteron effect. 

The physical mechanism can be described as one in which the electric 

field of the energetic photon transfer its energy to the nucleus by 

inducing an oscillation (known as giant resonance oscillation) which 

leads to relative displacement of tightly bound neutrons and protons 

inside the nucleus. A photon with energy below 30 MeV follows GDR 

mechanism.  

( ) ( ) ( )abs GDR QDE E E     
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 Probability of decay to any channel?Probability of decay to any channel?  
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Fission transmission coefficient is usually calculated using the Hill-Wheeler model and based on the transition state model 

proposed by Bohr: 
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In the transition state model, the fission process occurs through intermediate states of the 

compound nucleus, and the probability of fission is determined by the density of these 

intermediate levels. The ground state excitation energy of the nucleus expressed as a 

function of deformation shows a bump which is the ground state barrier. On the top of 

this barrier, there may be several levels of the compound nucleus, and a fission barrier is 

assigned to each of these levels, which are called transition states. In the first-order 

approximation, the barrier of transition states is equal to the barrier of the ground state, 

which is shifted by the energy of the transition states relative to the peak of the barrier of 

the ground state. The transmission coefficient for a transition state with excitation energy 

ei above the peak of the fission barrier i become: 
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 Constant temperature model (CTM) 

 Back shifted fermi gas model (BFM) 

 Generalized superfluid model (GSM)  

 Skyrme-Hartree-Fock-Bogolyubov statistical model (SHFBM)  

 Skyrme-Hartree-Fock-Bogolyubov combinatorial model (SHFBCM) 

 Temperature-dependent Gogny-Hartree-Fock-Bogolyubov 

combinatorial (GHFBCM)  

  , ( , , ) ( , , )Mic adj x adj x adj Mic x adjE J exp c E E J       
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All phenomenological models of NLD at energies higher than a few MeV (after matching energy EM) use the well-known 

Fermi gas relation: 

 2

1/4 5/4
( )

12

aU

FG

e
U

a U


 

 1
1 ex

ex

ex

exp E
a E a W

E




  
  

 

( )
( )

 
ex pairing

U E 



Nuclear Structure Effects in Photofission MechanismNuclear Structure Effects in Photofission Mechanism 

Deformation effects as collective rotational and vibrational enhancement factors for NLD: 

 
int int( , , ) ( , ) ( ) ( , , ) ( , ) ( , , )def x Rot x Vib x x Coll x xE J K E J K E E J K E J E J      

  2 5/3

20.01389 1 3Rot cut off exK A E a     For ground state deformation 

The KRot for barriers depends on the type of symmetry or asymmetry of barriers. For axially asymmetric in barriers: 
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Deformation effects as collective rotational and vibrational enhancement factors for NLD: 

for tri-axial barriers  
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The effective asymptotic NLDP for fission barrier:  
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 Experimental fission barriers model  

Mamdouh model  

 Rotating-Finite-Range Model (RFRM) or Sierk model  

 Rotating-Liquid-Drop Model (RLDM)  

 There is a WKB approximation model to calculate fission 

transmission coefficients as an alternative to the Hill-

Wheeler approach [40]  
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The parameters of fission barrier models for 237Np(,f) reaction. 
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Comparison of photofission cross 

section of 237Np calculated through 

different NLD models with 

experimental data 

 

(Experimental fission barrier model)  
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Comparison of photofission cross 

section of 237Np calculated through 

different NLD models with 

experimental data 

 

(Mamdouh fission barrier model)  
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Comparison of photofission cross 

section of 237Np calculated through 

different NLD models with 

experimental data 

 

(Sierk fission barrier model)  
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Comparison of photofission cross 

section of 237Np calculated through 

different NLD models with 

experimental data 

 

(RLD fission barrier model)  

RLD fission barrier 

model significantly 

underestimates the cross-

section values for all 

NLD models 



Nuclear Structure Effects in Photofission MechanismNuclear Structure Effects in Photofission Mechanism 

Comparison of photofission cross 

section of 237Np calculated through 

different NLD models with 

experimental data 

 

(WKB approximation model)  
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The parameters of NLD models for 237Np. 



Nuclear Structure Effects in Photofission MechanismNuclear Structure Effects in Photofission Mechanism 

Comparison of NLD models of 
237Np at ground state and fission 

barriers 
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Comparison of collective enhancement 

factors of phenomenological NLD 

models of 237Np at ground state and 

fission barriers 
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TRMF, GHM and SLO and SMLO 

models respectively show the best fit 

with the behavior of the experimental 

photofission cross section. 

 Kopecky-Uhl generalized Lorentzian model (GLO)  

 Brink-Axel Standard Lorentzian model (SLO)  

 Skyrme-Hartree-Fock- BCS model (SHFBCS)  

 Skyrme-Hartree-Fock-Bogoliubov model (SHFB)  

 Goriely Hybrid model (GHM)  

 Temperature-dependent HFB model (THFB)  

 Temperature-dependent Relativistic Mean Field 

model (TRMF)  

 Gogny-Hartree-Fock-Bogoliubov model (GHFB)  

 Simplified Modified Lorentzian model (SMLO)  

 BSk27+QRPA model 

(GSF) models (implemented in TALYS reaction code) (GSF) models (implemented in TALYS reaction code)   
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According to these studies and 

considering most of the effective 

components and parameters, the 

best adaptation is obtained by 

several combinations of the 

models of these components, the 

best of which are shown in this 

fig. 
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 The photofission reaction of 237NP is a complex dynamic process 

 many factors and components are simultaneously influential in modeling this reaction  

 Studying and determining the behavior of each of these components and investigating the extent and manner of 

their influence on the photofission reaction mechanism is a very important challenge in nuclear physics and 

technology.  

 These factors are fission barrier models, NLD models and GSF models.  

 Each of these factors and models also has several parameters that can be changed during the fission process  

 It was found that these nuclear structural effects are veryvery  effectiveeffective  in the fission process and it is necessary to 

determine their behavior in a valid and accurate manner.  

 the best combination of models and parameters was introduced to achieve the best fit with the experimental data 

for photofission cross section of 237Np. 




