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1. Introduction
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Nuclear Astrophysics and nucleosynthesis:

● Three main types of nucleosynthesis:

● Understanding of neutron capture reactions are crucial for the understanding of nucleosynthesis of heavy 
elements as well as in the design of critical assemblies.

Big bang nucleosynthesis - during early 
stages after Big bang

Stellar nucleosynthesis - pp 
chain, CNO cycle and fusion of 

heavier nuclei upto Fe

Explosive nucleosynthesis - 
supernovae and mergers of 

compact objects
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Figure 01

Image resources: Google image feed



1. Introduction
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Neutron Capture:

We need to know or predict the level density and gamma-decay strength function. 

The calculations are done under a basic assumption called Brink-Axel hypothesis which states that the 
gamma-decay is independent of the initial state.
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Image resources: from slides of K. Sieja

Figure 02

(1)



2. Theory
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Neutron capture cross-sections:
Main statistical properties required to provide inputs for the calculation:

1. Nuclear level density - ρ(Ei ,Ji,π)
The nuclear level density of a nucleus with A nucleons and an excitation energy E is defined as,

with N (E) being the number of levels up to energy E.

2. Reduced Transition probability  - B(E1(M1):Ji,π,Eγ)
A general definition can be given as,

where QL and ML represent the electric and magnetic multipole operators respectively.

In the case of our work the value is found in the input spectrum files per each transition, but our 
program applies an average over the considered excitation energy range (or “bin”), and is summed 
over J,π and Eγ ranges.
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2. Theory
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Radiative strength functions - fxl(Ei ,Ji,π,Eγ)

The photon strength function, radiative strength function, or gamma strength function fXL is defined 
by the average value of partial radiation width Γab for the γ-decay from an initial level “a” with the 
quantum numbers (Ea ,Ja,πa ) to a final level “b” with the quantum numbers (Eb ,Jb,πb ).

An alternative definition that allows us to combine the aforementioned level density and the 
reduced transition probabilities is given as,
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(4)

(5)

Problem: 
“Handle the tables of large-scale shell model (LSSM) results (spectra, transition probabilities) and 

compute the level densities and the radiative strength functions of magnetic and electric dipole type 
in 128Te and 44Sc”



3. Work done
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Structure of the program/solution:

Code

Input files of the energy levels and the transition energy

Calculate Level density, reduced transition probability and strength functions 

Controls parameters:
Emax,
Jmax,

Bin size,
Parity , cuts etc.

Output 
ROOT plot + Data

Output data file
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Figure 03



3. Work done
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Input file formats:

Need of a specific program structure to be able to handle the input data:

Figure 04: Snapshot of a Level Scheme data file
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Figure 05: Snapshot of a Spectrum data file
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3. Work done
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The outputs:

One of the codes gives us a data + ROOT graph.
The other code compile the data in a file by the C++ program to be drawn by another program.
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Figure 07Figure 06



4. Results
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Level density:
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Figure 08: Level density for Sc-44 Figure 09: Level density of Te-128
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4. Results
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Reduced transition probability:
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Figure 10: Averaged Reduced transition 
probability (<B(E1)>) for Sc-44

Figure 11: Averaged Reduced transition 
probability (<B(M1)>) for Te-128
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4. Results
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Strength Functions:
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Figure 13: De-excitation Strength function 
for Te-128
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Figure 12: De-excitation Strength function 
for Sc-44



5. Conclusion
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General idea:
❖ Knowledge of de-excitation strength functions of nuclei is important in the study of neutron 

capture processes involved in explosive nucleosynthesis
❖ Goal: To produce a computer program to handle the tables of large-scale shell model (LSSM) 

results (spectra, transition probabilities) and compute the level densities and the radiative strength 
functions of magnetic and electric dipole type in 128Te and 44Sc

❖ Inputs were studied and the programs were designed to be able to handle the input data structure, 
and thus the goal was achieved

Difficulties:
❖  Social distancing - less effective collaboration compared to an in-person activity
❖ Two different nuclei, two physically different (but quite logically equivalent) processes 

How we overcame:
❖ Zoom/messenger for frequent exchange of thoughts and ideas
❖ Github for sharing the project space
❖ Overleaf.com and Google for the report and the presentation

Possible improvements:
❖ Developing the program to be able to handle more other nuclei
❖ Graphical improvements
❖ Improvements of versatility
❖ Minor bug fixes
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Thank you!
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