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Introduction

• TALYS 
• Global level density API 
• Adjustment possibilities for cross section 

calculations 
• Discrete level scheme connection and generation 
• Spin distribution and its validation 
• Format 
• Some suggestions for CRP
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Input Physical 
parameters

Reaction 
models

projectile n
element Fe
mass 56
energy 14.0  

Optical model (ECIS) 

- Local/global OMP 
- Phenomenological 
- Semi-microscopic (JLM) 

Nuclear Structure (RIPL-3) 

- Masses 
- Discrete levels 
- Level densities 
- Resonance parameters 
- Photon strength functions 
- Optical model parameters 
- Fission barrier parameters

Direct reaction 

- Spherical OMP 
- DWBA 
- Coupled-channels 

- Rotational 
- Vibrational 

- Giant resonances 

Pre-equilibrium reactions 

- Exciton model 
- Particle hole level density 
- Kalbach systematics 

‣ Angular distribution 
‣ Cluster emission 

- γ-ray emission 

Compound reactions 

- Hauser-Feshbach 
- Width fluctuations 
- Blatt-Biedenharn ang. dis. 
- Particle, photon and fission 

transmission coeff. 

Multiple 
emission

Multiple emission 

- Hauser-Feshbach 
- Multiple preeq. exciton 
- Fission competition 
- γ-ray cascade 
- Exclusive channels 
- Recoils 
- Fission fragment de-

excitation 

Output

Output files per reaction 
channel 

- Cross sections

- Total

- Exclusive: (n,γ), (n,f), 

(n,n’), (n,2n), (n,p) etc.

- Per level

- Residual production

- Particle production

- γ-ray production


- Emission spectra

- Single-differential

- Double differential

- Recoils


- Angular distributions

- Elastic

- Per level


- Particle multiplicities

- Fission yields, neutron 

observables

- Astrophysical reaction 

rates, MACS

- …etc

Other 

- Fission fragment 
distributions 

- ‘Best’ nuclear model 
parameters optimised to 
experimental reaction data

TALYS

~ 400 keywords

- Phenomenological parameters

- Microscopic tables 





TALYS around the World (status 2022)
• Around 5500 citations (web of sciences)
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Could this be the future?

• More harmonisation between nuclear model codes: 
• Only tabulated level densities are provided, 

even if they come from analytical models 
• Easy API, e.g. get_level_density(Z=21, A=45, 

Emin=0., Emax=200., model=‘CTM’, 
number_of_energies=500, etc.) 
• …possibly in different languages (Python, C+

+, Fortran etc.) 
• Well-established tweaking (parameter 

adjustment) possibilities



Parameter adjustment
Eq. (230) appropriate for
Fermi gas range but not 
for constant T range

Should be extended by
adjustment of the spin 
distribution (is already in 
latest version of TALYS)

Is applicable to both 
microscopic and analytic
LD’s



…….
…….

TALYS discrete levels for Zn070 (RIPL-based)
Experimental Theoretical

J,P: Spin, parity assigned

B: Branching ratio assigned

E: Energy assigned

Nlow Ntop Above Ntop, cumulative discrete levels start to underestimate LD’s

Experimental levels above Ntop are not taken into account in
Hauser-Feshbach calculations, while their E, J, P, B are valuable.

Origin of theoretical levels: As soon as integral dEx.rho(Ex,J,P) 
crosses an integer number, assign a level at that energy

Possibility: merge and mix experimental and theoretical levels for
each nuclide from Ntop - N=200? Which LD model?



Room for a phenomenological model intermediate 
between CTM (4 parameters) and BSFM (2 parameters)?

Can one make e.g. ’t’ in Eq. (251) adjustable to mimic a constant temperature effect?



Validation of level density spin distribution

• Isomeric ratios of cross sections 
• Gamma-ray production cross sections



Isomeric cross section ratios

Two sensitive inputs: 1. (Missing) spins and branching ratios of discrete level scheme
2. Width of the level density spin distribution

Good

Bad



Isomeric cross section ratios

Averaged over all nuclides and reactions:

Spin cutoff factor could be multiplied by
0.4 - 0.6 to get global best result

Similar required reduction observed for 
fission yields, and other work, Sudar 2018,
Uppsala, to be published, etc.)

A new level density model should have 
the best result automatically!



Gamma-ray production cross sections

Two effects:

Particle-hole state density
spin distribution (this 
example)

Total level density spin 
distribution



Completeness of compilations/evaluations
MACS

Thermal capture cross section
We may need this for D0 too:

- All available values from 
compilations (RIPL2-3, Mugh18
and EXFOR), including the 
rejected values
- requires data mining from EXFOR
- show the “confidence” of
the evaluation (was there only 
1 choice, or 10?)
- In key-value format (JSON, YAML)



Unified level density table format?

Just an example:

YANDF (Yet Another Nuclear 
Data Format), used to unify
all output of TALYS and related
Software



CRP on Level densities

• New D0, D1 database 
• Include ‘nuclear reaction validators’: 

• Isomeric cross sections ratios 
• Gamma-ray production cross sections 
• Disentangle PSF and LD effects on e.g. 

MACS predictions 
• Level densities for fission barriers 
• Think about the best retrieval method and 

website.



Thank you!


