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The making of TENDL-2023 – repeatability 
and innovation
7 incident particles: alpha, gamma, deuteron, proton, helium, triton and neutron 
induced libraries 

2850 targets Z=1-115, Hydrogen to Moscovium, including as target some 519 m 
(1st), 29 n (2nd) isomeric states (T½ > 1s) 

TENDL describes all open reaction channels, product yields, emitted spectra, and 
short-lived daughter radionuclides (T½ > 0.1s) up to 200 MeV, with covariance 
derived from reference input parameters variation

12th version



Nuclear landscape: Isotopic targets: 2850
7 incident particles

• neutron*
• gamma
• proton
• deuteron
• triton
• alpha
• helion

*complete for transport, 
activation-transmutation- 
material sciences in term of 
MF’s, targets and 
daughters

795 for n-JENDL-5
816 for EAF-2010
~550 for n-ENDF/B, JEFF,
and CENDL
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Nuclear landscape: Isotopic residuals & decays

Radioactive decay products: 4035 “reaction daughters” or “residuals”

Ground and 
isomeric daughters:
(T½ > 0.1s)

Decay data files are 
not a part of 
TENDL

but

MF-8 contains the 
metastable Elevel 
from RIPL-4



Portal https://tendl.web.psi.ch/tendl_2023/tendl2023.html

ENDF-6: explicit s30
GNDS
Special: 600 MeV
Tabular forms
Astrophysics



Portal https://tendl.web.psi.ch/tendl2023/tendl2023.html

Tabular forms

YANDF-0.2

Angle, xs direct and 
compound

Special: 600 MeV

6 ENDF forms

Processed plots



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
- Weak-coupling

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.
- γ-ray emission

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
- …

Other

- Fission fragment 
distributions

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

+ some 400 keywords

- Phenomenological parameters
- Microscopic tables 

TALYS 2.0 & 1.97    https://nds.iaea.org/talys/



TALYS time steps evolution

Density p-h 
BSk14

Density D1M & BSk14 p-h(J,pp)
+ GEF

function forces gg D1M & RMF
+ resonance

FF decay



TALYS around the World
Around 5500 citations (web of sciences)
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TALYS applications in the World
Around 5500 citations (web of sciences)



Previous T6: automatisation – reproducibility - robustnes

TALYS, TANES, TARES, TAFIS, TEFAL, TASMAN

Default models input parameters Randomized models input parameters



New T3: automatisation – reproducibility - robustnes

TALYS, TEFAL, TASMAN

Default models input parameters Randomized models input parameters

Replace
by

databases



T3: TALYS, TEFAL, TASMAM + resbase

https://nds.iaea.org/talys/



TALYS coded input parameters & GOF

Optimized parameters

Weight allocation on exp.

Reaction Nuclides
(n,γ) 278 wtable

(n,f) 34 vfiscor betafiscor ctable(1) ptable(1) ctable(2) ptable(2)

(n,n’;2n;p) 210 rv(p) gph(0) gph(n) ctable(n) ctable(p)

(n,⍺⍺) 157 rv(⍺) Cstrip(⍺) gph(0) ctable(⍺)

(p,n) 142 rv(p) rwd(p) rv(n) gph(0) gph(n) ctable(n)

(γ,n) 77 wtable ftable etable

(⍺⍺,n) 93 rv(⍺) rwd(⍺) rv(n) gph(0) ctable(⍺)

(d,n) 40 rv(p) rwd(p) rv(n) gph(0) gph(n) ctable(n)



TALYS coded input parameters & GOF
Outlier assignment (W0) and optimised TALYS model parameters per nuclide and 
reaction channel

7500 experiments, age weighted,
subjective, but..



Scouting the nuclear lanscapes
(a,n), (n,a) and (p,n) films



TALYS default or optimized parameters in the MF-1

to xs, 0.0253 eV

to MACS, 30 Kev

to Maxw., SPA 

to xs, < 1 MeV

to angles

…

Adjusted TALYS input parameters                    2631 1451
#                                                                 2631 1451
# General                                                         2631 1451
#                                                                 2631 1451
ldmodel 2                                                         2631 1451
#                                                                 2631 1451
# (n,tot), (n,el), (n,inl)                                        2631 1451
#                                                                 2631 1451
awdadjust n 1. awdadjust-n.table                                  2631 1451
#                                                                 2631 1451
# (n,p), (n,2n), (n,np)                                           2631 1451
#                                                                 2631 1451
rvadjust p 0.99                                                   2631 1451
avadjust p 0.99                                                   2631 1451
gnadjust 26 57 0.90                                               2631 1451
gpadjust 26 57 0.90                                               2631 1451
aadjust 25 56 1.12                                                2631 1451
pshiftadjust 26 56 -0.2                                           2631 1451
pshiftadjust 25 56 0.1                                            2631 1451
#                                                                 2631 1451
# (n,a)                                                           2631 1451
#                                                                 2631 1451
cknock a 1.1                                                      2631 1451
cstrip a 1.1                                                      2631 1451
#                                                                 2631 1451
# (n,g)                                                           2631 1451
ldmodelCN 1                                                       2631 1451
#                                                                 2631 1451
# Other: Isomers, (n,d), (n,t), (n,h) etc.                        2631 1451
#                                                                 2631 1451
***************************** T A L Y S **************************2631 1451



Form & Format

GNDS

EXFOR

TALYS-1.97
EXFOR tables

ENDF



YANDF-0.2
# header:
#   title: C12(n,n_1) angular distribution at  5.000000E+00 MeV
#   source: TALYS-2.0
#   user: Arjan Koning
#   date: 2024-02-19
#   format: YANDF-0.2
# target:
#   Z: 6
#   A: 12
#   nuclide: C12
# reaction:
#   type: (n,n_1)
#   ENDF_MF: 4
#   ENDF_MT: 51
#   E-incident [MeV]:  5.000000E+00
#   level: 
#     number: 1
#     energy [MeV]:  4.439820E+00
#     spin:  2.000000E+00
#     parity: 1
# datablock:
#   quantity: angular distribution
#   columns: 4
#   entries: 91
##     Angle           xs           Direct        Compound
##     [deg]         [mb/sr]        [mb/sr]        [mb/sr]
   0.000000E+00   1.676661E+01   5.253240E-01   1.624129E+01
   2.000000E+00   1.676645E+01   5.252810E-01   1.624117E+01
   4.000000E+00   1.676595E+01   5.251530E-01   1.624080E+01
   6.000000E+00   1.676513E+01   5.249390E-01   1.624020E+01
   8.000000E+00   1.676399E+01   5.246370E-01   1.623935E+01
   1.000000E+01   1.676251E+01   5.242470E-01   1.623827E+01
   1.200000E+01   1.676072E+01   5.237660E-01   1.623695E+01
   1.400000E+01   1.675860E+01   5.231930E-01   1.623540E+01
   1.600000E+01   1.675616E+01   5.225260E-01   1.623363E+01
   1.800000E+01   1.675340E+01   5.217600E-01   1.623164E+01
   2.000000E+01   1.675033E+01   5.208940E-01   1.622944E+01
   2.200000E+01   1.674695E+01   5.199230E-01   1.622703E+01
   2.400000E+01   1.674327E+01   5.188450E-01   1.622442E+01

TALYS 2.0 output file: rp039090.L02 and 
nnang.L01 

‘#’ for direct use in various software, e.g. 
Gnuplot

Without ‘#’: YAML 2 spaces indentation 
per level

Parsing to JSON should be easy

Only 5 main attributes for nuclear 
reactions

TALYS: 2 main attributes: ‘parameters’  
and ‘observables’

EXFOR: All specific metadata after the 
data block TALYS-2.0  /Work



TENDL-2023 ASTRO https://tendl.web.psi.ch/tendl_2023/astro/astro.html 

Started  August 10th, 2022 and still goin on…~8000 nuclides

200 cores, up to 480 model combinations x isotopes x 4 metrics

model 95n3n1261



TALYS

TALYS: prompt fission observable and fission yields

TALYS treats a fission fragment as an excited nucleus and applies 
the Hauser-Feshbach statistical decay to the fission fragment de-
excitation (prompt decay) and loops over all fission fragments.

Model parameters Reaction 
simulations Multiple emissions

Nuclear structure 
(RIPL-3)
- Masses, abundance
- Discrete levels
- Level densities
- Neutron resonances
- Fission barrier 
parameter
- Photon strength 
function

Optical model (ECIS)
- Phenomenology 
local/global optical 
model

Compound reaction
- Width fluctuations
- Gilbert-Cameron + 
Ignatyuk
- γ-ray emission

Compound reaction
- Hauser-Feshbach
- γ-ray cascade
- Exclusive channels
- Recoils

Fission fragment generator

Fission fragments
-Mass, charge, yield, 
excitation energy

Output

Fission 
observables
- PFNS, PFGS 
(LAB frame 
conversion, 
Maxwellian 
ratio)
- nu n, g
- Yield

Monte Carlo
- GEF  (ffmodel1)
- FREYA (ffmodel5?)
Micro/Macroscopic Theory
- SPY model (ffmodel3)
- 4D Langevin by TokyoTech (ffmodel4?)
Phenomenological
- Wahl systematics
- Katakura systematics
- Experimental data fitting (ffmodel2) 

Charge distribution
- ZP model

Energy sorting
- Energy sharing hypothesis

94Rb

235U
n

236U
142Cs n

n
γ

γγ

93Rb

141Cs

Fission fragment yield Independent yield



V&V TRIPOLI4® & MCNP6® Shielding ASPIS

TENDL-23 as performant as JENDL-4

==> Shield thickness cm -40%

Raffuzzi@Physor-2022



CP’s V&V deuteron, alpha, gamma induced libraries

5 MeV deuteron on thick 
Copper

• 5.5 MeV alpha on UO2 

and Boron nitride



CP’s V&V deuteron, alpha, gamma induced libraries

• Gamma on 232Th

Caveat:

g-fission in MF-10 !!



TENDL-2023 innovation
Usage of an enhanced, complete, resonance parameter database 

Major update of the experimental differential and integral databases

Covariances information on all seven incident particles
- from 2 to 100 TASMAN (depending on the half-life of the target nuclei)

Re-written, modernized codes, GitHub accessible

Autotalys default parameters script enhancement, verification
$autotalys -element Na -mass 24 -proj n -E30 -nocovar >&  n-Na024.log

$loopnuc

$allnuccheck

200 cores times ~3 months, Swiss power @



ENDF, GNDS forms processes

Processing system convert ENDF, GNDS forms into forms useful for 
practical applications: fission, fusion, stockpile stewardship, 
criticality safety, radiation shielding, nuclear medicine procedures, 
earth, space exploration and more

Processed nuclear data forms are numerous, rich, abundant, diverse. 
Some are observable, other not, all have a specific importance for at 
least one application: GIDI+: GNDS to GEANT4 NDL, and LLNL’s 
ADRDA, MERCURY MC

Processing enhances, enriches, deepens the evaluated nuclear 
data to forms useful for applications and well beyond cross-
section or pile criticality studies only



ENDF, GNDS tabulated forms

Evaluated forms are hybrid specimen assembled from
experimental information & R Matrix formalism
nuclear model & structure
nuclear model & structure & differential tweak 
nuclear model & structure & differential tweak & integral adjustment

Evaluated forms are just a commencement, although it is seen 
as an end by an entire community

The laws of Physics allow many verification (not validation) 
processes to take place during the making, assemblage and 
processing of evaluated file: T3 infrastructure


