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The making of TENDL-2025 - repeatability and

innovation

« 7 incident particles: alpha, gamma, deuteron, proton, helium, triton and neutron

induced libraries

« 2850 targets Z=3-115, Lithium to Moscovium, including as target some 519 m

(151, 29 n (2"9) isomeric states (T:, > 1s)

UK Atomic

Energy
Authority

« TENDL describes all open reaction channels, product yields, emitted spectra and
short-lived daughter radionuclides (T-, > 0.1s) up to 200 MeV, with covariance
derived from reference input parameters variation allowing S/UQ & P

Neutron sub-library

13th version, since 2007
@ NRG (Holland)

@ PSI (Switzerland)

(@ ICL (UK) 02/2026

Group# 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Period

1 1 2
H He
2 4 5 6 7 8 9 10
Be B C N 0o E Ne
3 12 13 14 1] 16 17 18
M Al Si P S Cl Ar
4 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc T v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
5 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
St Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
6 56 72 73 74 75 76 71 78 79 80 81 82 83 84 85 86
Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
, = . T 7 o i e e R I e ks G e iRt
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FH Mc Lv Uus # Uuo

* Lanthanoids| ! 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

** Actinoids 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr




Nuclear landscape:

7 incident particles

* neutron®

« gamma

e proton

» deuteron

 triton

« alpha

* helion

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

816 in EAF-2010
795 in JENDL-5
~580 in ENDF/B, JEFF, CENDL

1036 for T2 > 1 hr + inclusive
of all “special” from the above
legacy libraries

Z (number of protons)

120

100

80

60

40

20

Isotopic targets: 2850

b
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Energy
Authority

TENDL-2025 [2850 (519m, 29n) target nuclides (isomers)] =
ENDF/B-VIII.1 [557 (22) target nuclides (isomers)] ®
255 stable nuclides *

20 40 60 80 100
N (number of neutrons)

120

140

160

180



Nuclear landscape: Isotopic residuals & decays Do

Energy
Authority

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

JANIS NEA - Radioactive data - JEF

3.3 - Radioactive decay data
File Database Search Chart Help
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Product nttps:/tendl.imperial.ac.uk/tendl 2025/tendl2025.html

« ENDF-6: explicit s30
« GNDS-2.1

« Tabular forms

» Applications forms

Home

« Astrophysics forms

‘We believe that our great
goal can be achieved with

TENDL-astro 2023

systematism and
Cross sections, reaction rates and MACS for astrophysics reproducibility. We are so
D. Rochman, A. Koning, S. Goriely, . Hilaire, Nuclear Physics A 1053 (2025) 122951 LA R A

is a point
Recommended quantities

Cross sections

l (ng) (n p) (nz)

2. (pd
3. (ag)(am (apJ.
Reaction rates

L. (ng)(np), (gél,

Normalized partition function G(T)

30 keV Laboratory Maxwellian Averaged (n.g) Cross Sections MACS

Description of TALYS models
Below are various links to 8892 isotopes for astrophysics applications (cross sections, reaction rates and MACS) based on TALYS calculations (version 1.96)
Different reaction "model sets” were used: "a model set" represents a combination of 9 TALYS models:

Gamma srength function (values  or 9 cither E1 photon saength functon: Gogny DIM Hartee-Fock-Bogoluybov (HFB) plus QRPA 1], or SMLO
Level density (values 1, 2 or 5): Constant temperature + Fermi gas model, or Back-shifted Fermi gas model, or
. JLM microscopic optical model potential or KD henomenological Koning-Delaroche optical model potentia [3] (values y or n)

Gamma strength function for M1 (values 3 or 8): Hartree-Fock BCS tables or Gogny DIM HFB+QRPA [4]

Collective enhancement (values y or n): yes or no

Width fluctuation (values 0, 1 or 2): Moldauer model, or Hofmann-Richert-Tepel-Weidenmueller model

Mass model (values 0, 1,2 or 3): Duflo-Zuker formula, Moeller table, Goriely HFB-Skyrme table (HFB-24), or HFB-Gogny DIM table (except for known masses, where the experimental value is used)
. Alpha optical model (values 5 or 6): Demetriou/Goriely, or Avrigeanu

Fission model (values 1 or 5): "experimental” fission barriers, or Skyrme-HFB fission barriers [5].

level densities [2]

CENamhwNE

Each of the set models is named with 9 values, such as "91n3n1261" (default TALYS model), or 85n8n1261. These values correspond to the ones in the TALYS manual.

Reference & us

Citations

How to reference

Sub-library files

1. Neutron

2. Proton

3. Deuteron

4. Triton

5. He3

6. Alpha

7. Gamma

8. Fission yields

9. Thermal scattering
10. For astrophysics

Application libraries & tar

files (ENDF, GND, ACE,
PENDE...)
V&V

Total Monte Carlo files
3. Random ENDF-6 files from
other libraries

4. Random ACE files based on
ENDF/B-VIL.1

TALYS

A%

UK Atomic
Energy
Authority

TALYS-based evaluated nuclear data library

Feedback

TENDL-2025

Last update: June 28, 2025

TENDL is a nuclear data library which provides the output of the TALYS nuclear model

th version is

code system for direct use in both basic physics and applications. The 13!
TENDL-2025, which is based on both default and adjusted TALYS calculations and data
from other sources (previous releases can be found here: 2008, 2009, 2010, 2011, 2012,

2013, 2014, 2015, 2017, 2019, 2021 and 2023).

Up to 2014, TENDL was produced at NRG Petten. Since 2015, TENDL is mainly developped
at PSI and the IAEA (Nuclear Data Section). Still, many people contribute to TENDL with
the testing and processing of the files.

TENDL contains evaluations for seven types of incident particles, for all isotopes living

longer than 1 second: Z=3 SLito Z=115 29'Mc (about 2850 isotopes), up to 200 MeV, with

covariances (test files up to 600 MeV are also provided).

TENDL is NOt a default or shadow library. Not a single neutron evaluation is based on
default calculations. With the HFR approach, all resonances follow statistical hypothesis.

For major isotopes, greater care was used during the evaluation process.

A set of tools, called T6, was used to produce it. T6 stands for TALYS, TEFAL, TASMAN,
TARES, TAFIS and TANES. Each code produces a part of the library. Processing tools such
as NJOY, CALENDF, PREPRO are also used in T6. These codes, and the processing steps
are developed by A.J. Koning, D. Rochman and J.Ch. Sublet. Still, the help and feedback of
the whole nuclear data, processing and user community is extremely useful. TENDL would

not exist without the constructive remarks from all over the world.



How? TALYS 2.2 from https://nds.iaea.org/talys/ -

Energy
Authority

Physical Reaction Multiple
parameters models emission
- . . D
i Nuclear Structure (RIPL-3) ‘Optical model (ECIS) Multiple emission
. . - Masses - Local/global OMP - Hauser-Feshbach
projectile n - Discrete levels - Phenomenological - Multiple preeq. exciton
element Fe - Level densities - Semi-microscopic (JLM) - Fission competition
mass 56 - Resonance parameters - y-ray cascade
energy 14.0 - Photon strength functions _ - Exclusive channels ] )
- Optical model parameters - Recoils Output files per reaction channel
- Fission barrier parameters - Spherical OMP - Fission fragment de-
- DWBA SxCaton - Cross sections
+ some 400 keywords - Coupled-channels  Total
- Rotational . ,
Other ” Vibrational - Exclusive: (ny), (0, (0), (0.20), (n,p)
- Fission fragment - Giant resonances etc.
TALYS & Related Software distributions - Weak-coupling - Per level

TALYS and the related packages are open source software and datasets (MIT License) for the simulation of nuclear reactions.

- ‘Best’ nuclear model - Residual production

parameters optimised to — Particle production

TALYS experimental reaction data ;
P - Hauser-Feshbach - y-ray production

Arjan Koning, Stephane Hilaire, Stephane Goriely

Ruor escion mode code - Width fluctuations - Emission spectra

e RO - Blatt-Biedenharn ang. dis. - Single-differential

it - Phenomenological parameters - Particle, photon and fission - Double differential
v v s - Microscopic tables transmission coeff. - Recoils

et N (23 e - Angular distributions
Pre-eauibrium reactions ey

- Per level
TASMAN TEFAL - Particle multiplicities

Exciton model
- Particle hole level density
- Kalbach systematics

Arjan Koning Avjan Koning

- Fission yields, neutron observables
Astrophysical reaction rates, MACS

Statistical software for TALYS: Uncertainties, Code to make ENDF-6 nuclear data libraries
sensitivities and optimization. from TALYS

& Download TASMAN-2.2
B Read Tutorial

€6 Cite Reference

© Access on GitHub

& Download TEFAL-2.2
BRead Tutorial

66 Cite Reference

© Access on GitHub

> Angular distribution
> Cluster emission
- y-ray emission




TENDL Nuclear Data Library: progressively A

U—IZ Atomic

- - - - - Energy
more experimental information is added in Adthorty

8500 nuclides Astrophysics

Completely global
nuclear model calculations
No ENDEF files, only TENDL-astro

2854 nuclides

Experimental nuclear masses
ENDF-files

Terra cognita
Legacy 1200 nuclides

G P’S Known experimental discrete levels
Adjusted low-energy level density

400 nuclides

Measured thermal capture cross sections
DO, adjusted level densities

300 nuclides

Several reaction channels with
experimental data
Adjusted TALYS parameters:
ctable, ptable, wtable, gpadjust,
gnadjust, rvadjust, avadjust, fisbar, etc.

100 nuclides

Adjusted TALYS parameters and
adopted channels from other libraries
Many experimental data sets



: : % iy b
TALYS time steps evolution \..Em::

DE BRUXELLES Energy
(L) IAEA

Authority

Evolution du code

Density D1M & BSk14 p-h(J,x) FF decay
+ GEF

function forces y D1M & RMF
+ resonance

Density p-h
BSk14

TALYS-1.0 TALYS-1.2 TALYS-1.4 TALYS-1.6 TALYS-1.8 TALYS-1.9  TALYS-1.95 TALYS-1.96  TALYS-2.0 TALYS-2.2  TALYS-2.24

2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2026



TALYS around the World NG B B o

Energy
Authority

Around 9054 citations (web of sciences)
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TALYS citations by research areas

Energy
Authority

Around 9054 citations (web of sciences) — area boxes overlap — top 10 only

7,027 3,273 1,124

Physics Nuclear Science Technology Instruments

Instrumentation Technology
Other Topics

1,196

Mathematics

3,361

Chemistry

1,715 1,338

Astronomy Astrophysics Radiology Nuclear
Medicine Medical Imaging




The framework T3: TALYS, TEFAL, TASMAM + 8

resbase

TASMAN

Arjan Koning

TALYS

Arjan Koning, Stephane Hilaire, Stephane Goriely
Nuclear reaction model code.

X Download TALYS-2.2

B Previous and Other Versions
& Read Tutorial

&€ Cite Reference

Lu Use TALYSworld

B« Watch TALYS video lectures
© Access on GitHub

Created at \ - m UNIVERSITE
cea LIBRE
3\(: DE BRUXELLES

() 1AEA

Statistical software for TALYS: Uncertainties,
sensitivities and optimization.

& Download TASMAN-2.2
& Read Tutorial

&€ Cite Reference

© Access on GitHub

TEFAL

Arjan Koning

Code to make ENDF-6 nuclear data libraries
from TALYS.

& Download TEFAL-2.2
& Read Tutorial

&€ Cite Reference

© Access on GitHub

Energy
Authority

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

RESONANCETABLES

Arjan Koning, Dimitri Rochman

Database for thermal cross sections, MACS
and resonance parameters.

3. Download RESONANCETABLES-2.2
& Read Tutorial

66 Cite Reference

) Access on GitHub

Created at {‘ ‘v’lAE_A Ty
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Portal https://tendl.imperial.ac.uk/tendl_2025/tendi2025.html Lo

Tabular forms
YANDF-0.4

Angle, xs direct and
compound,...

Cov.—Var. S/IUQ & P
5 “ENDF” forms
Processed data plots

Code inputs

Authority

R S S —

W B

TENDL-2025 Nuclear data library

Neutron sub-library for C (Z=6) and A=11

Tabulated data (fast neutron range)

. Tabular angular distributions (En - angle - cross section)
. Tabular residual cross sections (En - Residual product - cross section)
. Tabular total and partial cross sections (En - cross section)

Evaluated formatted data (i.e. ENDF)

. The TENDL file

. Special ENDF file with MF12/MT102 (so-called s20 file)

. Special ENDEF file similar to the TENDL file, but with a transition to MT5 at 60 MeV (so-called s60 file)
. EAF file (European Activation File) and associated covariances

. ACF file (Activation File)

Processed plots
. Plots of the cross sections and other quantities: plot
. Plots from PREPRO: plot
. Processed cross sections and covariances with NJOY in 187 groups: matrix
T6 input files

acf.np | act :
lgpfs20.inp_covllg p |k D_cov|

nergies ‘ lopf.inp

B

cov_|[g

Last update: Sat Jun 28 10:07:13 2025




The residual products in detail

Emitted particles and/or residual products

Neutron sub-library for Mn (Z=25) and A=56: Tabular production and total cross sections

Production and total cross sections
Reaction # Mn(n.all) Mn(nx)a Mn(nx)d Mn(nel) Mn(nx)g Mn(nxhe3 Mn(nnon) Mnnxn Mnnx)p Mn(nreac) Mn(other) Mn(nx)t

Reaction #

Partial cross sections
Reaction # SMn(n.g) SMn(n.a) 5Mn(n.2a) SMn(n 3a)
Reaction # 56Mn(n,He3) S56Mn(n,He3+a) 56Min(n,He3+2a) S6Mn(n.t)
Reaction # 56Mn(n,t+a) S6Mn(n t+2a) S6Mn(n,t+He3) 56Mn(n t+He3+a)
Reaction # S6Mn(n.d) 56Mn(n,d+a) 56Mn(n,d+2a) S%Mn(n,d+He3)
Reaction # S6Mn(n,d+He3+a) SMn(n d+t) SMn(n d+t+a) S6Mn(n,d+t+He3)
Reaction # S6Mn(n,2d) S6Mn(n,2d+a) S6Mn(n 2d+He3) SMn(n,2d+t)
Reaction # SMn(n.p) S6Mn(n,p+a) SMn(n,p+2a) SMn(n,p+He3)
Reaction # SMn(n,p+He3+a) SSMn(n,p+t) SSMn(n,p+t+a) SMn(n,p+t+2a)
Reaction # SSMn(n,p+t+He3) SMn(n,p+d) SMn(np+d+a) SMn(n,p+d+2a)
Reaction # S6Mn(n p+d+He3) S6Mn(n,p+d+t) S6Mn(n,p+d+t+a) S6Mn(n,p+2d)
Reaction # 56Mn(n,p+2d+a) 56Mn(n,2p) S6Mn(n 2p+a) S56Mn(n 2p+2a)
Reaction # 56Mn(n,2p+He3) S6Mn(n 2p+t) S56Mn(n 2p+t+a) 5Mn(n,2p+d)
Reaction # S6Mn(n 2p+d+a) 56Mn(n 2p+2d) S%Mn(n 3p) S%Mn(n,3p+a)
Reaction # S56Mn(n 3p+t) 56Mn(n 3p+d) S6Mn(n.4p) SéMn(n.n)
Reaction # SSMn(nn+a) S6Mn(n.n+2a) SSMn(nn+3a) SMn(n,n+He3)
Reaction # S6Mn(n,n+He3+a) S6Mn(n,n+He3+2a) SMn(nn+t) S6Mn(n n+t+a)
Reaction # S6Mn(n n+t+2a) S6Mn(n n+t+He3) 56Mn(nn+d) S6Mn(nn+d+a)
Reaction # SSMn(n n+d+2a) SSMin(n,n+d+He3) SMn(n,n+d+He3+a) SSMn(n,n+d-+t)
Reaction # S6Mn(n n+d+t+a) 56Mn(n.n+2d) S6Mn(nn+2d+a) S6Mn(n,n+p)
Reaction # S6Mn(n n+p+a) S6Mn(nn+p+2a) S6Mn(n,n+p+He3) 56Mn(n,n+p+He3+a)
Reaction # 56Mn(nn+p+t), S6Mn(n,n+p+t+a) S6Mn(n.n+p+d) SSMn(n.n+p+d+a)
Reaction # S6Mn(n.n4p+dit) S6Mn(n,n+p+2d) 56Mn(n,n+2p) SMn(n.n+2p+a)
Reaction # S56Mn(nn+2p+2a) 56Mn(nn+2p+He3) SSMn(nn+2p+t) SéMn(n n+2p+d)
Reaction # SMn(n,n+2p+d+a) SMn(n,n+3p) SMin(n.n+3p+a) SMn(n,n+4p)
Reaction # SMn(n 2n) SMn(n.2n+a) SMn(n,2n+2a) SMn(n,2n+3a)
Reaction # 56Mn(n 2n+He3) 56Mn(n,2n+He3+a) S6Mn(n,2n+t) 56Mn(n 2n+t+a)
Reaction # 56Mn(n 2n+t+2a) 56Mn(n,2n+t+He3) 56Mn(n 2n+d) 56Mn(n,2n+d+a)
Reaction # SMn(n 2n+d+2a) 55Mn(n 2n+d+He3) 56Mn(n 2n+d+t) SMn(n2n+2d)
Reaction # S6Mn(n,2n+p) S6Mn(n 2n+p+a) SSMn(n,2n+p+2a) SMn(n 2n+p+He3)
Reaction # SMn(n 2n+p+t) SMn(n 2n+p+ta) SMn(n 2n+p+d) S6Mn(n 2n+p+d+a)
Reaction # 56Mn(n 2n+ptdst) S6Mn(n,2n+p+2d) 56Mn(n,2n+2p) SMn(n2n+2p+a)
Reaction # SSMn(n 2n+2p+) SMn(n 2n+2p+d) 5Mn(n,2n+3p) SMn(n.2n+3p+a)
Reaction # SMn(n,3n) SMn(n 3n+a) SMin(n,3n+2a) SMin(n,3n+He3)
Reaction # 56Mn(n 3n+He3+a) SMn(n 3n+t) S6Mn(n 3n+t+a) 56Mn(n 3n+d)
Reaction # SMn(n 3n+d+a) SSMn(n3n+d+t) 5Mn(n 3n+2d) SMn(n 3n+p)
Reaction # SSMn(n 3n+p+a) S6Mn(n 3n+p+2a) SSMn(n 3n+p+He3) SMn(n3n+p+t)
Reaction # S6Mn(n 3n+p+d) 56Mn(n 3n+2p) S%Mn(n 3n+2p+a) S6Mn(n 3n+2p+d)

Reaction # 5%Mn(n 3n+3p)

Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #
Reaction #

Mn(nx)?>Al
Mn(n.x)?Al
Mn(n.x)¥Al
Mn(nx)*’si
Mn(nx)*si
Mn(n.x)?p
Mn(nx)*'P
Mn(n.x)*P
Mn(n.x)*8
Mn(n,x)%s
Mn(nx)*s
Mn.(ﬂ’!)_u(level Dl)m
Mn(n, ’!)_JS(Ievel ‘")Cl
Mn(nx)*Cl
Mn(n.x)*PAr
Mn(n.x)*Ar
Mn(n.x)*Ar
Mn{m_)ssl(
Mn(nx)*’K
Mn(nx)*K
Mn(n.x)5'K
Mn@x)*!Ca
Mn(nx)*Ca
Mn(nx)*Sc
Mn(nx)*Se
Mn(n, ’!)_45(Ievel M)Sc
Mn(nx)*¥Se
Mn(nx)%Se
Mn(nx)*Ti
Mn(nx)0Ti
Mnmx)*V
Mn(nx)*V
Mn(nx)%V
Mn(ly,()“Cr
Mn(nx)%Cr
Mn(nx)**Mn
Mn(nx)528Mn
Mn(n.x)*Mn

TENDL-2025 Nuclear data library

Neutron sub-library for Mn (Z=25) and A=56: Tabular residual cross sections

Mn(nx)2%8A1
Mn(n,x)30A1
Mn(nx)3Al
Mn(nx)*si
Mn(n.x)0Si
Mn(nx)?°P
Mn(nx)*P
Mn(nx)*'P
Mn(nx)*s
Mn(nx)¥s
Mn(nx)*S
Mn(n,x)34C1
Mn(nx)*¥C1
Mn(nx)*C1
Mn(nx)*Ar
Mn(nx)*’Ar
Mn(nx)*Ar
Mn(nx)¥K
Mn@x)*'K
Mn(nx)*K
Mn(nx)*Ca
Mn(nx)*>Ca
Mn(nx)*Ca
Mn(n.x)¥Sc
Mn(n.x)*Psc
Mn(nx)*Sc
Mn(nx)*Sc
Mn(nx)Sc
Mn(nx)*Ti
Mn(nx)5'Ti
Mnnx)*v
Mn(n x5V
Mn(nx)**Cr
Mnnx)*Cr
Mn(nx)%Cr
Mn(n,x)**Mn
MBIM)SZ(IeveI Ol)Mn
Mn(nx)*’Mn

T i Cross
Mn(n, )Xlzﬂlevel o1) Al Mn(w% Al
Mn(nx)*'Al Mn(n,x)32A1
Mn(nx)>7Al Mn(n x)*Si
Mn(nx)*'Si Mn(nx)¥’si
Mn(nx)*Si Mn(n.x)*si
Mn(nx)>P Mn(nx)3!P
Mn(nx)*P Mn(n.x) P
Mn(nx)*?P Mn(nx)*p
Mn(nx)s Mn(n*s
Mn(nx)*'s Mn(nx)*'s
Mn(nx)?>!C1 Mn(n.x)3*C1
Mn(nx)35C1 Mn(nx)36C1
Mn(nx)*°Cl Mn(nx)*C1
Mn(nx)%Cl Mn(n.x)%cC1
Mn(n,x)3Ar Mn(n.x)3Ar
Mn(nx)*'Ar Mn(nx)Ar
Mn(nx)*Ar Mn(nx)**Ar
Mn(nx) 7K Mn(n.x)*%8K
Mn(nx)*'K Mn(nx)?K
Mn(nx)*K Mn(nx)¥K
Mn(nx)*’Ca Mn(nx)*¥Ca
Mn(nx)**Ca Mn(nx)*Ca
Mn(nx)*Ca Mn(n,x)Ca
Mn(nx)*Sc Mn(nx)*1Sc
Mn(yg“gs c Mn(wu(levd 04,
Mn(nx)%8sc Mn(nx)36(0evel 025,
Mn(nx) %8Se Mn(nx)500evel O)ge
Mn(nx)**Ti Mn(nx)*'Ti
Mn(n.x)*Ti Mn(nx)*'Ti
Mn(nx)52Ti Mn(nx)53Ti
Mn(nx)*V Mn(n.x)*V
Mn(nx)*'V Mn(n.x)*2V
Mn(nx)*Cr Mn(nx)*Cr
Mn(n.x)¥Cr Mn(nx)®'Cr
Mn(nx)*6Cr Mn(n.x)**Mn
Mn(g,g)vs"gMn Mn(wsﬂ(level °”Mn
Mn(n.x)2Mn Mn(n)%Mn

Mn(nx)?’Al
Mn(nx)*A1
Mn(nx)?"Si
Mn(n.x)¥si
Mn(nx)¥Si
Mn(nx)32P
Mn(nx)**p
Mn(nx)'s
Mn(n.x)%s
Mn(n,x)*2s
Mn(nx)3Cl
Mn(nx)3’C1
Mn(nx)*'C1
Mn(nx)*’C1
Mn(nx)¥Ar
Mn(nx)**Ar
Mn(n,x)*Ar
MI'I[ILJ_()_”""" 01)](
Mn(nx)¥K
Mn(nx)*K
Mn(nx)*Ca
Mn(n.x)**Ca
Mn(nx)5!Ca
Mn(nx)*28Sc
Mn(M),“Sc
Mn(n,x)*sc
Mn(M)SQSc
Mn(nx)*2Ti
Mn(n.x)**Ti
Mn(nx)5Ti
Mn(nx)*v
Mn(n.x)%V
Mn(nx)*Cr
Mn(nx)*2Cr
Mn(nx)**Mn
Mn(ry_()_soMn
Mn(nx)>Mn

3

U—IZ Atomic

Mn(nx)*Al
Mn(nx)>Al
Mn(nx)28si
Mn(nx)*si
Mn(nx)*0Si
Mn(nx)3P
Mn(nx)*P
Mn(nx)3's
Mn(nx)>3’s
Mn(nx)*s
Mn(nx)*2C1
Mn(nx)32C1
Mn(nx)*C1
Mn(nx)*Cl1
Mn(n,x)3Ar
Mn(nx)*Ar
Mn(nx)Ar
Mn(nx)¥K
Mn(nx)*K
Mn(nx) K
Mn(nx)*’Ca
Mn(nx)*Ca
Mn(nx)*2Ca
Mn(wnﬂ(level OZ)SC
Mn(n.x)*Ese
Mn(nx)¥Sc
Mn(nx)5'Sc
Mn(nx)*Ti
Mn(n.x)*Ti
Mn(nx)*v
Mn(nx) v
Mn(nx)V
Mn(nx)*’Cr
Mn(nx)**Cr
Mn(nx)*"Mn
Mn(g,g)_S‘Mn
Mn(nx)%Mn



YANDF-0.4

TALYS 2.24 output file: 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

# header: F4,
# title: Li7(n,g_1) angular distribution at 1.000000E+00 MeV UK Atomic
# source: TALYS-2.24 Eﬂg:ggiw
# user: Unknown User
# date: 2026-10-10
# format: YANDF-0.4
# target:
# Z:3
# A7
# nuclide: Li7
# reaction:
type: (n,g_1)
ENDF_MF: 4
ENDF_MT: 102
E-incident [MeV]: 1.000000E+00
level:

number: 1

energy [MeV]: 9.808000E-01
spin: 1.000000E+00

parity: 1
quantity:

type: angular distribution
datablock:

columns: 4

entries: 91
## Angle XS Direct Compound
## [ded] [mb/sr] [mb/sr] [mb/sr]
0.000000E+00 2.039746E-05 0.000000E+00 2.039746E-05
2.000000E+00 2.039588E-05 0.000000E+00 2.039588E-05
4.000000E+00 2.039113E-05 0.000000E+00 2.039113E-05

TALYS-2.24 /Work

HHFHFHHHFHFHHHFHFE



Where? https://tendl.imperial.ac.uk i
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U—R Atomic

' https:/ftendl.imperial.ac.uk

¢ 2 |

TENDI.-2008
TENDIL.-2009
TENDIL.-2010
TENDI.-2012
TENDI-2014
TENDI.-2015
TENDI1.-2017
TENDI1.-2019
TENDI.-2021
TENDI1.-2023
TENDI.-2025

Energy
Authority

Index of /public/download-endf/TENDL-2014

:

Last modified Size Description
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i
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() o ) () ) o) o) ) () ()

cEE
EEE
el
& EEB
s & B
EEE
B g B

Up to 2014, limited forms
Now live: 09/02/2026

All TENDL’s in the same place


https://tendl.imperial.ac.uk/
https://tendl.imperial.ac.uk/

How? TALYS-2.2 coded input parameters & GOF )

U—R Atomic
Energy
Authority

| Reaction |Nuclides 1P| _IP_| P_| P_| P_| P

(n,y)

Optimized parameters

Weight allocation on exp.

23t
‘Um,f) GOE=1.041

3000 T T T
TALYS —— Meadows(1978) 106540022 W1
JEFF-3.3 —— Rosler(1972) 10262002 W1
JENDL-5.0 Cramer(1970) 10058002 W1
2500 ENDF/B-VIII —— Cramer(1970) 10058003 W1
EAF-2010 —— ‘White(1967) 211950042 W1
TENDL-2021 Perkin(1965) 20584005 W1

Sarmento(2011) 23131004 W1
2000 | sarmento(2011) 23131005 W1
Sarmento(2011) 23131006 W1~ *
Tovesson(2014) 14402006 W1 o]
| Manabe(1988) 222820052 W1 =
Meadows(1988) 131340062 W1

‘White(1965) 21463004 W1
Henkel(1952) 12321007 WO
Lamphere(1956) 12338006 W1
Nyer(1951) 12474003 W1
‘Wahl(1954) 124370032 WO
Nyer(1950) 12306005 W1

GGOeDeO«dPDo

Cross section [mb]
I
8

Incident Neutron Energy [MeV]

“Zr(pn)°Nb  GOF= 1.156

1200 [

GOF value o |
How good is
the fit?

JENDL-50 ———
TENDL-2021
Busse(2002) 01016004 W1
1 Levkovski(1991) A0510190 W1
e Skakun(1987) A03380063 W1 *
L[4 Delaunayolkowsky(1963) 02103006 WO c]
800 |- MR L |

Cross section [mb]

5 10 15 20 25 30 35 40 45 50
Incident Proton Energy [MeV]

278
34
210
157
142
77
93

40

3s | TALYS ——
JEFF-33 ——
JENDL-5.0 1000
30+ ENDF/B-VII —— |
EAF-2010 ——
TENDL-2021
= 25 Artemev(1980) 41321009 W1 ] 800
2 Preiss(1960) 11789002 W1 % g
S § 600
215 - 2
= I k
& & 400
10+
200 |-
st c 1
e
0 " N . L L ) L
0 5 10 15 20 25 30 5 10

wtable

vfiscor
rv(p)
rv(a)

rv(p)
wtable

betafiscor ctable(1) ptable(1)
grh(0) ctable(n)
Cstrip(a) ctable(a)

rwd(p) gen(0)
ftable

rwd(o)

()
gen(0)
rv(n)
etable
rv(a)

rv(n) gen(0)

gen(0)

rv(p) rwd(p)

rv(n)

“Cu(n,)®Co  GOF=1.630

ctable(2) ptable(2)

ctable(p)

geh(n)  ctable(n)

ctable(a)

geh(n)  ctable(n)

*Co(a,n)”Cu  GOF=1.192

TALYS ——
TENDL-2021 J
Szelecsenyi(2002) E1928002 W1
Skulski(1992) 01397002 W1
Tims(1988) D00640041 W1
Tims(1988) D00640042 W1 ]

Zhukova(1972) AOG44002 W1~ m

Budzanowski(1967) D0530010 W1

' 3 Dauria(1968) C1432003 W1 .
4. -

e T L TV

Incident Neutron Energy [MeV]

. . =
15 20 25 30 35 40 45 50
Incident Alpha Energy [MeV]



Ratio

How? TALYS-2.2 coded input parameters & GOF B

Energy
Authority

Outlier assignment|(WO0) and optimised TALYS model parameters per nuclide and
reaction channel

160 161
7500 experiments, age weighted, Gd(ny) "Gd GOF=1.094
subjective, but.. T T T T T T T ALy

JEFF-3.3
JENDL-5.0
ENDF/B-VIII
EAF-2010
TENDL-2021 E

1]

Inclusion ratio: 7500 experimental data sets (7 year average)
1

T T
S-curve

Accoptrato § 2 e . 2225005 W1

4
+ 4 et

095 |

09 | - g X6
ignier(1881) 21619010 W1 n

?[ EE)([)?T}jEitEi rEBrT]()\/EB(j ] ’§\'4052.. 3 W1 ( ?
i Valkonen(1976)0673031 W1 kS ]
Fawcett(1972) 8004 WO ) =~
Thirumalarao(1972) 38501010W0 ) %
Broadhead(1967) 11830008 v

v

Chaubey(1966) 300
Perkin(1958) 2143

0.85

08

Cross section [mb]
5}—'

0.75

07 ‘ ‘ ‘ ‘ ‘ ‘ , ‘ i Wille(1960) 12033
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 - ()
Year L () \

10-1 . e . R . R
001 0.1 1 10

Incident Neutron Energy [MeV]




Cross section [mb]

Cross section [mb]

How? Scouting the experimental nuclear lanscapes B
Energy

Authority
"I(p,n)""Xe GOF=1.33 .
i S— (a,n), (n,a) and (p,n) films
JENDL-5.0 —
600 TENDL-2021 1
Modolp(1996) 02052015 W1
La; un;g,seoslg;ggggg gg;g;%g gi * 27 30
500 S UKi(1986) F1868004 WO © Al(Oc,l’l) P GOF= 1 .3 1
Sakamoto(1985) E1867013 W1 u
400 | | | | | |
o 350 | HL30 — -
JENDL-5.0
200 | TENDL-2021
Flynn(1978) A0509005 W1 <l
100 | & K&\ 1 300 Flynn(1978) A0509006 W1 X y
Vi e e x (Sahakundu(1979) A0181005 W0 ] -
0 5 10 15 20 25 30 35 0 % Howard(1974) C0180002 W1 o
Incident Proton Energy [MeV] ..g 250 w& illiamson! 1960! C2190003 WO I u ]
“Ar(n,0)’S  GOF=1.05 ?
| | T mm—] 3 200
25 ] K
EAF-2010 ©
N TENDL-2021 . % 150
201 o m(1968) 11543004 W1« &
Mathur(1966) 11556004 W1 —~
Ranakumar(1969) 11585004 W1 a] U
5| BER 100
10 - %
st 50
0 L ‘ . ‘ .
0 5 10 15 20 25 30

Incident Neutron Energy [MeV]

Incident Alpha Energy [MeV]



Technology: TALYS default or optimized parameters

to xs, 0.0253 eV
to MACS, 30 Kev
to Maxw., SPA

to xs, <1 MeV

to angles

(n,n1) - Default TALYS

0 Energy [MeV]

Adjusted TALYS input parameters 2631
# 2631
# General 2631
# 2631
ldmodel 2 2631
# 2631
# (n,tot), (n,el), (n,inl) 2631
# 2631
awdadjust n 1. awdadjust-n.table 2631
# 2631
t (n,p), (n,2n), (n,np) \ 2631
# 2631
rvadjust p 0.99 2631
avadjust p 0.99 3 2631
gnadjust 26 57 0.90 Q 2631
gpadjust 26 57 0.90 £ 102 2631
aadjust 25 56 1.12 o) 2631
pshiftadjust 26 56 -0.2 3 2631
pshiftadjust 25 56 0.1 g ; 2631
# 2631
# (n,a) 2631
# Cosine 1 0 Energy [MeV] 2631
cknock a 1.1 2631
cstrip a 1.1 2631
# 2631
t (n,q9) 2631
ldmodelCN 1 2631
# 2631
# Other: Isomers, (n,d), (n,t), (n,h) etc. 2631
# 2631

Fhikhkkhkrxkhxkhkhdkhrkhxkhxkhkrxkhkxkxkx*x T A T, Y S **************************2631

1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451

b

UK Atomic
Energy
Authority



Verification & Validation - deuteron and alpha A
induced libraries

5 MeV deuteron on thick Copper

—_
(@]
(o2}

—_
o
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o
w

Neutron spectrum [1/MeV/sr/uC]

-
o
N

—_
o
-

10°

—_
o
\,

—
o
'S

@

Shigyo+ (2011) —=— i
JENDL-5 —— 1
PHITS-model -
TENDL-2021 -=-—- ]

S LA
01234567 89101112
Neutron energy [MeV]

0.8

@

Hansen+(1994) —=—
Bair+(1973)x1.35 ——
JENDL/AN-2005 ——
0.6 - TENDL-2021 ---------

0.4 f 80(a,xn)

Cross-section [barns]

0.2

o 1 2 3 4 5 6
Incident a-particle Energy [MeV]

7

« 5.5 MeV alpha on UO, and

Boron nitride

* Better than JENDL/AN-2005 but

then a-JENDL-5 arrived !!

Neutron Yield [10"%/o/MeV]

Neutron Yield [10/o/MeV]

15

U? Atomic
Energy
Authority

Jacobs+(1983) —e— |
JENDL-5 —— |
JENDL/AN-2005 --------- ]
p—— TENDL-2021 ----—- ]

Neutron Energy [MeV]

Jacobs+ (1983) —e— |
JENDL-5 —— |
JENDL/AN-2005 ---------- ]
TENDL-2021 ------ |

BN + o
Ein = 5.5 MeV

2 3 4 5 6
Neutron Energy [MeV]



Verification & Validation processes - gamma i

U? Atomic

induced libraries

Authority

° Gamma on 232Th / variance
650 - . .

A \ # PENDL 5/
/ (y2n): TENDL &
—_ ® /(y.2n):EXP k
£ 100t (v,3n):TENDL + ST
..C.é j & (y.fission):EXP
il ® 0"0,. _ . . .
E o &0& & === TALYS 2.? .bllnd simulation,
2 P o | noexp. fitting !!
171 - 4
& 10 <§<>> v . N % R o
o
O " \
.l \ . . . .
. Caveat: y-fission in MF-10
1 Qm Y L L \
5 10 15 20 25 30

Energy (MeV)



Laser-driven Ultra-Bright Ultra-Fast Bremsstrahlung g-Ray

S
L]

Average cross section (mb)
=

10°

97Au(y, xn; x=1~7)

. | . | . | . |
Present works 9Au @ "SAu 94Au
: o Wpy 1R, o Yz, 1,
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T 191,

0o e e
0o e e

Plaisir er al.

"%Au: ® Haraeral .
[tohetal. -

- o ¢ Kitatanieral A

"SAu P Veyssiereetal” ¢ Fultzeral
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A+ Veyssiere ef al.
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Bremsstrahlung end-point energy (MeV)
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Isomeric yield ratio

S
&

TALYS-2.2

Isomeric ratio

R e =

%72 Au: ® Presentwork O Naikeral |
v Itohetal 4 Plaisireral 3

B - Ag———f—H 3

% -
’ Isomeric ratio:
] e Present work 0 Naik eral E
' » Gangrsky e al. 2004 » Vishnevsky eral ]
z * Thiepet al. Gangrsky et al 2003

Palvanov et al < Sorokin er al. 1976

I Rahman eral Sorokin e al 1978

Average cross section (mb)

40 80 120 160
Bremsstrahlung end-point energy (MeV)

=S4

A%

UK Atomic
Energy
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Conclusions

Energy
Authority

Nuclear model codes & libraries will always require an improvement of
- Optical model and direct reactions

Level densities

Photon strength functions

Fission events

Pre-equilibrium mechanism

Compound nucleus model

Always need: curated experimental data EXFOR

Continuous Integration — Verification and Validation processes

Future (the day after tomorrow with Al):
- A modular nuclear model code made by “united” scientific communities
- Nuclear model code simulators using Data Learning, Artificial Intelligence agents
- Direct feeding of probability tables “event generator style” to simulation code

- Autotalys with the help of ChatGPT/Codex & Anthropic/Claude

Next chapter: the making of TENDL-2027



