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TALYS-1.96/TALYS-2.0

• Some important new features since TALYS-1.95 (Dec 2019) 
• Explicit evaporation of fission fragments via Hauser-Feshbach: 

FY, nubar, nu(A), PFNS, etc. 
• Latest photon strength function models from IAEA CRP: 

SMLO, QRPA, M1 PSF with low energy upbend (Stephane 
Goriely) 

• Ability to use RIPL optical models for actinides 
• Improved deuteron break-up model by M. Avrigeanu 
• Good global description of subactinide and charged-particle 

induced fission cross sections 
• Phenomenological descriptions of nubar (Wahl) and PFNS 

(Iwamoto) 
• TALYS-1.96 was released 30 December 2021, TALYS-2.0 not yet



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 



TEFAL + TALYS

Input

gam13 y
eswitch 30.
adopt 3 1 

OutputTALYS

Input TEFAL Output

ENDF file 

- Without covariance data

TEFAL input file 

~ 60 keywords


• TEFAL processes the output of TALYS, and data from other sources, into an ENDF-6 data library

TALYS output filesTALYS input file 

‘endf y’

 11023.0000 22.7920000          0          0          0          
01125 3  1
 0.0        0.0                 0          0          1       16331125 3  1
       1633          2                                            1125 3  1
 1.00000E-5 30.01000001.090516E-5 28.88378281.176413E-5 27.93758371125 3  1
1.257105E-5 27.13857751.332237E-5 26.46086031.474673E-5 25.32124481125 3  1
1.591407E-5 24.50371641.684983E-5 23.91068111.835751E-5 23.05234531125 3  1
 2.00000E-5 22.23004902.181024E-5 21.4336445 2.35281E-5 20.76452741125 3  1
2.514186E-5 20.19948982.664444E-5 19.72021662.949314E-5 18.91424921125 3  1
3.182781E-5 18.33605613.369931E-5 17.91662593.671479E-5 17.30952461125 3  1
 4.00000E-5 16.72787884.362039E-5 16.16458234.705604E-5 15.69129701125 3  1
5.028349E-5 15.29161415.328858E-5 14.95258445.898596E-5 14.38241631125 3  1
6.365529E-5 13.97335646.739828E-5 13.67660147.342935E-5 13.24703021125 3  1
 8.00000E-5 12.83542868.724079E-5 12.4367866 9.41123E-5 12.10179941125 3  1
1.005679E-4 11.81885951.065787E-4 11.57883431.179737E-4 11.17514101125 3  1
1.273126E-4 10.88546451.347988E-4 10.67528531.468603E-4 10.37100291125 3  1
 1.60000E-4 10.07939391.744821E-4 9.796840691.882251E-4 9.559341041125 3  1
2.011354E-4 9.358695902.131561E-4 9.188433632.359458E-4 8.901941581125 3  1
2.546232E-4 8.696257792.695952E-4 8.546955432.937188E-4 8.330684881125 3  1
 3.20000E-4 8.123269843.489633E-4 7.922156003.764486E-4 7.752966031125 3  1
4.022684E-4 7.609911274.263093E-4 7.488420994.718883E-4 7.283756031125 3  1
 5.09243E-4 7.13660721 5.39187E-4 7.029664965.874353E-4 6.874528761125 3  1
 6.40000E-4 6.725454556.767185E-4 6.631531297.461161E-4 6.472807891125 3  1
 8.02796E-4 6.358266288.481141E-4 6.274777049.209316E-4 6.153261151125 3  1
 .001000000 6.03600000.0010905086 5.92308619.0011763986 5.828188921125 3  1
.0012570838 5.74802770.0013322101 5.68001327.0014746442 5.565584741125 3  1
.0015913772 5.48345048 .001684952 5.42384184.0018357303 5.337512701125 3  1
 .002000000 5.25474099.0021810163 5.17451983.0023527956 5.107057261125 3  1
.0025141652 5.05003618.0026644172 5.00162729.0029492852 4.920115391125 3  1
.0031827511 4.86154670.0033699007 4.81900328.0036714583 4.757324471125 3  1
 .004000000 4.69810390.0043620318 4.64061662.0047055896 4.592189681125 3  1
.0050283281 4.55118966.0053288314 4.51632611.0058985672 4.457487391125 3  1
.0063654989 4.41508851 .006739798 4.38421641.0073429143 4.339330731125 3  1
 .008000000 4.29606921.0084589708 4.26873941.0091972669 4.228908191125 3  1
 .010000000 4.19040000.0109050782 4.15292906.0117639715 4.121243991125 3  1
.0125708168 4.09431934.0133220739 4.07134362.0147464132 4.032373621125 3  1
.0159137422 4.00411715.0168494898 3.98343622.0183572823 3.953185001125 3  1
 .020000000 3.92379338.0212105848 3.90409888.0231652286 3.875199481125 3  1
 .025300000 3.84700000 .026790941 3.83119247.0296146078 3.804404691125 3  1
.0319259991 3.78500433.0337771793 3.77081994.0367571382 3.750097951125 3  1
 .040000000 3.73000000.0436203101 3.71065148.0470558813 3.694226761125 3  1
.0502832602 3.68021721.0532882864 3.66821961 .058985643 3.647767701125 3  1
.0636549587 3.63284665.0673979492 3.62187048.0734291223 3.605720251125 3  1 



TASMAN + TALYS

Input Output

TASMAN

TASMAN output file 

- Complete probability 
distributions


- Covariance matrix

- Goodness-of-fit

Input OutputTALYS

Loop TALYS 
k = 1, N

 

N random input 
files 

- Optical model 
parameters


- etc

 
 

 
 
 

 

N random output 
files 

 
 

 
 
 

projectile n
element Fe
mass 56
energy energies
#change
#mode 1
m2constant 1.3 0.2

• TASMAN produces uncertainty distributions based on random input/output files of TALYS

• TASMAN automatically fits TALYS to experimental reaction data

TASMAN input file 

~ 60 keywords

Generate 
uncertainties

 k = 1,N

Experimental 
data

Fit to 
experimental 

data



TASMAN + TALYS + TEFAL 1: Covariance data

Input TASMAN Output

Input TEFAL Output

ENDF file 

- With covariance data, 
including MF31-40

TASMAN output file 

 

TASMAN input file 

 

TALYS

Loop TALYS 
k = 1, N

TEFAL input file 

 

• TASMAN generates random input N times and runs TALYS

 11023.0000 22.7920000          0          0          
0          01125 3  1
 0.0        0.0                 0          0          
1       16331125 3  1
       1633          2                                            1125 3  
1
 1.00000E-5 30.01000001.090516E-5 
28.88378281.176413E-5 27.93758371125 3  1
1.257105E-5 27.13857751.332237E-5 
26.46086031.474673E-5 25.32124481125 3  1
1.591407E-5 24.50371641.684983E-5 
23.91068111.835751E-5 23.05234531125 3  1
 2.00000E-5 22.23004902.181024E-5 21.4336445 
2.35281E-5 20.76452741125 3  1
2.514186E-5 20.19948982.664444E-5 19.72021662.949314E-5 
18.91424921125 3  1
3.182781E-5 18.33605613.369931E-5 17.91662593.671479E-5 17.30952461125 
3  1
 4.00000E-5 16.72787884.362039E-5 16.16458234.705604E-5 15.69129701125 3  
1
5.028349E-5 15.29161415.328858E-5 14.95258445.898596E-5 14.38241631125 3  
1
6.365529E-5 13.97335646.739828E-5 13.67660147.342935E-5 13.24703021125 3  
1
 8.00000E-5 12.83542868.724079E-5 12.4367866 9.41123E-5 12.10179941125 3  
1
1.005679E-4 11.81885951.065787E-4 11.57883431.179737E-4 11.17514101125 3  
1
1.273126E-4 10.88546451.347988E-4 10.67528531.468603E-4 10.37100291125 3  
1
 1.60000E-4 10.07939391.744821E-4 9.796840691.882251E-4 9.559341041125 3  
1
2.011354E-4 9.358695902.131561E-4 9.188433632.359458E-4 8.901941581125 3  
1
2.546232E-4 8.696257792.695952E-4 8.546955432.937188E-4 8.330684881125 3  
1
 3.20000E-4 8.123269843.489633E-4 7.922156003.764486E-4 7.752966031125 3  
1
4.022684E-4 7.609911274.263093E-4 7.488420994.718883E-4 7.283756031125 3  
1
 5.09243E-4 7.13660721 5.39187E-4 7.029664965.874353E-4 6.874528761125 3  
1
 6.40000E-4 6.725454556.767185E-4 6.631531297.461161E-4 6.472807891125 
3  1
 8.02796E-4 6.358266288.481141E-4 6.274777049.209316E-4 6.153261151125 
3  1
 .001000000 6.03600000.0010905086 5.92308619.0011763986 5.828188921125 
3  1
.0012570838 5.74802770.0013322101 5.68001327.0014746442 5.565584741125 
3  1
.0015913772 5.48345048 .001684952 5.42384184.0018357303 5.337512701125 
3  1
 .002000000 5.25474099.0021810163 5.17451983.0023527956 5.107057261125 
3  1

Loop the above over all nuclides = TENDL



TASMAN + TALYS + TEFAL  2: Total Monte Carlo

Input TASMAN

Input TEFAL Output

TASMAN input file 

 

TALYSInput Output

N random ENDF files

Total Monte Carlo

N x Application 
code

Loop TALYS & TEFAL 
k = 1,N

 
 
 

 
 
 

N x NJOY

k = 1,N

• TASMAN generates random input N times and runs TALYS and TEFAL for each ‘k’

Experimental 
data

Output

Output with uncertainties 

 



TENDL: TALYS Evaluated Nuclear Data Library

• General purpose nuclear reaction data library 
• Simultaneous focus on  

• Reproducibility ✓ 
• Completeness ✓ 
• Quality (ongoing, never enough) 

• TENDL ranges from detailed experiment-based evaluations to global TALYS calculations 
• Extent: 

• Neutrons, photons, protons, deuterons, tritons, Helium-3, alpha-particles 
• TSL, astrophysical reaction rates (new), FY 
• 2813 nuclides (all stable or with half-life > 1 sec.) 
• 0-200 MeV 
• All cross sections and secondary distributions (particle and gamma spectra) 
• UQ with covariances or statistical distributions (Total Monte Carlo, “random files”) 
• A variety of data formats: ENDF, PENDF, ACE, GNDS, HDF5, ASCII 

• TENDL-2021 was released in December 2021 
• https://tendl.web.psi.ch/tendl_2021/tendl2021.html

https://tendl.web.psi.ch/tendl_2021/tendl2021.html




TENDL-2021

• Important differences with TENDL-2019 
• Improved resonance parameters from JEFF community (CEA-

Cadarache) 
• Globally improved description of (n, γ )  thanks to new photon 

strength functions (Goriely) and automated fitting to EXFOR 
data with TASMAN code 

• Photonuclear data library based on new photon strength 
functions 

• Improved overall description of all charged-particle libraries 
• Improved numerical binning in multiple emission 
• Adjusted global fitting parameter for (alpha,n) reactions 
• Adjusted break-up parameters for deuteron reactions 
• Notable improvement of proton library, especially for (p,n) 
• Good global description of charged-particle induced fission



New evaluations for TENDL-2021 and JEFF-4

• Revised resonance parameters by CEA-Cadarache (Gilles Noguere, 
David Bernard, Olivier Bouland):  

• 107,109Ag 
• 135Xe 
• 133Cs 
• 148mPm 
• 151,153,154,155Eu 
• 173,175,176Lu 

• All revised parameters inserted in Dimitri Rochman’s TARES code  
• Fast neutron range evaluation by Arjan Koning and Stephane Goriely 
• Combined set of ‘best’ parameters stored in the T6 system to enable  

automatic file production 
• Same approach used by Titech (Chiba et al) using the TALYS system T6 

for LLFP and e.g. 36Cl





TALYS Application to (n, γ ) cross sections

• Adjust width of the E1 SMLO photon strength function (TALYS: ‘wtable’) to match 
the best nuclear data library with 

• Best reproduction of MACS, around 30 keV 
• Best reproduction of experimental (n,γ ) cross section from the top of the RR 

- 100 keV/1 MeV 
• Best nuclear data library before TENDL-2021: 

• JENDL-4.0: 97 target isotopes 
• JENDL-AD: 2 target isotopes 
• CENDL-3.2: 2 target isotopes 
• TENDL-2019: 106 target isotopes 
• JEFF-3.3: 8 target isotopes 
• ENDF/B-VIII.0: 61 target isotopes 

• Autotalys automatically optimizes ‘wtable’ to match above libraries in a 
restricted energy range, e.g.  autotalys  -element Eu -mass 151 -Ltarget 000 
-Liso 0 -proj n -bins 40 -search -energyfile /Users/koning/samples/psf/smlo/ctm/
energies -best -noautosearch -noparauto -talysfile /Users/koning/samples/psf/
smlo/ctm/talys.add -tasmanfile /Users/koning/samples/psf/smlo/ctm/tasman.add

n-Eu153.tasman 
#Esearch 0.01 0.1 102 
#libinclude 102 endfb8.0 



Adjusted width parameter does not affect original 
photon strength function very much

Exp
SMLO
wtable +10%
wtable -10%

10-8

10-7

10-6

0 5 10 15 20 25 30

120Sn

f E1
 [M

eV
-3

]

E
γ
 [MeV]Sn + Ein: range 

important for 
(n,γ )



Frms : 12%





Towards TENDL-2023: TALYS optimisation to EXFOR

• Two birds with one stone: 
• Exforcism (flag evil data in EXFOR) 

• Add to current database of experimental ‘outliers’ 
by Alhassan, Gaughan and Dzysiuk 

• ‘Graphical’ outliers 
• Full JSON file soon to be released 

• Optimization of TALYS parameters to all cross 
sections 
• Use of XC5 format of EXFOR (V. Zerkin) 
• Dimension reduction 
• Same parameter set for all nuclides



TALYS parameters for optimisation

Reaction Nuclides Parameter Parameter Parameter Parameter Parameter Parameter

(n, γ) 278 wtable

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

(n,n’), 
(n,2n), 
(n,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)



Optimization to included exp. data
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Incident Neutron Energy [MeV]

69Ga(n,a)70Ga     GOF= 1.037

TALYS
JEFF-3.3

JENDL-5.0
ENDF/B-VIII

EAF-2010
TENDL-2021

Son(2011) 31715002 W1 
Koester(1984) 21953006 W1 
Zaikin(1976) 40255002 W1 
Ryves(1971) 20791002 W1 

Chaubey(1966) 30079007 W0 
Dovbenko(1969) 40001003 W1 

Peto(1967) 30031005 W0 
Kononov(1958) 40421009 W1 

Pasechnik(1958) 40336082 W1 
Stavisskii(1959) 40448002 W1 

W0: weight 0



10-1
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160Gd(n,a)161Gd     GOF= 1.094

TALYS
JEFF-3.3

JENDL-5.0
ENDF/B-VIII

EAF-2010
TENDL-2021

Bokhovko(1991) 41225005 W1 
Decorte(1988) 23488071 W1 

Singh(1988) 30928002 W1 
Singh(1984) 30692002 W1 

Voignier(1981) 21619010 W1 
Kononov(1977) 40520023 W1 
Valkonen(1976) 20673031 W1 

Fawcett(1972) 10298004 W0 
Thirumalarao(1972) 30501010 W0 

Broadhead(1967) 11850008 W1 
Chaubey(1966) 30079034 W0 

Perkin(1958) 21438023 W0 
Wille(1960) 12033036 W1 

()  
()  



Segal’s law: A man with a watch knows what time it is. 
                    A man with two watches is never sure.



(p,n): several nuclides with JENDL-5 evaluation



(⍺,n): TENDL rules! (OK OK, because there is 
nothing else for A > 20)



Fission: WKB (Sin, Capote)  + HFB level 
densities (Hilaire, Goriely) 



Outlier assignment
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Inclusion ratio: 7500 experimental data sets

Accept ratio

Summed over all (n,g), (n,f), (n,n’), (n,2n), (n,p), (n,a), (p,n), (g,n), (a,n), (d,n) cross 
sections for all nuclides



Outlier assignment
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Other analyses possible:
- per reaction channel
- per author, co-author, lab, etc
- per incident energy (e.g. 14 MeV)
- re-insert this as prior in the next Bayesian update



The power of Total Monte Carlo
• Suboptimal performance of TENDL-2021 (—> JEFF-4.0T) for Al, Ti, Cr, Fe, Ni benchmarks 
• Solution: Sample all resonance parameters and TALYS parameters inside  uncertainty bands 
• Produce 2000 random ENDF files for all of them and choose the best combination 

• Procedure is automated for any benchmark (D. Rochman and A.J. Koning, How to randomly 
evaluate nuclear data: a new method applied to Pu-239, Nucl. Sci. Eng. 169(1), 68 (2011). 

• Challenges:  
• analyse why this particular combination is the best one 
• what is the quality beyond criticality benchmarks?

applewebdata://333821B8-25FB-4F0F-B6C9-EFD7EFFFDC60/2011_Rochman_pu239_NSE.pdf
applewebdata://333821B8-25FB-4F0F-B6C9-EFD7EFFFDC60/2011_Rochman_pu239_NSE.pdf


Other TENDL developments

• Bypassing ENDF-6: TAGNDS, with Caleb Mattoon 
• Direct feeding into the Medical isotope Browser 

nds.iaea.org/mib 
• Automated fitting to all cross sections from EXFOR, 

including actinides, use of ML to estimate TALYS 
parameters for neighbouring nuclides 

• Include EGAF for thermal capture gamma lines 
• To have integral validation as automated as 

evaluation (‘validation on the spot’) (> 2030) 
• 517 citations in 2021-2022 on very different subjects

http://nds.iaea.org/mib


Summary
• TALYS-1.96 released 30 December 2021. TALYS-2.0 will follow. All 

satellite software for TALYS (TASMAN: statistics, optimisation and 
uncertainties, TEFAL: ENDF formatting), autotalys  to GitHub 

• TENDL-2021 was released end of December 2021: 
• Improved fast neutron cross sections thanks to new photon 

strength functions and semi-automated EXFOR fitting 
• Improved nuclear data for incident charged particles and photons 

• Strong collaboration with JEFF-4:  
• Improved resonance parameters, in this case from CEA-Cad, are 

inserted into the T6/autotalys evaluation system



Thank you!


