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TALYS: An attempt to streamline all important
nuclear (reaction) physics into one code scheme

*  Used for fundamental nuclear physics research
. Produces nuclear data for applications
« www.talys.eu

TALYS

Input:

* Keywords, eg:

projectile n
aelement fe
mass 56

energy 14.

Optional loops
* Incident
energies

* Natural
isotopes

Optical Moadel:
* Phenomenology
local / global

Nucl. Structure:
* Abundancies

* Discrete levels

* Deformations

* Masses

* Level density par.
* Resonance par.

* Fission barrier par.
* Thermal XS

* Microscopic LD

* Prescission shapes

Direct reaction:
* Spherical OM

* DWBA

* Rotational CC

* Vibrational CC

* Giant resonances
* Weak—coupling

Preequilibrium:
* Exciton model
— 2—component
* p—h LD phenom.
— surface effects
* Kalbach systematics
— angular distribution
— cluster emission
* y—ray emission

Output:
*File “output’
defined by
keywords
*Dedicated
files with

spectra, ...

\J
A

\J
A

v

Compound:

* Width fluctuations
— Moldaver
— GOE triple integr.
— HRTW

* Hauser—Feshbach

* Fission competition
— isotopic yields

* v —ray emission

* GC+ Ignatyuk

Multiple emission:

* Exciton (any order)

* Hauser—Feshbach

* Fission competition
— isotopic yields

* y —ray cascade

* All flux depleted

* Exclusive channels

* Recoils

ENDF:
* transport libs
* activation libs



http://www.talys.eu

Domain of TALYS

* Projectiles: neutron, photon, proton, deuteron,
triton, Helium-3, alpha particle

 Targets: Z= 3-124, A=5-339
« Reliability: Z>6,A> 12
* Incident energy: 1 meV - 1 GeV
« Reliability: few keV - 200 MeV
400 keywords for models, parameters, etc.

Range of TALYS

* (Almost) every nuclear reaction observable
« TENDL library



Use of TALYS
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Number of TALYS users:
Several 1000s

Number of papers citing TALYS:
~ 6000 (as of end 2020)
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TALYS principles

We insist:

« Flawless and trivial software installation

« Complete and readable manual

 Reproducibility: you get the same results as we show, good or bad
« Alarge and diverse validation set

« TALYS does not crash

We aim:

« Physics as good as reasonably possible

« Adopting your innovations in our implementation: we are a few years behind the
latest and greatest developments in nuclear physics

This enables:

« Thousands of analyses of experiments

« TALYS Evaluated Nuclear Data Library (TENDL)

« Total Monte Carlo (TMC) uncertainty quantification
e ...and much more
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Global predictive power of TALYS

Based on all EXFOR cross sections, A-independent
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Essential 1: Optical model potential (OMP)
for proton reaction cross sections
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Three levels of nuclear data libraries

* No experimental data: global nuclear model
calculations (TALYS/TENDL)

* Some experimental data: nuclear model
calculations with adjusted input parameters
(TALYS/TENDL)

* Many experimental data: Generalized-Least-
Squares/Pade approximation, nuclear models
not needed (IAEA medical isotope library)



Essential: Complete and good/reasonable quality cross section data

TENDL: TALYS Evaluated Nuclear Data Library
e Produced by TALYS nuclear model code + other sources

« Complete in projectile (n, g, p, d, t, h, a), target (2813
nuclides) and energy range (0-200 MeV)

e 1000-1500 citations, current version TENDL-2019

e Globally reasonable predictive power....not enough!!

Plan: Medical isotope data library - combine the best with the most complete

IAEA high-quality
evaluations (150 TENDL-2021
reaction channels)

IAEA-2021
Medical Isotope
Data Library




Typical example #1: direct good fit!
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Plots for all particles, all nuclides, all reactions:
nds.iaea.org/talys



Typical example #2: further TALYS adjustment needed
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Some final remarks

(Multiple) pre-equilibrium models and level densities have an important
impact on predictive power of model codes for isotope production.

* The predictive power of TALYS is numerically established for incident
neutrons, charged particles and photonuclear to follow.

 Efficient and trivial access to all experimental data is essential, WPEC SG50
on curated experimental database based on EXFOR (Lewis, Neudecker) is
incredibly important for TALYS development.

* There is more relevant exp. data below 40 MeV than above 40 MeV, the latter
is important for various exotic routes (e.g. Ac-225 production)

« A complete nuclear data for all particles, isotopes and energies is available,
TENDL, but the quality is not yet sufficient. Needed:

* Nuclide-by-nuclideTALYS parameter adjustment
« Evaluators who can distinguish good from bad experimental data

* Model defect approaches (Gaussian processes etc.) for when TALYS is
not sufficient
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