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Why the interest?

Electronic energy loss    excitations of the target electrons
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 Knowledge of the basic physics involved, the electronic 

structure of the target, the response of the electrons to the ion 

passage, interaction potential.

 Applications
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•Ion beam analysis of materials, nuclear research, fission fragment 
detectors,…., arqueology

•Deposition ranges

•Ion implantation

•Material damage

Applications

Hadron therapy for cancer

Detector of ions in satellites

doping metal oxide semiconductors,

microelectronic devices and hard glasses

Losses of molecular groups  L= a (-dE/dx)b

Simulations include stopping values (most of them
from SRIM)

spacecraft shielding



Experimental state of art

 H. Paul, 1990 - 2015

 IAEA, 2015 – present, C. 

Montanari

 More than 90 years of 

experimental data 

 Around 4500 data sets, 

59900 values, 860 papers.

 All data is open access 

(tables)  

 Figures for most (but not 

all) the systems

https://www-nds.iaea.org/stopping/

1928





Experimental facilities, since 2010
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H ions Updated 2021

no data at low energiesno data available Only one set of data

More than 1000 set of measurements for H in different targets



Stopping models

Ref: Sigmund & Schinner, NIM 382 (2016) 15-25

MELF-GOS                                    Atom/molec Exp ELF    High v downward

Atom/molec

CDW-EIS                                     Atoms/Gases       Quantal High v downward

TD-DFT                                                    Fermi gas       Quantal Low v

TD-END                                                   Atoms/molec Quantal Low v
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online, 2021
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Open subjects, difficulties, challenges: 

• Heavy projectiles, Li to U

• Multielectronic targets, 4f electrones, lanthanides and heavy transition metals

• Complex molecules biological interest, plastics, oxides

online, 2021



SRIM The Stopping and Range of Ions in Matter, by Ziegler (2013)

Geant 4, Monte Carlo simulations, TALYS 1.6; include SRIM Semi-empirical

Multiperpose simulations need reliable stopping values

Stopping reliable values, 
semiempirical and empirical codes

https://www-nds.iaea.org/stopping/stopping_prog.html

MSTAR for Li to Ar in solids and gases, by H. Paul and A. Schinner (2003)

ASTAR, PSTAR for protons and alphas in different targets, by Berger, NIST (1992)

empirical

MACHINE LEARNING:

ML Parfitt-Jackman, NIMB 478 (2020) 21-33

ML/deep neural network Mitnik et al (2022)

Experimental values 
from IAEA stopping 
database

ICRU Reports (International Commission on Radiation Units & Measurements)
 ICRU 37 (1984) for electrons and positrons
 ICRU 49 (1993) for H and He
 ICRU 73 (2005) for Li to Ar



SRIM

Experimental measurements 

after 2013. Good agreement











Al2O3

2xAl+3xO

Zn+ O

SRIM code has an 
option for compound 
correction.

It separates core and 
bond contributions 
and alters the 
stopping for the 
bonding electrons 
based on the bonds 
found in the 
compound.

ZnO

Compounds



Si3N4

Compounds

•high-melting-point 1900°C

•relatively chemically inert

•automobile industry
(diesel engines, turbochargers, etc) 

•Si3N4 bearings in engines of NASA’s Space
Shuttle.



T. Materna, Université
Paris-Saclay, France; 
NIMB 505 (2021) 1–16

Fission fragments



Impact energy (keV/amu) Impact energy (MeV/amu)

Data review, Machine Learning and DBSCAN  



ConclusionsConclusions

 IAEA stopping database, main compilation of experimental 
data, updated 2 or 3 times a year

 Experimental data, still needed

 Reliable values, simulations, online codes, different efforts

 SRIM is a powerful tool, works well in lot of cases, not all. 
Different codes needs update. ML results, alternative solution

 Theoretical efforts, challenge, different models,  high energy 
stopping is well known, but the maximum and low energy 
regions not so well, Bragg peak included. Many efforts in 
progress

Workshop for Applied Nuclear Data Activities (WANDA 2022)
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