Electronic stopping power

current status of experimental data,
theoretical and numerical descriptions

Claudia Montanari

Instituto de Astronomia y Fisica del Espacio,
CONICET and University of Buenos Aires, Buenos Aires, Argentina

Stopping Power Database, Nuclear Data Services, IAEA

ional Atomic Energy Agen

Iear Data Serwces

es Nucléaires, AIEA

Workshop for Applied Nuclear Data Activities (WANDA 2022)




Stopping power, interest

Electronic energy loss - excitations of the target electrons
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Why the interest?

> Knowledge of the basic physics involved, the electronic
structure of the target, the response of the electrons to the ion

passage, interaction potential.

> Applications



Applications

eIon beam analysis of materials, nuclear research, fission fragment
detectors,...., arqueology
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Hadron therapy for cancer .l

Deposition ranges _ Detector of ions in satellites

- . ing metal oxide semiconductors
eIon implantation < doping al oxid iconductors,

microelectronic devices and hard glasses

-
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spacecraft shielding

eMaterial damage Losses of molecular groups > L= a (-dE/dx)P
<

Simulations include stopping values (most of them
~from SRIM)




Experimental state of art

International Atomic Energy Agency

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

Hot Topics » IAEA-CIELO » TENDL-2019 » JENDL-5 « ENDF/B-VIIL.O News » Pointwise2020//TENDL-2019
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At present, graphs are available for the following projectiles and ta
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Number of different ion-target systems

20 years of Stopping Power measurements
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Number of ion-atom systems measured
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— H ions Updated 2021 —
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Stopping models

Theoretical schemes covering a wide energy range.

Scheme Code Target  Starting at Domain
Binary theory PASS Atom Bohr High v Sigmund
. downward .
PCA/UCA CasP Or]“ne’ _2.02. 1.-JCh High v ura.no!e
Schiwietz
downward
TCS-EFSR HISTOP  Fermi Quantal Low v upward Arista
2as
- . Montanari
SLPA Quantal High v . .
Atom/molec Yo Miraglia
MELF-GOS Atom/molec  Exp ELF High v downward AbTil
Garcia Molina
CDW-EIS Atoms/Gases Quantal High v downward Rivarola
Miraglia
TD-DFT Fermi gas Quam‘al Lowv Echenique
Correa
TD-END Atoms/molec  Quantal Lowv

Cabrera-Trujill

Sabin

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



Stopping models

Theoretical schemes covering a wide energy range.

Scheme Code Target Starting at Domain
Binary theory = PASS Atom Bohr High v Sigmund
. downward
PCA/UCA CasP Or]“ne’ _Z_Q%]'_.Jch High v Gra.nc!e
) Schiwietz
downward
TCS-EFSR HISTOP  Fermi Quantal Low v upward Arista
2as
; Montanari
SLPA Quantal High v
Atom/molec £ . .
downward Miraglia
. ) : _ A hwil
Open subjects, difficulties, challenges: 1

 Heavy projectiles, Li to U

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

« Complex molecules >biological interest, plastics, oxides

TD-END Atoms/molec  Quantal

Lowv

Cabrera-Trujill
Sabin

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



Stopping reliable values,
semiempirical and empirical codes

Multiperpose simulations need reliable stopping values

The Stopping and Range of Ions in Matter, by Ziegler (2013)
Geant 4, Monte Carlo simulations, TALYS 1.6; include SRIM Semi-empirical

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

for protons and alphas in different targets, by Berger, NIST (1992)
https://www-nds.iaea.org/stopping/stopping_prog.html

- ICRU 37 (1984) for electrons and positrons
- ICRU 49 (1993) for H and He
- ICRU 73 (2005) for Li to Ar

Experimental values
Parfitt-Jackman, NIMB 478 (2020) 21-33 from IAEA stopping

database
Mitnik et al (2022)
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Electronic Stopping Power [MeVcm™/mg]

Experimental measurements

after 2013. Good agreement
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Electronic Stopping Power [10"°eVem?®/atom]
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H on Gd (Z=64)
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H on Gd (Z=64)
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2xAl+3x0

Zn+ O

H on Aluminum Oxide
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Compounds

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.



Electronic Stopping Power [MeV/(mg/cmz)]
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O on Silicon Nitride
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Te on Mylar (C, H.O,)

Fission fragments
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Data review, Machine Learning and DBSCAN

0.30 R | LA | ot """,: LA | LR |
FF "
. E_F a Mée2 1e%
H on Ni Pad b Dme6 1%
0.25 oA 38 c Brul8 3-6% _|
i d Trze2 2%

o

(8]

o
T

0.10

0.05 |-

Electronic Stopping Power [MeV cmzlmg]

= SRIM-2013
—--=Dent08

3%

Impact energy (keV/amu)

3 ‘-...
.%.
3
)
)
5 \
o '.’J

Impact energy (MeV/amu)




Conclusions

» 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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