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Legacy Stopping Power Database

* Created in 1990 by Helmut Paul, Linz Univ.

« Contains purely experimental data for electronic stopping powers —
nuclear component removed

« Graphical comparisons with SRIM, MSTAR, etc. — only when two or
more measurements exist

« Access to MSTAR, statistical analysis, literature
» All data accessible for download
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Last update: December, 2021 (see Updates)

This collection of stopping power measurements includes data published as early as 1928 by Rosenblum, and is continuously updated. The collection,
originally created and maintained by Helmut Paul, considers any ion and target combination that is measured and published, including solids (amorphous
or polycrystalline), gases, elements or compounds, new materials such as polymers, oxides, silicates, and also biological targets. It deals with the
electronic stopping power, assuming that nuclear stopping has been subtracted or is negligible.

(Data and graphs can be downloaded from the tables for H, He, Li to Ar, and K to U ions. Detailed information on the content and organization of the
database is provided in the Introduction.

Ires-CONICFT) Is
responsible for the compilation of data and graphs, and the development of the database. In About you can read about the history of the database and the
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Please send your questions, comments and suggestions regarding...

..data, graphs and methods to:
Dr. Claudia Montanari / Instituto de Astronomia y Fisica del Espacio / Universidad de Buenos Aires - CONICET

Email: mclaudia@iafe.uba.ar
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International Atomic Energy Agency / Nuclear Data Section
Email: nds.contact-point@iaea.org

https://nds.iaea.org/stopping-legacy/
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This collection of stopping power measurements includes data published a

Electronic Stopping Power of Matter for Ions

Helium Ions in Atoms and Compounds

In the following table you can find the electronic stopping power of He ions in atoms and compounds, plotted versus the projectile energy. For each ion-

CE[ND_’ target, you can download the graphs as images, the data as ascii files and the origin plots.
Charg | Some systems with only one or two sets of measurements have not been plotted yet although the data is in the database. To get all the data on He ions,
Tence | check out the list of data for He lons, and download all data for He lons. The reference codes are explained In the list of all data references, and the curve
CoND| designations in the list of stopping power tables and programs. All the available ORIGIN files for He ions in this table can be downloaded here.
| Ions Target Graph Files Comments
He Ions |Acetylene Click here ORIGIN,
DATA
D He Ions |Ag Click here ORIGIN, SRIM13 and ICRU49 do not describe the low energy data by Gi13.
ecay DATA Change of slope at 3 keV, the velocity constant changes (see
Go13).
i He Ions |Air Click here ORIGIN,
i | DATA
| He Ions |Al, versus v Click here ORIGIN
He Ions (Al Click here ORIGIN,
DATA
| He Ions [Al;05 Click here ORIGIN,
; DATA
He Ions |Ar Click here ORIGIN, [In agreement with Chu’s and Besenbacher’s measurements,
DATA (gas) SRIM2003 predicts no gas-solid difference. Excellent agreement of
938)  |SRIMO3 and ICRU 49 with the data
DATA (solid)
He Ions |Au Click here QRIGIN, Measurements since 1990 in colour
DATA
He Ions |Au, versus v Click here ORIGIN There is an indication of a stopping threshold similar to the case of
H ions in Au. The theory by Zebl2 shows a change of steepness
there.
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Modernization

« Search filters:
— lon-target combination or lon or Target
— Authors - DOI links added
* Retrieval:
— lon-target or lon or Target or All
— Plots using plotly
— CSV files containing all relevant information
— APIs
« All data displayed — even if only one measurement

https://nds.iaea.org/stopping



Stopping Power Home Search Data About

This is the new website for the Stopping Power Database. The legacy website is still available for a limited time here.

Electronic Stopping Power of Matter for lon

This collection of stopping power measurements includes data published as early as 1928 by Rosenblum, and it is continuously updated. The collection, originally created an
maintained by Helmut Paul, considers any ion and target combination that is measured and published, including solids (amorphous or polycrystalline), gases, elements or
compounds, new materials such as polymers, oxides, silicates, and also biclogical targets. It deals with the electronic stopping power, assuming that nuclear stopping has
been subtracted or is negligible.

Since 2015, the Stopping Power Database is maintained by the Nuclear Data Section (IAEA). Dr. Claudia Montanari (Universidad de Buenos Aires-CONICET) is responsible for
the compilation of data and the update of the database. Articles about the database can be found in Literature.

Query the database

The database can be queried either by lon, or by Target, or by lon and Target. Querying by lon will retrieve a summary of the information available for that lon. Querying by
Target will retrieve a summary of the information available for that Target. By quering or selecting a specific lon-Target pair you can access all the datapoints available for that
specific pair, both as a plot and as downloadable files.

{ Search by lon or Target Q, \

The database can also be queried by Author. Quering by Author will return the list of all the publications available in the database for that Author.

Search by Author Q

The database can also be queried via a programmatic AP,

Download the database

Download the latest version of the database in compressed format (~ 1MB):

Download data &, Download references &
Version 2023-11 - relesed on 27th of November, 2023 Version 2023-11 - relesed on 27th of November, 2023
4 361 Experiments | 64,124 Datapoints 729 References | 3,104 Authors

Previous releases of the database can be downloaded from the Versions page.



1.6 T Reference Id|
- L * Trz20lz
The database can be searched only by lon, or only by Target, or by both an lon and a Target. § 1.4 b * Dm2015
5 ~ Diw2015
~ .
‘He wof BO12 v Prz0llb
= v HY2005
= 1 v Bc200s
. g T
‘ Search by Target (E.g: Au, Air, Polyvinyl toluene, 1= ..
L 0.8
-
Check the Target Glossary for a full list of Target names and formulay 5 5 . M
= v Selgfla
o 2
5 0.4 = Mj1988
2 > \ * 5h1034
S oz . * Del034
@ . . Saledda
Results for lon: He | : xe1083b
2 s 0.001 2 s 0.01 2 s 0.1 2 s 1 2 s 10 2 s T T
Download data for lon: He &, Energy (MeV/amu)
Version 2023-11
Energy unit: Stopping unit:
206 Targets | 826 Ex ts | 13,898 Datapoint
Jargels | periments | Jatapoint © Mev ® Mevi(mg/cma) v Solid
® Mev/amu O E-15eV cm2/atom * Gas
4 Liguid
Show 10 ~ | entries Search
Data last updated: Nov. 27, 2023, 12:18 p.m.
lon 4 Target 4 Datapoints Measured Experiments Last Publication Year Detailed Information
He 2-Butanone 18 1 1978 Lt He - 2-Butanone
He 3-Pentanone 54 3 1985 i He - 3-Pentanone Expenmental[]ata Download all &,

WLH.Trzaska,G.N.Knyazheva,).Perkowski,.Andrzejewski,S.V.Khlebnikov, E.M.Kozulin,T.Malkiewicz,M.Mutterer, E.O.Savelieva

He Acetaldehyde 18 1 1978 Lt He - Acetaldehyde BT2018 ol instrum.Methods Phys.Res. B 41, 1-12 (2018). fesv) =

He Acetone 18 1 1978 L He - Acetone B Diw2015  P.K.Diwan,5.Kumar, Nucl. Instrum. Methods B 359 (2015) 78 [esv] [txt]
He Acetylene 60 4 1984 i He - Acetylene @Dm2015  D.Moussa, 5.Damache, S.0uichaoui Nucl. Instrum. Methods B 343, 44-47 (2015) [esv] [oxt]

@Pr2011b  D.Primetzhofer,5.Rund,D.Roth,D.Goebl P.Bauer Phys. Rev. Lett. 107, 163201 [esv] [oxt]
He Ag 609 43 2018 Lt He - Ag

[@Bc2005  M.Bianconi,N.P.Barradas,L.Correra Nucl.Instrum.Methods 8239, 127 [esv] [oxt]
He Air 118 7 2022 Lt He - Air

[BHY2005  J.¥.Hsu,Y.C.Yu).H Liang KM.Chen Nuel.Instrum.Methods B 241, 155 (2005) [esv] [oxt]
He Al 606 4 2018 it He - Al BMT1996  G.Martinez-Tamayo,).C.Eckardt, G.H.Lantscher,N.R Arista Phys.Rev. AS4, 3131 [esv] [oxt]
He Al203 221 9 2012 Lt He - Al203 __ Chr. Eppacher Ph.D.Thesis, Univ. of Linz, Austria, Schriften der Johannes-Kepler- Universitst Linz, Universitatsverlag Rudolf Trauner (1995),

BEp1egaa [esv) [oxt]
He Allene 33 2 1974 Lt He - Allene Theoretical Data a

Showing 1 to 10 of 206 entri Previous . 2 3 4 BESPNN Electronic Stopping Power Neural Network (ESPNN). Part I: atomic targets, https://pypl.org/project/ESPNN/ ). Appl. Phys. 132, 245103 (2022)
owing 1to 10 o entries

E5RIM2013  The stopping and range of ions in matter, |.F. Ziegler, M.D. Ziegler, ].P. Biersack, Nucl. Instr. and Meth. B 268 (2010) 1818-1823




Stopping Power

‘ Search by Author Q. ‘

peterb

Peter Bauel

Peter B@rgensen

Results for Author: Peter Bauer

Show| 10 ~ |entries Search:
@ Internatienal Atomic Energy Agency does not subseribe to this content on ScienceDirect.
Ref. ID 4 (Citation 4 Year Datapoints Experiments Plots
Bri984a R EoAumaayt.D Semrad and BM.UScherzer, Nudl.Instrum.Methods 1984 55 2 il H - Cu Nuclear Instruments and Methods in Physlcs ‘i," Recommended articles ~
Phys.Res. B1,1 (1984) [ i B Research Section B: Beam Interactions with -,t" )
w Materials and Atoms Molecular dynamics analysis on impact
Br1986 P.Bauer and D.Semrad, Nucl.Instrum.Methods Phys.Res. B13,201 (1986) 1986 23 2 Lt H - Nb Valume 1, Issue 3, January 1984 Pages 1-8 arbon nanotubes
Br1992a P.Bauer, W. Réssler, P. Mertens, Nucl.Instrum.Methods Phys.Res. B69,46 1992 100 2 H-Al203 Measurement of the stopping cross section
(1992) b b-so2 for protons in copper by backscattering Interaction of auminum projecils with
. . . ) quartz sand in impact experiments:.
Mi1990 C.Mitterschiffthaler and P.Bauer Mucl.Instrum.Methods Phys.Res. B48,58 1990 13 1 bt H - H20 using various methods for foil-thickness - B
s . Christopher Ha Wolf U
S0r2019 M. A. Sertica,V. Paneta,B. Bruckner,5. Lohmann,M. Hans,T. Nyberg,P. 2019 21 1 Lt N - TiN determination
Bauer,D. Primetzhofer Mature Scientific Reports 9, 176 (2019); DOI Lt &) - TiN . Fridrich Sumeyr, Dietar Samead, BALLL Schersar Synthesis, characterization and DFT-
10.1038/541598-018-36765-7 a5 - TIN e modeling of novel agents for the protectio.
ore v Jou Interfa s
Tra2019 TTTran, LJablonka, B Bruckner, S Rund, D Roth, M A. Sortica, P Bauer, Z 2019 176 5 - Ni . . - Lours liono arca
Zhang, D Primetzhofer, Phys. Rev. A 100, 032705 (2019). H - Nisi S
H-sSi rtps:fdoi or 6/0168-583X(84150469.5 7 § , Show 3 more articles v
He - Si
He - Nisi Abstract Article Metrics ~
it He - Ni

Copper films evaporated on pyrolitic carbon are used to determine the stopping cross

section of copper for protons in the energy range from 60 to 500 keV by evaluating the
Previous - Next energy width of Rutherford backscattering (RBS)-spectra. For this purpose we need both
the number of atoms per unit area of the copper-foils and the spectrum widths.

Showing 1 to 6 of 6 entries

The number of atoms per unit area is determined for all copper films by a quartz-
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Stopping Power

Research areas Researchers Funding Contact
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SDU+ &

ations on the Stopping Pow

lontanar, P. Dimitriou, The

SDU > Research > Researchers > @uantum opticsand nanophysics > DPASS

DPASS

kepor Some of the computer programs for stopping power: DPASS is a Windows program tabulating output from the

o e ! rograms for I PASS code developed by Andreas Schinner and Peter Sigmund.
o SRIM (version 2013)
For all ions and targets, including compounds using the Bragg rule and also an option for compound carrect Download DPASS version 21.06 from 17 February 2020
Particular Aspects of Stopping Power Reference: The stopping ond range of ions in matter, J. F. Ziegler, M. D. Ziegler, Biersack Nucl. Instr. and Meth. 8 2
e bpeak is a list of heights and positions of the Bragg peak for 92x92 extracted
. MSTAR (version 2003) from PASS output by Andreas Schinner and Peter Sigmund.
n Fhys. R For Lito Ar fons in different targets.
H.Pau: T -
hoel Reference: Empirical stopping power tables for fons from 3Li to 18Ar in solids and gases, H. Foul ond A Schinner, . Download bpeak

CasP (version 6.0, March 2021)
For all ions and targets, atoms and compounds. CasP is the Convolution approximation for swift Particles, b
Reference: G. Schiwietz and P. L. Grande , Nudl. instr. and Meth. B 273, 1-5(2012); F. Matias et al, /. Phys. B 50. 18¢

DPASS (version 21.06, Feb 2020)
For ions 2=1 to 92 in targets Z=1 to 92. DPass code is the “"Binary theory of electronic stopping’, by Sigmund and Schinner | e

lational Ir of
Reference: Expanded PASS stopping code, A Schinner and P. Sigmund, Nudi. Instr. and Meth. B 460, 19-26 (2019). Seinpda ol Uuduongy
Physical Meas. Laboratory

In ICRU Reports

Codes

nd lon Rany
0-12-3964;

ESPNN (version 2022) 3. PSTAR and ASTAR Databases for Protons and Helium Ions
For ions 2=1 to 92 in atomic targets

Referance: Electronic Stopping Power Neural Network, code built on the IAEA Stopping power database. Part 1 atomic targets, 7. Access the PSTAR or ASTAR Databases

Mitnik J. Appl. Phys. 132, 245103 (2022); dloi: 10.1063/5.0130875.

PSTAR and ASTAR ATIMA

For protons and alphas in different targets.

Reference: M. |. Berger, NIST. Report NISTIR 4992 (1992). ATIMA 15 a program developed at GSI which calculates various physical quantities
* stopping power

ATIMA * energy loss

For protons and heavy ions, and specific kinetic energies from 1 keV/u to 450 GeV/u. + enersy-loss strageling

Reference: H, Geissel, C. Scheidenberger, Nucl. Instr. and Meth, 8136 (1998) 114, - fmgu‘]m- Eﬂﬁggm;é -
* range

range straggling
mean projeciile charge




Stopping Power

ations on the Stopping Pow

lontanar, P. Dimitriou, The

Particular Aspects of Stopping Power
o HoPaul
o WPaul and

* HPaul FL
in Phys. R
H. Paul: T

H. Paul, 0

In ICRU Reports

Codes

nd lon Rany
0-12-3964;

Some of the computer programs for stopping power:

SRIM (version 2013)

For all ions and targets, including compounds using the Bragg rule and also an option for compound correction.
Reference: The stopping ond range of ions in matter. J. F. Ziegler. M. D. Ziegler, Biersack Nucl. Instr. and Meth. 8 268 {2010) 1878-1823.

MSTAR (version 2003)
For Li to Ar ions in different targets.
Reference: Empirical stopping power tables for ions from 3Li te 184r in solids and gases, H. Paul and A. Schinner, Atemic Data and Nuclear Data Tables 85 (2003) 377.

CasP (version 6.0, March 2021)
For all ions and targets, atoms and compounds. CasP is the Convolution approximation for swift Particles, by Grande and Schiwietz.
Reference: G. Schiwietz ond P. L. Grande . Nudl. instr. and Meth. B 273, 1-5 (2012): F. Matias et al, J. Phys. B 50. 185201 (2017).

DPASS (version 21.06, Feb 2020)

. Forions 2=1 to 92 in targets Z=1 to 92. DPass code is the "Binary theery of electronic stopping”, by Sigmund and Schinner.

Reference: Exponded PASS stepping code. A Schinner and P. Sigmund, Nudl. Instr. and Meth, B 460, 19-26 (2019).

ESPNN (version 2022)

For fons =1 to 92 in atomic targets.
Reference: Electronic Stopping Power Neural Network. code built on the IAEA Stopping power database. Part i: atomic torgets, F. Bivort Haiek A. M. P. Mendez, C. C. Morl|
Mitnik J. Appl. Phys. 132 245103 (2022): doi: 10.1063/5.0130875.

PSTAR and ASTAR

For protons and alphas in different targets.
Reference: M. J. Berger, NIST, Report NISTIR 4992 (1992).

ATIMA

For protons and heavy ions, and specific kinetic energies from 1 keV/u to 450 GeV/u,
Reference: H. Geissel, C. Scheidenberger, Nucl. instr. and Meth. B136 (1998) 114

Electronic Stopping Power [MeV cmzlmg]

c/o: Claudia Montanari

Data review, Machine Learning and DBSCAN
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Stopping Power Home ~ Searg

As well as having access to the database through the search interface we are providing direct access to our API for programmatical use.

lons API ~
GE fapi/ions v
GE fapi/ions/{ion}/ v
Targets API ~
GET fapiftargets v
GET fapi/targets/{target}/ N
lon-Target Tuples API ~
GE fapi/tuples v
lon-Target Tuples Data API ~
GET fapi/data/ion:{ion} v
GET fapifdata/target: {target} v
GET fapifdata/ion:{ion}/target:{target} v
GE fapifdata/ion:{ion}/target:{target}/ref:{refid} v
Publications API ~
GET fapi/authors v

GET fapi/authors/{author}/ v



Statistics
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Electronic Stopping Power [10 '*eVem®/atom)

Useful resource
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SRIM: widely used — very good performance BUT it is empirical and fitted to available data

Hon Gd (Z=64)

= SRIM-2013

10° 10

Proton Energy [keV]

A KnB0 3%
B Sis4 3%
C 0gas8 1.5%
D Ang9 0.6%

Electronic Stopping Power [10°eVcm?/atom]

50

Hon Gd (Z=64)

E -

Proton Energy [keV]

A Kn80 3%
B Sig4 3%
C 0g88 1.5%
D An69 0.6%
E Rol7 5%
F Ro17 <10%

Electronic Stopping Power [10"5chm2/atom]
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——SRIM-2013 .

= SLPA (1s-4f relativistic)}+FEG rs=2.61

— - - DPASS 21.06

= = «CASP6.0, g=1 (2021)
1 1

1

10° 10° 10*
Proton Energy [keV]

c/o: Claudia Montanari
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A Kn80 3%
B Sig4 3%
C 0g88 15%
D An69 0.6%

4 E Ro17 5%

F Ro17 <10%



Things to do

» Add more codes calculations (DPASS, CASP, ASTAR, etc)
* Fix issues with DOIs, author names, etc.
e Other from user feedback

SEND US YOUR FEEDBACK
e

Please send your questions, comments and suggestions regarding:

Data, Graphs and Methods to:

https://nds.iaea.org/stopping/ 0. Clautia Montarar

Instituto de Astronomia y Fisica del Espacio / Universidad de Buenos Aires - CONICET

This Website to:

NDS Contact Point
International Atomic Energy Agency / Nuclear Data Section
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Atoms for Peace and Development

Thank you!
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