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Bibliography of Electron and Photon Cross Sections
with Atoms and Molecules

Published in the 20” Century

—— Argon *

Makoto Hayashi

(Gaseous Electronics Institute)

A bibliography of original and review reports of experiments or theories of electron and
photon cross sections and also electron swarm data are presented for atomic or molecular
species with specified targets. These works covered 17 atoms and 31 molecules. The
present bibliography is only for argon (Ar). About 1,960 papers were compiled. A
comprehensive author index is included. The bibliography covers the period 1921
through 2000 for Ar. Finally, author's recommended Ar electron collision cross section
set is given in numerical tables.

Keywords : Ar atom, collision cross section, eclectron, elastic scattering, electronic
excitation, ionization, photon, photoabsorption, photodissociation, photoexcitation,
photoionization, electron swarm, drift velocity, diffusion coefficient, ionization coefficient,
excitation and ionization energies, transition probability, lifetimes of excited states

* This work was carried out under the collaboration research program at National
Institute for Fusion Science.



Introduction

History

This bibliography is the result of a continuing literature survey which was begun around
1970 and originally encompassed only electron collision cross section and electron swarm
data. The organization responsible for undertaking this survey is Nagoya Institute of
Technology, Nagoya. From 1994, the work continued to Gaseous Electronics Institute,
Nagoya. In 1997, the collection of photon cross section references was begun. The
scarch for references in both cases was retrospective and included all papers reporting
measurements, calculations or reviews of such cross sections and electron swarm data.

Scope

This bibliography contains references to original research papers which report
experiments or theoretical calculations of cross sections for electron and photon collisions
with argon (Ar) atom. The review papers on this subject are also included.

Some argon cluster papers are included. Some conference reports, company or agency
reports and Ph.D. thesis are included. Argon ion papers and positron collision papers are
not included in principle.

Papers reporting the following data are included.

For electron collision cross sections :
1) elastic scattering
2) electronic excitation
3) ionization
4) grand total scattering (sum of elastic and inelastic cross sections)
5) metastable argon
6) electron swarm parameters (drift velocity, diffusion coefficient)
7) excitation and ionization coefficients

For photon collision cross section :
1) photoabsorption
2) photoexcitation and fluorescence
3) photodissociation
4) photoionization

For some related data :

1) excitation and ionization energies
2) transition probabilities
3) lifetimes of excited states
4} others

The energy range for electron cross section data is usually 0 -10 keV, but some higher
electron energy papers are included. The wavelength range for photon cross section data
is from microwaves to X-rays. Most papers are concerned with infrared, visible and
ultraviolet ray region.

The bibliography includes the papers published in the 20® century, from 1901 to 2000.
But the oldest paper in this list is given by C. Ramsauer (1921). So for this argon
bibliography, published papers from 1921 to 1999 are compiled in alphabetical order of the
first author's surname of the paper. References published in 2000 and plus some old
papers found very recently after compilation are added as "Addenda of References for Ar".
In total, about 1,960 papers are compiled in the argon bibliography:.




Organization

This report consists of four parts : introduction, the bibliography and its addenda, author
index and an electron collision cross section set recommended by the author.

Bibliography
In this section the complete citation for all references are given. At first following
classifications are shown :
E : Elastic collision
EX : electronic EXcitation
I : Iomzation
ME: MEtastable argon
S :electron Swarm
O : Others (photon cross sections and others)

All author's initials and surname, journal name, volume, inclusive pages and year of
publication are given as well as the title, and some additional information in the square
bracket[ ]. E and T in the square bracket mean experiment and theory.

Author Index

In this section all authors are listed alphabetically by surname. After each author's
name is a list of page numbers indicating which references he or she authored or
coauthored.

Electron Collision Cross Section Set for Argon (Ar)

Flectron collision cross section set of elastic, electronic excitation and ionization
collision for argon recommended by the author are given by the tables. Final conclusions
are given and detailed discussions are not shown here. Elastic total and elastic
momentum transfer cross sections are obtained from author’s recommended elastic
differential cross sections. These values of the set are not final, in other words, tentative
values.
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References for Ar (1900 - 1999)
{Argen)

[Inert gas, Noble gas]

E : Elastic collision, EX : Electironic excitation
{ : Jonmization, QT : Grand total cross section,
ME : Metastable argon, S : Swarm, 0 : The others.

o : lonization coefficient [ ]: Additional imformations,
E : Exp., T : Theory.

The oldest paper in this list is given by C.Ramsamer (1921).

QT W.H. Aberth : Thesis, New York University, I-57 (1963)

Measurement of total cross sections for the scattering of low emergy
electrons by argon and molecular oxvgen and niirogen. [E. Ar, 0., N2l

QT ¥. Aberth, 6. Sunshine and B. Bederson : im_Atomic Collision Processes, North-
Holland, 3rd ICPEAC, London 53-58 (1964}

ot

Absplute measurement of total cross sections for the scattering of low
energy electrons by argom, nitrogen and oXygen.
[E, Ar, No, 02; 1 - 25 eVl

"R.Abdulla : Thesis, Dniversity of Wales, Swamsea (1981}

Ienization and breakdown in argon. [E, Ar; 15 - 3600 Td]

M. Y. Adam, F. Wuilleumier, S. Krummacher, N. Sandner, V. Schmidt and W.Mehlhorn
_Elect. Specirosc. Relat. Phenom. 15, 211-224 (1979)

Recent progress in the study of photoicnization processes of atomic
species by electron spectroscopy using synchrotron radiation.
[E, Ry. Ar, He, Xe. Pbj

.Y.Adam, P. Morin and G Wendin : Phys. Rev. A31, 1426-1433 (1985)

Photoelectron satellite spectrum in the region of the 3s Cooper minimum
of argon. [E, hy, Ar; 40 - 70 eV!

L. Adams and W.Whaling : J.Opt. Soc. Am. 71, 1036-1038 (1981)

Argon branching ratios for spectral-intensity calibration
[E, hv, Ar; 104 emission lines ; 2960 - 23000 A]

I B Adamczvk : Ann. Univ.Maria Curie-3klodowska, Lublin-Pol. Sect. AAZ4, 157-
{19703)

1 B.Adamczvk - Ann. Univ.Maria Curie-Sklodowska, Lublin-Pol. Sect. AAZ4, 171~
(19701)



EX

V. A Adamovich, A. V. Den vanov, N. A. Dyatko, 1. V. Kochetov, A. P. Napartovich and
A P.Strel tsov : Sov.Phys. Tech. Phys. 32, 568-572 (1987} -
Einetics of slow elecirons in an electron-beam pumped excimer laser.
[T, Ar, Xe, HCI]

V. A. Adamovich, A. V. Den' vanov, 1. K. Kochetov, D. D. Malvata, Yu. B. Smakovskii and
A P.Strel’ tsav : Sov.J. Quamt.Blect. 20, 1303~1309 (1990)

Modeling of an XeCl excimer lIaser excited by a fast electrom beam.

[T, Ar

B.D. Adcock and W E. G. Plumiree : J.Quant. Spectresc. Radiat. Trans{. 4, 29-

{1964)
fn excitation temperature measturements in a plasma-je:, and fransition
probabitities for argom lines. (E, hy, Ar}

V.V. Afrosimev, Yu. S. Gordeev, V.M. Lavrov and S. G. Shchemelinin : Sev. Phys. JETP
28, 821-825 (1969) -

Energy loss spectra of electrons colliding with inert gas atoms.

[E, Ne - Xe; 4 keV]

M Agenteft, T. Anderson, J. E. Handen, ¥. Persson and S. -6. Pettersson : Phys.
Scr. 29, 57-60 (1934)
A studvy of the ns%np® 'S states in the rare gas ions. [E. Ne - Xe]

K ¥ Aggarwal, N Nath and C.S.G. K Setty : Planet.Space Sci. 27, 753-768 (1979} -
Coilision frequency and tramsport properties ef electroms in the
ionesphere. [T. Ar., He, E, N, 0. Ns, 0:]

J.¥. Ajello, G. K. James, B. Franklin and S. Howell : }. Phys. B23, 4355-4376 (1990}
Study of electron impact excitation of argon in the exitreme uliraviolet :
emission cross section of resonance limes of Ar I, Arll.

[E, Ar; 104.8, 106.7 nm, 12 - 2008 eV]

H Aksela, S. Aksela and H Patama : Phys. Rev. A30, 858-864 (1984)
Auger emergies of free atoms : Comparison beiween experiment and
relativistic theory. [E and T, Ne - Xe, Na, K, Cs, Cu, Cd. Hg, etc.]

H. Aksels, S. Aksela, B. Pulkkinen, A. Kivimaki and 0.-P. Sairanen : Phys. Scr. 41,
425-428 (1990)
Shake processes in Auger decay of resonatly excited states of rare gases.
[E, Ne - Xel

H Aksela, J. Mursu,]. Jauhiainen, E. Nommiste, J. Karvonen and 5. Aksela : Phys.
Rev. A55, 3532-3538 (1997)
Angular distribution of emitted electrons in the decay of Ar 2p~'4s
states studied by high-resolution experiment. {E. Ar]

S. A Y. Al-Amin and J. Lucas : J.Phys. D20, 1590-1595 (1987)
Time of flight measurements of ihe ratic of radial diffusion coefficient
and mobility for electron swarms in helium, argon, meom and krypion at
high E/N. {E, He — Kr; E/N = 96.5 - 5630 Td for Ar]
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§

S A J.Al-Amin and J. Lucas : J. Phys.D21,1261-1270 {1988}
Electron swarms in mixtures of metal vapour and argon gas.
[T, Ar + (Na, K, Cs)]

EX R Albat, N.Gruen and B.Wirsam : J.Phvs. B8, L82-L85 (1975}

Calculated Born and four-state cross sections of low lying Ar levels
excited by profon and electron impact. [T, Ar: 4s and 4p levels]

§.S.Al-Dargazelli, T. R Arivaratne, J.M. Breare and B.C. Nandi : Nucl. Instrum.
Meth. 176, 523-528 (1980)
Measuremert of the drift velecity of electrons in an argom-mitrogen
mixture using & gas scimtillation drift chamber. [E, A1 + Nol

N.1.Aleksandrov and I.Kochetov : J.Phys. D29, 1476-1483 (1996) -
Electiron rate coefficients in gases under nop-uniform field and electron
density conditions. [T, Ar. CD». N3l

V.Ya. Aleksandrov, D. V. Gurevich and I.V. Podmoshenskii : High Temp. 5 672-675
(1967)

Exchapge of kinmetic emergy in a dense, weakly ionized, argon plasma.

[E. Ar; arc]

V. A Alekseev and I.1.Scbelman : Scv.Phys. JETP 22, 882-888 (1966) -
A spectrascepic method faor the investigation of elastic scattering of
slow electrons. [T, Ne — Xe. Cs; mainly for Ar]

M.K.Ali and P.A. Fraser : J.Phys. B10, 3091-3104 (1977) -
The contribution of lorg-range forces to low-energy phaseshiffs.
T, Ar, H]

N.L Alinovskii, Yu. E Nesterikhin and B. K. Pakhtusov : Sov. Phys. Tech. Phys.
14, 96-98 (1969) -
Mear for ionization cross sections of nemtral beams by electrons with a
Maxwellian velocity distribution. [T, He - Kr, H, Hs., D»s, Nz, 053]

H ¥.Allen : Phys.Rev. 52, 707-710 {1937)
Electrchn temperatures and mpbilities im the rare gases. [T, He - Ari

N.L.Allen and B. A Prew : J.Phys. B3.1113-1126 (1970)
Some measurements of electron drift velocities in compressed gases
{E, Ar, N,, CO; E/N = 0.6 - 6 Td]

W.P.Allis and P.M.Morse : Z.Phys. 70, 567-582 {1931)
Theorie der Streuung langsamer Elektronen az Afomen
[T, He - Ar. Na, In, etc.; DCS for Ar]

D.P. Almeida, A. C. Fontes, I. 5. Mattes and €. L. Godinho : J.Electiron Spectresc.
Relat. Phenon. 67, 503-510 (1994}

FElectren impact multiple ipnization cross section of argon (o n+

1 =3- 6} [E. Ari

— Ar 3 -



I D.P.Almeida K H.Becker and H Peutsch : Int.J. Mass Spectrem Ion Process. 163,
39-45 (1997a) -
Electron-impact ionization cross—section of argon (0 s, 0 = 7. 8).
[E. Ar; 1100 - 386808 eV]

0 D.P Almeida and C. F.L.Godinho : Nuc!. Instrum. Meth B11i4, 337-340 (1997b),
Erratum 122, 167-167 (1997)
Intergrated gsicillator strengths for meltilonizatior processes under
the Bethe-Born formulation. [T. Ne - Xe]

I D.P. Almeida, A.C.Fontes and F.C. Pontes : Nucl. Instrum. Meth B132, 280-287
(1897c) -
Multiple iomization of gases by collisions with electrens.
[E, Ar, Ne, He :; 90 - 3000 eV]

S H Alvarez-Pol, I.Duran and R. Lorenzo : J. Phys. B30, 2455-2464 (1997)
On the cross section of lew-energy electron cellision on CHs and COs.
[T, Ar + CHa, Ar + CHg + CO2. etc.; B.Ea.]

S S.R. Amendelia, M.Binder,et al. (about 30 persons) : Nucl. Imstrum Meth. AZ244,

516-520 (1986)
Dependence of the transverse diffusior of drifting elecirons on magnetic

field. {E, Ar + CHa!

0 M Ya. Amwsia N. A Cherepkov, L. V. Chernysheva and S.I.Sheftel : Phys.Lett. AZS,

726-727 (1969) -
On atomiec photoionization cross sectienm calculation. fT. hy, Ar]

0 M Ya. Amusia, N. A Cherepkov, L. V. Chernysheva and S. I.Sheftel : Sov. Phys. JETP
29, 1618-1021 (1969) -
€alculation of the photo-iopization cross section for Ar in the Hartree-
Fock approximation. [T, hv, Ar]

0 M. Ya Amusia, N. A Cherepkev and L. V. Chernvsheva : Phys. Lett. A3l, 553-554
{1970a) -
Manv-electron correlations in photeabsorptior in the M-shell of Ar.
[T, hw, Ar]

EX M. Ya. Awus’va, N. A Cherepkev and S.1I.Shefiel : Sov. Phys. JETP 31, 332-334
(19700} -
Inelastic scattering of electrons by noble gas atoms.
[T, Ne - Xe: DCS, 3 or 4 keV, Born approximation]

U M. Ya Amusia, ¥, A. Cherepkev and L. V. Chermysheva : Sov. Phys. JETP 33.90-356
(1871)
Cross section for the pheteionmization of moble-gas atoms with allowance
for muitielectron correlations. [T, Bv, Ne - Xe]

EX M.Ya. Amusia, N. A. Cherepkov, R. K. Janev, 5. 1. Sheftel and J. Zivanovic : J. Phys.
B6, 1028-1039 (1973)
The role of manv-electron correlations in fast electrom—atom inelastic
collisians. [T, Ar: 4 KeV]
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E M Ya Amusia. N. A. Cherepkov, L. V. Chernysheva and §.G. Shapiro : Phys. Lett. Ad6,
387-388 (1974a) -
Elastic scatiering of slow electrons and level shifts in Ar. [T. Ar]

0 M.Ya Anmusia, V.K.Ivanov, N.A. Cherepkov and L.V.Chernysheva : Sov. Phys. JETP
39, 752-758 (1974b)
intershell and intersubshell effects in photoionization of atoms.
[T, hv. Ne - Xe, (a. In]

EX M. Va. Amusia and N_ A Cherepkov : in Case Studies in Atomic Collision Physics
5, Nprih-Holland 47-178 (1975)

Many-electron cerrelations in scattering precesses. freview]

EX M. Ya. Amusia, V. K. Ivanov and $.A. Sheinerman : J.Phys. B9, 1537-1553 {1976a)
Imner-sheil correlation im the inelastic scattering of fast electrons of
the outer sabshells in Ar and ZXe. [T, Ar, Xe]

E M. Ya Amusia. N. A. Cherepkov, 1. V. Chernysheva, S. G. Shapiro and A. Tanchich :
Sov. Phys. JETP 41, 1012-1616 (1976b) -
Elastic scattering of siow elecirons by atems. T, Ar, He, Xe]

1 M Ya Amusia, M.Y.EKuchiev,S. A. Sheinermen and S.1I.Sheftel : J.Phys. BIO,
L535-1539 (1977a)
Inter-shell correlations in the formation of simgly charged ions near
the Ar L-shell ionmisation threshold. [T, Ar]

0 M. Ya Amus'va.S. A Sheinerman and S.I. Shefmel’ : Sov.Phys. Tech. Phys. 22, 8228128
{1877} -
Generalized osciliator strengths of inner atomic shells with cuter-sheil
effects. [T, Ar; 2p% subshell]

§ M Ya Amusia, 1.5.Li and S.1.Sheftel : Bull.Acad.Sci. USSR Phys. ser. 41.57-64
(1977¢)
Photoionization from the excited state-of argon amd zenon atoms.
[T, hv, Ar, Xel

1 M. Ya Amusia anc¢ S. A Sheimerman : J.Phys.B12, 649-662 {1979a)
Single-electron ionisation of Ar 352 subshell by slow elecirons.
[T, Ar: th.- 100 eVl

I M. Ya. Amusia, M. Yu.Kuchiev and S. A. Sheinerman : Sov.Phys. JETP 4%, 238-244

(19790) -
Near-threshold effects in the iomizatiom of atoms (the post-collision
interaction). [T, Ar]

0 M.Ya Amus’va,V.K. Ivanov,S.A. Sheinerman, Si. 1. Sheftel’and A F loffr : Sov.
Phys. JETP 51, 458-465 (1986)
Manifestation of restracturing of the electron shells in atoms in the
course of ionization. [T. hv., Ar, Xe, Cs, Bal

G M. Ya Amusia.V.K. Ivanov and V. A Kupchenko : J.Phvs. B14, L667-1L671 {1981a)
Photoignizations of imner shells. [T, hv. Ar]



0 M. Ya Amusia and A S.Kheifets : Phys.Lett. 82A, 487-411 (1981b}
The influaence of "Two-electron— two-hole” excitations on the 3s idp
autoienization profile im Ar atoms. [T. hy, Ar]

E M. Ya. Amusia, N. A. Cherepkov, L. V. Chernvsheva, D. M. Davidovic and V. Radojevic :
Phys. Rev. A25, 219-225 (1982a)
Stow-electron elastic scattering on argon. iT, Ar; 0.81 - 15 eV}

G M Ya Amusia and A 5. Kheifets : Phys. Lett. 394, 437-440 {1982b)
The photoelectrop angular-distribution 8 parameter ie the region of the
35~ '4p resonance im Ar. [T. Ry, Ar]

I M. Ya Amusia and A.S. Kheifets : J.Phys. BI8, L679-L684 (1985)
On our ability 1o measure the singly ionised rare-gas spectrascopic
factors using the {7,e) and f{e, 2¢} reactians. IT, Ar]

0 M.Ya. Amosia : Comments At. Mel.Phys. 16, 143-155 (1985) -
Spectroscopic factor and the remormalization of interelectron interaction.
{comments, Ar - Xe]

§ M. Ya Amusia, I.M. Band, V.K Ivanov, V. A. Kupchenko and M. B. Trzhaskovskava :
Bull. Acad. Sc¢i. USSR Phys. Ser. 50, No. 7. 19-25 {1986
Nonphysical characteristics of the photoionization cross section of
internral shells. {T, hv, Ar - Xe. Cu, Hg]

0 M. Ya Amesia : Phys. Scr. T31, 43-55 (1996)
Many-electron effects in the absorption and emission of VUV radiation by
atoms and ions. IT. hv, Ar, Xe, etc.]

0 M. Ya. Amusia, I. Chen, L. V. Chernysheva and A I.Msezane : 21st ICPFAC, Sendai
274 {1999) -
Multieleciron correlations in the generalized oscillator strengths.
[T, Ar, Ne, Xe]

EX N. Andersen, J.W. Gallagher, I. V.Hertel apd F. J. da Paixac : 14ih ILPEAC,
Palo Alte 121-121 {1985}
Apalysis of orientation and azlignment in electron impact excitation eof
heavy rare gases : the Ar 45 P and 3P case. [T, Ar; DCS of 3P«, 16 eV]

EX N. Andersen, J.W. Gallagher and I.V.Hertel : Phys. Rep. 165, 1-188 (1988}
Collisional alignment and orientatiom ef atomic outer shells. I. Direct
excitation by electron and atom impact.

[review, He - Xe, H, Li, Na, K, Hg, Bal

EX N. Andersen, J. T. Boad, E. E. B. Cambell, J.¥. Gallagher and I.V.Hertei : Phys. Rep.
278, 107-289% (1997a)
Coliisional alignment and orientation of atomic puter shells. H. Quasi-
melecular excitation, and bevond. [review, Ar + H(Is), eic.]

EX N. Andersen, K. Barischat, J. T. Broad and I.V.Hertel : Phys. Rep. 279, 251-3%6

{1997b)
€ollisional alignment and orientation of atomic ocuter shells. HI. Spin-
resolved excitation. [review, Xe. Li - Cs, H Hz etic.]

-~ Ar 6 -




ME

—

M. Andersor - Phys. Fluids 7,1517-1526 (1964) -
Hall eifect and electiron drift velocities in the plasma of the positive
column. [E, He - Ar, N:]

A Andreev and A F. Bodrov : Chem. Phys.Lett. 109, 450-455 (1984} -
Tnelastic scattering of low-energy electrens by metastable afoms.
[T, He - Xe, C, N, 0]

CAndrick und H. Ehrhardt : Z.Phys. 192 99-106 (1966)
Die Wickelabhangigkeit der Resonanzstrewung niederenergetischer Elektronen
an He, Ne, Ar, und No. [E, He - Ar, N:]

Apdrick azd L. Langhans : J.Phys.Bll, 2355-2360 {1978
Neasurement of the free-free cross section of e™— Ar scattering.
{E, Ar; 5 - 16 eV]

Chovama : Nucl. Instrem Meth. A234, 125-131 {1985]
Generalized mas gain formula for proportional counters.
[T, Ar + CHs, Xe + C02, etc.]

_S.Argyroponios and M. A Casteel : J.Appl. Phys. 41, 4162-4165 {1970)
Tables of interaction parameters for computation of Ohm's law coefficients
im various gases. [T, Ar. Xe, He, (02 CO]

_B. Armen, T. Aberg, Kh. R Karim J. C. Levin, B. Crasemann, G. 5. Brown, ¥. H. Chen and
_E.Ice : Phys. Rev.Lett.54,182-185 {1985)

Threshoid deubie photoexcitation of argon with symchrotron radiation.
[E. hv. Ar]

_B. Armen, J. Tulkki. T. Aberg and B.Crasemarn : Phys. Rev. A36, 5606-0614 {1987}
Quapntum theory of post-celiision interaction in inner-shell photo-
ionization : Final-state interaction between two continsum electroms.

[T, kv. Ar, Xel

_B.Armen, J. Tulkki, T. Aberg znd B. Crasemann : Phys. Rev. A36, 5606-0614 {1987)
Quantum theory of post-coilision interacfion im immer-shell photo-
ionization : Finite-state imteraction bbetweem two continuum electrons.
[T, hv, Ar, Xel

B Armen. J.C. Levin and I. A Sellin : Phys.Rev. 453, 772-784 (1996}
Radiationless resemant Raman scattering interpretation of argon phetoion
vields measured im coincidence with K-LL Auger decay. [T, hv. Ar]

_Armstrong, Jr. and W. R Fielder, Ir. : Phys. Scr. 21, 457-462 (1980)
Photoionrization cross sectipns using the multiconfiguration Hartree-
Fack and its extentions. [T, hy, Ar, (1]

_L.Arnet : Proc. Roy. Soc. London A133.615-636 (1931)
The diffractions of electrons in gases.
[E, Ke - Xe. Ho, N (0. CHa; 42 - 780 eV. 20 - 120" for Ar]



6 U

Arp, J.¥. Cooper, T. LeBrun, 5. H. Seuthworth, M. Jung and M. A. MacDonald : I.Phys.

B29, L837-L842 (19946)

0 L

Angular correlation between Ka photons and Lo .3 - M2, 3o .2 Anger
electrons following argon Is photoienization. [T, by, Ar]

Arp, T. LeBrun, 5. K. Southworth, M. A. MacDonald and M. Jure : Phys. Rev. ASS5,

4273-4284 (1997)

EX 1.

0 T

I-ray fluorescence and Auger-electron coincidence spectroscopy of
vacancy cascades in atomiec argon. [E, hy. Ar]

Arricla,P. J. 0. Teuhner, A. ighabe and E. Weigold : J.Phys. B8, 1275-1279 (1975)
Electron-photon angular correlafions in the electron impact excitation
of argon. fE, Ar: 80.4 and 113.4 eV]

U.Arslanbekov, F. A. Iskanderov and R. Y. Pirogovskii : Bull. Acad. Sci. USSR

Phys. Ser. 52, No. 6, 122-123 (1988}

0 U

g U

Highly charged inert-gas ions produced by narosecond ltaser pulses.
[E, hy, Ar - Xe]

Asaf W S.Felps and S.P McGlynn : Phys. Rev. A40, 5458-5468 (198917
Electron scattering in dense He — Ar gas mixtfures : A pressure shift
study. [E, Ar + Hel

Asaf, K. Rupnik, G. Reisfeld and S.P. MeGlyne : J. Chem. Phys. 99, 2560-2566

{1993) -

EX V.

K. Asundi : 6th ICPEAC, Paris 29-32 {1963a)
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Electron Collision €ross Section Set for Argon (Ar)
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Figure 1. Electron collisicn cross section set for Ar.
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Figure 2. Electronic excitation cross sections for Ar.




Tavle }. Erergy levels of electronic excitation for Ar.

WO =3 W b LY B e

D B DD B0 DO B B B re b e bk e fet ped pe i e
= Q% W R GO DN e D0 00 -] G W M G0 DI e &D

5
o]

t
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PO -
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Level No. energy | Paschen Designation
This work Chutjian | Eggarter | {(eV) notation
1Po 3ps
1 1 SM* | 11.55 1 Ss 4s[3/2],
2 2 S1** 11.62 184 48{3/2]1
3 3 SM* | 11.72 1S3 4s7{1/210
4 4 S1* {11.83 18, 4s’[1/2],
5 5 (112.91 | 2P 4pl1/2],
6 6 13.08 2P 4p[5/2]5
7 7 13.09 2Ps 4p{5/2],
8 8 13.15 2P, 4p{3/2],
9 9 13.17 | 2P¢ 4p(3/2].
10 [ 10 [ 13.27 2Ps 4p[1/2]0
13.28 | 2P, 4p’[3/2],
11 11 S4p< |13.03 2P; 4p'[3/21,
12 12 13.33 2P, 4p’[1/2],
13 13 13.47 | 2P, 4p'[1/2]¢
14 [ 14 [ 13.84 3ds 3d[1/2]0
13.86 3ds 3dli1/2],
15 15 13.90 3d; 3d[3/2],
16 i86 13.98 | 3d4 3df7/214
17 17 14.01 3d. 3d{7/215
18 18 14.06 3d;” 3d{5/2]>
[ [ | 14.07 28Ss 5s(3/2],
19 19 (" {14.10 3d,’ 3d[5/2]5
[ [ 14.09 | 284 5s[3/2]4
20 20 14.15 3d, 3d[3/2],
21 21 14.21 38, 3d°[5/2].
S2 < [14.24 | 3S," 3d'{3/2],
22 { 22 { 14.23 | 2S,"" 3d’{5/2]5
, 14,24 2S5, s5°{1/2}
L L 14.25 | 28, 5s”{1/2]1
23 23 A ]1430 | 38, 3d°{3/2],
""" 24 | 1 sa3a lis71
25 S4 15.20

¥ SM : Sum of metastable states, 1 and 3.
¥* S§I : Sum of 2 and 4 states.




Table 2. Electron collision cross section set for argon. recommended
by the authour in 1992 am is the elastic momentum transfer. aqe of
1 to 25 azre the electromic excitation, aod qi is the lonization cross
secticns. I would iike to improve these cross section values slightly

£ qm 200 1.12 13.24 0.0209

{eV) (107 *%cm?®) 250 0.873 13.28 0.0197
300 0.713 13.3 0.0194

0 6.30 400 0.518 13.33 0.0191
0.01 4.20 500 0.397 13.36 06.0187
0.012 4.00 800 0.315 13.38 0.02086
0.015 3.69 800 0.219 13.40 0.0213
0.02 3.20 1000 0.161 13.44 0.0220
0.025 2.80 100030 0.00 13.48 0.02861
0.03 2.48 13.5 0.0245
0.035 2.20 E qel 13.52 0.0237
0.04 1.98 {(eV) {10~ *%cm?®) 13.6 0.0251
.05 1.59 14.0 0.0265
0.086 1.32 11.55 0.00 i5.0 0.0369
0.08 0.913 11.80 0.00543 16 0.0466
0.10 0.5489 11.61 0.00643 17 0.0500
0.125 0.381 11.62 0.00693 18 0.0495
0.15 0.255 11.63 0.00704 19 G.0482
0.175 0.162 11.64 0.00699 20 0.0464
0.20 0.108 11.65 0.00623 22 0.0418
0.225 0.0808 il.66 0.00633 25 0.0347
0.23 0.0781 11.87 0.00663 30 0.0253
0.235 0.0763 11.68 0.00665 35 0.0180
0.24 0.0765 11.69 0.00633 40 0.0132
0.245 0.0786 11.70 0.00603 50 0.00894
0.25 0.0816 11.71 0.00573 60 0.00375
0.275 0.103 11.72 0.00577 70 0.00222
0.3 0.138 11.73 0.00586 80 0.00141
0.35 0.216 11.75 0.00714 100 0.000652
0.4 0.310 11.77 0.00815 150 0.000170
0.5 0.507 11.80 0.00832 175 0.000100
0.6 0.69%0 11.81 0.00840 200 0.00
0.7 0.888 11.84 0.0120
0.8 1.07 11.88 0.00681 E ge?
0.9 1.25 11.90 0.006286 (eVv) (16 *%cm?)
1.0 1.42 11.84 0.00644
1.2 1.70 12.0 0.00704 11.62 0.00
i.5 2.08 12.1 0.00889 11.68 0.0104
2.0 2.84 12.2 0.0105 11.70 0.00738
2.5 3.56 12.4 0.0150 11.74 0.00568
3.0 4.31 12.6 0.0191 11.76 0.00541
4.0 5.78 12.7 0.0204 11.80 0.00488
5.0 7.68 12.74 0.0208 11.81 0.00484
6.0 .71 12.76 0.0210 11.85 0.00490
8.0 13.7 12.8 0.0208 11.90 0.004%5
10 16.1 12.86 0.0196 11.94 0.00500
12 16.4 12.580 0.0184 12.00 0.00520
15 13.7 12.91 0.0183 12,04 0.00530
20 Q.30 12.54 0.0186 12.1 0.00550
25 6.68 13.0 0.0222 12.2 0.00570
30 5.16 13.05 0.0405 12.4 0.00730
40 3.59 13.08 0.0267 12.5 0.00790
50 2.90 i3.10 0.0213 12.6 0.00850
60 2.54 13.13 0.0184 12.865 0.00860
80 2.14 13.16 0.0214 12.7 0.0088¢C
100 1.81 13.19 0.0262 12.74 0.00800
120 1.71 13.21 0.0308 12.8 0.00820
150 1.46 13.23 0.0221 12.9 0.00970

Argon 1
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30 0.0170
35 0.0122
460 0.00840
50 0.00595%
60 0.00415
80 0.00233
160 0.00148
150 0.0006860
200 0.000370
300 0.000163
385 0.000100
500 0.00

& ge2?
{eV) (10~ *%cm*®)
14.23 0.00
15 0.,00400
16 0.00960
is8 0.0190
19 0.0228
20 0.0255
22 0.0285
25 0.0310
30 0.0310
35 $.0290
40 g.0265
50 0.0215
80 0.0180
80 0.0138
100 0.0110
150 0.00760
200 0.00580
300 0.00395
500 0.00242
800 0.00157
1000 0.00127
16000 0.060

Argon 5

£
(eV)

14.30
15
16
18
20
22
25
30
35
40
50
50
80
100
150
200
300
500
800
1000
10000

E
(eV)

14.71
15
1§
18
20
22
25
30
35
40
50
60
80
100
150
200
300
500
800
1000
10000

£
(eV)

15.20
16
18
20
22

[=NeNeRe el

ge2d
(13_16(:[5!2)

0.00
0.00320
$.00730
0.0145
0.0198
0.0240
0.0280
0.03b5
0.0405
0.0440
C.
0
0
0
0
0
0
0
0
0
0

0480

.0495
.0495
L0477
.0395
L0330
.0260
.0182
.0147
.0129
.00

qed
(10—18cm2 )

c.00
0.00200
0.0100
0.0300
0.0480
0.0650
0.0810
0.124
0.150
0.165
0.
0
0
0
0
0
0
0
0
0
0

178

.178
.165
.1486
112
.0930
.0680
.0470
.0330
.0280
.00

qezZ2b
(10—18m2 )

.00

. 00900
.0320

L0630

.0850



25 g.112 350 1.81
30 0.148 400 1.68
35 0.170 500 1.46
40 0.183 600 1.30
50 0.193 700 1.16
60 0.193 800 1.06
80 0.173 1000 0.916
100 0.152 10000 0.00
150 0.115
200 0.0850
300 0.0710
500 0.0480
800 0.0330
1000 0.0270
10000 0.00

£ qi

{(eV) (10~ *®cm?)

15.76 0.00
16 0.0202
17 0.134
18 0.294
198 0.4860
20 C.627
21 0.787
22 0.933
23 1.086
24 1.18
25 1.30
26 1.41
28 1.80
30 1.80
32 1.96
34 2.11
36 2.24
38 2.33
40 2.38
42.5 2.45
45 2.49
50 2.53
55 2.60
60 2.66
85 2.73
70 2.77
75 2.82
80 2.84
85 2.85
30 2.86
100 2.85
120 2.81
130 2.76
150 2.68
160 2.62
180 2.52
200 2.39
250 2.17
300 1.98

Argon 6




2002. 12. 27.
Numbers of References

on Electron and Photon Collisions
with Atoms and Molecules
published in the 20th Century

Atoms (17} Molecules {50
A+t e At hy M+ e, M + hy,
He - 2170 * 2 H.. Do 1850 5 C(He 750
Ne 10 1140 # N2 2140 CFa4 300
AT g 1960 0, 1680 CCla 210
Kr 36 790 Co 1190 CCi1,F, 250
Xe 54 940 KO 850 CHsC1 90
SiH4 230
Li 3 450 Fo 170 SiFy 140
Na 11 800 Clz 320 GEH4 50
K 19 370 Bro 130
Rb 37 270 I» 240
Cs 55 370 6 C2H4 370
HF 260 CH-OQH 240
0 8 390 HC1 320
HBr 190
F 9 90 HI 100 7 SFe 180
Cl 17 130
3 C0- 1160 8 CqHe 260
Ca 29 180 HQU 850 C2F5 150
Cd 48 210 05 480 SioHe 70
Ba ss 329 N20 450
Hg 80 600 NOQ 390 g C3H5 120
HzS 278 CoHs0H 60
502 260
€S2 240
I 240 11 CsHs 190
not finail, but CaFg 100
finished mostly
4 CoH2 390 12 C(4Fg i00
include electron NHs 400 Cele 249
SWarill papers NFs 110 CeFeg 100
BF5 110
include B(I- 90 60 Ceo 300
review papers PH; 80
H-CO 180 r+v 760

+ He{Ne) 4+ e only. Not inciude He{Ne) + hy papers.



NIFS-DATA-45

NIFS-DATA-46

NIFS-DATA-47

NIFS-DATA-48

NIFS-DATA 4%

NIFS-DATA-50

NIFS-DATA-51

NIFS-DATA-52

NIFS-DATA-53

NIFS-DATA-54

NIFS-DATA-55

NIFS-DATA-56

NIFS-DATA-57

NIFS-DATA-58

NIFS-DATA-59

NIFS-DATA-60

NIFS-DATA-61

NIFS-DATA-62

NIFS-DATA-63

NIFS-DATA-64

NIFS-DATA-65

NIFS-DATA-66

NIFS-DATA-67

NIFS-DATA-68

NIFS-DATA-69

NIFS-DATA-70

NIFS-DATA-71

NIFS-DATA-72

Recent Issues of NIFS-DATA Series

Y. Yamamura, W Takeuchi and T Kawamarz,
The Screening Length of Interatomic Potential 1n Atommic Collisions, Mar 199 8

T Kenmotsu, T. Kawamura, T One and Y Yamamura,
Dynarmcal Smmulation for Sputtening of B4C, Mar 1998

i. Murakami, K. Monbayashi and T Kato,
Effect of Recombinancn Processes on FeXXIII Line Intensines: May 1998

Zhijie 11, T Kenmotse, T Kawarnura, T Ono and Y Yamarmura,
Sputtering Yield Calculatons Using an Interatorme Potental with the Shell Effect and a New Local Model. Oct. 1998

8. Sasaki, M. Goto, T Kato and §. Takamura,
Line Intensity Ratios of Helium Atorn 1 an Ionizing Plasma: Oct 1998

1. Murakami, T Kato and U. Safronova,
Spectral Line Intensities of NeVII for Non-equilibnum lemzanon Plasma Including Dielectrome Recombination Processses Jan 1999

Hiro Tawara and Masa Kato,
Electron bmpact lomzation Data for Atoms and lons -up-dated in 1998-: Feb. 1999

J.G. Wang, T Kato and 1. Murakam,
Validity of -3 Scaling Law in Drelectronic Recombination Processes Apr 1999

FG. Wang, T Kato and 1 Murakami,
Dielectromc Recombimation Rate Coefficients to Excited States of He from Het Apr 1999

T Kato and E Asano,
Comparison of Recombination Rate Coefficients Given by Empincal Formulas for Ions from Hydrogen through Nickel. June 1999

H.P Summiers, H. Anderson, T Kato and 5. Murakarm,
Hydrogen Beam Stopping and Beam Emssion Data for LHD Nov. 1999

S. Bomn, N. Matsunam znd H Tawara.
A Siumpie Theoretical Approach to Determine Relative Ion Yield (RIY) 1z Glow Discharge Mass Spectrometry (GDMS) Jan 2000

T Ono, T Kawamura, T Kenmotsu, Y. Yamaroura,
Simutation Study on Retention and Refiection from Tungsten Cartnde under High Fluence of Helium fons Aug 2000

1.G. Wang, M, Kato and T Kato,
Spectra of Neutral Carbon for Plasma Diagnostics: Oct 2000

Yu. V. Raichenko, R. K. Janev, T Kaw, D.V. Fursa, 1. Bray and EJ. de Heer
Cross Section Database for Collision Processes of Heliom Atom with Charged Particles.
1. Electron Impact Processes: Oct 2000

U Safronova, C Namba, WR Johnson, M'§ Safronova,
Relativistic Many-Body Calculations of Energies for n = 3 States in Aluminivmtike lons: Jan 2001

Ul Safronova, C. Namba, I. Murakami, W.R. Johnson and M.S Safronova,
E1.E2, M1, and M2 Transinons n the Neon Isoclectronic Sequence. Jan. 2001

R K Janev, Yu.V. Ralchenko, T Kenmotsu,
Unified Analync Formula for Physical Sputtermg Yield at Normal Ton Incidence: Apr 20G1

Y. Iukawa,
Bibhography on Elecwon Collsions with Molecules: Rotational and Vibranonal Excitations, 1980-2000 Apr. 2001

R.K. Janev, .G Wang and TKato,
Cross Sections and Rate Coefficients for Charge Exchange Reactions of Protons with Hydrocarbon Molecules: May 2001

T Kenmotsu, Y. Yamamure, T Ono and T Kawamura,

A New Formula of the Energy Spectrum of Sputtered Atoms from 2 Target Material Bombarded with Light lons at Normal incidence: May
2001

1. Murzkam, UU 1 Safromova and T Katoe,
Drelectronic Recombination Rate Coefficients to Excited States of Be-Iike Oxygen May 2001

N. Matsunami, E. Hatanaka, J. Koandoh, H. Hosaka, K. Tsumor, H. Sakaue and H. Tawara,
Secondary Charged Particle Emission from Proton Conductive Oxides by lon Impact; July 2001

R.K Janev, .G Wang, I Murakam and T Kato,
Cross Sections and Rate Coefficients for Electron-Tmpact lomzatnon of Hydrocarbon Molecuies: Oct 2001

S Zou, T Kato, 1. Murakam,
Charge Exchange Recombination Spectrescopy of L1 i fons for Fusion Plasma Dragnostics, Oct 2001

I Murakamu, T Kato, A. Igarasin, M. Imau, Y. ITnkawa, D Kato, M. Kimura, T Kusakabe, K. Monbayash:, T Morishuta, K Motohash:, L.
Pichl

AMDIS and CHART updaie (1 ): Oct 2002

S. Zou, L Pichl, M Kimura and T Kato
Total, Parmal and Differenrial lomzation Cross Sectons mn Proton-hydrogen Collisions at Low Energy Jan 2003

M. Hayash
Bibliography of Electron and Photon Cross Sections with Atoms and Molecules Published in the 20th Century - Argon —* Jan 2003
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