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Cross Sections for Electron Collisions with Oxygen Molecules

Yukikazu Itikawa®

Institute of Space and Astronautical Science, Sagamihara 229-8510, Japan

(Received & July 2008; accepted 23 October 2008; published online 12 December 2008)

Cross section data are collected and reviewed for electron collisions with oxygen
molecules. Included are the cross sections for total and elastic scatterings, momentum
transfer, excitations of rotational, vibrational. and electronic states, dissociation, ioniza-
tion, electron attachment, and emission of radiations. For each process, the recommended
values of the cross sections are presented, when possible. The literature has been sur-
veyed through the end of 2007. © 2009 American Institute of Physics.
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» Wakiya J.Phys.B 11, 3913 (1978)

» Shyn et al. Phys.Rev A 50, 4794 (1994)
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recommends
Shyn et al. (1994)

but more experiments should be done
In 2010

a hew measurement by
Tanaka’s group at Sophia Univ.
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Electron excitation of the Schumann-Runge continuum, longest band, and
second band electronic states in O,

Daisuke Suzuki,' Hidetoshi Kato,! Mizuha Ohkawa,! Kazutoshi Anzai,! Hiroshi Tanaka,’

Paulo Limao-Vieira,? Laurence Campbell,® and Michael J. Brunger®2

' Department of Physics, Sophia University, Chivoda-ku, Tokyo 102-8554, Japan

2Laboratorio de Colisoes Atémicas e Moleculares, Departamento de Fisica, CEFITEC, Universidade Nova de
Lisboa, P-2829-516 Caparica, Portugal
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GPO Box 2100, Adelaide, South Australia 5001, Australia




R " - e T

| | | e+ 0O, exc B
10— e e == Shyn (1994) [ .

‘ © Wakiya (1978) i i
o o Semue (2010 Which is the best ?

2
cm’)

-16

excitation crss section (10

04 T S — — L

40 60 80 100
electron energy (eV)



1000 -

=100 -_ fit
o= ' 4 Shyn
= O Wakiya
- < Johnson

=

DCS (107

ﬂ-l PR TN T TN T N [N WO TN T T TN T TN W T T T T U WO N U U T T T W NN TN N TN N TN T N W N T WO T O T T O O T T A
0 50 100 1500 50 100 1500 50 100 1500 50 100 150

Scattering Angle (deg)




DCS (10*°cm?/sr)

1000}

100}

o
o ©
O

=
o
o

Schumann-Runge

10¢

10}

Reomdiztoddrsncaa ~ ° [Renormalize to Presentdata |
3 20 eV 30 eV;
> Wakiya 1 ® Presentwork |
A Shyn L > Wakiya
®  Trajmar A Shyn
€ Johnson € Johnson E
> Wakiya x 0.70 > Wakiya x 0.79 ]
A Shynx0.75 A Shyn x 0.89

0 30 60 90 120 150

i Renormalize to Johnson data
:_Renormallze to Johnson data5 O eV_ eV_
: ‘é"h‘i‘/';'ya : > Wakiya
®  Trajmar (45 eV) || ¢ Johnson
L | v Newell 1
' 4 Johnson : > Wakiya x 0.86 |3
> Wakiyax0.71 v Newell x 0.55 |1

0 30 60 90 120 150 180

Scattering angle (degree)



IO F ik (2D —)

A— )LD ;EH

—



The Born method

For the dipole-allowed transition
like O, (X) — O, (B)

the Born approximation gives
a good result at a high energy ( > 100 eV)

—



Born :f{LlDIE TR ILF—E 7

ZEELT. I RILX—EFHTHE
SE A




Scaling by Yong-Ki Kim

To extend the Born c.s. toward lower
energies, Kim proposed a scaling method

T: energy of incident electron
B: binding energy of the excited electron
E: excitation energy

am. Phys. 126, 064305 (2007)
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e + H,

Kato et al., Phys. Rev. A 77, 062708 (2008)

----PWBorn[1]

—— BEf-scaled [1]
Sophia

Wrkich et al.[4]
Khakoo ef al. [3]
Srivastava ef al. [2]

distorted-wave Born [5]

7-state R-matrix [11]

- -- -- impact-parameter theory
& Ajello et al.[7] (8]

Landolt-Bornstein [32]
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Q;... for O,

Wei-Qing Xu et al.,
Phys. Rev. A 82, 042716 (2010)

25 keV OEF=E->THAHTEEZAIRE
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e + O

energy 100 eV |500 ev [1000 eV |uncertainty
total(T) 8.68 3.58 2.08 5%
elastic(E) 4.78 1.72 1.10 20 %

ionization(l)| 2.43 1.46 0.922 5%

T-(E+1) 147 | 040 | 0.06

exc 0.41 0.13 0.08 25 %

dissociation 0.33

2

cross section in 107® cm
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Nucl. Instr. Meth. A 536, 176 (2005)

Available online at www.sciencedirect.com NUCLEAR
INSTRUMENTS
BEI!HEE@DIHEET‘ &“ETHGD‘S
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o RESEARCH
ELSEVIER Nuclear Instruments and Methods in Physics Research A 536 (2005) 176- 188 Secton &

www elsevier.com/locate/nima

An approach to Monte Carlo simulation of low-energy
clectron and photon interactions in air

A. Mufioz®, J.M. Pérez**, G. Garcia®, F. Blanco®

Laboratorio General de Electronica v Awtomdtica, Centro de Investigaciones Energéticas Medioambientales v Tecnoldgicas [ CIEMAT ),
Avenida Complutense 22, 28040 Madrid, Spain
P instituto de Matemdticas v Fisica Fundamental, Consefo Superior de Investigaciones Clentificas, Serranc 121, 28006 Madrid, Spain
“Departamente de Fisica Argmica, Molecular v Nuclear, Universidad Complutense de Madrid, Avenida Complutense sn.,
28040 Madrid, Spain
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24th Summer School and International Symposium on the Physics of lonized Gases [OP Publishing
Journal of Physics: Conference Series 133 (2008) 012002 doi:10.1088/1742-6596/133/1/012002

Energy deposition model based on electron scattering cross section data
from water molecules

A.Muiioz', J. C. Oller’, F. Blanco®, J. D. Gorfinkiel’, P. Limao-Vieira®, A.
Maira-Vidal’, M. J. G. Borge™ O. Tengblad®, C. Huerga®, M. Téllez’ and
G. Garcia’
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