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Rationale: edge and divertor plasma

Guillemaut et al. Nucl.Fusion 54 (2014) 093012



2. Partial cross sections:
elastic scattering         e+A →e+A 
 rotational excitation     e+CH4 (J=0) → e+CH4 (J=2)  
 vibrational excitation   e+AB(v=0) → e+AB(v>0)  
electron attachment (dissociative)  e+AB → A- + B 
electronic excitation    e+A →e+A* 

 emission lines: A* → A + hv 

neutral dissociation      e+AB → A + B + e 
     emission from dissociation e + AB → A* + B + e + hv 
ionization                     e+A →A++2e 
 dissociative ionization  e+AB → A + B+ + 2e 
 ionization into excited states e + A → (A+)* + 2e

1. Total cross section

Data needed:   
I Neutrals (H, C, C2, Be,  BeH2,  CH4)



Experimental methods: total
attenuation method I = I0 exp(-σnL);  precision <5%

M.-Y. Song et al., JCPRD 44 (2015) 023101  B. Goswami et al. PRA 88 (2013) 032707  

NF3

H. Nishimura et al.,  
J.Phys. Soc. Japan 72 (2003) 1080



Experimental methods: elastic

I. Linert, B. Mielewska, G. King, and M. Zubek, PRA (2006)



Experimental methods: excitation 
(electronic, vibrational)

Experiments by: 
I. Linert, M. Zubek (Gdansk) J. Phys. B 39 
(2006) 
M. Khakoo et al. (Fullerton California) 
M. Allan  (Freiburg University) 

e- + O2 (v=0) – e- + O2 (v=0, 1, 2, etc.)



Experimental methods: ionization

R. Basner, M. Schmidt, K. Becker, Int. J. Mass Spectr. 233 (2004) 25

If two ions are formed 
(for example CH4→CH3

+ + H+ + 2e) 
the ionization is counted twice



Total cross sections: beam (±5%)

M.-Y. Song, Y.-S. Yoon, H. Cho, Y. Itikawa, G. P. Karwasz, V. Kokoouline,  
Y, Nakamura, J. Tennyson, Journal of Physical and Chemical Reference Data  
44, 023101 (2015)



„One century  experiments on electron-
atom and molecule scattering (2001)

G.P. Karwasz, R.S. Brusa, A. Zecca, Riv. Nuovo Cimento, 24, no.1 (2001)

3 volumes, some 50 molecules



G.P. Karwasz,  
R.S. Brusa, A. Zecca,  
Riv. Nuovo Cimento,  

Vol. 19, No. 3 (1996)  
atoms & diatomic  

Vol. 24, no.1 (2001) 
triatomic etc. 

Vol. no 4.  (2001) 
hydrocabons

3 volumes,  
some 50 molecules



Compared,  
checked, 
not recommended



Electron-scattering database – UMK (2013)

http://dydaktyka.fizyka.umk.pl/ESCS/



Electron-scattering database – UMK (2013)

http://dydaktyka.fizyka.umk.pl/ESCS/



Electron-scattering database – UMK (2013)

http://dydaktyka.fizyka.umk.pl/ESCS/

H2O: Ionization – intergal cross sections



Electron-scattering database – UMK (2013)

http://dydaktyka.fizyka.umk.pl/ESCS/

H2O: elastic – differential cross sections



Landolt-Börstein Data (2003)
G.P.Karwasz, A.Zecca,  R.S.Brusa,  Electron Scattering 
with Molecules. Total. (in:)  Landolt-Börnstein. Numerical 
Data and Functional Relationships in Science and 
Technology. New Series / Editor in Chief: W. 
Martienssen. Group I: Elementary Particles, Nuclei and 
Atoms. Volume 17. Photon and Electron Interactions with 
Atoms, Molecules and Ions. Subvolume C. Interactions of 
Photons and Electrons with Molecules. Chapter VI.1 , p. 
6.1-6.51, Springer-Verlag, Berlin, Heidelberg, 2003 



Landolt-Börstein Data (2003)

0.1 eV 1000 eV



„Recommended” cross sections for 
electron scattering with molecules 

Mi-Young Song, Jung-Sik Yoon,  
Plasma Technology Research Center, National Fusion Research Institute, Gunsan, South Korea 

Hyuck Cho 
Department of Physics, Chungnam National University, Daejeon, South Korea 

Grzegorz P. Karwasz  
Faculty of Physics, University Nicolaus Copernicus, Toruń, Poland 

Viatcheslav Kokoouline 
Department of Physics, University of Central Florida, Orlando, USA 

Yoshiharu Nakamura 
6-1-5-201 Miyazaki, Miyamae, Kawasaki, 216-0033, Japan  

Jonathan Tennyson 
Department of Physics, and Astronomy, University College London, United Kingdom 

e-mail:  karwasz@fizyka.umk.pl



∫
∞

⎟
⎠

⎞
⎜
⎝

⎛−=
0

0
2/1 )(

)(3
2 dE

dE
Edf

E
E

N
eF

m
w

mσ

∫
∞

⎟
⎠

⎞
⎜
⎝

⎛=
0

0

2/1

)(
)(3

12 dEEf
E
E

Nm
D

m
T σ

),(),(),(),(-),( 2

2

2

2

2

2

tn
z

Dtn
y

tn
x

Dtn
z

wtn
t eLeeTee rrrrr

∂

∂
+⎥
⎦

⎤
⎢
⎣

⎡

∂

∂
+

∂

∂
+

∂
∂

=
∂
∂

Swarm experiments: diffusion 
coefficients → cross sections

Experiment is simple, but requires 
guessing cross sections, that can  
form a non-unique set 



Vibrational: swarm cross-check

M.-Y. Song et al., J. Phys. Chem Ref. Data (2015)

CH4



NO swarm data
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L. Josić, T. Wróblewski, Z.Lj. Petrović, J. Mechlińska-Drewko, G. Karwasz  
Chem. Phys. Lett. 350 (2001) 318 



NO – congruent set of cross sections
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Confirmed by beam experiments (ANU Canberra, Fribourg Uni)



Semi-empirical methods: elastic (MERT)

K. Fedus, G. Karwasz, Eur. J. Phys. D  (2014)  

Link between elastic, total, MTCS: in some simple cases, and low energies

CH4

MERT allows to inks elastic, total, MTCS:  
for atoms, spherical molecules @ energies <1 eV



Electronic excitation: swarm, beam, theory

M.-Y. Song et al., J. Phys. Chem. Ref. Data, submitted

N2O



Ionization: partial

These data are from L-B, based on Tian and Vidal.  
Data by Feil et al. and King/Price change little on this picture



Ionization: total (±5%)



Ionization: partial (±15%)



Ionization: BEB  formula

G. Karwasz, P. Mozejko, M.-Y. Song, Int. J. Mass Spectrometry365/366 (2014) 23  (2014)

Normalized energies:  t= E/In, 
    un=Ekin / In        

Only two values needed from QCh

Experiment 
overestimes 
tcounting 
ionization 
(due to  
dissociative 
ionization)



Ionization (BEB): CH4, CH3F, ... CF4

G. Karwasz, P. Mozejko, M.-Y. Song, Int. J. Mass Spectrometry 365 (2014) 232  

Thumb rule (?) 

σmax = 4/3 α 



Total and partial:  C2H2



http://www.adas.ac.uk/2016talks/2016_ADAS_MSong.pdf



NFRI – Republic of Korea

http://www.adas.ac.uk/2016talks/2016_ADAS_MSong.pdf



http://www.adas.ac.uk/2016talks/2016_ADAS_MSong.pdf



Nitrogen oxides (2019)



Nitrogen oxides (2019)



„Recommended” cross-sections: CH4

CH4

M.-Y. Song, J.-S Yoon, H. Cho, Y. Itikawa, G.P. Karwasz,  V. Kokoouline, Y. Nakamura, and J. Tennyson,  
Cross Sections for Electron Collisions with Methane, J. Phys. Chem. Ref. Data, 44 (2015) 023101. 



„Recommended” cross-sections: C2H2

CH4
C2H2

M.-Y. Song, J.-S. Yoon, H. Cho, G. Karwasz, V. Kokoouline, Y. Nakamura, J. Tennyson,  
Cross Sections for Electron Collisions with Acetylene”, J. Phys. Chem. Ref. Data 46 (2017); 013106 



„Recommended” cross-sections: N2O

CH4
C2H2

N2O

M.-Y. Song et al., JPCRD (2019) in press
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