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Electron collisions 
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In one dimension the solution indicates exponential decrease of potential 

 perturbing effect of a charge will tend to penetrate into the plasma only  

to the distance of the order of the Debay length D 

Linear approximation just to understand problem   

Linear   
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at 1000K, n=4.8x1012m-3= 4.8x106 cm-3 

ld=1 mm = 0.001m  

at 10K, n=1x1010m-3= 1x104 cm-3 

 ld~2 mm ~ 0.002m 
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For quasineutral plasma,  

n10= n20= n/2= with T1=T2 we obtain  
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Oscilation  
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oscilations and collisions  
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Condition of ideal plasma 

Many types of collisions ….. 



Coulomb Logarithm  



Coulombic interaction 

Coulombic interaction … formula for angle 

Coulombovský rozptyl 

Literatura: 

„Velký Kracík“ … čísla rovnic… 

Coulomb Logarithm  
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Už jsme ukázali, že platí…. 

Coulomb logarithm  
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Temperature dependence  

kl - klasický 

kv - kvantový 

Coulomb logarithm  

L~ 5 – 20 …… 

F= const .L 



Rutherford atom 

+ 
10-14m 

10-10m 

Not to scale!!! 

If it were to scale, 
the nucleus would 
be too small to see 

Even though it  has 
more than 99.9% 
of the atom’s mass 



Collisions of electrons with atoms 

Classical or quantum approach? 

Electron: 

1eV   v=5.9x107cm s-1 

  ~a0/v ~10-8/ 5.9x107=2x10-16s 

  ~2A  2x10-8cm  de Broglie 

Ar+: 

1eV   v=2x105cm s-1 

  ~a0/v ~10-8/ 2x105~6x10-14s 

  ~ 9x10-11cm  de Broglie 
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Collisions in plasma 

 

Reactions in plasma 

 

Interactions of particles  in plasma 
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Details of interaction of electron with H2 (1990) 
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Cross sections for vibrational excitation, dissociation, ionization…H2 

H2 + e   H2(v) + e …….  Vibrational excitation 

  H + H +e…….  Dissociation 

  H2
* + hn  e …  Photon excitation 

  H2
+ +e + e…..  Ionization 

  H+ + H + e + e  Dissociative Ionization 
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Ion source 
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Impact ionization 



Cross sections for vibrational excitation, dissociation, ionization…H2 

H2 + e   H2(v) + e …….  Vibrational excitation 

  H + H +e…….  Dissociation 

  H2
* + hn  e …  Photon excitation 

  H2
+ +e + e…..  Ionization 

  H+ + H + e + e  Dissociative Ionization 

Photon excitation 
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e + Ar 
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Collisions with electrons 



Cross sections for vibrational excitation, dissociation, ionization…H2 

H2 + e   H2(v) + e …….  Vibrational excitation 

  H + H +e…….  Dissociation 

  H2
* + hn  e …  Photon excitation 

  H2
+ +e + e…..  Ionization 

  H+ + H + e + e  Dissociative Ionization 
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reactions 

1/=kBIN[B]= … nv ... =[B]v ….[B] <v> 

kBIN= <v> 



HArHArH  

2

0 1x10
-2

2x10
-2

3x10
-2

4x10
-2

5x10
-2

6x10
-2

10

100

H
2

+

ArH
+

 ~ 1.5
 
ms

 ~ 35
 
ms

 H2+

 ArH+

 H2+ Pulse ON (+150/-100V)

 

 

io
n

 d
en

si
ty

time (s)

T
22PT

 = 14
 
K

s(vr) 

reaction cross section 

(Ar.H2)
+ 

Single collision 

H 

ArH+ 

vr 

Ar 

H2
+ 

Ar Ar 

H2
+ 

I=I0exp(-snArx) 

H2
+ 

Ar 

reaction rate coefficient 

k(T) 

T 

T 

d(nH2+)/dt=-k nH2+. nAr 

Multiple collision  

@ T 

nH2+. =(nH2+). 0 exp(-knArt) 

k
(T

)=
<

v
s

>
 

Kinetics of elementary process 



s(vr) 

DCBA  

k(T)=<vrs(vr)> 

)(Tkk BINBIN 

)()(.).( Tkdvvvvfk
v

T   s



Low energy collisions with molecules 
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Reaction coordinate 
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Collisional Energy EA 
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Collisional Energy 
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It is written for process with electron energy 

e.g. exciatation by collisions with electrons 

The thermal average reaction rate constant 

The thermal average rate constant 

The reaction rate coefficient 



Endothermic reaction: Ea(forward) > Ea(reverse) 

Exothermic reaction: Ea(forward) < Ea(reverse) 

Higher temperatures favor products for an endothermic reaction 
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Some experiments and data…. 



Collision cross section of IMR 
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Hydrogen 

Actual experiments and theory 
2020 



Hydrogen 
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Very recent  experiments and theory 
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For large energies ~0.001 – 10 eV 
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Older experiments and theory 
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kcol= <v>~ <v1/v>= const. 
kcoll~10-9cm3s-1 



Ionic composition of the atmosphere 



Reaction Rate of IMR relevant for ionosphere 

kcoll~10-9cm3s-1 
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Reacation cross section 
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Frequencies of elastic collisions 

n~nvs 

Collision 
Frequencies 
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IP= I0 exp(- QNx) 
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Radius of the first Bohr orbit of H atom 
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Very low collision energies 

Kr & CCl4 
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Very low collision energies 



Very low collision energies 
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Electron attachment at very low electron energies 

o

A510

o

A510
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End of story 25 10 2021 





Collisions of electrons with atoms 

Classical or quantum approach? 

Electron: 

1eV   v=5.9x107cm s-1 

  ~a0/v ~10-8/ 5.9x107=2x10-16s 

  ~2A  2x10-8cm  de Broglie 

Ar+: 

1eV   v=2x105cm s-1 

  ~a0/v ~10-8/ 2x105~6x10-14s 

  ~ 9x10-11cm  de Broglie 

n=8, l=0,m=0 

r=200A Rydberg atom 
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H3
* + e    at   10  K  ???? 



electrons 

De Broglie wave length 
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Low energy collisions of electrons with molecules 




