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Low-Energy Electron Tmpact Rate Coefficients
for Some Atmospheric Species

by
A, W, Ali

A. D, Anderson

Naval Research Laboratory
Washington, D,C, 20390

Abstract
Low-energy electron impact excitation and ionization rate coefficients,
relevant to ionospheric species, are calculated using measured or calculated

cross sections.

I. Introduction

In a disturbed E and F region where ionization has occured under the
influence of VUV radiation, the ejected photoelectrons possess energies of
the order of several eV or higher. These electrons lose their energies
through inelastic collisions with species present in the disturbed regions,
The inelastic processes include ionization, electronic excitations of +the
atoms, atomic ions, molecules and molecular ions, and vibrational excitations

of the molecules. For electrons with a few tenths of an eV energy, rotational
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excitationsl of the molecules and the fine struétureg exclitations of the
ground-state stomic oxygen may become important energy loss processes.
However, in this report,the latter two processes are not considered. In
addition to the usefulness of these rate coefficients to the understanding
of a UV fireball, one may use them for the-mn&sling of the every dsy

ionosphere and other atmospheric phenomena such as day-glow, surorae, ete.

IT. Raﬁe Coefficient

If Gij(E) denotes the cross-section as a function of the incident
electron energy E, for either the excitation or ionization of astoms, ions,

or molecules, the relevant rate coefficient can be expressed as

’ ST -E/T
L. E RO,V > o= Y L LI
X: 5 %y K T fE cla( Y e aE (1)
where K, = 6£.697 x 107, T is the electron temperature in units of electron
volts (eV), and < o v > implies the average of o with v, the electron
veloeity, over an electron Maxwellian velocity distribution. In Egquztion
(1) one may use either experimentally measured or theoretically calculated
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cross sections. Generally, one obtains a fit” for o over the entire range

if an anslybtic expression is not available.

The atmospheric species of interest, whose relevant excitation and

ionization rate coefficients are calculated here, are Hg’ ﬁ;} 5, 02, an& C.

A, ﬁg

A.1 Vibrational Excitation Rate Coefficients

The elechron impact excitation rabe coefficients Tor eight ground-
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state vibrational levels of N2 are shown 1n Figure 1, sg-hultz|lF meagured

cross sectiong, shown in Figure 2, were uged, Numerical values of these

rates in the electron temperature range of C.1 - 5 eV are given in Table 1,

A,2 Electronic Excitation Rate Coefficients

+
The electron impact excitation cross sections of ABEZu ’

B3*rrg s 03 T v 7)::_' 2nd B Z‘f; triplet states of N, calculated by
Cartwright5 are shown on Figures 5-7, respectively, The corresponding
excitation rate coefficients are shown on Figures 8-12, Numerical values
of these rates are given in Table IT for the electron temperature range of

0.1-5 ev ,

The excitation rate ccefficient of(a lryof Né is given in Table

ITTI. This rate was obtained using the cross section given in Reference 1.

A3 Tonization Rate Coefficient

The ionization cross section of Né as measured by Tabe and

Smith6 is shown in Figure 13. The corresponding rate coefficient is

shown in Figure 14, Numerical values of this rate are given in Table IT

for an electron temperature range of 0.1-5 eV,

B. Né

B,1 The Electronic Excitation Rate Coefficient

+
The excitation of Né Tirst negative band can occur directly

as a result of the collision between energetic electrons and the nitrogen

molecule, The cross sectionT

for this process is shown in Figure 15 and
the corresponding rate coefficient in Figure 16. Numerical values of this

rate are given in Table II,

The same band can be excited by low-energy electrons in collisions
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with the ground state of ﬁéqﬁ, The Lee and Carlton’sg measured oress
section for this prccess'is gshown in Figure 17, The excitation rate
coefficient using this cross-section is given in Table IV, However, we
believe that the crogs section is too large and thus the corresponding
rate shouwdd be modified, In an.experimentg at WRL it was showm that this

rate may be too larsge by as much as a fachtor of 60,

C. ©

C.1 Electronic Execitation ERate Coefficient

The oxygen abom possesses two low-lying electronic metastable
states, i.e,, O(lﬁ} and G(IS),Which are of considerable aercnomic interest,
The electron impact excitation cross sectiong for these two stabes and for the
O(lD} —iO(lS) transition are shown in Figure 18,as caleulated by Henry eb
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al. The corresponding excitation rate coefficients are shown in Figure

19 and are tabulated in Table V.

The electron impact excitation of the resonance state of oxygen
(0(5§} -§G(ES)} hag recently been measured by Stone and Zipfll and the
cross sechion is showm in Figure 20, The corresponding rate coefficient

is shown in Figure 1 and is given in Table V.

¢.2 TIonization Rate Coefficient

The ionizabtion rate coefficient for atomic oxysen is tabulated
in Table ¥ and is shown in Figure 22, This rate was obtained using the Fite

and Brackmann’sl2 measured crogs section which is shown in Figure 25,

D. N

D.1  Electronie Excitétion Rate Coefficient

Two low-lyling states of the nitrogen atom, i.e., H(ED} and

L




N(Ep), which are metastable, play irmportant roles in the disturbed E and
F layers of the ionosphere. Their excitation cross sections znd that of
N(ED) —»N(gp) as calculated in Reference 10,are shown in Figure 24, The
corresponding rate coefficients are shown in Figure 25 and are given in

Table V,

The electron impact excitation cross section of the nitrogen
resonance line N(AS) - N(up) has recently been meagured™ and is shown
in Figure 26, The corresponding rate coefficient is shown in Figure 27 and

is given in Table V.

D.2 Tonization Rate Coefficient

The ionization rate coefficient of the nitrogen atom is
shown in Figure 28 and tabulated in Table V. This rate was obtained using

1
the meagured cross section of Smith et al j, which 1s shown in Figure 29,

E.1 Flectronic Excitation Rate Coefficient

The electron impaclt excitation eross sections of Og(alD)
and Og(blET) are shown in Figures 3C and %1, respectively. These cross
sections were taken from Trajmar et a,ZL.:LL'L The corresponding excitation
rate coefficients are shown in Figures %2 and 23, respectively. Numerical

values of thege rates are given in Table TT.

E.2 Tonization Rate Coefficient

The electren impact ionization cross section6 of O2 is

shown in Figure 5#, and the corresponding rate is shown in Figure 35.

Numerical values of the ionization rate coefficient of 02 are given in

Table II.




ITT, QBRemarks

The ionization cross sections for Né . 02, 0,and N given in this
report are from the review article of Kieifer and Dunn.15 Theze and other
cross sectiocns are used to obtain the corresponding rate coefficients.
However, . superelastic collisions are also imporbtant in a disturbed

ionosphere., Therefore, one may cbtain the deexcitation rabe coefficients

using detalled balancing.
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Table 1

Flectron Impact Excitation Rate Coefficients of
Eight Ground-State Vibrational Levels of N2

w

Xa

1,98¢-abky* 1.kof-16) &.28(-17}

b.01{-12}
5.63(-11)
2,08{-10}
L. 38{-10}
6.96{-10}
g.43(-10}
1.18{- g}
1.3h
1.18
1.58
1.66
1.71
1.7k
1.76
.7
1.76
175
1.7
1.56
1.59
1.24
1.1x(- 9}

$.95(-30)

1.88(-12}
2.82(-11)
1.:h{-10}
2,52
k.
5.66
T.04
8.20
9.12
5,84 {-10}
2.08(- 9}
1.08
1.10
1.12
1.12
1.12
1.32
1.31
1.02(- 9}
g,21{-10}
8.29
T5T7

6.7h

8.81{-13)
1.83({-11)
7.59{-11)
1.68(-10)

-1

3.7¢
k.67
5.h1
5.99
6.h3
6,75
6.96
7.09
7.16
T.17
7.15
7.09
7.00
£.26
5.57
Lo
38

3,50

¥

1.57(-17}
¥.16(-13}
1.05{-11}
B, 76(-11)
1.,11{-10}
1.88
2.65
3.35
3.98

b g

5.85

5.5

5.39
5.56
5.67
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5.81
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5.51

5.15

L.77

B b3

L a2

Xg
5.58(-18)
2.16{-13}
6.20{-12)
3.02(-11)
7.33{-11)
1.27(-10}
1.82
2,32
2.75
3.11
3.38
.60
3.0
3.86
3.9%
5,96
3.97
5.95
5.9
3.6
3.36
2:93
268
2.38

Xs
1.37(-18}
1.1&?113}
k.1s(-12)
z,24(-11}
5.77(-11}
1,04({-10)
1.52
1.98
2.38
2.72
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2.20
337
3.8
5.57
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3.65
3.66
3.55
%45
5.20
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2.5%

Xy

2.27(-19}
5.08(-1h)
1.b5(-12)
w.T1(-327
2.39(-11)
by
6.76
9.00(-11}
1.20{-10}
1.27
1.4

1,53

1.62
1.69
2.7k

177

1.79

1.80
1.80
1.7
1.58
1.bh
1.32

1.21

Xa
2,51{-20}
7.02(-23}
b3x(-13)
2.85(-12})
§.26(-12)
1.60(-11)
2.47
3.3%

.12
4.8
5.537
5.8
£.139
TS
6.65
6,18
6.86
6.8
6.89
645
5,58
5.29
5,7

k,oh

8-§6f-io) £.13(-10) 3.%9(-10) 3.8k{-10} 2.16(-20} 2.39{-10} 1.12{-30} 3. 80(-11}

fFumbors in poronthesis indicate powers of 10 by which the cniries are to be multiplicd.
Where no paranthesis are glven ths enfries are multiplied by the power of 10 for iha
precoding eunlries,










Table 1V
Electron Impact Excitation Rate Coefficient of O-O Band of the
First Negative System of N.* by Direct Excitation
from the Ground State of N,*
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