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REBEARCH NOTE 

N, VIERATIONAL DISTRIEUTXON IN AURORAE 

(Receiued 8 November 1978) 

AkttRrt--The NF vibrational d~~bu~n is calculated for a specific IBC Class II aurora using as 
input, data obtamed from coordinated rocket and satellite observations and currently accepted 
excitation and quenching rates. The results of the calculations indicate no signi6cant vibrational 
enhancements for this specific aurora nor for “upper limit” estimates for more intense aurorae. We 
conclude from this study that if sign&army larger concentrations of vibrationally excited Na molecules 
exist in the aurora, as recent rocket e.u.v. me~mernen~ suggest, current concepts of the sources and 
sinks of Na vibrational excitation will require significant revision. 

Recently Erdman et al. (1978) and Zipf and McLaughlin 
(1978) have drawn attention to the fact that the electron 
impact cross-sections for the excitation of the cd”&+-, 
XrS + e.u.v. band system of N, is almost as large as that 
for t8e 3914 A (O-O) band of N,+. The above-mentioned 
band system is readily observable in the laboratory under 
optically thin conditions in the wavelength range of about 
900-llOO A, however recent auroral observations by 
Christensen (1976) and Park et al. (1977) show a strikine 
dearth of Ni e.u.v. radiation in this wavelength rang; 
Erdman et al. (1978) and Ziof and McI_atmhlin (1978) , 
suggested that this lack of observable e.u.v. emission is 
due to entrapment of radiition by an enhanced popula- 
tion of vibrationally excited Na (mainly in u = 1 and 2 
levels) corresponding to an equivalent vibrational temper- 
ature of several thousand degrees Kelvin. 

These suggestions, coupled with the knowledge that the 
amoral ion and minor constituent chemistry is strongly 
affected by vibrationally excited N,, make it appropriate 
to re-evaluate and update our present understanding of 
N, vibrational temperatures in aurorae. 

The only direct measurement of the N, vibrational 
auburn in an aurora was made by O’Neil et al. (1974) 
at Fort Churchill, Canada in an IBCclass II aurora: They 
derived the NJX*T;,+) vibrational temoerature bv obtain- 
ing the u = 0 &id v”& 1 population from the N,‘(Bsm +) 
induced luminescence. They concluded that, within thgir 
estimated accuracy, they could not detect a vibrational 
temperature in excess of the estimated kinetic tempera- 
ture, although they do state that they may have observed 
an anomalously bigb u = 2 population. 

The last published and specific calculation of the N, 
vibrational temperature distribution in an aurora is nearly 
1Oyr old (Walker et at., 1969) and since that time many 
of the important rate coefficients have been measured 

and/or revised and therefore the results need to be re- 
evaluated. In this brief note we present the results of 
calculations leading to an upper liit estimate on the 
aurora1 N, vibrational population since such a liit is 
sutlicient for our present purposes, 

Probably the most comprehensive optical, particle and 
composition measurements in an aurora were carried out 
in a coordinated rocket (NASA 26.029) and satellite 
(AE-C) overflight over Fort Churcbill by Sharp et al. 
(1978). In this calculation we use the basic data set 
obtained during these coordinated measurements. Here 
we do not reproduce the data set in any detail, nor discuss 
the variety of methods used for obtaining the various 
composition, emission and flux profiles; the reader is 
referred to the original paper by Sharp et al. 1978. 
The gas density values used in the calculation are given in 
Table 1. As we are interested in an upper limit on the N2 
vibrational population we (1) assume the maximum possi- 
ble production of vibrational excitation in the sonrce 
reactions, (2) carry out the calculations in terms of the 
total number of vibrational quanta and (3) scale these 
data to simulate other aurora1 conditions. The most im- 
portant sources of N2* ’ III the auroral E-region are: 

O(‘D) f N, --f O(‘P) + N,# (1) 
N+NO-+N,++O (2) 
Ns-i-e+N,*+e. (3) 

Laboratory measurements by Slanger and Black (1974) 
indicate that reaction (1) leads to N,(u = 2). At E-region 
altitudes, to all practical purposes, O(“D) is completely 
quenched by Na via reaction (l), therefore, the mzmber of 
vibrational quanta produced through this mechanism is 
simply given by twice the O(‘D) production rate. Rusch et 
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NASA 26.029 “Enhanced” values adouted 

Altitude 
(km) 

ii0 
130 
150 

101 [NOI &I 
(cm-3) 

cQ?l [NOI 
k-m-3) k36) (a-3) 

lWD)l P$!,l 
tc=e (a-3) 

PJ(‘D)l D’JA?j; 
(c=3) 

15x10*+ 3 1x10”* 6 1x10 
1:1 x 10” 1:5x 10’0 

I0 1.0x109 
1’2 x 1oro 

3.0x lo4 3.0x 10s 1.3~10’” 15x10 4.8~10’ 

5:0x 
2.0 x 108 7.0x lo4 3.0 x 105 6.2 x lo8 7.9 x 10s 2.8 x lo6 

3.1 x lOlo 3.8x lo9 log 8.0 x lo7 l.OxlOs 3.4x105 1.9x lo8 1.2x lo6 3.3 x lo6 
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NASA 26.029 “Enhanced” conditions 

Equi- Equi- 
Number valent NUmbeI valent 

density of vibra- density of vibra- 
Rate of Nz6 vibm- tiOd vibm- tiOd 

Altitude Quenching timal temper- tiOd temper- 

(W by O(‘P)(s-‘) Nz6 production rates quanta amre N,” production rates quama ature 

h(NzY) pAwy ) P,(N,“) n(N,“) 2) pm27 pm,“) Pd’b”) G%“) 
(cm-” s-y (L-w3 s-1) (al-” s-I) (al-‘) (al-’ s-y (cm- s-l) (an-’ s-y (en-3 (2) 

110 6.7x10-” 1.1~10~ 4.2~104 1.9x105 5.1~10~ 590 5.4X105 1.3x106 1.9x106 5.7XlO’O 1000 
130 1.6~10~ 1.3~10~ 1.1~104 2.3~10” 3.0~10’ 570 1.4 x lo5 3.5 x lo5 2.3 x 10’ 4.6 x lop 1100 
150 1.4X104 4.6~10~ 5.7~10’ 9.5X10’ 1.4X10’ -T, 5.5 x lo* 1.5 x 10” 9.5 x lo4 2.1 x 109 1250 

al. (1978), using the data from the coordinated measure- 
ments mentioned earlier, have concluded that the major 
source of O(lD) in the E-region during an aurora is the 
reaction 

N(*D) + 0, + O(iD) + NO. (4) 

Assuming unit efficiency for tbis reaction and using the 
N(zD) density calculated by Rusch et al. (1978) we obtain 
the production rate of N, vibrational quanta, PI(N2”), 
given in Table 2. 

The work of Morgan et al. (1962) indicates that reac- 
tion (2) leads to a N, vibrational population peaked near 
v = 5. Assuming that all reactions lead to u = 5 and using 
the density estimates of Sharp et al. (1978) given in Table 
1, we derive the production rates of vibrational quanta 
due to this process, P,(N,“), given in Table 2. Finally we 
consider production due to direct electron impact excita- 
tion. The electron impact excitation cross-section given by 
Schulz (1964) is folded with the measured low energy 
(E=z30eV) electron flux (Sharp et al., 1978) leading to 
the rate, P,(N,“), given in Table 2. 

The major loss mechanism of Na vibrational quanta in 
the altitude range under consideration is quenching by 
ground state atomic oxygen, 0(3P). McNeal et al. (1974) 
measured this rate at kinetic temperatures representative 
of lower thermosphere conditions. Using kinetic tempera- 
tures and atomic oxygen values derived by Sharp et al. 
(1978) [see Table l] for the aurora under consideration. 
we obtained the loss rates shown in Table 2. We should 
note here that the atomic oxygen density in the specific 
aurora under consideration may have been unusually low 
(e.g. DIIIoh = 1.6 X 10”‘crn3), resulting in a low 
quenching rate. This fact, coupled with our neglect of 
other possible quenching mechanisms (e.g. CO,, thermal 
electrons) is in line with our interest in obtaining an upper 
limit on the vibrational population. 

Finally in order to be sure that our conclusions are not 
based on an unusual and/or low intensity aurora, we 
scaled up our source terms to values which would be 
expected in an aurora with a 3914A emission rate of 
50 kR. As the measured aurora (Sharp et al., 1978) was a 
factor of ten less intense we (1) scaled the low energy flux 
responsible for direct impact excitation by a factor of ten 
and (2) assumed a tenfold increase in the N(‘D) produc- 
tion rate and calculated the resulting odd nitrogen {N(*D), 
N(%), NO} chemical equilibrium population in order to 
calculate the enhanced source terms due to reactions (1) 

and (2). The results of these scaled up calculations are 
also shown in Table 2. 

A detailed calculation, considering anharmonicity, 
vibration-vibration exchange, etc. is necessary in order to 
determine the actual nOn-BOltzmaM vibrational distribu- 
tion in an aurora, while the vibrational temperature val- 
ues given in Table 2 are obtained by assuming that the 
calculated vibrational quanta are distributed according to 
a Boltzmann distribution. Nevertheless, the crude calcula- 
tions presented here are sufficient to provide us with an 
upper bound estimate on the Na vibrational distribution. 
Our results show that significantly enhanced vibrational 
temperatures of several thousand degrees are clearly in- 
consistent with presently accepted source reactions and 
reaction rates. Therefore, the lack of observable Na e.u.v. 
emissions are either not due to entrapment by enhanced 
vibrational population or we are unaware of a significant 
auroral source of N, vibrational quanta and/or some of 
the presently accepted rates for the sources and sinks are 
significantly wrong. 
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