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PROPERTIES OF AURORAL-LINE INDUCED TRANSITIONS * 

J. R. Murray and H. T. Powell 
Lawrence Livermore Laboratory, University of California 

Livermore, California 94550 

ABSTRACT 

The radiation induced near the 0('s} - 0('D) auroral-line of atomic 
oxygen by collisions with rare gas atoms has been studied. Emission front 
both bound, quasi-molecular states and from free atoms perturbed in colli
sions is observed. Experimental measurements of kinetic rates and their 
temperature dependences will be presented. 

* This work was performed under the auspices of the U.S. Energy Research 
and Development Administration. 



Collision-induced forms of the 557.7 ran OpS) - O^D) auroral tran

sition of atomic oxygen have been widely discussed recently. Laser osci l

lation has been observed in electron-beam excited mixtures of rare gases 
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and 0 2 on the transitions of JieO, KrO, and ArO and gain has been 
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measured on the ArO band excited by Ar2 photolysis of NgO. Some other 

kinetic studies "and stimulation rate measurements ' ' h ave also appeared. 

Current tentative interpretations of these results indicate that subnano-

second-pulse, high energy storage lasers storing energies of t 10 J / l i t e r 

for -v 500 ns a t -v 15 efficiency {energy stored in o0$>) - oODJ/electron 

energy deposited) are feasible.' These findings stimulate an interest in 

understanding important scaling parameters and optimum operating conditions 

for possible application of these devices to future laser fusion experiments. 

The properties of the induced electronic transitions must also be better 

understood since the detailed structure and kinetics of such emission are 

not well known. 

An oxygen atom is perturbed in collision with a rare gas atom to give 

a dipole-allowed, quasi-molecular induced transition near the 0('S) - O^D) 
quadrupole transit ion. At long range [> 0.4 nm) the quasi-molecular radia-
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tion rate is expected to vary as R , where R is the internuclear separa

tion. There is a shallow well in the 0('S) rare gas potential which varies 

from % 0.06 eV for Xe - o0$) to % 0.01 eV for Ar - oOs), and a considera

bly deeper well in the rare-gas-0( D) potential. A portion of the induced 

radiation arises from bound rare-gas-0( S) molecjles stabilized in this 

well by a three-body collision. The fraction of 0('S) bound in these shal

low wells is small at moderate pressures and decreases with increasing 

temperatures, giving the bound-bound emission a negative temperature dependence. 
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The room temperature Xe - 0( S) emission is dominated by these bound-
bound transitions. 

There is also free-bound or free-free emission from unstabilized, 
two-body collisions of 0( 15) with rere gas atoms. This emission dominates 
the room temperature emission in argon and krypton, and is also present 
in xenon. Since an increase in kinetic energy permits a colliding pair 
to reach smaller internuclear separations, one expects the free-free 
and free-bound transitions to show a positive temperature dependence 
which is sensitive to the detailed structure of the rare-gas-0( S) 
potential curve and transition moment near the classical turning point. 

These two types of radiation have important implications for subnano-
sec.ond-pulse lasers. Only a small fraction of the 0( S) in the laser is 
bound in molecular form or in close proximity to a rare gas atom in a 
collision at any given instant. Transitions from a bound rare-gas-O('s) 
state require a three-body formation time to bring each 0{'s) into the 
laser upper level. This might require a few nanoseconds at typical 
operating pressures. Transitions from a free rare-gas-0( S) pair have 
a much shorter relaxation time to make each Q( S) available to the laser 
field, a time on the order of the inverse collision frequency. 

The induced dipole transitions have been studied for argon, krypton, 
and xenon at rare gas pressures from zero to 15 atmospheres. A 50 ns 
pulse of Ar, excimer radiation from electron-beam excited argon photolyses 
N,0 in a separate cell to give 0(^S) with high yield. The pressure, tem
perature, and time dependence of such processes as Xe-O('S) molecular 
formation and destruction can then be studied. 
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The free-free and free-bound emission in these species is propor
tional to the collision frequency and hence linear in rare gas pressure. 
The bound molecular emission departs from linearity at low pressures 
and short times where chemical equilibrium is slow compared to the molec
ular radiative lifetime, which for XeO('S) is % 400 ns. From this depen
dence, formation and destruction rates may be determined. There is also 
a departure from linearity at very high pressures where a significant 
fraction of oOs) is bound in molecular form. These effects will be 
described for xenon and shown to be absent in argon. More detailed 
spectra have been determined for ArO and KrO and will also be presented. 
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