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Relaxationof laser-excitedO�������������! #"%$'&)(�*,+ in collisionswith O� populateshighvibrationallevelsof O���.-�/0���12+ andO����34/05 1 + .
Previouswork onthespectroscopy of O� emissionsfrom theEarth’snightatmospherehasenabledusto assigntheQ-branchesof thirteen
(v’,v”) bandsin the(2+1)REMPIspectraof O���.- / � �1 �! 768"9(�*'&:(�;�+ andO����3 / 5 1 �< 768"=(�$'&)(�>,+ , throughtheintermediateRydberg
levels ?�@,AB/C�D�1 �  FEG"IH&J;�+ and /C5 1 �  FEG"LKM�N;�+ , repectively.

The derived spectroscopicconstantsfor O���.- / � �1 �< 76O"P(�*#&Q( ? + agreewith our previous work. Improved valuesareobtainedfor
 76R"S(�KM��(�; . Our constantsfor ?�@,AO/C�D�1 �  FE�"T;,+ arethe first available. Our spectraarebettercalibratedandour constantsfor the
 E "IHU&VK levelssignificantlymoreprecisethanthe1988-1992work in thegroupsof ChupkaandHouston.

Theenergiesof O����34/C5 1 �< 768"=(�$D&V(�>7+ wereknown previouslyonly to within about80cmW�/ from the1995electronscatteringwork
of Allan. Thehighestlevel known accuratelyfrom nightglow spectrais  768"=(�( . Ourspectralanalysisgivespreciserotationalconstants
and 5 G valuesfor thesevibrational levels andfor ?�@,AO/C5 1 �  FED"XKM�N;�+ . The absoluteterm energiesareuncertainby about5 cmW�/
basedonearlierwork in thegroupsof ChupkaandHouston.
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