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Twentytransitionsfrom thefourth overtoneandcombinationbandsof H �� (5���� , 5�
�� , 5�
	� , 2� �

�
� �
�� ,. . . ) have beenobserved. These

transitions,whicharemorethan4600timesweaker thanthefundamentalband,occurin thenear-infraredregionandprobeenergy levels
abovethebarrierto linearity (>10,000cm��� ), theregimein whichH �� hasenoughenergy to samplelinearconfigurations.Thedetection
of thesetransitionsrequiredthedevelopmentof ahigh-resolution,high-sensitivity ( � I/I � 1 � 10��� ) spectrometerbasedonaTi:Sapphire
laserandincorporatingvelocitymodulation,heterodynedetection,noisesubtraction,andmulti-passing.BothpurehydrogenandHe/H�
plasmaswereusedto discriminatebetweenH �� andRydberg transitionsof H � . The primary motivation for continuingthe studyof
vibrationalstatesbeyondthosespectroscopicallyprobedto datea is to assistin thedevelopmentof theoreticalcalculationsof H �� . The
measuredrovibrationalenergy levels provide an experimentalcheckof ab initio calculationsin this region, which presenta unique
challengeto theoristsbcd.
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