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We presentthe first experimentalresultsobtainedwith the extremeultraviolet free electronlaserunderdevelopmentat Brookhaven
NationalLaboratory. Oneexperimentprobesdecaydynamicsof superexcitedstatesof methyl fluoridevia ion pair imagingspectroscopy.
Velocity mappedion imagesof the fluoride anion,obtainedwith excitation via intense,coherent,sub-picosecondpulsesof 86-89nm
radiation,reveal low translationalenergy, implying very high internalexcitationin themethyl cationcofragment.Angulardistributions
show changinganisotropy astheexcitationenergy is tunedthroughthis region. Thedynamicsunderlyingthedissociationarediscussed
with theaid of theoreticalcalculations.In a secondstudy, photoelectronimagingof oxygennearthresholdhasbeenstudiedto unravel
its complex photoionizationdynamics: direct ionization pathways and autoionizationvia a numberof superexcited Rydberg states
exist in competitionwith intenseshaperesonances.Although therehasbeena good deal of experimentaland theoreticalwork on
thesequestions,vibrationally resolved photolectronimagingmeasurementsgreatlyaid in identifying the underlyingphotoionization
mechanisms.A sharpautoionizationresonancegivesriseto a dramaticchangein theO

�

� vibrationaldistribution andthephotoelectron
angulardistributionsover a changein the photonenergy of only 50 meV. A broadunderlyingshaperesonanceis responsiblefor a
stronglynon-Franck-Condonvibrationaldistributionasthephotonenergy is tunedaway from theautoionizationresonance.


