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Recentprogressn precisephasecontrol of ultrafastlasershasled to a wide rangeof applicationsn bothfrequeny andtime domains,
including measurementf optical frequenciesprecisionlaserspectroscop opticalatomicclocks,optical frequeng synthesisaswell
aspulsetiming stabilization,coherentsynthesisof optical pulses,and phase-sensite extremenonlinearoptics. New capabilitiesfor
atomicandmolecularspectroscopareemenping.

The combinationof precisionfemtosecondasersandultracoldatomshave enabledusto entera qualitatvely new regime of ultrahigh
resolutionspectroscop We utilize aphase-coherentide-bandwidttopticalcombto inducethedesirednulti-pathquantuninterference
effect for the resonantlyenhancedwo-photontransition(from 5S to 5D states)in the cold Rb atoms. The large bandwidthof the
femtosecondasercomballows usto recover high precisioninformationon hyperfineintervals (RF) andoptical transitionfrequencies
amongall relatedstates.In additionto structuralinformation,we canalsoobtaininformationregarding dynamicpopulationtransfer
amongall hyperfinestatedy varyingtheinteractiontime betweerthe femtosecondaserpulsesandthe cold atoms.

Understandingf molecularstructureanddynamicsofteninvolvesdetailedspectrabnalysisover a broadwavelengthrange.Suchatask
cannow beaccomplishedavith adesiredevel of accurag uniformly acrossll relevantspectralwindows, allowing precisenvestigations
of minute changesn the molecularstructureover a large dynamicrange. Furthermore molecularsamplescannow be preparedn a
well-controlledervironmentandin awell-definedinternalstate.In our currentexperimentsve accelerate/deceleragesupersonibeam
of the Hydroxyl free radicals(OH) to a meanspeedadjustablebetween500 m/sto rest, with a translationakemperatureunablefrom
1mK to 1K. Thesevelocity-manipulatedtable“bunches”contain10°~° molecules(dependingon the translationatemperaturejt a
densityof ~10" 1% cm™2 in thebeamand~10° cm 2 in thetrap. Thesecold sampleanbe heldin an electrostatidrap for precise
measurements.

Simultaneougontrol of timing jitter andcarrierervelopephases usedto phasecoherentlysuperposea collectionof successie pulses
from amode-locledlaser Sucha passve pulse“amplifier”, alongwith the synchronizatiortechniquewe developedfor pulsesynthe-
sis, hasled to significantimprovementsin experimentalsensitvity and spatialresolutionfor nonlinearopticsbasedspectroscop and
imagingof bio-molecularsystems.



