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Recentprogressin precisephasecontrolof ultrafastlasershasled to a wide rangeof applicationsin bothfrequency andtime domains,
includingmeasurementof optical frequencies,precisionlaserspectroscopy, opticalatomicclocks,optical frequency synthesis,aswell
aspulsetiming stabilization,coherentsynthesisof optical pulses,andphase-sensitive extremenonlinearoptics. New capabilitiesfor
atomicandmolecularspectroscopy areemerging.
Thecombinationof precisionfemtosecondlasersandultracoldatomshave enabledus to entera qualitatively new regimeof ultrahigh
resolutionspectroscopy. Weutilize aphase-coherentwide-bandwidthopticalcombto inducethedesiredmulti-pathquantuminterference
effect for the resonantlyenhancedtwo-photontransition(from 5S to 5D states)in the cold Rb atoms. The large bandwidthof the
femtosecondlasercomballows us to recover high precisioninformationon hyperfineintervals(RF) andoptical transitionfrequencies
amongall relatedstates.In additionto structuralinformation,we canalsoobtaininformationregardingdynamicpopulationtransfer
amongall hyperfinestatesby varyingtheinteractiontimebetweenthefemtosecondlaserpulsesandthecoldatoms.
Understandingof molecularstructureanddynamicsofteninvolvesdetailedspectralanalysisoverabroadwavelengthrange.Suchatask
cannow beaccomplishedwith adesiredlevel of accuracy uniformly acrossall relevantspectralwindows,allowing preciseinvestigations
of minutechangesin the molecularstructureover a large dynamicrange. Furthermore,molecularsamplescannow be preparedin a
well-controlledenvironmentandin awell-definedinternalstate.In our currentexperimentsweaccelerate/decelerateasupersonicbeam
of theHydroxyl freeradicals(OH) to a meanspeedadjustablebetween500m/s to rest,with a translationaltemperaturetunablefrom
1mK to 1K. Thesevelocity-manipulatedstable“bunches”contain10

�����
molecules(dependingon the translationaltemperature)at a

densityof � 10
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cm
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in thebeamand � 10
�

cm
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in thetrap. Thesecold samplescanbeheld in anelectrostatictrap for precise
measurements.
Simultaneouscontrolof timing jitter andcarrier-envelopephaseis usedto phasecoherentlysuperposea collectionof successive pulses
from a mode-lockedlaser. Sucha passive pulse“amplifier”, alongwith thesynchronizationtechniquewe developedfor pulsesynthe-
sis,hasled to significantimprovementsin experimentalsensitivity andspatialresolutionfor nonlinear-opticsbasedspectroscopy and
imagingof bio-molecularsystems.


