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We have developed a novel technique for rapid ion-sens#ipectroscopy over a broad spectral bandwidth by combirtieghigh
sensitivity of velocity modulation spectroscopy (VMS) kvithe parallel nature and high frequency accuracy of castitiyanced direct
frequency comb spectroscopyPrior to this research, no techniques have been capablegbfdeinsitivity velocity modulation spec-
troscopy on every parallel detection channel over such adspectral range. We have demonstrated the power of thisiteee by
measuring thed®IT,, — X 22; (4,2) band of ¥ at 830 nm with an absorption sensitivity bfx 10~° for each of 1500 simultaneous
measurement channels spanning 150 tmA densely sampled spectrum consisting of interleaved areagents to achieve 75 MHz
spacing is acquired in under an hour.

This technique is ideally suited for high resolution sureggctroscopy of molecular ions with applications inclgdiamemical physics,
astrochemistry, and precision measurement. Currenilysiistem is being used to map the electronic transitionsfef Hor the JILA
electron electric dipole moment (eEDM) experimBnThe JILA eEDM experiment uses trapped molecular ions toifsigmtly in-
crease the coherence time of the measurement in additiotilizing the strong electric field enhancement availabtarirmolecules.
Previous theoretical wofkhas shown that the metastabla; state in HfF and ThF" provides high sensitivity to the eEDM and
good cancellation of systematic effects; however, thetedaix level structure of these species have not previobsn measured, and
the theoretical uncertainties are hundreds to thousanegeénumber§. This necessitates broad-bandwidth, high-resolutionesurv
spectroscopy provided by frequency comb VMS in the 700-9@Gpectral window.
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