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An XUV frequency comb using HHG for metrology
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Forbidden optical transitions in highly charged ions (HCI) are the most sensitive systems for probing the vari-
ation of the fine structure constant α [1]. Moreover, they have been proposed as novel frequency standards
due to their low polarizability and insensitivity to black body radiation [2]. HCI are typically produced in an
electron beam ion trap (EBIT) with MK temperatures, which restricts the achievable accuracy in frequency
determinations to ppm levels [3]. However, recent developments at our institute have overcome these limita-
tions by extracting, slowing and subsequent retrapping the HCI in a Paul Trap, where they are sympathetically
cooled by a Be+ crystal [4]. This has enabled the first high precision laser spectroscopy of Ar13+ using quan-
tum logic spectroscopy, gaining many orders of magnitude in precision compared to all previous experimental
measurements [5].
The experiment presented here aims at high precision spectroscopy in the extreme ultraviolet (XUV), where
many transitions, from dipole-allowed (E1) to highly forbidden, take place. Femtosecond pulses from a 100
MHz phase stabilized infrared (IR) frequency comb around 1035 nm are amplified and fed into an enhance-
ment cavity inside the UHV vacuum chamber [6]. In the tight focus (waist size ≈ 15 µm) of the cavity, where
intensities of up to 2∙1014W/cm2 are reached, the IR light interacts with a noble gas inserted from a nozzle
with a very high backing pressure. High harmonics are generated collinearly with the cavity beam and are
spatially separated using a shallow diffraction grating etched in one of the cavity mirrors [7]. In this way,
we can now generate XUV radiation with wavelengths ranging from 35 to 150 nm. Since each harmonic is a
coherent copy of the infrared frequency comb [8], any of the comb teeth in any of the harmonics can be used
to resonantly drive an electronic transition in the highly charged ion. Using this technique of direct frequency
comb spectroscopy, absolute transition energies can be determined with an unprecedented precision in the
XUV [9]. The measured output power of 10 µW per harmonic is already feasible for fluorescent detection of
dipole-allowed transitions in HCI.The latest results and current work on further increasing and stabilizing the
output power will be presented, as well as its future prospects in ultra-high precision spectroscopy of cooled
and trapped HCI.

[1] J. Berengut et al., Phys. Rev. Lett. 109, 070802 (2012)
[2] A. Derevianko et al., Phys. Rev. Lett. 109, 180801 (2012)
[3] H. Bekker et al., J. Phys. B 48 144018 (2015)
[4] L. Schmöger et al., Science 347, 6227 (2015)
[5] P. Micke et al., Nature (2019), accepted
[6] J. Nauta et al., Nucl. Instrum. Meth. B 408, 285 (2017)
[7] D. C. Yost et al., Opt. Lett. 33, 1099-1101 (2008)
[8] C. Benko et al., Nat. Photon. 8, 530 (2014)
[9] A Cingöz et al. Nature 482, 68-71 (2012)

Primary author: Mr NAUTA, Janko (Max-Planck-Institut für Kernphysik)

Co-authors: Mr OELMANN, Jan-Hendrik (Max-Planck-Institut für Kernphysik); Mr KNAUER, Patrick (Max--
Planck-Institut für Kernphysik); Mr KRUMMEICH, Jakob (Max-Planck-Institut für Kernphysik); Mr ACKER-
MANN, Alexander (Max-Planck-Institut für Kernphysik); Mr PAPPENBERGER, Ronja (Max-Planck-Institut für
Kernphysik); Mr STARK, Julian (Max-Planck-Institut für Kernphysik); KÜHN, Steffen (Max-Planck-Institut für
KernphysikHeidelberg); DrCRESPOLÓPEZ-URRUTIA, José R. (Max-Planck-Institut für Kernphysik); Prof. PFEIFER,
Thomas (Max-Planck-Institut für Kernphysik)

Presenter: Mr NAUTA, Janko (Max-Planck-Institut für Kernphysik)

Session Classification: Atomic Clocks

Track Classification: Atomic Clocks


