Absolute frequency measurement of the In* 'S, - 3P “clock”
transition
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Single laser-cooled ions stored in radiofrequency traps are the atomic systems which allow
the highest resolution in optical or microwave spectroscopy. A narrow transition in such an
ion can serve as a reference for a frequency standard of extremely high accuracy and stability.
Such a frequency standard enables precise measurements of fundamental constants [1], the
investigation of their possible variation in time [2] or stringent tests of QED or general relativity.

In view of this application we study the 55215y - 5s5p3 P transition in In* at a wavelength
of 237 nm. This transition with a natural linewidth of only 0.82 Hz is highly immune to
systematic frequency shifts [3]. A frequency control at the millihertz level is expected, leading
to a residual uncertainty of 107* [4].

For such a frequency standard it is necessary to be able to compare its {requency to other
frequencies, especially to the present primary frequency standard, the cesium atomic clock. As
a first step to this end, we reported recently the measurement of the absolute frequency of
the In* clock transition using as a reference a methane-stabilized He-Ne laser at 3.39 ym and
a Nd:YAG laser at 1064 nm whose second harmonic was locked to a hyperfine component in
molecular iodine [5]. The accuracy in this measurement of 3.3 parts in 10 was limited by the
uncertainty to which the iodine reference was known. Here we report on a new measurement of
the absolute clock transition frequency linking the 237 nm radiation to the He-Ne laser alone.
In this case the accuracy of the measurement is limited by the much smaller uncertainty of the
He-Ne reference.

The frequency chain, used for the frequency comparison, consists of a diode laser at 848 nm
phase-locked to the frequency-doubled light of a NaCl:OH~ color center laser at 1.70 ym which
in turn is phase-locked to the second harmonic of the methane-stabilized He-Ne laser. The
He-Ne standard has been calibrated before by a cesium atomic fountain clock to fy._n. =
88 376 182 599 976 (10) Hz [6]. A selected mode of the frequency comb of a mode-locked
Ti:Sapphire femtosecond laser, frequency broadened by a standard single mode silica fiber, is
phase coherently stabilized to the 848 nm laser. As the 76 MHz pulse repetition rate of the
femtosecond laser is controlled by a local cesium atomic clock, each reference frequency of the
comb is known with a fractional precision of a few parts in 10'® [6, 7]. A diode laser at 946 nm



is phase-locked to another selected mode of the comb, positioned 482 285 modes or 37 THz
to lower frequencies from the initial mode at 848 nm. Tts beat frequency with the 946 nm
Nd:YAG laser whose 4th harmonic excites the In* clock transition is counted by a commercial
radio frequency counter.

Excitations of the Py level are registered in optical-optical double-resonance while scanning
the 946 nm Nd:YAG clock laser over the In* 1Sy - 2Py transition [4]. Averaging the results of
the eleven mesurement sessions we performed leads to a value for the absolute f{requency fj,+
of the *Int 1S, - 3P, clock transition of

frnt =1 267 402 452 899. 92(0.23) klz

The uncertainty of 1.8 parts in 10" is mainly due to the limited reproducibility of the He-Ne
laser reference.

Systematic frequency shifts are small at the present level of accuracy. The main contribution
is due to a Zeeman-shift estimated to be below 50 Hz. Other systematic frequency shifts due
to e.g. quadratic Stark or second-order Doppler shifts are orders of magnitude smaller than the
Zeeman-shift at the temperatures to which the ion is cooled in our trap (T ~ 150 uK) [3].

For the future it is planned to use the frequency comb of the femtosecond laser to compare
the Indium 'Sy - * Py transition directly to the cesium clock [8]. The stability and reproducibility
of the 1Sy - 2F, clock transition makes Indium an attractive candidate for such an ultra-precise
frequency measurement.

A further interesting feature of the MPQ) frequency chain is the fact that it can be used
to compare two narrow optical transition frequencies with each other, e. g. the Int clock
transition with the 1S - 2S transition in atomic hydrogen. This may allow the investigation of
possible variations of fundamental constants in time [2].
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