Ramsey-CPT spectroscopy in buftgs filled
Cs vapor micro-fabricated cells

R. Boudot, V. Maurice, E. Kroemer, J. Rutkowski, Mbdel Hafiz, S. Bargiel, N. Passilly and C. Gorieck

FEMTO-ST/CNRS/UBFC
Besancon, France
rodolphe.boudot@femto-st.fr

Abstract—We report the detection and spectroscopy of .  EXPERIMENTAL SET-UP

Ramsey-CPT fringes in Cs-Ne micro-fabricated cellsThe push-
pull optical pumping technique is used, allowing tadetect high-
contrast resonances. The central fringe is recordedersus several
experimental parameters including the incident lasepower or the

Ramsey-CPT sequence parameters, such as the pumpiimge, the
free-evolution time or the detection window. The CP coherence
lifetime T2 in the cell is measured to be about 400 microseuds.

Preliminary short-term fractional frequency stability results will

be reported in CW and pulsed regimes at the confenee for

comparison.
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. INTRODUCTION

Over the last decade, significant efforts have hmasued in
numerous laboratories and industries towards thieldement
of miniature atomic clocks based on coherent pdjmuna
trapping (CPT) [1-3]. These sources are attraataedidates
through their ability to combine a reduced volurpewer
consumption and fractional frequency stability fe tevel of
10 at 1 day integration time. These clocks are basead
micro-fabricated buffer gas-filled alkali vapor kceAtoms in
the cell interact with a bi-chromatic optical fiejénerated by a
vertical-cavity surface-emitting laser modulated hatlf the
atom ground-state hyperfine splitting frequencyingshe CPT
phenomenon, a narrow so-called dark resonance ean
detected at the output of the cell using a photeliand be
exploited to stabilize the frequency of a localilbestor driving
the VCSEL.

In miniature atomic clocks, continuous atom-lighteraction is
generally performed. In this regime, the clock stemm
fractional frequency stability is optimized for lodaser
intensities, resulting from a trade-off between €T signal
and linewidth and detection noise.

In this study, we investigate the use of a pulsed @iteraction
scheme [4,5] to detect narrow Ramsey-CPT fringe€driNe
micro-fabricated vapor cells. We study the impdctlifferent
experimental parameters on the characteristicsewiidth,
amplitude, contrast) of the central Ramsey-CPTg&irAt quite
high laser intensity, narrow Ramsey-CPT fringeshwd
reasonable signal-to-noise ratio are detected.

Figure 1 shows the experimental setup used fodétection of
Ramsey-CPT fringes in the microfabricated cell.
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Fig. 1. Schematic of the Cs CPT clock. DFS: Dual-frequeDoppler-free
spectroscopy.

The setup combines a distributed feedback diode tased on
the Cs D line (894.6 nm), a Mach-Zehnder electro-optic
modulator (MZ EOM) driven by a microwave frequency
synthesizer at 4.596 GHz for optical sidebands igio, an
acousto-optic modulator to compensate for the bufées
induced optical frequency shift in the CPT cell angbroduce
the pulsed interaction by switching on and off thigrowave
frequency, a Michelson-based polarization orthotipeaand
delay-line system to produce the PPOP scheme [Bh€]laser

is frequency-stabilized on an evacuated Cs celhgughe
kechnique described in [8]. The output laser besaseit into a
microfabricated Cs-Ne cell [9], shown in Fig. 2ilma diameter
of 2 mm and an optical path length of 1.4 mm.

Fig. 2. Photograph of a Cs-Ne microfabricated cell.

The buffer gas pressure in the cell is about 70.Tidre cell is
temperature stabilized at 75°C where the CPT cshtia
maximized. In the pulsed regime, atoms interacthwat
sequence of optical CPT pulses. The typical pumgpimg is



400 ps while the free-evolution time is in the 8B s range.
The transmitted light through the cell is detect8dus after the
beginning of the pulse in a 10 us-length detectiomdow. A
data acquisition card and personnal computer altoypdot the

whole experiment.

Ill.  RESULTS

Figure 3 shows Ramsey-CPT fringes detected in thé&\€
microcell. The free-evolution time is 300 us anelldser power
incident in the cell is 114 pW. The central fringeewidth is

1358 Hz. Its contrast is about 3.8 %.
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Fig. 3. Ramsey-CPT fringes detected in a Cs—Ne microfatariteell.

Figure 4 reports the contrast of the central fringiesus the laser
power. The latter is found ton increase for laservgrs up to

130 pW.
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Fig. 4. Fringe contrast versus the incident laser powerpeBrmental

parameters are TR = 300 ps, Tb = 400 ps.

Figure 5 reports the evolution of the central fargmplitude
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Fig. 5. Fringe amplitude versus the free-evolution time TR.

Further tests will be performed up to the confeectime. We
expect also to compare results obtained in theirnomiis and
pulsed regimes. Preliminary frequency stabilityuisswill be
performed in both regimes. Latest results will heven at the
conference.
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versus the free-evolution timex.TExperimental data are well- 9]

fitted by an exponential decay function with a tioenstant of
about 396 us. The latter can be considered astiamagion of
the CPT microwave coherence relaxation time i the

microfabricated cell.
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