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Experimental setup

Three-photon absorption resonances

N-resonance characterization for compact atomic clocks

F=2

F′=1,2

Robust performance at higher buffer-gas pressures

measurements:
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light-shift vanishes!
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Introduction

N-resonance is an all-optical three-photon-absorption resonance
which could provide an improvement over Coherent Population
Trapping (CPT) for atomic clocks
• Improved light shift compensation
• Robust resonance contrast at higher-buffer gas pressures

linewidth contrast

analytical modeling:
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, light shift vanishes!

vs laser frequencyvs sideband strength

ν0

=6.8 GHz

When the probe field (Ωp) and drive field (ΩD) have a difference
frequency equal to the hyperfine frequency (ν0) an absorption
resonance is observed.

Thin-cell studies
Length: 1 mm

Buffer gas: 100 Torr Ne+Ar+N2
Temperature: 115oC

Clock stability

Light-shift compensation
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Long-cell studies
Length: 7.5 cm

Buffer gas: 35 Torr Ne+Ar+N2
Temperature: 55oC

Integration time τ (s)
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Light-shift compensation

probe drive

N+CPT

Modulation transfer

•Light shifts for the N-resonance vanish when                   .

•For the high buffer-gas pressures required to maintain
atomic ground-state coherence in compact cells, a large
fractional probe intensity is required.

•The phase modulation applied to the laser field to produce
the large probe intensity creates an additional sideband
which forms a CPT system with the probe.

•The resulting N+CPT resonance line is asymmetric.
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•The drive field resonance is more symmetric
since it does not participate in the CPT system.

•While the drive field is not directly phase
modulated at the lock-in frequency, a lock-in
resonance arises due to modulation transfer via
the Rb atoms.

•The addition of the CPT system to the probe resonance makes light-
shift compensation problematic.

•Light-shift compensation on the drive field resonance is more ideal.
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