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A trapped-atom clock on an atom
chip with a fibre Fabry-

Perot microcavity to generate spin
squeezing.

8.1(92) dB of metrological squeezing
with 2 x 104 ultracold alkali atoms by
quantum non-demolition (QND)
measurement.

Lifetime on the order of a second,
two orders of magnitude longer
than previous experiments.

Dynamics leading to a spin-orbit
coupling that correlates cavity
coupling with the spin state.

Soon o be a clock
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Quantum projection noise (QPN) for

unentangled atoms AS, = AS,, =

VN /2 (SQL) is a maijor limitation for
the best clocks.

Spin squeezing can enable
detection beyond the SQL.

Cavity detection serves as a QND
measurement of §,. The spin
uncertainty is reduce to that of the
measurement.

Alternatively, a light-mediated
S2 interaction can produce
entanglement as well.*

Spin Squeezing for Metrology
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Relevance for clocks

Types of clocks Pioneering spin squeezing

experiment
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« Vuletic lab (2010): 4.5dB below SQL,
o(t) =1.1x107° s/\/tT

« Kasevich lab (2016): 10.5dB below SQL,
(1) = 9.7 x 1071 /s/\/T

) ~1012s1/2 i : " Coherence lifetime in these experiments:
~ 10-10 5172 10-13 s'/2range ~10ms scale.
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------------ . = Two fibre Fabry-Perot cavities, closely glued
on the same piezo stacks, have finesse 2.7e3

1.2 mm (science cav.) and 3.8e4
o) = Science cav. : waist 13.6 um, linewidth 45
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Interplay Between Squeezing And Spin Dynamics
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Spin Squeezing By QND Measurement: Results

Longer delay: Correlated change in cavity Residual dephasing correlated with the Over forward
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Correlated dephasing turns
into correlated population

difference

normalized spin noise (dB)
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Squeezing and amplification in a clock

Squeezing of state
Reorientation
Phase accumulation

Measurement
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A clock sequence would be divided as
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Forward collisions are not
expected to change the
expectation value of the spin
state

Phase accumulation should
translate simply to a shift in
the second measurement of
the clock
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