Light-mediated strong coupling between a mechanical oscillator
and atomic spins 1 meter apart
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Cavity optomechanics

Coupling between light and mechanical oscillator (membrane) through radiation pressure:
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Atom-light interaction

Coupling between light and atomic spin through Faraday interaction:

Hine = hn/ATF, S

S)(}OU’[) o XS
- ) N
probe '
Collective 1010 \
spin — ot
T
> 10712
O
P 10718
10
10710

1940 1950 1960 1970
Frequency (kHz)

Holstein-Primakoff approximationn

A

S

A

~ S, and F, ~ F,

A

Hint X h\/4FSXSpL

Hammerer, Sgrensen & Polzik, RMP 82, 1041 (2010)



Spin-membrane coupling scheme
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Spin-membrane strong coupling experiments (I)
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- Independent spectroscopies:

Y, = 27 X 0.3 kHz Vs = 27 X 4 kHz

- Normal mode splitting: 2g = 27 x 6.1 kHz

- Asymmetry due to propagation delay: 7 = 13 ns

T. M. Karg et al.,

Science 369, 174 (2020)
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Spin-membrane strong coupling experiments (II)

Doubl in spin m
Coupling to environment due to information leakage can be highly suppressed
by tuning the phase of the loop, thanks to a destructive interference of the spin signal
in the output field
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