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Non-reciprocity
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Non-reciprocity
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Non-reciprocity
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Non-reciprocity
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Thermal-motion-induced non-reciprocal

guantum optlcal system
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Quantum non-reciprocity based on cold atomic ensembles



Non-reciprocity
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Non-reciprocal Brillouin scattering induced
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Optical microcavity - an important platform
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Cavity Optomechanics

A laser beam of 1 Watt
generates a radiation
pressure force about a few
nano-Newtons.

Q~108, t~50ns, Round ~10°
Cavity enhanced radiation pressure



Cavity Optomechanics
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Interaction between optical and mechanical modes
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Optomechanical coupling:

Circulating optical field exerts a radiation pressure force on
the mirror.

The mirror displacement induces a change in the optical
resonance frequency.

Strong effects of optomechanical coupling can be observed,
If Awis large compared with «.

Dykman (1978): Law, PRA 51, 2573 (1995).



Interaction between optical and mechanical modes
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Optomechanical Tool Box for Quantum Optics
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Converts phonons to photons Similar to parametric down
and vice versa. conversion.
Cooling Heating
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PRL 107, 133601 (2011); PRA (2010), PRL 97, 243905 (2006)



Interfacing Different Quantum Systems
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« Take advantage of unique
Different types of quantum systems couple to properties of optomechanical
photons with different wavelengths. systems to interface different

1 types of qguantum systems.




Wavelength conversion

A 800nm 637nm Wang PRL 108, 153603 (2012);

Tian, PRL 108, 153604 (2012).

J. Hill, Nat. Commun. 3, 1196 (2012).
Y. Liu, PRL 110, 223603 (2013).

J. Bochmann, Nature Phys. 9, 712
(2013).
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Optomechanically induced non-reciprocity in
microring resonators
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Fabrication of silica microsphere

06-03-15 EVENT
20:28:31

A CW CO, laser is focused on the fiber to
fabricate the silica microsphere.



Optical and Mechanical modes
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Non-reciprocity
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Homod_yne Detection of the Mechanical Motion
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Calibration: Oscillating phase induced by an electro-optic modulator.



Spectral diagram and pulse sequences
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Setup for the experiment

24

-

“wov

BS: 50/50
E‘ ;f_- ) PI D * -----

C

S €mmmmm e

m
Q
‘_—_-- —————————

CoUpIing stage

{======--==~ Modulator ..Fﬂai'---_' _\/—

i
1
A
P |
1
1
n
| |
1
1
1
| |
n
1
1
1
n

M2 ' OMIT, OMIA

1
“‘““y & phase shifter

-

N e ) e e B s W




Non-reciprocal phase shifter
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Wel Fu, et al, OE (2015).

Z. Shen, et al Experimental realization of optomechanically induced

non-reciprocity, nature photonics 10, 657 (2016).



lntegrated mechanical resonators
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Nano. Lett. 15, 6116—-6120 (2015). Nature Physics 5, 909 (2009)

» Our idea of the non-reciprocity is actually universal and can be realized to
any travelling wave resonators with a mechanical oscillator, such as an
Integrated disk-type microresonator coupled with a nanobeam.

» Operated in a broaden wavelength.




Non-reciprocity
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The demonstrated mode conversion asymmetry up to 15 dB and
efficiency as high as 17% over a bandwidth exceeding 1 GHz.

Gaurav Bahl et al, Nature Photonics 12, 91 (2018).
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Z. Shen, Y Zhang, Y. Chen, et al, Nature Communications 9, 1797 (2018).



Directional amplifier
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Reconfigurable optomechanical circulator
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Controlled mode coupling
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» Mode conversion between two oppositely
propagating optical fields at the same
wavelength - Optomechanical dark mode

> Z. Shen, et al Nature Photonics (2016).



Optomechanical dark mode
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Phonons decreases as increasing the input power.

(1) The dark mode is a superposition of the two optical modes and is decoupled
from the mechanical oscillator. (2) Optomechanical dark mode opens the
possibility of using mechanically mediated coupling in guantum applications

without cooling the mechanical oscillator to its motional ground state.

C. H. Dong et al Science (2012).




Future trend: Quantum source Q
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Optomechanically induced non-reciprocity may
play important roles in the quantum regime.
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Summary

>

>

Experimental realization of optomechanically
Induced non-reciprocity;

We demonstrated the isolator and circulator based
on the non-reciprocity;

The coherent conversion between two optical
modes via an optomechanical mode (To achieve
the optomechanical dark mode using one laser).

We got the Synthetic magnetic field in a mult-
mode optomechanical microcavity.
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Thanks for your attention!





