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Introduction

Microelectromechanical systems (MEMS) and
nanoelectromechanical systems (NEMS) are extensively used
for various technological applications :

- highly sensitive sensors (accelerometers, atomic force
microscopes, mass Sensors....)
- actuators (in printers, electronic devices...)

These devices operate in the classical regime for both the
electromagnetic field and the motional degree of freedom

Recently, a new field has been entered, cavity optomechanics

entering the quantum regime (sensors at sensitivtiy limits
Imposed by Heisenberg uncertainty principle, detecting extremely
weak signals — forces and displacements, quantum information)
optical (electromagnetic) cavity
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Introduction

Many different possibilites

- Fabry — Perot cavity with a moving mirror (Paris, Vienna)

- membrane in the middle (Yale, Caltech, Camerino, JILA)

- other cavity designs
silica toroidal optical microcavities (EPFL, Caltech, Brisbane)
microdisk and a vibrating nanomechanical beam (Yale)
silicon nanobeam optomechanical cavity (Caltech)




Membrane in the middle setup

Two mirrors
r=10cm

R =0.99995

Fabry — Perot cavity
Finesse 60 000
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Membrane in the middle setup

Vacuum chamber

Membrane mechanical Q pressure dependent
Finesse 60000 (air bistability)

Membrane alignment, tip, tilt, and coarse xyz + fine z by a piezo
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Membrane in the middle setup

Laser (Innolight Mephisto OEM 200 mW)

Two (three) beams:

- probe (locked to the cavity)

- control (frequency controlled by two cascaded AOMS)
- iIndependent probe (not shown in the picture)
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Cavity spetroscopy
- membrane misalignment and shift couples the TEM __ cavity modes via scattering

- splitting of degenerate modes and avoided crossings
- linear combinations of nearby TEM __modes become new cavity modes

- good agreement with theory
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Resolved sideband cooling, effect of light on mechanical
resonator
- cooling by factor 300, equivalent temperature 1 K reached
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Karuza et al., New J. Phys. 14, 095015 (2012). Mechanical frequency shift
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Effect of mechanical resonator on light
The optomechanical analogue, optomechanically induced transparency
(OMIT), of electromagnetically-induced transparency (EIT)
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Union optomechanics - astroparticle physics
Thanks to work with
Heinrich Brauniger, Giovanni Cantatore, Klaus Desch, Dieter

Hoffmann, Jochen Kaminski, Axel Lindner, Stefan Neff,
Konstantin Zioutas

Future — attach to CAST/XRT telescope
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Detection of radiation pressure from solar chameleons
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Abstract:

The radiation pressuve die to tetally reflected (solav) chameleons by thin but dense foils or
e R Res oF Birrors [s snggested to be wtilized o detect (solar) chameleons and aravel their
theorefically moiivated betavior, e their coupling fo maiter (@0 The underlving process is
distinguisied from scattered newtrinos o WIMPs off individuad afomic nuclei, witich reguire
trerefore massive detector fargels o compensale for Sheir extremely small inferaction oross
section with mafter. The chameleon veflection is instead a density dependent gffect, which
distinguisies them feoretically and also experimentally. High sensitive photon rodiofon
prressure or force measuring lechnigues, witch work af the guantim imil. cowld become Hhe new
antennas for chameleons or other pardicles with similar properties. This may lead fo o high
detection sensitivity for (solar) chameleons, integrating either over a large focused incident flux,
OF, Heasirin g {".'{:%H_'r chameleons individoally. Highly developed opto-mechanical measuring
fechnigues, which alveady includes grovitational waves anfernas, may extend their list of
appdications o wiraveling the nature of dark energy in the Universe, and/or ouwlstreaming of
sodar chomeleons. What loeoks ar first sght as o Gedonbenexperiment. might become a real
experiment. ff is fo be remarked thai these fechnigues counld be applied fo oy divected
clhameleon beam lice in a clamele on-threongh-g-wall experiment for example, in paiticadar witen

equipped with a Fabey-Pérol resomafior.
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Sensitivity

-back of the envelope estimate

- FP cavity frequency shift Af = 4 MHz

(cavity linewidth 30 kHz)

- 1 W circulating in the cavity - 107 N
- 2 nm displacement

-10" N/ nm

— reported sensitivity

detuning (MHz)

- allowed solar
exotica flux

p 4-10° ”Pa
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Conclusion

- diurnal modulation

- chopping scheme

- put an x — ray telescope in front — factor 100 improvement
- cool the membrane - factor 100 improvement

And if everythig else fails, we have an expensive microphone.
With some issues though ...

S
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