(1

Faculty of Physics
University of Rijeka

Opt(omechan)ics

Marin Karuza

COST 2024 - WG4 Meeting




1 12.1

Faculty of Physics
University of Rijeka

S VAWY

geometrical -eikonal approximation pysical quantum
physical — waves
guantum - particles ~ geometrical




(1

Faculty of Physics
University of Rijeka

Optics vs optomechanics




FLA > = 3 CEMS
Faculty of Physics O PTO M E C H A N | CS APREONE MATERUALE | SENZORE

University of Rijeka

Optomechanically induced transparency in membrane-in-the-middle setup at room temperature
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Force sensing

- why?

Notable examples
Cavendish 1797

- gravitational constant
Eotvos 1885

- equivalence principle

Cavendish,H.(1798), 'Experiments to determine the Density of the Earth' in McKenzie, AS. ed.
Scientific Memoirs Vol.9: The Laws of Gravitation, American Book Co. 1900, p.62
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Force sensing

- develop force
transducer optimized for
dark sector searches
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First? Idea - 2013

Proceedings of the 9th Patras Workshop on Axions, WIMPs and WISPs, PATRAS 2013 . Pages 261 - 264 « 2020 « 9th

Patras Workshop on Axions, WIMPs and WISPs, PATRAS 2013 » Mainz « 24 June 2013through 28 June 2013 » Code 159885

Optomechanics and astroparticle physics; an
(im)possible union

Karuza M. "

[E, Save all to author list

* University of Rijeka, Rijeka, Croatia

b INFN Trieste, Trieste, Ita ly
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Force sensing

- develop force transducer optimized for dark
sector searches

Physic the Dark Uni
Contents lists available at ScienceDirect

Physics of the Dark Universe

journal homepage: ww er.com/locate/dark

First results on the search for chameleons with the KWISP detector at )
CAST ot

Regular Article - Theoretical Physics | Open Access | Published: 10 June 2020
Dark matter induced Brownian motion
Ting Cheng, Reinard Primulando & Martin Spinrath

The European Physical Journal C 80, Article number: 519 (2020) | Cite this article

775 Accesses | 4 Citations | 12 Altmetric | Metrics

MEMS - Silicon/Silicon Nitride/Silicon Carbide



G. Binnig, C. F. Quate, and Ch. Gerber
Phys. Rev. Lett. 56, 930 — Published 3 March 1986

s surface functionalizing?

SURFACES AND INTERFACES | FEATURE 50 notable examples
The Casimir effect: a force from nothing

01 Sep 2002

Atomic Force Microscope Orce SenSing

The attractive force between two surfaces in a vacuum - first predicted by Hendrik Casimir

over 50 years ago - could affect everything from micromachines to unified theories of
nature.

Physics of the Dark Universe 26 (2019) 100367 H !

Bio-

~
Contents lists available at ScienceDirect \mterials
Physics of the Dark Universe

journal homepage: www.elsevier.com/locate/dark

First results on the search for chameleons with the KWISP detector at
CAST

Regular Article - Theoretical Physics | Open Access | Published: 10 June 2020 Y- " * "
: . : - ysieiss Cleaning & *

Dark matter induced Brownian motion ~alle .
: Detergents '

Ting Cheng, Reinard Primulando & Martin Spinrath

The European Physical Journal C 80, Article number: 519 (2020) | Cite this article & ‘

775 Accesses | 4 Citations | 12 Altmetric | Metrics

Environmental
Science

-

https://www.biolinscientific.com/measurements/qcm-d




Force sensing

- develop force transducer
optimized for dark sector searches

--> high density coating!

Pt, Au ...
I




Optical
measurements
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Frequency

- bare membrane

- coated membrane




Study

- ellipsometry
45.5 nm + 13.3 nm
Si/Si3N4/Pt/air

- SEM cross - section

Pt layer

. ~
-~

SisN,

== 100 NM

900

- different thickness from nominal .n

- implantation of Pt atoms in SizN, .&




Peak /Hz
LinearFitl

1 Optical
measurements .

- Michelson interferometer with homodyne
readout

- external influences

| -TEMPERATURE

-~-10Hz/C

- relaxation of the membrane --> lowering the
stress

I | | |
20,5
Temperatura/°C
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measurements |

- PARTICLE FLUX - PHOTONS
-~-2 kHz/ mW

- relaxation of the membrane --> lowering the .
stress --> TEMPERATURE? ' | G
- not likely change in effective temperature ~
100C

- radiation pressure - more likely / no change
in amplitude
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www.filmetrics.com/reflectance-calculator



Conclusion

- interesting device with sensitivity ~ 10 fN

- find a model compatible with simulation results
- novel DM directional detector

- measure dark sector / find particles beyond SM




Gravitational Direct Detection of Dark Matter

PrOpOsals Daniel Carney.’ EI Sohitri Ghosh.! Gordan Krnjaic,® and Jacob M. 'l}l_}'lw::u'J'EI

VJoint Quantum Institute/Joint Center for Quantum Information and Computer Science,
University of Maryland, College Pa Vafional Institute of Standards and Technology., Gaithersburg, MD,
i National Accelerator Labor
(Dated: August 25, !

FIG. 2. Left: Kinematics of the DM-sensor scattering event, viewed from above the scattering plane. Center left: Schematic
of (a cross-section of) the detector array, with suspended pendula used as mechanical resonators. As the DM passes through
the array, it produces a correlated impulse on the sensors nearest its track. This diagram suppresses the readout mechanism
(see ﬁ;_.;lu‘v@). for which there are many potential implementations. Center right: Simulation of an event on a 50 x 50 plane
of sensors. The colors represent impulses: blue are impulses to the left while red are to the right. The track of vellow-red
corresponds to the signal. Right: Cartoon of single-sensor data stream, with an event.




PrOpOsal Dark Matter Searches with Levitated Sensors

Eva Kilian,l' Markus Rademacher,! Jonathan M. H. Gosling,1 Julian H. lacoponi,! Fiona Alder, Marko Toros,2

Antonio Pontin,* Chamkaur Ghag,! Sougato Bose,! Tania S. Monteiro,! and P.F. Barker!
Y Department of Physics & Astronomy, University College London, London WC1E 6BT,
UK

2 School of Physics and Astronomy, University of Glasgow, Glasgow, G12 8QQ,

UK

Harmonic Force Directed Stochastic Force Impulse
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Mechanical detection
Of nuclear decays -life is given within the box. Arrows indicate the primary
Jiaxiang Wang, T. W. Penny, Juan Recoaro, Benjamin Siegel, J dOCH}' branchiug ratios (I‘O(l‘]. (b) Schematic of '{lzl)l)
Yu-Han Tseng, and David C. Moore w of the electrodes surrounding the trap (an additional

Phys. Rev. Lett. 133, 023602 - Published 8 July 2024 R g : SRRes ,
tured). (d) Schematic of a sphere recoil following an a

ithiih the sphere while the a (and additional low-energy
re. Ih this case, the momentum of the a particle can be
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