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GRAVITATIONAL WAVES IN OTHER ‘COLORS’

Challenges and Opportunities of Gravitational Wave
Searches at MHz to GHz Frequencies

Aggarwal et al Goals of the initiative

Arxiv:2011.12414 The first direct detection of gravitational waves by the LIGO
ADs and VIRGO collaborations has spawned new avenues for the
exploration of the Universe. Currently operating and planned
gravitational wave detectors mostly focus on the frequency
range below 10 kHz, where signatures from the known
N _ astrophysical sources are expected to be discovered. However,
' ANV Jmisin based on what happens with the electromagnetic spectrum,
See Plenary bY A there may well be interesting physics to be discovered at

every scale of the gravitational wave frequencies.

FranceSCO Mula‘ Gravitational waves at frequencies higher than 10 kHz are g

recorded on bound to be sourced by s.ome phenomengn involving Peyond Background plot generated
the Standard Model physics, such as exotic astrophysical at gwplotter.com
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preheating after inflation and phase transitions at high energies - would leave their imprint in the gravitational wave

) : . . hove the LIGO/VIRGO
Members: NA, Mike Cruise, Valerie Domcke, Francesco Muia, Fernando e

Quevedo, Andreas Ringwald, Jessica Stenlechner, Sebastien Steinlechner



HIGH FREQUENCY GRAVITATIONAL WAVE
DETECTORS

Technical concep




LEVITATED SENSOR DETECTOR

* Miniature GW detector
* Based on optical trapping/levitation
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* Tunable resonance in the 10-300 kHz range
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SCIENCE CASE

BH Superradiance

Primordial black holes

Deborah Ferguson, Karan Jani, Deirdre Shoemaker, Pablo

Laguna | Georgia Tech, MAYA Collaboration The unkl’lOWIl 'l.].]:].]{].ﬂ'.OVVI]."'.S’P’P’P
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GW DETECTOR USING OPTICAL TRAPS

h h Arvanitaki and Geraci,
PRL 110,071105 (20183
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Limiting Noise
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Preliminary Aggarwal et al

* Thermal noise from gas damping
C SFF,thermal =4kgTm Yg

* Quantum noise from photon recoil
5 SFF,Recoil =4hwm Vsc




HONING THE NOISE AND REFINING SIGNAL
CALCULATIONS

Searching for new physics with a levitated-sensor-based gravitational-wave detector

A 2 ~ 7
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The Levitated Sensor Detector (LSD) is a compact resonant gravitational-wave (GW) detector
based on optically trapped dielectric particles that is under construction. The LSD sensitivity has
more favorable frequency scaling at high frequencies compared to laser interferometer detectc
as LIGO. We ])10[)()" a method to substantially improve the sensitivity by optically lev :
multi-layered stack of dielectric discs. These stacks allow the use of a more massive levitated object
while exhibiting minimal photon recoil heating due to light scattering. Over an order of magnitude
of unexplored frequency space for GWs above 10 kHz is accessible with an nhtnuuent 10 to 100
meters in size. Particularlv motivated sources in this frequencv range are o :

Laser




LIMITING NOISE

* Limiting noise source is gas damping and photon recoil.
* Spr =4 M (kT y5+ howVsc)

* Limit on resonance (0 = Qr), Sy ~ 16 Qi%l%z(fl W Ysc + kgT vgy)

temperature T l length L I recoil yscl mass '



REDUCING LIMITING NOISES
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* Sphere scatters light in all directions

* Disk scatters light in the beam direction (low y,)

 Numerical simulations of scattering from disks show low scattering loss, hence
low recoil heating

* Diffraction-limited mirror sizes big enough to achieve negligible scattering loss

* Stacked disks to increase mass (high /)

Aggarwal et al arxiv:2010.13157 >




Aggarwal et al
arxiv:2010.13157
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IMPROVED SENSITIVITY

Im disc
"'-.... e | (1 stack
d aE Ot =+ ]0m stack
By = 100m stack
?NNNN .....'...
~y ..'.
-~y e
\~ ....
~ ."-.
N\ ..."-
\. ~~ n
My NNN
e~ oy ol
S, §~
.\ ~~
.\ ~~
.\ ~~~
.\ ~~~
.\ ~~-
.\.\
- '\.
\.
\.\
l\.-
] I
4 3
10 10
Frequency (Hz)

12



IN THE LAB...
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SENSITIVITY TO BH SUPERRADIANCE

Axion mass (eV)
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SENSITIVITY TO BLACKHOLE MERGERS

W PBH mergers <0.1 M o (1 kPc) s = lmodisc
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ADD MORE MASS!!

m: {2i+1, 2ip+2, 2i1+1},
n: {3.48,1.44 348}, p: {2.33,2.652.33)
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SUMMARY

New initiative for high-frequency GW detectors

Miniature GW detector based on levitated nanoparticles to probe GWs in 10 kHz —
300 kHz band

Limited by gas damping and photon recoil

Proposed new design with 20 times improved sensitivity and theoretically verified
feasibility

Will set independent limits on BH superradiance and Primordial black holes

Further improvements can be achieved by xylophone configuration and/or
increasing the mass
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