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Status of the frequency dependent
squeezed vacuum source development

at TAMA

ZHAO, Yuhang (ICRR); ARITOMI, Naoki;

Filter cavity auto-alignment

* A green beam auto-alignment to filter cavity system was successfully

implemented based on wavefront sensing

Low frequency noise investigation

« Aloop was designed and demonstrated to be able to reduce back
scattered noise

» To control squeezing phase:
Drive filter cavity input mirror
Drive phase shifter

. Error signal | close loop

ise [dBV/(Hz]

* The IR auto-alignment is
achieved simultaneously with
green because of their overlap
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Demonstration of length control for a filter cavity with coherent
control sidebands Naoki Aritomi (National Astronomical Observatory of Japan)

Filter cavity new length control

* A pre-stabilized coherent control field reaching filter cavity with one
sideband on-resonance and the other off-resonance, which tells us
the filter cavity mirrors differential length information
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Injection and control of Frequency Dependent
Squeezing in Advanced Virgo Plus

V. Sequino and M. Vardaro
on behalf of the Virgo-AEl collaboration

AdV+ Filter cavity

Parallel to the ITF North Arm
CAVITY MIRRORS
diameter d=15 cm;
radius of curvature RoC= 558 m:
round-trip losses I< 40 ppm

AdV+ required squeezing angle rotation: 20-30 Hz

-

Need for a cavity linewidth of the same order

-

e length L=285 m;
e finesse F=11000 (@1064 nm)

The cavity must be detuned with respect to
the frequency of the squeezed beam:

e Locking with an external IR laser (Sub Carrier)
e Locking with green (F=100 @532 nm)

IR longitudinal PD and RF QPD.

Mode converter telescope

Steering optics.

Double stage FI

Matching telescope

first mirror

Sensors for alignment
toITF

Steering optics

IR pick-off (0.1%) for EQB2

Matching telescope second mirror

Z W=

\ Cavity vacuum /
tube L=285m,
i not in scale Microtower
For FC input For FC output
mirror mirror
Minitower SQB1
In vacuum
suspended bench
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Overall conceptual design

Green longitudinal PD and RF

AA actuators
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Optimizing Gravitational-Wave
Detector Design for Squeezed Light

Optimal SRC design

Jonathan Richardson
Caltech and LIGO Laboratory

May 18, 2021

Nominal versus optimal SRC parameters:

Parameter A+ Nominal A+ Optimal
SR3 radius of curvature 35.97m 48.13 m
SR2 radius of curvature -6.41 m -3.3dm
SRM radius of curvature -5.69 m -36.41 m
Beamsplitter to SR3 length 19.37Tm 19.96 m
SR3 to SR2 length 15.44m 22.89 m
SR2 to SRM length 15.76 m 7.71m

Beam Size (mm)

Accumulated Gouy Phase (deg)

Caltech
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Session II:

May 21th, 6.00-8.00 CEST

Teng Zhang (University of Birmingham)
A broadband xylophone configuration with sloshing Sagnac interferometers

Roman Schnabel (Universitat Hamburg)
Mitigation of back-scattered light by dual balanced-homodyne readout

Carl Blair (University of Western Australia)

White Light Signal Enhancement

Eugene Polzik (Copenhagen University)
Towards broadband quantum noise reduction in GWIs using an atomic noise eater

Ken-ichi Harada (Tokyo Institute of Technology)
Optical-parametric signal-amplification for a high-frequency gravitational-wave detector

Nancy Aggarwal (Northwestern University)
Science case and design considerations for a GW detector in the 10 - 300 kHz band



'm broadband xylophone
configuration with
sloshing Sagnac
interferometers

Teng Zhang, Denis Martynov, Haixing Miao
GWADW, 2021.05.20

New loss limit

Sloshing cavity loss

Strain [[1/v Hz]]
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In addition, the SC loss
is free of loss from BS
compared with
Michelson SRC loss.



Mitigation of back-scattered light
by dual balanced-homodyne readout

Roman Schnabel

Institut fir Laserphysik & Zentrum flir Optische Quantentechnologien

Proof of principle demonstration

_...Interferometer

" two-mode-
d fields
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Filter cavities for
compensating quantum
radiation pressure noise

Some data for back-scatter modelling
(QND) [Kimble2001].
- less than half of GW-signal lost.
0
P4 |]EaserE
“ranliResoy _‘_” :' Faraday rotator
:E] -.‘. 0". “' ’0’. e e > - PBS

XBg = Yz sin® + X cos @




C. Blair: White Light Signal Enhancement
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Towards broadband quantum noise reduction in GWIs
using an atomic noise eater.

X_(8) = X() - Xa(t) = X — Yo+ o — 2L _ x4 DeE

[X_,P]=0 = AX_AP, >0 = [AX_(t)?=0 (EPR)

Eugene Polzik
Niels Bohr Institute
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Optical-parametric signal-amplification s
for a high-frequency gravitational-wave detector =i
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Ultra-High-Frequency Gravitational Waves

GRAVITATIONAL WAVES AT -
10 KHZ TO SOO KHZ The first direct detection of gravitational waves by the LIGO / -

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
Ma‘Y 18! 202 ]' range below 10 kHz, where signatures from the known
astrophysical sources are expected to be discovered. However,
GWADW 2021 ; The Internets based on what happens with the electromagnetic spectrum,
there may well be interesting physics to be discovered at
every scale of the gravitational wave frequencies.

v actarnne s
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Gravitational waves at frequencies higher than 10 kHz are op—yne
bound to be sourced by some phenomenon involving beyond Background plot generated
the Standard Model physics, such as exotic astrophysical at gwplotter.com

http://www.ctc.cam.ac.uk/activities/UHF-GW.php ‘

Nancy Aggarwal
g R niversity e proposed new design with 20x

sensitivity
e new limits on BH superradiance and
Miniature GW detector primordial BHs
Based on optical trapping/levitation
Tunable resonance in the 10-300 kHz range
limited by gas damping and photon recoil
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Shared experience and thoughts on a variety of topics:

current influence of phase noise, and stability of locking
schemes for frequency-dependent squeezing

influence of back-scattered light, and in-vacuum OPQOs

is the mode-matching loss limited by sensors or by controls?
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Good progress on a wide variety of schemes!

guantum-technology to remove noise from scatter source

new ideas for a broadband quantum-noise reduction and
back-action free interferometry

pushing the high-frequency limits of current detectors by
adding dispersive elements

beyond interferometry: levitating detectors for the 10s of kHz
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