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kHz GW detectors
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L. Baiotti, and L. Rezzolla, Binary neutron star mergers: a review of Einstein's richest laboratory,

Rep. Prog. Phys. 80, 096901 (2017).

A cosmic collider



Challenge of Detecting Post-merger Signals
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Making confident detections requires a sensitivity around 10-2* @ kHz



Limiting Fundamental Noises Above 1kHz

Advanced LIGO design
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How to Reduce Shot Noise
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How to Reduce Shot Noise
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Detuned SRC with active optomechanical filter

Filter cavity
module

[Phys. Rev. D 98, 044044 (2018)]
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Tuned Configuration

Configuration: 10722
LA\ ecesees alLIGO (LSRC=56 m, TSRM=O35)
—— Lspe=56 m, Tspy=0.01
—— Lgpe=250 m, Tspp=0.04

P =3MW (8dB SQZ) R
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* squeezed light Coupled SRC-arm-cavity resonance:
Trrm \ (250mY [ 4km
Same principle as twin-signal-recycling 3kHZ\/<O.015) (LSRC) (T)

A. Thiring, R. Schnabel, H. Liick, K. Danzmann (2007)



Reaching Target Sensitivity

Configuration: Coupled SRC-arm-cavity resonance:

TITM 250m 4 km
3kH
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Shot-noise level:
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Reaching Target Sensitivity

Configuration: Coupled SRC-arm-cavity resonance:

TITM 250m 4 km
3kH
Z\/(0.015> (LSRC) ( L )

Shot-noise level:
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Different options:

SRME==  Arm length | SRClength _
' Arm length | SRC length m Squeezing

[Q __________ 2 km 500 m 4 MW 10 dB
4 km 250 m 3 MW 8 dB
B 150 m 2 MW 8 dB

v squeezed light




6 km design
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6 km — 11
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Phase-I

A balance of different physical
requirements and being a
2.5G detector

Phase-ll

Realizing a 18km facility
(the optimal® arm length)
and being a 3G high-
frequency detector

*for detecting post-merger
remnants with fundamental-
mode frequency at 2 — 4 kHz
[arXiv:1901.03885]



Path Forward
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m = 100 kg
TITM = 0.04
Tsrm = 0.02
LSRC = 100m
Pym =4MW
18 km

(or EPR squeezing)

---E-ﬂ ______

Goal: direct observation of post-
merger signals.

Goals: (1) precision measurement
of the fundamental oscillation
mode; (2) a pathfinder for the
long facility.

Goal: kHz GW astronomy.




Sensitivity Curves
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Science

Case: Detecting Post-merger Signal
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Error bar comes from the current uncertainty in the BNS merger rate

Joint observation with space-based detectors and also low-frequency
detectors can further constrain the new physics at the merger.
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Beijing Normal University Prototype

Fan Zhang and Haixing Miao

Team (current):

Yikang Chen, Bingjie Liu, Jian Liu, Jianyu Liu, Yubo Ma, Denis Martynov, Haixing Miao, Haibo Wang,
Haoyu Wang, Mengyao Wang, Wenjie Yu, Zehui Zhai, Fan Zhang, and Zonghong Zhu



Floor plan
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Objectives

training

4

L)

* Learn sensing and control, and precision measurement techniques.

L)

4

L)

*

Build an instrumentation team on the ground-based GW laser interferometry.

L)

towards kHz GW detectors

L)

»* Demonstrate coupled-cavity resonance @ tens of kHz.

** Reduce shot noise at the coupled-cavity resonance using squeezed light.
s Study Einstein-Podolsky-Rosen (EPR) squeezing idea with coupled cavity.
s Study high-power effects.



Preliminary design
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squeezed light

Control scheme:

[1] K. Arai, M. Ando, S. Moriwaki, K. Kawabe, and K. Tsubono,
Phys. Lett. A 273, 15 (2000).

[2] S. Huttner, B. Barr, M. Plissi, J. Taylor, B. Sorazu and K. Strain,
Class. Quantum Grav. 24, 3825 (2007).

Parameters:
m=01Kg Lg,=36m Ly, =12m
TRM = 004‘ TITM == 0002

P;, = 1 mW (squeezing experiment)
— 6W (high-power and 10 kW in arm)

ws/(2m) = 50 kHz

Requirements (for 6dB SQZ):

Mode mismatch < 5%
Losspc < 500 ppm
Loss ;rm < 200 ppm

S;1% < 4.0x10™* Hz'/2 @ 50 kHz

(frequency stabilization and mode cleaners)






Effect of SRC Optical Loss
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SRC loss is the limiting factor [PRX 9, 011053 (2019)]
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Strain (1/v/Hz)
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18km
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