
Path Towards kHz Gravitational-Wave Astronomy 

Denis Martynov, Haixing Miao, and Huan Yang

2019-05-02 @ Glasgow GrEAT Network Meeting

Based upon:
Denis Martynov, Haixing Miao, Huan Yang, Francisco Hernandez Vivanco, Eric Thrane, Rory Smith,
Paul Lasky, William E. East, Rana Adhikari, Andreas Bauswein, Aidan Brooks, Yanbei Chen, Thomas
Corbitt, Andreas Freise, Hartmut Grote, Yuri Levin, Chunnong Zhao, and Alberto Vecchio, Exploring
the sensitivity of gravitational wave detectors to neutron star physics, arXiv:1901.03885 (2019)

Institute of Gravitational
Wave Astronomy



GW170817
h(t)

<latexit sha1_base64="pAUHcE8YXOeZxc8Iezpl5P2PR6s=">AAAB63icdVDLSgNBEOyNrxhfUY9eBqMQL8uuCSa5BfTgMYJ5QLLE2clsdsjsg5lZISz5BS8eFPHqD3nzb5xNFKJoQUNR1U13lxtzJpVlfRi5ldW19Y38ZmFre2d3r7h/0JFRIghtk4hHoudiSTkLaVsxxWkvFhQHLqddd3KZ+d17KiSLwls1jakT4HHIPEawyiS/rM6GxZJtWnMgy2zULqqNqia1RqVuV9C3VWqeeN4dALSGxffBKCJJQENFOJayb1uxclIsFCOczgqDRNIYkwke076mIQ6odNL5rTN0qpUR8iKhK1Rori5PpDiQchq4ujPAype/vUz8y+snyqs7KQvjRNGQLBZ5CUcqQtnjaMQEJYpPNcFEMH0rIj4WmCgdT2E5hP9J59y0LdO+0WlcwQJ5OIJjKIMNNWjCNbSgDQR8eIAneDYC49F4MV4XrTnja+YQfsB4+wTqxY+k</latexit><latexit sha1_base64="hAcCbJVuRxpvmgcqlUIkkPAWm+A=">AAAB63icdVDLSsNAFJ34rPVVdelmsAp1ExJbbLsr6MJlBfuANpTJdNIMnZmEmYlQQn/BjQtF3PpD7vwbJ6lCFT1w4XDOvdx7jx8zqrTjfFgrq2vrG5uFreL2zu7efungsKuiRGLSwRGLZN9HijAqSEdTzUg/lgRxn5GeP73K/N49kYpG4k7PYuJxNBE0oBjpTAor+nxUKru2kwM6drN+WWvWDKk3qw23Cr+tcus0yNEeld6H4wgnnAiNGVJq4Dqx9lIkNcWMzIvDRJEY4SmakIGhAnGivDS/dQ7PjDKGQSRNCQ1zdXkiRVypGfdNJ0c6VL+9TPzLGyQ6aHgpFXGiicCLRUHCoI5g9jgcU0mwZjNDEJbU3ApxiCTC2sRTXA7hf9K9sF3Hdm9NGtdggQI4BiegAlxQBy1wA9qgAzAIwQN4As8Wtx6tF+t10bpifc0cgR+w3j4Bi7+Q3A==</latexit><latexit sha1_base64="hAcCbJVuRxpvmgcqlUIkkPAWm+A=">AAAB63icdVDLSsNAFJ34rPVVdelmsAp1ExJbbLsr6MJlBfuANpTJdNIMnZmEmYlQQn/BjQtF3PpD7vwbJ6lCFT1w4XDOvdx7jx8zqrTjfFgrq2vrG5uFreL2zu7efungsKuiRGLSwRGLZN9HijAqSEdTzUg/lgRxn5GeP73K/N49kYpG4k7PYuJxNBE0oBjpTAor+nxUKru2kwM6drN+WWvWDKk3qw23Cr+tcus0yNEeld6H4wgnnAiNGVJq4Dqx9lIkNcWMzIvDRJEY4SmakIGhAnGivDS/dQ7PjDKGQSRNCQ1zdXkiRVypGfdNJ0c6VL+9TPzLGyQ6aHgpFXGiicCLRUHCoI5g9jgcU0mwZjNDEJbU3ApxiCTC2sRTXA7hf9K9sF3Hdm9NGtdggQI4BiegAlxQBy1wA9qgAzAIwQN4As8Wtx6tF+t10bpifc0cgR+w3j4Bi7+Q3A==</latexit><latexit sha1_base64="4JRyiqlcLz0xwFxQa/Pbn35ujB0=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJii21vBT14rGA/oA1ls920S3c3YXcjlNC/4MWDIl79Q978NyZtBRV9MPB4b4aZeX7EmTaO82Hl1tY3Nrfy24Wd3b39g+LhUUeHsSK0TUIeqp6PNeVM0rZhhtNepCgWPqddf3qV+d17qjQL5Z2ZRdQTeCxZwAg2mTQpm/NhseTazgLIsRu1y2qjmpJao1J3K+jLKsEKrWHxfTAKSSyoNIRjrfuuExkvwcowwum8MIg1jTCZ4jHtp1RiQbWXLG6do7NUGaEgVGlJgxbq94kEC61nwk87BTYT/dvLxL+8fmyCupcwGcWGSrJcFMQcmRBlj6MRU5QYPksJJoqltyIywQoTk8ZT+B7C/6RzYbuO7d46peb1Ko48nMAplMGFGjThBlrQBgITeIAneLaE9Wi9WK/L1py1mjmGH7DePgHOiY4U</latexit>



h(t)
<latexit sha1_base64="pAUHcE8YXOeZxc8Iezpl5P2PR6s=">AAAB63icdVDLSgNBEOyNrxhfUY9eBqMQL8uuCSa5BfTgMYJ5QLLE2clsdsjsg5lZISz5BS8eFPHqD3nzb5xNFKJoQUNR1U13lxtzJpVlfRi5ldW19Y38ZmFre2d3r7h/0JFRIghtk4hHoudiSTkLaVsxxWkvFhQHLqddd3KZ+d17KiSLwls1jakT4HHIPEawyiS/rM6GxZJtWnMgy2zULqqNqia1RqVuV9C3VWqeeN4dALSGxffBKCJJQENFOJayb1uxclIsFCOczgqDRNIYkwke076mIQ6odNL5rTN0qpUR8iKhK1Rori5PpDiQchq4ujPAype/vUz8y+snyqs7KQvjRNGQLBZ5CUcqQtnjaMQEJYpPNcFEMH0rIj4WmCgdT2E5hP9J59y0LdO+0WlcwQJ5OIJjKIMNNWjCNbSgDQR8eIAneDYC49F4MV4XrTnja+YQfsB4+wTqxY+k</latexit><latexit sha1_base64="hAcCbJVuRxpvmgcqlUIkkPAWm+A=">AAAB63icdVDLSsNAFJ34rPVVdelmsAp1ExJbbLsr6MJlBfuANpTJdNIMnZmEmYlQQn/BjQtF3PpD7vwbJ6lCFT1w4XDOvdx7jx8zqrTjfFgrq2vrG5uFreL2zu7efungsKuiRGLSwRGLZN9HijAqSEdTzUg/lgRxn5GeP73K/N49kYpG4k7PYuJxNBE0oBjpTAor+nxUKru2kwM6drN+WWvWDKk3qw23Cr+tcus0yNEeld6H4wgnnAiNGVJq4Dqx9lIkNcWMzIvDRJEY4SmakIGhAnGivDS/dQ7PjDKGQSRNCQ1zdXkiRVypGfdNJ0c6VL+9TPzLGyQ6aHgpFXGiicCLRUHCoI5g9jgcU0mwZjNDEJbU3ApxiCTC2sRTXA7hf9K9sF3Hdm9NGtdggQI4BiegAlxQBy1wA9qgAzAIwQN4As8Wtx6tF+t10bpifc0cgR+w3j4Bi7+Q3A==</latexit><latexit sha1_base64="hAcCbJVuRxpvmgcqlUIkkPAWm+A=">AAAB63icdVDLSsNAFJ34rPVVdelmsAp1ExJbbLsr6MJlBfuANpTJdNIMnZmEmYlQQn/BjQtF3PpD7vwbJ6lCFT1w4XDOvdx7jx8zqrTjfFgrq2vrG5uFreL2zu7efungsKuiRGLSwRGLZN9HijAqSEdTzUg/lgRxn5GeP73K/N49kYpG4k7PYuJxNBE0oBjpTAor+nxUKru2kwM6drN+WWvWDKk3qw23Cr+tcus0yNEeld6H4wgnnAiNGVJq4Dqx9lIkNcWMzIvDRJEY4SmakIGhAnGivDS/dQ7PjDKGQSRNCQ1zdXkiRVypGfdNJ0c6VL+9TPzLGyQ6aHgpFXGiicCLRUHCoI5g9jgcU0mwZjNDEJbU3ApxiCTC2sRTXA7hf9K9sF3Hdm9NGtdggQI4BiegAlxQBy1wA9qgAzAIwQN4As8Wtx6tF+t10bpifc0cgR+w3j4Bi7+Q3A==</latexit><latexit sha1_base64="4JRyiqlcLz0xwFxQa/Pbn35ujB0=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJii21vBT14rGA/oA1ls920S3c3YXcjlNC/4MWDIl79Q978NyZtBRV9MPB4b4aZeX7EmTaO82Hl1tY3Nrfy24Wd3b39g+LhUUeHsSK0TUIeqp6PNeVM0rZhhtNepCgWPqddf3qV+d17qjQL5Z2ZRdQTeCxZwAg2mTQpm/NhseTazgLIsRu1y2qjmpJao1J3K+jLKsEKrWHxfTAKSSyoNIRjrfuuExkvwcowwum8MIg1jTCZ4jHtp1RiQbWXLG6do7NUGaEgVGlJgxbq94kEC61nwk87BTYT/dvLxL+8fmyCupcwGcWGSrJcFMQcmRBlj6MRU5QYPksJJoqltyIywQoTk8ZT+B7C/6RzYbuO7d46peb1Ko48nMAplMGFGjThBlrQBgITeIAneLaE9Wi9WK/L1py1mjmGH7DePgHOiY4U</latexit>

kHz GW detectors

GW170817



L. Baiotti, and L. Rezzolla, Binary neutron star mergers: a review of Einstein's richest laboratory, 
Rep. Prog. Phys. 80, 096901 (2017).

Exploring New Physics at Merger and Post-merger 

A cosmic collider



Making confident detections requires a sensitivity around 10−24 @ kHz

Challenge of Detecting Post-merger Signals

Sources @100 Mpc

3

Fundamental 
(2, 2) mode of
post-merger

remnants



coating thermal noise and shot noise

Limiting Fundamental Noises Above 1kHz

4

Advanced LIGO design



How to Reduce Shot Noise
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Increase power Detuned SRC Tuned SRC-arm-cavity 

coupled resonance Squeezing

Signal-recycling 
cavity (SRC) 



Config 1 Config 2

Tuned SRC
(coupled SRC-arm-cavity resonance)

Detuned SRC with active optomechanical filter 
[Phys. Rev. D 98, 044044 (2018)]

How to Reduce Shot Noise
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Tuned Configuration
Configuration:

Coupled SRC-arm-cavity resonance:

Same principle as twin-signal-recycling
A. Thüring, R. Schnabel, H. Lück, K. Danzmann (2007)
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Reaching Target Sensitivity

Different options:

Arm length SRC length Power Squeezing
2 km 500 m 4 MW 10 dB
4 km 250 m 3 MW 8 dB
6 km 150 m 2 MW 8 dB

Shot-noise level:

Coupled SRC-arm-cavity resonance:

3kHz

s✓
TITM

0.015

◆✓
250m

LSRC

◆✓
4 km

L

◆
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Configuration:



Reaching Target Sensitivity
Configuration:

8

Different options:

Arm length SRC length Power Squeezing
2 km 500 m 4 MW 10 dB
4 km 250 m 3 MW 8 dB
6 km 150 m 2 MW 8 dB

Shot-noise level:

Coupled SRC-arm-cavity resonance:

3kHz

s✓
TITM

0.015

◆✓
250m

LSRC

◆✓
4 km

L

◆
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6 km design

Phase-I

Phase-II

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]

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

9



Path Forward

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.

10

(or EPR squeezing)



Sensitivity Curves
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Science Case: Detecting Post-merger Signal

12

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.   



Beijing Normal University Prototype 

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

Fan Zhang and Haixing Miao



Floor plan



Objectives

v Demonstrate coupled-cavity resonance @ tens of kHz.
v Reduce shot noise at the coupled-cavity resonance using squeezed light.
v Study Einstein-Podolsky-Rosen (EPR) squeezing idea with coupled cavity. 
v Study high-power effects.

v Learn sensing and control, and precision measurement techniques.
v Build an instrumentation team on the ground-based GW laser interferometry. 

General: training

Scientific: towards kHz GW detectors



Preliminary design
Parameters:

!"# = 0.04

()* = 1 mW squeezing experiment

!:;# = 0.002

= 6W (high-power and 10 kW in arm)

Loss"@ < 500 ppm

LossCDE < 200 ppm

F"@ = 36 m FCDE = 12 mH = 0.1 kg

Requirements (for 6dB SQZ): 

JKK
L/N ≤ 4.0×10QR HzL/N @ 50 kHz

TU/(2W) = 50 kHz

Mode mismatch < 5%

Control scheme: 

(frequency stabilization and mode cleaners)
[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). 
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Effect of SRC Optical Loss

SRC loss is the limiting factor [PRX 9, 011053 (2019)]



6km-I
 

A1



6km-II
 

Antenna response not included 
A2



18km
 

Antenna response not included 
A3


