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Introduction

satellite1 satellite2

satellite3

The TianQin Project: TianQin space gravitational wave observatory
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Introduction

The TianQin Project: “0123” technology roadmap
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Introduction

The TianQin Station: orbit determination of TQ-3 satellites
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TianQin Laser Ranging System

1）Use 1064nm wavelength: high atmospheric transmittance, low
background noise, and get more photons at the same laser energy

2）Use 1.2m-aperture telescope technology: high-precision tracking, 
small laser divergence angle

3）Use 2×2 multi-channel near-infrared band superconducting 
single-photon detector: high QE, low noise

4）Lunar laser ranging at 100 Hz frequency: improving the echo 
rate and measurement accuracy
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TianQin Laser Ranging System

1.2m

Laser

Ranging

System

Telescope sub-system

Ranging sub-system

Laser sub-system

Photon detection sub-system
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TianQin Laser Ranging System

Main parameters of TianQin Station
CommentValueParameter

Laser wavelength1064nmλ

Laser pulse energy300mJ𝐸௧

Laser pulse repetition rate100Hz𝑓௣௨௟௦௘

Aperture of the telescope1.2mD

Divergence angle of laser2”𝜃௟௔௦௘௥

Tracking error of telescope2”𝜃௧௥௔௖௞

Transmitting efficiency of optical sys0.6𝜂௧

Receiving efficiency of optical sys0.2𝜂௥
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TianQin Laser Ranging System

Pointing and Tracking: Common optical path
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TianQin Laser Ranging System

Laser: 

Laser

Pick-up mirror

to Optical Bench
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TianQin Laser Ranging System

SNSPD: Superconducting Nanowire Single-Photon Detector 

ValueParameter

2×2Array

>30%@1064nmDetection Efficiency

50nsDead time

<70psJitter time

20MHz maxCounting rate

<1000 @T=2.3KDark count rate

200μmPhoton-sensitive area
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LLR Results

 08-06-2019 First Laser Ranging of A15

 07-11-2019 Laser Ranging of all 5 Retroreflector Arrays

 29-09-2023 Laser Ranging of A15 @ Full Moon condition

Some key milestones:



中山大学∙天琴中心 http://tianqin.sysu.edu.cn/ 17

LLR Results [1]

[1].Tianquan Gao et al. Optics and Laser Technology. 167 2023 109741
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LLR Results

LLR@Full Moon
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LLR Results

Target statistics Monthly statistics Moon phase statistics
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LLR Results

One hour LLR and statistics of A15 array[2]

[2].Caishi Zhang et al 2022 Class. Quantum Grav. 39 125005
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Outlook

 Daylight laser ranging

 Dual-wavelength laser ranging

Goal: 

High-precision orbit determination of TianQin-3 satellites 
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