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Hundred years of GW detection

In 2016，LIGO directly detected the Gravitational wave.
The existence of GW was confirmed, and proved that:

Einstein was right AGAIN



GWs opened a new window

EM wave telescope GW antenna

New messenger to study the dark side of the Universe



Why space?

From ground to space

Introduction of space-borne detectors

Different frequencies

Different sources

Different sciences

complementary

• 3 satellites
• Laser link
• From 105 to 106 to 108 km
• Geo- or Helio- centric orbit
• From deci-hertz to milli-hertz 

to micro-hertz
• From 102 to 108 ☉



Major scientific objectives

Cover intermediate-
and super- massive 
black hole merger

• Relic of Pop III stars

• Structure formation

• Standard siren ……

Cover intermediate-
and extreme- mass 
ratio in-spiral

• Horizon probe

• No hair theorem

• Galactic Nuclei ……

Galactic binary, cosmic string, 
stochastic background from big bang

• State fuction of white dwarf, topology of 
cosmos, Physics of very early universe ……



Space GW detection in China

TianQin

• Geocentric orbit, 0.17 million 
km arm-length

• Leading by SYSU and HUST

Taiji

• Heliocentric, 3 million km, 1AU 
from the Sun

• Leading by CAS



Principle 

• Difficulties: weak signal、long baseline、various disturbance

• The GW train passing by were sensed by the test masses, induced light pathlength 

changing between TMs, these changes were measured by lase interferometer 



Challenges 

• Inter-satellite inteferometry（10-20~-21）

➢ Picometer displacement in 105-6 Km

➢ Pointing accuracy and stability 1nrad

• Drag-free control (57 DOFs)

➢ TMs disturbing acceleration 10-15ms-2

➢ Micro newton thruster 0.1μN



Taiji-1



Possible timetable
Taiji-2  2030
Taiji-3  2035



Taiji-1

• 2018-8-30, mission 
adopted, started mission 
formulation review

• 2018-12-17, started flying  
model manufacturing

• 2019-4-30, payload 
delivered to satellite 
company, started 
implementation and test

• 2019-8-1, started satellite-
rocket docking and test

• 2019-8-15, shipped to 
launching site

• 2019-8-31, launched



Taiji-1

Yue-Liang Wu and etc., Communications Physics, 4, 34 (2021). https://doi.org/10.1038/s42005-021-00529-z



Taiji-1

• Optical readout gravitational reference sensor, drag-free control, etc

• Manufacturing Process & Machining Technique of the Key Payload



Taiji-2 R&D



Taiji-2

The technology development is still a few step away from Taiji-3

However, it meets the requirement of Taiji-2

Two satellites, heliocentric orbit, trailing earth 5-10 degree, 1 million km arm





Taiji R&D progress —— Interferometer

• Optical bonding

• Precise positioning

• Two 1:1 models

• Establishing laser 
link and test

• Phase-meter

Deviation: 42 μrad, 9 μm

Noise PSD: 6pm/Hz1/2

Phase meter: 1μrad/Hz1/2



Taiji R&D progress —— Interferometer
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amplifier, FP locking

6Hz/Hz1/2, 4W, 10-4/Hz1/2

• Mirror

• Structure

• Invar steel, silicon 
carbide ……

λ/100, 10pm/Hz1/2



Taiji R&D progress —— ATP

• Acquisition with camera

• Pointing with DWS 

• Archimedes spiral

Acquisition 0.1μrad

Pointing 20.25nrad/Hz1/2

• Pointing ahead angle mechanism (1 dimensional & 2 dimensional)

Field (out of telescope 100×) 6.23μrad (1d), 5.4μrad (2d); θ deviation (out of telescope 

100×) 4.4 nrad(1d), 6.8nrad(2d); longitudinal noise 8.3pm/Hz1/2 (1d), 8.5pm/Hz1/2 (2d)



Taiji R&D progress —— Inertial sensor

• TM machining, coating

• Cage manufacture, 
assemble, measuring

• Sensor head integrating

• 1:1 model

Gold platinum alloy

Parallelism and 

perpendicularity 9×10-5rad

Electrode symmetry 15μm

Magnetic susceptibility 4×10-6



Taiji R&D progress —— Inertial sensor

• Capacitive sensing

• Electrostatic driving

• 1:1 model

• Test with sensor head

• Test with interferometer

Displacement 1.7nm/Hz1/2

Driven voltage fluctuation 

5ppm/Hz1/2



Taiji R&D progress —— Drag-free and thruster

Cold Gas Thruster
• Thruster head

• Electronics and controller

• propulsive force calibration 
torsion pendulum (Electrostatic 
comb)

Ion thrusters already flight 
with Taiji-1

Specific impulse ＞ 53s

Response time 110ms(rising 

up) 120ms (falling down)

Resolution 0.1μN

Noise 0.1μN/Hz1/2

Fly tested on 2025!



Taiji R&D progress —— Drag-free and thruster

• Payload simulator quasi-physical 
(electrical interface, data flow)

• Drag-free controller (1:1)

• From laser link establishing to 
scientific operation

Residue jitter 8nrad/Hz1/2, 7nm/Hz1/2



Taiji R&D progress —— stable platform

• Model prototype of taiji satellite

• Ultra stable structure

CTE 0.58×10-7/K (bar), 2.38×10-7/K (structure)

Carbon fiber ceramics



Taiji R&D progress —— stable platform

• Thermal meter

• Active-passive thermal 
control

measurement 30μK/Hz1/2

control 30μK 



Taiji R&D progress —— stable platform

• Center of mass actuation (test on 
Taiji-1)

Deviation (x and y) ±0.1mm

• Self gravitational force simulation

TM DC acceleration 3.75×10-10ms-2/Hz1/2

Stiffness 4x10-7/s2



Taiji R&D progress —— Taiji simulator

1、Simulation software

2、Full-link Modeling

3、Sensitivity analysis and index system

• Demonstration project process: 

Escaping, transferring, science operation. 

• Providing parameters configuration.

• Generating Mock data.

• Formation and orbital dynamics modeling.  

position simulation error: 0.03pm in six years

• Split interferometry ranging system modeling. 

Computational accuracy 10-13m/Hz1/2

• Inertial sensor system modeling and analysis.

• Instrument sensitivity calculation and analysis.

• Index system construction for Taiji Program: 

including 9 types of displacement noise and 10 

types of acceleration noise, total of hundreds of 

indicators

Project process demonstration Parameters configuration&Mock Data

3Mkm diffraction 
transmission by MEM

Global dynamics of 
detecting formation

Self gravitation、temperature、
magnetic field simulation

Scientific objectives analysis Multi-level index system



Taiji R&D progress —— data analysis
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TDI numerical simulator TaijiSim-TDI (developed with c++/python) . 
Satisfy the requirements of PN code ranging (≤10cm) and frequency noise suppressions (~8 orders).   

Flow chart PN code ranging and Inter-
satellite clock calibrations

Suppression laser frequency noise and 
differential clock noise with 2nd TDI

Demonstrate and confirm the performances (≥7 orders) of TDI channels with optical fiber interferometer 

Full-chain simulations;
Instrument noises  

GW templates preparation;  
Signal injection (SMBH, EMRI, 

neutron star binaries)

TDI and data pre-processing;

Mock Data 
Challenge



Recent Progress









Preparation for engineering

The integration of payload subsystem

IMS noises: 8x10-12m/Hz1/2

< 10-20 @0. 1mHz-1Hz

Acceleration noises: 3x10-15ms-2/Hz1/2

On ground: 3x10-12ms-2/Hz1/2



Preparation for engineering

The integration of payload and satellite and test of drag-free

Acceleration noises: 3x10-15ms-2/Hz1/2

On ground: 3x10-12ms-2/Hz1/2

How to evaluate



Preparation for engineering

3-satellite constellation on-ground test

3-arm interferometer

3 million km arm length

Vacuum 10-6Pa，thermal 
10μK/Hz1/2

TM 6 DOF control
3×10-15m/s2/Hz1/2

Total 57 DOF drag-free  

Interferometer 
8pm/Hz1/2

TDI

uninterrupted run 1 
year

3-arm interferometer

Electronic delay

Vacuum 10-4Pa，thermal 
0.1mK/Hz1/2

TM 3 DOF control
3×10-12m/s2/Hz1/2

27 DOF drag-free

interferometer
30pm/Hz1/2

TDI

uninterrupted run 3 
months

等同

等同

等同

等效

等效

等效

等效

等效

On orbit On ground



扭秤B
扭秤A




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

