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LISA Pathfinder
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LISA Pathfinder was selected by ESA to test the 
critical technologies for LISA which cannot be tested 
on the ground 
- Arm shrunk from million km to 10’s cm 

- Gives up sensitivity to gravitational waves 
- Maintains (and worsens) instrument noise 

LISA Pathfinder was launched on 3 December 2015 
- Science Operations began in 1 March 2016 
- Science Operations ended on 30 June 2017 

- Last telecommand will be sent at 18:00UTC on 18 
July 

Performance has far exceeded our most optimistic 
(pre-launch) expectations 
- We have demonstrated the full LISA performance over 

the LISA measurement bandwidth goal
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LISA to LISA Pathfinder
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LISA:
- 3 spacecraft, separated by ~million km
- Role of each spacecraft is to protect the fiducial test 
masses from external forces
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LISA to LISA Pathfinder
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LISA:
- Locally measure distance from TM to s/c using:

- Laser interferometry along sensitive axis (between s/c)
- Capacitive sensing on orthogonal axes

- TM displacement measurements are used as input to 
DFACS which controls position and attitude of s/c with 
respect to the TM



ESA UNCLASSIFIED - For Official Use

European Space Agency

Amaldi 12 | 12-07–2017 | Slide 

LISA to LISA Pathfinder
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LISA:
- Measure distance between s/c using laser 
interferometry
- Build TM-TM distance by combining:
                   (TM1 → s/c) + (s/c → s/c) + (s/c → TM2)
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LISA to LISA Pathfinder
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LISA Pathfinder:
- Two test masses/two inertial sensors 
- Laser interferometric readout of TM1→s/c & TM1→TM2
- Capacitive readout of all 6dof of test masses
- Drag-Free and Attitude Control System
- Micro-Newton Thrusters
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LISA Sensitivity Curve
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LISA Pathfinder
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LISA Pathfinder consists of: 
- Spacecraft 

• Provided by ESA 
- Industrial Prime Contractor: Airbus DS (UK) 

• s/c also includes the drag free control software  
and micro-Newton thrusters 

- Payloads 

• The LISA Technology Package (LTP) 
- Provided by European member states and ESA 
- Consists of inertial sensors, interferometric 

readout, payload computer and diagnostic 
subsystem 

• The Disturbance Reduction System (DRS) 
- Provided by NASA/JPL 
- Consists of processor running drag-free 

control software and micro-Newton 
thrusters
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Constraints in going to space…
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Vibration 
- During launch we subject our very delicate s/c to ~141dB of white noise 

- This is similar to a jumbo jet taking off 

Thermal 
- Payload temperature range: 0C to +40C 
- Solar array temp range: -130C to +130C 

Radiation 
- Radiation-hard components are not state-of-the-art! 

- On-board computer clock speed = 22.5MHz 

Communications 
- Ground contact  = 8 hours/day with 56kbps link 

- ~200MB of data per day maximum from s/c 
- Similar to 1990’s dial-up modems
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“Commissioning” of LPF
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The (LIGO-like) commissioning of a space mission happens before launch 
- On orbit commissioning of LPF was a functional check-out of equipment

Vibration/shock tests

Transfer Orbit Thermal TestEMC On-Station Thermal Test

Closed-loop tests

Credit: Airbus Defence and Space and IABG

Launch Vehicle Fit Check
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Preparing for launch…
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LISA Pathfinder Launch
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LISA Pathfinder was launched on 3/12/2015 at 04:04UTC
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En-route to L1
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• Orbit raised via 6 apogee raising manoeuvres 
• Transfer to Lagrange Point (L1) took ~50 days 
• Separation of propulsion module on 2 February 
• Final Orbit: 

- 500,000km x 800,000km around L1 
- Orbital Period of 6 months
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A orbiting physics lab
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Nominal Phase
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Duty Cycle during nominal science phase
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stationkeeping
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Differential Acceleration
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The differential acceleration between the test masses (known as “delta-g”) is the primary performance 
requirement of the mission… 
…and was met during commissioning!
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Latest performance…it keeps improving!
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Bill Weber - next Presentation

Rita Dolesi - Space 2

Ferran Gibert - Space 4
Giuliana Russano - Space 4 
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Optical Metrology System
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Beam alignment (from ground to space)
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One major worry was OMS alignment change from 
ground to space 
Any distortion of the optical bench shows  
up as large misalignment due to lever arm 
of optical path on bench 
Optical bench alignment can be measured  
using the fixed interferometers 
- Reference ifo measurement beam is most sensitive  

to bench distortion
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Alignment from ground to space

21



ESA UNCLASSIFIED - For Official Use

European Space Agency

Amaldi 12 | 12-07–2017 | Slide 

Interferometer alignment
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Following TM release, we could align the free-floating test masses using the electrostatic actuation 
- Contrast increased from ~few % to close to 100% 

- Best ground measured alignment was ~92%

Caged TMs
TM1 ctst = 7%
TM2 ctst = 3%

TM1 Aligned
contrast = 98.6%

TM2 Aligned
contrast = 99.3%
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Performance: On-Orbit results
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LISA local OMS sensing requirement

Measured 

test mass motion

LISA Pathfinder OMS sensing requirement

Interferometer Noise Floor

LPF local interferometer is approx. 
300 times better than requirements 

(and ~30 times better than 
equivalent LISA requirement)

~35fm/√Hz

PRELIMINARY
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Noise Budget
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PRE
LIM
INA
RYSarah Paczkowski - Space 3
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Why so good?….space is quiet!
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Kagra
Red: Tokyo
Green: Kamioke mine

LPF satellite
wrt test mass
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LPF: An international success
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LISA Pathfinder is an international 
endeavour 
-More than 40 companies and 
institutes 

- From 14 European countries and 
the USA 
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Conclusions
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LISA Pathfinder is the first step in the observation of 
gravitational waves from space 

Successfully launched on 3 December 2015 

Mission operations lasted 16 months 

- End of Science Ops: 30 June 2017 

Final telecommand to be sent next week on 18 July 

All system performance requirements met before 
science operations began 

We have met the LISA performance requirements 
over the full LISA measurement bandwidth goal 

Next step…..LISA!
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Thank you
e


