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eIntroduction

LISA Pathfinder is the first step in the observation of gravitational 
waves from space  
LISA Pathfinder provides us with: 
• A better understanding of the physics of the forces acting on a free-falling test mass 
• Industrial experience in the development, manufacture, and testing of technologies 

required for GW detection 
• Data analysis algorithms and tools dedicated to the  

analysis of the system as a whole 
• Essential experience in the commissioning of a LISA-like  

mission
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LPF essentially shrinks one arm of 
LISA from ~million km down to ~40cm
• Giving up the sensitivity to gravitational waves
• Maintaining the instrument noise which could 

dominate the GW signal



eLISA to LISA Pathfinder

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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eLISA to LISA Pathfinder

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
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eLISA to LISA Pathfinder

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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eLISA to LISA Pathfinder

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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eLISA Sensitivity Curve
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eA little bit of history…
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1998
First proposed as ELITE 
(European LIsa TEchnology) in 
1998 
- Homodyne interferometer 
- Launch date 2002



eA little bit of history…
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1998

1st International LISA Symposium
Rutherford Appleton Laboratory

1996



eA little bit of history…
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2002

1998 ELITE proposal was refined 
and proposed to ESA in 2000 
as SMART-2 
- Included LISA Pathfinder, ST-7 

DRS, Darwin Pathfinder 
- Launch date 2006 



eLISA Team on SMART-2 Proposal  
(2000)
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RED: LISA Pathfinder team, GREEN: ST7 team



eA little bit of history…
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2002
2004

1998 After initial study, SMART-2 
was descoped and renamed 
LISA Pathfinder 
- Darwin Pathfinder cancelled 
- Single s/c, with two payloads: LTP 

and DRS



eA little bit of history…
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2002

2006

2004

1998
DRS was descoped in 2005 
- DRS inertial sensor and 

interferometer cancelled 
- DRS now uses the LTP inertial 

sensor



eA little bit of history…
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2002

2006 2011

2004

1998

Several design changes were 
made over the years…. 
….although the underlying concept 
has been stable since the beginning



eA little bit of history…
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2002

2006 2011

2015

2004

1998

The LISA Technology Package 
(LTP) was delivered in May 
2015



eAt the launch site…
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CSG, Kourou
December 2015



eUniqueness of space missions

Unlike ground based detectors, space missions have a 
wealth of unique constraints which must be overcome, e.g. 
- Launch…intense vibration and acoustic noise 
- Eclipses…large thermal swings during low earth orbits 
- Radiation…especially when passing through the belts 
- Mass…we need to get it there 
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- Power…we only use green 
energy! 

- Communications…LPF is in orbit 
around L1 (1.5million km from 
Earth) 

In addition, ‘commissioning’ 
must be done before launch 
- After launch, we don’t have many 

knobs to turn!
LPF on shaker table to simulate launch conditions

z-axis swept sine



eSome numbers…

Vibration 
- During launch we subject our very delicate s/c to 

~141dB broad band acoustic noise (peak at ~100Hz)

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

Mass 
- Not only total mass, but where it is located…
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Christian Trenkel

Engineering LISA Pathfinder



eGround Testing

We only have one shot on orbit… 
…therefore, we spend years testing on the ground

Vibration/shock tests

Transfer Orbit Thermal TestEMC On-Station Thermal Test

Closed-loop tests
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Launch Vehicle Fit Check



eAnd then it gets serious…. 
                              …the launch campaign

LPF was transported to the launch site on 8th October 2015 
The launch campaign was short, but intense…
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ePreparing for launch…
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eLISA Pathfinder Launch

LISA Pathfinder was launched on 3/12/2015 at 04:04UTC
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eEn-route to L1

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

23



e

Date Milestone
3 December ‘15 Launch of LISA Pathfinder

11 January Switch-on of the LISA Technology Package

2 February Release of test mass launch locks and opening of venting valve

15 & 16 February Test mass release → free floating test masses

18 February Alignment of the laser interferometer

22 February First entry to Science Mode

1 March Start of Science Operations

25 June End of LTP Science Ops & start of DRS Ops

27 June DRS Commissioning, Phase 2

15 December End DRS Operations, start extended mission

31 May 2017 End of mission

Operations Timeline
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eHighlights of commissioning [1]

Interferometer alignment 
- Test masses are controlled to align the interferometer (using differential 

wavefront sensing) 
- Alignment is outstanding!
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Caged TMs
TM1 ctst = 7%
TM2 ctst = 3%

TM1 Aligned
contrast = 98.6%

TM2 Aligned
contrast = 99.3%
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eTransition from Acc3 to Science Mode: 
Commanded Force on TM2x
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Preliminary



eHighlights of commissioning [2]

The first measurement of the differential acceleration, 
before we even started science operations, already met 
the performance requirements! 
- LPF worked “straight-out-of-the-box”
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Bill Weber

Physical model of the LPF differential 

acceleration measurement



eOperational Duty Cycle
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Station-keeping

Software crash

Science 
Modes



eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eDay-to-day operations
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eLTP Science Operations

Some figures: 
- 92 days of science operations 
- Equal to 2214 hours of data taking, of which: 

• 1491 hours of noise measurement (taking data with no injections) 
• 723 hours of ‘active” investigations 

- From a total of 136 investigations 
- ~20GB of data  
- ~24 days of MOC activities (e.g. station keeping) 
- 193 simulation equivalent days for scientific validation 

• 138 of which were unique investigations 
- Minimum of two data analysis teams at ESOC each day during science 

operations 
• In addition we had: 

- Other scientists (PS, PI, DA managers) 
- MOC team (several engineers and Spacon) 
- STOC team (Operations manager, engineers (x2),  scientist)
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eThe LTP team at ESOC
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LTP Commissioning Team



eThe LTP team at ESOC
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eLPF: An international success

LISA Pathfinder is an 
international 
endeavour 
- More than 40 companies 

and institutes 
- From 14 European 

countries and the USA

32



eConclusions

LISA Pathfinder is the first step in the observation of 
gravitational waves from space

Successfully launched on 3 December 2015

All system performance requirements met before 
science operations began

We are now approaching, or are have already met, the 
LISA performance requirements

Next step…..LISA!
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eThank you
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