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LISA: Half-time from Proposal to LaunchOpening talk 4th LISA Symposium 2002:

• LISA as we know it was proposed in 1993

• LISA launch is now consistently quoted as 2011

• Today, 2002, we are half-way there

 Time for reflection

 Time for visions into the future

Half-time between Proposal and Launch!

Halbzeit!
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LISA in 2004: Getting Real!

 LISA Mission Formulation Phase beginning Fall 2004

 ESA Contractor selected

 Joint NASA/ESA Management Structure in place

 Joint NASA/ESA Integrated Technical Teams (ITTs) in place

– Interferometry Measurement System (IMS)

– Disturbance Reduction system (DRS)

– Constellation

 LISA Pathfinder (LPF) Technology Mission approved by 
ESA SPC in November 2003

 LPF Mission Industrial Contract in place

 NASA DRS and ESA LTP P/Ls on track for launch 2008
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A Collaborative ESA/NASA Mission

 Cluster of 3 S/C in heliocentric orbit

 Free flying test masses shielded inside the S/C

 Trailing the earth by 
20 ° (50 Mio km)

 Equilateral triangle 
with 5 Mio km arms

 Inclined against ecliptic by 60 °
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LISA Orbital Motion
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 Using phase modulation 
due to orbital motion is 
equivalent to           
Aperture Synthesis
(like in Radio-Astronomy)

 Gives diffraction limit
     = / 1 AU

 Measurements on 
detected sources: 
 -  ~ 1’ – 1o 
 - (mass,distance)  1%

Wave
(f = 16 mHz)

Angular Resolution with LISA
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Why are LISA‘s Arms 5 Mio km 
Long?

     LF band
0.1 mHz - 1 Hz

Spurious forces
Arms too short

Signal cancels
Arms too long

Photon shot noise
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Why are LISA‘s Arms 5 Mio km long?

 Bottom of sensitivity curve only depends on laser 
power and telescope diameter

 Shorter arms lose the low frequencies (>107 M BHs)

 Longer arms lose the high frequencies (< 103 M BHs)

–   5 Mio km is a compromise!
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Draft LISA Science Requirements:

  Gravitational capture of compact objects by supermassive BHs
– Most challenging requirement and goal
– Also one of the highest-priority LISA science objectives

 Merging supermassive BHs 
– Typically high-signal to noise, but sets goal and requirement at 10-4 Hz 

(in order to get accurate distance and other parameters for 106 Msol BHs) 

 High-Z intermediate mass seed BHs
– 103-105 Msol BHs at z = 7 - 30

– Somewhat speculative, but highly interesting for probing protogalaxies

 Cosmic backgrounds/bursts
– Standard slow-roll inflation not detectable
– Explore as much phase space as possible, but no firm requirement
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LISA layout
 Laser beams reflected off free-flying test 

masses

 Diffraction widens the laser beam 
to many kilometers

– 0.7 W sent, 70 pW received

 Michelson with  3rd arm, Sagnac

 Can distinguish both
polarizations of a GW

 Orbital motion
provides
direction 
information

main transponded
laser beams

reference
laser beams
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LISA Interferometry

 Each beam (reference and main) is 
separately heterodyned with the 
local laser on a photodiode 

 Time-delay Interferometry:

 Specific linear combinations of heterodyne signals 
in time domain cancel laser/USO noise 
and keep GW signal

 One linear combination cancels the GW signal and 
laser/USO noise

 LISA can distinguish a stochastic gravitational wave 

 background from instrumental noise background!

main beams

reference beams
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Spacecraft Layout
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Spacecraft Layout
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Spacecraft Layout
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LISA Launch and Cruise
 Delta IV medium launches all three spacecraft
 Each spacecraft is attached to its own 

propulsion module
– Propulsion Module V = 1.22 km/sec
– Propulsion module incorporates a bipropellent (N2 

O4 / hydrazine) system and a Reaction Control 
System for attitude control 

 13 month cruise phase
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10-15
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10-13

10-12

F
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Torsion 
pendulum

LISA

LISA needs the perfect Free Fall

Spurious Force

Flight test
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Testing Technology in Space:
LISA Pathfinder (SMART-2) 
Mission
 Risk mitigation for LISA

 Technology demonstration for 
ESA LISA Technology Package (LTP) 

 NASA contribution of Disturbance Reduction 
System (DRS)

 1 S/C testing drag-free operation, perfect free fall 
of 2 test masses, interferometric readout, 

 Cs-FEEPS, Colloid, Cold-Gas and Chemical 
propulsion

 Launch in 2008
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The LTP
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The LTP
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The LTP
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The LTP
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The LTP
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The LTP
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The LTP
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National Contributions to LPF
 Industrial Architect and System Engineering

– Germany (Prime), Italy (Support)

 Inertial Sensor
– Italy (Design, AIVT), Switzerland (Front End Electronics), UK (Charge 

Control), Open (Caging Mechanism)

 Laser Assembly (Laser, AOM bench, stabilization algorithms)
– Germany (Design, Laser, AIVT), Open (F?) (AOMs)

 Interferometry and Optical Bench
– Germany (Design and final AIVT), UK (Optics and OB pre-integration)

 Phasemeter Front-End (Diodes, ADs, FPGAs, Algorithms)
– UK (FM and EM), Germany (Concept and Breadboard)

 Data Management Unit (Processor, PM back end, environ 
monitor)

– Spain



LISA and LISA PF
27

Test-m
ass

Test-m
ass

Interferometer

Optical Metrology
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Assembly of 
Optical Bench 
at Astrium 
Friedrichshafen
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Space qualifying optical component assembly procedures

RAL Glasgow
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Assembly in Friedrichshafen
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First tests in Friedrichshafen
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   Vibration test of Optical Bench



LISA and LISA PF
36

Optical Bench EM Performance
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 Top and 
Bottom 

Lids 
 

Central 
frame 

 
Test Mass 

Test-Mass 
Capacitive 

Motion 
Sensor

(Inertial Sensor, 
Gravitational 

Reference 
Sensor)

6 degrees of 
freedom

•Major design features

Large gaps because of patch fields
Minimize thermal gradients 
   (metal instead of ULE)
Avoid DC actuation (AC used)
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Ground testing of Inertial 
Sensor on 
Torsion Pendulum
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http://xxx.lanl.gov/PS_cache/gr-qc/pdf/0307/0307008.pdf

Ground Test of Inertial Sensor
only sensitive to most feared surface effects
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Testing of LISA-PF Laser
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Thermal isolation of reference 
cavity

• Cavity length 20 cm, finesse 9000

• Vacuum 2x10-7 mbar

• Gold-coated thermal isolation layers

• Spacers from ceramics with low thermal conduction
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Laser Frequency Stability

2 independent systems, out-of-loop comparison

LISA 
Spec



LISA and LISA PF
45

LASER Locking to LISA Arms
 Laser arm-locking standard on ground-based 

interferometers

 But in LISA: 30 sec round-trip light-time delay complicates 
servo design

 Several groups have come up with servo designs that would 
give enormous suppression of the laser noise by using the 
average of the LISA arms as stable reference

 All of these designs would greatly reduce the requirements 
on TDI, by up to several 10 000, and also on ranging 

 Potentially almost no pre-processing on board required!
– All raw data to ground!

 Recent progress in experiment and simulation! 
(talks by Sheard, Thorpe, Heinzel)
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First Tests of Locking to Arms
 Laboratory tests with 70 MHz RF and drum of coaxial cable

 Locking nicely and stably with Unity Gain Frequency 
above frequency of fifth null!
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NASA GRS Package
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LISA Pathfinder
 European LTP

– Inertial Sensor
– Optical Metrology
– Drag-free control
– Phase-measurement

 US DRS
– Similar to LTP with “coordinated differences” (materials, design, 

interferometry)
– Oriented 45º to the LTP to allow for a “LISA simulation” during 

combined operation

 Thruster systems
– FEEPS, colloidal thrusters, cold gas, hydrazine 
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Spacecraft and Propulsion Module
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Operational Orbit: Lagrange Point 1
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B - 7

Minimum Science Mission Minimum Science Mission (2 of 2)

• High SNR even for Minimum Requirements
• SMART-2 demonstration goal results in  

performance better than Minimum Requirements



Jet Propulsion Laboratory
Pasadena, California

April 1, 2003

TRIP: Technology Readiness and 
           Implementation Plan Review

SITE VISIT
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LISA-TRIP SUMMARY

Assessment of Risk

Achieving technology roadmap: 
Medium

Formulation in addition to 
technology development: 

Medium

Implementation: 
Medium
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The LISA Follow-on Mission
 Searching for a stochastic background from the early universe?
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 Resolve and remove all 
binary NS in Universe

 3+1 clusters of 3 S/C
 Arms  50 000 km
 3,5 m mirrors
 300 W lasers
 Launch 2018-2025

 Big Bang Observer (BBO)

  Proposal to NASA VM03-0021-0021
– Approved for study Feb 20, 2004
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ESA Cosmic Vision: 4 GW 
Proposals
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Planning for LISA Data Analysis
 Analysis of the LISA data should be recognized by the 

agencies (ESA and NASA) as an integral part of the project, 
and planning for it should be done as carefully as for the 
hardware. 

– The success of the entire mission is put at risk if the analysis is done 
poorly. 

– Analysis task for LISA is likely to be significantly more complex and 
demanding than that required for data from ground-based detectors. 

 LIST should develop during the next year a detailed plan for 
data analysis

 Working model: 
Two cooperating LISA Science Centers, one in the USA and 
one in Europe. 

– Responsibility to specify the analysis design, plan its implementation, 
and supervise its execution.

– Enlist participation of  wider scientific community in developing 
algorithms, writing software, and interpreting the results. 
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The Future of Ground-Based 
Observatories

 1st generation is going into operation this year
(GEO600, LIGO, TAMA in 2004, VIRGO in 2005)

 2nd generation will follow 2008, 
plans are well developed
(Advanced LIGO proposal evaluated positively)

 3rd generation 2013, concepts are being 
developed (GEO upgrade in 2008, EGO, LIGO III)

 Sensitivity improves tenfold each time and 
by 2014 there will be a flourishing high-frequency 
GW astronomy! 
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The Future of Space Observatories 
 LISA Pathfinder (SMART-2) is technology demo

30 cm armlength
Launch 2008

 LISA will open low-frequency window with 
supermassive BHs and precision observations 
5 Million km armlength 
Launch 2013

 Big Bang Observer and Cosmic Vision Missions 
to look for the early universe, dark energy,  missing 
mass and THE UNKNOWN!
Many clusters of S/C
Launch 2018/25
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The End


