
The Eyes of LISA

T. Mistry, M.v. Beuzekom, N.v. Bakel, R. Cornelissen, M. Adams, G. 
Vissier,  J. Zand, P. Dieleman, M. Frericks, P. Laubert, R. Wanders, L. 

Dubbeldam, G. Aitink, M. Siegl 



LISA QPR Nikhef Student Projects



LISA QPR Nikhef Student Projects

● 1993 – M3 proposal for 4 spacecraft ESA/NASA collaborative 
mission

● 1995 – LISA selected as ESA Cornerstone

● 1997 – 3 spacecraft ESA/NASA LISA proposal

● 2005 to 2011 – Mission directive changes to ESA –led mission 
called eLISA (evolving LISA)

● 2013 – LISA becomes a flagship mission for ESA. 

● 2015 – Launch of LISA pathfinder.

● 2016 – LISA pathfinder reaches orbit and mission start start.    
  Nikhef + SRON join the party!

● 2017 – LISA pathfinder mission end. LISA proposal

● 2024 – Mission adoption by ESA selected as ESA L3 mission.

A Brief History of LISA
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● GW Signals expected to stay inband for ~ 
30 days.

● Data is processed on Earth.
– ‘Time Delay Interferometry (TDI)’ 

algorithm used to combine the data from the 
three satellites.

– TDI will create interferometer like signal to 
suppress laser frequency noise (similar to 
mirrors in ground based interferometers).

● LISA requires ~ 10-12 m accuracy whereas 
current ground-based interferometers are 
at the ~ 10-15 m level. 

Image credit: LISA Mission Proposal for L3 submitted to ESA (LISA Consortium)

What GW will LISA Measure



LISA QPR Nikhef Student Projects

● Heliocentric orbit lagging 
the Earth by ~ 20°
– Location is a trade off 

between transfer vehicle ΔV, 
communication and mission 
lifetime.

● Not at a Lagrange Point!   

Where will LISA Measure GW?
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● First time developing 
long arm (science) 
interferometer.

● Three interferometers 
on each optical bench
– Science
– Test mass
– Reference

● 72 quadrant 
photoreceiver (QPRs) 
systems will fly!
– Plus 28 extra for 

ground testing.
– 120 total flight ready 

systems *.

2.5 Gm

Dutch + Belgium 
Instrument 

Contribution to LISA
~ 35 cm *

~ 3.5 m *

~ 12 m *

* Subject to change 5
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● Heterodyne signals 
from science 
interferometer.
– 1-30 MHz beatnote 

frequency
– Beatnote frequency 

changes due to 
satellite breathing.

– QPR will measure the 
phase change of the 
beatnote.

– ~300 pW light 
received from remote 
spacecraft. 

●

2.5 Gm

Nikhef and SRON 
Contribution to 

LISA

6
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1.5 mm

What is the Quadrant 
Photo-Receiver (QPR)?

Housing

Quadrant Photo-Diode
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Building the (Housing 3) QPR
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Crosstalk and Uniformity

Qualifying a QPR for LISA

Phase versus Temperature Bandwidth Noise and Gain

Electromagnetic 
Compatibility

Vibration, Vacuum and 
Temperature

Quality Assurance
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● Science signal – Common Phase
– Single element.

● Alignment  
– Quadrant for alignment

● Science signal sets the specification of the QPD
● Phase sensitivity of 6 μrad/√(Hz)
● Received light ~ 300 pW
● RF bandwidth 1 – 30 MHz
● GW signal 0.1 mHz - 0.1 Hz
● Long arm length accuracy ~ 10-12 m

– Hence the need for low noise QPD.
●  Low capacitance via QPD thickness.

– Custom diode made with a thickness uncommon in 
commercial photodiodes.

● Weight for SC!

QPD

Laser beam 
spot centred on 

QPD.

Beam offset

Incoming 
laser light

Quadrant 
gap

The Eyes of LISA – Why use QPDs?
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Student Projects on Nikhef Website
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