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LISA Noise Sources

• Optical Path Noise
- Detector shot noise
- USO variations
- Laser phase noise
- Laser directional instability
- Scattered light

• Acceleration Noise
- Electromagnetic effects
- Collisions 
- Temperature gradients



Laser Requirements

Laser requirements calculated on the base of arm length 
variations of 10% are as follow: 

∆P/P≤ 5·10-4 /√Hz
∆ν ≤ 6·10-5 Hz/√Hz

But knowledge of the arm length with a precision of 200 m 
can allow the phase noise  condition to be reduced to: 

∆ν ≤ 10 Hz/√Hz



Frequency reference choice
• Mechanical reference

– FP resonator, Cryogenic Optical REsonators
– Best performances: (COREs) (Braxmeier et al.) σ= 6⋅10-13 for t≅ 104 s.
– Main drawbacks:

• Temperature variations ∆T/T=α⋅∆L/L=α⋅∆ν/ν. LISA specification are met 
for thermal stabilities of the µK.

• Reference isn’t absolute. A lock on a TEM00 mode of the wrong order, gives 
a shift of (q1-q2)FSR (GHz). Lisa requirements for absolute frequency at 
least 100MHz. 

– Main advantages: Easily adaptable to space.

• Molecular reference
– Several choices: C2H2, C2HD, CO2, Cs2, I2

– Best performances: (Hall et al.) σ=5⋅10-15 over time intervals of t≅ 100 s.
– Main drawbacks: Space adaptation to be studied, I2 requires frequency 

doubling.
– Main advantages: Absolute reference, ideal for Long Term Locks



Sub-Doppler Spectroscopy
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Saturated Absorption : principles

PUMP 
Beam

PROBE 
BeamGAS

Axial velocity class [au]

• Two counter-propagating  beams  of 
frequencies: ωL ≅ ω ’L

• The PUMP saturates the absorption.

• the PROBE (feeble intensity, frequency 
ω’L) interacts with :

• Only molecules with an axial velocity 
close to zero interact with the beam.

• The PROBE reads a dip in the absorption 
profile with line-width close to the intrinsic 
line-width. (Elimination of first order  
Doppler broadening)
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Signal extraction: MT
• MT Error Signal is obtained by:

– Modulation of the PUMP beam
– Homodyne detection of the PROBE beam
– Signal is given by Modulated Hole Burning  in the gas cell.



Techniques

• Iodine saturated absorption:
– Modulation Transfer. (Testing: reference choice)

– Stability measurement. (To be tested)

• Mechanical reference locking techniques:
– Tilt locking (DP). (Testing)

– USO Lock. (Theoretical study)

• Choice and validation. (To be tested)



Stability: Measurements 
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Tilt Locking (Double Pass)

Error Signal Voltage [V] vs frequency [Hz]

We use the FP as a Mode Cleaner in the first 
passage. Spurious signals due to beam jitter 
are reduced given the smaller number of 
optical components responsible for the beam 
alignment to the cavity.



Tilt Locking: Error Signal

The error signal is obtained by misaligning of the beam .

This beam Tilt in the case of a perfect matching, will produce en error 
signal. 

For a pure Tilt of an angle α in the x direction we’ll find in terms of the 
TEM modes:

A pure Shift dx, on the other hand, will engender : 

In the most general situations where both effects are present :

the de-phasing will be equal to 90° if d <<zR (Rayleigh parameter 
associated to the cavity) and Rinc = ∞ it is in this configuration that 
an error signal is obtained.

λπα xiinc eEE 200 ×=
( )λπα xiE 2100 +=

1000
2

EwiEE incinc
λ
πα+=

[ ] 1000 *
2

1 ER
dxwiw

dxEE
inc

inc
inc

inc λπ+−=

( )[ ] 1000 *1
2

ER
dwiw

dEE
inc

inc
inc

inc −+−= λπα



Tilt Locking: Concept

Quadrature Phase

Image from D.S. Shaddock’s Thesis.



Choice and validation

• Controlling the cavity’s length by according its FSR 
to a frequency given by an USO could allow a 
mechanical reference to satisfy LISA’s 
specifications.

• A comparison of the different type of Locks 
performances is necessary and part of our further 
experimental program.

• Validation of each type of Lock using the Iodine 
stabilised Laser  as a reference.



Conclusions
• Mechanical references have been chosen for 

LISA up to now. But Long Term performances 
aren't guaranteed?

• A study of a molecular reference is needed:
– For validation
– In view of subsequent space adaptation.

• 1.06 µm may not be the best wavelength choice. 


