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Laser Interferometer Space Antenna

• The detection of gravitational waves from space

5

Sun

MercuryVenus

Earth
L I SA

2.5
 m

io 
km

1AU = 150 mio km

hGW = ΔL
L

= 10 pm
2.5 ⋅ 109 m ≈ 10−21



JProf’in Katharina-Sophie Isleif 

Heterodyne Interferometry
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S/C 1
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• Heterodyne interferometry: 

Orbital changes of 1% over the year: 
1. Arm breathing: 25000km arm length mismatch 

Satellite max. velocity:  
 (= MHz Doppler shift) 

2. 60° Angular variations: Backlink fiber
vmax = 15 m/s

Laser 2

Laser 1

Δω
cos(Δωt)

sin(Δωt)

I

QADC

Phase readout goal:    @ 1mHz, λ=1064nm6 μrad/ Hz

60° ± 1°

2.5mio km ± 25000 km
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Heterodyne Interferometry
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• Heterodyne interferometry: 

Orbital changes of 1% over the year: 
1. Arm breathing: 25000km arm length mismatch 

Satellite max. velocity:  
 (= MHz Doppler shift) 

2. 60° Angular variations: Backlink fiber
vmax = 15 m/s

Laser 2

Laser 1

Δω
cos(Δωt)
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I
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Phase readout goal:    @ 1mHz, λ=1064nm6 μrad/ Hz
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Fiber non-reciprocal measurements
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Fleddermann, R., et. Al (2018). Sub-pm non-reciprocal noise in the 
LISA backlink fiber. Classical and Quantum Gravity, 35(7), 075007.

Fiber Backlink CW Fiber Backlink CCW Non-fiber referenceThree 
interferometers:
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Fiber non-reciprocal measurements

9

Fleddermann, R., et. Al (2018). Sub-pm non-reciprocal noise in the 
LISA backlink fiber. Classical and Quantum Gravity, 35(7), 075007.
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Heterodyne phase readout…

10Paper in preparation
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φ = arctan(Q/I)
uac ∝ ̂E1 ̂E2η cos(Δωt + φ)
I = uac ⋅ cos([ω2 − ω1]t) = ̂E1 ̂E2 ⋅ cos φ

Q = uac ⋅ sin([ω2 − ω1]t) = ̂E1 ̂E2 ⋅ sin φ
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… with parasitic beams (interferometers)

11Paper in preparation
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… with parasitic beams (interferometers)

12Paper in preparation
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… with parasitic beams (interferometers)

13Paper in preparation
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… with parasitic beams (interferometers)

14Paper in preparation
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• Laser light scatters out of the main beam path 

• It picks up additional phase noise by reflecting at 
moving surfaces 

• It couples back in, causing a non-linear readout 
noise that can up-convert to higher frequencies
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Phase error due to parasitic beams
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Coupling of parasitic beams
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LAPD-1-09-17-TO46 
TECHNICAL DATA 

  InGaAs Large Area Photo-Detector 
 
Features Applications 
  

• Ø1 mm Active Aperture 
• TO-46 package 
• High Responsivity (0.9 – 1.7 µm) 
• High Reliable Planar Device 
• Low Leakage Current 
• High Shunt Resistance 
• Wide Dynamic Range 

• Power Monitoring 
• Covert IR Sensing 
• Light Detection and Ranging (LIDAR) 
• Remote Temperature Sensors 
• Spectral Analysis 
• Humidity Detection 
• Gas Leak Detection 
• Optical Powering 

 
 
Absolute Maximum Ratings 
  

Item Value Unit Min. Max. 
Forward Current - 20 mA 
Reverse Current - 10 mA 
Reverse Voltage - -20 V 
Operation Temperature Range -20 +85 °C 
Storage Temperature Range -40 +85 °C 

 
 
Specifications (25°C) 
  

Item Value Unit Min. Typ. Max. 
Wavelength Range 0.9 - 1.7 µm 
Active Aperture Ø1 mm 

Responsivity (0 V) 

650 nm 0.02 0.05 - 

A/W 850 nm 0.10 0.20 - 
1310 nm 0.80 0.90 - 
1550 nm 0.85 0.95 - 

Shunt Resistance 25 80 - MΩ 

Capacitance 0 V - 80 160 pF -5 V - 40 80 
Dark Current (-5 V) - 2 10 nA 
Saturation Power (1550 nm, 0 V) - -3 - dBm 
D* (1550 nm) 2.5 5 - 1012 Jones 
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Sources of parasitic beams

17Isleif (2018) https://doi.org/10.15488/3526
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Sources of parasitic beams

18Isleif (2018) https://doi.org/10.15488/3526
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LISA telescopeLISA. Fiber backlink

LISA optical bench LISA optical bench + fiber backlink
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Dynamics & power of parasitic beams

19Isleif (2018) https://doi.org/10.15488/3526

Tab. 2.1.: List of spurious beams, separated by their categories. For each component we
assume an estimated dynamical behavior in dependency on the mounting. In relation to
this, a model is given with which the phase error can be determined for any spurious light
beam (SLB).

category noise source model phase error
comp origin dynamic [rad]

gh
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t
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bonded 2nd refl. ⌧ 1 pm P , rays
r

PSLB

Pref

metal
mounted 2nd refl. ⌧ 1 nm

P , rays,
overlap,

dynamics

r
⌘SLSPSLB

⌘Pref
'SLS

fibers fiber scatter thermal, angle
jitter, stress

diffracted Isolator,
aperture

diffraction,
clipping ⌧ 1 nm P , rays

r
PSLB

Pref

p-pol.

fiber fast axis
coupling thermal,

acoustic,
coupling
pointing

no model
used unknown

FIOS

FIOS
misalignm.,
birefringent

lens

scattered

bonded dust, surface
roughness,
scratches,
coating
quality

⌧ 1 pm P , rays
r

PSLB

Pref

light
metal

mounted ⌧ 1 nm P , rays,
overlap,

dynamics

r
⌘SLSPSLB

⌘Pref
'SLS

steering
mirrors

thermal,
steering

stray light external lamp
r

PSLB

Pref
10�6

2.3 Spurious light beams and signals 31
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r ≈ 0.1 %

φp → ≪ 1 nmφp → ≪ 1 pm (optical bonds)

r ≈ 4 ppm/m
φp → cycles

φ̃ ≈
ηpPp

ηP0
sin(φp)

Phase error:

r ≈ 0.1 %
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Phase measurement in LISA

• Where is this noise shoulder coming from? 

• Stray Light

20
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Simulations of induced phase errors
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Simulations of induced phase errors
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LISA Goal: 6 μrad/ Hz
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r ≈ 4 ppm/mFiber backscatter:

φ̃ ≈ r ⋅ sin φpPhase error:
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LISA Goal: 6 μrad/ Hz
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Mitigation strategies
Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted, AOM 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad

25Isleif et. al (2017) doi:10.1088/1742-6596/840/1/012016
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Mitigation strategies

26Isleif et. al (2017) doi:10.1088/1742-6596/840/1/012016

Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted, AOM 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad

to interferometer

Laser 1
Laser 2 from 
fiber backlink

to interferometer

P1

P2

r, t

( )rL, φL ( )rBL, φBL
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Mitigation strategies

27Isleif et. al (2017) doi:10.1088/1742-6596/840/1/012016

Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted, AOM 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad
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Laser 1
Laser 2 from 
fiber backlink
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Mitigation strategies

28Isleif et. al (2017) doi:10.1088/1742-6596/840/1/012016

Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted, AOM 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad

to interferometer
Pp,1

Laser 1
Laser 2 from 
fiber backlinkattenuation A

to interferometer

P1

P2Pp,2

r, t

( )rL, φL ( )rBL, φBL

φ̃ ≈ rA3rLt2rBLP0
rAP0

⋅ sin φp = A rtotsin(φp)
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Mitigation strategies

29Isleif et. al (2017) doi:10.1088/1742-6596/840/1/012016

Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted, AOM 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad

to interferometer

Laser 1
Laser 2 from 
fiber backlink

to interferometer

P1

P2

r, t

( )rL, φL ( )rBL, φBL

Pp,2

Balanced detection  
10x suppression (2 photodiodes 
required per intereferometer)
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Balanced detection

30
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Balanced detection
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6x
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Fiber non-reciprocal measurements
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Fleddermann, R., et. Al (2018). Sub-pm non-reciprocal noise in the 
LISA backlink fiber. Classical and Quantum Gravity, 35(7), 075007.
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Attenuation stage

33

Hennig, J, Master thesis 2013, Mitigation of 
stray light effects  in the LISA Backlink  
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Attenuation stage

34

Hennig, J, Master thesis 2013, Mitigation of 
stray light effects  in the LISA Backlink  

No attenuation
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No attenuation

Attenuation stage

35

Hennig, J, Master thesis 2013, Mitigation of 
stray light effects  in the LISA Backlink  

Attenuation A = 0.0025
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Simulations with attenuation stage

36

Measurement 
Fleddermann 2018 A=1

Stray light from 
Backlink fiber (BD)

Measurement Hennig 
2013 A=0.0025

Stray light from both 
fibers (dual reflection)

Stray light from laser 
fiber (BD possible)

Measurement 
Fleddermann 2018 A=1

UNKNOWN

No attenuation (A=1) Attenuation A = 0.0025
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• Parasitic beams (from fiber backlink) 
contaminating all LISA interferometers 

Simulations for: 
• Different dynamics 
• With and without balanced detection 
• With and without attenuation stage

LISA interferometers

37
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Mitigation strategies
Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted: two additional lasers per bench 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad

38Isleif et. al (2017) doi:10.1088/1742-6596/840/1/012016
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Three-Backlink Interferometer
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Three-Backlink Interferometer
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• direct fiber BL contaminates all 
interferometers: Faraday 

• balanced detection to suppress 
100 pm fiber noise 

• dual-cavity ghost beams: 0.02 pm

• angled / 
wedged 
components

Three-Backlink Interferometer
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Three Backlink

42Isleif (2018) https://doi.org/10.15488/3526 Bischof (2023) https://doi.org/10.15488/3526



JProf’in Katharina-Sophie Isleif 

Three Backlink

43Bischof (2023) https://doi.org/10.15488/13195

Today: 1-3pm after balanced 
detection (unpublished)
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Mitigation strategies
Eliminate origin spurious beams ( )  
• By optical design (not entering diodes) 

• Block ghost beams: baffles 
• Avoid 0° surfaces (use wedged 2ndary surface) 

Reduce power of spurious beams ( ) 
• Clean surfaces to avoid scattering 
• Good Coatings (AR, polarization, …) 
• Attenuation stages (reduce r, polarization, …) 
Reduce dynamics ( ) 
• Stable interferometer (e.g. quasi-monolithic) 
• Fiber length stabilization / OPL 
• Stabilize environment (temperature, air, …) 
Auxiliary sensing 
• Balanced detection  
• Coherent noise cancellation 
Distinguish ghost beams from main interferometer 
• Frequency-shifted: two additional lasers per bench 
• Polarization/Faraday Isolator 
• Digitally-enhanced interferometry: destroy coherence

P → 0 W

P → nW − pW

φp → 0 rad

44D. Voigt et al., Applied Physics Letters, 123(2) 2023 https://doi.org/10.1063/5.0176639
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Tunable coherence for scattered light suppression

45

• Combines multiplexing with continuous wave interferometry 
• Pseudo-random noise (PRN) timestamps are imprinted 

onto the laser phase: 

• Digital demodulation recovers signal if delay is matched: 

• sequences with strong autocorrelation properties allows 
isolation of signals based on time-of-flight: 

GHz phase modulations => cm scale coherence
D. Voigt et al., Applied Physics Letters, 123(2) 2023 https://doi.org/10.1063/5.0176639
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Tunable coherence for scattered light suppression

46

GHz phase modulations => cm scale coherence
D. Voigt et al., Applied Physics Letters, 123(2) 2023 https://doi.org/10.1063/5.0176639
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• Tunable 
coherence  

• Simulation of 
scattered light in 
a Michelson 
interferometer  

• Credit: Oliver 
Gerberding

47D. Voigt et al., Applied Physics Letters, 123(2) 2023 https://doi.org/10.1063/5.0176639

Simulations
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Tunable coherence for scattered light suppression

48Credit: Oliver Gerberding, University Hamburg

Works in the lab!
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Tunable coherence for scattered light suppression

49Credit: Oliver Gerberding, Daniel Voigt, University Hamburg

Works in the lab!

Simulations show that scheme is compatible with optical resonators  
(and with enhanced interferometers) 

-> experimental verification is ongoing at UHH (O. Gerberding)
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Summary and Conclusion
• Non-linear coupling from parasitic beams 

produce noise shoulder 
• resulting phase error depends on power, 

mode overlap and dynamics 
• Mitigation strategies involve 

• Passive reduction (baffled, by design,…) 

• Active reduction (Faraday isolator, 
frequency swap, tunable coherence, 
balanced detection) 

• Environmental reduction (reduce phase 
dynamics, stabilize temperature, air, 
vacuum) 

50

φ̃ ≈
ηpPp

ηP0
sin(φp)



Stray Light challenges in LISA Interferometry 
Sources, Dynamics, & Mitigation Strategies

Katharina-Sophie Isleif  
Helmut Schmidt University

Particle Physics Pizza Seminar DESY, 13.05.2024 
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LISA interferometers
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Dynamics in the LISA satellite

54
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Fiber backscatter experiment

55

‣ portable 
‣ detecting very low power levels of backscatter 
‣ test of different fibers and fibers connectors 
‣ calibration measurements 
‣ test of radiated fibers 
‣ backscatter over temperature

Rohr, 2022, https://doi.org/10.15488/12537 Rohr et. al, 2022, https://doi.org/10.1364/OE.404139
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Fiber backscatter experiment

56

‣ portable 
‣ detecting very low power levels of backscatter 
‣ test of different fibers and fibers connectors 
‣ calibration measurements 
‣ test of radiated fibers 
‣ backscatter over temperature
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Rohr, 2022, https://doi.org/10.15488/12537 Rohr et. al, 2022, https://doi.org/10.1364/OE.404139
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Backlink alternatives

57
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Tab. 2.4.: Overview of spurious light beams (SLBs) occurring in the different backlink
(BL) candidates. The estimated phase error is calculated via Equation (2.7) for each
backlink interferometer for three different scenarios: Firstly, SLB from the TX fiber that
interferes with the TX beam. Secondly, SLB from the BL fiber that interferes with the
LO. Thirdly, the interference among these two SLB beams. A fiber backscatter of 20 ppm,
an attenuation ratio of ratt = 0.05 and a heterodyne efficiency of 1 is assumed.

backlink interfering beams phase error [rad]

DFBL SLB TX TX 1.1 · 10−4

SLB BL LO 2.2 · 10−3

SLB TX SLB ALO 0.25 · 10−6

PFBL / SLB TX TX
p
PBSextc · 1.1 · 10−4

RMBL / SLB BL LO
p
PBSextc · 4.4 · 10−3

FBBL SLB TX SLB ALO PBSextc · 0.5 · 10−6

FIFBL SLB TX TX
p
ISOextc · 1.1 · 10−4

SLB BL LO 2.2 · 10−3

SLB TX SLB BL
p
ISOextc · 0.25 · 10−6

CFBL SLB TX TX
p
CAVextc · 1.1 · 10−4

SLB BL LO 2.2 · 10−3

SLB TX SLB BL
p
CAVextc · 0.25 · 10−6

FSFBL SLB BL LO 0.25 · 10−6

REF SLB ALO ALO 0.25 · 10−6

– –

AOMFBL SLB TX TX 1.1 · 10−4

SLB BL LO –
SLB TX SLB BL –

A further fiber-free implementation is depicted in Figure 2.10h. The so called
free-beam backlink (FBBL) uses two actuator mirrors in a closed feedback control
loop to compensate the bench rotation in horizontal direction, and potential
wobbles in vertical direction. The beam propagation of the TX beams on the
optical benches is identical to the ones in the PFBL or the RMBL. The active
control loop requires error signals that are provided by two QPDs, measuring DWS
signals. To decouple the motion of the actuator mirrors from each other, imaging
lenses are required. With these, a certain degree of decoupling in the control loops
can be achieved and the usage of DWS signals enables high gain feedback control.
In order to suppress ghost beams, polarizing optics are installed in the free-beam
(see RMBL). Free-beam solutions however have a much higher dynamic behavior
due to the backlink actuation. This could potentially increase and up-convert the
stray light coupling in the detection bandwidth.

42 Chapter 2 Phase reference distribution systems
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Tab. 2.3.: Beat note separation of ghost beams in the AOM fiber backlink (AOMFBL).
Three SLSs appear. Two are caused by ghost beams from the backlink fiber, having
different frequencies. The last one is generated from the TX fiber and is not frequency
shifted.

interferometer f1 > f2 and f4 = f2 � ⌦2 + ⌦1 and f3 = (f1 + ⌦1 � ⌦2)
nominal beat SLS beats

AOMFBL f1 � f4 f1 � f4 f1 � (f1 + 2⌦1) f4 � (f1 + 2⌦1)
AOMFBL’ f2 � f3 f2 � f3 f2 � (f2 � 2⌦2) f3 � (f2 � 2⌦2)

the heterodyne efficiency in the interferometers and the coupling efficiency into
the fibers could drop. Unknown is the thermal behavior of the AOM, leading to a
significant heat source on the optical bench. Also the electro-magnetic crosstalk
between two of these devices must be investigated.

2.4.2 Free-beam backlinks

The backlink alternatives proposed in the recent section are only fiber-based PRDS.
The reflector in the middle backlink (RMBL) is the first free-beam candidate that
is shown in Figure 2.10g. The beam propagation and the set-up are identical to the
ones used in the PFBL. This scheme however excludes the fiber from the backlink
connection by which ghost beams, caused by backlink Rayleigh scattering, are
eliminated. It is therefore an attractive alternative. To compensate the angular
variations between the two rotating optical benches, a mirror is placed in the
bisectrix of the optical benches such that the preservation of heterodyne efficiency
in the local interferometry is ensured via the law of reflection. The rotation
point of both optical benches is required to be at the laser reflection point on
the mirror surface. A translational actuation must be applied on the reflector in
the middle if the rotation axis is not stable during the rotation of ±1.5°. Even
though the RMBL provides an optical set-up with less complexity in comparison
to similar fiber set-ups, the alignment of the reflector and the actuation of the
MOSAs are very challenging. The redundancy of this PRDSs also needs to be
developed. The reflector position is at a fixed point between the two benches.
A secondary, redundant reflector cannot be placed at the same position, which
is why the the motion of the benches must be changed by switching between
the redundant schemes. To prevent the occurrence of ghost beams in this BL
implementation, polarization optics are used to separate in-bound and out-bound
light from each other. This leads to a significant additional suppression of TX
backreflections. Only the accuracies of the extinction ratios of these components
will cause secondary power reflections and, therefore, a beam propagating towards
the injection FIOS.

2.4 Backlink designs and spurious beam limitations 41

Tab. 2.2.: Beat note separation of ghost beams in the frequency separated fiber backlink
(FSFBL), once shown for four different sidebands. Shown are two cases: In the first one,
all four lasers are frequency shifted with respect to each other. In the second case, both
TX lasers have the same frequency, f1 = f2.

interferometer f1 > f2 > f3 > f4 f1 = f2
nominal beat SLS beats nominal beat SLS beats

REF f1 � f3 f3 � f4 f1 � f4 f1 � f3 f3 � f4 f1 � f4
REF’ f2 � f4 f3 � f4 f2 � f3 f1 � f4 f3 � f4 f1 � f3

FSFBL f1 � f4 f3 � f4 f1 � f3 f1 � f4 f3 � f4 f1 � f3
FSFBL’ f2 � f3 f3 � f4 f2 � f4 f1 � f3 f3 � f4 f1 � f4

the free-floating test masses within the satellite. Suppression techniques can be
used to decouple the test mass motion from magnetic field gradients. One could
add compensating magnetics in the satellite, other shielding techniques or increase
the distance between magnet and test mass.

Figure 2.10d shows the cavity fiber backlink (CFBL), an alternative design of a
fiber-based backlink with a mode-cleaning cavity implemented behind the injection
fiber. The cavity has a narrow bandwidth and is matched to the laser frequency
of the injected TX beam, f1, for the left bench. It filters therefore the LO beam
with frequency f2, which comes from the BL fiber. The phase error induced by
ghost beams from the injection fiber, SLB TX, can be reduced by a factor that
is determined by the square-root of the extinction rate of the cavity,

p
CAVextc.

Ghost beams from the backlink, SLB BL, cannot be removed or filtered. Due
to the triangular cavity shape, direct backreflections from the cavity itself can
be avoided. An additional cavity however increases the complexity of the LISA
optical bench and requires further locking electronics, readouts and sidebands for
stabilizing the cavity length. A dedicated error signal for actuating the piezoelectric
transducer (PZT) end mirror of the cavity is also needed.

A further proposed PRDS is the frequency separated fiber backlink (FSFBL). It
eliminates the direct ghost beam influence of both, the injection fibers and the BL
fiber. While the schemes mentioned before reduce only the ghost beam powers,
the FSFBL eliminates completely the coupling of all fiber ghost beams due to fiber
reflections and scattering of the first order. By shifting their frequencies away from
the actual beat note frequency the heterodyne readout is not influenced by those.
A possible layout is depicted in Figure 2.10e. For the frequency separation a further
laser source is required per bench. It provides a laser beam with a frequency that
is offset-shifted with respect to the frequency of the TX, f1, as well as to the one of
the TX’ beam, f2. These beams will be named as additional local oscillators, ALO
and ALO’, on the left and right bench, respectively, with the frequencies f3 and f4.
These ALOs are used for the light exchange between the two benches. A further
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Tab. 2.1.: List of spurious beams, separated by their categories. For each component we
assume an estimated dynamical behavior in dependency on the mounting. In relation to
this, a model is given with which the phase error can be determined for any spurious light
beam (SLB).

category noise source model phase error
comp origin dynamic [rad]

gh
os

t
be

am
s

bonded 2nd refl. ⌧ 1 pm P , rays
r

PSLB

Pref

metal
mounted 2nd refl. ⌧ 1 nm

P , rays,
overlap,

dynamics

r
⌘SLSPSLB

⌘Pref
'SLS

fibers fiber scatter thermal, angle
jitter, stress

diffracted Isolator,
aperture

diffraction,
clipping ⌧ 1 nm P , rays

r
PSLB

Pref

p-pol.

fiber fast axis
coupling thermal,

acoustic,
coupling
pointing

no model
used unknown

FIOS

FIOS
misalignm.,
birefringent

lens

scattered

bonded dust, surface
roughness,
scratches,
coating
quality

⌧ 1 pm P , rays
r

PSLB

Pref

light
metal

mounted ⌧ 1 nm P , rays,
overlap,

dynamics

r
⌘SLSPSLB

⌘Pref
'SLS

steering
mirrors

thermal,
steering

stray light external lamp
r

PSLB

Pref
10�6
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