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Low noise laser interferometer design
using IfoCAD

o C/C++ Library for laser interferometer design and optimization

e public C version (— google), C++ version on request
o developed at AEl since ~2010
o features

o propagation of various beam types (Gaussian beams incl.
higher order; general astigmatism; FFT-optics)

o photodiode readout signals
e optimization routines



£

Phase:

readout of longitudinal
shifts

-
o”®

DWS: -
(differential wavefront
sensing)

measure of beam tilt —

WSh — (f)lcft — q)ri rht

DPS:

(differential power sensing)

measure of beam
displacement

Plcft — Pright
-Plcft + Pri ht

DPSh =

Contrast:

measures of beam

Rnax — Rnin
Pmax + Pmin

overlap quality



Phase on a quadrant diode
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& Phase on a quadrant diodeg
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Phase on a quadrant diodefz—
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' Phase on a quadrant diodeZe—.
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cross coupling vanishes
on a large single element detector
- provided that

the beam parameters are matched

|this is not intuitive... I
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¢ Tiltto Length Cotipling,

» Angular jitter of Test Mass or Spacecraft

— beam walk on photodiode
— pathlength noise

o LISA Pathfinder:
noise reduction by subtraction

o (e)LISA:
e subtraction AND
o imaging of critical planes to PD planes
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pupil stop 2 Diaphragm pupil

e A\

Principal ray | ~0.1p ! Mass 2 . 1F




ﬂ' Tiltto Length Coupling

e Angularjltter of Test Mass or Spacecraft
— beam walk on photodiode._

— pathlength noise e T

o LISA Pathfinder: | &l SN ALY

noise reduction by subtraction ; T el

o (e)LISA: N ~ [T /¢
o subtraction AND N T |
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ﬁ Tilt-to Length Coupling Redyetion

» Imaging — reduction of phase noise?
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ﬁ Beam propagatior
Ray tracing e
Gaussian beams s

g-parameter propagation e
general astigmatism accounted for 2%, SSo

experiment simulation TS Ssse. P00,
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courtesy: Evgenia Kochkina
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G Beam propagation with def

Non-Gaussian beams: Top Hats, Fibre modes, ...
FFT-propagation

distance between aperture and QPD 0 mm distance between aperture and QPD 5.5 mm distance between aperture and QPD 11 mm
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courtesy: Vitali Miller, S6nke Schuster



G Beam propagation
o Non-Gaussian beams: Top Hats, Fibre modes, ...
o FFT-propagation

o Mode Expansion Method:
Expansion of fields in higher order
Hermite-Gaussian or Laguerre-Gaussian modes
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|G Top Hat beam™
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' Fibre mode propagation ege—

Propagation of Fibre Mode LP

Intensity pattern
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Interface
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G J Optimizing interferometersge—

o Optimize

o optimal beam overlap on beam * =
combiners and photo diodes

o least clipping

o equal arm lengths
o low stray light
e Space

o Example: Hexagon Interferometer

e Optimization with
wedged beam splitters

o auto-alignment

25
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