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LISA interferometry  TAPSI - Project
LISA ground-support equipment:
16.Developing a toolset for adjustable picometer- stable interferometers for future 

gravitational wave detectors



Fig.1: Gravitational Wave Sensitivity Curve Plotter (gwplotter.com)

L I S A  m i s s i o n

2.5 mio km

Fig.1

0.1 mHz – 1 Hz
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Fig.2: M. Lieser, E. Fitzsimons, et. al. (2016), Construction of an optical test-bed for LISA

L I S A  g r o u n d  s u p p o r t  
e q u i p m e n t
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Fig.2: M. Lieser, E. Fitzsimons, et. al. (2016), Construction of an optical test-bed for LISA

L I S A  g r o u n d  s u p p o r t  
e q u i p m e n t
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Fig.3

Fig.3, 4: Soham Kulkarni, et. all (2020, July), Ultrastable optical components using adjustable commercial
mirror mounts anchored in a ULE spacer

Fig.4

University of Florida
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T A P S I  c o n c e p t

• Easy setup of interferometers

• Quick test of components

• Goal:  < 1
𝑝𝑚

𝐻𝑧

Toolset for Adjustable Picometer-Stable Interferometers

Fig.5
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T A P S I  m o u n t i n g  c o n c e p t
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Fig.6

• Zerodur plate, mounting, …

• Optomechanics (Invar), optics, …

• Temperature suppression

• Seismic isolation

• Two Lasers (1064nm) NPRO

• Cabling → Electronics (PD, Sensors, …)
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T A P S I  t e s t  f a c i l i t y



Fig.6

T A P S I  t e s t  f a c i l i t y

Space-Laboratory

Optical Table

Fig.7

8



Fig.6

T A P S I  t e s t  f a c i l i t y

Space-Laboratory

Optical Table

9



Fig.6

T A P S I  t e s t  f a c i l i t y

Space-Laboratory

Optical Table

10



Fig.5.: ASD Lisa requirement 

N o i s e  B u d g e t :  T e m p e r a t u r e  n o i s e

11

Fig.5



Fig.6.: ZeroDrift mirror holder from Newport (vacuum compatible)
Fig.7.: M. Dehne (2012), Construction and noise behaviour of ultra-stable optical systems for space interferometers
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Fig.6.: ZeroDrift mirror holder from Newport (vacuum compatible)
Fig.7.: M. Dehne (2012), Construction and noise behaviour of ultra-stable optical systems for space interferometers

N o i s e  B u d g e t :  T e m p e r a t u r e  n o i s e

Fig.7
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Fig.6

Tilt to length
coupling



Fig.6

Prototype - Cavity

Fig.11
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T A P S I  P r o t o t y p e  C a v i t y



Fig.6

Prototype - Cavity

Fig.11

16Fig.8: ULE--Cavity from Hannover

T A P S I  P r o t o t y p e  C a v i t y

Fig.8Reference - Cavity



Fig.6

H E T E R O D Y N E  c a v i t y  l o c k i n g

Fig.9: Heterodyne laser frequency stabilization (J. Eichholz, 2015)

Fig.11

Fig.9
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Fig.8

Prototype - Cavity

Reference - Cavity

Fig.8: ULE--Cavity from Hannover



T A P S I S t a b i l i t y - p r o o f  o f  p r i n c i p l e  e x p e r i m e n t
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T A P S I S t a b i l i t y - p r o o f  o f  p r i n c i p l e  e x p e r i m e n t
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T A P S I S t a b i l i t y - p r o o f  o f  p r i n c i p l e  e x p e r i m e n t
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▪ Temperature fluctuations (vacuum chamber) ?
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▪ Temperature fluctuations (vacuum chamber) ?



T A P S I S t a b i l i t y - p r o o f  o f  p r i n c i p l e  e x p e r i m e n t

▪ Temperature fluctuations (vacuum chamber) ?
▪ Temp+humidity fluctuations at the electronics ?

22



T A P S I S t a b i l i t y - p r o o f  o f  p r i n c i p l e  e x p e r i m e n t

▪ Temperature fluctuations (vacuum chamber) ?
▪ Temp+humidity fluctuations at the electronics ?

23



24

C u r r e n t  s t a t e  o f  
T A P S I
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C u r r e n t  s t a t e  o f  
T A P S I

Fig.10: Wheatstone bridge - temperature sensor in vacuum

Fig.10



S u m m a r y  /  O u t l o o k

✓ Facility  (Chamber, Laserpreperation, …)

✓ TAPSI prototype (stability experiment)

▪ Heterodyne locking

➢ Below LISA requirements ?

→ Puplication / Paper 

➢ Manufacture large Zerodur disc

→ Setup new interferometers ideas
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Questions ?
advice, ideas ?
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C u r r e n t  s t a t e  o f  
T A P S I

Poster of Shreevathsa C. S.
Optical resonator-based precision 
displacement sensing using GHz 

Phasemeters



Backup slides
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T A P S I S t a b i l i t y

t

Beat

Cavity-Beat
± 𝜋\2
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U(t) Off-resonance
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T A P S I S t a b i l i t y - e x p e r i m e n t
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L A S E R p r e p a r a t i o n

&  e l e c t r o n i c s
+  h o u s i n g
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F o r c e s  f r i c t i o n  v s  e x p a n s i o n

Backup slide
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Fig.10: TAPSI setup ideas

S c r e w - M o u n t i n g  o n  t h e  U L E - p l a t e

Backup slide



Credit: The Milky Way Galaxy by Derek Rowley 

B a c k u p  s l i d e s
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Credit: The Milky Way Galaxy by Derek Rowley 
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T A P S I S t a b i l i t y - p r o o f  o f  p r i n c i p l e  e x p e r i m e n t

▪ PI-controller
▪ Beat-delay coupling

▪ Temperature fluctuations (chamber)
▪ Temp+humidity fluctuations at the electronics

41



Fig.10: TAPSI setup ideas

T A P S I s t a b i l i t y  e x p e r i m e n t
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