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Outline	

•  What	is	GW	interferometer	calibra0on	
•  State-of-the-art	calibra0on	methods	
– Modeling	and	measurement	
– Hardware	/	techniques	
– Uncertainty	es0ma0on	
– Compu0ng	

•  GW	interferometer	calibra0on	challenges	
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Gravita0onal	wave	interferometers	
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Gravita0onal	wave	measurement	
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Measurement	of	loop	components	

•  Measure	free	parameters	in								and	

•  Require	techniques	with	small	systema0c	and	
sta0s0cal	uncertainty	

•  Techniques	with	different	length	fiducials	are	
desirable	

�Lfree = C�1derr +Adctrl
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Measurement	techniques	

•  Several	methods	developed	over	the	last	20+	
years	
– Laser	wavelength	
– Photon	radia0on	pressure	
– Frequency	modula0on	
– “Gravita0onal”	calibra0on	
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Es0ma0ng	GW	measurement	
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Pugng	everything	together	

h(t)
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Challenges	

•  Time-	and	frequency-dependent	systema0c	and	
sta0s0cal	uncertainty	must	be	es0mated	

•  Record	keeping	and	tracking	

•  Maintain	calibra0on	hardware	/	infrastructure	

•  Track	a	changing	interferometer	(purposefully	or	
not)	
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Comparing	fundamentally	different	
techniques	
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Conclusion	and	outlook	

•  More	GW	signals	–	the	future	is	bright!	
•  Detector	calibra0on	will	play	increasingly	
important	role	

•  Con0nuing	characteriza0on,	maintenance,	
development	

•  Era	of	precision	astrophysical/cosmological	
measurement	with	GWs	is	now	
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THANK	YOU	
QUESTIONS?	
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Calibrated	interferometer	sensi0vity	
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Sensing	and	actua0on	measurement	
examples	
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Measurement	technique	development	

•  Free-swinging	Michelson	(laser	wavelength)	
– GEO600,	iLIGO,	Virgo,	(aLIGO	cross-check)	

•  Photon	radia0on	pressure	(laser	power)	
–  aLIGO,	KAGRA,	(GEO600,	iLIGO,	Virgo	cross-checks)	

•  Frequency	modula0on	(Fabry-Perot	frequency-
to-length	transfer	func0on)	
–  (GEO600,	iLIGO,	aLIGO	cross	checks)	

•  Gravita0onal	calibra0on	(rota0ng	masses,	G)	
–  (Under	development:	Virgo,	aLIGO,	KAGRA)	
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Virgo	calibra0on	
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