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Experiment	Goals	

•  Heat	shield	at	about	80	K	to	
radia6vely	keep	the	test	mass	
at	123	K	
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Experiment	Goals	

•  Heat	shield	at	about	80	K	to	
radia6vely	keep	the	test	mass	
at	123	K	

•  Seismically	isolated	shield	to	
avoid	sca%ered	light	noise	and	
possibly	Newtonian	noise	
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Contents	

•  Overview	

•  Measured	thermal	response	

•  Expected	sca%ered	light	noise	from	cryo	
vibra6ons	

•  Expected	Newtonian	noise	from	cryo	vibra6ons	
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Stanford	Cryogenic	Heat	Shield	Experiment	–	6	August	2016	
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Outer	Shield	

Si	test	mass	
1	kg,	6	inch	dia	

Temperature	
sensor	

Ac6vely	controlled	
support	plaborm	for	
inner	shield	

Test	mass	installa6on	
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Actuator	

Geophone	

OSEM	flag	
Outer	shield	wrapped	in	
insula6on	

Suspension	spring	

Assembled	cryo	experiment	before	installa6on	into	chamber	
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Measured	Temperature	Response	

Outer	shield	
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Inner	shield	

Outer	shield	

Measured	Temperature	Response	



Test	mass	

Inner	shield	

Outer	shield	
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Measured	Temperature	Response	



Inner	shield	

Es6mated	heat	leak	is	12	W	
-  Expect	up	to	10	W	from	conduc6on	
-  At	least	2	W	from	radia6on	

Measured	Temperature	Response	
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Measured	Temperature	Response	

Inner	shield	

Inner	shield	
	-	with	no	outer	shield	and	fewer	cold	links	

12	W	heat	leak	

40	W	heat	leak	



Test	Mass	Heat	Transfer	vs	Shield	Temp	
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80	K	baseline	
temperature	



Suspension	spring	

Measured	Temperature	Response	
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Sca%ered	Light	Noise	
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Simplified	shield	
1	m	radius	

3	MW	laser	

10	ppm	sca%er	

Sca%ered	light	noise	simula6on	

Test	mass	



Sca%ered	light	noise	simula6on	
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Test	mass	

Simplified	shield	
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Sca%ered	light	noise	simula6on	
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Simplified	shield	
1	m	radius	

Magnitude	propor6onal	to	shield	radius	

3	MW	laser	

Test	mass	



Sca%ered	light	noise	simula6on	
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Sca%ered	light	-	upconversion	
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LLO	Dec	95th	percenEle	

LLO	Aug	95th	percenEle	

0.2	m	radius	heat	shield	requirement	

seismic	data	from	T1500224	

Shield	Seismic	Isola6on	
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LLO	Dec	95th	percenEle	

LLO	Aug	95th	percenEle	

0.2	m	radius	heat	shield	requirement	

seismic	data	from	T1500224	

Shield	Seismic	Isola6on	
Stanford	Exp.	
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LLO	Dec	95th	percenEle	

LLO	Aug	95th	percenEle	

seismic	data	from	T1500224	

Shield	Seismic	Isola6on	
Simulated	performance	with	isola6on	loops	designed	for	Stanford	
heat	shield	

Stanford	Exp.	



Cryo	induced	vibra6ons	on	ISI	
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Cryo	on,	heat	shield	isolaEon	on	

Cryo	on	
heat	shield	isolaEon	off	

Cryo	off	
Heat	shield	isolaEon	off	



Newtonian	Noise	

Courtesy	of	Edgard	Bonilla	
Simula6ons	based	on	Nick	
Lockerbie’s	G1200625	
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Shield	Newtonian	Noise	Simula6on	

Silicon	Test	Mass	
•  45	cm	diameter	
•  54	cm	length	
•  200	kg	

Inner	shield	
100	kg	of	Al	

Outer	shield	
180	kg	of	Cu	

1.25	m	



Inner	shield	contribu6on	

Outer	shield	contribu6on		
assuming	95th	percen6le	seismic	noise	from	LLO	Dec	2009	

Total	

Es6mated	Voyager	requirement	curve	
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Shield	Newtonian	Noise	Simula6on	
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Shield	Newtonian	Noise	Simula6on	
Newtonian	upper	limit	es6ma6on	
-	Assume	all	shield	mass	concentrated	into	a	single	point	

Test	Mass	

‘Inner	shield’	point	mass	

‘Outer	shield’	point	mass	



Inner	shield	contribu6on	

Outer	shield	contribu6on		
assuming	95th	percen6le	seismic	noise	from	LLO	Dec	2009	

Total	

Es6mated	Voyager	requirement	curve	
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Conclusions	–	what’s	good	

•  80	K	heat	shield	and	seismically	isolated	op6cs	
are	not	mutually	exclusive	in	a	LIGO-like	
environment.	

•  Sca%ered	light	appears	to	be	manageable	with	
reasonable	amounts	of	vibra6on	isola6on	
– Can	be	further	helped	with	clever	light	absorbing	
geometries	and	sufficiently	black	paint	

•  Newtonian	noise	appears	to	not	be	a	concern	
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•  More	work	needed	on	the	ini6al	test	mass	
cooling.	In	contact	with	Charlie	Danaher	at	
HPD.	

•  Suspension	springs	likely	needed	thermal	
control	
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Conclusions	–	what	needs	more	work	



Extra	Slides	
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Inner	Shield	Ver6cal	Plant	
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Stanford	loop	gain	requirement	

Stanford	loop	gain	

1	/	(1	+	loop	gain)	->	sensi6vity	TF	

Shield	Seismic	Isola6on	
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0.27 m (Semi axial-
length). 

0.225 m (Radius). 

Point mass  
    : Distance to CM  
    : Angular Position 

Equa6on	from	G1200625	 48	
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Cu	braid	
cold	link	



Test mass heat shield"

Inner heat shield 80 K"

Test mass 124 K"

Cold finger for initial cool 
down"

Holes for 
suspension wires"
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Connections for the Cu cold links that cool the 
inner shield (cold links not shown)"
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Test mass heat shield"



Aluminum low emissivity plates 
(ribs boost vibrational frequencies)"
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Flexible stainless strips attach the heat 
shield to its (warm) suspended stage"
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Vertical suspension OSEMs"

Suspension spring 
mounted to vertical 
translation stage"
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The complete heat shield stage"

Geophones"

OSEM flag post"
 

Actuator magnets" 56	
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HPD	cold	fingers	



61	HPD	Braids	


