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What	are	gravita8onal	waves?	
	
Einstein’s	theory	of	General	Rela8vity	predicts	that	mass	curves	the	fabric	of	
space8me.		John	Wheeler	summarized	this	predic8on	in	the	statement,	“Mass	
tells	space8me	how	to	curve	and	space8me	tells	maPer	how	to	move.”		Moving	
masses	produce	ripples	in	the	fabric	of	space8me	that	propagate	outward	at	the	
speed	of	light.		These	ripples	stretch	and	squeeze	the	space	they	pass	through	
but	are	so	weak	by	the	8me	they	reach	earth	that	the	largest	ones	would	
squeeze	the	planet	by	less	than	the	diameter	of	a	proton. 		

LIGO:	the	Laser	Interferometer	Gravita8onal-wave	Observatory	
	
Gravita8onal	waves	stretch	and	squeeze	the	space	they	pass	through,	changing	the	distances	between		
objects.		Therefore,	we	need	a	way	to	measure	distance	changes	very	accurately.		The	LIGO	(Laser		
Interferometer	Gravita8onal-wave	Observatory)	detectors	were	built	to	do	just	that	[3].		Laser	light	is		
sent	down	perpendicular	4	km	long	arms,	reflected	from	end	mirrors	and	then	allowed	to	recombine		
and	interfere.		Changes	in	the	amount	of	interference	indicates	changes	in	the	length	of	the	arms.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Advanced	LIGO	
	
A^er	gathering	more	than	three	years	of	data,	the	ini8al	LIGO	detectors	were	turned	off	and	underwent	major	upgrades.		The	
advanced	detectors	will	have	10	8mes	the	sensi8vity	of	the	ini8al	detectors	over	a	broad	range	of	frequencies,	once	they	are	
fully	tuned.		A	few	of	the	changes	made	in	the	upgrades	are	described	below.		

Advanced	LIGO	Turns	On!	
	
The	advanced	detectors	started	taking	science	data	on	September	18,	2015	at	8:00	am	Pacific.	
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Above	is	an	ar8st’s	depic8on	of	two	pulsars	orbi8ng	around	each	other	and	
producing	gravita8onal	waves.		Pulsars	are	the	remnants	of	dead	stars	whose	
powerful	magne8c	fields	produce	beams	of	radio	waves	that	sweep	around	as	
the	pulsar	rotates.		Such	systems	have	been	observed	and	seem	to	be	losing	
energy	to	gravita8onal	waves	[1].		Image	from	[2].	

LIGO	Hanford	Observatory	in	Hanford,	WA	(above)	and		
LIGO	Livingston	Observatory	in	Livingston,	LA	(below)	
Images	from	[4]	

Sensi8vity	comparison	between	ini8al	LIGO,	ini8al	Virgo	and	the	Advanced	LIGO	detectors.		The	new	
detector	is	already	far	more	sensi8ve	and	should	con8nue	to	approach	the	design	curve	as	the	
detectors	are	tuned.		Data	from	[12].	

Ini8al	LIGO	inner	and	end	mirrors	were	25	cm	in	diameter	and	weighed	10.7	kg.		Advanced	LIGO	
mirrors	are	34	cm	in	diameter	and	weigh	40	kg.	[3,	8]		The	image	above	was	taken	during	the	
mirror	alignment	process.	

The	above	diagram	shows	the	volume	of	space	for	which	Ini8al	LIGO	was	
able	to	measure	gravita8onal	waves	produced	by	the	inspiral	of	two	neutron	
stars.		Once	the	detectors	reach	design	sensi8vity,	Advanced	LIGO	will	be	
able	to	see	far	enough	to	make	frequent	detec8ons.		Image	from	[13].	

One	example	of	astrophysics	coming	from	LIGO	observa8ons	
involves	measuring	the	strength	of	pulsars’	outer	crust.		The	
stronger	the	crust,	the	more	aspherical	a	pulsar	can	be	and	
the	stronger	the	gravita8onal	waves	it	can	emit.	For	both	the	
Vela	and	Crab	pulsars	LIGO	and	Virgo	have	set	the	best	upper	
limit	on	the	gravita8onal	wave	amplitude	and	therefore	give	
the	most	informa8on	about	the	structure	of	the	pulsars	[5,	6]		
	
The	image	at	right	is	from	[7]	and	shows	the	center	of	the	
Crab	nebula	in	X-ray	(blue)	and	op8cal	(red)	light.	

Data	from	the	LIGO	detectors	has	been	collected	and	
analyzed,	along	with	the	data	from	other	gravita8onal-wave	
detectors	such	as	the	Virgo	detector	in	Italy,	GEO600	in	
Germany,	and	TAMA	in	Japan.		None	of	the	analyses	
completed	thus	far	has	found	a	gravita8onal-wave	signal.		
However,	even	not	detec8ng	gravita8onal	waves	has	allowed	
LIGO	scien8sts	to	make	some	important	astrophysical	
discoveries.			

The	start	of	the	science	run	in	the	control	room	at	the	LIGO	Hanford	Observatory.		Image	
from	[11].	

A	new	laser	system	was	installed	and	top	laser	power	boosted	from	4.5	W	to	125	W	[3,	8].		Image	from	[9].				

The	mirrors	in	both	ini8al	and	advanced	LIGO	are	hung	as	pendulums	to	help	isolate	them	from	
vibra8ons	and	shaking.		Addi8onal	stages	in	the	advanced	LIGO	design	provide	extra	isola8on.		Image	
from	[10].	


