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This	talk:	“post-O3	scenarios,	how	upgrades	and	data	
taking	can	be	managed	for	best	science,	including	Virgo	
and	Kagra	Smeline,	expectaSons	on	evoluSon	of	their	

sensiSviSes,	and	prospects	for	LIGO-India”	



Observing	Plan	-	Overview	
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Live	Observing	document	hWp://arxiv.org/abs/1304.0670	

DONE!	
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O1 typical: NSNS 74 Mpc, BHBH 581 Mpc
O2 projection: NSNS 87 Mpc, BHBH 674 Mpc
aLIGO full power: NSNS 191 Mpc, BHBH 1366 Mpc
aLIGO+: NSNS 354 Mpc, BHBH 2240 Mpc

LIGO	SensiSvity	ProjecSons	
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run	duraSon	



Advanced	VIRGO	

July	7,	2016	 Dawn	Workshop	2016	-	Atlanta	 5	

•  First	lock	of	one	of	the	3km	long	
arms	achieved	in	May!	 TransmiWed	arm	power	

•  InstallaSon	and	integraSon	nearly	completed,	
but	challenges	in	operaSng	monolithic	
suspensions	under	vacuum		
	

•  Several	failures	since	November	2015,	two	
happened	very	recently:	
•  Root	cause	not	yet	understood	
•  Dedicated	test	facility	for	invesSgaSons;		
•  Commissioning	will	progress	with	steel	wires	for	

4	core	opScs		

•  VIRGO	expected	to	join	O2	in	2017;	should	sSll	
meet	minimal	20	Mpc	goal	



KAGRA	
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•  3km	underground	detector	designed	for	
cryogenics	operaSon	(20K,	sapphire	test	masses)	

•  Simple	Michelson,	room	temperature	locked	in	
March	

	
•  SensiSvity	progression	and	observing	scenario	

under	discussion	within	the	KAGRA	
collaboraSon:	
•  3	phases,	interferometer	configuraSon	

progressing	in	complexity	
•  Recent	schedule:	cryogenics	operaSons	

late	2018/early	2019	
	(credit:	M	Ando,	S.	Miyoki)	

•  Expected	to	join	observaSons	in	early	2020	
	
•  Broader	discussion	with	LIGO-VIRGO	

collaboraSons	in	the	fall	



Prospects	from	LIGO-INDIA	
(credit:	Fred	Raab)	

•  “In-principle”	approval	on	Feb	17,	2016	
•  Site	selecSon	has	converged	on	a	prime	site	–
expectaSon	of	imminent	formal	selecSon	

•  Vacuum	infrastructure	drawings	completed	
•  Project	schedule	developed:	
–  	Consistent	with	observaSons	beginning	in	Jan	
2024	(assumes	no	technical	or	other	delays)	
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Some	general	guidelines		
for	run	planning	

•  Given	O1	results,	aLIGO-O1	sensiSvity	is	
benchmark	for	detecSon	

•  From	Leo’s	conclusions:	
– The	detecSon	rate	is	set	by	the	range	of	the	second	
most	sensiSve	detector;	

– For	sky	localiza+on,	third	detector	contributes	even	
if	a	factor	of	4	less	sensiSve	than	most	sensiSve	
detector.	
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Plausible	world-wide	observing	
scenario	for	the	next	decade	
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2017	 2018	 2019	 2020	 2021	 2022	 2023	 2024	 2025	 2026	2016	

LIGO-H1	
LIGO-L1	
VIRGO	
KAGRA	
LIGO-INDIA	

O2	 O3	 O4	 O5	

Observing	Sme	
Commissioning	Sme	
DownSme	for	upgrades	

Site	construcSon	and		
detector	installaSon	

both	squeezing	and	coaSng?	
both	LIGO	sites	simultaneously?	

A+	
Upgrade	



Volume	x	Time		
with	different	scenarios	
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Calendar year
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Some	preliminary	messages	and	
discussion	point	-	I	

•  ExpectaSon	is	to	maximize	coincidence	across	
the	network	in	the	next	few	years	
–  improved	sky	localizaSon	
–  when	Virgo,	Kagra	have	aLIGO-O1	like	sensiSvity	could	consider	
other	opSons		

•  A+	upgrade:	
–  maximize	scienSfic	output	if	done	in	parallel	at	both	sites	
–  “serial”	upgrade	would	rely	on	Virgo,	Kagra	for	detecSon	
–  same	A+	technologies	offer	enhancement	opportuniSes	
for	the	whole	network	
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Some	preliminary	messages	and	
discussion	points	-	II	

•  Timeline	suggests	that	LIGO-INDIA	should	plan	
now	for	a	fast	progression	toward	an	A+	
detector	
–  early	plans	for	a	filter	cavity	infrastructure	
–  leverage	on	progress	in	coaSng	research	for	A+												
(addiSonal	test	mass	substrates	to	be	coated	when	
improved	coaSng	opSons	available)	

•  LIGO-INDIA	will	add	flexibility	to	the	network	
for	major	Voyager-like	upgrades	
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Extra	Slides	
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Advanced	LIGO	in	O1		
and	prospects	for	O2	
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O1	
O2	



LIGO	Concept	Roadmap	
(Mike’s	talk,	adapted	from	G1401081)	

Advanced	LIGO	

Si,	Cryo,	2	µm	 Voyager	–	Current	Facility	

	UlSmate	(ET,	CX)		 	New	Facility	

Data	

Commissioning	

InstallaSon	SimulaSon	

Experiment	

Design	

Color	Code:	

A+	CoaSngs,	squeezing	

15	

you	are	here	

Sme	
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