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LISA	Pathfinder	is	

flying,	opera9onal	

and	working		be>er	

than	expected	

First	the		good	news:	

I	have	good	news	and	bad	news…	
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and	now	the	bad	news…	
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….I	cannot	tell	you	the	good	news			

Good	news	and	bad	news	
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good	news	and	bad	news	
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HOWEVER:	

Good	news	are	coming	soon…	

On	June	7th,	12:00	CET	

Release	of	first	results:	

	

-	Press	conference	

	

-		Paper	(10	pages)	on	Phys	Rev.	Le>.	
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What		a	year	for	g.w.	physics	!	
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◆  Sept	18th: 	 	Advanced	Ligo	begins	O1	run	(discovery	on	the	14th.....)	

	

◆  水曜日,	10月	7th,		T.	Kajita,	PI	of	Kagra,	wins	the	Nobel	prize		

◆  	Nov	29th:				 	 	One	century	of	General	Rela9vity	

◆  Dec	3rd:			 	 	Launch	of	LISA	Pathfinder	

◆  	Feb	14th:	 	 	Announcement	of	first	direct	observa9on	of	g.w.	

◆  	March	1st:		 	 	LISA	Pathfinder	begins	science	opera9on	

◆  	June	8th	:													LPF		first	results	

◆  	.......?	
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The	g.w.	spectrum	
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The	sensi9vity	of		eLISA	and	its	science	
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	eLISA		is	sensi9ve	at	low	frequencies		(0.1	mHz	–	1Hz)	where	

ground	based	detectors	cannot	operate,	due	to	Earth	grav.	noise		
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•  Low	frequency	is	
where	the	most	

intense	sources	emit,	

and	where	the	SNR	is	

very	high.	

•  	eLISA	will	be	a	signal-

dominated	detector	!	
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Binary	Star	in	our		Galaxy	(WD,	NS)	
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Very	bright	signal	(Signal	>100	9mes	larger	than	noise)	

Of	some	of	them	we	know	everything	(masses,	distance,	

period...):	they’re	out	and	wai9ng	for	being	observed	
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Signals	from	binary	inspiral	

We	call	them	“verifica9on	binaries”	
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Supermassive	Black	Holes	
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In	the	center	of	our	

(and	probably	any)	

galaxy	
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Super	Massive	Black	Holes	(SMBH)	
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h>ps://www.youtube.com/watch?v=duoHtJpo4GY	

h>ps://www.youtube.com/watch?v=r3qSr5HmGkI	

In	the	center	of	our	

(and	probably	any)	

galaxy	
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Binaries	from	galaxy	collisions	
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Massive Black Hole Binary 

(BHB) inspiral and merger 

Ultra-compact binaries 

Extreme Mass Ratio 

Inspiral (EMRI) 
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G.W.	measurement	as	diff.	accelerometry	
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(e)LISA	Basic:	

16	14	
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LISA	Basic	2	-the	smart	orbits	
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3	inclined	orbits	trailing	the	Earth;	almost	rigid	triangle	configura6on.	

CM	at	constant	distance	from	Earth.	

Constant	view	of	Sun	(no	thermal	effects)	
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5	×106	km	

Spacecrar	
(no	mechanical	contact)	

Free	falling	par9cles	
(	3	10-15	ms-2	Hz-1/2	@	0.1	mHz)	

Interferometer	
(	40	pm	Hz-1/2	@	3	mHz)	

GW	at		

0.03	mHz	–	0.1	Hz	

LISA	



LISA	BASIC	5:	DRAG-FREE	CONTROL	LOOP	
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Thrusters 

Test-mass 
Capacitive motion 

sensor 
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The	drag-free	key	elements:	the	displacement	sensor	

21	30	
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The	op9cal	bench	

•  Monolithic	assembly,	via	

silica	bonding	

•  Carries	all	

interferometry:		both	

local	and	between	S/Cs.		
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Recent	facts	
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•  2010	-	NASA	Decadal	review:		high	priority	for	LISA	

•  2011	-	NASA	pulls	out	of		LISA	.			

"   ESA	studies	a	“rescoping”		to	try	and	accomplish	a	

similar	mission	with	half	the	budget.	

"   =>		9	months	of	fran9c	work	and	the	new	project	(NGO-	

eLISA)		is	presented	to	ESA		

•  April	2012:	First	“large”	mission–	L1	(launch	2020)	is	

Juice;		the	second	–	L2:		Athena	

•  	Nov	2013:		“The	gravita9onal	Universe”	is	the	theme	of	

	mission	L3	–	launch	2034....	we	have	a	date	!	

•  	Cap	cost	for	ESA:		850	M€		(+200	from	member	states)	
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From	LISA	to	eLISA	/	NGO	

25	43	
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How	is	eLISA	different	(and	cheaper)	wrt	LISA	
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•  Chop	arm	length	from		5	to		1	Gm.	

–  Allows	to	simplify	the		payload:	

•  reduce	telescope	diam.	from	40	cm	to	20	cm	

•  Reduce	laser	power	from	2	W	to	1.4	W	

•  S/C	forma9on	is	more	stable	and	does	not	need	

realigning	mechanisms.	

• 2	interferometer	arms	rather	than	3	
–  Save	2	instruments	out	of	6,	reducing	by	30%	complexity	and	mass.	

	

• Opera9ons	reduced	from		5+5	to	4+2	years	
–  Allows	a	“slow	drir	away”	orbit	with	li>le		Δv	

–  Reduces	the	volume	of	consumables	(e.g.	µthruster	propellent)	allowing	

		us	to	use	cold	gas	thrusters.	
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h>p://elisa-ngo.org/	

h>ps://www.elisascience.org/	
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-		

	

-	How	good	is	the	free	fall	we	can	achieve	?		

		

-		How	relevant	are	the	spurious	forces	ac9ng	on	the	

Test	Mass	?	

	

	
1.  Dedicated	technology	mission:	LISA	

Pathfinder	

2.  	Extensive	test	on	ground	with	Torsion	

Pendulums	

Can we trust to test the free fall on LISA ? 
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The	concept	of	LISA	Pathfinder	

29 

Shrink	one	arm	of	NGO/LISA	and	host	it	aboard	one	S/C	

Eliminate	the	S/C	to	S/C	link	

keep	the	local	measurement	between	Test	Masses	and	S/C	

	

Test-
mass 











Satellite 
(optical bench)

Test-
mass











Satellite 
(optical bench)

Test-
mass

Spacecraft 
Test-
mass











Satellite 
(optical bench)
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	valida9on	of	the	measurement	

30	

•  One	5-million-kilometer	LISA	arm	squeezed	

into	one	S/C	

•  Demonstrate	rela9ve	accelera9on	within	a	

factor	≈10	



VULCANO WORKSHOP 2016	



VULCANO WORKSHOP 2016	

2	Test	Masses	and	1	op9cal	bench	

32	57	
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2	TM	and	2	Interferometers	

33	58	
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LPF	Interferometer		metrology	
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LISA	Pathfinder	as	a	diff.	accelerometer	
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LISA	Pathfinder	as	a	diff.	accelerometer	
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LISA	Pathfinder	

	

38	59	

ESA	mission	+NASA	package	

Launched	on		Dec	3rd,	2015	
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Design	element	for	LISA/eLISA	that	can		be	

verified	by	LISA	Pathfinder	

•  Free	falling	TM,	very	low	level	of	unwanted	accelera9ons.	

–  drag-free	controls	

–  micropropulsori	

–  iner9al	sensors	with	heavy	masses,	large	gaps	and	caging	mechanism	

–  very	stable	electrosta9c	actua9on	

–  Charge	control	of	the	TM	charge,		no	contact.	

–  Hiigh	thermomechanic	stability	of	the	S/C	

–  Gravita9onal		field	cancela9on	

–  high	precision	interferometric	measurement	of	the	TM	–	S/C	mo9on	

–  displacement	measurement	down	to	pm	and	rota9on	down	to	100	nrad	

–  high	stability,	high	precision	op9cal	systems	

•  	Will	instead	need	ranging	of	S/Cs		milions	of	km	apart	
–  high	stability	telescopes	

–  Fhigh	accuacy	phase	meters	

–  frequency	stabiliza9on	of	lasers	

–  constella9on	forma9on	and	keeping	

–  High	precision	S/C	a|tude	control	 42 
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Expected	performances	of		LISA	Pathfinder	is	

close	to	eLISA	specs	

43	63	



How	is	it	going	?	

44	

something	does	leak:	

hTp://sci.esa.int/lisa-pathfinder/	

hTps://twiTer.com/hashtag/lisapathfinder	

hTps://twiTer.com/hashtag/GoLPF	
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....	
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Concluding...	

Stay	tuned	for		press	conference:			

	 		June	7th		12:00	CET		!	
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	Thanks		to	a	great	team	!	
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Caging	–	decaging	–	TM	release	

51	67	
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Basic	concepts	of	LISA	

53	16	



Angular	Resolu9on	with	LISA	
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• Measurements	on				

detected	sources:		

	-	ΔΘ	~	1’	–	1o		

	-	Δ(mass,distance)	≤	1%	
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Noise	sources	for	LISA:	
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-	Shot	noise	(20	pW);		SNR	does	not	depend	on	L	

-	Antenna	TF		cuts	off		at	high	f	

-	Displacement	noise	from	residual	forces:	

	 	gravity	gradients	

		 	charging	(cosmic	rays)	

	residual	gas	

	thermal	fluctua9ons	

		.....	

- 		Confusion	foreground	of	galac9c	binaries	gw	!	

gw													displ.	noise													freq.	noise											
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LISA	Sensi9vity	Curve	
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	Sensi9vity	curve	for	1	year	integra9on	and		S/N=5	

Photon	shot	noise	

Test	mass	

accelera9on	noise	

Decreased	

interferometer	

response	
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LISA	Basic	3	-		Interferometry	
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SEND	

1	W	

RECEIVE	

~200	pW	(<	100	pW	final)	

Telescope	

D	~	30	cm	
Arriving	Beam	

~20	km	

Goal:	keep	all	op9cal	path	errors	within	40	pm/Hz1/2	

Shot	Noise:	

Laser	divergence:	
YAG	1.06	µm	

Laser	transponding:			outgoing	light	phase	locked	to	incoming	beam		

L1	 L2	3		~	million	km	arms:		33	sec	2-way	light	9me	

	(1st	interferometry	null	at	30	mHz)	
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Test	

mass	

Test	

mass	

LISA	Basic	3:	the	laser	transponding	scheme	

Power	loss	due	to	beam	divergence	makes	interferometry	by	

reflec9on	impossible		

5×106	km		
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A	laser	trasponder	

59	25	
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LISA	basic	4		Time	Delay	Interferometry	
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LISA	unequal	arms	confuse	phases	

Need	to	recombine	light	emiTed	at	equal	6mes	

L		

L±
1
0
5
k
m
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LISA	Basic	5:			Drag-free	

•  The	local	Ifo	measures	the	S/C	posi9on	wrt	the	Test	Mass.	

•  Along	the	Doppler	link		direc9on,	the	S/C	is	re-centered	on	the	TM	
using	microthrusters.	

61	27	

Avoid	any	contact	between	S/C	and	Test	Mass	



VULCANO WORKSHOP 2016	
62	41	



VULCANO WORKSHOP 2016	
63	42	


