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CASTORの概要

・2026年打ち上げを目指す口径1m紫外線可視
光広視野宇宙望遠鏡（500億円規模） 

・3色同時撮像広視野カメラ（150-550nm、0.25平
方度、0.15秒角分解能）はすばるとの親和性が
高い

・カナダ（CAS）、アメリカ（JPL）、インド（ISRO）、
イギリスによる国際プロジェクトであり、日本から
望遠鏡や装置などでも貢献できる可能性もある
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CASTOR	vs.	Hubble:	Field	of	View
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The	CASTOR	Primary	Science	Survey
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CASTOR’s	Science	Goals

• 暗黒エネルギー
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Figure	2-8.	DE	forecast	with	CASTOR.	Contours	are	1	and	2-sigma	regions	for	the	CASTOR_S1+Euclid	(Case	#1)	
and	CASTOR_S1+LSST	(Case	#2).	The	constraints	are	for	CASTOR	only	using	the	3x2	points	analysis.	The	Euclid	
and	LSST	combination	is	to	constrain	the	photometric	redshift	only.	

 
Figure	2-8	should	be	compared	to	the	dark	blue	contour	in	Figure	2-9	(the	3x2	points	analysis	of	10	years	
LSST).	The	performance	of	CASTOR+LSST	is	superior	to	LSST	alone,	using	the	same	3x2	points	approach.	There	

are	two	reasons	for	this.	First,	the	LSST	contours	have	been	marginalized	for	intrinsic	alignement,	this	was	not	

the	case	for	CASTOR+LSST,	but	the	main	reason	for	the	difference	is	that	the	Large	Scale	Structure	working	

group	for	LSST,	which	has	in	charge	the	clustering	component	of	the	3x2	points	analysis,	choose	to	restrict	the	

clustering	 signal	 to	 10	 tomographic	 bins	 in	 redshifts	 between	 z=0.2	 and	 z=1.2.	 This	 results	 in	 a	 better	

photometric	 redshift	 accuracy,	 but	also	 in	 a	much	 smaller	 redshift	 range	 compared	 to	 CASTOR+LSST.	 The	

combination	of	CASTOR	with	LSST	allows	us	to	improve	redshifts	over	a	much	larger	redshift	interval,	which	

is	why	we	decided	to	use	the	full	redshift	interval	in	our	3x2	points	analysis	shown	in	Figure	2-8.	The	fact	that	
for	CASTOR+LSST,	we	could	use	the	same	galaxy	sample	with	the	same	photometric	redshift	errors	for	the	

three	power	spectra	explains	the	impressive	gain	compared	to	Figure	2-9.	
	

This	result	illustrates	the	absolute	necessity	to	combine	surveys	because	it	clearly	shows	that	the	combination	

is	not	just	a	gain	in	statistical	noise:	it	allows	us	to	expand	our	sample	of	galaxies	to	regions	of	parameter	space	

that	individual	probes	cannot	access.	

	

Key	Findings	
	

1. The	design	of	CASTOR	allows	the	measurement	of	weak	gravitational	lensing	signal	with	its	own	galaxy	

shape	 estimates.	 The	 precision	 compares	 favorably	 to	 Euclid’s	 shape	 measurement	 performance.	

Combining	these	shapes	with	LSST	will	reduce	the	ellipticity	error	and	boost	the	number	density	of	

usable	galaxies	by	a	total	of	a	few	dozen	percent.	This	 leads	to	a	similar	net	reduction	in	statistical	

errors.	

	

2. CASTOR	UV	and	u	bands	are	a	critical	addition	to	other	imaging	surveys	(i.e.,	Euclid,	LSST)	and	lead	to	

much	 better	 photometric	 redshift	 measurements	 over	 the	 full	 redshift	 range.	 The	 combination	

CASTOR+LSST	provides	a	reduction	of	a	factor	~3	in	the	fraction	of	outliers	compared	to	LSST	alone.	

CASTOR	alone	cannot	measure	photometric	redshifts	accurately;	as	for	Euclid,	it	needs	the	addition	of	

optical	bands.		

	

3. Dark	 Energy	 can	 be	 constrained	 with	 CASTOR	 if	 it	 is	 combined	 with	 optical	 band	 for	 accurate	

photometry.	From	the	currently	planned	surveys,	only	LSST	fulfill	the	requirements.	

PRIMARY SURVEY 
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Figure	2-9.	Same	as	Figure	2-8	for	LSST	only.	This	plot	is	from	Mandelbaum	et	al.	(2018).	

 
Figure	2-9	also	shows	that	the	stage	IV	level	of	precision	on	dark	energy	constraints	can	only	be	achieved	when	
combining	the	3x2	weak	lensing	analysis	with	other	probes:	the	green	contours	show	the	supernovae	LSST	Y10	
constraints,	yellow	is	the	Strong	Lensing	Y10	constraints.	The	resulting	contours	combining	all	LSST	probes,	
plus	stage	III	(which	is	DES),	is	the	small	dark	ellipse	at	the	center.	To	these	constraints	it	will	be	possible	to	
add	the	Baryon	Acoustic	Oscillation	with	DESI	and	the	cosmic	microwave	background	constraints	with	CMB	
S4.	Again,	the	overarching	lesson	here	is	the	dark	energy	is	best	constrained	by	combining	probes.	
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2.1 Cosmology	
	
COSMOLOGY	WITH	CASTOR:	DEFINING	THE	PRIMARY	SURVEY	
	
In	the	past	two	decades,	cosmology	has	become	a	robust	science	where	all	predictions	from	the	standard	model	
of	the	Big	Bang	have	been	verified.	The	discovery	of	dark	energy	at	the	end	of	the	1990s	was	a	surprise,	but	it	
did	not	challenge	the	foundations	of	the	Big	Bang.	Nevertheless,	this	discovery	re-activated	the	debate	on	the	
infamous	Einstein’s	cosmological	constant,	Λ.	The	nature	of	dark	energy	is	pointing	to	fundamental	questions	
about	space,	time	and	the	role	of	gravity	in	quantum	physics.	The	situation	with	dark	matter	is	similar	to	dark	
energy.	 Observationally,	 dark	 matter	 has	 a	 longer	 history	 than	 dark	 energy,	 but	 its	 nature	 also	 remains	
unknown,	more	than	80	years	after	its	discovery.		
	
Despite	the	fact	that	95%	of	the	mass-energy	budget	of	the	universe	is	of	unknown	origin,	the	Big	Bang	model	
fits	data	remarkably	well,	and	it	provides	an	amazingly	convincing	picture	of	our	universe	—	its	past,	current	
status	 and	 future	 evolution.	 Our	 present	 knowledge	 can	 be	 succinctly	 summarized	 as	 follows	 (Planck	
collaboration	XIII,	2016):	we	live	in	a	universe	with	nearly	zero	curvature,	which	started	13.8	billion	years	ago	
that	is	well	described	by	the	equations	of	general	relativity.	The	mass	energy	density	today	is	~0.3,	where	75%	
is	dark	matter.	Dark	energy	comprises	the	remaining	~0.7	of	the	energy	budget.	
	
There	are	many	proposed	models	for	dark	energy	that	are,	at	the	moment,	only	theoretical	propositions	that	
often	stem	from	exotic	modifications	of	fundamental	physics.	Dark	energy	is	most	commonly	parameterized	as	
a	fluid	with	equation	of	state	
	

p=[w0	+	wa	(1-a)]	ρ	
	
where	p	is	the	pressure,	ρ	the	energy	density,	wi	are	dimensionless	numbers,	and	a=1/(1+z)	is	the	scale	factor.	
The	case	w0=-1	and	wa=0	corresponds	to	the	cosmological	constant,	but	any	deviation	from	this	value,	and/or	
any	dependence	with	redshift,	will	be	a	signature	of	new	physics	pointing	towards	one	of	these	exotic	models.	
These	models	are	finally	becoming	testable	in	the	era	of	observatories	such	as	CASTOR,	Euclid	and	LSST.		
	
Dark	energy	impacts	how	the	expansion	of	the	universe	changes	with	time.	It	also	dictates	the	rate	of	clustering	
and,	more	specifically,	how	and	when	mass	over-densities	became	gravitationally	bound.	Therefore,	tests	of	
dark	energy	rely	on	the	measurement	of	the	clustering	of	matter	as	function	of	time	(=redshift).	Since	it	is	the	
clustering	of	all	matter	that	counts,	and	not	just	visible	matter,	weak	gravitational	lensing	plays	a	central	role,	
because	it	is	the	only	technique	that	can	probe	the	distribution	of	all	matter	—dark	and	baryonic	—	at	redshifts	
much	lower	than	the	cosmic	microwave	background.		
	
CASTOR,	via	its	measurement	of	weak	gravitational	lensing,	is	a	probe	of	both	dark	energy	and	dark	matter.	
From	the	early	detections	of	weak	gravitational	lensing	(Bacon	et	al.	2000;	Van	Waerbeke	et	al.	2000;	Wittman	
et	al.	2000;	Rhodes	et	al.	2001)	to	recent	measurements	(Hildebrandt	et	al.	2017;	Troxel	et	al.	2018),	there	has	
been	 considerable	 evolution	 in	 methodology,	 data	 analysis	 techniques	 and	 survey	 planning.	 There	 are	
currently	three	major,	ongoing	weak	lensing	surveys:	KiDS,	DES	and	HSC	(de	Jong	et	al.	2013;	Aihara	et	al.	2018;	
Abbott	 et	 al.	 2018).	 In	 the	 next	 decade,	 several	 "stage-IV"	 surveys	 will	 further	 increase	 the	 precision	 of	
measurements:	Euclid,	LSST	and	WFIRST	(Laureijs	et	al.	2011;	Abell	et	al.	2009;	Spergel	et	al.	2015).	In	the	
2020s,	CASTOR	will	join	these	stage-IV	surveys.	
 
In	general,	probes	of	dark	energy	and	dark	matter	can	be	split	in	two	complementary	approaches.		
	
Approach	I	 consists	 in	constraining	statistically	 the	distribution	of	matter	over	 large	area	of	 the	sky,	over	

various	redshift	intervals	via	two	points	correlation	functions.	CASTOR	will	measure	a	shape	for	each	
galaxy	and	estimate	its	distance	(redshift)	from	color	information;	therefore,	there	are	three	types	of	
two-points	correlation	functions	that	can	be	measured:	shear-shear,	galaxy-shear	and	galaxy-galaxy	
(i.e.,	 galaxy	clustering).	Moreover,	with	a	 redshift	estimate	 for	each	galaxy,	 it	 is	possible	 to	do	 this	
measurement	for	discrete	redshift	bins	(i.e.,	tomography).	This	approach	is	called	3x2-points	analysis	
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Mission	Design:	Telescope	and	Structure
Telescope:

• Three	Mirror	Anastigmat	(light-

weighted	Zerodur)

Support	Structure:

• Baseplate	 panel

• Metering	Struts

• Top	Plate	Panel

• M2	Tip/Tilt/Focus	Mechanism

• Baffle	System
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Mission	Design:	Launch	and	Orbit

Astrosat launch,09/28/2015

PSLV Accommodation

• Polar Satellite Launch Vehicle (PSLV): a possible ISRO contribution to CASTOR.

• 800 km sun-synchronous low-Earth orbit.

• dawn-dusk polar terminator orbit.


