
Overview,	current	status,	updates,	and	future	plans	
of	upcoming	instrument	on	Subaru	Telescope	
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“Why does the Universe accelerate?”, at KEK on Mar 8-10, 2017 

	Kavli	IPMU,	The	University	of	Tokyo	
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Summary		
•  Technically:	

–  Making	good	progress!	Not	only	producDon	of	individual	parts	but	also	
integraDon	&	test	(I&T)	are	ongoing	at	subsystem	level.	

•  Working	on	problems	and	issues	that	have	been	uncovered	at	I&T.	
•  Subsystem	delivery	to	Subaru	will	start	soon:	Metrology	camera	system	in	
Dec	2017,	First	spectrograph	module	in	early	2018.	

•  Scien-fically:	
–  Ramping	up	the	~5-year	survey	design	development:	

•  The	updated	proposal	from	each	working	group	will	be	reviewed	criDcally	
in	the	team	and	also	by	some	external	members.		

•  Mutually:	
–  Detailed	planning	to	build	up	one	coherent	survey		
–  (Re-)OpDmizaDon	at	the	beginning	& as	the	survey	progresses	

•  Data	quality	assurance,	fiber	allocaDon,	etc	
–  Database	development	for	archival	legacy-data	science	



Upgraded Subaru Prime Focus with 
Hyper Suprime Cam (HSC) 

Largest camera 
•  3m high 
•  weigh 3 ton 
•  104 CCDs 
(~0.9B pixels) 
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The	history	of	
Subaru	Prime	Focus	field	of	view	

The	full	Moon	
~0.5	deg	diameter	

Suprime-Cam		
First	Light	

(Released	Jan	1999)	

Suprime-Cam		
Full	operaDon	

(Released	Sep	2001)	

Hyper	Suprime	Cam	
(Released	Jul	2013)	



PFS	will	populate		
2394	individual	fibers	

for	simultaneous	spectroscopy	
over	this	hexagonal	field.	

~1.5	deg	



HSC	

CCD array 

PFS	

Fiber array 

SuMIRe	project	
Subaru	Measurement	of	Images	and	Redshi:s	

ExploiDng	the	large	light-collecDng	power		
of	the	Subaru	Telescope	&	wide	field	at	its	
prime	focus:	
§  Imaging	survey	by		

“Hyper-Suprime	Cam	(HSC)”	
ü  ~1	billion	pixels	
ü  300	nights	from	2014	to	2019		
ü  1400	sq.	degrees,	~1	billion	galaxies	

§  Follow-up	spectroscopic	survey	by		
“Prime	Focus	Spectrograph	(PFS)”	
ü  ~2400	opDcal	fibers	
ü  ~300	nights	from	~2019	
ü  ~4M	galaxy	redshics	
ü  ~1M	stars	in	MW	halo/disks/satellites	&	M31.	

Same	telescope	

Clean	target	selecDon	by	deep	photometry	

Spectroscopic	informaDon	on	top	of	
detailed	studies	by	deep	&	sharp	images		

Same	patches	of	sky	



PFS	-	Fast	facts	
•  Subaru	Prime	Focus	Spectrograph: 	
The	spectroscopy	part	of	the	“SuMIRe”	project.		
– Wide	field:	~1.4	deg	diameter	
–  High	mulDplicity:	2394	fibers	

•  Fiber	diameter:	~1.05	arcsec	
•  Fiber	posiDoner	pitch:	~85	arcsec	
•  Minimum	fiber	separaDon:	~30	arcsec	

–  Quick	fiber	reconfiguraDon:	~60-120	sec	(TBC)	
•  Dynamic	survey	strategy	is	allowed.	

–  VIS-NIR	coverage:	380-1260nm	simultaneously	
•  Low	resoluDon	mode:	~2.5	A	resoluDon	
•  Medium	resoluDon	mode	(around	800nm):	~1.6	A	resoluDon	

•  Aiming	at	start	of	science	operaDon	& survey	program	in	
2020,	as	a	facility	instrument	on	Subaru	Telescope.	



PFS	is	a	perfect	suite	for	
Panoramas	of	the	Evolving	Cosmos	

Hitoshi	Murayama	
[Kavli	IPMU	director,	

PFS	project	PI]	

Masahiro	Takada	
[Kavli	IPMU]	

Richard	Ellis	
[UCL/ESO]	

Science	working	group	co-chairs	

Eiichiro	Komatsu	
(MPA/IPMU)	 Jenny	Greene	(Princeton)	

Masashi	Chiba	
(Tohoku	U.)	

Cosmology	
Galaxy/AGN	
evoluDon	

GalacDc	
Archaeology	



Structure	for	instrument	development		

Caltech-	
JPL	

ASIAA	
(Taiwan)	

Univ.	Sao	
Paulo,	LNA	
(Brazil)	

LAM	
(France)	

Max	
Planck	

(Germany)	

Princeton	
Univ.	

Johns	
Hopkins	
Univ.	

Spectrograph	&	camera	

Data	reducDon,	obs.	planning	

Prime	focus,	fiber	
posiDoner	system	

OpDcal	fiber	
system	

Management	Systems	engineering	 System	integraDon	&	test	

PFS	project	office	
(Kavli	IPMU	+	NAOJ)	

Tamura	
Ueda	

Kamata	

Takato	Moritani	

Shimono	

Yabe	

Ishizuka	



The	updated	PFS	collaboraDon	
ScienDsts	&	engineers	in	Japan	&	other	6	countries	are	co-	
working	for	instrument	development	&	survey	planning.	

Dec	2015,	Marseille	

Dec	2014,	Taipei	

Nov	2017,	Kashiwa	(IPMU)	

Dec	2016,	BalDmore	



PFS subsystems distribution	

On	the	TUE	floor	

…	in	Prime	focus	unit	
“POpt2”	with	Wide	Field	

Corrector	“WFC”.	

So:ware	system	

CalibraBon	system	

Spectrograph	
system	(SpS)	
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This	takes	an	image	of	the	prime	focus	
with	the	fibers	“backlit”	and	measure	
their	current	posiDons:	Key	part	of	
iteraUve	fiber	posiUoning	process.	



~1.1m	

Prime	Focus	Instrument	(PFI)	
Sits in the prime focus unit “POpt2” and installed to the telescope	

HSC	builder’s	blog	
hsp://anela.mtk.nao.ac.jp/hscblog/builder/	

•  Fiber	posiDoner	system	
•  AcquisiDon	&	Guide	(AG)	camera	
•  Fiber	cable:	“Cable	C”	&	fixed	fiducial	fibers	
•  Fiducial	fiber	illuminator	
•  Field	element	(cf.	Filter+dewar	window@HSC)	
•  Cable	wrapper	
•  CalibraDon	lamp	system	

Caltech-JPL	
LNA	
ASIAA	
IPMU/Princeton	

Wang	(ASIAA)+	
[SPIE	2016]	



Fiber	posiDoner	“Cobra”	

Fisher+	(2014,	SPIE)	

~10s	per	iteraDon@obs	



“Blue” 

“Red” 

“NIR” 

Spectrograph System (SpS)	

ONE CHANNEL : AT LAM

1	module		à				~600	fibers	
4	modules	à	~2400	fibers	

AMBIENT FIRST LIGHT;-)

1dot = 1 fiber

(By	F.	Madec	[LAM]	at	the	PFS	
collaboraDon	meeDng	in	Dec	2016)	

@LAM		(with	red	
camera	only)	

Hg-Ar	lines	are	in-focus	over	the	enDre	detector	plane.	



NIR	camera	development	
•  Mechanical	assembly	is	ongoing	
•  4x	science-grade	H4RG	devices	have	
been	delivered.	

•  Detector	characterizaDon	is	ongoing.			

3. CHARACTERIZATION TEST CRYOSTAT

The characterization test cryostat, shown in Fig.3, is equipped with a 300 mm integrating sphere for flat filed
illumination. The integrating sphere has a 100 mm exit port, and is coupled to the test cryostat using a ba✏e tube
assembly. The distance between the integrating sphere and the active surface of the detector is approximately
350 mm. As an illumination source a Horiba iHR-320 monochromator with selectable quartz tungsten halogen
or xenon arc lamps is used. A slit to round fiber optic couples the monochromator to the integrating sphere.

Flux calibration is obtained by the use of a reference photodiode. A NIST traceable calibrated photodiode, an
OSI PIN-25DP photodiode, is mounted at the location of the active surface of the detector. The calibrated diode
is used to cross calibrate another OSI PIN-25DP photodiode permanently mounted on the integrating sphere.
Calibration errors due to window transmission and geometric e↵ects are minimized by placing the calibration
photodiode at the location of the detector. The current ratio of the photodiodes is measured across the necessary
bandpass and recorded for use during detector characterization.

With the characterization test cryostat it is possible to measure photon transfer curve (PTC), gain, read
noise, full well, linearity, quantum e�ciency (QE), and for CCD devices charge transfer e�ciency (CTE). For
the characterization of the NIR detectors the test cryostat has a cold shutter to allow for the collection of dark
images. For the NIR detectors the test cryostat also uses cold ba✏ing and a short pass window to minimize
thermal signals.

Figure 3: The characterization test cryostat is equipped with a 300 mm integrating sphere for flat field illumi-
nation.

4. METROLOGY TEST CRYOSTAT

The test cryostat was also designed to be used for the metrology of these devices. For metrology purposes
the test cryostat is mounted in a Wenzel XO87-Orbit coordinate measuring machine (CMM) as show in Fig.4.
Measurements are performed using a Micron-Epsilon white lite confocal microscope. The confocal microscope
uses white light to perform non-contact distance measurements through the cryostat window, and is mounted
on the CMM’s ram for precise positioning. This setup allows for the metrology of these devices to be performed
at both ambient and operating temperatures.

  

First image from
warm H4RG
in the test dewar



Parts,	tools	

PFS	system	 PFS	system	

Subsystem	 Subsystem	

“Flowdown/Cascade	of	
requirements/specificaUons”	

ProducUon,	integraUon	&	test	

Time	

Test	plan	

Test	plan	

Socware	

Socware	

Socware	

Socware	 Socware	

Now	



Prime Focus 
Instrument  

On-telescope fiber 
cable (“Cable B”) 

Spectrograph 
system 

Dewars & detectors 

Fiber slit 

Focal plane 
fibers 

Fiber positioner 
system 

LogisDcs	for	PFS	system	integraDon	

•  Systems	engineering	is	clearly	the	key.	
•  Parts/components/subsystem	will	be	validated	at	each	site	before	their	delivery	

to	other	places	for	higher-level	integraDon	&	finally	to	Subaru.	 17	

Metrology 
Camera System 



•  AddiDonal	FRD	in	the	fiber	
connectors	
à In	the	final	valida-on	of	
updated	ma-ng	strategy	

•  Thermal	issues	of	the	camera	
cryostat	(~outgassing	e.g.	due	
to	less	opDmal	surface	finishes)	
à	Tests	under	way	to	confirm	
the	improvements	

Now	at	subsystem	integraDon	&	test	
Test	uncovers	many	things	…	



Planning	of	PFS	survey	program	

•  Subaru	Strategic	Program	(SSP)	
– HSC	SSP	has	been	progressing	since	2014.	

• ~300	nights	out	to	~2019.	
– PFS	SSP:	A	proposal	(~300-360	nights)	is	in	
preparaDon.	
• Timely	start	by	taking	over	the	HSC	SSP	
• A	survey	program	with	the	three	“pillars”:	

Cosmology	 Galaxy	&	AGN	
evoluDon	

GalacDc	
Archaeology	



PFS	cosmology	component	

~1,400	deg2	of	the	HSC	“wide”	survey	fields	

PFS (8.2m) for z~1.5 slice

4m-class tel.

TargeDng	[OII]	emission	•  Cosmic	acceleraDon	
•  Dark	maser	
•  Dark	energy	
•  Neutrino	mass	

Neutrinos

• aa

Prof. Takaaki Kajita (ICRR/IPMU)

•  HSC	“+”	PFS	
•  Clean	target	selecDon	
•  Joint	analysis	(e.g.	lensing		
vs.	clustering)	



PFS	galaxy	&	AGN	evoluDon	component	
•  HSC	“deep”	(~25	deg2)	&	“ultra-deep”	(~3	deg2)	
•  PrioriUzing	~15	deg2	where	NIR	data	exist	already	in	
parallel	to	efforts	for	full	coverage	



3D tomography of IGM at z>2 "
(as a part of PFS Galaxy)�

•  Use LBGs as background light to probe the foreground IGM
•  PFS can fill ~2000 fibers per pointing with g<24 LBGs and QSOs

•  Just need a ~10nights survey with 4-5hrs per pointing, to map out 
~0.1 (Gpc)3 volume resolving <10Mpc scales 

•  Give an understanding of physics on the interplays between IGM, galaxies 
and DM at z>2�

First 3D map of LSS at z>2, with Keck (Lee et al. 14)�

IGM	tomography	
(e.g.	Lee+	14)	

within	cosmic	web	

Courtesy	of	Jenny	Greene	(Princeton)	



PFS	GalacDc	Archaeology	(GA)	component	

Science objectives 
We measure radial velocities & chemical abundances for a large 
number of stars in the Milky Way and Andromeda to constrain the 
nature of dark matter and its role in the formation of these galaxies 

•  MW dwarf satellites (Feb, May, Jun, Oct) 
–  DM distribution, chemo-dynamics with [α/Fe] 

•  The M31 halo (Oct) 
–  DM/stellar halo structure, chemo-dynamics 

with spectroscopic [Fe/H] 
•  MW halo/stream (Feb, Mar, May, Jun, Oct) 

–  DM/stellar halo structure, chemo-dynamics 
•  MW disks (Dec for outer disk, any month for thick disk) 

–  Chemo-dynamics with radial migration, disk structure	

M.	Chiba	
(Tohoku	U.)	

Freeman	&	Bland-Howthorn	(2010)	



PFS Galactic Archaeology	

24	

10kpc	
20kpc	

V=20mag
(4m)	

PFS (8m)
V=21.5mag

PFS (8m) 
V=22mag up to 30kpc



Uniqueness of PFS	 By E. Kirby 
(Caltech)	

Velocity 
distribution	

Fornax	



150kpc	

55kpc	
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Deep imaging (reaching HB) 

Shallow imaging (RGB only) 
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Both (g, i) available	

g only	

Both (g, i) available	

i only	

+ NB515 available	

Subaru/HSC intensive program 
9 nights (S14B), 6 nights (S15B) 

PI: M. Chiba 

Deep field	



Color magnitude diagram	

i	

g-i	

MW	halo	stream		

MW	disk	

M31’s HB	

M31’s Red Clump	

PFS targets	

North-western stream	

Komiyama	
(NAOJ)	



Field 1 Field 2 Field 3 Field 4 Field 5 

Blank fiber 329 647 739 628 878 

Selected 
stars 4991 3291 2806 3378 2572 

Observable 
selected 

stars 
 within 12hr 

4957 3282 2799 3350 2556 

1 

2 

3 
4 

5 

MW stream

BHB in btwn MW and M31(?)

MW disk

Field tiling and fiber allocation	

Hayashi	
(IPMU	à	
PKU)	



Socware	development	(only	highlights)	
•  Release	of	tools	

–  Spetrum	simulator	(Hirata	[Ohio],	Yabe	[IPMU],	
Lupton	[Princeton])	

–  2D	image	simulator	(in	prep	by	Princeton	team)	
–  1D	pipeline	protptype	(in	prep	by	LAM	team)	
–  Fiber	allocaDon	socware	iniDal	version	

(Komatsu,	Reinecke	[MPA]).	
–  Prototype	operaDon	database	(Yasuda	[IPMU],	

now	a	part	of	survey	simulaDon)	
–  Prototype	science	database	(Y.	Tanaka+[NAOJ],	

Thakar+[JHU],	now	under	discussion)	

•  Survey	simulaDons	(Yabe)	with:	
–  PFS	data	model	&	other	format	control	

(Lupton)	
–  Data	quality	assurance	(Lupton,	Yasuda)	

29	

Database	

Target	list	

Spectrum	
simulaDon	

Fiber	
allocaDon	QA	

		

Tools	for	scienDsts	to:	
•  Proceed	with	detailed	

survey	design	studies	
•  Commit	to	socware	

development	



Survey	opDmizaDon	

Fabricius	(MPE)	&	Reinecke	(MPA):	Developing	
the	technique	by	Blanton+	(2003)	for	SDSS.	

•  Fiber	allocaUon	and	coordinaUon	
of	visiUng	fields	need	to	be	done	
in	an	opDmal	fashion	with	various	
(both	scienDfic	and	technical)	
demands	flexibly	accommodated.	

•  ApplicaDon	of	max.	flow/min.	cost	
approach	is	now	under	discussion.	

Tiled	survey	
fields	 Fiber	allocaDon	



OperaUon	for	
scienUfic	use	

Updated	top-level	schedule	

2016	 2017	 2018	 2019	

PFI	
(Oct)	

SM-1	AIT	(Mar)	

SM-2,	3	
AIT	(Dec)	

MCS	(Dec)	

CAB	(Jun)	

ConstrucDon,	integraDon	&	test	of	the	subsystems	

Commissioning	&	
stabilizaDon	

“SM-N”:	Nth	Spectrograph	Module	
“MCS”:	Metrology	Camera	System	
“PFI”:	Prime	Focus	Instrument	
“CAB”:	Fiber	Cable	on	Telescope	

DEL	SM-1	
(Feb)	

CAB	review	
(May)	

DEL	SM-2,	3	
(Nov)	

Feb	 Readiness	
review	in		
Dec-Jan	

“Cobra”	producDon		 SSP	call	for	
proposal	
in	~Jun			

2020	

Subsystem	delivery	to	Subaru	
and	re-integraDon	&	test	

Subject	to	changes	
unUl	the	end	…	

System	integraDon	&	test	

SM-4	AIT	
(Aug)	

DEL	SM-4	
(Jul)	

Telescope	down	Dme	
(~Oct-Dec	for	M1	recoat)	

MCS	pre-ship	review	(Sep)	



Summary		
•  Technically:	

–  Making	good	progress!	Not	only	producDon	of	individual	parts	but	also	
integraDon	&	test	(I&T)	are	ongoing	at	subsystem	level.	

•  Working	on	problems	and	issues	that	have	been	uncovered	at	I&T.	
•  Subsystem	delivery	to	Subaru	will	start	soon:	Metrology	camera	system	in	
Dec	2017,	First	spectrograph	module	in	early	2018.	

•  Scien-fically:	
–  Ramping	up	the	~5-year	survey	design	development:	

•  The	updated	proposal	from	each	working	group	will	be	reviewed	criDcally	
in	the	team	and	also	by	some	external	members.		

•  Mutually:	
–  Detailed	planning	to	build	up	one	coherent	survey		
–  (Re-)OpDmizaDon	as	the	survey	progresses	

•  Data	quality	assurance,	fiber	allocaDon,	etc	
–  Database	development	for	archival	legacy-data	science	


