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Kiyoto Yabe (Kavli IPMU)

This talk includes the following topics:

•  Brief summary of PFS instrument

•  Brief summary of PFS SSP survey

•  PFS instrument details

•  SSP survey plan & simulations

PFS instrument and the SSP survey
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3. NEW INSTRUMENTATION

3.1 Prime Focus Spectrograph

Prime-Focus Spectrograph (PFS)16 is a wide-field, highly multiplexed, optical/near-infrared spectrograph at the
prime focus of the Subaru telescope, which will be the next facility instrument after Hyper Suprime-Cam (HSC).
The development of PFS is currently in progress under an international collaboration led by Kavli IPMU.

Figure 5 shows the overview of the PFS subsystems. PFS has 2,394 optical fibers mounted on piezo actuator
positioners, called “Cobra”, distributed over the 1.3 degree field of view of the prime focus that feed the light
of the astronomical objects to four identical spectrographs which will be placed in the dome where FMOS
spectrographs was located (FMOS was decommissioned at the end of April, 2016 and its spectrographs have
already been removed from the telescope to construct a clean room for the PFS spectrographs). PFS will use
the same prime focus unit (POpt2), which is equipped with the wide-field corrector (WFC), as used by HSC to
have reasonably good image quality over the wide field. The POpt2 will be shared between HSC and PFS. When
PFS is in operation, the HSC camera will be taken out and the Prime Focus Instrument (PFI), which integrates
the fiber positioner systems with science and fiducial fibers, acquisition and guide cameras, and calibration light
sources, will be installed in the POpt2 instead. To arrange the fibers properly, the metrology camera system
(MCS) will be used at the Cassegrain focus of the telescope. The MCS can image the back-lit fiber tips on
the focal plane and measure the position of the fiber to feedback to the positioner control system. Each of
the four spectrograph module consists of three cameras covering the wavelength ranging from 0.38 to 1.26 µm
simultaneously with spectral resolution of R ∼ 2, 300 in blue to R ∼ 4, 300 in near-infrared. The spectrograph
also equips medium resolution mode (R ∼ 5, 000) for 0.71 to 0.89 µm wavelength range.

Figure 5. Subsystem overview of the Subaru Prime Focus Spectrograph (PFS).16

The project has passed the preliminary design review in 2013 and most of the subsystems have gone through
the critical design review phase. The construction, integration, and test of each subsystem are currently ongoing.
The delivery and test of the part of the subsystems at the Subaru are expected to be sometime in 2017. The
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PFS specification:

•  ~1.3 deg diameter 

(hexagonal FoV)

• 2394 science fibers

• Quick fiber configuration 

by MCS (~60-120 sec.)

• Spectral coverage:     

380 nm - 1260 nm with 
R~2000-4000


• System throughput: 
~20-30 %

PFS expected performance (5σ, 1 hour integration):

• Continuum (3 pix binning) : ~22.5 AB (blue), ~22.4 

AB (red), ~21.4 AB (NIR)

• Emission line (σ=70 km/s): ~1 x 10-17 erg/s/cm2

PFS software development:

•  Instrument Control Software (ICS)

•  Exposure Targeting Software (ETS)

•  Data Reduction Pipeline (DRP)

•  Survey Planning & Tracking (SPT)

Summary of PFS instrument: overview
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Summary of PFS instrument: information

http://pfs.ipmu.jp/research/performance.htmlhttp://pfs.ipmu.jp/research/parameter.html

 https://github.com/Subaru-PFS/spt_ExposureTimeCalculator

http://pfs.ipmu.jp/research/performance.html
http://pfs.ipmu.jp/research/parameter.html
https://github.com/Subaru-PFS/spt_ExposureTimeCalculator
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Summary of PFS SSP survey: overview
• PFS Subaru Strategic Program

‣ 300 nights (a possibility of +60 nights)

‣ 3 science groups are now working


• Cosmology:

‣ ~1400 deg2 of HSC wide foot prints (TBD)

‣ Targeting emission line galaxies at z=0.6-2.4 (TBD)

‣Main scientific goals

✓ Rule out the inverted hierarchy of neutrino masses

✓ Rule out the standard ΛCDM model by finding a time evolution of ΩΛ


• Galactic Archaeology:

‣MW dwarf satellites / Andromeda halo stars / MW halo,stream,disk (TBD)

‣Measuring radial velocity & chemical abundances of stars in these targets

‣Main scientific goals

✓ Measuring radial velocity & chemical abundances of stars in these targets to 

constrain the nature of dark matter and its role in the formation of galaxies

• Galaxy/AGN Evolution:

‣ Low-z (z=0.7-2) component / High-z (z=2-7) component

‣ ~14 deg2 of HCS deep foot prints (TBD)

‣Main scientific goals:

✓ Measuring physical parameters of galaxies/AGNs residing in various 

environments and various redshifts

✓ Large-scale structures traced by HI gas and galaxies
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Summary of PFS SSP survey: timeline

Operation	for	
scientific	use

Updated	top-level	schedule

2017 2018 2019 2020

PFI	
(Apr)

SM-1	DEL	&	AIT	
(Nov-Jan)

SM-3	DEL	&	
AIT	(Nov-Jan)

MCS	(Mar)

CAB (Dec)

Commissioning

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

~July?

Open-use	readiness	
review	in	~Dec-Jan?

SSP	call	for	
proposal	 in	
~May?		

2021

Subsystem	delivery	to	Subaru	and	
re-integration	&	test

SM-4	DEL	&	
AIT	(Apr-Jul)

The	version	TODAY.
Still	somewhat	fluid.

S21B	CfP
in	~Feb

SM-2	DEL	&	
AIT	(Jun-Jan)

S21B	from	
Aug	1

Acceleration	&	optimization	
are	under	consideration	to	
pursue	the	start	of	science	
operation	from	S21A. Stabilization

??
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PFS instrument details: fiber configuration
• Fiber configuration requirements:

‣ The configuration is finished in <105 sec. for 95% of all 2394 fibers

‣ The positioning error is <5 µm (~0.04 arcsec)


• Cobra collisions:

‣ There are some collision patterns (see below)

‣Some tests on the collision avoidance are in progress

‣Minimum separation of cobras ~30 arcsec (including margins)

Fiber 
arm

Shaft 
coupler

Fiber

Microlens 
and ferrule

patrol	dia.	9.5mm

q Stage	(2.375mm)

f Stage
(2.375mm)

PFS fiber positioner "Cobra"

Cobra pitch 
~85 arcsec

Cobra collision
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PFS instrument details: dot coverage
• Masked regions called as "dots" on the focal plane: 

‣Used for the purpose of hiding some fibers when calibration images are taken 

(e.g., PSF reconstruction using arc images)

✓ Diameter of 1.5 mm and coating reflectance of ~20%

✓ Minimum distance from dot to fiber without light loss is 1.375mm

✓ The blocked region is 2.75 mm diameter (~30 arcsec; ~8% of patrol area)


‣We cannot observe objects in the blocked region


dot

patrol area

Cobra optical bench

Field element
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PFS instrument details: auto guiding system
• Auto guiding system:

‣ The auto guiding by 6 AG cameras around the FoV

✓ Area of each camera: ~5 arcmin2 

✓ Wavelength coverage: 400 - 800 nm


‣We expect to detect >4 guide stars with SNR>30 with 1 sec exposure 
anywhere on the sky (based on SDSS data)

‣Pointing and position angle may be somewhat restricted (especially in 

high Galactic latitude) 

AGC FoV

PFS FoV

AG camera with half window 

12/13/2016 2016 PFS Collaboration Meeting 

• 7 AG cameras arrived ASIAA last week with half 
window (0.9mm thick) installed 
– E2v did the thermal cycling for the chip with glass 
– FLI has checked the camera functions after installation 

• The window covered area will be measured and 
all deformation test will be repeated  

PFS AG camera

AG camera CCD
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limit1 limit2
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PFS instrument details: instrument rotator
• Instrument rotator angle: 
‣ The mechanical limitation of the instrument rotator angle is ±276 deg.

‣We assume to operate the instrument with the rotator angle between 

-60 deg. and +60 deg. to minimize the impact of fiber FRD

‣ The position angle (PA) of the FoV and the duration of the exposure in 

a fixed configuration therefore may be limited

rotator angle

• If the rotator angle hits the limit 
during the observation, we need 
to rewind the rotator so that the 
angle is within the available range


• Rewinding angle is 60 or 120 deg. 
taking into account the symmetry


• (c.f.) The maximum rotator speed 
is 1.5 deg. s-1 
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PFS instrument details: spectrograph
• Exposure time: 

‣Requirement of the exposure time: SpS shall be capable of taking exposure 

longer than 2 sec. and shorter than 30 min.

✓The longest exposure time limit is due to various factors such as cosmic 

ray, OH line saturation, differential atmospheric refraction

✓The shortest exposure time limit is required for taking calibration data (c.f., 

requirement of the shutter speed: ~1 sec. for open/close)

‣Different exposure time for blue and red/NIR can be possible, but we can 

control the exposure of only blue arm (blue < red/NIR); no scientific merit?

  

PFS SUMIRE: Spectrograph Technical Design Document 
LAM-PFS-SPT-xxx 

 February 2013 Iss. 0 / Rev. 12 
 Page 18 of 60 

!
For! each! of! the! three! channels,! a! camera! images! the! dispersed! line! on! a! square! detector!
(~60.4x60.4mm).!Each!camera!is!based!on!a!Mangin5Schmidt!concept!adapted!to!the!fast!focal!ratio!
(F/1.09)!and!to!the!large!field!of!view.!!

The! proposed! optical! design! has! been! optimized! to! achieve! the! requested! image! quality! while!
simplifying!the!manufacturing!of!the!whole!optical!system.!In!particular:!

• The!number!of!identical!elements!in!the!three!channels!has!been!maximized;!!
• The!number!of!aspherical!components!has!been!minimized.!

The!three!channels!are!arranged!to!reduce!the!footprint!of!the!spectrograph!module!while!offering!
enough!accessibility!to!the!optical!elements.!!

!

!

Figure$14:$Optical$layout$of$one$spectrograph$module$

4.3.2 Specifications philosophy 
The!image!quality!specification!(SPS5REQ547!in!the!SpS!FPRD)!is!defined!in!terms!of!Ensquared!Energy!
(EE)!generated!by!a!fiber!with!the!following!requirements:!

5 ≥50%!within!a!square!of!3!pixels!for!each!spectral!band!in!more!than!95%!of!the!detector!area;!

PFS spectrograph optics

  

PFS SUMIRE: TITLE 
LAM-MEC.SUM.CCT.1022 

September 2013 Iss. 1/ Rev. 0 
 Page 3 of 10 

 

 
 

- Figure 1: 3D Spectrograph view including red and blue shutters 

  

Shutter-B
Shutter-R

Blue camera

Red camera

NIR camera

Entrance
dichroic dichroic

Blue camera Red camera

NIR camera
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PFS instrument details: others
• Operational mode:

‣Currently, we suppose to operate without "beam-switching" mode

‣Sky fibers and science fibers are observed simultaneously 

‣No limitation to the beam-switching from hardware perspective

‣Any development of DRP for the beam-switching mode is not considered 

currently


• Taking calibration data:

‣Calibration data for each fiber configuration is necessary

‣ It takes about ~5 mins. for one configuration (TBC)

‣ The data acquisition in the morning after the observation and the evening 

in the other day if necessary

‣ The number of fiber configuration per night may be limited
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Repeating the observing cycle connecting to each other

QA

Observation
Data reduction


(2D + 1D)

Fiber 
assignment

SPT?
ETS

ICSDRP

User 
interface

both on-site  
and off-site?

HSC DB

Database

Data archive

PFS survey procedure

Target 
selection
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The distribution map of finished targets

Summary of PFS SSP survey: basic concept
• Basic concept of the PFS survey operation is executing the following 

observation loops, in which each software component plays an important role

‣ Exposure Targeting Software (ETS) calculates the fiber configuration for a 

given target list

‣ Instrument Control Software (ICS) controls each instrument component

‣Data Reduction Pipeline (DRP) reduced obtained data for a scientific usage

‣Survey Planning & Tracking (SPT) manages the overall survey operation

‣All data are stored in PFS database system (operational + science)


• Development of each software component is in progress (see our GitHub; 
https://github.com/Subaru-PFS)

https://github.com/Subaru-PFS
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The distribution map of finished targets

• We have many targets for 3 different science goals, with different required 
exposure time, in different fields on the sky, and so on


• We should include them into one survey package in 300 nights

• The overall survey strategy is not clearly defined yet actually

• Survey simulation is now ongoing to see what happens in the actual survey

ni
gh

t

night1

night10 The average result 
of 10 simulations shaded region: ±1σ

In addition to the overall scheduling 
simulation, end-to-end simulation using 
realistic target lists and some actual 
software components is in progress

Summary of PFS SSP survey: planning & simulation
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~11% are unfinished

The number of allocatable 
objects rapidly decreases in 
the end of the survey 

targets

sky

The distribution map of finished targets

The number of assigned objects

The fiber hours of 
finished object

The maximum 
finished fiber hours 
(expected assuming 
2000 fibers per visit)

The cumulative fiber hours

•  Simulation for Galaxy/AGN Evolution survey

•  COSMOS mock catalog (total coverage is ~5 deg2)

•  If the observed exposure time reaches the expected 

one, the observation of the target is stopped

•  The number of assigned objects rapidly decreases in 

the end of the survey

•  ~25% fibers may be open in the very end of the survey

•But we still have additional sources (e.g., fainter targets)

14

Summary of PFS SSP survey: planning & simulation
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Summary of PFS SSP survey: example operation
• The design of the operational model in the actual survey is ongoing

• The assumed overheads:

‣ Field acquisition: ~5 min. (large offset) / ~3 min. (small offset)

‣ Fiber configuration: ~2 min. (full) / ~1 min. (tweak)

‣Starting auto guides: ~1 min.

‣Rewinding instrument rotator (if necessary): ~2 min.


• Typical overhead ratio (overheads / exposure time) is ~0.25

CO_: Cosmology fields

GA_: Galactic Archaeology fields

GE_: Galaxy/AGN Evolution fields

Rotator rewind

Calibration
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Summary:

• PFS is an instrument with a wide field (~1.3 deg.), a large multiplicity 
(~2400 fibers), and a wide wavelength coverage (3800Å-1.26µm)


• PFS SSP survey is 300 nights survey for 3 major science topics 
(Cosmology, Galactic Archaeology, Galaxy/AGN Evolution)


• The detailed design of the instrument operation and the SSP survey 
operation is actually under development


• We are happy to hear feedbacks from potential users in open use


