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Our team
• Masahiro Takada: oversee
• Naoyuki Tamura: PFS Project Manager
• Ryuichi Takahashi: simulations
• Naoki Yasuda: pipeline
• Ikuru Iwata: Subaru
• Yousuke Minowa: Subaru 
• Kiyoto Yabe: PFS 
• Yuki Moritani: PFS
• Tomomi Sunayama
• Keigo Nakamura 
• Ryu Makiya
• Miho Ishigaki (IPMU → Tohoku)
• Hillary Child (JSPS, from Chicago)
• Kohei Hayashi (KIAA → NAOJ->iCRR)
• Hironao, Miyatake (Nagoya)
• Chiaki Hikage
• Collaborators: Takahiro Nishimichi, Masato Shirasaki, …
• Students: H. Niikura, K. Akitsu, R. Murata, Y. Kobayashi, T. 

Nozawa, H. Ito, R. Tateishi, N. Sugiyama, T. Kurita 



New member! Keigo Nakamura

(Kyoto → IPMU)



FY2018 Publications

• ~30 papers 
• Many HSC papers including HSc cosmology paper (Hikage et 

al. 2018)
• Niikura, MT, Yasuda+: HSC PBH constraints 
• Niikura, MT, Yokoyama+: OGLE PBH constraints 
• Hillary, MT, …: BAO bispectrum
• Osato et al.: large-scale tide and halo shapes
• Akitsu & Takada: LSS & large-scale tide 
• Shirasaki et al: MNRAS: mock catalogs of HSC cosmic shear 

data
• Okumura, Takada, More, Masaki, MNRAS: RSD
• Murata et al.: modeling of SDSS clusters 
• ….



PFS - Fast facts
• Subaru Prime Focus Spectrograph:

The spectroscopy part of the “SuMIRe” project. 
– Wide field: ~1.3 deg diameter
– High multiplicity: 2394 fibers

• Fiber diameter: ~1.05 arcsec
• Fiber positioner pitch: ~85 arcsec
• Minimum fiber separation: ~30 arcsec

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

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

• Aiming at start of science operation & survey program in 
2021, as a facility instrument on Subaru Telescope. 5



PFS will configure 
2394 individual fibers

for simultaneous spectroscopy
over this hexagonal field.

~1.5 deg



10th PFS collaboration meeting
Dec 10-14 2018 at Shanghai Jiao Tong University
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On the TUE floor

… in Prime focus 
unit “POpt2” with 

Wide Field 
Corrector “WFC”.

Software system

Calibration system
Spectrograph 
system (SpS)

10

This takes an image of the prime focus 
with the fibers “backlit” and measure 
their current positions: Key part of 
iterative fiber positioning process.



PFS is REAL!!!

All Rails were fastened on COB (9/29/2016)

Flex cable space –
between rail and COB
Production Cobra was used to check the 
cable space between the edge rails and COB.  
For some positions, the cables had to be in 
exactly correct position but they all had 
enough space

PF + COB integrated

• The three bipods were shimmed so that the 
distance difference is within 10 μm

12/13/2016 2016 PFS Collaboration Meeting

Inside(mm) outside (mm)
Bipod 1 94.0756 94.0701
Bipod 2 94.0738 94.0667
Bipod 3 94.0750 94.0668



NIR camera development
• 4x science-grade H4RG devices in hand. 

Characterization is ongoing.
• Parts production and integration are ongoing.   

  

First image from
warm H4RG
in the test dewar



Spectrograph Clean Room (SCR)

• Cabling & piping for facility 
resources are nearly complete.

• SpS cabling and optical bench 
legs fitting will be next.

• Environmental control testing 
will also start soon.

Naruhisa Takato
(NAOJ)



PFS is a perfect suite for
Panoramas of the Evolving Cosmos

Hitoshi Murayama
[PI of PFS project]

Masahiro Takada
[Kavli IPMU]

Richard Ellis
[UCL]

Science working group co-chairs

Eiichiro Komatsu 
(D01: MPA/IPMU) Jenny Greene (Princeton)

Masashi Chiba 
(A02: Tohoku U.)

Cosmology
Galaxy/AGN 

evolution

Galactic 
Archaeology

Survey integration 
team



Science opportunities with PFS! 
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Operation for 
scientific use

Updated top-level schedule

2018 2019 2020

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

2021

Subsystem delivery to Subaru and 
re-integration & test

~May?

Optimizations are 
still ongoing.

Commissioning Stabili
zation

Cobra modules integration, 
test, and deliveries to Taiwan

Critical paths for eng. obs.:
• PFI DEL to start 
• NCU-2 DEL to finish

2022

Open-use readiness 
review in ~Jun-Jul?

SSP call for 
proposal in 
~Jan?  

S22A CfP
in ~Aug

S22A from 
Feb 1

PFI DEL&AIT
(Jan-Apr)

CAB-1 DEL & AIT (Jun)

SM-4 DEL & 
AIT (May-Jul)

MCS (Apr)

SM-1 & SM-2Vis 
DEL&AIT (May-Jul) NCU-2 DEL 

(Sep)
SM-3 DEL & 

AIT (Jan-Mar)

CAB-2,3,4DEL AIT



Constraining PBH with microlensing

HSC M31 
PBH 
microlensing 
search

Use OGLE (Optical 
Gravitational Lensing 
Experiment) for PBH 
search

Hiroko Niikura
(U. Tokyo/IPMU
just graduated!)

PBH



PBH constraints with HSC M31 ML search
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Nature Astronomy in press (Niikura et al.)

T. KuritaS. Sugiyama



Constraining ~10Msun PBHs with HSC
a long-term monitoring obs of M31 with HSC over 3yrs (already approved!)

The range 
implied from the 
LIGO event rate 
(Sasaki et al. 16)

Tian Qiu (��
IPMU; M1)



Earth mass BH?
PRD in press

B03 Shuichiro Yokoyama
(Nagoya: A02 or A03?)See my talk (Thus) and Hiroko’s poster
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Subaru open-use 
proposal due is 
March 7 (this Thus) 
… 



Dark Quest & Dark Emulator
Nishimichi, MT, Takahashi et al.

Takahiro Nishiichi
(IPMU→YITP)

R. Takahashi (B03)

M. Shirasaki
(NAOJ: solicited)

H. Miyatake
(Nagoya: solicited)

M. Oguri (B02)Y. Kobayashi
(IPMU: D2)



Dark Quest
• Towards an accurate modeling of nonlinear structure formation

p↵ = {!c,!b,⌦de, ln(10
10As), ns, wde}

<latexit sha1_base64="hEzYvBlbjo9r+SGpZxfkGI02Cko="></latexit>

run N-body sim.

post processing (identify halos ~ place where galaxies form)

specify wCDM model

make a mock of 
galaxy survey (gals, 
lensing fields, …)

a measurement from 
the mock 

~a few days



Dark Emulator
• Stored all data (~200TB)
• Gauss process & ML
• Make an “emulator” from the tabulated 

data
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Allow a fast computation 
of galaxy clustering 
observables (<1sec) 

Nishimichi et al. +18
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Cosmology challenges: 
validation of method
• Cosmology with HSC + SDSS (imaging + spectroscopic 

surveys): Miyatake + in prep. 
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Make mock of 
HSC/SDSS 
surveys using a 
prescription of 
galaxy-halo 
connection

Y. Kobayashi
fiducial
sat_dm_dist
nonfid_sat
off-center

Blind cosmological 
parameter 
inference (MCMC)

See Hironao’s talk (Thus) 
and Yosuke’s poster


