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8.2m Subaru Telescope

@ summit of Mt. Maunakea (4200m), Big Island, Hawaii

We can use this beautiful sky to address 
fundamental physics of our Universe!



Prime Focus Spectrograph (under construction) 
Prime Focus Instrument (PFI)

Wide Field Corrector (WFC)

Metrology Camera System (MCS)

Spectrograph System (SpS)

Fiber positioner "Cobra"

Fiber Optical Cable and 
Connector System (FOCCoS)

+
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wide field-of-view
large aperture

2400 fibers (high multiplex) 

PFS blog: https://pfs.ipmu.jp/blog/ja/

https://pfs.ipmu.jp/blog/ja/
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PFS project based on international collaboration (7 countries)
>200 members
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the collaboration meeting at Caltech for Dec 9-13, 2019



PFS will populate 
2394 individual fibers

for simultaneous spectroscopy
over this hexagonal field.

~1.5 deg



On Sep 2 2020, the PFI focal plane got populated
FULLY with ALL the 42 fiber positioner modules



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

PFS blog: https://pfs.ipmu.jp/blog/ja/

https://pfs.ipmu.jp/blog/ja/


PFS in a global context
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Via its wide field prime focus, PFS has the great survey capability

mirror size



Timeline 

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

this program “dark matter”

Subaru HSC (B03)

science operation (SSP)commissioning

Subaru PFS (8m)

DESI (US, 4m, spectroscopy)

4MOST (EU, 4m, spectroscopy)

MOONS (EU, 8m, spectroscopy)

Euclid (EU, imaging/spec.)

Vera Rubin LSST (US, imaging)

Roman space tel. (NASA, imaging/spec.)

now



PFS dark matter science: dwarf galaxies 
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Note: this is just one “example” we can think of. Any new  idea welcome!

DM dominated system 

Size: ~1kpc
Velocity dispersion-supported system

PFS can measure line-of-sight 
velocities of stars from Doppler shifts 
tin he measured spectra ⇒ give an 
estimate of dynamical (DM) mass 

<latexit sha1_base64="xfgfY4YrQT1J0OMsbT/6uieBBZw="></latexit>
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r
Motion of member stars allow us to infer 
dynamical mass (note back/fore-ground 
stars; Horigome+20)

<latexit sha1_base64="vH/LHpo8H7oFtZbT2hsoz5sBT4w="></latexit>
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A power of PFS
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PFS field-of-view

Dots (actual data): 
member stars (blue/green
fore/back-ground stars (red) 

Keck tel. (~10m) DEIMOS field-of-view

1 PFS night ~50 Keck nights

PFS promises an 
improved measurement 
of dark matter content 
in each dwarf galaxy



Fuzzy DM (~10-23eV)
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appearance of cored profile

Schive et al. 14

�dB =
~

mav
⇠ 1 kpc

⇣ ma

10�23eV

⌘�1
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Also see May & Springel 21

also see
Takahashi-san’s (A01) 
&
Ando-san’s groups (C02)



Data
vs. 

Model
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Hayashi, Chiba, & Ishiyama 20



What can we do with PFS? 
• PFS promises high-precision measurements of matter 

(dark matter) distribution, for each of dwarf galaxies
– Relatively cheap observations: only ~30 Subaru nights

• The improved measurement can be used for
– Improve the estimation of J-factor and therefore the DM 

annihilation search from Fermi data (C02) 
– A definitive answer to the core-cusp problem (A01/C02) 
– If the cored profile is found, irrespectively of the star formation 

history (astrophysics) of each dwarf galaxy, it would be a strong 
evidence of non-CDM dark matter

– Axion-like particle dark matter (FDM), and self-interacting dark 
matter (SIDM) , etc. (A01/C02)

• Other targets for PFS observations: stellar stream, proper 
motions of halo stars, .. (not discussed today)
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Microlensing search of macroscopic DM

HSC M31 PBH 
microlensing 
search

Use OGLE (Optical 
Gravitational Lensing 
Experiment) for PBH 
search

macro-DM
1.3m Warsaw telescope (1992-)

Sunao Sugiyama (D1, IPMU)
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Short time-scale ML events
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Subaru HSC data
Prediction of primordial black hole lensing

original image brightened image diff. image residual image

18

10°1 100 101 102

ML LC timescale: tE [days]

100

101

102

N
u
m

b
er

of
ev

en
ts

p
er

b
in

OGLE data
(2622 events)

BD

MS

WD

NS

Galactic bulge/disk models

PBH
MPBH = 9.5 £ 10°6MØ
fPBH = 0.026

One possible microlensing event from 
HSC data of M31 (t_E~1hr) (Niikura et 
al. Nature Astron. 19)

6 short-timescale events from OGLE data of 
Galactic bulge (t_E~[0.1,0.3] days)
(Niikura et al. PRD 19)

Also see Sugiyama, Takhistov, Vitagliano, Kusenko, Sasaki & MT PRL 20 



take-home message
• DM search in optical wavelengths, with Subaru or other telescopes, 

hasn’t been fully explored

• Subaru Prime Focus Spectrograph (PFS) is a very powerful 
instrument in a coming decade that will be in operation from 2023
– Properties of dark matter distribution in dwarf galaxies (DM-dominated 

system): PFS flagship science that can be done with ~30 PFS nights 

– Stellar stream, kinematical structure of stars in the MW halo, … (not discussed 
today) 

– Any new idea? (PFS will open up new opportunities! New idea welcome!)

• Microlensing search of DM (Subaru HSC now, and eventually LSST)

– HSC M31 ~1hr-timescale microlensing + OGLE ~0.1days events imply axion 
stars formed from QCD axions? (Sugiyama & MT in prep.) 

– Primordial Black Holes (Sugiyama et al., in working progress, with new data) 
19



Focal	plane:	Fiber	posiQoner	“Cobra”�
8mm pitch vs. 
9.5mm diameter 
patrol area 
à Patrol areas 
are overlapped.�

9  
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Unveiling dark matter dist. in dwarf gals

Miho Ishigaki 
(Tohoku U.)

Kohei Hayashi 
(U. Tokyo)



Already HSC data of all interesting dwarf gals in hand
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