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~Current and future prospects with Subaru PFS/HSC



Timeline of spectroscopic galaxy surveys

Stage-III Dark Energy Experiments (BOSS, eBOSS) are finished, 
DESI started, and Euclid is launched…
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Subaru Prime Focus Spectrograph (PFS)

• 8.2m diameter telescope on 
Maunakea, Hawaii (median 
seeing 0.6 arcsec)


• Fiber-fed spectrograph fed by 
Subaru wide-field corrector


• 2400 fibers over 1.25 sq deg 
FOV at prime focus 


• Optical-NIR coverage from 
380nm-1260nm


• Facility instrument for Subaru 
Telescope (anyone with 
Subaru access can apply)


• ~4x greater spectroscopic 
efficiency than DESI (Nfiber x 
Mirror Area / Dfiber2)



Subaru Prime Focus Spectrograph (PFS)Prime Focus Spectrograph (PFS) on Subaru 
(1) Summary of the current status of the PFS project 
Prime Focus Spectrograph (PFS) is a highly multiplexed fiber spectrograph for the Subaru 
telescope.  It is unique in several ways 

• Subaru is one of the largest telescopes 
(8.2m) with unparalleled field of view 
on one of the best sites for an excellent 
seeing 

• PFS covers the wavelengths 380–
1260nm that allow for galaxy survey 
with no gap in redshift range 

• SuMIRe (Subaru Measurements of 
Images and Redshifts) combines HSC 
(imaging) and PFS (spectroscopy) using 
the same telescope and the same fields 

• Wide scope of science with three 
pillars, cosmology, galaxy evolution, and galactic archaeology 

The total cost to build the instrument is about $82M. It started with the FIRST (32 okuyen) funding 
Murayama obtained from the Cabinet Office in 2010.  By the summer 2012, Princeton, 
Laboratoire d’Astrophysique de Marseille (LAM), Caltech/JPL, Academia Sinica Institute for 
Astronomy and Astrophysics (ASIAA, Taiwan), and a consortium of Brazilian institutes formed the 
collaboration pledging $5M contribution or more.  Later Johns Hopkins, Max-Planck Institute für 
Astrophysik (with a small contribution of Max-Planck-Institut für extraterrestrische Physik), 
Chinese PFS Participation Group (CPPG), North Eastern Participation Group (NEPG) joined the 
collaboration adding the cash contribution.  

It is a very complex instrument 
composed of multiple elements.  
Prime Focus Instrument (PFI, main 
responsibility of Pasadena and 
ASIAA) uses Wide Field Corrector 
lens system built for HSC (IPMU 
developed design with Canon and 
mechanical control with Mitsubishi 
Electric Inc), replaces the CCD array 
with the 2396 Cobra fiber 
positioners.  It also has tension 
relief mechanism for fibers.  The 
fiber system consists of three fibers 
(A, B, C) with the total length of 
about 50m (main responsibility of 
Brazil) that routes photons to the IR side of the telescope.   
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Schematics of the PFS instrument 
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• ~4x greater spectroscopic 
efficiency than DESI (Nfiber x 
Mirror Area / Dfiber2)
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Survey Design of PFS Cosmology Program

• Accurate and robust cosmological constraints using the single tracer (4 million 
[OII] emission line galaxies) to map evolution of the large-scale structure of the 
Universe in a wide range of redshifts, 0.6 < z < 2.4, over 1200 


• With 100 nights, we will visit the same area twice with 15mins of exposure 
time


• Other galaxy surveys only go to z=1.6 (DESI) and z=2.0 (Euclid), meaning 
2<z<2.4 is a unique redshift range of the PFS cosmology program thanks to 
NIR camera

deg2



Discovery Space: galaxy surveys are trying to explore…

Why do we spend time and money for these large 
galaxy surveys?

Credit: Kyle Dawson



Why do we spend time and money for these large 
galaxy surveys?

Credit: Kyle Dawson

Wide redshift range

Synergy with HSC

High number density

Three unique aspects of PFS cosmology program



Baryon Acoustic Oscillations (BAO)
Standard Ruler

• Imprint of sound waves frozen in the early Universe

• Scale set by sound horizon and does not change in time, but 

depends on the amount of dark energy

“BAO peak”

By E. Huff



PFS can measure Dark Energy…
•  to about 7% accuracy in each redshift bin

• We can test the evolution of the Universe with a single tracer!

ΩDE(z)

PFS
Unique
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PFS can measure Dark Energy…
•  to about 7% accuracy in each redshift bin

• We can test the evolution of the Universe with a single tracer!
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Discovery Potential: Time Evolving Dark Energy

There is a significant theoretical motivation for dark energy 
potentials with periodic modulations.



Why do we spend time and money for these large 
galaxy surveys?

Credit: Kyle Dawson

High number density

Three unique aspects of PFS cosmology program



High-number density=can push to smaller scales

• PFS Cosmology program keep the high-number density at 
0.6<z<2.4, which enables us to use small scale clustering.



What does neutrino do on large scale structure?

Neutrinos decoupled when they were still relativistic, hence they 
wiped out structure on small scales

Without Neutrinos With Neutrinos

Agarwal&Feldman 2010



Neutrino Mass Constraint
• Neutrinos suppress power spectrum (clustering of 

galaxies)

• PFS can achieve !σ(Σmν) = 0.02eV

Abazajian+2013



Neutrino Mass Hierarchy

Σmν = 0.06eV Σmν = 0.1eV



 is a key to test the hierarchy∑ mν = 0.1eV

• Deciding the mass 
hierarchy sets a 
concrete target for 
the neutrino-less 
double beta decay 
experiments


• Can test whether 
neutrinos are Dirac 
or Majorana



Based on the DESI Y1 BAO and full-shape analysis, the neutrino mass is constrained to

• ∑m𝝂<0.409eV(95%) without CMB and ∑m𝝂<0.071eV(95%) with CMB under ΛCDM


• ∑m𝝂<0.175eV(95%) with CMB under w0-wa CDM

DESI Y1 Full-shape analyses
Neutrino Mass Constraints



Why do we spend time and money for these large 
galaxy surveys?

Credit: Kyle Dawson

Synergy with HSC

Three unique aspects of PFS cosmology program



Redshift-Space Distortion (RSD)

cz = H0r + vpec
Redshift

“What we 
measure”

Expansion
of the

Universe

Motion of
Galaxies
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Padmanabhan+2012

• Redshift is a combination of Hubble expansion and peculiar motion 
of galaxies → isotropic galaxy distribution becomes anisotropic in 
redshift-space

∝ vpec
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• On large scales, peculiar velocity can be computed as a function of 
growth rate

|vpec | ∼
dσ8

dlna
= fσ8 f =

dlnσ8

dlna
≈ Ωγ

mwhere

δ(s)
g (k, μ) = (b + fμ2)δ(r)

m (k)
“redshift-space”(s) “real-space”(r)

 is angle 
between r and 

LOS

μ



Forecast for DESI Y1 and PFS in a few years

• Can constrain the growth of structure with 6% up to z~2.4

PFS forecast: TS+,in prep.





Subaru Hyper Suprime-Cam (HSC)
Superb image quality: PSF~0.6” 

• SDSS~1.0’’


• Better shape measurements


Large Field-of-View: 1.5°diameter 

• ~7 x full moon


• Efficiently observe large area of 
sky


8.2 m primary mirror 

• ~11 x light collecting power of 
SDSS


• Can observe high-z source 
galaxies

Photo credit: NAOJ, Miyazaki et al. (2018), Komiyama et al. (2018)



HSC SSP Survey

• Wide Layer (1,200 deg2, grizy, ilim~26) is designed for weak lensing cosmology 
(108 galaxies).


• Survey started in 2014 and completed at the end of 2021.

• Third-year data ~433 deg2.

• Currently, preparing the final-year cosmology analyses.



PFS forecast, TS+ in prep.



PFS is supported by …
Without all these people, Subaru PFS 
will not happen and each person greatly 
contributes and push the project moving 
forward!

Prof. Naoyuki 
Tamura 
(NAOJ)

Prof. Yuki
Moritani 

(U. Hawaii)

Dr. Kiyoto 
Yabe

(NAOJ)



Subaru PFS has a capability to do 
Stage-V experiments

PFS has been mentioned in several places of Astro 
2020



Summary
• Subaru PFS cosmology program will be 

complementary to other galaxy surveys like DESI 
and Euclid


• The unique aspects of PFS cosmology program


• Wide redshift range → Dark Energy


• High-number density → Sum of neutrino mass


• Synergy with HSC → Testing theory of gravity

Thank you!


