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Imaging and spectroscopic surveys 
with Subaru

l Build wide-field camera (Hyper 
Suprime-Cam) and wide-field multi-
object spectrograph (Prime Focus 
Spectrograph) for the Subaru 
Telescope (8.2m)

l HSC imaging survey since 2014
l PFS survey will start around 2020 
l Keep the Subaru Telescope a 

world-leading telescope in the TMT 
era

l Precise images of 1B galaxies 
l Measure distances of ~4M galaxies 

HSC
PFS

Subaru (NAOJ)



HSC SSP survey since 2014

International collaboration (Japan, Taiwan, Princeton U.)
Subaru 300 nights already granted

PI: S. Miyazaki
(NAOJ)



HSC SSP Survey Fields

• Three-layer survey
- Wide:1400 sq. deg, grizy (i~26)
- Deep: 26 sq. deg, grizy (i~27)+3NBs
- UltraDeep: 3.5 sq. deg., grizy (i~28)+3NBs
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HSC collaboration meeting@IPMU, Aug 2016 ~300 CoIs



First Data Release (DR1) of HSC SSP
28 Feb, 2017

~60 Subaru nights, ~100 sq. deg., ~108 objects ≃10yrs SDSS
A series of science papers will come out this April



DR1 paper: Aihara et al. (M. Tanaka): arXiv:1702.08449
Survey overview paper: arXiv:1704.05858
Camera paper (S. Miyazaki): soon come

Masayuki Tanaka
(NAOJ)





http://hsc.mtk.nao.ac.jp
https://hsc-release.mtk.nao.ac.jp

A good start to learn about/get to 
know Subaru (HSC) data?



Observation & Tiling Strategy (HSC-Wide)

• Carry out i-band observation (WL) if seeing (weather) looks good (we have 
on-site quick QA system; seeing and transparency)

• A large-dithering offset (~0.5 deg. ≈1/3 of 1.5 degrees) 
• Different exposures (visits) for the same field separated by more than 0.5 

hours (to have different atmosphere)
• So far, focus on the interesting fields (i.e. with existing X-ray or spec-z data)
• Acquire full-depth, full-color first, and then build up the area 

Aihara et al.: arXiv: 1704.05858
gr-band (4 visits): 10min in total izy-band (6 visits): 20min



A big milestone! 39 pages, 23 figures
appear soon on arXiv

Mandelbaum, Miyatake, Hamana, Oguri, Simet, Armstrong, Bosch, ….

Note: we employed conservative cuts on galaxy selection for 
the shape catalog



SDSS (2.5m, r<21, ~1’’) Subaru HSC (8.2m, r<26, 0.6’’)

the same rich cluster region at z=0.41

~2Mpc

Galaxy Clusters (HSC camira clusters): arXiv:1701.00818

Msamune Oguri



richest at z>0.8

RA=179.2265
Dec=−0.6291
z=0.829
N=88.1

Newly discovered, high-redshift cluster (unique for finding clusters at z>0.5)

Masamune Oguri et al.
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Fig. 3. Mass (upper) and galaxy mass (lower) maps in the XMM field.

the large-scale power. We also use the larger filter size than that

used in Miyazaki et al. (in prep.). Systematic tests with B-mode

mass maps are also presented in Miyazaki et al. (in prep.).

In this paper we follow a mass reconstruction method pro-

posed by Kaiser & Squires (1993). Since we are interested in

large-scale mass distributions, in this paper we always consider

the weak lensing limit, |κ|≪ 1. First we smooth the shear field

γα(θ) (α= 1, 2) as (Seitz & Schneider 1995)

γ̂α(θ) =

∑

i
wiγα(θi)W (|θ−θi|)

∑

i
wi(1+mi)W (|θ−θi|)

, (1)

where W (θ) is the Gaussian smoothing kernel

W (θ) =
1

πθ2s
exp

(

−
θ2

θ2s

)

. (2)

We then convert the shear field to the convergence field via

κ̂(θ) =
1
π

∫

d2θ′
γ̂t(θ

′|θ)

|θ−θ′|2
, (3)

where γt(θ
′|θ) is a tangential shear at position θ′ computed

with respect to the reference position θ.

In practice we construct the mass map in a regular grid

adopting a flat-sky approximation. First we create a pixelized

shear map for each patch with a pixel size of 0.′5, apply the Fast

Fourier Transform, and conduct the convolutions in the Fourier

space to obtain the smoothed convergence map, which is some-

times referred as an E-mode mass map. The imaginary part of

the reconstructed convergence map represents a B-mode mass

map, which is used to check any residual systematics in our

weak lensing measurements.

We also construct a noise map as follows. We randomly

rotate orientations of individual galaxies, and construct a mass

map using the randomized galaxy catalog. We repeat this many

times to create 300 mass maps from 300 realizations of ran-

domized mass maps. We then compute a standard deviation

of each pixel from the 300 random mass maps to construct a

“sigma map”, a map showing the spatial variation of the statis-

tical noise of the reconstructed mass map. From the sigma map

we can define signal-to-noise ratio (S/N) for each pixel simply

from the ratio of the κ value of the reconstructed mass map to

the standard deviation of κ from the sigma map.

In real observations, there are several regions where data

are missing due to bright star masks and edges. Reconstructed

mass maps in and near those regions are noisy and are not suit-

able for analysis. To determine the mask region for each mass

map, we construct a number density map of the input galaxy

catalog by convolving the number density in each pixel with

the same smoothing kernel as used in constructing mass maps

(equation 2). Next we derive the mean of the number density

map with 2.5σ clipping. We adopt clipping because the num-

ber desnity map has a non-Gaussian tail. We mask all pixels

with the smoothed number density less than 0.5 times the mean

number density as they correspond to edges and regions that are

affected by bright star masks. In addition, we derive the mean

of the sigma map with 2.5σ clipping and mask all pixels with

HSC superb image quality allows an accurate weak lens measurement  

Oguri+ in prep.

XMM-LSS field 
(~30 sq. deg.)

Mass 
distribution up 
to z~1 thanks 
to the HSC 
depth

projected dark matter map (from WL)

projected galaxy map (from photoz)



3D mass and galaxy maps

• A nice correlation between mass and galaxy maps (these 
maps used photo-z’s)

VVDS field

Oguri+ in prep.:  appear on arXiv soon
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Two sets of 
fiber connectors

Fiber slit assembly at 
the spectrograph 
side of Cable A

Subaru prime focus

Prime Focus 
Instrument (PFI)

Spectrograph System (SpS)

TUE-IR 
(“IR4”) 
floor

Subaru Prime Focus Spectrograph (PFS)

Envision to have the first light in 2018



PFS Collaboration

Kavli IPMU is leading this international collaboration

N. Tamura (PM)H. Murayama (PI)



PFS Science White Paper
Takada, Ellis et al. 2014



Summary
• The wide-field capability of Subaru is so unique, 

and very powerful for survey-oriented 
astronomy/cosmology

• Hyper Suprime-Cam (HSC) = Wide-field imager
– HSC SSP survey: 2014 – 2019(20)

– First public data release (28 Feb, 2016)
– Excellent datasets = deep, sharp

– The WL shape catalog: meets the 1st year cosmology 
analysis requirements (will be made public)

– Photo-z is so important for all science cases

• Prime Focus Spectrograph (PFS) = Wide-field, 
multi-object spectrograph


