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•  The HSC fields are selected based on …!
–  Synergy with other data sets: SDSS/BOSS, The Atacama 

Cosmology Telescope CMB survey (from Chile), X-ray (XMM-
LSS), spectroscopic data sets!

–  Spread in RA!

–  Low dust extinction!

 �

• new wide-field (1.7 deg2) camera at Subaru telescope
   (first light in 2013)

• 300 nights awarded for imaging survey (HSC-SSP)

• three-layer survey from 2014 to 2019?



HSC-SSP: ``Eiffel-tower’’
-type survey

UltraDeep
 (3.5 deg2, rlim ~ 28, grizy+3NBs)

Deep
 (27 deg2,  rlim ~ 27, grizy+3NBs)

Wide
 (1400 deg2, rlim ~ 26, grizy)



Public data release
Fist public release 
on 2017 Feb 28,
containing ~100 deg2

images with full color
(Aihara+ 1702.08449)

SQL server + very 
nice image browser
(hscMap)

Please use it!

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

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


Optical cluster finder: CAMIRA
• “red-sequence” cluster finder with arbitrary
   set of filters

• fit all photometric galaxies with SPS model 
   (BC03) to derive likelihood of being cluster 
   members as a function of redshift

• construct a 3D richness map to find clusters 
   as peaks in the map 

• successfully applied to SDSS DR8 to produce 
   a catalog of ~70,000 clusters at 0.1<z<0.6
  (available at: http://www.slac.stanford.edu/~oguri/cluster/ )

Oguri MNRAS 444(2014)147 

http://www.slac.stanford.edu/~oguri/cluster/


The power of HSC survey

all members 
(>0.2L*) out
to z~1.1!

SDSS

DES SV (Rykoff et al.)

HSC Wide



CAMIRA HSC cluster catalogue

• clusters from 
   internal release 
   of HSC data
   (S16A) covering
   ~232 deg2 

Oguri et al.,  arXiv:1701.00818
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• 1921 clusters with 
   N>15 at 0.1<zcl<1.1
• very good photo-z!

CAMIRA HSC cluster catalogue
Oguri et al.,  arXiv:1701.00818
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N=64.7 z=0.812



N=43.6 z=1.074



Future extension?
• pushing the redshift limit to z~1.4 
   (work in progress)

rich cluster 
at z~1.3
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Fig. 3. Color-magnitude diagrams (CMDs) that are derived by stacking pho-

tometric galaxies over all CAMIRA clusters. Foreground and background

galaxies are subtracted statistically (see the text for details). Left panels

show CMDs for the inner region (rP < 0.1h−1Mpc) only, and right panels

show CMDs for the whole cluster region (rP < 1h−1Mpc). From top to

bottom, the mean redshift of the clusters are zcl = 0.18, 0.33, 0.55, and

0.85. Overlaid contours in each panel are the distribution of cluster member

galaxies identified by CAMIRA. Solid lines show the slopes that minimize

the scatter of CAMIRA member galaxies around the line, i.e. g(mz) correc-

tion. We define red and blue galaxies for each redshift bin by those above

and below the dashed line (which is defined by a line 2σ below the solid

line), respectively. Vertical dotted lines are the apparent magnitude cut cor-

responding to the rest frame Mz < −18.5.

count of the scatter associated with the photometric error, which

has a significant contribution to the observed scatter at mz ∼24.

As the intrinsic scatter is not correlated with the photometric er-

ror, we can separate their contributions as

σ2
obs = σ2

photo +σ2
int, (7)

where σobs,σphoto and σint are the observed scatter, the scat-

ter due to the photometric error, and the intrinsic scatter of the

red-sequence, respectively. We find that the intrinsic scatter of

the red-sequence galaxies after subtracting the photometric er-

ror is almost constant over wide range of magnitudes. We also

find that there is no significant redshift evolution of the scatter,

which is consistent with the previos work using smaller sam-

ple of clusters (e.g., Hennig et al. 2017). The Figure suggests a

slight decrease of the scatter at the faint end, but since the in-

trinsic scatter is comparable to the photometric error at the very

faint end, the result depends on the accuracy of the subtraction

of the photometric error. Over most of the magnitude range,

however, the photometric error is much smaller than the intrin-

sic scatter, which indicates that our result is robust against the

photometric error.

Fig. 4. The scatter of colors of red-sequence galaxies as a function of z-

band magnitude. Results are shown for different redshift bins. Shaded re-

gions show observed scatter, whereas dashed lines show the estimated in-

trinsic scatter after subtracting the scatter due to the photometric error which

is shown by filled circles with errorbars.

Cluster galaxy evolution studies
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z=0.33

z=0.85

stacked color-mag diagram 
(Nishizawa+ submitted)
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Fig. 1. The images show the color-coded number densities of stacked galaxies for the SFR-M∗ relation in three redshift ranges from [0.2,0.5], [0.5, 08] to

[0.8, 1.1] (from the top to the bottom) and in three different environments, including the field (left), groups (middle), and clusters (right), respectively. The

color scale in the color-bar is proportional to the number counts in each cell normalized by the cell with the maximum count. The diagonal lines represent the

boundaries to separating star-forming and quiescent populations. They are sSFR = 10.1 in 0.2 < z < 0.5, 10. in 0.5 < z < 0.8, and 9.9 in 0.8 < z < 1.1,

respectively. The white solid lines with error-bars, estimated using the jack-knife resampling from eight sub-samples, denote the median values of SFRs at

different stellar masses. We can qualitatively learn the redshift evolution of galaxies in three distinct environments, and at the same redshift, the differences of

galaxy distributions in the SFR-M∗ space in different environments to see the environmental impact.

The estimation of the stellar mass limit follows the method

described in Lin et al. (2014). We first compute the rest-frame

quantities for galaxies at a given redshift based on their 5 lim-

iting magnitudes in the observed HSC bands utilizing the K-

correction method illustrated previously. Adopting the empiri-

cal formula obtained by Lin et al. (2007), we then convert the

rest-frame magnitudes and colors to the corresponding stellar

mass. It is known that at a fixed rest-frame magnitudes, the red-

der color a galaxy, the higher mass. By taking the reddest colors

of star-forming and quiescent populations, we derive their cor-

responding mass limits. In this way, we find that the mass limits

log10 (M∗ /M⊙) are 8.6 (8.2), 9.3 (8.9), 9.7 (9.3) and 10.3 (9.8)

for red (blue) galaxies at z ∼ 0.2, 0.5, 0.8, and 1.1, respectively.

We compute the SFR following the approach described in

Mostek et al. (2012). The SFR is parameterized as functions

of rest-frame optical B magnitudes MB and (U-B) color and

calibrated against SED-fit SFR from UV/optical bands in the

All-Wavelength Extended Groth Strip International Survey for

both red sequence and blue cloud galaxies in the 0.7 < z < 1.4

redshift range. The calculated SFRs are found to agree well

with an L[OII]-MB SFR calibration commonly used in the lit-

erature by considering a correction for the measured values MB

from DEEP2 galaxies to include a dimming factor of Q = 1.3

magnitudes per unit redshift (Mostek et al. 2012). In this work,

we adopt the fitting formula using the rest-frame optical MB ,

(U-B), and a second order (U-B) color as fit parameters and the

fit coefficients can be found in Table 3 in Mostek et al. (2012).

It is reported in Mostek et al. (2012) that the SFR uncertain-

ties depend on colors of galaxies. Although the method gives

more precise SFRs for star-forming galaxies and less accurate

SFRs for quiescent ones, it uncovers the SFR of galaxies with a

wide range of star formation activities. In this study, the main

emphases are the comparisons of star formation rate for star-

forming galaxies and the quiescent fraction in different environ-
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field cluster

evolution of M*-SFR
relation (Jian+ 1704.06219)



Other exciting (galaxy) results
• Hα/[OIII]/[OII] emitting galaxies from NB imaging
   (Hayashi+, Koyama+)

• quasars at z~4-7 (Matsuoka+, Akiyama+)

• LBGs at z~4-7 (Ono+), LAEs at z=5.7/6.6 (Shibuya+)

• strong lensing (Sonnenfeld+)

• weak lensing is ready (Mandelbaum+, Oguri+)

• and many others....  keep an eye on arXiv!



Summary
• HSC-SSP survey is ongoing and first public 
   data release was made in 2017 Feb

• already >200 deg2 in grizy with rlim~26

• a lot of science results including galaxy and 
  cluster studies

• reliable optical cluster selection out to z~1 
   and beyond


