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Features of HSC

• Large Aperture: 8 m 

• Wide Field: Ø 1.5 degree 

• High Angular Resolution 

• Seeing limit imaging at Mauna Kea 

• High Detection Efficiency

All Crucial for Weak Lensing Survey for Cosmology 
where the precise measurement of shapes of faint 
distant galaxies are required. 
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HSC Focal Plane
116 HPK FD CCDs
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Quantum Efficiency

X 2 
improvement
at 1 µm
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Field of View

HST Suprime-Cam 
(1999)

0.5 deg

0.05 deg

Hyper Suprime-Cam 
(2012)

1.5 degTo make the 
Survey Speed 

Faster
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Comparison

Camera CCD AOmega in operation

DECam BI-FD 30.0 2012

HSC BI-FD 91.3 2012

LSST BI-DD 347.8 (2020?)

Survey Speed
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Hyper Suprime-Cam

• Highest  QE in red 

• Superb Image Quality  (Mauna Kea Seeing 
Limit) 

• Fastest Survey Speed (AOmega) 

for now



NAOJ HSC

Performance Verification 
(Image Quality)
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using Star images
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PSF Evaluation
HSC-i 200 sec 

0.40

0.47

Very Sharp Image Realized as designed
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Seeing Statistics

20 Publications of the Astronomical Society of Japan, (2014), Vol. 00, No. 0

Fig. 21. PSF size variation over the field of view (<φ1.5 deg) in HSC-i band.
The exposure time and the elevation are 200 sec and 72 degrees, respec-
tively. The PSF size is 0.36 arcsec at the center.

This exposure was taken under superb conditions and the
PSF size at the center is 0.36 arcsec (FWHM). Note that the
PSF remains well-sampled even under such good seeing. The
PSF gradually increases from the center to the edge which is
explained, in part, by the change of the pixel scale toward the
edge as is explained in Section 3.2.1. We also have an increase
of the optical aberration from the center but the aberration de-
creases close to the field edge because of the vignetting. This
explains the circular ring structure visible in Figure 21. We also
note that the variation is not axially symmetric. This suggests
that the optical system is somewhat mis-aligned. We will assess
the origin and stability of the asymmetry in Section 6.3.

The PSF varies over time due to changes in the natural at-
mospheric seeing. Figure 22 shows the HSC-i band PSF size
monitored over two years as a function of the elevation of the
telescope. Data from the Subaru Strategic Program (SSP) are
shown by thick circles. For the SSP, HSC-i band images have
been taken preferentially under better seeing conditions. The
median PSF size for the SSP data is 0.56 arcsec (FWHM), and
is 0.69 arcsec for all the data.

The elevation dependence on the seeing expected from the
Kolmogorov nature of atmospheric turbulence is represented as
sz sin

−3/5(EL) (Roddier 1981) where sz is the seeing toward
the zenith. The dashed line shows the expected elevation de-
pendence where we set sz =0.36. This nicely follows the lower
envelope of the data points. Changes in elevation could cause
collimation errors resulting in image degradation. However, we
see no evidence for such image degradation in the figure. This
suggests that the collimation system works as designed and the
alignment error is well control. If we assume that the best natu-
ral seeing in the HSC-i band is 0.36 arcsec, we could argue that
the instrument PSF is smaller than 0.36 arcsec, which is consis-

Fig. 22. HSC-i band PSF size at the field center versus elevation taken from
Feb. 2014 to Jan. 2016. Thick filled circles are from the coordinated SSP
data and thin ones are from all exposures. The dashed line is the function
0.36sin−3/5(EL) which is the expected elevation dependence of the natu-
ral seeing. The histogram in the right panel shows the seeing statistics of the
SSP data whose median value is 0.56 arcsec, whereas the median value of
all the data is 0.69 arcsec. The vertical clusters of data points at EL = 30, 60
and 75 degrees are from test observing run collecting for characterizations
of HSC.

tent with the estimate made in the design (Table 2). Note that
the sparsity of data in high elevation (EL > 73 degrees). This is
because observers are usually advised to avoid such high eleva-
tions because the PSF becomes worse due to larger drive errors
of the instrument rotator at such high elevations.

6.3 Understanding the PSF

Next, we analyze the field-position dependence of the PSF to
evaluate whether the HSC opto-mechanical system satisfies the
design specifications. Figure 23 shows the radial dependence of
the PSF size (top) and the ellipticities of the PSF (bottom) that
are calculated from the weighted second moments as,

e1 =
Ixx − Iyy
Ixx + Iyy

, e2 =
2Ixy

Ixx + Iyy
(9)

Black points presents the observed values taken under rela-
tively good seeing (∼ 0.4 arcsec). The red points in the figure
show the model results calculated from the optical ray-tracing
convolved with a 0.36 arcsec free-air gaussian seeing. In the
model calculation, we had to tilt the camera system by 20 arc-
sec with respect to the axis of the primary mirror to match with
the observed results. This suggests that we still had an opto-
mechanical alignment error of 20 arcsec when we took the data
shown here.

In order to characterize the behavior of the PSF more sys-
tematically, we obtained a pair of off-focus images with a dis-
placement of ∆z = ±900 µm. Figure 24 shows the donut-like
appearances of the images where the spider of the telescope top
ring and POPT2 are visible. Because WFC has vignetting, the

0.36 sin�
3
5 (EL)

HSC-i band

median 
0’’.56 
for  
SSP

Mostly seeing limited imaging realized
Miyazaki et al. (2018a) in press
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Hyper Suprime-Cam 
Subaru Strategic Survey
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Subaru Strategic Program (SSP)

• 300 nights 

• >200 Collaborators 

• 2012/10 Submitted

2013/05 Accepted 
2017:Mid term review
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• Wide: 1400 sq. degs, i~26

• Deep: 28 sq. degs, i~27

• Ultradeep: 3 sq. degs, i~27.7

Survey Field

R.A.

DEC

HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)

Cosmology/QSO
Galaxy Evolution/QSO
High z objects

2

1

6years: 2014 - 2019



Satoshi Miyazaki HSC/NAOJ

Exposure Time

• Broad- + Narrow-band filters

• z~2.2, 3.3, 4.9, 5.7, 6.6, 7.3 LAEs

(min)

g r i z y N3 N8 N9 N10

Wide 10 10 20 20 20 - - - -

Deep 84 84 126 210 126 84 168 252 -

UDeep 420 420 840 1134 1134 - 630 840 1050
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HSC SSP Survey: Three layers

• Three-tier survey

• Wide: 1400 sq. degs, i~26

• Deep: 28 sq. degs, i~27

• Ultradeep: 3 sq. degs, i~27.7

HSC-UD

HSC-D

HSC-Wide

all sky

300 nights 
from 2014 - 2019
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Collaborations with external teams
• Established collaborations with external groups, initiated by 

approaches from the external groups (not from us) 

• Exchanged MOU and now carrying out the collaboration 

• Spitzer/IRAC data (SPLASH; Peter Capak + COSMOS): 2012 Def -, 
UltraDeep fields, galaxy evolution  

• CFHT U-band data (scientists from Canada, France, China): 
2014Aug -, ~320 CFHT hours (270hrs already taken),  galaxy 
evolution, photo-z 

• UKIRT NIR (JHK) data (Arizona/Steward): 2014Aug-, ~240 UKIRT 
hours (205hrs taken), galaxy evolution, photo-z 

• Keck spectra (Caltech/JPL): 2016-, ~40 Keck nights (33 Keck 
nights+200hrs VLT+3 MMT nights), photo-z, galaxy evolution 

• Atacama Cosmology Telescope (ACT) CMB data (ACT group): 
Sunyaev-Zel’dovich clusters, CMB lensing 

• XMM-XXL X-ray data (XXL team): galaxy clusters, AGN
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eROSITA

• MoU with eROSITA-DE (2017) 

• Collaboration on overlapped survey area (~ 500 - 600 
deg^2) 

• 120 deg^2 in the commissioning phase on the equator: eFEDS

Figure 4 – eFEDS fields: We propose to place the proposed survey (blue rectangles) within the Spring Equatorial field of the wide tier
of the Hyper Suprime-Cam imaging survey (green-shaded region). This is to enable weak lensing studies for both X-ray clusters and
AGN. The HSC-Wide area is also covered by the VST-KiDS+VISTA-VIKING surveys (red dashed line), which yield 12-band optical
and near-infrared photometry. These data are a prerequisite for the proper characterization of the background galaxy population used
in the weak lensing analysis. The GAMA survey fields within the HSC region are shown with the red hatched rectangles. Our goal is
to maximise the overlap between the eFEDS and the GAMA fields. Additional optical spectroscopy is available from the SDSS-I/II/III
and 2QZ surveys. Also shown in the figure are existing Chandra, XMM-Newton and Swift-XRT observations. The COSMOS (2deg2,
Cappelluti et al., 2009; Civano et al., 2016) and XMM-ATLAS (6deg2, Ranalli et al., 2015) contiguous surveys are visible. The 100%
visibility window during the PV phase for a eROSITA launch on 2018-03-01 is indicated with the horizontal black bar at Dec=+4.5 deg,
the 50% visibility window is indicated with dashed grey extensions.

Figure 5 – Expected optical magnitude distribution of the
eFEDS AGN: Cumulative distribution of r-band magnitude of the
optical counterparts on X-ray selected sources at the eRASS8 limit.
This is estimated using simulations based on the XMM-XXL field
X-ray source catalogue (Liu et al., 2016). The solid red line shows
the optical magnitude limit of the Subaru-HSC wide survey.

program, the eROSITA cluster cosmology work will be
severely limited by lack of low mass constraints.

The proposed AGN science will help us understand
the X-ray source population of the eRASS, optimise
tools for the analysis and interpretation of the data and
enable early science results using the full eRASS depth
data shortly after launch in a field with a unique set of
multi-wavelength and spectroscopic data.

The demonstration of the core eROSITA science at
the early stages of the mission is very important for the
organization of follow-up programs, public outreach
and funding applications.

Figure 6 – eSASS exposure map simulation of one of the three
60 deg2 fields that make up the proposed survey shown in Fig. 4.
This is composed of three 4⇥5 deg scanning-mode units. An on-
time for the 4⇥5 deg field of 61.2 ks, results in a highly homoge-
neous exposure of 2.5ks per pixel.

4. Justification of use of eROSITA
Only eROSITA has the grasp to survey efficiently
wide sky-areas to the proposed point-source flux limit
(fX(0.5 � 2 keV) ⇡ 1.5 ⇥ 10�14 erg s�1 cm�2). The
eROSITA’s goal for precision cosmology using X-ray
clusters requires the use of cluster mass proxies. The
baseline approach is to employ eROSITA observable
quantities (e.g. X-ray luminosity) to estimate masses.
This however, further requires the independent calibra-
tion of the relation between the eROSITA observable
and the cluster mass using e.g. weak-lensing maps to
determine the latter. Such a calibration can only be
done using the eROSITA data at the appropriate depth
to capture all the systematic and random uncertainties
associated with the specific X-ray dataset, including
cluster selection. Only eROSITA data can therefore be
used to calibrate the scaling relation between eROSITA
observables and cluster mass.

5. Special calibration requirements

5

Cluster: Mass calibration, Comparison of cluster selection … 
AGN: Search, clustering analysis
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Survey Status
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Wide Survey Status
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Wide Survey Status

Figure 4 – eFEDS fields: We propose to place the proposed survey (blue rectangles) within the Spring Equatorial field of the wide tier
of the Hyper Suprime-Cam imaging survey (green-shaded region). This is to enable weak lensing studies for both X-ray clusters and
AGN. The HSC-Wide area is also covered by the VST-KiDS+VISTA-VIKING surveys (red dashed line), which yield 12-band optical
and near-infrared photometry. These data are a prerequisite for the proper characterization of the background galaxy population used
in the weak lensing analysis. The GAMA survey fields within the HSC region are shown with the red hatched rectangles. Our goal is
to maximise the overlap between the eFEDS and the GAMA fields. Additional optical spectroscopy is available from the SDSS-I/II/III
and 2QZ surveys. Also shown in the figure are existing Chandra, XMM-Newton and Swift-XRT observations. The COSMOS (2deg2,
Cappelluti et al., 2009; Civano et al., 2016) and XMM-ATLAS (6deg2, Ranalli et al., 2015) contiguous surveys are visible. The 100%
visibility window during the PV phase for a eROSITA launch on 2018-03-01 is indicated with the horizontal black bar at Dec=+4.5 deg,
the 50% visibility window is indicated with dashed grey extensions.

Figure 5 – Expected optical magnitude distribution of the
eFEDS AGN: Cumulative distribution of r-band magnitude of the
optical counterparts on X-ray selected sources at the eRASS8 limit.
This is estimated using simulations based on the XMM-XXL field
X-ray source catalogue (Liu et al., 2016). The solid red line shows
the optical magnitude limit of the Subaru-HSC wide survey.

program, the eROSITA cluster cosmology work will be
severely limited by lack of low mass constraints.

The proposed AGN science will help us understand
the X-ray source population of the eRASS, optimise
tools for the analysis and interpretation of the data and
enable early science results using the full eRASS depth
data shortly after launch in a field with a unique set of
multi-wavelength and spectroscopic data.

The demonstration of the core eROSITA science at
the early stages of the mission is very important for the
organization of follow-up programs, public outreach
and funding applications.

Figure 6 – eSASS exposure map simulation of one of the three
60 deg2 fields that make up the proposed survey shown in Fig. 4.
This is composed of three 4⇥5 deg scanning-mode units. An on-
time for the 4⇥5 deg field of 61.2 ks, results in a highly homoge-
neous exposure of 2.5ks per pixel.

4. Justification of use of eROSITA
Only eROSITA has the grasp to survey efficiently
wide sky-areas to the proposed point-source flux limit
(fX(0.5 � 2 keV) ⇡ 1.5 ⇥ 10�14 erg s�1 cm�2). The
eROSITA’s goal for precision cosmology using X-ray
clusters requires the use of cluster mass proxies. The
baseline approach is to employ eROSITA observable
quantities (e.g. X-ray luminosity) to estimate masses.
This however, further requires the independent calibra-
tion of the relation between the eROSITA observable
and the cluster mass using e.g. weak-lensing maps to
determine the latter. Such a calibration can only be
done using the eROSITA data at the appropriate depth
to capture all the systematic and random uncertainties
associated with the specific X-ray dataset, including
cluster selection. Only eROSITA data can therefore be
used to calibrate the scaling relation between eROSITA
observables and cluster mass.

5. Special calibration requirements

5

Figure 4 – eFEDS fields: We propose to place the proposed survey (blue rectangles) within the Spring Equatorial field of the wide tier

~75 %~50 %~55 %

Progress on eFEDS region
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Survey Status

• ~ 170 nights done with ~ 80 % of the planned pace  

• Weather prospect was a bit optimistic. 

• More frequency of the filter exchanges to carry out 
time-domain survey 

• i-band requires good seeing, which causes more delay

Status

• Reduction of CCD readout time 

• relax seeing constraint in HSC-i band

Countermeasures being considered
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Data Release

• Once a year for major internal Data 
Release (iDR) 

• + draft data release: half a year 

• Once in every two years for Public Data 
Release (PDR) 

• Interval between iDR - PDR : 1 year
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Public Data Release 1

Tanaka et al. 2016, ApJ, 826, L19https://hsc-release.mtk.nao.ac.jp/

First Public Data Releases happened Successfully  
2017/02/E



HSC SSP

Public Data Release 1

Tanaka et al. 2016, ApJ, 826, L19

http://hscmap.mtk.nao.ac.jp/

Image Browser: hscMap
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Data Release

 29

  

Background and baseline plan contd.

● There has been a delay in the schedule due to the primary mirror recoating.

● Iwata-san says that the increased additional period of 7.6 months will be approved by SAC.

● But, there has been a concern within the collaboration that the proprietary period of the 
processed data is too short (9 months) to fully exploit the data.

Internal release Release date Data included

S15B 2016/01 -2015/11

S16A 2016/08 -2016/04

S17A 2017/07 -2017/05

S17B – –

S18A ~2018/05 -2018/01

S18B ~2018/11 -2018/07

S19A ~2019/05 -2019/01

S19B ~2019/11 -2019/07

S20A ~2020/05 -2020/01

PDR2 on 2019/02

+7.6 months proprietary 

period of raw data

PDR3 on 2021/02 (ref)

+8.1 months  proprietary 

period of raw data

PDR1 on 2017/02

~2019/05

~2021/05
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Data Release

• PDR catalogs contain basic photometric 
information + some high level product (photo-z) 

• Shear estimates are not released at the timing 
of PDR. 

• Will be released  after key cosmology papers 
are accepted.
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PASJ HSC Special Issue

• 2018/02 

• 40 papers based on the S16A data (~ 170 deg^2) 

• From Solar System to cosmology
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Summary 1

• HSC Public Data Release 

• ~ 50 % of eFEDS area data will become public 
on May 2019. 

• This does not include WL shear catalog 

• HSC can provide unique data set for clusters 
and AGNs thanks to the depth and image quality 

• We are looking forward to working with 
eROSITA team on sciences !


