
Progress of HSC-SSP Project

NAOJ

Satoshi MIYAZAKI

Subaru UM 2022/01/11



HSC-SSP

• On March, 2014, HSC-SSP started and the last 
observing night was  2022/01/03 (HST). 

• Long-long 300 + 30 nights observations have 
been successfully completed thanks to the 
tremendous efforts made by  observatory’s 
scientists and staff members. We really 
appreciate their continuous collaboration. 
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SSP Wide

安田氏作成full-depth full-color 1086.8 deg2



Level of Achievement
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Proposal Actual

Observing [nights] 300 330

Wide Area 
[deg2]

1400 ~ 1100

CoI [person] ~ 200 ~ 500

International 
Collaboration

- eROSITA Euclid  
Rubin Roman

Cosmology A B

Galaxy Evolution C D

Deep:27,  
UD: 3.5 
fully  
completed

Reports on A, B, C,  D will be reviewed at the final debriefing session. 
Scientific achievements, number of papers and thesis,  
educational effect, proposal and achievements, unexpected results 
requests to the observatory



Cosmology Papers

Hamana et al. (2020) in Real space

Cosmic Shear Tomography to challenge standard LCDM
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Fig. 3. Marginalized posterior contours (68% and 95% confidence levels) in the !m–σ 8 plane (top panel) and in the !m–S8 plane (bottom panel),
where S8 = σ 8

√
!m/0.3 in the fiducial flat #CDM model.

6.1 Cosmological constraints in the fiducial flat
#CDM model

First we compare the HSC tomographic cosmic shear
TPCFs with the theoretical model with best-fitting param-
eter values for the fiducial flat #CDM model in figure 2, in
which the measured ξ+ are corrected for the PSF leakage and
PSF modeling errors with equation (7). In these plots, error
bars represent the square-root of the diagonal elements of
the covariance matrix. We find that our model with the fidu-
cial parameter setup reproduces the observed tomographic
cosmic shear TPCFs quite well. The χ2 value for the best-
fitting parameter set is χ2 = 162.3 for the effective d.o.f. of
170 − 3 = 167, resulting in a p-value of 0.588.

We marginalize over a total of 14 model parameters
(five cosmological, two astrophysical, and seven systematics
parameters; see table 1) in our fiducial flat #CDM model
to derive marginalized posterior contours in the !m–σ8 and
!m–S8 planes, which are presented in figure 3. We also
show marginalized one-dimensional posterior distributions
of cosmological parameters in figure 4. We find marginal-
ized 68% confidence intervals of 0.247 < !m < 0.398,
0.668 < σ8 < 0.875, and 0.775 < S8 < 0.837. From the
posterior distributions shown in figure 4, it can be seen that
the current HSC cosmic shear TPCFs alone cannot place
useful constraints on the Hubble constant (H0), the baryon
density parameter (!b), or the spectral index (ns). We have
confirmed that the constraint on S8 is not strongly affected
by uncertainties in these parameters as long as they are
restricted within the prior ranges considered in this paper.

6.1.1 Neutrino mass
Since the non-zero neutrino mass leads to a redshift-
dependent suppression of the matter power spectrum
at small scales, it has, in principle, an impact on the

cosmological inference. In our fiducial setup, the neutrino
mass is fixed at

∑
mν = 0.06 eV; the current measurement

precision of the cosmic shear TPCFs is expected to be
insufficient to place a useful constraint on the neutrino
mass, especially given the fact that we exclude small scales
from our analysis. We check this expectation with a setup
in which the neutrino mass is allowed to vary with a flat
prior in the range 0 <

∑
mν < 0.5 eV. Figure 5 shows

the one-dimensional posterior distribution of
∑

mν , from
which it is indeed found that the current HSC cosmic shear
TPCFs do not place a useful constraint on the neutrino
mass. The derived marginalized posterior contours in
the !m–σ 8 plane are compared with the fiducial case in
panel (e) of figure 6.6 Confidence intervals on S 8, !m, and
σ 8 are compared with the fiducial case in figures 7, 8,
and 9, respectively. These comparisons indicate that the
non-zero neutrino mass indeed has little impact on our
cosmological constraints. It is also found that the neutrino
mass constraint does not correlate with any of !m, σ 8, or
S 8. These findings confirm the validity of our treatment of
the neutrino mass in our fiducial cosmological inference.

6.1.2 Posteriors of nuisance parameters
The marginalized one-dimensional posterior distributions
of astrophysical and systematics parameters in the fiducial
flat #CDM model are shown in figure 10. It is found that,
except for AIA, the posteriors are dominated by priors.
Below, we discuss effects of these nuisance parameters
on the cosmological inference by changing the parameter
setup. Comparisons of the one-dimensional constraints on

6 At first look it may seem strange that the 68% confidence contours corresponding
to the posterior distribution marginalized over neutrino masses is smaller than the
case where we assume a fixed mass for neutrinos equal to 0.06 eV. This happens
because the probability distribution is peaked at a value for

∑
mν > 0.06 eV where

the posterior volume in !m–σ 8 plane is smaller.
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Fig. 16. 68% confidence intervals of marginalized posterior distribu-
tions of S8 = σ 8

√
"m/0.3. Our result from the fiducial #CDM model

is compared with other results in the literature, HSC first-year (HSC-
Y1) cosmic shear power spectra (Hikage et al. 2019), DES-Y1 cosmic
shear TPCFs (Troxel et al. 2018), KiDS + VIKING-450 cosmic shear TPCFs
(Hildebrandt et al. 2020), and Planck 2018 CMB (Planck Collaboration
2018, TT + TE + EE + lowE), and Planck 2015 CMB (Planck Collabora-
tion 2016, TT + lowP without lensing). Since different studies adopt dif-
ferent definitions of the central values (mean, median, or peak of the
posterior distribution), central values are not shown to avoid possible
misunderstanding.

to our fiducial setup, but rather use their original priors.
Also, different studies adopt different modeling choices, for
example, Dark Energy Survey Year 1 (DES-Y1; Troxel et al.
2018) adopts the uniform sampling of AS, instead of the
logarithmic sampling that adopted in KiDS + VIKING-450
(Hildebrandt et al. 2020) and this study. Therefore, part
of the difference in the posteriors may be due to the dif-
ferent choices of priors and modeling. Figure 16 compares
the 68% confidence intervals of S 8 = σ 8

√
"m/0.3, where

results of other studies are taken from the literature.
DES-Y1 covers a much larger area (1321 deg2) than

the HSC first-year data, yielding slightly tighter constraints
than our fiducial results. The confidence contours of DES-
Y1 in the "m–σ 8 plane largely overlap with our results,
although our confidence regions are roughly 1.3 times
larger than theirs. However, the two constraints are slightly
misaligned in the direction perpendicular to the "m–σ 8

degeneracy direction. This results in about 1σ difference in
best-fitting S 8 values, as seen in figure 16.

KiDS + VIKING-450 covers 341.3 deg2. A large part of
our survey fields are included in their survey fields. Their
total number of galaxies is ∼ 12 million, about 30% larger
than our sample. The redshift range of galaxies they used in
their cosmological analysis is 0.1 < z < 1.2, which is lower
than the redshift range adopted in our analysis, 0.3 < z <

1.5. As is found in figure 15, compared with our posterior
contours, contours from KiDS + VIKING-450 are located
on the lower "m side, and are slightly elongated in the
higher-σ 8 direction. Their best-fitting S 8 value is about 2σ

lower than ours, but our error bars overlap (see figure 16).
It is found from figure 15 that the confidence contours in

the "m–σ 8 plane from the Planck 2018 CMB result (Planck
Collaboration 2018, TT + TE + EE + lowE without CMB

lensing) as well as the Planck 2015 CMB result (Planck Col-
laboration 2018, TT + lowP without CMB lensing) overlap
well with our confidence contours from the HSC first-
year TPCF analysis. The 68% confidence intervals of S 8

from Planck 2015 and 2018 are also consistent with our
result, although S 8 from Planck prefers a slightly higher
value than our constraints. We therefore conclude that
there is no tension between Planck 2015 and 2018 con-
straints and our cosmic shear constraints. The concordance
between our HSC cosmic shear TPCF result and the Planck
CMB result in the flat #CDM model will place useful con-
straints on extended models such as the wCDM model,
although a combined cosmological inference with Planck
data is beyond the scope of this study. In fact, a compar-
ison between those constraints shown in figure 14 implies
that a tighter lower limit on w may be obtained by such a
combined analysis.

6.7 Comparison with HSC first-year cosmic shear
power spectrum result

Figure 15 indicates that the 68% confidence contours from
the cosmic shear power spectrum analysis by Hikage et al.
(2019) and from this study overlap only mildly, even though
they share the same HSC first-year weak lensing shape cat-
alog (Mandelbaum et al. 2018b) and adopt a similar anal-
ysis setup, including the definition of tomographic bins and
the treatment of the IA and systematics parameters. The
68% marginalized one-dimensional confidence intervals of
"m and σ 8 from these two studies also overlap only slightly.
For instance, figure 16 indicates that there is ∼ 1σ differ-
ence in the S 8 constraints between these two studies. The
differences between the median values of S 8 and "m are
−0.024 and −0.17, respectively, where the standard devi-
ations of those parameters found in this study is 0.031 and
0.087, respectively. These differences could be indicative of
unknown systematic errors in either or both of the analyses
and/or originate from different angular scales used in those
two cosmological analyses, and therefore we will examine
this carefully below.

We use realistic HSC mock catalogs to check whether
these differences can be explained simply by a statistical
fluctuation. The mock catalogs used in this analysis are
the ones described in Oguri et al. (2018) and adopted in
Hikage et al. (2019). These differ slightly from the mock
catalogs used in this paper to derive the covariance matrix
in appendix 4, although we note that these two sets of mock
catalogs are generated by almost the same methodology and
therefore are very similar. We perform the cosmological
inference on the 100 mock catalogs using the same param-
eter setup as the fiducial setup except that we fix the PSF
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Cosmology Goal in Proposal
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Data Release

HSC internal data releases

Release Date Notes

S14A_0 2014/09/04 Test release

S14A_0b 2015/02/10

S15A 2015/09/01

S15B 2016/01/29 PDR1 on 2017/02/28. FCFD area only. 61.5 nights.

S16A 2016/08/04

S17A 2017/09/28

S18A 2018/06/25 PDR2 on 2019/05/30.  174 nights.

S19A 2019/09/25

S20A 2020/08/03 ~275 nights.  This will eventually become PDR3

S21A 2021/05 Possibly an incremental release (~318 nights)

S22A 2022/05? Final data release (330 nights).  This will become PDR4

IDR

PDR

HSC public data release plan

Release Date Notes

PDR1 2017/02/28 FCFD area only.  61.5 nights

PDR2 2019/05/30 174 nights

PDR3 mid-2021 subject for discussion today

The baseline plan was to make a public data release (PDR) every two years.  We made 
PDR1 in 2017, and PDR2 in 2019.  PDR3 was originally planned as the 0nal data release, 
but we have to change that plan.

The SSP survey has been delayed due to combination of reasons (volcanic activities, 
COVID-19, etc) and it has also been extended to 330 nights.  As a result, we will still be 
observing in mid-2021.  That means the planned PDR3 in mid-2021 cannot be the 0nal 
data release.

The SSP team discussed and we propose to make two more releases, i.e., PDR3 and PDR4.

Our proposal

Release Date Notes

2021/05 We release only the raw data through Jan 2020 (same data as 
used in PDR3). About 275 nights.  After this raw data release, all 
the raw data can go public after the nominal 18 months.  That is, 
the SSP team is not bound to the proprietary period constraint.

PDR3 2021/08? We release the processed data as PDR3.

PDR4 TBD All data.  Final data release.  330 nights.

We would like to separate the raw data release from the processed data release.
We make PDRs after a su⇡cient period for us to explore the data but still in a 

timely manner to make an impact to the community.

Data used for the special issue.

< 1 
year

2021/06
2022/Summer
or beyond

      2021/08      S20A Data release to public             

275 nights -> PDR3                                      

DM pipe line is experiencing big upgrade (butler gen2
-> gen3). The final data analysis must wait until the upgrade
is completed. 2022/Summer is reported to be TITGHT, possibly
S22B or S23A



• The latency to the data access is a bottle neck of 
scientific work flow: 

• Ultra fast database and analyzer is crucial 

• ~1 G record is too large for conventional and 
general purpose database system 

• Completely original database and analyzer system 
is designed and prototyped by Koike-san.
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Promotion of HSC-SSP Data Utilization・・・



• Computers (裸) transferred from CfCA 

• 1 node: 12 Core CPU x 4 + 384 GB Mem. +  4 TB SSD 

• 11 nodes cluster 

• New system is built on the cluster
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Secret Weapon

newly purchased

Promotion of HSC-SSP Data Utilization・・・
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S20a_wide (PDR3) ~ 1000 deg^2 

Inquire of number of records ・・・usually takes 1 ~ 2 min

146 ms on quickdb

Promotion of HSC-SSP Data Utilization・・・
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Generation of CM diagram

1.6 s on quickdb

~ $US100K 
If we scale up this by 20 times larger, 
then LSST data can be handled; 
a big original contribution to LSST 

Promotion of HSC-SSP Data Utilization・・・


