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Weak Lensing

• Weak Lensing technique is employed to measure 
LSS of dark matter distribution directly.

• Tomographic Cosmic Shear  

• Standard: Other project (DES) can do as well

• Clusters of Galaxies  

• Harder to observe the lensing effect: Sharp & 
Deep imaging required. 
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Subaru Telescope

D=8.2 m

PF: F/2
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PSF Evaluation
HSC-i 200 sec 

0.40

0.47

Very Sharp Image Realized as designed
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Wide Survey Projects
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FIG. 4.— Weak lensing convergence S/N map reconstructed from the shear catalog. The smoothing radius θg is 1 arcmin and galaxies brighter than 24.5 mag
of HSC-i band are employed for the reconstruction. Red markers show the locations of clusters of galaxies registered on NASA/IPAC Extragalactic Database
where the object type keyword ’GCluster’ was used to look up. The area below the declination of 31 degree is fully covered by Deep Lens Survey where Geller
et al. (2010) carried out the spectroscopic campaign. Both Diamond and star markers show the location of SHELS clusters which match and un-match with he
DLS lensing peaks, respectively (Geller et al. 2010).

est cluster galaxy candidate is identified based on stellar mass
and location. Readers are referred to Oguri (2014) for more
details of the algorithm and its performance studied in com-
parison with X-ray and gravitational lensing data.

We apply the CAMIRA algorithm to the DLS BV Rz-band
data. We apply a magnitude cut of R < 24.5 to exclude galax-
ies with large photometric errors. In Oguri (2014), a number
of spectroscopic galaxies in SDSS have been used to calibrate
the SPS model. We adopt this SDSS calibration result, but we

also add a constant 0.02 mag error quadratically to the model
scatter, in order to accommodate the systematic offset of mag-
nitude zeropoints and the difference in magnitude measure-
ments between DLS and SDSS. We confirm that this SDSS-
calibrated SPS model provides reasonable χ2 values when fit-
ted to spectroscopic SDSS red-sequence galaxies in the DLS
field. The cluster catalog contains, for each cluster, the clus-
ter center based on the brightest cluster galaxy identification,
the photometric redshift, and the richness. The redshft and
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no sturecture is observed on the “Main” cluster. The sturec-
ture seen in Fig. 5 survived several realitiy checks in our anal-
ysis (change of the magnitude cut of galaxies and boot-strap
re-sampling of galaxies) but obviously further observation is
necessary to confirm the structure. If it is confirmed, it will
privide another laboratory for testing the nature of dark matter
following the famous “bullest cluster”.

No significant peaks is, however, found at the “West” po-
sition in Fig. 5. In fact, the lensing signal of the Abell 781
“West” has been the matter of debate. Motivated by the less
significant detection on the original DLS map (Wittman et
al. 2006), Cook & Dell’Antonio (2012) investeed the region
carefully based on the images independently obtained by the
Orthogonal Parallel Transfer Imaging Camera on the WIYN
3.5 m telescope and Suprime-Cam. They concluded that no
significant signal was observed on either of the convergence
map and mentioned that this example can be a challenge
against the usefulness of weak lensing on the mass-observable
calibration in the observational cosmology. Wittman et al.
(2014) re-analyzed the DLS data and tried to eliminate the
contamination of foreground galaxies by adopting the pho-
tometric redshift (photo-z) probability density weighting in
the reconstration of the convergence map. They suggested
that the peak on the revised convergence map becomes more
significant and the inferred lensing mass became consistent
with the X-ray mass. They commented that the simple mag-
nitude cut is not enough to eliminate the effect induced by the
foreground galaxies. Photo-z of the galaxies in our lensing
catalog are estimated using an archival DLS multi-band data
(BVRz10).

We use a Bayesian photometric redshift code by Tanaka
(2014). By comparing with the spectroscopic redshifts avail-
able in the field, we find that dispersion in |zphot − zspec|/(1 +
zspec) is about 0.04 and an outlier rate is ∼ 8%. Although the
face values should not be over-interpreted because the spec-
troscopic sample is heterogeneous and there are only a small
number of faint galaxies with i > 23, our photo-z accuracy
seems reasonable. We eliminate the galaxies below the phot-
z of 0.4 and revised the convergencemap where we found no
recovery of the significance at “West” cluster. Therefore, our
data does not reconcile the tension between lensing and X-ray
mass of the “West” cluster.

WestMainMiddleEast

FIG. 5.— Close up view of the convergence map (Fig. 4) at the Abell 781
multi-cluster region. Four cross marks are superimposed that indicate the
location of the X-ray clusters observed by XMM: from west to east “West”,
“Main”, “Middle” and “East”.

2.5. Cluster Searches based on the Multi-Color Catalog

10 http://matilda.physics.ucdavis.edu/working/website/catalogaccess.html

Red markers on Fig. 4 shows the location of clusters of
galaxies registered on NASA/IPAC Extragalactic database
(NED). It is visible that the markers tend to exist on the col-
ored area (stronger lensing signal) and we see the general
corespondence of the weak-lensing peaks and the cluster po-
sitions. Among them, star and diamond markers are SHELS
clusters which are identified by Geller et al. (2010) through an
uniform spectroscopic observations of the magnitude-limited
(R < 20.6) samples using HectoSpec. Geller et al. (2010)
matched their clusters with the DLS lensing peaks and the
star markers show the matched clusters and the diamond are
un-mached samples.

In order to make an independent comparison between the
light and mass on this region, we search for the clusters using
the DLS public photometric data based on the new method,
Cluster finding algorithm based on Multiband Identification
of Red-sequence gAlaxies (CAMIRA), developed in Oguri
(2014). The CAMIRA makes use of the stellar population
synthesis (SPS) model of Bruzual & Charlot (2003) to com-
pute SEDs of red-sequence galaxies, estimates the likelihood
of being a cluster member galaxies for each redshift using
χ2 of the SED fitting, constructs a three-dimensional richness
map using a compensated spatial filter, and identifies cluster
candidates from peaks of the richness map. For each cluster
candidate, the brightest cluster galaxy candidate is identified
based on the stellar mass and location. Readers are referred
to Oguri (2014) for more details of the algorithm and its per-
formance studied in comparison with X-ray and gravitational
lensing data.

We apply the CAMIRA algorithm to the DLS BV Rz-band
data. We apply the magnitude cut of R < 24.5 to exclude
galaxies with large photometric errors. In Oguri (2014), a
number of spectroscopic galaxies in SDSS have been used to
calibrate the SPS model. We adopt this SDSS calibration re-
sult, but we also add a constant 0.02 mag error quadratically
to the model scatter, in order to accommodate the systematic
offset of magnitude zeropoints and the difference in magni-
tude measurements between DLS and SDSS. We confirm that
this SDSS-calibrated SPS model provides reasonable χ2 val-
ues when fitted to spectroscopic SDSS red-sequence galaxies
in the DLS field. The cluster catalog contains, for each cluster,
the center of based on the brightest cluster galaxy identifica-
tion, the photometric redshift, and the richness. The redshft
and richness ranges are restricted to 0.1 < z < 0.8 and N > 10,
respectively. In addition, in this paper we also compute the
total stellar mass by summing up stellar mass estimates of in-
dividual galaxies with a weight of the “weight factor” wmem,
which resembles the membership probability of each galaxy
(see Oguri 2014). Stellar mass estimates of individual galax-
ies are obtained from the SPS model fitting in which we as-
sume the Salpeter initial mass function.

In Fig. 7, we show the positions of resultant optically se-
lected clusters as open circles where the center of the clusters
is defined as the position of the bright cluster galaxy (BCG).
The redishift is color-coded as is presented on the side bar.
The diameter of the circle is set at 3 arcmin.

3. RESULTS AND DISCUSSIONS

3.1. Correlation of the Peaks on the Convergence Map and
the Optically Selected Clusters

Peaks are searched on the convergence map and the results
are indicated on Fig. 7 as filled triangles (significant peaks of
SN > 4.5) and filled squares (moderate peaks of 3.7 < SN <
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0) and have similar redshift. In the CAMIRA algorithm, we
eliminate the member galaxies of detected clusters to avoid
double-count. CAMIRA also uses the compensated spatial
filter, which suppresses detection of clusters near very mas-
sive clusters. These effects could explain why we miss ID 3
and 7. The situation may be improved by modifying the form
of the spatial filter for optical cluster finding.

Peak ID 5 matched with the original DLS shear selected
cluster; DLSCL J0916.0+2931 (Wittman et al. 2006) which
is another complex system in this region. They reported that
there are three associated X-ray peaks along north-south line
and the north and the south peak were confirmed spectroscop-
ically as clusters at the redshift of 0.53. We, in fact, note that
below the richness threshold of 10 adopted here, there is a op-
tically selected cluster at Photo-z of 0.542 (richness = 8.05)
1.5 arcmin north of the Peak ID 5. The central X-ray peak is
later confirmed at the cluster of z=0.163 (Geller et al. 2010).

Peak ID 6 is supposed be a possible sub-structure of the
peak ID 0 because the X-ray emission peaks at just between
Peak 0 and Peak 6 (Fig. 5).

We therefore conclude that except peak ID 1 where no deep
multi-color data is available because it is outside of DLS field,
all the other significant peaks are generated by physical enti-
ties.

Miyazaki et al. (2007) claimed that on 2.8 deg2 region in
XMM-LSS field, they identified 17 peaks with SN over 3.7
and found that nearly 80 percent of the peaks have physi-
cal correspondents. On the other hand we have 26 peaks on
the DLS overlapped 2 deg2 region and the only 50 percent
of the peaks have identified physical counterparts. The dis-
crepancy might be partially explained by the different noise
level caused by the conservative magnitude cut adopted in
this work which in turn resulted in the less number density
of weak lensing galaxies. This raise the nose level on the con-
vergence map. When we raise the threshold from 3.7 to 4.5
we see better match on the DLS field; nine peaks out of ten
have counterparts. Note that number density of the matched
peaks are quite similar on XMM-LSS (4.3 peaks/deg2 for for
SN 3.7) and DLS (4.0 peaks/deg2 for SN > 4.5).

FIG. 6.— Number of shear selected clusters matched with optically se-
lected clusters as a function of the tolerance of the angular distance used
for the match. The increase rate of the number of match reaches plateau
around 1.5 arcmin and then gradually increase perhaps because of the acci-
dental match. We set the tolerance at 2 arcmin (9 matches).
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FIG. 7.— Peak location on the convergence map: filled triangle (SN > 4.5)
and filled square (3.7 < SN < 4.5). Open circles show the location of of
optical clusters identified with the CAMIRA algorithm (Oguri 2014) whose
richness is over 10 and open squares are clusters registered on NED (from
west to east: CXOU J091554+293316 (z=0.184), SHELS J0920.9+3029 (z=
0.291) and WHL J092104.1+303424 (z=0.2758). The diameter of the open
circle is 3 arcmin.

We examine how the optically selected clusters matches
with the peaks on the convergence map in a different way. In
Fig. 8, circles show the redshift and the richness of the clus-
ters detected by CAMIRA algorithm. The clusters matched
with the significant peaks (SN ≥ 4.5) associate triangle sym-
bols whereas the ones matched with moderate peaks (3.7 <
SN < 4.5) associate squares. It is encouraging to know that all
luminous clusters samples (richness > 32) have corresponding
convergence peaks.

A cluster (photo-z = 0.29) that is just below the richness
threshold and no associated peak is SHELS J0918.6+2953
whose spectroscopically confirmed redshift is 0.3178. We no-
tice that this is one of the shear selected samples in Kubo et al.
(2009) (Rank=5 ν = 3.9). Although we have positive conver-
gence signal (∼ 2.5) here we see no strong peak (SN > 3.7).
Also, we have a peak (SN = 3.9) 5 arcmin north of SHELS
J0918.6+2953. When we adopt the larger smoothing kernel
(θg = 2 arcmin) on the convergence map, the positive signal
is connected with the northern peak and results in more sig-
nificant peak (∼ 3.7) which can be a counterpart of SHELS
J0918.6+2953. In this paper, however, we keep adopting a
single smoothing scale of 1 arcmin for easy comparison with
the theoretical expectation.

There is a cluster at photo-z of 0.5204 whose richness is
low (12) but is matched with a significant peak (ID = 8). This
peak is reported in Utsumi et al. (2014) (Rank 3) as well us-
ing totally independent data set and data analysis pipe line;
Suprime-Cam data analyzed by imcat. Therefore, we suppose
that this is not a spurious peak caused by systematic errors.
Although, they observe spatially concentrated eight galaxies
at the redshift of 0.537 (∆z = 0.025), they did not identify
the peak as a cluster following more stringent SHELL cluster
criteria (Geller et al. 2010).

SN >= 4.5

4.5>SN>=3.7

Peaks on Kappa

Optical Clusters 
by CAMIRA

Optical Clusters

All the significant 
peaks have physical 
associations 

Demonstrating HSC performance in Cluster Lensing
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Generating Cluster Catalogs

• Cluster identifications by optical method 

• Group the clusters by the (richness, redshift) 

• Stack the shears in the group to measure 
(average) mass precisely 

• -> Cosmology

Clusters of Galaxies detected by HSC 9

TABLE 3
COMPARISON OF THE MASS ESTIMATE (M200/1014M⊙). THE ERROR IS

1σ.

A781 This Work Wittman et al. (2014)
Main 7.0+1.8

−1.6 6.7+1.4
−1.3

Middle 4.6+1.4
−1.2 4.3+1.6

−1.2
East 4.8+1.6

−1.3 2.8+1.9
−1.2

data analysis techniques.

(a) (b)

FIG. 9.— Richness versus M500c of the shear selected samples that have op-
tical counterparts detected by CAMIRA algorithm (a). Redshift distribution
of all identified shear selected clusters (b).

Fig. 9 (a) shows the relation between the richness and the
cluster mass, M500 of the optically selected cluster samples
that have counterparts in the convergence peaks. The corre-
lation is clearly seen and the slope is roughly 1∼ 1.5 which
agrees nicely with the slope mentioned in Oguri (2014) where
the richness and the mass are evaluated from the stacked clus-
ter samples. This further supports the reality of the cross-
match of our lensing peaks and the optically selected clusters.

In Fig. 9 (b), we show the redshift distribution of the iden-
tified shear selected clusters on Table2. We see two spikes
around z of 0.3 and 0.5 which clearly indicates that this nar-
row 2.3 deg2 field is populated by the large scale structure
at these redshift which has been mentioned by Kubo et al.
(2009). We need significantly wider field of view to over-
come the local variance and to make cosmological arguments
from the redshift distribution of clusters.

3.3. Peak Count and the Comparison with the Theoretical
Estimate

The observed area overlapped with DLS amounts to 2.3
deg2 where we found eight significant peaks whose SN ex-
ceeds 4.5. Even if we drop Peak ID 6 from the list which can
be a substructure of A781 Main cluster, seven peaks still re-
main. Hu & Kravtsov (2003) argued the cosmological sample
variance in the cluster findings and suggested that the variance
exceeds the shot noise when the mass of clusters becomes less
than ∼ 3× 1014M⊙. This is exactly the mass range that we
are working on. Therefore, the statistical argument requires
the comparison with cosmological simulations.

FIG. 10.— Probability distribution of the number of the peaks under a given
SN threshold on a 2.3 deg2 wide field. Squares for SN > 4.5 and triangles for
SN > 4.0.

Hamana et al. (2012) calculated the number of peaks on
the weak lensing convergence map using a large set of gravi-
tational lensing ray-tracing simulations which are detailed in
Sato et al. (2008) Following the work, we made 1000 real-
ization to evaluate the sample variance. The expected peak
count of SN > 4.5 is 0.61 on 2.3 deg2. In Fig. 10, we show
the probability distribution of the number of the peaks under
a given SN threshold on a 2.3 deg2 wide field As is shown in
square symbol the maximum peaks reached in the realization
is 4 (9/1000) when the SN = 4.5. This means that we have
practically no chance to have seven or eight significant peaks
on 2.3 deg2 field. Is this a challenge against the current CDM
based cosmology?

Note, however, that the sensitivity of the number of peak on
the SN is quite high reflecting the steepness of mass function
at the high mass end. So we experimentally lower the SN
down to 4 and examine the statistics. The mean number of
peaks is 1.6 and the maximum number of peaks is eight in
two realizations out of 1000 (0.2%, see triangles in Fig. 10).

Hamana et al. (2012) had adopted cosmological simula-
tion which used 3rd year WMAP result (Spergel et al. 2007).
WMAP3 is known to give relatively low σ8 of 0.76. If we
adopt the recent Planck result (Ade et al. 2013), the expected
cluster count becomes 5.26 higher than WMAP3. This re-
laxes the tension even further and what we observed is not
extremely unlikely; the chance to obtain more than 8 peaks of
SN > 4.5 is 3.7 %. One thing that we could suggest here is
that our peak count strongly favours the recent Planck result.

3.4. Stellar Mass Fraction in Clusters of Galaxies

FIG. 11.— Fraction of stellar mass over the halo mass of the shear selected
clusters (Circles). Dark matter halo mass, M500, is estimated by putting ∆c =
500 in Eqn. (10). Triangles are from Gonzalez et al. (2013) Table 6 and 7
that incorporate ICL. Solid line is the best fit to the triangle data. When they
exclude the contribution of ICL outside of 50 kpc, it comes down to the dotted
line level.

Multi-band optical 
deep imaging is truly 
complimentary 
to X-ray survey
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Number Density vs Peaks
DES HSC

from M.Oguri
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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
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Survey Field

• SDSS Field

• Least dusty

• Well spread in RA)

• Useful Data set 

• Atacama Cosmology Telescope CMB, Survey SDSS/BOSS, 
spectroscopic data, NIR, X-ray

R.A.

DEC

HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)
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Cosmology through WL (Forecast)

• 3 times 
improvement 
compared with 
CFHT Lensing 
Survey 
(Heymans et 
al. 13): 
154deg2、

2003-2008

16 C. Heymans et al.

Figure 7. Joint parameter constraints on curvature showing constraints on the curvature parameter ⌦
K

and the matter density parameter ⌦
m

from WMAP7-
only (blue), BOSS combined with WMAP7 and R11 (green), CFHTLenS combined with WMAP7 and R11 (pink) and CFHTLenS combined with BOSS,
WMAP7 and R11 (white).

Figure 8. Joint parameter constraints on the dark energy equation of state parameter w
0

and the matter density parameter ⌦
m

, and curvature parameter ⌦
K

for a curved wCDM cosmology from WMAP7-only (blue), BOSS combined with WMAP7 and R11 (green), CFHTLenS combined with WMAP7 and R11
(pink) and CFHTLenS combined with BOSS, WMAP7 and R11 (white).

✓ = 1 arcmin for ⇠
+

. With only 20 per cent of the data contained
in the early-type sample, it is unsurprising that the measured signal
to noise is significantly weaker than for the late-type sample which
are well fit by the fiducial GG-only model, shown dotted. We can,
however, optimise the measurement of the intrinsic alignment sig-
nal from early-type galaxies, to get a clearer picture, if we assume
the II contribution to cross-correlated bins is small in comparison
to the GI signal. If this is the case, we can decrease the noise on
the GI measurement by using the full galaxy sample as background
galaxies to correlate with the early-type galaxies in the foreground
bin. The result of this optimised analysis is shown, in compressed
tomographic data form, in Figure 10. The open circles show the

tomographic signal measured in the auto-correlated redshift bins
between early-type galaxies (these auto-correlation bins are also
shown in Figure 9). The closed symbols show the tomographic sig-
nal in the cross-correlated redshift bins where early-type galaxies
populate the foreground bin and the full galaxy sample populates
the background higher redshift bin. The data can be compared to
the fiducial GG-only model, shown dotted. What is interesting to
note from this Figure is that at low redshifts, where the intrinsic
alignment signal is expected to be the most prominent, the auto-
correlated bins tend to lie above the GG-only model. We expect
this from the II term. For the cross-correlated bins, however, the

c� 0000 RAS, MNRAS 000, 000–000

HSC+Planck

HSC+Planck+BOSS P(k)
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B02 Sub project
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Lucky Imaging to improve images

• 0.1 arcsec/pix 

• 10 % luckily good image 

• Seeing0’’.6 -> 0’’.3 

• 15 Hz readout 

• isoplanatic patch ~ 1 arcmin 

• Field coverage ~ 50 % of 30’ FOV

To increase number density of resolved galaxies
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Simulation

Guyon, Garrel, Miyazaki in prep.
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Merit of better Seeing
Number of faint galaxies used for weak lensing analysis

HST/ACS 1 orbit

Subaru 30 min

MedianGoal

High resolution 
Imaging 
of Cluster Centers

To measure Cross 
section of self-
interaction of DM

Displacement of DM 
(WL) and Baryon (X-
ray)
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Conclusion

• Subaru Imaging Survey underway 

• HSC: 3 tons 3 m tall ~ 1Gpixel Digital Camera 
for 8.2 m Telescope 

• 5 years Survey to measure LSS for cosmology 

• Uniquely using clusters of galaxies by taking 
advantage of sharp and deep imaging 

• Shear measurement technique & Photo-z being 
developed 

• New sensor and camera planned to probe the 
nature of dark matter


