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Lensing effect on galaxies

no lensing lens potential at the center

simulated by glafic
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• κ is related to mass dist. 
   via Poisson eq.

• we observe γ by averaging
   many galaxies’ shapes
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Galaxy shape measurement

• unbiased shear estimate is one of the biggest
   challenges in weak lensing analysis

• however, it can fully be checked w/ simulations
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Shear catalog and validation
• shape measurement methods
   − re-Gaussianization (Hirata & Seljak 2003)

   − Bayesian Fourier Domain available soon 
      (Bernstein & Armstrong 2014)

• validation of the shear catalog via null tests and
   image simulations
   (analysis led by Rachel Mandelbaum)



PSF model test 
• model accuracy for Point Spread Function (PSF)

(shading: requirements)

(Figure credit: H. Miyatake)

Mandelbaum et al. in prep.



Null tests 

stacked shear around 
random points

star-galaxy two-point
correlation function

(Figure credit: T. Hamana)

Mandelbaum et al. in prep.



Null tests 

E-mode and B-mode
PDFs from mass maps
(shading: from mocks) 

Moments of 
B-mode PDF

Mandelbaum et al. in prep.



Image simulationsChapter 7: Gravitational Lensing Measurements with HSC

Figure 7.5.: Examples of galaxy “postage stamp” images simulated with the shera pipeline. From left to right
panels, we show a galaxy image with infinite S/N , S/N = 100, 40, and 20. All panels are presented with the same
grey-scale stretch.

For each galaxy and value of input shear, we have an infinite S/N simulation, plus 40 noise real-
izations each with S/N = (100, 40, 20)3. The simulations are in the form of galaxy postage stamps
(see Figure 7.5 for an example), which means that we are only testing the shape measurement,
not the object detection or PSF estimation (which eventually must be tested in detail). Future
tests should also include a range of PSF profiles and anisotropic PSFs, and a deeper galaxy popu-
lation more suited to what HSC will observe. These simulation sets will be produced and analyzed
2013-2014, as what we have now is sufficient for analysis of HSC commissioning data and first-year
survey data.

For the future, we will use the open-source GalSim4 image simulation software that is being
prepared for the GREAT35 weak lensing data challenge, which is being co-led by HSC Survey
Member Rachel Mandelbaum (CMU). That software will be more than adequate to carry out all
of the above simulations, and will come with large amounts of HST training data in the summer
of 2013.

7.4.4. Methods

Here we briefly describe each shape measurement method (as well as names of people who run
the method on the simulated image) that is being actively used and developed within the HSC
collaboration. Given the modularity of the HSC software pipeline, it is possible to run any of
several methods on the data at once.

• KSB+: The KSB method (Kaiser et al. 1995; Erben et al. 2001) is one of the most popular
methods used in current weak lensing analyses. The KSB method uses the quadrupole
moment of each galaxy surface brightness distribution to measure its shape. The anisotropy
and smearing effect of the PSF is corrected using the moment measurement of stars in the
same image. Although there are a number of different implementations of the KSB method
(e.g., Heymans et al. 2006a; Massey et al. 2007a), here we adopt the KSB method used in

3Here the definition of S/N is the same as that used in GREAT08 (Bridle et al. 2010), i.e., S/N after matched-
filtering with the true galaxy shape.

4https://github.com/GalSim-developers/GalSim
5http://great3challenge.info/
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(HSC Science White Paper)

• take real galaxy shapes from HST (COSMOS)
   and real HSC PSF to create simulated HSC 
   galaxy images with weak lensing effects

• use mock observations of these simulated 
   galaxy images to accurately calibrate shear 
   measurements as a function of gal. properties



“First year” science results
• based on S16A internal release, which include 
   data taken from 2014 March to 2016 April
   (~163 deg2 of full-depth full-color regions)
 

• shape catalog almost ready, waiting for the 
   final calibration from image simulations

• will publish weak lensing science results in 
   spring/summer 2017

• all the results I will show are preliminary



“First year” science results

Fig. 5. Map of the i-band PSF FWHM across each field.

regions are all fairly similar in terms of the number of contributing exposures. The slight deficit in

VVDS is a result of data processing (removing exposures in which PSFs could not be modeled well,

see introduction to § 4) rather than observations.

Figures 8 and 9 show the unweighted and weighted (respectively) galaxy number densities

after all selection criteria from § 5.1 are imposed on the sample. Here, the weight is the inverse

variance weight based on the quadrature sum of shape noise and measurement error,

w =

1

�2
SN + �2

e

. (10)

Note that the weighted and unweighted number densities are not too different because the shape

catalog does not go to very low S/N detections. The trend in number density as a function of seeing

separately per field is shown in Fig. 7.

Finally, Figure 10 shows the distributions of several galaxy properties in each survey field sep-

arately. As shown, the distributions of resolution factor R2 vary noticably, in a way that is consistent

with per-field trends in seeing (Fig. 5). For example, the fields with the best (worst) seeing have the

highest (lowest) resolution factors. There are similar trends for S/N , except that VVDS has only typ-

ical S/N despite having nearly the best seeing because of the omission of some exposures (Fig. 6).

However, the magnitude and ellipticity distributions are similar across all fields.
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maps of seeing in i-band images (H. Miyatake)



Weak lensing mass maps
Oguri et al. in prep.

(XMM region, ~30 deg2)

Mass (dark 
matter) maps
from weak

lensing

Galaxy mass 
maps from 

stellar masses
of galaxies
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Three-dimensional mass maps
Oguri et al. in prep.

weak lensing mass 
(dark matter) map

galaxy stellar 
mass map



Cluster search in mass maps
mass map from Subaru/HSC

HSC

DES

• clusters from peaks in mass maps (“mass-selected”)

• depth of HSC survey is critically important



Mass-selected cluster sample
Miyazaki et al. in prep.

• 71 peaks with S/N>4.7
   → increase mass-selected clusters significantly



HSC (now)

HSC (full area)



σ8 crisis?
Planck Collaboration: Cosmology from SZ cluster counts
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Fig. 7. Distribution in redshift for the Planck cosmological clus-
ter sample. The observed number counts (red), are compared to
our best-fit model prediction (blue). The dashed and dot-dashed
histograms are the best-fit models from the Planck SZ power
spectrum and Planck CMB power spectrum fits, respectively.
The cyan long dashed histogram is the best fit CMB+SZ when
the bias is free (see Section 6.3). The uncertainties on the ob-
served counts, shown for illustration only, are the standard devi-
ation based on the observed counts, except for empty bins where
we show the inferred 84% upper limit on the predicted counts
assuming a Poissonian distribution. See Sect. 6 for more discus-
sion.

Fig. 8. Comparison of the constraints using the mass functions
of Watson et al. (black) and Tinker et al. (red), with b fixed to
0.8. When relaxing the constraints on the evolution of the scaling
law with redshift (blue), the contours move along the degeneracy
line. Allowing the bias to vary uniformly in the range [0.7, 1.0]
enlarges the constraints perpendicular to the �8–⌦m degeneracy
line due to the degeneracy of the number of clusters with the
mass bias (purple). Contours are 95% confidence levels here.

Fig. 9. 95% contours for different robustness tests: MMF3 with
S/N cut > 7 in red; MMF3 with S/N cut > 8 in blue; and MMF1
with S/N cut > 7 in black; and MMF3with S/N cut at 7 but adopt-
ing the MC completeness in purple.

0.037 for a spatially-flat model. They break the degeneracy be-
tween �8 and ⌦m by incorporating primary CMB constraints,
deducing that �8 = 0.795 ± 0.016 and ⌦m = 0.255 ± 0.016.
In addition, they find that the dark energy equation of state
is constrained to w = �1.09 ± 0.36, using just their clus-
ter sample along with the same HST and BBN constraints
used here. Subsequently, Reichardt et al. (2013) reported a much
larger cluster sample and used this to improve on the statisti-
cal uncertainties on the cosmological parameters (see Table 3).
Hasselfield et al. (2013) use a sample of 15 high S/N clusters
from ACT, in combination with primary CMB data, to find
�8 = 0.786 ± 0.013 and ⌦m = 0.250 ± 0.012 when assuming
a scaling law derived from the universal pressure profile.

Strong constraints on cosmological parameters have been
inferred from X-ray and optical richness selected samples.
Vikhlinin et al. (2009b) used a sample of 86 well-studied X-
ray clusters, split into low- and high-redshift bins, to conclude
that ⌦⇤ > 0 with a significance about 5� and that w =
�1.14 ± 0.21. Rozo et al. (2010) used the approximately 104

clusters in the Sloan Digital Sky Survey (SDSS) MaxBCG clus-
ter sample, which are detected using a colour–magnitude tech-
nique and characterized by optical richness. They found that
�8(⌦m/0.25)0.41 = 0.832 ± 0.033. The fact that this uncertainty
is similar to those quoted above for much smaller cluster sam-
ples signifies, once again, that cluster cosmology constraints are
now limited by modelling, rather than statistical, uncertainties.

Table 3 and Fig. 10 show some current constraints on the
combination �8(⌦m/0.27)0.3, which is the main degeneracy line
in cluster constraints. This comparison is only meant to be
indicative, as a more quantitative comparison would require
full consideration of modelling details which is beyond the
scope of this work. Cosmic shear (Kilbinger et al. 2013), X-
rays (Vikhlinin et al. 2009b), and MaxBCG (Rozo et al. 2010)
each have a different slope in ⌦m, being 0.6, 0.47, and 0.41, re-
spectively (instead of 0.3), as they are probing different redshift
ranges. We have rescaled when necessary the best value and er-
rors to quote numbers with a pivot ⌦m = 0.27. Hasselfield et al.
(2013) have derived ‘cluster-only’ constraints from ACT by
adopting several different scaling laws, shown in blue and
dashed blue in Fig. 10. The constraint assuming the univer-
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(Planck 2013)

observed cluster
(SZ) counts

Cluster counts expected 
from Planck (CMB) result

• Planck CMB results allow 
   us to infer density 
   fluctuations (σ8) at local 
   Universe (extrapolation 
   from z=1090 to 0)

• Planck σ8  too large 
   compared with cluster
   counts?

• cluster mass calibration
   is the biggest uncertainty



SZ cluster mass:  Planck
Medezinski et al. in prep.

• 5 Planck Sunyaev-
   Zel’dovich (SZ) 
   selected clusters
   in the current HSC
   footprint 

• stacked weak lensing
   signal at 15σ level

stacked weak lensing signal



SZ cluster mass:  ACTPol
Miyatake et al. in prep.

• high resolution CMB
   survey ACTPol 
   overlap with HSC

• 8 ACTPol SZ
   clusters in the HSC
   footprint

• stacked weak lensing
   signal at 13σ level stacked weak lensing signal
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Another approach: cosmic shear

• two-point correlation
   function of shear for
   direct measurement
   of matter fluctuations

γi(θ’) γj(θ’+θ)

θ



Cosmic shear: real space
Hamana et al. in prep.

• shear-shear two-point 
   correlation function 
   detected at high SN

• systematics estimated
   from star-galaxy cross
   correlation negligible
   except at very large θ



Cosmic shear: Fourier space
Hikage et al. in prep.

• EB decomposition
   using pseudo 
   spectrum method
    (Hikage et al. 2011)

• successful power 
   spectrum (Cl)
   measurement 
   (S/N ~ 30)



Timeline
• HSC (1400 deg2, rlim~26.2)
   First year (160 deg2, full depth) spring/summer 2017

• DES (5000 deg2, rlim~24.8)
   science verification (150 deg2, full depth) already out
    Year 1 (1500 deg2, 40% depth) coming soon

• KiDS (1500 deg2, rlim~25.1)
   KiDS-450 (450 deg2, full depth) already out



Summary
• “First year” HSC weak lensing shape catalog is
   almost finalized

• science analysis is ongoing, and papers will be 
   submitted in spring/summer 2017


