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SuMIRe
• a 5+5 year survey program

• exploiting FOV ~1.5° of 8.2m Subaru

• Imaging with HyperSuprimeCam (HSC)

• 870M pixels

• ~20M galaxy images

• 2014–2018, 300 nights

• spectroscopy with 
PrimeFocusSpectrograph (PFS) ≠ PSF

• 2400 optical fibers

• ~4M redshifts

• 2018–2022? 300 nights

• like SDSS on 8.2m telescope!

Subaru

HSC PFS
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Figure 1: Left panel: The HSC filter transmission, including the reflectivity of all mirrors, transmission of all optics,
and response of the CCD, assuming an airmass of 1.1. Both the wide-band and narrow-band filters are shown.
The lower panel shows the spectrum of sky emission lines, demonstrating that the red narrow-band filters lie in
relatively dark regions of the sky spectrum. Right panel: The limiting magnitudes (in r) and solid angles of the
HSC-Wide, Deep and UD layers, compared with other existing, on-going, and planned surveys. The three layers are
complementary to each other, and each of the three layers covers a significantly wider area than do other on-going
surveys of comparable depth. The narrow-band components of the Deep and UD layers are unique; no other survey
is planning a major survey to comparable depth.

The top-level science requirement is to derive stringent dark energy constraints from the combina-
tion of weak lensing, Type Ia supernovae, and Planck CMB anisotropy measurements to precisions of
σ(wpivot) ! 0.04 and the dark energy figure-of-merit FoM ≡ 1/[σ(wpivot)σ(wa)] ! 50.
To meet this scientific goal, the top-level survey requirements are:
• To carry out i-band imaging (20 min in total per field) in nights of good seeing conditions (FWHM <

∼ 0.7′′)
in order to carry out high-precision measurements of the shapes of faint, distant galaxies. This depth gives
us a weighted mean number density of galaxies for which shapes can be measured of n̄g ! 20 arcmin−2,
with 〈z〉 ! 1.
• To cover a solid angle of 1400 deg2 to have a sufficiently-high statistical precision for the WL observables.

With the HSC/Subaru data, we will recover the dark matter distribution with unprecedented statistical
precision up to higher redshifts than previously reached or can be reached with 4m-class telescopes. The
statistical accuracies of our WL measurement will depend on the number density of galaxies usable for
WL analysis and the total solid angle (which, given the redshift range of our sample, determines the total
comoving volume covered by the survey). The i-band is ideal for measuring faint galaxy shapes, given
the red colors of high-redshift galaxies, the high throughput and relatively low sky of the filter, and the
good seeing. Data from the Subaru Suprime-Cam show that the weighted number density of galaxies with
measurable shapes for a weak lensing analysis in 20 min i-band exposures in <

∼ 0.7′′ seeing is about 20
galaxies/arcmin2. With this exposure time, we go deep enough to probe WL to z > 1, allowing us in 200
nights to cover the cosmological volume necessary to attain our desired constraints on w and the DE FoM.
While the statistical accuracy is comparable with that expected for the DES survey (Oguri & Takada 2011;
also see § 5 for more details), we will have appreciably better image quality, and thus better control of
systematics.

The total exposure time is split into 6 exposures for each field, and includes a single 30-second exposure
to allow the photometry of each field to be photometrically tied to SDSS with bright stars (see § 4.1).

imaging

6.4 Science

Table 6.2: Targets for a PFS galaxy evolution survey

Redshift Magnitude Selection Sample size Targets

range limit size

0.1 < z < 2 z
AB

< 22.5 Random ∼ 1× 106 Galaxies

0.5 < z < 7.0 z
AB

< 23.5 Photometric ∼ 5000 QSOs (See Section X)

1.0 < z < 2.0 TBD Photometric ∼ 3− 5× 103 Cluster members

0.5 < z < 2.0 TBD Multi-wavelength TBD X-ray, SZ clusters

0.5 < z < 7.0 z
AB

< 23.5 Multi-wavelength TBD AGN (X-ray, radio)

Figure 6.4: Area coverage versus limiting magnitude for various large extragalactic surveys. The point size represent
the number of spectra; the SDSS symbol size corresponds to one million spectra. Clearly, a PFS survey occupies
a unique position in this parameter space. The BigBoss survey is arbitrarily placed at 23rd magnitude since the
continuum will not be detected in most galaxies.
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 Read more

New Views of Saturn's Aurora, Captured by Cassini
A new movie and images showing Saturn's shimmering aurora are helping scientists
understand what drives some of the solar system's most impressive light shows.
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HSC parameters

• FoV: 1.5°, 1.77 deg2

• 15µm, 870M pixels
• grizy + 6 NBs
• three surveys, approved to start Feb 2014

area (deg2) pointings h–3Gpc3 science

Wide 1400 916 4.4 (z<1.5) WL, galaxies z~1

Deep 28 15 0.5 (1<z<5) galaxies z<2, SNeIa

Ultra-Deep 3.5 2 0.07 (2<z<7) LAEs, LBGs, SNeIa
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Planned HSC Survey: 3 tiers �
•  Wide: 1400 sq. degs., grizy (iAB=26, 5σ)"

–  Weak gravitational lensing!

–  Galaxy clustering, properties of z~1 L* galaxy "

–  Dark Energy, Dark Matter, neutrino mass, the 
early universe physics (primordial non-
Gaussianity, spectral index)"

•  Deep: 28 sq. degs, grizy+NBs (i=27)"
–  For a calibration of HSC-Wide WL/photo-z"

–  LAEs, LBGs, QSOs"

–  Galaxy evolution up to z~7"

–  The physics of cosmic reionization !

•  Ultra-deep: 2FoV, grizy+NBs (i~28)"
–  Type-Ia SNe up to z~1.4"

–  LAEs, LBGs, Galaxy evolution"

–  Dark Energy, the cosmic reionization!









8 Wide-field imaging with Hyper Suprime-Cam

Figure 3: Left: Expected weak lensing cosmic shear power spectra for three redshift bin tomography, where boxes
around each curve show the expected 1σ measurement accuracies. Thin curves are computed using a model in which
the DE equation of state is changed to wDE = −0.9 from wDE = −1, demonstrating that we will be able to cleanly
distinguish between these two models. Right: The marginalized error on w(z) as a function of z, expected from
cosmic shear tomography assuming three redshift bins and using the power spectrum information up to lmax = 2000
for the HSC and DES surveys combined with data from Planck. Here we employ the standard parametrization
w(z) = w0 + wa[z/(1 + z)] to model the DE equation of state.

a shear cross-correlation, the two measurements are affected differently by systematic errors (Mandelbaum
et al. 2005), thus comparing the two can give us confidence that these systematics are under control.
The galaxy-galaxy lensing and cluster-galaxy lensing signature can be measured over relatively small solid
angles, making this approach particularly valuable for constraining cosmological parameters with the first
year or two of HSC survey data.

Combining weak lensing with the halo mass function: We will also use the method proposed in Oguri &
Takada (2011) to constrain cosmology with minimal systematic errors, by measuring cluster-galaxy lensing
using a single population of background source galaxies, for distinct lens redshift slices up to zl

<∼ 1.4.
Since the source redshift (zs) dependence of the cross-correlations appears only via a geometrical factor
〈dA(zl, zs)/dA(zs)〉zs , the relative strength of cross-correlation signals for different zl allows us to calibrate
out source redshift uncertainty (see Oguri & Takada 2011 for details), thereby relaxing the photo-z error
requirements for the cluster-galaxy lensing. Then we can combine the cluster-shear cross-correlation with
the cluster auto-correlation function and the number counts of clusters, which are highly sensitive to
the amplitude of matter fluctuations and the DE equation of state. While the traditional cluster count
approach is subject to uncertainty in the mass-observable relation, Oguri & Takada (2011) showed that
combining measurements of the stacked WL and the cluster auto-correlation function directly constrains
the mass-observable relation, and thus breaks its degeneracy with cosmological parameters. This approach
is attractive because the rich data sets (especially BOSS and ACT) in the HSC footprint allow us to
construct a robust, complete sample of clusters (see below). We will demonstrate in Section 3.3 that
the cluster-shear cross-correlations can constrain cosmological parameters to a precision similar to that of
the more standard cosmic shear tomography with optimistic assumptions on systematic errors, even after
accounting for and fully marginalizing over these systematic errors.

The left panel of Figure 4 shows the expected, cumulative S/N for the WL cross-correlation, i.e., stacked
WL signals due to clusters with masses Mhalo > 1014h−1M" in redshift slices of ∆z = 0.1 as a function
of the lens redshift, computed using the method described in Oguri & Takada (2011). The two curves are
the results expected for the proposed HSC Wide-layer and for DES. The figure shows that HSC measures
the stacked WL signals for halos at higher redshift than DES, given its greater depth. HSC WL allows a
significant detection of lensing by large-scale structure around clusters out to z ∼ 1; this signal arises from
the average mass distribution surrounding the lens halos and is easier to model theoretically, as mentioned
above.

Overall approach: We will maximize the cosmological information in our analyses by combining multiple
observations, including cosmic shear, the galaxy- and cluster-galaxy lensing, and the galaxy/cluster auto-

Cosmic Shear



HSC Survey Fields�

•  HSC Survey Fields selected based on"
–  Overlap with SDSS regions, and overlap with other interesting 

datasets (ACT CMB, NIR, spectroscopic surveys, …) "
–  Low dust extinction"

–  Spread in RA"

R.A.

DEC

HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)



PFS parameters

• 2400 fibers, 128µm, microlens f/2.2→f/2.8
• FoV: 1.3 degrees
• share WFC with HSC
• 4 spectrographs for 600 fibers each
• λ=0.38–1.26µm with three arms

blue 2800–6400 nm R~2500 Hamamatsu (special coating)

red 6400–9550 nm R~3200, 5000 Hamamatsu (same as HSC)

near IR 9550–12600 nm R~4500 Teledyne HgCdTe (<1.7µ)



SuMIRe
Subaru Measurement of Images and Redshifts

• 8.2 m, excellent seeing 0.6”

• FOV1.5° ~ 1000xHST, 100xKeck

• HyperSuprimeCam: imaging survey

• 0.9 B pixels, 3 ton camera

• billions of galaxies

• PrimeFocusSpectrograph: spectroscopy

• 2400 fibers, ~1400 sq. dg.

• ~4M redshifts

• imaging & spectroscopy on the same 
telescope: SDSS on powerful 8.2m!

Subaru

HSC PFS⇒ science presentation by, Takada

Spectrograph 

Fiber Connector 

Prime Focus Instrument 

Wide Field 
Corrector 

Wide Field 
Corrector 

Rotator 

Fiber Positioner  
Cobra 
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CMOS
metrology camera

5µ accuracy in 7 iterations
7.7mm diameter



throughput @ zenith



Medium Resolution

• re-evaluation of galactic archaeology: 
dynamics study found very exciting 
together with the GAIA data, now with 
medium resolution option R~5000 for red

• simple design with little risk

MEDIUM RESOLUTION CONFIGURATION 
Medium Resolution:  

 R~5000 
 Range of [0.710-0.885] microns 

Exchanging the LR grating by a MR Grism 
 Without moving the camera 
 Grism made of two identical prisms  glued 

on a VPHG (340x340mm) 
 Baseline glass for prisms: OHARA S-

LAH53  (back-up: Schott SF4) 
 
 

PDR-Hilo-26th Feb. 2013 
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GRATING EXCHANGE MECHANISM 
Allows to replace the LR grating by the 
MR grism 

 Holds 2 big optical pieces 
(340x340mm each) 

 Provides repeatability in repositioning  
 
Preferred solution: Vertical translation 

 More space available for both 
 The exchange mechanism and the 

shutter 
 Dichroic assembly can be used for 

guiding and rigidity 
 
Main drawbacks:  

 Total height of about 1.1m 
 Additional interface between the 

mechanism and the dichroic assembly 
(DCA) 

PDR-Hilo-26th Feb. 2013 
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Major Milestones
Jan 2011 endorsement by Subaru community
Dec 2011 MOU between IPMU & NAOJ
Mar 2012 CoDR
Oct 2012 Requirement Review
Feb 2013 PDR
now subsystem CDRs
Jul 2016 System Integration, tests
Jun 2017 Operational Readiness Review
Jul 2017 First Light (engineering)
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Figure 2.11: The impact of the observational systematic effects in Fig. 2.10 on the power spectrum
measurement. Here we consider a worst-case scenario: we assume that a systematic error causes
apparent fluctuations in the number of detected [O II] galaxies in between different pointings (but
we do not consider the redshift dependence for simplicity). The PFS FoV corresponds to transverse
comoving scales of about 42 or 66 Mpc/h for z ' 1 or 2 redshift slices, respectively. We used N-
body simulations outputs at z = 1 and 2.2 that are done with 10243 particles and in a box with
2 Gpc/h on a side length. We first added artificial density fluctuations with 5% rms amplitude into
each of 48 or 29 subdivided rectangular-shaped subvolumes in the z = 1 or 2.2 N-body simulations,
where each subvolume has a volume of 41.7 ⇥ 2000 ⇥ 2000 or 69 ⇥ 2000 ⇥ 2000 (Mpc/h)3,
respectively. Here the scales of 41.7 or 69 Mpc/h are intended to mimic the transverse scales
of PFS FoV for the z ' 1 or 2 slices. Then we measured the power spectrum from the modified
simulations. The blue and black points show the power spectra with and without the modifications,
where the error bars are the scatters at each k bin estimated from 3 realizations. The figure shows
that the BAO peak locations are not changed, but modify the power spectrum amplitudes by a
factor of 1 + 0.052.

The PFS cosmology survey rests on the use of [O II] emission-line galaxies, detected with S/N’s
greater than a given threshold (S/N = 8.5 assumed throughout this document). If observational
systematic errors affect a selection of [O II] emitters, i.e. selection bias, it causes an apparent
density fluctuations in the observed galaxy distribution, which needs to be carefully monitored
and calibrated. The systematic effects we need to care about are, e.g.,

• The fiber offset from the true centroid; e.g. if there is a systematic error in the astrometric
solution and/or an imperfect fiber positioning, the fiber offset arises.

• Variation in the throughput over the field angle (e.g. due to the vignetting).

• A misestimation in the seeing FWHM. The PSF misestimation causes a biased estimate of
the intrinsic [O II] flux.

• A flux miscalibration such as an error in the magnitude zero point.

In Fig. 2.10, we use our own exposure time calculator to estimate how the systematic errors men-
tioned above change the number of detected [O II] emitters in each redshift bin, where we em-
ployed the same threshold S/N = 8.5. Here we consider some typical values for each of the

Ripples, Ripples, Ripples

ELGs [OII] > 8.5σ, 15 min exposure
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Figure 2.6: Fractional errors of determining the angular diameter distance and the Hubble expan-
sion rate via the PFS BAO experiment (see Table 2.2) including marginalization over uncertainties
of other parameters. The expected accuracies are compared to the existing and ongoing SDSS and
BOSS surveys. The PFS survey will provide geometrical constraints to higher redshift than the
SDSS and BOSS surveys, but with comparable precision. The solid curve in each panel shows the
fractional difference when changing the dark energy equation of state parameter from the fiducial
model w = �1 to w = �0.9.

BAO experiments, allowing for probing the expansion history over the entire range of redshifts,
0 <⇠ z <⇠ 3, i.e. through the period where it is believed that the cosmic expansion went from de-
celerated to accelerated phases. If we model the expansion history as parametrized by the dark
energy model (w0,wa) (Linder 2003) and the curvature parameter (K),

H2(z) = H2
0

"
⌦m0(1 + z)3 � K

H2
0

(1 + z)2 +⌦de,0a�3(1+w0+wa)e3wa(a�1)
#
, (2.10)

we can propagate the distance measurement errors into the accuracies of estimating the parame-
ters. To be more explicit, we can do this, based on the Fisher information matrix formalism, by
projecting the BAO Fisher matrix into different parameter space:

Fa0b0 ⌘
@p̃a

@pa0
Fsub

ab
@ p̃b

@pb0
. (2.11)

Here the new set of parameters p̃a0 is given as p̃a0 = (⌦de0,⌦m0h2,⌦K ,w0,wa), which specifies
the cosmic expansion history given by the above equation, and Fsub

ab is the sub-matrix computed
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Figure 2.7: Expected accuracy of reconstructing the dark energy density parameter at each red-
shift, ⌦de(z) ⌘ ⇢de(z)/[3H2(z)/8⇡G] from the BAO-measured DA(z) and H(z) in Fig. 2.6. Here we
considered the cosmological constant (⇢de(z) = ⇢de0 =constant) and the flat universe (⌦K = 0) as
the fiducial model. Adding the PFS BAO constraints to the SDSS and BOSS constraints enables
reconstruction of the dark energy density to z ' 2, and also significantly improves the precision at
low redshifts, as the comoving distance at the high redshift arises from an integration of H(z). he
solid curve shows the energy density parameter for the fiducial ⇤CDM model, while the dashed
curve shows the redshift evolution for an early dark energy model in Droan & Robbers (2006),
where we employed w0 = �1 and ⌦e

d = 0.05 for the model parameters (see text for details).

by inverting the sub-matrix of the inverse of the full BAO matrix, [F �1]↵�, containing only the
parts of the geometrical parameters, pa = {⌦m0,⌦m0h2,DA(zi),H(zi)}. Hence the derived con-
straints on p̃a0 include marginalization over other parameters such as the galaxy bias and the �
parameters. Table 2.3 shows the expected accuracies of the dark energy parameters and the cur-
vature parameter for the PFS survey. Here wpivot is the dark energy equation state at the “pivot”
redshift, at which the dark energy equation of state is best constrained for a given survey. The
quantity FoMde is the dark energy figure-of-merit defined in the Dark Energy Task Force Re-
port (Albrecht et al. 2006), which quantifies the ability of a given survey for constraining both
w0 and wa; FoMde ⌘ 1/[�(wpivot)�(wa)], which is proportional to the area of the marginalized
constraint ellipse in a sub-space of (w0,wa). Table 2.3 clearly shows that the PFS BAO can sig-
nificantly tighten the parameter constraints over the SDSS and BOSS surveys. Most interest-
ingly, the PFS has the potential to constrain the curvature parameter to a precision of 0.3%. If
we can detect a non-zero curvature, this would represent a fundamental discovery giving a crit-
ical constraint on the physics of the early universe, for example insight into different inflation
scenarios (Efstathiou 2003; Contaldi et al. 2003; Freivogel et al. 2006; Kleban & Schillo 2012;
Guth & Nomura 2012).

ΛCDM

Droan & Robbers
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Figure 2.8: Marginalized errors of reconstructing the growth rate, fg ⌘ d ln D/ ln a, in each redshift slice.

in each redshift slice via the RSD measurements. The PFS survey can constrain the growth rate
in each redshift to a 6% accuracy. In particular, such accurate constraints on the growth rate at
redshift beyond z = 1, where the cosmic expansion is back to the decelerating expansion, is very
important for testing modified gravity scenario. We can address whether or not gravity at the high
redshift becomes consistent with GR, together with the constraints on the expansion history. Thus
combining the PFS with other low-z surveys will allow a more stringent test of gravity over wide
ranges of redshift and length scales.

Other constraints
With the growth rate constraints and the information on the shape of the galaxy power spectrum,
we can also constrain other intriguing parameters such as the sum of neutrino mass (m⌫,tot) and
the primordial non-Gaussianity ( fNL). The primordial non-Gaussianity induces a characteristic
scale-dependent biasing effect on the galaxy distribution at very large scales (Dalal et al. 2008)
that are well in the linear regime and cannot be explained by other nonlinearity effects. Hence we
can use the largest-scale signal of galaxy clustering to explore the signature of the primordial non-
Gaussianity. Table 2.3 shows the expected accuracy of constraining fNL to an accuracy of �( fNL) '
11. PFS does not have a comparable power of constraining fNL to the constraints expected from
other probes such as the Planck experiment ( fNL ⇠ 5) due to the relatively small area coverage,
which limits the access to the largest-length scales.

On the other hands, the neutrinos of finite mass scale, as found by the terrestrial experi-
ments, cause a suppression in the galaxy clustering power on scales smaller than the neutrino
free-streaming scale, which imprints a characteristic scale-dependent effect on the galaxy power
spectrum (Takada et al. 2006). The amount of the suppression effect scales with the sum of neu-
trino mass as �Pg/Pg ' �8⌦⌫0/⌦m0 ' �8m⌫,tot/(94.1 eV⌦m0h2); the neutrinos of m⌫,tot = 0.1 eV,
close to the lower bound of the inverted neutrino mass hierarchy, leads to about 6% suppression
in the galaxy power spectrum compared to the case without the massive neutrinos. Hence, we

growth rate



http://sumire.ipmu.jp/pfs/intro.html

PFS Rocks!


