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ESA mission (~$1 billion), 
launch 2022

• Wide imaging survey (15000 deg2, VIS+NIR)

• Wide spectroscopic survey (15000 deg2, grism)

• Deep survey (3 patches, 40 deg2, 2 mag deeper)

https://www.euclid-ec.org
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HSC z-band

• HSC z-band imaging survey
     (40 nights, S20B-S23A)

• improve photo-z of galaxies 
for cosmic shear to 
acceptable level

• enable studies of high-z 
quasars and clusters in 
comb. with Euclid YJH

Euclid VIS-band
for weak lensing

shape measurement

Euclid 
YJH-band 
for photo-z

& high-z 
studies



Survey footprint

Wide Imaging with Subaru HSC of the Euclid Sky (WISHES) [PI: M. Oguri]

1. HSC Legacy Survey of the Northern Hemisphere
Wide-field imaging surveys play a central role in modern astronomy and cosmology due to their high statistical

power to address outstanding questions as well as their diverse applications. The Subaru Hyper Suprime-Cam
(HSC; Miyazaki et al. 2018) is currently the most powerful instrument in the world in terms of the imaging
survey capability, thanks to the combination of the 8.2-m primary mirror collecting area and the wide field-of-
view. We propose an intensive program to conduct an HSC z-band imaging survey with the limiting
magnitude of 23.4 mag (10� within 200 diameter) covering 4,500 deg2 at high latitudes in the
northern hemisphere; “Wide Imaging with Subaru HSC of the Euclid Sky” (WISHES). The primary goal of
this program is to promote cosmic shear cosmology and high-redshift Universe studies by the Euclid space mission
(Laureijs et al. 2011). Euclid will conduct a wide-field survey in the optical (single r+i+z=VIS-band for weak
lensing shape measurements) and Y, J,H-band near-infrared (NIR) from 2022, but to achieve its primary mission
goal it is required to combine Euclid data with ground-based multi-band optical data for accurate photometric
redshift measurements (e.g., Laureijs et al. 2011; Rhodes et al. 2017). Furthermore, the deep WISHES z-band
image greatly enhances the value of the Euclid’s NIR imaging data as well as the unique grism spectroscopic data
(35 million galaxies over 15,000 deg2) for galaxy and quasar studies as discussed below. We, however, emphasize
that our z-band survey data is enormously useful even before Euclid is launched; by such z-band survey alone
or in combination with other ground-based optical surveys (UNIONS, see below), we can immediately conduct
a wide range of research as described below. Furthermore, its value is also greatly enhanced by the recently
launched eROSITA (Merloni et al. 2012) that is currently taking all-sky X-ray data with the deepest exposure
around the proposed WISHES footprint. Due to its high survey power and red-sensitive CCDs, Subaru HSC
serves as the only instrument that can realize the proposed z-band survey within a reasonable time scale that
matches Euclid’s data release plan (first data release in 2024) and fulfill Euclid’s needs. Our survey will also
make good use of gray time. Given that WISHES covers the region with the excellent visibility from space
(including the Northern Ecliptic Pole), the WISHES data will bring a great legacy value to the Subaru
community in the era of space survey missions including WISE, Gaia, eROSITA, SPHEREx,
LiteBIRD, in addition to Euclid. It is also a stepping stone towards WFIRST that Japan will join.

WISHES

    WISHES   

Figure 1: Left: The footprint of the proposed survey WISHES is shown by magenta region, along with the
footprint of the Euclid space mission (yellow). The WISHES footprint is defined by the declination larger than
30 deg and the region overlaps with the Euclid survey footprint, and amounts to about 4,500 deg2. Right: The
limiting magnitude of WISHES (10� within 200 diameter) is compared with those of existing Pan-STARRS1
(PS1) 3⇡ survey images, the ongoing CFIS survey using CFHT, the ongoing Pan-STARRS NEO survey (PS-
NEO), the ongoing HSC g-band imaging survey (HSC-g), and the future Euclid mission.

Figure 1 shows the WISHES footprint as well as its limiting magnitude. WISHES will improve the existing
Pan-STARRS1 (Chambers et al. 2016) z-band images by more than 2 mag, and will also be more than 1 mag
deeper than the Mayall z-band Legacy Survey (Zhou et al. 2018) that largely overlaps with WISHES. WISHES
survey data will be combined with the ongoing Canada-France Imaging Survey (CFIS) u- and r-band survey
using CFHT and Pan-STARRS Near Earth Objects (PS-NEO) i-band survey, both of which are currently ob-
serving the same ⇠ 4, 500 deg2 region with limiting magnitudes shown in Figure 1. Both CFIS and PS-NEO
have already acquired roughly half of the data needed to complete them, and will continue to accumulate data
over the next few years. This indicates that we can make use of these multi-band data immediately as the
WISHES data is being taken. CFIS and PS-NEO team (UNIONS, to which we will join) also started to collect
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Target depth

Wide Imaging with Subaru HSC of the Euclid Sky (WISHES) [PI: M. Oguri]

1. HSC Legacy Survey of the Northern Hemisphere
Wide-field imaging surveys play a central role in modern astronomy and cosmology due to their high statistical

power to address outstanding questions as well as their diverse applications. The Subaru Hyper Suprime-Cam
(HSC; Miyazaki et al. 2018) is currently the most powerful instrument in the world in terms of the imaging
survey capability, thanks to the combination of the 8.2-m primary mirror collecting area and the wide field-of-
view. We propose an intensive program to conduct an HSC z-band imaging survey with the limiting
magnitude of 23.4 mag (10� within 200 diameter) covering 4,500 deg2 at high latitudes in the
northern hemisphere; “Wide Imaging with Subaru HSC of the Euclid Sky” (WISHES). The primary goal of
this program is to promote cosmic shear cosmology and high-redshift Universe studies by the Euclid space mission
(Laureijs et al. 2011). Euclid will conduct a wide-field survey in the optical (single r+i+z=VIS-band for weak
lensing shape measurements) and Y, J,H-band near-infrared (NIR) from 2022, but to achieve its primary mission
goal it is required to combine Euclid data with ground-based multi-band optical data for accurate photometric
redshift measurements (e.g., Laureijs et al. 2011; Rhodes et al. 2017). Furthermore, the deep WISHES z-band
image greatly enhances the value of the Euclid’s NIR imaging data as well as the unique grism spectroscopic data
(35 million galaxies over 15,000 deg2) for galaxy and quasar studies as discussed below. We, however, emphasize
that our z-band survey data is enormously useful even before Euclid is launched; by such z-band survey alone
or in combination with other ground-based optical surveys (UNIONS, see below), we can immediately conduct
a wide range of research as described below. Furthermore, its value is also greatly enhanced by the recently
launched eROSITA (Merloni et al. 2012) that is currently taking all-sky X-ray data with the deepest exposure
around the proposed WISHES footprint. Due to its high survey power and red-sensitive CCDs, Subaru HSC
serves as the only instrument that can realize the proposed z-band survey within a reasonable time scale that
matches Euclid’s data release plan (first data release in 2024) and fulfill Euclid’s needs. Our survey will also
make good use of gray time. Given that WISHES covers the region with the excellent visibility from space
(including the Northern Ecliptic Pole), the WISHES data will bring a great legacy value to the Subaru
community in the era of space survey missions including WISE, Gaia, eROSITA, SPHEREx,
LiteBIRD, in addition to Euclid. It is also a stepping stone towards WFIRST that Japan will join.
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Figure 1: Left: The footprint of the proposed survey WISHES is shown by magenta region, along with the
footprint of the Euclid space mission (yellow). The WISHES footprint is defined by the declination larger than
30 deg and the region overlaps with the Euclid survey footprint, and amounts to about 4,500 deg2. Right: The
limiting magnitude of WISHES (10� within 200 diameter) is compared with those of existing Pan-STARRS1
(PS1) 3⇡ survey images, the ongoing CFIS survey using CFHT, the ongoing Pan-STARRS NEO survey (PS-
NEO), the ongoing HSC g-band imaging survey (HSC-g), and the future Euclid mission.

Figure 1 shows the WISHES footprint as well as its limiting magnitude. WISHES will improve the existing
Pan-STARRS1 (Chambers et al. 2016) z-band images by more than 2 mag, and will also be more than 1 mag
deeper than the Mayall z-band Legacy Survey (Zhou et al. 2018) that largely overlaps with WISHES. WISHES
survey data will be combined with the ongoing Canada-France Imaging Survey (CFIS) u- and r-band survey
using CFHT and Pan-STARRS Near Earth Objects (PS-NEO) i-band survey, both of which are currently ob-
serving the same ⇠ 4, 500 deg2 region with limiting magnitudes shown in Figure 1. Both CFIS and PS-NEO
have already acquired roughly half of the data needed to complete them, and will continue to accumulate data
over the next few years. This indicates that we can make use of these multi-band data immediately as the
WISHES data is being taken. CFIS and PS-NEO team (UNIONS, to which we will join) also started to collect
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Photo-z for cosmic shear cosmology

HSC g-band imaging data in the region through UH time and Gemini time exchange. Moreover, once the Euclid
mission comes online, we can combine these optical images with Euclid Y JH-band NIR images to extend the
wavelength coverage.

2. Scientific Objectives

2.1 With Euclid data
Cosmic shear cosmology: One of the main goals of the Euclid mission is to promote cosmic shear cosmology
with the galaxy number density of ⇠ 30 arcmin�2 over 15,000 deg2. Euclid will improve cosmological constraints
(e.g., Figure of merit of dark energy) by an order of magnitude compared with ongoing wide-field surveys, and
therefore will provide a critical clue to possible �8 and H0 tensions (see e.g., Di Valentino et al. 2020). Given
its expected small statistical error, it is crucial to keep various systematic errors under control. Euclid plans to
measure photometric redshifts (photo-z’s), which are potentially the most significant source of systematic errors,
using ugriz +VIS + Y JH-bands, where ugriz-band data come from various ground-based telescopes.

Our proposed z-band depth of is chosen so as to satisfy the requirement that the photo-z uncertainty does
not degrade cosmological constraints (Laureijs et al. 2011; Rhodes et al. 2017 with updates). For definiteness,
here we explicitly check how the photo-z accuracy improves by WISHES. Here we keep depths of all the other
bands (ugri + VIS + Y JH) to the planned values (see Figure 1) and only change the z-band depth from the
existing MzLS images (the limiting magnitude zlim = 22.2 for 10� extended sources) to the WISHES survey
(zlim = 23.4) to see how the photo-z accuracy is improved. Figure 2 indicates that the WISHES imaging
will improve the photo-z accuracy particularly at z ⇠ 1.5 where the contribution to the total S/N
of cosmic shear signals is quite large (see the shaded region in Figure 1). It also clearly indicates that the
depth we propose for WISHES is needed to meet the requirements on the photo-z scatter and outlier fraction
from detailed studies by Laureijs et al. (2011). For instance, according to Hearin et al. (2010), a factor of two
worse outlier fraction leads to the degradation of constraints on cosmological parameters by roughly a factor of
two. The analysis of the 4, 500 deg2 area data with the photo-z quality achieved by WISHES will be needed to
confirm the �8 tension at > 5�. We also note that the Dark Energy Survey (DES) data provides z-band images
in the southern hemisphere shallower than WISHES, zlim = 23.0, and therefore does not meet the requirement,
suggesting that WISHES z-band data will play a leading role in Euclid cosmic shear analysis until Legacy Survey
of Space and Time (LSST, whose footprint has no overlap with WISHES) data builds up.
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Figure 2: Left: Expected photo-z accuracy (mean and 1� scatter after 3� clipping) as a function of photometric
redshift zphot from ugriz + VIS + Y JH bands, for the case of the proposed depth of WISHES (thick blue) and
the case without WISHES i.e., the existing MzLS z-band survey depth (thin red). LePhare code (Arnouts et al.
2002) is used for this analysis. Horizontal dashed lines show the requirement on the scatter based on detailed
study by Laureijs et al. (2011). The relative S/N of cosmic shear signals as a function of redshift (y-axis values
are arbitrary units) is also shown by a shaded region for reference. Right: Similar to the Left panel but for the
outlier fraction of photo-z’s defined by �z > 0.15(1 + z) as a function of zphot.

High-redshift quasars: The unique Euclid Y JH-band NIR imaging will drastically advance high-redshift quasar
studies by finding many quasars at redshift z ⇠ 7 and beyond. The presence of very massive black holes at
z ⇠ 6�7 revealed by observations of quasars challenges galaxy formation theories, and for better understanding
of the growth of black holes in the early Universe we need a much larger sample of high-redshift quasars such
as the one provided by Euclid. Since the z-band is adjacent to the Euclid Y JH-bands, deep z-band imaging by
WISHES is crucial for turning the Euclid’s NIR capability into an e�ciently probe of high-redshift Universe, as
was also emphasized in Euclid Collaboration (2019).

requirement
requirement

zlim=22.2

zlim=23.4

zlim=22.2

zlim=23.4

• same ugri+VIS+YJH depth, change only z depth

• huge impact at z~1.5-2, corresponding to factor 
~2 degradation in cosmo. para. constraints

Photo-z by LePhare (Arnouts+2002)



High-z quasars
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Figure 3: Color-color diagram of high-redshift quasars in the
zHSC-YEuclid versus YEuclid-JEuclid plane, where the subscripts
HSC and Euclid denote magnitudes computed with the HSC and
Euclid filters, respectively. Quasar colors as a function of red-
shift are computed by the method described in Matsuoka et al.
(2016) and are shown by the solid line, and filled (open) circles
mark quasar colors per redshift interval of 0.1 (1). For compari-
son, colors of stars and dwarfs, which are main contaminants in
high-redshift quasar search, are shown by small circles, with dif-
ferent colors for di↵erent types of stars and dwarfs. Since stars
and dwarfs are much more numerous than high-redshift quasars,
deep z-band images to e�ciently remove these contaminants are
crucial.

To demonstrate this point, Figure 3 shows the quasar color as a function of redshift. It is clear that quasars
and stars are well separated in this color-color plane and that deep z-band imaging is crucial for an e�cient
selection of rare high-redshift quasars that must be distinguished from much more numerous dwarf stars. Since
zHSC � YEuclid > 0 in the range of our interest, z-band imaging should go deeper than Euclid Y -band imaging
i.e., deep z-band imaging is a key for the success of such studies. With help of the deep WISHES z-band data,
we expect to find ⇠ 20 quasars at 7 < z < 7.5 and ⇠ 15 quasars at z > 7.54, redshifts higher than that
of the most distant quasar currently known (Bañads et al. 2018). These numbers are limited by the z-band
depth rather than the Euclid NIR depth, again highlighting the importance of deep z-band imaging. These high
redshift quasars will severely constrain models of the growth of supermassive black holes.

High-redshift clusters: Clusters of galaxies are the most massive bound objects in the Universe, and are useful
for both cosmological and astrophysical studies. Since massive clusters with M >⇠ 1014h�1

M� are rarest objects,
a wide-area, deep survey to cover a su�ciently large volume is needed to find such massive clusters. Due to
its wavelength coverage, optical cluster finding is limited to z <⇠ 1.2 � 1.3 (Oguri et al. 2018). NIR imaging is
needed to extend the redshift range. Y JH-band imaging by Euclid, when combined with WISHES and other
ground-based data, indeed enables us to find a large number of clusters up to z ⇠ 2. Figure 4 indicates that,
similarly to high redshift quasar studies, to take advantage of Euclid’s NIR imaging capability we need z-band
imaging deeper than the Y -band, and also that the cluster sample provided by the Euclid is indeed very
unique in that it constructs a sample of several thousand clusters at z > 1.

Figure 4: Left: Color-color diagram of red-sequence galaxies in clusters computed by the method described in
Oguri (2014) and are shown by solid lines, and filled (open) circles mark galaxy colors per redshift interval of
0.1 (1). Both cases of galaxy formation redshifts of zf = 2.5 (blue) and 3 (magenta) are shown. Right: Expected
number counts of clusters with M >⇠ 1014h�1

M� for Sloan Digital Sky Survey (SDSS), Hyper Suprime-Cam Sub-
aru Strategic Program (HSC-SSP), UNIONS (WISHES plus other ground-based data), and Euclid+UNIONS,
assuming the �8 value consistent with recent local measurements (e.g., Hikage et al. 2019). For comparison,
number counts for Euclid+UNIONS for the higher �8 value consistent with the Planck satellite measurement is
shown by thin histogram, to show the impact of �8 tension.

There are many applications enabled by this unique high-redshift cluster sample. First, from the abundance
of clusters we will be able to put constraints on cosmological parameters in a way complementary to cosmic
shear analysis. This is particularly important given the so-called �8 tension, where local measurements of �8

• stars and quasars at 
z~6−8 are separated 
well in zYJ-plane

• deep z-band images 
are very important 
for efficient quasar 
search from Euclid

     (see Euclid Collaboration 2019)

• ~20 quasars at 7<z<7.5, ~15 quasars at 7.54<z
    (these numbers are limited by z-band depth!)

[cf. ≲ 1 if we use current optical images] 

(Matsuoka+2016)



High-z clusters

Figure 3: Color-color diagram of high-redshift quasars in the
zHSC-YEuclid versus YEuclid-JEuclid plane, where the subscripts
HSC and Euclid denote magnitudes computed with the HSC and
Euclid filters, respectively. Quasar colors as a function of red-
shift are computed by the method described in Matsuoka et al.
(2016) and are shown by the solid line, and filled (open) circles
mark quasar colors per redshift interval of 0.1 (1). For compari-
son, colors of stars and dwarfs, which are main contaminants in
high-redshift quasar search, are shown by small circles, with dif-
ferent colors for di↵erent types of stars and dwarfs. Since stars
and dwarfs are much more numerous than high-redshift quasars,
deep z-band images to e�ciently remove these contaminants are
crucial.

To demonstrate this point, Figure 3 shows the quasar color as a function of redshift. It is clear that quasars
and stars are well separated in this color-color plane and that deep z-band imaging is crucial for an e�cient
selection of rare high-redshift quasars that must be distinguished from much more numerous dwarf stars. Since
zHSC � YEuclid > 0 in the range of our interest, z-band imaging should go deeper than Euclid Y -band imaging
i.e., deep z-band imaging is a key for the success of such studies. With help of the deep WISHES z-band data,
we expect to find ⇠ 20 quasars at 7 < z < 7.5 and ⇠ 15 quasars at z > 7.54, redshifts higher than that
of the most distant quasar currently known (Bañads et al. 2018). These numbers are limited by the z-band
depth rather than the Euclid NIR depth, again highlighting the importance of deep z-band imaging. These high
redshift quasars will severely constrain models of the growth of supermassive black holes.

High-redshift clusters: Clusters of galaxies are the most massive bound objects in the Universe, and are useful
for both cosmological and astrophysical studies. Since massive clusters with M >⇠ 1014h�1

M� are rarest objects,
a wide-area, deep survey to cover a su�ciently large volume is needed to find such massive clusters. Due to
its wavelength coverage, optical cluster finding is limited to z <⇠ 1.2 � 1.3 (Oguri et al. 2018). NIR imaging is
needed to extend the redshift range. Y JH-band imaging by Euclid, when combined with WISHES and other
ground-based data, indeed enables us to find a large number of clusters up to z ⇠ 2. Figure 4 indicates that,
similarly to high redshift quasar studies, to take advantage of Euclid’s NIR imaging capability we need z-band
imaging deeper than the Y -band, and also that the cluster sample provided by the Euclid is indeed very
unique in that it constructs a sample of several thousand clusters at z > 1.
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Figure 4: Left: Color-color diagram of red-sequence galaxies in clusters computed by the method described in
Oguri (2014) and are shown by solid lines, and filled (open) circles mark galaxy colors per redshift interval of
0.1 (1). Both cases of galaxy formation redshifts of zf = 2.5 (blue) and 3 (magenta) are shown. Right: Expected
number counts of clusters with M >⇠ 1014h�1

M� for Sloan Digital Sky Survey (SDSS), Hyper Suprime-Cam Sub-
aru Strategic Program (HSC-SSP), UNIONS (WISHES plus other ground-based data), and Euclid+UNIONS,
assuming the �8 value consistent with recent local measurements (e.g., Hikage et al. 2019). For comparison,
number counts for Euclid+UNIONS for the higher �8 value consistent with the Planck satellite measurement is
shown by thin histogram, to show the impact of �8 tension.

There are many applications enabled by this unique high-redshift cluster sample. First, from the abundance
of clusters we will be able to put constraints on cosmological parameters in a way complementary to cosmic
shear analysis. This is particularly important given the so-called �8 tension, where local measurements of �8

z-band probe galaxy property

unique cluster sample to z~2

• very unique studies of clusters at z~1.4-1.9

• grism (Hα) also very unique, synergy w/ eROSITA



Science before Euclid

• UNIONS (CFHT+Pan-STARRS+Subaru) 
    → ugriz-band data over ~5,000 deg2

• a wide range of science cases
    − search for GW counterparts (reference images)
     − search for rare AGNs
    − 3D Milky Way structure from BHB stars
    − large cluster sample up to z~1
    − finding strong gravitational lenses 
    − …



Current status

red open circles: pointings in queue
red filled circles: pointings that were already observed 

We appreciate the HSC queue team for the big help and support!



Collaboration policy

• WISHES/UNIONS is open to any Japanese 
researches just like HSC-SSP

• please let me know if you are interested in    
(although the first internal data release has not happened yet)



Access to Euclid data

• our WISHES contribution to Euclid enables 
25 members (1 PD + 1 student for each member) 
to formally join Euclid with full access to 
the data                 

• call for proposals to select these members 
from the Japanese astronomical community    
(coming very soon!)



Summary

• WISHES is an HSC z-band imaging survey 
over 4,500 deg2 of the northern sky

• crucial for the success of the Euclid satellite 
mission (→access to the Euclid data)

• so far we have good progress of observations


