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• HSC z-band imaging survey
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and clusters
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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.
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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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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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Status at the end of S23A
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Status at the end of S23A
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requested carryover
in S23B and S24A



Current status

red filled 
circles:

observed
pointings

completion rate ~52%



Current status

red filled 
circles:

observed
pointings

completion rate ~52%

Euclid DR1 region mostly completed



UNIONS

• テキスト強調テキスト強調テキスト
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UNIONS = CFHT + Pan-STARRS + Subaru = Hawaiian alliance !
from UNIONS wiki

[Euclid Norther Sky (~5000 deg2) multi-wavelength optical images]

(see also Stephen Gwyn’s talk, poster P34 by Ichikawa-san!)



[Euclid Norther Sky (~5000 deg2) multi-wavelength optical images]
UNIONS = CFHT + Pan-STARRS + Subaru = Hawaiian alliance !

UNIONS

• テキスト強調テキスト強調テキスト
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from UNIONS wiki

A&A 662, A112 (2022)
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Fig. 27. Simulated spectrum of a typical galaxy (in terms of mass and
star formation rate) from the Euclid weak lensing population at z = 1
(D. Masters, priv. comm.), overlapping the IE, YE, JE and HE bands.
The Vera C. Rubin Observatory photometric bands (u, g, r, i, z, y) are
also shown, highlighting the importance of the ground-based data to
the photometric redshift derivation as the 4000 Å break falls within the
i band. The total sensitivity for the ground is given at 1.2 airmass.

meet the initial Euclid specification of 1700 deg�2 would require
the redshifts of half of the underlying population to be reliably
measured.

5.5. The EWS coverage by ground-based telescopes

Weak lensing tomography and the need to account for the con-
tamination by galaxy intrinsic alignments require solid estimates
of the redshifts of the galaxies used as sources in the weak lens-
ing analysis. Euclid will exploit galaxies up to a redshift of z ⇠ 2
with the majority of galaxies, at the lensing goal of mVIS = 24.5,
lying at a redshift z ⇠ 1. A typical SED of such a galaxy is
shown on the simulated spectrum of Fig. 27. The NISP depth
goals (YE, JE, HE = 24.0 AB mag; see Sect. 3.2.2) were scaled
to capture the flux of this galaxy population at the required S/N
for proper photometric redshift derivation. However, since the
weak lensing imaging band through the broad VIS band IE does
not sample key features of a z = 1 galaxy energy distribution, in
particular the 4000 Å break that falls within the i band (Fig. 27),
complementary bands are needed to reach the required redshift
precision. The g, r, i, z bands are critical in particular, as intro-
duced by Laureijs et al. (2011).

Large projects aiming at obtaining photometry through the
Sloan bands over large parts of the sky were on the rise at
the time of the Euclid mission definition. Since photometry in
those bands does not require the observing conditions of a space
observatory, this critical part of the mission was left for exter-
nal up-and-coming photometric surveys by ground-based facil-
ities located across the two celestial hemispheres in order to
reach the entire Euclid sky. The minimal depths needed to derive
photometric redshifts for the WL probe are 25.7, 25.1, 24.8,
24.6 AB mag in the g, r, i, z bands, respectively, for 5� point-
like source. These levels were first introduced in Laureijs et al.
(2011) and later on fine tuned to optimally match the SED of the
z = 1 IE = 24.5 galaxy populations anchored on the YE, JE, HE
depths of 24.0 that will be achieved by Euclid.

At the time of the mission selection in 2012, Laureijs et al.
(2011) commented on ground surveys that were still specula-
tive: only the Dark Energy Survey (DES) was about to start on
its broadband imaging e↵ort, with nearly 4500 deg2 of its of
5000 deg2 goal overlapping the EWS. As of the end of 2020,

the now completed DES has secured in the g, r, i, z bands cover-
age of nearly a third of the EWS area over the south Galactic cap
while the rest of the Euclid RoI is an on-going e↵ort. Together,
the following six most powerful ground-based wide-field tele-
scopes will eventually deliver the photometry needed by Euclid
across the u, g, r, i, z bands from the northern and southern hemi-
spheres (Fig. 28), the u band being a solid bonus for photometric
redshifts at any depth.

Extensive community-based actions led to the Canada-
France Imaging Survey (CFIS; Ibata et al. 2017), which ought
to cover by 2025 the northernmost 4800 deg2 of the Euclid
RoI in the u and r band, using 314 MegaCam nights on the
3.6 m Canada-France-Hawaii Telescope (CFHT). Spain’s 2.6 m
Javalambre Survey Telescope (Cenarro et al. 2018) should start
in 2021 covering that area with the Javalambre-Euclid Deep
Imaging Survey in the g band (JEDIS-g; 100 nights). Pan-
STARRS (USA, 2⇥ 1.8 m telescopes, Chambers et al. 2016)
joined in 2018 to provide the i band by 2025 as a result of
their on-going near-Earth object (NEO) search. Finally, a group
of Japanese scientists joined the Euclid Consortium in 2020
through the contribution of Subaru Hyper Suprime-Cam (HSC;
Miyazaki et al. 2018) time (40 nights). WISHES (Wide Imag-
ing with Subaru HSC of the Euclid Sky) will cover the northern
area in the z band, the most demanding band in terms of depth,
hence requiring an 8 m class telescope. The telescopes actively
collecting data are now working in concert as part of the Ultravi-
olet Near-Infrared Optical Northern Survey (UNIONS), an inde-
pendent consortium motivated by the shared e↵ort for Euclid,
to cover the northernmost sky over the complete set of photo-
metric bands, with a completion date around 2025. Canadian
and University of Hawaii UNIONS members launched an e↵ort
in 2019 to gather g-band data with Subaru-HSC to complement
the Spanish e↵ort. We note that since CFHT and Subaru cannot
e↵ectively observe from Hawai’i at declinations � � +80�, the
EWS RoI has been trimmed around the equatorial pole by a few
tens of degrees, a minor hit since the area was already mostly
rejected due to high dust extinction.

Meanwhile the Vera C. Rubin Observatory (USA,
Ivezić et al. 2019) is approaching first light and the start
of the Legacy Survey of Space and Time (LSST) should be in
phase with Euclid. When on the sky, Rubin will be the most
powerful wide-field imager ever built and the Euclid minimal
depths in the ugriz bands will be reached within one year of
normal Rubin LSST operations over the 8000 deg2 overlapping
the Euclid RoI in the southern sky; this will supersede the
DES dataset. The Rubin Observatory being such a powerful
machine, the Euclid Consortium is investigating with the Rubin
community a northern survey extension serving various strategic
Rubin scientific niches (Rhodes et al. 2017). Such an extension
(3000 deg2 of Euclid RoI area) would fill the +2 to +30 deg
declination gap between the main component of the LSST and
the on-going Euclid northernmost sky e↵ort (Fig. 28).

6. Calibration and deep field observations

Euclid’s three major modes of observation (VIS, NISP-P, and
NISP-S) and their tight scientific requirements imply a thorough
and extensive calibration programme throughout the mission,
which serves two main purposes, namely the calibration of the
flight hardware (instrument calibrations; see Sect. 6.1) and the
characterisation of the target galaxies and quantification of any
biases that may arise in the WL and GC experiments (sample
characterisation; see Sect. 6.2).
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Scaramella et al. (2022)
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Limiting magnitudes

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

Euclid NIR

UNIONS
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UNIONS multi-wavelength catalog

• catalogs being created with
• SourceXtractor++ (R. Gavazzai)

• GAaP (H. Hildebrandt)

12



Unified multiband catalog

• using GAaP (K. Kuijken)

• forced photometry with r-band catalog as input
• different aperture sizes for different bands, taking 

account of PSF variation

13

H. Hildebrandt et al.

SDSS vs WISHES

consistent on 
average



Testing photo-z’s

14

Looks fine at z<1

need comparisons
in deep fields with
high-z spec gals

H. Hildebrandt et al.



Status of Euclid

• launched on 2023 July 1st 

• with Falcon 9 Space X rocket



Early Release Observations

16

• first set of images released on Nov 7, 2023 
• Perseus Cluster of Galaxies (4 ROS)
• Spiral Galaxy IC342 (1 ROS)
• Irregular Galaxy NGC 6822 (1 ROS)
• Globular Cluster NGC 6397 (1 ROS)
• The Horsehead Nebula (1 ROS)
• (some additional clusters not included in this release)

• VIS + NISP (YJH) images, no spectrum
• fits images available for EC members
• public release in 2024

https://www.esa.int/Science_Exploration/Space_Science/Euclid/Euclid_s_first_images_the_dazzling_edge_of_darkness

ROS: standard 
      observing 
      block (70 min)

https://www.esa.int/Science_Exploration/Space_Science/Euclid/Euclid_s_first_images_the_dazzling_edge_of_darkness


Euclid survey region

DR1 region
(Dec ≳ 55 deg)

courtesy of J.-C. Cuillandre  



Latest schedule

2024 2025 2026 2027

survey
begins

Q1
internal
release

Q1 public
release

DR1
internal
release

DR1 public
release

Q2 public
release

18

(continue up to DR3)

Q2
internal
release

DR2
internal
release



Summary

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

• delay of progress of observations, extension 
requested and ongoing

• multiple-wavelength catalog being created 
and tested

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


