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Abstract

We present a seven-band (g, r, i, z, y, NB816, NB921) catalog derived from a Subaru Hyper Suprime-Cam (HSC)
imaging survey of the North Ecliptic Pole (NEP). The survey, known as HEROES, consists of 44 deg2 of
contiguous imaging reaching median 5σ depths of g: 26.5, r: 26.2, i: 25.7, z: 25.1, y: 23.9, NB816: 24.4, and
NB921: 24.4 mag. We reduced these data with the HSC pipeline software hscPipe, and produced a resulting
multiband catalog containing over 25 million objects. We provide the catalog in three formats: (1) a collection of
hscPipe format forced photometry catalogs, (2) a single combined catalog containing every object in that data
set with selected useful columns, and (3) a smaller variation of the combined catalog with only essential columns
for basic analysis or low-memory machines. The catalog uses all the available HSC data on the NEP and may serve
as the primary optical catalog for current and future NEP deep fields from instruments and observatories such as
SCUBA-2, eROSITA, Spitzer, Euclid, and JWST.

Unified Astronomy Thesaurus concepts: Catalogs (205); Galaxy counts (588); Surveys (1671); Observational
cosmology (1146)

1. Introduction

Since its first light in 2013, Hyper Suprime-Cam (HSC;
Miyazaki et al. 2018) on the Subaru 8.2 m Telescope has been
the premier wide-field optical imager on 6–10 m class
telescopes. The large collecting area of Subaru and the wide
field of view of HSC (1°.5) allow for the efficient observation of
both wide and deep surveys. The largest of these projects—the
HSC Subaru Strategic Program (HSC-SSP)—has fully mapped
670 deg2 of sky in grizy broadband filters and over 1470 deg2

in a partially observed (incomplete coverage in grizy) area
(Aihara et al. 2018, 2019, 2022). HSC-SSP has also produced
deep observations in the DEEP2-3, SXDS+XMM-LSS,
ELAIS-N1, and COSMOS fields totaling >30 deg2 of imaging
in grizy broadband filters, as well as NB387, NB816, and
NB921 narrowband filters, all at a 5σ depth >25 mag.

In 2015, given the enormous potential of HSC and its
available narrowband filters, we designed and began to execute
HEROES: the Hawaii EROsita Ecliptic pole Survey. Our goal
was to produce a survey of the North Ecliptic Pole (NEP) that
would match the filter coverage and imaging depths of the
HSC-SSP deep fields with a much wider contiguous area, as
well as complement the then-future deepest eROSITA X-ray
observations (Merloni et al. 2012).

In recent years, the NEP has become a major focus of a
number of ground- and space-based surveys and missions
spanning submillimeter to X-ray wavelengths. HEROES
provides complementary wide-field optical broadband and
narrowband data to these surveys.

At submillimeter wavelengths, the NEP has also been
extensively observed with SCUBA-2 on the James Clerk
Maxwell Telescope through the S2CLS (0.6 deg2, 850 μm;

Geach et al. 2017), NEPSC2 (2 deg2, 850 μm; Shim et al. 2020),
and S2TDF (0.087 deg2, 850 μm; Hyun et al. 2023) surveys.
HEROES will provide submillimeter studies with corresponding
optical data that may be used to find optical counterparts for
submillimeter bright sources. The combination of optical/NIR
and submillimeter flux may better constrain photometric
redshifts and spectral energy distribution fittings for the
determination of stellar mass, star formation rate, age, and dust
attenuation for such sources (e.g., McKay et al. 2023).
In the infrared, the NEP contains the Spitzer IRAC Dark Field

(Krick et al. 2008, 2009; Frost et al. 2009), as well as the
upcoming 20 deg2 Euclid Deep Field North (Amendola et al.
2013, 2018). HEROES will serve as a natural complement and
extension of these data sets into optical wavelengths, providing
broadband coverage from 0.4 to 0.8μm (when combined with
Spitzer/IRAC) and providing individual griz magnitudes to help
better complement the upcoming single 550–900 nm very-broad-
band Euclid/VIS observations and 0.92–2μm Euclid/NISP YJH
photometric and 1.1–2μm slitless spectroscopic observations
(Laureijs et al. 2011). The HEROES data will permit improved
SED fitting for Euclid-detected sources and ultimately provide a
more robust understanding of the properties of these objects.
In X-rays, the NEP is already home to the deepest eROSITA

X-ray observations (Merloni et al. 2012), and will contain the
future SPHEREx Deep North Field (Doré et al. 2016, 2018). For
these missions, HEROESmay provide insight into optical
properties of X-ray-detected active galactic nuclei including
photometric redshifts, as well as provide superior target astrometry
when compared to the X-ray measurements. For example, Radzom
et al. (2022) used Chandra data in conjunction with HSC data in
the SSA22 field to produce X-ray luminosity functions at redshifts
z= 0.2–4. With the combination of HEROES, eROSITA,
SPHEREx, and Euclid, this type of study could be replicated in
the NEP with >500× the survey area.
Moreover, HEROES and the NEP are especially important

for space-based observatories that orbit the Sun–Earth L2
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Lagrange point, as the NEP and the South Ecliptic Pole are
typically part of any such observatory’s continuous viewing
zone. As such, the NEP contains the aforementioned Spitzer
IRAC Dark Field, eROSITA Deep Field, upcoming Euclid
Deep Field North, and SPHEREx Deep Field North as well as
the JWST Time Domain Field (TDF; part of the PEARLS
project; Windhorst et al. 2017, 2023).

HEROES was initially reduced in 2017 using the Pan-
STARRS Image Processing Pipeline (Magnier et al.
2020a, 2020b). This version of HEROES had incomplete
coverage in the r and y bands at low R.A. pointings and did not
have the additional JWST TDF pointing (see Section 2 below).

HEROES is the largest contiguous HSC narrowband survey
to date. As such, we previously used the wide-field narrowband
coverage in the initial HEROES data set for studies of Lyα
emitters (LAEs) near the epoch of reionization at z= 5.7−6.6
(Songaila et al. 2018, 2022; Taylor et al. 2020, 2021), as well
as the development of a broadband selection technique for
emission-line galaxies (Rosenwasser et al. 2022).

In 2021, we completed the final HEROES observations.
Here we present the photometric catalog of the complete and
newly re-reduced version of HEROES, which also incorporates
all the archival HSC data on this field.

In Section 2, we describe the HSC data. In Section 3, we
summarize the data reduction and processing. In Section 4, we
present the final catalog and describe its format and availability.
In Section 5, we verify the catalog’s quality and measure its
depth in each filter. Finally, in Section 6, we demonstrate both
a z = 6.6 LAE sample selection and g-, r-, and i-band dropout
selections.

We assume ΩM= 0.3, ΩΛ= 0.7, and H0= 70 km s−1 Mpc−1

throughout. All magnitudes are given in the AB magnitude
system, where an AB magnitude is defined by =mAB
- -nf2.5 log 48.60. Here fν is the flux of the source in units of
erg cm−2 s−1 Hz−1.

2. Observations

We summarize the NEP HSC observations in Table 1 and
illustrate the pointing centers in Figure 1. Our HEROES
observations contributed 2574 targeted shots (a shot is a single
HSC exposure consisting of 112 mosaicked CCDs). We used a
hexagonal grid of 38 pointings separated by 1°.0 to balance
pointing overlap with the 1°.5 diameter HSC field of view
(see Figure 1). In our pointings, we used a six-point mosaic dither
pattern with one central shot and five shots evenly distributed

around a 2 0 radius circle centered on the central shot (see
Songaila et al. 2018, their Figure 1). In addition to our pointing
grid, we conducted observations at a specialized pointing with the
HSC-r2, HSC-z, and NB921 filters centered on the JWST TDF
(Windhorst et al. 2017, 2023). Our HEROES observations were
taken using the standard set of HSC broadband filters: HSC-g,
HSC-r2, HSC-i2, HSC-z, HSC-Y, and the NB816 and NB921
narrowband filters (hereafter referred to as g, r, i, z, y, NB816, and
NB921).
In addition to the HEROES NEP observations, the AKARI-

HSC survey (Oi et al. 2021, hereafter, AKARI) previously
observed 5.4 deg2 of the NEP in grizy broad bands to
complement the infrared coverage of the AKARI satellite
(Matsuhara et al. 2006; Murakami et al. 2007; Lee et al. 2009).
The Hawaii Two-0 (H20; Beck et al. 2020) survey also
combined parts of the HEROES raw data with new observations
to provide griz broadband coverage to complement the
upcoming Euclid Deep Field North (Amendola et al.
2013, 2018). We incorporated 181 archival shots in HSC g, z,
and y filters from the AKARI (Oi et al. 2021) and 305 archival
shots in g, r, i, and z filters from H20 (Beck et al. 2020) into our

Table 1
HSC Observations

Filtera HEROES H20 AKARI Total

Shots Hours Shots Hours Shots Hours Shots Hours

HSC-g 355 8.90 40 2.78 100 7.92 495 19.59
HSC-r2 208 9.02 60 3.33 L L 268 12.35
HSC-i2 452 16.80 100 6.14 L L 552 22.94
HSC-z 735 24.21 105 7.06 29 1.85 869 33.11
HSC-Y 241 10.78 L L 52 4.55 293 12.23
NB816 235 11.33 L L L L 235 11.33
NB921 348 20.86 L L L L 348 20.86

Total 2574 101.79 305 19.31 181 14.32 3060 135.42

Note.
a We refer to the HSC-g, HSC-r2, HSC-i2, HSC-z, and HSC-Y filters as g, r, i, z, and y, respectively, throughout this article.

Figure 1. Pointing centers and overlap for the HSC data in the NEP. Our
HEROES pointings are shown in blue, the H20 pointings in red, and the
AKARI pointings in green. Our pointing targeting the JWST TDF is shown in
yellow. Each of the pointings used either the HEROES dither pattern or
something similar (see Section 2). Color shading shows pointing overlaps but
does not explicitly indicate stacked imaging depth.
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present HEROES data reduction. All together, these observa-
tions cover 44 deg2 with full seven-band imaging.

3. Data Reduction

We processed the HEROES data set using the standard
procedure provided by the hscPipe pipeline version 8.4
(Bosch et al. 2018). We performed this processing on the
National Astronomical Observatory of Japan Large-scale Data
Analysis System computing cluster with access provided from
our 2021 September HSC observations. hscPipe is a
comprehensive pipeline for the reduction and processing of
HSC data that acts in five main steps: bias/dark/flat/fringe
processing, single-visit processing, moasicking, coadding
images, and multiband analysis. In each of these steps, we
used the default hscpipe parameters, unless noted below.

We assembled preprocessed bias/dark/flat/fringe data from
the HSC calibration data archive5 that matched all of the
science data filters and observing runs. We performed single-
visit processing (detrending, world coordinate system (WCS),
and photometric calibration) on all individual CCD frames (103
science frames per shot) using the pipeline defaults. In the
mosaicking step, we defined a custom tract and patch scheme.
A hscPipe tract is an area of sky over which images are
mosaicked and coadded with a common WCS solution. To
produce data products of manageable size, a tract is divided into a
grid of images called patches. We defined a single tract that
encompassed the entire data coverage, and we divided it into a grid
of 20× 14 patches, each measuring 10,200× 10,200 pixels to allow
for overlap between adjacent patches. We show the position of the
patches on the sky in Figure 2. We used the hscPipe Forward
Global Calibration Method to calibrate the data simultaneously in all
seven filters to Pan-STARRS photometry and astrometry.

We executed the standard imaging coadding routines for each
filter. We then ran the standard multiband analysis pipeline
procedures to combine the detected source catalogs across the
seven different filters for each patch and to perform forced
photometry on the resulting combined catalogs. After complet-
ing this step, we noticed that the coadded images at the edges of
the field included extrapolated background modeled pixels that
extended beyond the science-imaging coverage. These extra-
polated pixels resulted in erroneous measurements of object
fluxes during the multiband analysis step on our initial
processing run. To remedy this, we masked all pixels outside
of the science-imaging coverage. We reran the multiband
measurements after this manual change and confirmed that our
modification resolved the irregular photometric measurements.

4. The Catalog

We present the final HEROES catalog in three forms to best
provide the maximum amount of available information, as well
as convenient and manageable file sizes.

First, we provide the forced photometry output catalogs from
the multiband analysis step of hscPipe. These are organized
by filter and patch using the naming format forced_src-
{filter}-0-{patch}.fits. The columns of these FITS
tables are provided in the FITS headers and are summarized in
the hscPipe documentation6. These 1671 catalogs each

contain 239 columns and total 211 GB (compressed). While
these catalogs provide all of the available hscPipe forced
photometry information, they are sometimes inconvenient for
use in multifilter full-field studies and contain many columns
that are not useful for typical research applications.
We also provide two catalogs that each include all of the

objects in the data set and select columns from the
forced_src catalogs. The first catalog (HEROES_Ful-
l_Catalog.fits, 25,445,387 objects, 172 columns,
12.4 GB) contains all of the columns described in the Appendix
in Table 2. The second catalog (HEROES_Small_Catalog.
fits, 25,445,387 objects, 37 columns, 4.1 GB) is designed for
more basic analyses or for machines with less system memory
and only contains a subset of the full catalog’s columns. It
contains selected columns, as noted in the Appendix in Table 2.
In these catalogs, we converted forced_src fluxes to AB

magnitudes. To preserve the information for sources with negative
measured fluxes, we report these values as negative magnitudes.
For example; we report an object with a measured flux of
−3631× 10−11 Jy as an AB magnitude of−27.5. For objects that
do not have imaging coverage in a given filter, or lack measured
fluxes in a given filter, we report magnitudes of −99.
These data products are all publicly available at Harvard

Dataverse.7

5. Data Quality

We tested the processed data quality by calculating 2 0
diameter aperture magnitude depths across the field and in each
filter with two different methods. In our first method, we placed
100,000 apertures randomly in each patch (∼150 apertures per
arcmin2) and measured the flux in each aperture. We then
divided the patch into 100 subregions and analyzed the
apertures in each region separately. We used sigma clipping
to discard apertures that captured flux from field objects and
took the standard deviation of the flux measurements from the
remaining apertures. We converted this flux standard deviation
to a magnitude to produce a 1σ aperture magnitude depth,
which we then converted to a 5σ depth for the subregion by
subtracting 1.75 mag (-2.5 log 510 ). We report the overall
median 2 0 diameter aperture magnitude 5σ depths as g: 26.0,
r: 25.7, i: 25.2, z: 24.7, y: 23.7, NB816: 24.3, and NB921: 24.2.
In our second calculation method, we adopted the metho-

dology of Oi et al. (2021). Here, we divided the survey into
150× 150 subregions. In each subregion, we used the catalog-
provided fluxes and flux errors to select objects with a signal-
to-noise ratio (S/N) of ∼5 (5± 0.1). We then took the median
magnitude of this S/N ∼5 population as the 5σ depth for the
subregion. For this method, we report the overall median 2 0
diameter aperture magnitude 5σ depths as g: 26.5, r: 26.2, i:
25.7, z: 25.1, y: 23.9, NB816: 24.4, and NB921: 24.4, and we
show their variations across the field in Figure 3. We attribute
the 0.1–0.5 mag differences between the two methods to
potential pattern-noise effects or correlated variance that may
not be fully sampled by the measurement routines in
hscPipe, and/or to not fully cleaning contamination in the
aperture method. The two methods may bracket the true limits.
We tested the data quality by comparing the spatial number

density of sources as a function of magnitude against other
large surveys. To limit contaminating sources in our catalog for
these comparisons, we applied a number of cuts to the catalog.

5 https://www.naoj.org/Observing/Instruments/HSC/calib_data.html (last
accessed 2023 February 13).
6 https://hsc.mtk.nao.ac.jp/pipedoc/pipedoc_8_e/tutorial_e/schema_
multiband.html (last accessed 2023 February 13). 7 https://dataverse.harvard.edu/dataverse/heroes
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First, we required all catalog objects (both stars and galaxies) to
have the is_primary flag. This flag selects objects that are
not detected as blended composite objects. For each filter, we
also removed all objects with the flag {filter}_base_-
PixelFlags_flag_edge. This cut has two main effects:
First, it removes all sources that are outside of the science-
imaging coverage. Second, it removes bad sources near
saturated pixels (e.g., near diffraction spikes from bright stars).
After these cuts, we compared the area density of sources in our
catalog to the HSC COSMOS Deep/UltraDeep (D/UD)
catalog from HSC-SSP (10.0 deg2, Aihara et al. 2022) and
the Dark Energy Survey Year 3 GOLD catalog (DESY3; 5347
deg2; Sevilla-Noarbe et al. 2021; Hartley et al. 2022). We use
2 0 diameter aperture magnitudes from hscPipe for
HEROES and COSMOS, and we use “Single Object Fitted
Corrected” magnitudes for DESY3 (2 0 diameter aperture
magnitudes are not provided in the DESY3 GOLD catalog).
We show this comparison in Figure 4.

Across g, r, i, and z, HEROES (blue) shows excellent
agreement with COSMOS D/UD (red). The DESY3 GOLD
catalog appears to be slightly overdense in the bluer g and r
bands when compared to the other catalogs, but it shows good
agreement in the i and z bands. Differences between the
catalogs at the bright end are likely due to minor contamination
by bright stars and image artifacts, while differences between
the catalogs at the faint end are due to the different depths
between the surveys. From these comparisons, we conclude

that HEROES is consistent with other leading surveys that have
well-calibrated photometry and low contamination.
We further characterize the contamination rate in HEROES

through visual inspections of 1000 sources drawn randomly
from the filtered sample described above. In these inspections,
we inspect grizy thumbnails of the sources and look for
diffraction spikes, glints, halos, or other visual artifacts that are
detected as the source under inspection. Of the 1000 inspected
sources, we find that only 27 (2.7%± 0.5%) are impacted by
visual artifacts. In most cases, the artifacts are the unsaturated
tails of diffraction spikes or halo-like arcs from bright stars in
the field.

6. Sample Selections

Here we demonstrate as examples two different sample
selections using HEROES. These are the focus of our previous
and upcoming research projects.

6.1. Narrowband Selection of z∼ 6 LAEs

We used a previous reduction of the HEROES data for our
sample selections of z∼ 5 and z∼ 6 LAEs in Taylor et al.
(2020, 2021) and Songaila et al. (2022). We now repeat these
selections to verify the photometric consistency between the
two reductions.
Our selection criteria are as follows. First, we remove sources

with bad pixel, bright object, edge pixel, saturated center, cosmic-
ray, and interpolated center flags in the i, z, y, and NB921 filters.

Figure 2. Patch locations for the HSC data in the NEP. The bounding box of each patch is shown in black and labeled with its patch ID. The field-imaging coverage is
shown in the background in light gray shading.
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We then remove sources within 6 0 of any Gaia star with a Gaia
g magnitude less than 8. In Figure 5, we show 1% of the resulting
clean sample as black points. From this clean sample, we next
require strong detections (n921_detect=True, n921_base_
SdssCentroid_flag=False, n921_base_SdssShape_-
flag=False) in NB921 and 2σ nondetections ({filter}
_detect=False) with forced aperture magnitude uncertainties
greater than 0.5mag in the g, r, and i bands to enforce a strong
Lyman break blueward of the Lyα line. We select a narrowband
excess z − NB921 >1.3 mag. We also adopt the Σ parameter
from Sobral et al. (2013). This parameter characterizes the
significance of a narrowband excess above the uncertainties in the
NB921 and z source magnitudes and is given by

( )
( )

( ) s s
S =

-

+

- -

- -

1 10

10
, 1

z

z

0.4 NB921

0.4 27 NB921
NB921
2 2

where z and NB921 are the AB magnitudes of z and NB921,
σNB921 and σz are the average 1σ image count rate uncertainties
in 2 0 diameter apertures in NB921 and z, and 27 is the
magnitude zero-point of the imaging data. In our source
selection, we require Σ> 3. We show the resulting cut in
Figure 5 (blue curve).

We then visually inspect cutouts of the remaining sources in
stacked gri, z, y, and NB921 to reject sources with significant
contamination from an elevated background, glints, diffraction
spikes, transients, or other artifacts. This visual inspection is
also helpful in rejecting sources that are not detected in g, r, or i
separately but are visually identifiable in stacked gri cutouts.
For a narrowband selection targeting objects with z −
NB921 > 1.3 and NB921 < 24.25, the above cuts produced
a sample of 384 LAE candidates. After visual inspection, we
reduced this sample to 63 candidates that showed no hint of
emission in stacked and smoothed gri cutouts, had compact
morphologies, and were visually free of contamination. This
significant reduction in candidates through visual inspection is
primarily due to the ability of stacked gri cutouts to detect low-
redshift sources that do not show significant gri emission in

single-filter observations. Furthermore, narrowband excess and
Lyman-break samples are more susceptible to objects with
visual artifacts and contamination, as many forms of contam-
ination may artificially emulate the narrowband excess criteria
and nondetections in the bluer bands. Removing these sources
through stricter magnitude and color cuts may risk reducing the
sample completeness of the inherently rare bright z> 6 LAEs,
thus we use visual inspections to eliminate contaminating
objects to ensure that our samples remain both complete
and pure.
From these selection criteria (excluding the sources at

NB921< 24.25 that were not visually reinspected), we completely
recover the Taylor et al. (2020) and Songaila et al. (2022) samples
(shown in Figure 5 as red crosses) and identify additional
candidates for spectroscopic follow up (A. Songaila et al. 2023, in
preparation). These candidates and the recovered previous samples
are uniformly distributed across the survey field with no obvious
visual clustering or gradient beyond minor correlations with the
imaging depth.

6.2. Broadband Selection of Dropout Galaxies

In order to further test the quality and science potential of the
data set, we also demonstrate a broadband dropout selection
using the selection criteria and color–color cuts from Ono et al.
(2018). In their study, “GOLDRUSH,” they selected z∼ 4, 5,
6, 7 galaxies using the dropout method with the UltraDeep,
Deep, and Wide fields from HSC-SSP. These fields total
102.7 deg2 in combined area, with the largest field (W-XMM)
providing 28.5 deg2 of coverage. We are currently working on
a full comparison with the GOLDRUSH luminosity functions
and clustering analysis (Harikane et al. 2018), and we
summarize the preliminary galaxy selection results below.
As both the HEROES and HSC-SSP catalogs are produced

by hscpipe, it is simple to adopt the Ono et al. (2018)
selection criteria from their Table 2. In brief, they first required
sources to have no bad pixel, bright object, edge pixel,
saturated center, cosmic-ray, or interpolated center flags in

Figure 3. 5σ detection limits for each filter across the survey field from the Oi et al. (2021) method. Note the depth increases in the centers of the g, r, i, z, y imaging
from the overlapping archival data and the significant depth increases in r, z, and NB921 near the JWST TDF (R.A. 17:22:47.896, decl. +65:49:21.54) from our
additional targeted pointing.
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grizy. For each sample of g, r, i, and z dropouts, they required
nondetections in filters blueward of the dropout filter and
strong detections in filters redward of the dropout filter. They
then adopted color–color cuts from Hildebrandt et al. (2009)
(see Ono et al. 2018, Equations 1–10) to produce their initial
dropout selections. We adopt the same cuts and show the
color–color criteria and our results in Figure 6.
In each panel of Figure 6, we show a subset of the sources

that pass the above-described quality cuts as black points, and
those that also pass the color–color dropout cuts as red points.
For g, r, and i dropouts, we find 295,129, 18,607, and 124
galaxies, respectively. This corresponds to g: 6700, r: 420, and
i: 2.8 dropouts deg−2. These surface densities are comparable
to the densities from Ono et al. (2018) of g: 5300, r: 380, i: 5.2
deg−2, and we attribute the offsets to differences in imaging
depth and Poisson statistics.
The surface densities of all three classes of dropouts are

roughly uniform, with differences of no more than a factor of 2
over the HEROES field due primarily to differences in imaging
depth both between bands and across the field. We will refine
these selections and compare our resulting luminosity functions

Figure 4. Area density of sources in the g, r, i, and z bands as a function of magnitude from HEROES (blue, 2″ diameter aperture magnitudes), COSMOS D/UD (red,
2″ diameter aperture magnitudes, Aihara et al. 2022), and the DESY3 GOLD catalog (green, single-object-fitted magnitudes, Sevilla-Noarbe et al. 2021; Hartley
et al. 2022). While the DESY3 catalog appears to be slightly overdense in the g and r bands, HEROES shows strong agreement with the area densities from COSMOS
D/UD in all four bands and DESY3 in i and z.

Figure 5. Color excess vs. magnitude diagram for z ∼ 6.6 LAEs in HEROES.
The black points are 1% of the HEROES catalog that pass our initial source
quality cuts. The blue curve is the narrowband excess significance cut (Sobral
et al. 2013), and the dashed black line is the narrowband excess cut. The red
crosses are the spectroscopically confirmed z ∼ 6.6 LAEs from Taylor et al.
(2020) and Songaila et al. (2022).
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and galaxy–galaxy angular correlation functions to the GOLD-
RUSH sample in A. J. Taylor et al. (2023, in preparation).

7. Summary

We present the complete photometric catalog from HER-
OES: a 44 deg2 Subaru/HSC imaging survey of the NEP in
grizy broad bands and NB816+NB921 narrow bands. The
catalog contains 25.4 million objects and is available in patch
by patch, filter by filter hscpipe forced_src format, as
well as in two combined catalogs with selected columns.

HEROES has enormous potential due to its overlap with
other legacy, current, and future missions and surveys (e.g.,
AKARI, eROSITA, H20, S2CLS, NEPSC2, Spitzer, Euclid,
JWST TDF). Outside of these complementary data sets, we are
using HEROES to produce luminosity functions and angular
correlation functions for z∼ 3–7 dropout galaxies, as well as
continuing to search for LAEs near the epoch of reionization.
We hope this public catalog release will enable new studies of
galaxy evolution across cosmic time and provide complemen-
tary optical data for upcoming NEP surveys.
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Appendix

Here we show the combined catalog columns and descrip-
tions in Table 2.

Figure 6. Left: 1% of the objects that passed the quality cuts but not the g-dropout color–color cuts (black points), and 1% of the objects that also passed the g-dropout
color–color cuts (red points). Center: 1% of the objects that passed the quality cuts but not the r-dropout color–color cuts (black points), and 10% of the objects that
also passed the r-dropout color–color cuts (red points). Right: 1% of the objects that passed the quality cuts but not the i-dropout color–color cuts (black points), and
100% of the objects that also passed the i-dropout color–color cuts (red points).
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Table 2
Catalog Columns

Column Unit Type Small Catalog Description

id L int64 yes hscPipe-assigned unique ID number
R.A. deg float64 yes R.A. (J2000)
decl. deg float64 yes Decl. (J2000)
patch L string yes Patch id
x pixel float32 yes x pixel location in mosaic
y pixel float32 yes y pixel location in mosaic
xx pixels2 float32 yes xx pixel second moment
yy pixels2 float32 yes yy pixel second moment
xy pixels2 float32 yes xy pixel second moment
is_primary L bool no Object is not a blended object
num_children L float32 no Number of deblended child objects
{g|r|i|z|y|n816|n921}_ap2(err) mag float32 yes {g|r|i|z|y|n816|n921} 2 diameter aperture magnitude

(error)
{g|r|i|z|y|n816|n921}_ap3(err) mag float32 no {g|r|i|z|y|n816|n921} 3 diameter aperture magnitude

(error)
{g|r|i|z|y|n816|n921}_ap4(err) mag float32 no {g|r|i|z|y|n816|n921} 4 diameter aperture magnitude

(error)
{g|r|i|z|y|n816|n921}_bkg(err) mag float32 no {g|r|i|z|y|n816|n921} background magnitude (error)
{g|r|i|z|y|n816|n921}_kron(err) mag float32 yes {g|r|i|z|y|n816|n921} Kron magnitude (error)
{g|r|i|z|y|n816|n921}_cmodel(err) mag float32 no {g|r|i|z|y|n816|n921} CModel magnitude (error)
{g|r|i|z|y|n816|n921}_blendedness L float32 no {g|r|i|z|y|n816|n921} hscPipe blendedness factor
{g|r|i|z|y|n816|n921}_detect L bool no Detected in {g|r|i|z|y|n816|n921}
{g|r|i|z|y|n816|n921}_base_SdssCentroid_flag L bool no {g|r|i|z|y|n816|n921} centroid-fitting error flag
{g|r|i|z|y|n816|n921}_base_SdssShape_flag L bool no {g|r|i|z|y|n816|n921} shape-fitting error flag
{g|r|i|z|y|n816|n921}_base_PixelFlags_flag_edge L bool no Object at edge of {g|r|i|z|y|n816|n921} imaging
{g|r|i|z|y|n816|n921}_base_PixelFlags_flag_bad L bool no Bad pixel in {g|r|i|z|y|n816|n921}
{g|r|i|z|y|n816|n921}_base_PixelFlags_flag_interpolatedCenter L bool no Interpolated pixel in {g|r|i|z|y|n816|n921}
{g|r|i|z|y|n816|n921}_base_PixelFlags_flag_saturatedCenter L bool no Saturated pixel in {g|r|i|z|y|n816|n921}
{g|r|i|z|y|n816|n921}_base_PixelFlags_flag_crCenter L bool no Cosmic-ray pixel in {g|r|i|z|y|n816|n921}
{g|r|i|z|y|n816|n921}_base_PixelFlags_flag_bright_object L bool no Near bright object in {g|r|i|z|y|n816|n921}
{g|r|i|z|y|n816|n921}_modelfit_CModel_flag L bool no CModel fitting failed in {g|r|i|z|y|n816|n921}
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