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ABSTRACT

We present the Merian Survey, an optical imaging survey optimized for studying the physical prop-
erties of bright star-forming dwarf galaxies. Merian is carried out with two medium-band filters (V708
and N540, centered at 708 and 540 nm), custom-built for the Dark Energy Camera (DECam) on the
Blanco telescope. Merian covers ~ 750 deg® of equatorial fields, overlapping with the Hyper Suprime-
Cam Subaru Strategic Program (HSC-SSP) wide, deep, and ultra-deep fields. When combined with the
HSC-SSP imaging data (grizy), the new Merian DECam medium-band imaging allows for photometric
redshift measurements via the detection of Ha and [O111] line emission flux excess in the N708 and
N540 filters, respectively, at 0.06 < z < 0.10. We present an overview of the survey design, obser-
vations taken to date, data reduction using the LSST Science Pipelines, including aperture-matched
photometry for accurate galaxy colors, and a description of the data included in the first data release
(DR1). The key science goals of Merian include: probing the dark matter halos of dwarf galaxies out
to their virial radii using high signal-to-noise weak lensing profile measurements, decoupling the effects
of baryonic processes from dark matter, and understanding the role of black holes in dwarf galaxy
evolution. This rich dataset will also offer unique opportunities for studying extremely metal-poor
galaxies via their strong [O111] emission and Hea lines, as well as [O11] emitters at z ~ 0.4, and Ly«
emitters at z ~ 3.3 and z ~ 4.8. Merian showcases the power of utilizing narrow and medium-band
filters alongside broad-band filters for sky imaging, demonstrating their synergistic capacity to unveil
astrophysical insights across diverse astrophysical phenomena.
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1. INTRODUCTION

Ever since the commissioning of the Sloan Digital
Sky Survey (SDSS; Gunn et al. 1998), digital wide-field
imaging surveys have been instrumental in advancing
various astrophysical domains (e.g., Gwyn 2012; de Jong
et al. 2013; Chambers et al. 2016; Dark Energy Survey
Collaboration et al. 2016). Such surveys have greatly
enriched our understanding of the universe by gener-
ating detailed sky maps that sample large numbers of
astronomical objects. They have contributed to a wide
range of astronomical studies, from the origins of our
universe through the formation of extrasolar planets.
Now, we are embarking on the next generation of wide-
field imaging surveys, utilizing increasingly larger tele-
scopes to explore ever-expanding areas of the sky with
unprecedented detail and precision. The Rubin Observa-
tory (Ivezié¢ et al. 2019) will soon commence its ten-year
Legacy Survey of Space and Time (LSST), conducting
an extensive and deep survey over a vast expanse of the
sky using the 8.4-meter Simonyi Survey Telescope.

Many wide-field imaging surveys have traditionally
relied on broad-band filters. However, integrating nar-
row and medium-band imaging alongside these surveys
is increasingly recognized for its potential benefits, as
recently demonstrated by several pioneering surveys.
Narrow-band filters, for instance, enable precise obser-
vations of specific emission lines from galaxies, shedding
light on their ionization states (e.g., Lee et al. 2009; Ai-
hara et al. 2018; Ouchi et al. 2018) and star formation
fueling (e.g., Lokhorst et al. 2022). They are also utilized
in chemical composition studies via their stellar absorp-
tion features (e.g., Stromgren 1966; Eggen 1976; Richtler
1989; Starkenburg et al. 2017; Chiti et al. 2020; Fu et al.
2023). Meanwhile, medium-band filters offer enhanced
spectral resolution, allowing for more accurate photo-
metric redshift measurements and detailed characteri-
zation of distant galaxies (e.g., Wolf et al. 2003; Ilbert
et al. 2009; Whitaker et al. 2011; Padilla et al. 2019).
Nevertheless, a persistent challenge remains the limited
sky coverage typically associated with traditional nar-
row and medium-band imaging surveys.

Here, we introduce the Merian Survey, a novel
medium-band survey to augment the deep, wide-field
multi-broad-band (grizy) imaging from the Hyper
Suprime-Cam Subaru Strategic Program (HSC-SSP), a
public imaging dataset obtained with the 8.2-meter Sub-
aru telescope (Aihara et al. 2018). The Merian Survey
adds new imaging of the same area using two custom-
made medium-band filters (Luo et al. 2024) mounted

on the Blanco/Dark Energy Camera (DECam; Flaugher
et al. 2015). Merian addresses a limitation of current
wide-field spectroscopic surveys by enabling the acqui-
sition of a large statistical sample of bright star-forming
dwarf galaxies with accurate photometric redshifts (Fig-
ure 1) and spatially resolved information (Figures 12 and
13). Tts primary scientific objectives include measuring
halo masses of dwarfs through galaxy-galaxy lensing and
clustering (Leauthaud et al. 2020), as well as obtaining
detailed measurements of dwarf galaxy structures and
star formation rates in a mass range where feedback and
other baryonic processes play crucial but poorly under-
stood roles. The innovative approach has the potential
to advance understanding of a broad range of astrophys-
ical phenomena.

The technical lessons learned from the Merian Survey
will be readily transferrable to future wide-field imaging
surveys like LSST, Roman (Green et al. 2012; Spergel
et al. 2015; Akeson et al. 2019), and Euclid (Laureijs
et al. 2011; Euclid Collaboration et al. 2024). These
lessons include strategies for combining data from differ-
ent telescopes and the demonstrated power of medium-
band filters in large-scale imaging surveys. By paving
the way for such endeavors, we hope that Merian could
serve not only as a significant scientific effort in its own
right but also as a crucial precursor to future advance-
ments in observational astronomy.

An outline of the paper is as follows. The paper be-
gins with a description of the principles guiding the sur-
vey design, particularly the Merian filters’ characteris-
tics, the survey fields, and the required depth (Section
2). In Section 3, we introduce the observation strategy,
present the first data release (DR1) of the survey, and
provide an overview of the observations. This is followed
by descriptions of the data reduction in Section 4 and
the photometric catalogs in Section 5. In Section 6 we
outline our key science objectives and we summarize in
Section 7.

2. SURVEY DESIGN
2.1. Survey Design Principles

The Merian survey combines the publicly available
dataset from the HSC-SSP survey, a wide-field broad-
band (grizy; Figures 1,2) imaging survey with the Sub-
aru 8.2-meter telescope (Aihara et al. 2018), with ded-
icated imaging taken with DECam on the Victor M.
Blanco 4-m Telescope using a set of custom-designed
medium-band filters, N708, and N540, to cover the
Ha/6563A and [O111]/5007A lines at 0.06 < z < 0.10.
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Figure 1. Left panels: Spectrum of a star-forming dwarf galaxy at

z = 0.086 from SDSS (black), overlaid with the HSC broad

bands (upper left panel) and with the addition of the Merian medium bands (lower left panel). Photometry from the two Merian
medium band filters, N708 and N540 (Luo et al. 2024), when added to the photometry from the five HSC broad bands, grizy,
provides a significant improvement in our ability to recover the redshift of dwarfs. The right panels show the redshift accuracy
when using just the five-band HSC photometry (upper right panel) compared to the full seven-band photometry when the two

Merian bands are added (lower right panel).

This section outlines the criteria guiding the survey de-
sign regarding the selected redshift range, area, and tar-
get stellar mass range.

Sensitivity. The depth of the HSC-SSP broad-band
images sets the lowest achievable limiting stellar mass.
Based on studies of typical dwarfs in the Local Volume
(D < 10Mpc), a stellar mass of M, = 10% M, corre-
sponds to an effective surface brightness brighter than
e,y = 26 mag arcsec™2 (e.g., Danieli et al. 2018; Carl-
sten et al. 2021, 2022). The Wide layer of the HSC-SSP
covers 1100deg? and based on the third data release
from this program (PDR3; Aihara et al. 2022), it reaches
a full depth of m, ~ 26mag at 50 in all five broad-
band filters (grizy). Li et al. (2023) performed a large
suite of image simulations to derive the completeness of
the HSC-SSP Wide layer images from the Public Data
Release 2 (PDR2, also known as S18A; Aihara et al.
2018). They find > 70% completeness for galaxies with
eft,g < 26.5magarcsec™? (see also Greco et al. 2018).
By performing similar fake galaxy injection simulations,
Leauthaud et al. (2020) estimated that the HSC-SSP
Wide layer is mass complete to log(M, jim/Me) = 7.3
out to z = 0.1 and to log(M, 1im/Mg) = 8.1 out to
z=0.3.

Sample Size/Volume. The scientific specification that
places the most stringent requirement on the Merian
sample size is the number of dwarfs needed to measure

the lensing signal via weak (galaxy-galaxy) gravitational
lensing. Leauthaud et al. (2020) computed the predicted
amplitude of the galaxy-galaxy lensing (AY) for dwarfs
in the HSC-SSP Wide layer, assuming an observed area
of 1000 deg?, within the redshift range 0 < z < 0.25. For
galaxies in two narrow (AM, = 0.2dex) mass bins cen-
tered around log(M,/Mg) = 8 and log(M,./Mg) = 9,
the predicted S/N at r < 500kpc is 37 and 46, respec-
tively. In the one-halo regime (Ragom ), the predicted S/N
for log(M,/Mg) = 8 and log(M,/Mg) = 9 is 8 and
15. Thus, measurements of the one and two-halo terms
for dwarf galaxies could be obtained by surveying an
equivalent volume with HSC-SSP. The combination of
sensitivity and volume, as required by the lensing S/N,
will also support our secondary objective of compre-
hensively exploring dwarfs’ key properties, encompass-
ing stellar masses, sizes, star formation rates, down to
M, ~ 108 M. By sampling the parameter space of these
properties both extensively (thanks to the large sample
size) and in a well-described manner (through medium-
band selection on line emission strength), our approach
meets the technical specifications needed to measure the
lensing sample from dwarf stellar masses while also pro-
viding a large, sensitive, and spatially resolved sample of
line emitters in our redshift range. Specifically, it enables
the exploration of covariance among these key parame-
ters while controlling for stellar mass.
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Figure 2. Throughput curves of the N540 (green) and N708 (red) medium-band filters customized for the Merian survey (Luo
et al. 2024), alongside the HSC grizy broad-band filters (black) used in the HSC-SSP survey (Aihara et al. 2018). The shaded
bands in the top panel indicate the redshift range in which rest-frame optical spectral lines of He, [O111], [O11] and Ly« fall

within the two Merian filters.

Redshifts. Accurate (but not necessarily precise)
galaxy redshifts are key to our broad Merian science
goals in lensing, baryonic processes, and beyond. In
Luo et al. (2024), we inferred the photometric redshifts
of galaxies in the COSMOS field (m, < 24mag) us-
ing the grizy HSC-SSP photometry alone and com-
pared them to the photometric redshifts obtained us-
ing the 30-band COSMOS catalog (Laigle et al. 2016).
At z < 0.1, the five-band HSC-SSP photometry yields
a redshift accuracy of oa./(142) ~ 0.5 and a complete-
ness and purity of 48% and 12%, respectively, that is
unacceptable for most science cases. As shown in Luo
et al. (2024) using image simulations, adding the N708
and N540 photometry improves the photometric red-
shift accuracy to oa./(142) ~ 0.01, with 89% complete-
ness and 90% purity at z < 0.1. Figure 1 demonstrates
the power of incorporating the Merian medium-band fil-
ters alongside the five HSC-SSP broad bands, compared
to using the broad-band photometry alone. The N540
and N708 filters capture the [O111] and Ha emission
lines, respectively. Adding these medium-band filters en-
hances the redshift accuracy by an order of magnitude
to oAz (142) ~ 1 — 2%, enabling substantially more pre-
cise measurements of galaxy properties and their envi-
ronments. This redshift accuracy and precision level is

sufficient for achieving our science goals, ensuring reli-
able measurements for our primary objectives.

2.2. Filter Design and Characteristics

We introduced the custom-designed filter set for the
DECam on the 4-meter Victor M. Blanco telescope at
the Cerro Tololo Inter-American Observatory in a ded-
icated Merian filter design paper (Luo et al. 2024). We
briefly recount the design specifications here for the
reader’s convenience and completeness.

The dual filter system comprises two medium-band
filters: the N540 filter centered at A\. = 5400A and
AN = 210A, and the N708 filter at \. = 7080A with
a width of AN = 275A, and , as shown in Figure
2. The filters detect rest-frame [O11] and Ha emis-
sion, respectively, from galaxies at a redshift window of
0.06 < z < 0.10. The central wavelength and bandwidth
were tuned for Merian’s flagship weak lensing analysis
for dwarf galaxies. The primary objective of the dual
filter approach is to measure photometric redshifts and
remove high redshift interlopers. Accordingly, three sep-
arate requirements were taken into account when design-
ing the filters: (1) Achieving a low outlier fraction (n),
driven by high sample completeness and the accuracy
of the photometric redshifts; (2) Attaining a high S/N
measurement of the galaxy-galaxy lensing signal, which
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directly depends on the number of lens dwarf galaxies;
(3) Avoiding strong skylines.

To balance all of these requirements, in Luo et al.
(2024), we performed image simulations to assess a wide
set of potential filter designs for the Ha filter, character-
ized by the central wavelength, A\. and filter bandwidth,
AM\. These simulations were constructed to predict the
ability of the filters to detect Hoa and [O111] emission
lines from bright dwarfs, and to quantify the survey’s ex-
pected photometric redshift accuracy and precision. In
short, the full survey was forward-modeled for a range
of [A¢,A)] pairs, spanning a filter central wavelength, A,
that corresponds to Ha at 0.02 < z < 0.2 and a filter
width, AX ranging from 100A to 400A. The design for
the first Merian medium-band filter (N708), targeting
Ho emission, was selected to be centered on A\, = 7080A
with AX = 275A, corresponding to 0.057 < z < 0.103,
following optimization for the lensing S/N and the num-
ber of dwarfs in the final sample (see Figure 6 in Luo
et al. 2024). The second Merian medium-band filter
(N540) was matched to the N708 filter design, prob-
ing [O111] emission within the same redshift range but
also avoiding a strong sky emission line at 5580A. The
N540 filter is centered on A, = 5400A with AX = 210A.

The two Merian medium-band filters, N708 and
N540, were fabricated by Asahi Spectra Ltd! in 2020-
2021 and they have a size of 620 mm in diameter and
14 mm in thickness. The central wavelengths of both
filters were measured by Asahi at 49 different loca-
tions with 0.5 nm resolution to characterize their uni-
formity. For N708 and N540, the uniformity of the cen-
tral wavelength exhibited a peak-to-valley (p-v) vari-
ation of 1.9nm (0.27% of the nominal central wave-
length) and 1.9nm (0.2% of the nominal central wave-
length), respectively. The FWHMs at those 49 locations
were measured to be 27.7nm + 0.6nm for N708 and
21.1nm + 0.1 nm for N540. The throughput curves of
the two medium-band filters are shown in Figure 2, along
with the curves for the HSC broad-band filters. These
N708 and N540 throughput curves were generated by
averaging the transmission curves measured by Asahi at
the 49 different locations on the filters, and by multiply-
ing them with the CCD quantum efficiency, telescope
M1 and corrector response curve, and theoretical atmo-
spheric throughput models.

2.3. Survey Fields

The Merian Survey consists of a wide layer and
a deep layer (Merian-Wide and Merian-Deep, respec-

L https://www.asahi-spectra.com/

tively). Merian-Wide targets celestial equatorial fields
that were part of the HSC-SSP Wide layer, to enhance
scientific synergy with the HSC-SSP broad-band imag-
ing and other publicly available spectroscopic surveys
(e.g., GAMA and SDSS). It includes two large, con-
tiguous regions with a combined area of approximately
750 deg®. The top panel of Figure 3 shows the final sur-
vey footprint in gray, including the fall equatorial fields
that overlap with the GAMA (Driver et al. 2011) and
COSMOS (Scoville et al. 2007) fields, and the spring
equatorial fields that overlap with the VVDS (Le Fevre
et al. 2013), XMM-LSS (Pierre et al. 2016), and SXDS
fields (Furusawa et al. 2008).

Merian-Deep covers a single pointing (~ 2deg?) in
the extragalactic COSMOS field, centered at a =
10M00™2856, 6 = +02°12™21° (J2000). With a total ob-
serving time approximately x10 longer than the nomi-
nal Merian-Wide total observing time, Merian-Deep is
used for characterizing the selection function and test-
ing photometric measurements and shape systematics
within Merian-Wide. Furthermore, it stands as a sepa-
rate high-quality dataset complementing the extensive
array of publicly available deep, multi-wavelength imag-
ing and spectroscopic observations within the COSMOS
field (e.g., Laigle et al. 2016; Weaver et al. 2022).

3. OBSERVATIONS
3.1. Observing Strategy

The Merian observations in the two optical medium
bands (N708 and N540) were carried out with the
DECam on Blanco (Flaugher et al. 2015). DECam
has a mosaicked focal plane comprised of 62 CCDs
for imaging, with a total 3.18deg?® field of view. As
such, wide-field imaging with DECam must consider the
gaps between individual CCDs when designing a sur-
vey tiling and dither pattern. For Merian-Wide point-
ing layouts, we have adopted a tiling pattern similar
to that used by the DECam Legacy Survey (DECaLS;
Burleigh et al. 2020), which employs the precomputed
icosahedral arrangements of Hardin et al. (2012), uni-
formly covering a sphere with Nies = 15,872, We
have used a four-pass strategy, consisting of four inde-
pendent tilings, each offset from the others by a fixed
amount. Each of the three subsequent passes employs
the same tiling configuration as the initial pass, with
each pass shifted by a fixed amount in both right ascen-
sion (ARA) and declination (ADec). Specifically, these
offsets are [—0.2917,0.0833] deg, [—0.5861,0.1333] deg,
and [—0.8805, 0.1833] deg, respectively (DECaLS used a
similar basic tiling strategy and offsets with three passes
compared to the four passes we implement here). Our
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Figure 3. Spring (top panels) and Fall (bottom panels) pointings observed by the Merian Survey. Red and green regions
correspond to Merian-Wide pointings observed with the N708 and N540 medium-band filters, respectively, which are included
in DR1. The gray regions outline the footprint of the final survey coverage.

tiling strategy for Merian-Wide is shown in the left panel
of Figure 4.

For Merian-Deep, we adopted a modified version of the
HSC-SSP deep and ultra-deep dither pattern (Aihara
et al. 2018). We chose a fiducial pointing centered on
the COSMOS field. All subsequent pointings were offset
from this fiducial pointing by a radial angular separation
of 4.8" and an evenly spaced azimuthal offset such that
the pointings are distributed uniformly azimuthally. To
avoid any persistent chip gap alignments with this strat-
egy, we then applied an additional random offset in both
right ascension and declination drawn from a uniform
distribution bounded at Ax = U[-7.5",7.5], where Az
is the offset in RA and Dec. The right panel of Figure
4 shows the dithering pattern of the Merian-Deep layer
where 41 exposures are taken with each of the N708 and
N 540 filters.

3.2. Observations

The Merian survey was originally awarded 62 nights of
Blanco/DECam observations with the two custom-made
N708 and N540 filters. To date, 84 nights have been al-
located to the project, compensating for time lost owing
to adverse weather conditions or instrumentation issues.
We obtained the first Merian exposures in March 2021,
and observations concluded in August 2024. In Figure

3, we show the final pointings in gray and the point-
ings included in the first data release (data release 1;
DR1) in red (N708) and green (N540). The observa-
tions included in the survey’s first data release DR1 are
also summarized in Table 1. All primary survey fields
(Merian-Wide) were observed using both filters, with ex-
posure times of 600 sec for N708 and 900 sec for N540.

We employ the “effective exposure time” notion,
which unfolded as part of the Dark Energy Survey (DES;
Dark Energy Survey Collaboration et al. 2016), to de-
termine the effective depth of each exposure. For every
exposure, we calculate the effective exposure time ratio,
7, defined as?:

) —1
T:nz<ﬂ> ( b ) Y
FWHM anonical bdark

where 7 is the atmospheric transmission (with a canon-
ical value of n = 1), FWHM is the seeing measured as
a point spread function (PSF) full width at half maxi-
mum (with a canonical value of FWHM_anonical = 17),
b is the measured sky brightness, and bg..k is the sky
brightness representative of zenith dark sky. This fac-

2 https://lss.fnal.gov/archive/test-tm/2000/
fermilab-tm-2610-ae-cd.pdf
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Merian-Wide Four-Pass Dither Pattern

Merian-Deep Dither Pattern
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Figure 4. Dither pattern for the Merian survey. In Merian-Wide (left), the survey footprint is covered with four-pass tilings
with each tiling pattern offset from the previous one. The left panel shows a region of sky (6 x 6deg2) covered with the Pass 1
tiling and a full four-pass coverage for a single pointing at the center, demonstrating the full depth. This pattern covers at least
98% of the pointings with four exposures. In Merian-Deep (right), the COSMOS field is observed with 41 dithered exposures
offset from a fiducial pointing (red X mark) centered at o = 10"00™2836 by a radial angular separation of 4.8" and evenly spaced
azimuthal offset and an additional random offset in both right ascension and declination drawn from a uniform distribution.

tor 7 is then used to calculate an effective exposure
time, tog, by scaling the open shutter exposure time,
lexp, such that teg = Ttexp. We use FWHMecanonical 0f 1”7
and canonical sky brightness values of 21.0 mag arcsec ™2
and 22.1 magarcsec™2 for the N708 and N540 filters,
respectively. We use the copilot software (Burleigh
et al. 2020) to measure the seeing, transparency, and
sky brightness. The effective exposure time fog is uti-
lized twice during the observations. Initially, it is used
in real-time to decide whether to proceed with the pri-
mary Merian program (requiring teg > 200 sec for N708
and te > 300sec for N540) or switch to the backup
program (see §3.4). Additionally, t.¢ values are assessed
after the fact to determine if pointing is complete or if
it needs to be revisited in a subsequent run.

In Figure 5, we show the 50 point source depth for sin-
gle N708 exposures as a function of their computed teg.
tesr spans a wide range of values between ~ 50 to 1000 sec
for a fixed exposure time of texp, = 600sec. As expected,
the point source depth increases as a function of in-
creasing teg. Single N708 exposures with te.g < 200 sec
are retaken. Figure 6 shows the teg maps for all fields
in both Merian filters, displaying the final survey foot-
print in the upper panels and the DR1 coverage in
the lower panels. Darker regions represent the deep-
est data (highest tog with Depth=1 corresponding to
et > 2400sec for N708 and e > 3600sec for N540).

Figure 7 presents the distribution of teg normalized by
the nominal exposure time for the two filters (left) and
the PSF FWHM distribution (right), all based on the
Merian-Wide DR1 observations. With t.g¢ in hand, we
generate a Hierarchical Equal Area isoLatitude Pixeliza-
tion (HEALPix; Gorski et al. 2005) projection map for
DRI1. The HEALPix mask includes regions with data in
all seven bands (grizyN540N708; full color) and with
ter > 1200sec for N708 and > 1800sec for IN540, de-
fined as full depth. The full-color (FC) area of the survey
is ~ 733 deg® with a full color-full depth (FCFD) area
of ~ 584 deg?. DR1 has an FC area of 320 deg® and an
FCFD of 234 deg®.

3.3. Spectroscopic Observations

In addition to the main imaging campaign, there is
also an ongoing spectroscopic effort to calibrate and val-
idate the accuracy of the seven-band photometric red-
shifts. We first compiled and vetted existing spectro-
scopic data from two publicly available surveys, SDSS
and GAMA. We additionally acquired new spectroscopic
data for potential in-band low-mass galaxies in the ex-
tragalactic COSMOS field. We selected galaxies with
7.5 < log(M,/Mg) < 9.5 and z < 0.25 from the COS-
MOS2015 catalog (Laigle et al. 2016) as our primary
spectroscopic targets. We also included a sample of Ly«
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Table 1. Observations to Date

Data Release 1

Observing Block Dates # of Nights Observed Filters Fields
March 2021 6 NT708 COSMOS, GAMA
September 2021 — January 2022 15 N708, N540 XXM, VVDS, SXDS
February 2022 — March 2022 12 N708, N540 GAMA
Post DR1 Observations
Observing Block Dates # of Nights Observed Filters Fields
September 2022 — October 2022 6.5 N708, N540 XXM, VVDS, SXDS
March 2023 — May 2023 18 N708, N540 GAMA
August 2023 — November 2023 17 N708, N540 XXM, VVDS, SXDS
April 2024 6.5 N708, N540 GAMA
August 2024 3 N708, N540 XXM, VVDS

emitter candidates at z ~ 3.4 and z ~ 4.8 selected via
their V540 and N708 flux excess, respectively.

We obtained spectroscopic data with the wide-field
multislit Inamori-Magellan Areal Camera and Spectro-
graph (IMACS; Dressler et al. 2006) on the Magellan
Baade Telescope through a sequence of observational
programs (PIs: T.Li & S.Danieli) from January 2020
to February 2022. We used the f/2 camera on IMACS
to maximize the field of view and the 200 line/mm
grism combined with the GG495 blocking filter to cover
the wavelengths from 5000 to 9000A. Overall, we ob-
served 8 slitmasks with 1.0 arcsec slit width and ~ 3
hours of exposure per mask. We also obtained data with
the Deep Extragalactic Imaging Multi-Object Spectro-

graph (DEIMOS; Faber et al. 2003) on the Keck-II
telescope between February 2022 and March 2023 (PI:
A Leauthaud, PI: E.Kado-Fong). Two different grat-
ings were used for the Keck/DEIMOS programs. The
600ZD grating provides a wide wavelength coverage from
4500 to 9600A and a spectral resolution of R~2000.
The 1200G grating covers the wavelengths from 5700
to 8300A, with a higher spectral resolution (R~4000).
We observed 13 slitmasks with the 1200G grating and
12 slitmasks with the 600ZD grating with 1.0 arcsec slit
width and 1 hour of exposure per mask. In addition
to the Magellan/IMACS and Keck/DEIMOS observa-
tions, we collected spectroscopic data in the COSMOS
field through an ancillary program with the Dark En-
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ergy Spectroscopic Instrument (DESI; DESI Collabora-
tion et al. 2022) on the Mayall Telescope at Kitt Peak
National Observatory in March 2023. DESI is a robotic
and fiber-fed spectroscopic instrument with a wide field
of view. It covers a wide wavelength range from 3600
to 9800A, with a high efficiency. We broke the program
into 22 observations with a nominal exposure time of
1000s each with a dithered tile to limit the effects of in-
strumental artifacts. The average exposure time of the
DESI spectra is ~2.2 hours.

In total, we have collected spectra for 3,914 dwarf
galaxies (7.5 < log(M,/Mg) < 9.5) in the COSMOS
field using the IMACS, DEIMOS, and DESI observa-
tions described above. These spectra are used to char-
acterize the photometric redshifts derived using the
Merian seven-band photometry. Additional information
regarding the Merian photometric redshifts and spectro-
scopic data will be provided in Luo et al. in preparation.

3.4. The Merian Backup Program

As mentioned in Section 3, when the effective expo-
sure times dropped below our thresholds, we conducted
observations for the Merian backup program. There
are two components to the backup program: extending
time domain observations taken by HSC and monitoring
known low-mass active galactic nuclei (AGN). The first
aspect of the backup program aims to extend the base-
line of time domain data taken by HSC in the COSMOS
and SXDS fields. Observations were conducted in the g
and r bands with exposure times set at either 90sec or
300 sec for both filters. Priority was given to g band ob-
servations. A total of 22 pointings were observed in the
COSMOS field and eight in the SXDS field.

The second aspect of the backup program entailed
monitoring a sample of known low-mass AGN for short-
timescale variability. We selected targets exhibiting op-
tical spectroscopic AGN signatures suggestive of a low-
mass black hole (Mpn ~ 10°~"M). Depending on the
specific target, we conducted exposures of either 90 sec-
onds or 300 seconds in the g band. Typically, each target
was observed for approximately two hours in total on a
given night. We made between three and five visits to
each target in total.

4. DATA REDUCTION

Merian uses two sets of optical imaging data: new
medium-band data (N708, N540) obtained with the
Dark Energy Camera on the Blanco telescope, as de-
scribed in Section 2, and the five broad-band (grizy)
data in the HSC-SSP Public Data Release 3 (PDR3,
also known as S20A; Aihara et al. 2022)3. We opted to
perform our own data reduction for the newly acquired
DECam data instead of relying on data processed using
the DECam community pipeline*. This choice provides
the benefit of guaranteeing improved compatibility with
the five broad-band HSC data, which is processed using
the LSST Science Pipelines (see below), and allows us
to perform forced, aperture-matched photometry across
all seven bands, as further detailed below (§5).

The HSC and DECam data sets were reduced using
different adaptations of the Rubin Observatory LSST

3 https:/ /hsc-release.mtk.nao.ac.jp/doc/index.php/
available-data__pdr3/

4 https://noirlab.edu/science/index.php/data-services/
data-reduction-software /csdc-mso-pipelines/pl206
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Science Pipelines®, tailored to support the Subaru Tele-
scope’s HSC instrument and the Blanco’s DECam in-
strument data reduction, respectively. The flexibility
and extensibility inherent in the LSST Science Pipelines
software architecture enable its adaptation for reducing
data acquired with the DECam. While the HSC-SSP
data were processed as part of PDR3 (Aihara et al.
2022), we conducted the DECam data reduction us-
ing a customized version of the LSST Science Pipelines.
This is the first attempt to reduce an extensive DECam
dataset using the LSST Science Pipelines.

The most thorough description of the pipelines, as de-
veloped for processing data from the HSC instrument,
is given in Bosch et al. (2018, 2019) and Jenness et al.
(2022). Here we describe the high-level image processing
procedures of the LSST Science Pipelines and describe
the choices and customizations that were made during
the processing of the DECam data.

4.1. Merian DECam Data Reduction using the LSST
Science Pipelines

All of the data reduction tasks described below were
performed using the w_2022_29 tagged version of the
LSST Science Pipelines (i.e., the snapshot of the Sci-
ence Pipelines released on week 29 of 2022)°. A more
detailed description of LSST Science Pipelines can be
found in Bosch et al. (2019).

Single frame processing (CCD Processing). Indi-
vidual raw frames are processed through Instrument Sig-
nature Removal (ISR), including their flat-fielding, bias
subtraction, fringe correction, nonlinearity and crosstalk
correction, and masking of bad and saturated pixels.
Next, single-epoch direct image characterization is done,
including sky background subtraction based on an initial
model of the sky background, PSF modeling from bright
stars, detecting and interpolating over cosmic rays, ap-
plying aperture corrections, deblending, and creating a
source catalog for individual frames. We note that many
of these steps are run semi-iteratively as described in
Bosch et al. (2018). Sources in the source catalog are
then used for performing astrometric and photometric
calibration where the Gaia DR2 catalog (Gaia Collab-
oration et al. 2016) is used for astrometric calibration
and Pan-STARRS PS1 (Chambers et al. 2016) for pho-
tometric calibration.

Global Calibration. Once individual exposures have
undergone calibration and characterization, steps are
applied during joint processing to enhance the overall

5 https://pipelines.lsst.io/
6 https://pipelines.lsst.io/v/w_2022_29 /index.html

reduction outcome. In particular, the sky background
modeling and the steps handling artifacts (cosmic rays,
satellite trails, and optical ghosts) are repeated through
an image differencing analysis, utilizing the dithering be-
tween individual exposures. Next, the astrometric and
photometric calibrations are improved by: (1) using a
larger number of calibration sources; and (2) requiring a
solution when positions and fluxes are measured in dif-
ferent locations of the focal plane and during different
visits.

Image coaddition. Coadded images (‘coadds’) are con-
structed by a direct weighted average of resampled in-
dividual frames to a common pixel grid. For this pur-
pose, we opt to resample Merian DECam data onto the
skymap adopted by HSC. The HSC rings skymap di-
vides the sky (or a wide region of the sky) into tracts
of 1.68 x 1.68deg® which are further subdivided into
9 x 9 patches which are each ~ 12 arcmin on the side.
Coadds for each patch and filter are constructed inde-
pendently. As a consequence of remapping onto an HSC-
derived skymap, DECam data is oversampled by a fac-
tor of ~ 1.6 compared to the DECam native pixel size of
0.263 arcsec/pixel”. In Figure 8, we show examples for
N708 and N540 coadd images.

4.2. Image and Reduction Quality Assurance

4.2.1. Astrometric and Photometric Calibrations

We test the astrometric calibration by comparing the
Merian, HSC, and Gaia DR3 coordinates of common
stars with my, < 20mag based on the CModel pho-
tometry. In Figure 9, we show the computed offset in
R.A. (ARA) and Dec. (ADec) when comparing to the
stars in Gaia-DR3 (left) and in HSC-SSP (right). The
light blue points and histogram show stars in a single
tract and the black histogram shows the median offset
in R.A. and Dec. for stars from 10% of the tracts in
Merian-DR1. Overall, the astrometric calibrations are
good with median values of (A(RA)) = —0.020 arcsec
and (A(Dec)) = —0.018 arcsec.

4.2.2. Sky Background Subtraction

The LSST Science Pipelines utilizes ‘Sky Objects’ for
testing the sky background in single exposures and coad-
ded images. Sky Objects are small empty regions in
which no real objects are detected. These regions are se-
lected to be free of any significant light sources so that
the measured flux can represent the true background

7 We also reduced several tracts using DECam skymaps with the
DECam native pixel scale and found no significant difference in

terms of photometric (and astrometric) precision.
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Figure 8. Example N708-band (left) and N540-band (right) coadd cutouts (~ 8.3 x 8.3 arcmin) from the Merian DR1 dataset,
shown using a square root stretch. Both cutouts are centered at a = 10"11™57558, § = +00°58™58.44° (J2000)

level. Fluxes with different aperture sizes are measured
for these artificial “objects” and added to the coadd level
object table. These objects are eventually removed from
the final photometric catalog (see Section 5.3), however,
they are used as indicators of the local sky background.
Figure 10 shows median (left) and mean absolute devi-
ation (right) N708 and N540 fluxes for sky objects in a
representative set of tracts from DR1 at the patch and
tract level. Overall, the quality of sky subtraction looks
good with values close to zero.

4.3. Possible Future Improvements to the Data
Reduction

The upcoming data reduction phase will occur dur-
ing the final data release, where all survey data will be
processed collectively. We expect to continue using the
LSST Science Pipelines, leveraging a newer version that
will be released and tested shortly before data process-
ing begins. Reflecting on the DR1 processing, several
enhancements can be made. First, each new weekly ver-
sion of the LSST Science Pipelines builds on its prede-
cessor, integrating the latest algorithmic improvements,
bug fixes, and performance optimizations. Potential ad-
vancements in calibration may include implementing the
Forward Global Calibration Method (FGCM; (Burke
et al. 2018)) for photometric calibration, which uses a
forward model approach based on atmospheric model
parameters and scans of instrument throughput as a
function of wavelength. For astrometric calibration, we

plan to test the instrumental signature fitting and pro-
cessing program GBDES (Bernstein et al. 2017). Addi-
tionally, we aim to explore the transition to full-focal-
plane sky modeling and background subtraction, and
modification of the default deblending parameters to
enhance source detection using the Scarlet software
(Melchior et al. 2018) which we expect will further im-
prove source shredding. The next data release will ensure
consistency across both Merian-Deep and Merian-Wide,
with any modifications uniformly applied to all datasets
in each release.

5. PHOTOMETRY AND PHOTOMETRIC
CATALOGS

We construct the Merian photometric catalog as de-
tailed below, largely following the techniques discussed
in depth in Bosch et al. (2018) and Bosch et al. (2019).
In summary, we use the N708-band coadds for deblend-
ing and detection (and the N540-band coadds where
the N708 data are unavailable). Centroids and shape-
related measurements are also performed on the N708-
band images where such imaging exists; if N 708 imaging
is unavailable, the N540-band images are used for these
measurements. We then perform forced photometry on
the rest of the bands using these fixed measurements —
the N540-band images from the DECam observations
and the grizy from the HSC-SSP observations. As de-
scribed below, the LSST Science Pipeline performs var-
ious multi-band photometric measurements.
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offset.
5.1. Source Detection, Deblending, and Measurements

The procedures for detection and deblending are pri-
marily based on the methods outlined in Bosch et al.
(2018). Here, we provide a short overview of the key
steps and emphasize any difference from Bosch et al.
(2018). Following coaddition, the detection pipeline runs
independently on N708 and N540 data, wherein objects
are identified through a 50 threshold applied after Gaus-
sian kernel smoothing with the kernel size matched to
the PSF in each band. The detected “footprints” in both
bands are then merged to eliminate spurious detections.
Given that each footprint may encompass multiple peaks
corresponding to distinct astrophysical sources, the de-
blending pipeline is executed to allocate the total flux
to each peak.

Unlike the deblending process described in the HSC
pipelines (Bosch et al. 2018; Aihara et al. 2022), the
recent LSST Science Pipelines integrate Scarlet (Mel-
chior et al. 2018) as the default deblender®. Whereas the
deblending algorithm implemented in HSC and SDSS
(Lupton et al. 2001) operates solely on single-band data,
Scarlet leverages color and morphology information to
separate blended objects in a non-parametric manner.
Scarlet has been demonstrated to outperform single-
band approaches in deblending complex scenes. Follow-
ing the deblending of the “parent” footprint, each peak
generates its own “child image”, encompassing both real

8 https://github.com/lIsst/scarlet

astrophysical flux and noise. These deblended child im-
ages are utilized for the measurement of source proper-
ties. During the measurement process, each footprint in
the image is substituted with random noise, and the de-
blended child image corresponding to a particular source
is put back when the pipeline computes the properties
for that source. This procedure is repeated for all the
sources in the image. The basic measurements include
the centroids, shapes, PSF photometry, CModel pho-
tometry, and various aperture photometry as described
below. Blendedness, which measures the contribution of
other sources in the neighborhood of a source, is also
included.

5.2. Photometry

We use the LSST Science Pipelines to perform joint
photometry of sources in the two DECam medium-band
images and the five HSC broad-band images. The LSST
Science Pipelines provides a variety of source photome-
try including PSF and Kron photometry, CModel pho-
tometry (see Bosch et al. 2018), and fixed-aperture pho-
tometry. Recently introduced, it also provides measure-
ments of aperture-matched photometry, implementing
the “Gaussian-Aperture-and-PSF” (GAaP) technique
described in Kuijken (2008). GAaP performs PSF- and
aperture-matched photometry, optimized for measuring
accurate galaxy colors from images taken under different
PSFs and seeing conditions, and even across multiple
telescopes (Hildebrandt et al. 2020). This photometry
is well-suited to our survey, which includes seven band
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data from two different photometric systems. Measuring
“simple” aperture photometry would result in large sys-
tematic errors when deriving photometric redshifts as
those require accurate color measurements.

GAaP is described in detail in Kuijken (2008) and
was successfully used in weak lensing surveys such as
the Kilo-Degree Survey (KiDS; e.g., Hildebrandt et al.
2017, 2020). We summarize the fundamental principle
and direct the reader to Kuijken (2008) for an in-depth
description of the algorithm and to LSST DMTN-190°
for the implementation details. In the first measurement
step, all detection footprints, except for that of the ob-
ject being measured, are replaced with noise. The PSF
is evaluated at the object’s centroid, and a local PSF-
matching kernel is derived based on its size. A suffi-
ciently padded subimage around the object is then con-
volved with this kernel. This convolution results in a
Gaussian-shaped PSF for each object, causing a slight
degradation in the FWHM. Subsequently, aperture pho-
tometry is performed on this PSF-Gaussianized coadd
image using a Gaussian aperture weight function. The
aperture size is chosen to yield a consistent value for all
objects when combined in quadrature with the Gaussian
PSF size.

GAaP photometry and other photometric and source
measurements are automatically performed on the newly

9 https://dmtn-190.1sst.io/

obtained N708 and N540 images as part of the data
processing with the LSST Science Pipelines. Neverthe-
less, Scarlet deblending and GAaP photometry were
not available for the HSC-SSP S20A data we use. While
future HSC-SSP data releases will incorporate Scarlet
deblending and GAaP photometry, the differing depths
and resolutions between DECam and HSC may com-
plicate direct catalog matching. Therefore, we use the
DECam footprint for performing the GAaP photometry
on the HSC-SSP S20A images. We note that although
DECam has lower resolution and shallower depth com-
pared to HSC, which may result in suboptimal detection
and deblending when using the DECam footprint for the
HSC data, using the same deblended footprints across
all seven bands in the “forced” mode ensures consis-
tent color measurements. We download HSC-SSP S20A
data in the overlapping tracts and run the GAaP mea-
surements taking the deblended footprints from DECam
NT7084+N540 data. Similarly, we also measure CModel
photometry on HSC-SSP S20A data using the DECam
footprints. However, we do not independently measure
the shapes and blendedness for the HSC-SSP S20A im-
ages, as these measurements are more upstream and re-
quire running Scarlet.

5.3. Photometric Catalog

We construct the Merian photometric catalog as fol-
lows. First, we merge the two photometric catalogs,
namely the source measurement output from the LSST
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Science Pipelines for the N708 and N540 images and
the output from the standalone source measurement per-
formed on the HSC-SSP S20A grizy images as described
above. To ensure the catalog remains manageable, we
opt to keep only a select number of output columns es-
sential for a wide range of scientific applications, data
reduction, and photometric quality assurance tasks.!'"

Next, we select wunique sources using the
detect_isPrimary flag. Filtering sources accord-
ing to this flag ensures that a source is deblended
(compared to original, blended sources), that the source
is located in the interior of a patch and tract rather
than in patch overlaps and hence might appear in the
catalog more than once, and finally that it is not a sky
object. We then apply an SNR cut, retaining only those
sources with an SNR greater than 5 in both the N708
and N540 images, utilizing the N708_gaap1p5Flux and
N540_gaaplpbFlux fluxes along with their respective
uncertainties. Next, we apply the HSC-SSP S20A /21A
bright star mask to the catalog, marking sources with
unreliable photometry due to saturated stars using the
IsMask flag. This step results in approximately 5% of
the sources being flagged as masked.

We include in the photometric catalog measurements
from the HSC-SSP S20A catalog that were not per-
formed as part of our independent source measurement
process on the grizy images. These measurements con-
tain parameters like size, blendedness, and extended-
ness. Specifically, we query all of the unique sources in
the HSC-SSP S20A catalog, tract by tract, and match
them to sources in our photometric catalog. The match-
ing process involves identifying the nearest on-sky coun-
terparts of an object in the Merian photometric cata-
log within a set of coordinates from the HSC-SSP S20A
catalog, with matched objects required to have an on-
sky separation of no more than 1”. To preserve the ori-
gin of each measurement and maintain clarity regard-
ing their respective data sources, we add suffixes to the
column names, thereby indicating whether the measure-
ments were derived from our LSST Science Pipeline runs
(_Merian suffix) or obtained from the HSC-SSP S20A
catalog (_HSC suffix).

Finally, we include two flags in the catalog to facili-
tate the straightforward selection of sources with consis-
tently reliable photometry (PhotUse) and science-ready
sources (SciUse). The PhotUse is set to 1 when a source
is not masked by the bright star mask. The SciUse is
set to 1 when the following criteria are satisfied:

10 An example of the complete output catalog columns from the
LSST Science Pipelines can be found at https://dm.lsst.org/sdm_

schemas/browser/dp02.html.

1. The source is not masked:
IsMask_Merian = 0

2. The source is in the full-color full-depth area.

3. The source meets the following quality criteria:
cModel_flag Merian = 0
pixelFlags_edge Merian = 0
interpolatedCenter Merian = 0

centroid_flag Merian = 0

4. Not a star according to its i-band extendedness
value used for star-galaxy separation'!:

i_extendedness_value_HSCS20A =1

The Merian DR1 photometric catalog comprises 242
columns in total. Key column headers and their descrip-
tions are listed in Table 2 in Appendix A. The photo-
metric catalog contains approximately 80 million unique
objects across 335 tracts, covering an area of 234 degz.
By utilizing the HEALPix mask, users can apply a t.g
cut based on their specific scientific needs, thereby in-
cluding sources from regions with varying depths. Fig-
ure 11 shows the number counts of all of the objects
in the Merian-Wide DR1 catalog as a function of the
total my7os magnitude (black) and after applying two
exemplary teg cuts. The source detection sensitivity is
consistent among the three samples.

6. KEY SCIENCE OBJECTIVES OF THE SURVEY

The Merian Survey described in this manuscript is
well-suited for investigating the cosmological and galaxy
evolution properties of bright dwarf galaxies. This is
achieved by obtaining photometric redshifts for a com-
prehensive and well-understood sample comprising ~
10° galaxies at 0.06 < z < 0.10. In the following dis-
cussion, we outline several key scientific problems that
require a wide range of datasets that Merian has made
available. We emphasize the effectiveness of incorporat-
ing narrow and medium-band filters alongside broad-
band filters for sky imaging, as demonstrated by Merian.
This approach showcases the synergistic potential of
these combined filters in uncovering astrophysical in-
sights across a broad spectrum of phenomena.

6.1. What is the dark matter density profile out to the
virial radius in dwarf galaxies?

The distribution and overall dark matter content in
dwarf galaxies have far-reaching implications for con-
straining the nature of dark matter and uncovering

M https://hsc-release.mtk.nao.ac.jp/doc/index.php/
star-galaxy-separation__pdr3/
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Figure 11. Number counts of objects in the Merian-Wide DR1 photometric catalog (SciUse=1) as a function of the total mn7os
magnitude, without any correction for incompleteness. The total number counts with no teg cuts is shown in black with Poisson
errors. The brown and orange histograms show objects with teg > 0.5tons and teg > 0.9 tobs, respectively, where tops = 600 sec

for the N708 band.

the interplay between dark matter particles of various
models and baryonic physics at kpc scales (Bullock &
Boylan-Kolchin 2017; Simon 2019; Sales et al. 2022).
Typically, constraints on the dark matter halos host-
ing dwarf galaxies rely on their internal star and gas
kinematics, which primarily access the inner regions of
these halos. These baryon-dominated regions probe only
a small fraction of their halo virial radii—about 10-20
times smaller than the virial radius and covering less
than 1% of the total volume. Thus, estimating halo mass
via star and gas kinematics necessitates extrapolations
contingent upon assumptions about the shape of the
dark matter profile extending to large, uncharted radii
(e.g. Buckley & Peter 2018).

To further disentangle baryonic effects from dark mat-
ter properties, direct observations of dwarf galaxies’
mass profiles are required. The Merian bright dwarf
galaxy sample will be sufficiently large to enable di-
rect measurement of dwarfs’ halo masses out to the halo
virial radius through weak gravitational lensing (Leau-
thaud et al. 2020; Thornton et al. 2023). In particular,
galaxy-galaxy lensing with the Merian sample of ~ 10°
dwarf galaxies will measure the full halo mass profile
through the average weak lensing distortion from back-

ground source galaxies with the three-dimensional posi-
tions of the Merian sample of foreground lens galaxies.

6.2. How do dwarf galaxies assemble their mass?

The build-up of galaxies’ stellar masses is the out-
come of an intricate interplay of physical phenomena
such as gravity, gas cooling and condensation, galaxy-
galaxy mergers, and a diverse array of feedback mecha-
nisms (e.g., Conselice 2014; Naab & Ostriker 2017). De-
spite extensive observational and theoretical studies, the
specifics and relative contributions of each of these pro-
cesses in the low-mass regime remain highly uncertain.
A key tool for understanding the statistical properties
of galaxies is the galaxy stellar mass function (GSMF).
The GSMF provides crucial insights into the abundance
of cold molecular gas across cosmic epochs which fuel
star formation activity and the overall growth of stellar
material in the universe (e.g., Cole et al. 2001; Bell et al.
2003; Bernardi et al. 2013; Driver et al. 2022; Weaver
et al. 2023). Incomplete photometric and spectroscopic
samples suggest an intriguing indication of a steepen-
ing of the GSMF below M, ~ 10° M (Baldry et al.
2012; Wright et al. 2017). If confirmed, this upturn could
support recent solutions that were proposed for solving
the long-standing tension between the present-day stel-
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Figure 12. Example dwarf galaxy (log(M./Mg) = 7.87) from Merian DR1. The main panel shows the galaxy’s seven-band
photometry (gray symbols) and the GAMA spectrum (black). The top panels (grayscale) show the HSC and Merian cutouts
and the bottom right panels show the Ha and [O 111] maps generated using the method described in Mintz et al. (2024).

lar mass density with the integral of the cosmic star
formation history (Baldry & Glazebrook 2003; Wilkins
et al. 2008; Leja et al. 2020).

With its large accessible volume and improved sur-
face brightness sensitivity, Merian is poised to accurately
measure the GSMF down to the survey’s completeness
limit (M, = 10® My) out to z = 0.1. While Merian
will achieve a 90% completeness level, it may overlook
low-mass galaxies not actively forming stars; however,
employing cross-correlation techniques will facilitate the
measurement of number densities and properties of these
missing galaxies. The low-mass end of the GSMF can
then be compared with prior empirical measurements
and utilized to test predictions of hydrodynamical sim-
ulations incorporating different galaxy formation pre-
scriptions.

6.3. Explore the connection between star formation
and feedback in dwarfs

Baryonic feedback, and in particular that resulting
from star formation, is thought to play a significant role
in dwarf galaxy evolution (see, e.g., Pontzen & Gover-
nato 2012; Collins & Read 2022). Although it is essen-
tial for reproducing present-day dwarfs, significant chal-
lenges and ongoing debates remain regarding the com-
plex interplay between star formation and feedback and
its accurate implementation in galaxy formation simu-

lations (Agertz & Kravtsov 2015; Sales et al. 2022). The
Merian sample serves as a crucial benchmark for testing
prescriptions for star formation and feedback in simula-
tions. Utilizing this sample allows for the measurement
of dwarf galaxy distribution across the mass—size plane,
considering variables such as environment, star forma-
tion rates, and the spatial distribution of star formation
(whether concentrated or diffuse). Beyond sizes, diag-
nostics of the intrinsic shapes (Kado-Fong et al. 2020,
2022) can be correlated with central surface brightness,
and the environment of galaxies on Mpc scales. In Mintz
et al. (2024), preliminary findings from a non-parametric
morphological characterization of the continuum and
Ha emission from the Merian DR1 are presented. Spe-
cific star formation rates (SSFR) are shown to increase
with the asymmetry of the stellar continuum and the
Ha emission; the least active galaxies with M, < 109 M,
are puffy and diffuse, while those with the highest SSFR,
have Ha emission that is consistently heterogeneous and
compact. Indeed, one of Merian’s strengths will lie in its
ability to detect and characterize the population of ex-
treme emission line galaxies (EELGs), i.e., highly star-
bursting galaxies characterized by their strong line emis-
sion, and to enable new insights into star formation un-
der extreme conditions.
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6.4. Ancillary Science Goals

By combining the HSC deep broad-band imaging and
the two medium-band data (N540 and N708), we expect
that this dataset will be appealing to a wide range of ex-
citing science questions. Merian will provide unique data
for identifying and studying extended narrow-line re-
gions (ENLR) in active galaxies in WISE-selected AGN
at z ~ 0.4 and z ~ 0.9 (e.g., Liu et al. 2013). Merian will
also identify the largest sample (hundreds) of Enormous
Lya Nebulae (ELANe, Cai et al. 2017) at z = 3.3 and
z=4.8.

7. SUMMARY

In this manuscript, we present the Merian survey,
a large program conducted with the Blanco/DECam
that obtained wide-field imaging over ~ 750 deg? us-
ing two custom-built medium-band filters centered at
Ae = TO080A (AXN = 275A) and \. = 5400A (AN =
210A). Combined with deep broad-band imaging (grizy)
from the HSC-SSP survey, Merian provides photomet-
ric redshifts and seven-band deep imaging to ~ 10°
dwarf galaxies (M, = 108 — 10° M) in well-studied ex-
tragalactic equatorial survey fields (GAMA, COSMOS,
XMM-LSS, VVDS, and SXDS). Merian’s capability to
capture the redshifted Ho and [O111] emission within
the z = 0.06 — 0.10 redshift window enables the mea-
surement of photometric redshifts for all star-forming
galaxies within its survey footprint. The photometric
redshifts enable weak lensing measurements of dwarfs
down to M, = 108 Mg, and facilitate a multitude of
studies investigating the physical properties of dwarfs
through their continuum and emission line characteris-
tics.

This manuscript also presents the first data release
(DR1), which covers 234 deg® of full color-full depth
(FCFD) imaging from a total DR1 full-color survey area
of 320deg®. The final survey footprint spans 584 deg?
of FCFD from a total full-color coverage of 733 deg?.
For DR1, we have adapted the LSST Science Pipelines
code to perform the reduction of the DECam data with
coadds resampled to a pixel grid common to the new
DECam images and the HSC-SSP images. The reduc-
tion pipeline employs improvements in the astrometric
and photometric calibration methods, artifact rejection,
and sky subtraction scheme as described in Aihara et al.
(2022) and in source separation (“deblending”) as de-
scribed in Melchior et al. (2018). Of particular impor-
tance is the utilization of the Gaussian Aperture and
PSF (GAaP) Photometry (Kuijken 2008) for measuring
accurate galaxy colors from matched-aperture fluxes, re-
sulting in improved photometric redshifts (presented in
an accompanying manuscript; Luo et al. 2024, in prep).

The final data release will encompass the entire sur-
vey area, adhering to the same survey strategy but in-
corporating a more recent release of the LSST Science
Pipelines for improved data processing and catalog gen-
eration.

Merian’s uniqueness lies in its utilization of existing
data from the deep wide-area HSC-SSP imaging sur-
vey, coupled with the widest-area imaging survey con-
ducted with narrow-medium band filters. This approach
not only enhances the power of broad-band imaging sur-
veys by providing significantly improved photometric
redshifts but also by unveiling crucial insights into star
formation and other physical processes through the anal-
ysis of spatially-resolved Ha and [O111] emission maps.
With a uniform and well-understood selection function,
Merian’s strategy offers a novel and cost-effective way to
obtain essential details such as redshifts, stellar masses,
and star formation rates, given the prohibitive nature
of obtaining spectra for all galaxies down to such low
masses across a wide area. Looking ahead, with the
emergence of new wide-field imaging surveys such as
Euclid, Rubin/LSST, and Roman, this approach holds
promise for obtaining complementary data through nar-
row or medium-band imaging. It facilitates the maxi-
mization of data from these surveys and ensures a homo-
geneous selection function of targets for more resource-
intensive spectroscopic surveys.
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A. MERIAN DR1 PHOTOMETRIC CATALOG FORMAT

The full Merian photometric catalog includes 242 columns utilizing object information and measurements from the
Merian and HSC-SSP S20A surveys. Selected columns are presented in Table 2. X denotes a filter name spanning
N540, N708, grizy, unless noted otherwise in the column description. Y denotes the aperture size used in the GAaP

photometry (e.g., 1p0, 1p5, etc.).
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Table 2. Photometeric Catalog Columns

Column name Description Source
objectId Merian Unique object identifier Merian
coord_ra Merian ICRS right ascension of object centroid ”
coord_dec_Merian ICRS declination of object centroid 7
ebv_Merian Galactic reddening ”
tract_Merian Skymap tract ID ”
patch Merian Skymap patch ID 7
detect_isPrimary_Merian True if object seed has no children & is in the inner region of a ”

coadd patch & is in the inner region of a coadd tract & is not a

sky object
X_psfFlux_Merian X-band flux from linear least-squares fit of PSF model 7
X_psfFluxErr Merian X-band flux uncertainty from linear least-squares fit of PSF ”

model
X_gaapYFlux_Merian GAaP flux with Y aperture for X-band ”
X_gaapYFlux_Merian GAaP flux uncertainty with Y aperture for X-band 7
X_gaapYFlux_aperCorr_Merian X-band GAaP aperture corrected flux with Y aperture (grizy) ”
X_extendedness_Merian Set to 1 for extended sources, 0 for point sources 7
X blendedness Merian Measure of how much the flux is affected by neighbors 7
X_cModelFlux Merian X-band flux from the final cModel fit 7
X_cModelFluxErr Merian X-band flux uncertainty from the final cModel fit 7
X_inputCount Merian Number of images contributing at the center ”
X_cModel_flag Merian Flag set if the final cModel fit 7
X_pixelFlags_bad Merian Bad pixel in the Source footprint ”
X_pixelFlags_clippedCenter _Merian Source center is close to CLIPPED pixels 7
X_pixelFlags_cr Merian Cosmic ray in the Source footprint 7
X_pixelFlags_crCenter_Merian Cosmic ray in the Source center ”
X_pixelFlags_edge Merian Source is outside usable exposure region 7
X_pixelFlags_interpolated_Merian Interpolated pixel in the Source footprint ”
X_pixelFlags_interpolatedCenter Merian Interpolated pixel in the Source center 7
X_pixelFlags_saturated Merian Saturated pixel in the Source footprint ”
X_pixelFlags_suspect_Merian Source’s footprint includes suspect pixels ”
X_pixelFlags_suspectCenter_Merian Source’s center is close to suspect pixels ”
X_centroid_flag Merian General failure flag ”
IsMask Merian Set to 1 if the object is masked, 0 for unmasked objects 7
ra_HSCS204A ICRS right ascension of object centroid HSC-

SSp
S20A

dec_HSCS20A ICRS declination of object centroid 7

X_extendedness_value _HSCS20A

Set to 1 for extended sources, 0 for point sources

X_blendedness_abs_HSCS20A

Measure of how much the flux is affected by neighbors

hsc_match Set to 1 if a match to HSC-SSP S20A found, 0 otherwise -

PhotUse Set to 1 when a source is not masked by the bright star mask, -
0 otherwise

ScilUse Set to 1 if a source is not masked, has a full-color full-depth, -

likely not a star, fulfill several quality criteria (see Section 5.3)
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