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Abstract

UVCANDELS is a Hubble Space Telescope Cycle-26 Treasury Program awarded 164 orbits of primary ultraviolet
(UV) F275W imaging and coordinated parallel optical F435W imaging in four CANDELS fields—GOODS-N,
GOODS-S, EGS, and COSMOS—covering a total area of ∼426 arcmin2. This is ∼2.7 times larger than the area
covered by previous deep-field space UV data combined, reaching a depth of about 27 and 28 ABmag (5σ in 0.”2
apertures) for F275W and F435W, respectively. Along with new photometric catalogs, we present an analysis of
the rest-frame UV luminosity function (LF), relying on our UV-optimized aperture photometry method, yielding a
factor of 1.5 increase over H-isophot aperture photometry in the signal-to-noise ratios of galaxies in our F275W
imaging. Using well-tested photometric redshift measurements, we identify 5810 galaxies at redshifts 0.6< z< 1,
down to an absolute magnitude of MUV=−14.2. In order to minimize the effect of uncertainties in estimating the
completeness function, especially at the faint end, we restrict our analysis to sources above 30% completeness,
which provides a final sample of 4726 galaxies at −21.5<MUV<−15.5. We performed a maximum likelihood
estimate to derive the best-fit parameters of the UV LF. We report a best-fit faint-end slope of a = - -

+1.359 0.041
0.041 at

z∼ 0.8. Creating subsamples at z∼ 0.7 and z∼ 0.9, we observe a possible evolution of α with redshift. The
unobscured UV luminosity density at MUV<−10 is derived as ( )r = ´-

+ - - -1.339 10 erg s Hz MpcUV 0.030
0.027 26 1 1 3

using our best-fit LF parameters. The new F275W and F435 photometric catalogs from UVCANDELS have been
made publicly available on the Barbara A. Mikulski Archive for Space Telescopes.

Unified Astronomy Thesaurus concepts: Galaxies (573); Galaxy evolution (594); Luminosity function (942); High-
redshift galaxies (734)

1. Introduction

The luminosity function (LF) of galaxies is one of the key
probes of galaxy formation and evolution, as the shape of the
LF is mainly determined by the underlying halo mass function
and the mechanisms that regulate star formation in galaxies,
such as gas cooling and feedback processes (Rees &
Ostriker 1977; White & Rees 1978; Benson et al. 2003). The
LF is also an important tool for evaluating the contributions of
galaxies with different luminosities to the cosmic light budget
as a function of redshift. The rest-frame ultraviolet (UV) light is
a direct tracer of recent star formation in galaxies; therefore, the
rest-frame UV LF can be used to determine the volume-
averaged cosmic star formation rate (SFR). Moreover, the UV
LF is directly measurable up to very high redshifts, z∼ 10 and
beyond, which makes it a reliable technique for investigating
star formation and mass buildup in galaxies out to very early
epochs.

Recently, measurements of the rest-frame UV LFs from
intermediate redshift z∼ 2 up to very high z∼ 16 have
increased dramatically, as new facilities such as WFC3 on
the Hubble Space Telescope (HST) and the most up-to-date
JWST bring forth data products (Hathi et al. 2010; Finkelstein
et al. 2015, 2022a, 2022b, 2023; Alavi et al. 2016; Bouwens
et al. 2016, 2021, 2022; McLeod et al. 2016, 2024; Mehta et al.
2017; Stefanon et al. 2017; Ishigaki et al. 2018; Kawamata
et al. 2018; Ono et al. 2018; Pelló et al. 2018; Viironen et al.
2018; Yue et al. 2018; Bhatawdekar et al. 2019; Adams et al.
2020, 2023, 2024; Bowler et al. 2020; Ito et al. 2020;
Khusanova et al. 2020; Rojas-Ruiz et al. 2020; Zhang et al.
2021; Bagley et al. 2024; Harikane et al. 2022, 2023, 2024;
Donnan et al. 2023; Leethochawalit et al. 2023; Leung et al.
2023; Pérez-González et al. 2023; Varadaraj et al. 2023). As
studies accumulate, the low-luminosity galaxies have attracted
a large amount of attention. At z∼ 6−10, faint galaxies are
expected to play a dominant role in the reionization of the
Universe (e.g., Bouwens et al. 2012, 2022; Robertson et al.
2015; Yung et al. 2020a). At intermediate redshifts, they are
also crucial in investigating feedback due to star formation and
reionization (e.g., Weinmann et al. 2012; Yung et al.
2020a, 2020b). Employing HST data and taking advantage of

lensing magnification by the Hubble Frontier Field clusters
to probe the faint end of the UV LFs, Bouwens et al. (2022)
unveil that the faint-end slope α gets smoothly steeper from
−1.53± 0.03 at z= 2 to −2.28± 0.10 at z= 9. Making use
of the JWST early release observation data, Harikane et al.
(2023) push the measuring of the UV LFs to very high redshift
z∼ 9−16 at the pre-reionization stage and find agreement with
other HST and JWST studies.
Fewer studies are available for the rest-UV LFs at relatively

low redshift z< 2. Arnouts et al. (2005) use the far-UV and
near-UV data from the GALEX VVDS observations to
measure the UV LFs at 0.2< z< 1.2. Oesch et al. (2010)
target the redshift range 0.5< z< 1 using the HST WFC3
Early Release Science (ERS) data in the GOODS-S field.
Cucciati et al. (2012) use data from VVDS to extend the
redshift range to 0.05–4.5. Moutard et al. (2020) explore the
range of z∼ 0.2–3 using data from the CFHT Large Area U-
band Deep Survey (CLAUDS) and the Hyper Suprime-Cam
Subaru Strategic Program (HSC-SSP). Page et al. (2021),
Sharma et al. (2022), and Sharma et al. (2024) focus on
0.6< z< 1.2, using data from the XMM-OM observations.
Very recently, Bhattacharya et al. (2024) presented their results
at 0.01< z< 0.79 from both the Astrosat and the HST
observations.
At these relatively low redshifts, the survey flux limits are

still being improved, approaching the fainter end of the UV
LFs; e.g., Weisz et al. (2014) reconstruct the UV LFs down to
very faint magnitudes −14<MUV<−1.5 using the Local
Group fossil records. Lensing magnification by foreground
systems can also further improve our ability to probe the faint
end of LFs at relatively low redshift. Employing three lensing
galaxy clusters, Alavi et al. (2016) measure the UV LF and its
evolution during the peak epoch of cosmic star formation at
1< z< 3 down to MUV=−12.5. Therefore, we can obtain
better constraints at these redshifts on the faint-end slope α and
its evolution with redshift, helping to establish the cosmic star
formation history and to suggest the role of the high-z analogs
of these low-luminosity galaxies in cosmic reionization.
The Ultraviolet Imaging of the Cosmic Assembly Near-

infrared Deep Extragalactic Legacy Survey Fields (UVCAN-
DELS; GO-15647; PI: Teplitz; Wang et al. 2023) survey is an

2

The Astrophysical Journal, 972:8 (14pp), 2024 September 1 Sun et al.

http://astrothesaurus.org/uat/573
http://astrothesaurus.org/uat/594
http://astrothesaurus.org/uat/942
http://astrothesaurus.org/uat/734
http://astrothesaurus.org/uat/734


HST Cycle-26 Treasury Program awarded 164 orbits of
primary UV WFC3 F275W imaging and coordinated parallel
optical Advanced Camera for Surveys (ACS) F435W imaging
in four CANDELS fields (Grogin et al. 2011; Koekemoer et al.
2011): GOODS-N, GOODS-S, EGS, and COSMOS, covering
a total area of ∼426 arcmin2. This is ∼2.7 times larger than the
area covered by previous deep-field space UV data combined.
UVCANDELS takes F275W exposures at a uniform three-orbit
depth and F435W exposures at slightly varying depth resulting
from the roll-angle constraints and the overlap from the
increased field of view (FOV) of the ACS camera, reaching
depths of 27 and 28 ABmag (5σ in 0 2 apertures) for F275W
and F435W, respectively. Relying on our new photometric
catalogs and accurate photometric redshift estimates (V. Mehta
et al., in preparation), UVCANDELS is capable of constraining
the key parameters of the UV LFs with a high precision at
relatively low redshift, z 2. The wide-area coverage (over
multiple fields) of UVCANDELS helps drive down the cosmic
variance and thus limit the uncertainty at the bright end of the
UV LF, and its competitive imaging depth, meanwhile, allows
for a robust measurement of the faint-end slope of the UV LF at
the most intense epoch in star formation history of the
Universe.

In this paper, we first present the photometric catalogs of
UVCANDELS in the F275W and F435W bands. We then
perform an analysis of the rest-frame UV LF in the redshift
range 0.6< z< 1 using the UVCANDELS F275W imaging
data and provide constraints on the UV LF parameters. The
structure of this paper is as follows: in Section 2, we describe
our photometry methods and present the final photometry
catalogs obtained from our UVCANDELS observations;
Section 3 describes our sample selection; in Section 4, we
present our completeness analysis; we outline the procedures
for deriving the best-fit UV LF and present the results in
Section 5; this is followed by a discussion of our results in
Section 6; and our conclusions are summarized in Section 7.

Throughout this paper, we adopt cosmological parameters
from Planck Collaboration et al. (2020): Ωm= 0.315,
Ωλ= 0.685, and H0= 67.4 km s−1 Mpc−1, and all magnitudes
used are AB magnitudes (Oke & Gunn 1983).

2. Photometry and Catalog Creation

The observation and reduction of our UVCANDELS
imaging data are described in detail in Wang et al. (2023).
Briefly, individual exposures in the F275W and F435W filters
are first preprocessed to account for the effects of charge
transfer inefficiency, scattered light from the Earth limb, and
cosmic rays, etc. Then we coadd the flux-calibrated flat-fielded
individual exposures using the AstroDrizzle software (Gonzaga
2012). The resulting UVCANDELS F275W and F435W
coadded mosaics41 are astrometrically aligned to the world
coordinate system used by the CANDELS images.

Here we describe our aperture-matched point-spread func-
tion (PSF)–corrected photometry methodology employed to
create the catalogs. The CANDELS multiwavelength photo-
metric catalogs for the GOODS-N, GOODS-S, COSMOS, and
EGS fields are presented in Guo et al. (2013), Nayyeri et al.
(2017), Barro et al. (2019), and Stefanon et al. (2017),
respectively. These catalogs include the photometric

measurements of objects in the optical to mid-infrared
wavelengths. Since the primary goal of the UVCANDELS
program is to complete the UV and blue-optical coverage of
these four premier extragalactic legacy fields, we first follow
the standard approach utilized by the CANDELS team. We run
SEXTRACTOR v2.8.6 (Bertin & Arnouts 1996) in dual-image
mode with the near-infrared F160W coadded mosaics (Grogin
et al. 2011; Koekemoer et al. 2011) as the detection images.
For the measurement images, we use the PSF-matched F275W
and F435W images, produced from the original science images,
convolved with PSF homogenization kernels, to bring their
PSF’s FWHM to match that of the F160W (H-band) PSFs.
Two sets of SEXTRACTOR detection parameters (see, e.g.,
Table 3 in Barro et al. 2019) are adopted to combine the “hot”
plus “cold” source detection strategy. The “hot” mode is used
to push the detection of faint sources to the limiting depth of
the imaging mosaics and at the same time recover large/bright
objects without excessive deblending using the “cold” mode.
An aperture correction is then applied to convert the F275W/
F435W isophotal magnitudes to total magnitudes using, i.e.,

 ( ) ( )= + -H Hmag mag . 1tot
candels

iso auto iso

We estimate the magnitude uncertainties through proper error
propagation. Hereafter, we refer to the F275W/F435W total
magnitudes measured in this fashion (magtot

candels) as the results
from the H-isophot aperture photometry. In total, we detect
3106, 1221, 3040, and 3809 sources with a signal-to-noise ratio
(S/N) threshold of S/N�3 in F275W in the GOODS-N,
GOODS-S, COSMOS, and EGS fields, respectively, using the
H-isophot aperture photometry. At the 5σ detection level, we
measure 1610, 595, 1491, and 1786 objects in these fields,
respectively. In the COSMOS and EGS fields, where the new
B-band imaging was taken, we obtain 12,994 (8756) and
16,016 (10,838) sources at 3(5)σ significance, respectively.
However, several downsides exist for this H-isophot aperture

photometry, in particular for UV images. First and foremost,
matching to the H-band PSF reduces the image resolution: all
measurements are conducted on convolved data (i.e., magiso in
Equation (1)) rather than the original data, which have higher
angular resolution. This is particularly a problem for faint
compact objects imaged at a relatively shallow depth, because
the object S/N will be significantly reduced due to correlated
noise from smoothing. On the other hand, the photon-counting
process is conducted in the areas defined by object isophotes in
the near-IR wavelength. The curves of growth are significantly
different between filters in the near-IR and near-UV wave-
lengths, with the latter much steeper, even after PSF
homogenization (see, e.g., Whitaker et al. 2019). H-band
isophotes therefore inevitably include a sizable fraction of
pixels that are mostly noise in the near-UV bandpass, as shown
in Figure 1. This further decreases photometric S/Ns.
As a consequence, we adopt a second option for performing

UV-optimized aperture photometry, largely following the
methodology of the Hubble UV Ultra-Deep Field (UVUDF)
analysis (Teplitz et al. 2013; Rafelski et al. 2015). Thanks to
the CANDELS imaging campaign, most of our UVCANDELS
fields have pre-existing ACS/F606W coverage, albeit with
varying depth: 5600, 8600, 3300, and 5700 s for GOODS-N
(wide region), GOODS-S (wide region), COSMOS, and EGS,
respectively. For this method, we run the SEXTRACTOR dual-
image mode, using F606W (V band) as the detection image to

41 Publicly available at https://archive.stsci.edu/hlsp/uvcandels and at doi:10.17909/
8s31-f778.

3

The Astrophysical Journal, 972:8 (14pp), 2024 September 1 Sun et al.

https://archive.stsci.edu/hlsp/uvcandels
https://doi.org/10.17909/8s31-f778
https://doi.org/10.17909/8s31-f778


obtain object isophotes measured in optical wavelengths, which
are smaller and much more appropriate for counting UV
photons (see Figure 1). As provided in Table 1, the detection
threshold values are slightly different across the four fields to
compensate for the different exposure times, to make sure
identical aperture sizes are derived for objects with similar
F606W surface brightness. In the process of detection, the V-
band segmentation maps are merged and modified to follow the
H-band segmentation IDs and regions (the “VtoH” segmenta-
tion; see Figure 1). The following four scenarios are taken into
account: (1) V-band isophotes without H-band counterparts are
simply discarded; (2) if there are multiple V-band isophotes
within one single H-band isophote, the combination of all the
isophotal flux (fluxiso) measurements from all those over-
lapping V-band segmentation regions is reported as the V-band
fluxiso for that single H-band object, with errors properly

propagated; (3) H-band-detected objects without V-band
counterparts are assigned a null value for their V-band
fluxiso; (4) and if one V-band isophote contains overlapping
pixels with multiple H-band segmentation regions, this single
V-band fluxiso is assigned to the H-band segmentation region
with the maximum number of pixels in overlap, and a
nondetection is claimed for all other H-band regions. For the
measurement images, we take advantage of the original
F275W/F435W science mosaics without PSF homogenization,
following

( ) ( )= + -V Vmag mag . 2tot
improved

iso tot
candels

iso

Here, Vtot
candels represents the total V-band magnitudes reported

in the CANDELS photometric catalogs. magiso and Viso are the
isophotal magnitudes measured from the original high-

Figure 1. An illustration of our UV-optimized aperture photometry method utilized in this work. Top, from left to right, we show example image stamps cut from the
F160W, F606W, and F275W original science mosaics. The left and middle panels of the bottom row show the object isophotes measured in F160W (H band) and
F606W (V band), respectively, both color-coded in object IDs. The object V-band isophotes are clearly more appropriate for photometry of UV fluxes. As a result, we
assign object IDs defined in F160W to segmentation regions obtained in F606W to get the “VtoH” segmentation map shown in the lower right panel, used for our
V-isophot aperture photometry (see Equation (2)). See also Rafelski et al. (2015) for the specific segmentation algorithm and Table 1 for the values of the parameters
used for segmentation.

Table 1
Values of Key SExtractor Parameters Set in Our Improved Aperture Photometry Method Optimized for F275W and F435W Imaging from UVCANDELS

Observations

Parameter GOODS-N GOODS-S COSMOS EGS

DETECT_MINAREA 5 5 5 5
DETECT_THRESH 1.4 1.7 1.0 1.3
ANALYSIS_THRESH 1.4 1.7 1.0 1.3
FILTER_NAME gauss_4.0 gauss_4.0 gauss_4.0 gauss_4.0
DEBLEND_NTHRESH 32 32 32 32
DEBLEND_MINCONT 1e-5 1e-5 1e-5 1e-5
BACK_SIZE 128 128 128 128
BACK_FILTERSIZE 5 5 5 5
BACKPHOTO_THICK 48 48 48 48

Note. We set the values of the parameters DETECT_THRESH and ANALYSIS_THRESH taking into account the varying depth of the pre-existing F606W imaging in
the four UVCANDELS fields. The exposure times for the F606W imaging mosaics in GOODS-N (wide region), GOODS-S (wide region), COSMOS, and EGS are
5600, 8600, 3300, and 5700 s, respectively.
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resolution data within object V-band isophotes, instead of using
PSF matching and H-band isophotes, which degrade the image
resolution and amplify noise. In essence, we combine both the
PSF and aperture corrections into one term within the
parenthesis on the right-hand side of Equation (2), given the
fact that the PSF properties are similar between F275W and
F606W, due to the proximity of the observed wavelengths and
detector design. Hereafter, we refer to the measured magtot

improved

as the results from the V-isophot aperture photometry. In total,
we detect 5778, 2338, 3832, and 6465 sources with S/N �3 in
F275W in the GOODS-N, GOODS-S, COSMOS, and EGS
fields, respectively, using the V-isophot aperture photometry.
At a 5σ detection threshold, we obtain 3578, 1382, 2210, and
3613 objects in these fields, respectively, roughly twice the
yield of the H-isophot method. Note that using the V-isophot
method, we still report UV fluxes for all H-band-selected
objects from CANDELS without adding any new objects; the
gain in yield at faint UV magnitudes is entirely caused by our
superior photometry method. Applying this method to the new
B-band images, we measure 8515 (6062) and 14,965 (10,936)
sources at S/N � 3(5) in the COSMOS and EGS fields,
respectively.

The differential and cumulative source number counts
in individual fields and the entire UVCANDELS data set are
displayed in Figure 2. Here we only show sources that are
detected with sufficient significance (S/N � 5). The 5σ limiting
magnitude of 27 ABmag of compact sources (0 2 radius) is
highlighted by the vertical dotted line, expected from the three-
orbit-depth UVCANDELS F275W exposures. By performing
photometry in smaller and more appropriate apertures using the
original science images without degradation of image quality,
our UV-optimized aperture photometry method reaches the

expected depth in F275W, deeper by ∼1 ABmag than the depth
reached by the conventional CANDELS H-isophot method. On
average, our UV-optimized photometry yields a factor of
1.5× increase in S/Ns in F275W, with a greater increase for
brighter and more extended objects, fully realizing the potential
of our modestly deep UV imaging afforded by UVCANDELS.
Henceforth, we take the F275W and F435W photometry

results obtained from the V-isophot photometry as our default
measurements, which complement the pre-existing CANDELS
photometric catalog presented in Guo et al. (2013), Nayyeri
et al. (2017), Barro et al. (2019), and Stefanon et al. (2017).
The detailed content of our UVCANDELS photometric
catalogs is given in Table 2. These photometric catalogs will
be made publicly available on the Barbara A. Mikulski Archive
for Space Telescopes,42 alongside the full image mosaics
produced from the UVCANDELS data.

3. Sample Selection

The wide wavelength coverage in the UVCANDELS fields
(from UV to near-IR) enables high-quality photometric redshift
estimates (V. Mehta et al., in preparation, following the
methodology from Rafelski et al. 2015). We thus construct
galaxy samples according to their photometric redshifts.
Although the full details will be presented in V. Mehta et al.
(in preparation), here we briefly describe the methods
employed to derive accurate photometric redshifts. We use
the full CANDELS multiwavelength photometric catalogs from
UV to near-IR, with the new F275W and F435W data acquired
by UVCANDELS, to infer the photometric redshifts of
UVCANDELS sources. We calculate the photometric redshifts
by combining the results from several different codes: EAZY

Figure 2. Differential (top) and cumulative (bottom) UV source number counts in the four individual fields and the entire data set of UVCANDELS. Here, we only
include sources that are detected in F275W at a significance of S/N � 5. The far right panels of both rows show the number counts combined from the four fields,
which are also shown in the left four panels for comparison. The results given by the H-isophot and V-isophot aperture photometry methods in individual fields are
represented by the red and blue histograms, respectively. The vertical dotted line marks the expected 5σ limiting magnitude of 27 ABmag for pointlike sources. From
this, it is clear that our V-isophot photometry is superior to the conventional CANDELS photometry method in the UV, since it is capable of pushing the detection
limit to fainter magnitudes.

42 https://archive.stsci.edu/hlsp/uvcandels
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(Brammer et al. 2008), BPZ (Benítez 2000; Coe et al. 2006),
LePhare (Arnouts et al. 1999; Ilbert et al. 2006), and zphot
(Giallongo et al. 1998; Fontana et al. 2000). These codes were
chosen as they were consistently among the top performers in
photometric redshift review papers of the CANDELS fields
(Hildebrandt et al. 2010; Dahlen et al. 2013; Pacifici et al.
2023). We run two separate iterations of EAZY with multiple
template sets to give us a total of five independent code results.

Following the procedures outlined in Dahlen et al. (2013),
we obtain the final combined results by adding the smoothed
probability distributions from each code together and renorma-
lizing it. Comparisons between photometric and spectroscopic
redshifts for each CANDELS field present a normalized
median absolute deviation (NMAD; Brammer et al. 2008) of

σNMAD= 0.0193, 0.0303, 0.0356, and 0.0260 in COSMOS,
EGS, GOODS-N, and GOODS-S, respectively, and a outlier
fraction of η= 1.32%, 1.63%, 1.08%, and 1.15%, respectively
(see also Table 3). For the entire sample combining all four
UVCANDELS fields, our photometric redshift analysis
achieves σNMAD= 0.0263 and η= 1.32%.
Aiming to measure the UV LF, we choose the absolute

magnitude at the commonly used rest-frame 1500Å as a UV
magnitude indicator and use F275W to measure it in this work.
The corresponding redshift range can then be defined to be
0.6< z< 1, according to the F275W wavelength range of
[2286Å, 3120Å]. We consider only those sources that have
V-isophot aperture photometry measurements in the following
LF analysis. This leads to a slightly smaller survey area of

Table 2
Description of the UVCANDELS Photometric Catalogs

Column No. Column Title Description Units

1 ID Object identifier in the corresponding CANDELS catalog. L
2 IAU Designation L
3–4 RA, DEC R.A. and decl. Decimal

degrees (J2000)
5 ID_UV Object identifier in the UVCANDELS catalog. L
6 DIST_MATCH Crossmatch distance between ID_UV and ID in the CAN-

DELS catalog.
Decimal
degrees

7–8 WFC3_F275W_FLUX_OLD,
WFC3_F275W_FLUXERR_OLD

Total F275W flux from the CANDELS method (H-isophot
aperture photometry).

μJy

9 FLAG_COVER Whether this object is covered (“1”) or not (“0”) by the
UVCANDELS footprints.

L

10–11 WFC3_F275W_FLUX_IMPROVED,
WFC3_F275W_FLUXERR_IMPROVED

Total F275W flux from the improved method (V-isophot
aperture photometry).

μJy

12 WFC3_F275W_BKG_IMPROVED Median background level within sources’ combined iso-
photal areas for the improved method.

Counts per
second

13 WFC3_F275W_ISOAREA_IMPROVED Isophotal areas above the analysis threshold for the improved
method.

Pixel2

14 WFC3_F275W_ISOAREAF_IMPROVED Isophotal areas (filtered) above the detection threshold for the
improved method.

Pixel2

15 FLAG_MULTINUM The “multinum” flag being “1” or “0.” L
16 FLUX_MAX_OLD_F275W Peak flux. Counts per

second
17–18 FLUX_ISO_OLD_F275W, FLUXERR_ISO_OLD_F275W Isophotal flux and error. Counts per

second
19–20 FLUX_ISOCOR_OLD_F275W,

FLUXERR_ISOCOR_OLD_F275W
Corrected isophotal flux and error. Counts per

second
21–22 FLUX_AUTO_OLD_F275W,

FLUXERR_AUTO_OLD_F275W
AUTO flux and error. Counts per

second
23–24 FLUX_PETRO_OLD_F275W,

FLUXERR_PETRO_OLD_F275W
PETRO flux and error. Counts per

second
25–26 FLUX_BEST_OLD_F275W, FLUXERR_BEST_OLD_F275W BEST flux and error. Counts per

second
27–48 FLUX_APER_OLD_F275W,

FLUXERR_APER_OLD_F275W
Fixed-aperture flux in 11 circular apertures of radius 1.47,
2.08, 2.94, 4.17, 5.88, 8.34, 11.79, 16.66, 23.57, 33.34, and

47.13 pixels (with the plate scale being 60 mas).

Counts per
second

49 BACKGROUND_OLD_F275W Background level at centroid position. Counts per
second

50 ISOAREA_IMAGE_OLD_F275W Isophotal areas above the analysis threshold for the CAN-
DELS method.

Pixel2

51 ISOAREAF_IMAGE_OLD_F275W Isophotal areas (filtered) above the detection threshold for the
CANDELS method.

Pixel2

52–54 FLUX_RADIUS_OLD_F275W Radius of 20%, 50%, 90% enclosed light. Pixel
55 FWHM_IMAGE_OLD_F275W Image FWHM. Pixel

Note. The detailed content of the UVCANDELS photometric catalogs presented in this work. The columns listed above correspond to those in the F275W catalogs of
the four individual fields. The F435W catalogs of the EGS and COSMOS fields are also produced using the same method, with the names of the corresponding
columns changed from F275W to F435W.
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∼392 arcmin2 in total, due to the lack of V-band coverage in
parts of the COSMOS field. The specific survey areas of each
field used in our analysis are tabulated in Table 3. Besides the
advantage of the ∼1 mag improvement of the survey depth (at
the 5σ level), as discussed in Section 2, using only the
V-isophot aperture photometry results can also help in
conducting a self-consistent completeness analysis (see
Section 4). In order to avoid selecting spurious objects, we
require 3σ measurements in the rest-frame UV filter. The
selection criteria for our samples are:

a. 0.6< zphot< 1; and
b. S/N> 3 in the F275W band.

This results in a selection of 1361, 2001, 1823, and 696
galaxies in the COSMOS, EGS, GOODS-N, and GOODS-S
fields, respectively.

Furthermore, we examine and exclude possible sources of
contamination to ensure the purity of our samples. First, we
perform a crossmatch analysis on our sample with the
CANDELS active galactic nucleus (AGN) catalogs compiled
by Kocevski et al. based on X-ray observations (private
communication), removing 4, 25, 29, and 12 matched sources
in the COSMOS, EGS, GOODS-N, and GOODS-S fields,
respectively. The number of X-ray sources rejected varies
notably across the four fields, due to the different survey areas
of each field and depths of the X-ray observations. Second, we
implement star/galaxy separation criteria on the UVCAN-
DELS F606W (the detection band in our V-isophot photo-
metry) catalog, as follows:

a. S/N> 3;
b. CLASS_STAR> 0.9;
c. elongation=A_IMAGE/B_IMAGE< 1.2;
d. <f f 1.33 arcsec 0.7 arcsec ; and
e. mF606W< 22 ABmag.

The sources that meet these criteria are identified as stars and
rejected from our sample.

Finally, at the bright end ofMUV<−20, we perform a visual
inspection to further exclude some spurious objects, such as
wrongly segmented sources. We find that with the improved
(V-isophot) photometry method, those falsely detected bright
sources with the old (H-isophot) photometry method (e.g., due
to segmentation faults) are now almost all automatically
eliminated, which further validates our UV-optimized aperture
photometry method. After removing all the contaminants

mentioned above, there were 1357, 1976, 1794, and 683
galaxy candidates selected from the four fields, respectively,
summing up to 5810 sources appropriate for our UV LF
analysis. We list these numbers also in Table 3.
The rest-frame absolute magnitude at 1500Å of the selected

galaxy is then determined by (e.g., Hogg et al. 2002)

( ) ( )= - -M m d K5 log 10 pc , 3L1500 F275W cor

where Kcor represents the K-correction from the emission
wave band centered around rest-frame 1500Å to the observed
band F275W. By limiting our measurements to a redshift
range (0.6< z< 1) in which the rest-frame emission is
redshifted to and observed through the selected filter, the
K-correction term is minimized. We estimate Kcor for each
individual galaxy in our catalog via interpolation on a
precomputed Kcor(z, β) table, where β is the UV continuum
slope, rather than performing the full integration of the best-fit
spectrum. Here, the Kcor(z, β) table is computed using
Equation (13) in Hogg et al. (2002), given a model spectrum
consisting of a power law F(λ)∼ λβ and a Lyman break at
1216Å. The specific β value for each galaxy is obtained based
on the spectral energy distribution (SED) fitting results (V.
Mehta et al., in preparation). We ensure that the uncertainties
on M1500 originating from our K-correction calculations are
below the levels of uncertainties due to flux and redshift
measurement errors.
Figure 3 shows the redshift distribution (left panel) of these

5810 selected galaxies, which is a relatively flat distribution
across the redshift range of 0.6< z< 1. The median redshift is
∼0.8. The distribution of rest-frame M1500 of our sample is also
given in Figure 3 (right panel), with a faint-end magnitude limit
down to −14.2.

4. Completeness Analysis

Galaxy imaging surveys suffer from incompleteness where
not all sources of a targeted population can be universally
observed, due to defects in observations, instruments, data
reduction, and sample selection. To encompass the volume
density properly in computing the UV LF, one therefore needs
to estimate the incompleteness of a sample and correct it
precisely, which is more critical for the faint end approaching
the survey detection limit. A commonly used procedure for
estimating the completeness in galaxy surveys is to inject

Table 3
Description of Selected F275W Samples from Four UVCANDELS Fieldsa

Field Areab Nc σNMAD η

COSMOS 89.12 1357 0.0193 1.32%
EGS 141.14 1976 0.0303 1.63%
GOODS-N 107.92 1794 0.0356 1.08%
GOODS-S 54.13 683 0.026 1.15%

All 392.31 5810 0.0263 1.32%

Notes.
a F275W exposures at a uniform three-orbit depth, except that in GOODS-N,
the continuous viewing zone increased the efficiency of the observations.
b Covered both by F275W (for UV LF measurements) and F606W (for
V-isophot aperture photometry), in units of square arcminutes.
c Number of galaxies selected with S/N � 3 in F275W and photometric
redshift 0.6 < z < 1, after removing contamination.

Figure 3. The photometric redshift (left panel) and rest-frame 1500 Å absolute
magnitude (right panel, measured from F275W) distributions of the selected
5810 sources from the UVCANDELS photometry catalogs at 0.6 < zphot < 1
that have S/N � 3 for the F275W flux. Possible contaminations from stars,
AGNs, and spurious objects have been examined and excluded.
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artificial galaxies with properties similar to the underlying
population into real images, then conduct identical data
reduction and sample selection as the observed sample, before
finally calculating the fraction of recovered mock galaxies as a
function of magnitude, redshift, galaxy size, etc. (e.g., Oesch
et al. 2010; Alavi et al. 2016).

As mentioned in Section 2, UVUDF shares a similar
instrument, targeted galaxy population, data reduction, and
photometry pipeline with UVCANDELS. Therefore, the
completeness simulation results for UVUDF (Mehta et al.
2017), which were computed following the standard mock-
source injection and recovery technique, should be applicable
to UVCANDELS. A primary difference between the two
surveys related to sample completeness is that the limiting
magnitude of UVUDF (mF275W= 27.8) is 0.8 magnitude
deeper than that of UVCANDELS (mF275W= 27). Given that
the sample completeness is a function of S/N, we can adapt the
completeness function derived for UVUDF to one suitable for
UVCANDELS data by adjusting the S/N threshold to account
for the different survey depths.

Figure 4 shows the completeness as a function of the
apparent magnitude in F275W, C(mF275W), for our sample,
adapted from UVUDF simulation results. To ensure reliable
incompleteness corrections, particularly at the faint end,
following Mehta et al. (2017), we limit the galaxy sample for
our LF analysis where the completeness is higher than 30%.
We do not apply a higher limit of completeness cut here, since
we intend to study the faint end of the LF. This provides a final
sample of 4726 galaxies used to derive the UV LF. The vertical
dashed line in Figure 4 shows the relevant faint-end magnitude
limit, m= 26.77. We also compute the completeness as a
function of the redshift and UV absolute magnitude C(z, M) by
sampling on a z-grid, which will be used in the following
subsection to define the effective survey volume.

Despite the employment of the V-isophot photometry, our
UV sample is intrinsically built based on the H-band detection,
due to the fact that the registration of sources is done in the H
band. This may give rise to a color-dependent incompleteness,
since sources that are blue enough to be detected in F275W
while fainter than the limiting magnitude of F160W (∼27AB)
will be omitted. Resorting to the V-band detection catalog, we

evaluate the fraction of sources suffering from this effect. As a
result, ∼3% of UV sources are found bright with
mF275W< 27AB at an S/N> 3 level while dropping out of
H-band detection. Moreover, we also estimate the fraction of
galaxies with a best-fit color F275W–F160W< 0 using the
SED catalog. Only 0.28% of sources are found of this color
among those above the detection limit of F160W. Overall, the
uncertainty from this incompleteness effect turns out to be
smaller than the Poisson noise on the galaxy number density
per magnitude bin, and hence its impact on our primary results
should be negligible.

4.1. The Effective Survey Volume

The incompleteness of a sample affects the number counts of
sources, given the survey volume. Or, equivalently, it impacts
the effective survey volume of a sample, which is critical in the
computation of the LFs. Hence, we incorporate the complete-
ness corrections in the computation of the effective survey
volume (Veff) as follows:

( ) ( ) ( ) ( )ò=
W

WV M
dV

dz d
C z M z dz, , 4

z

z

eff
com

min

max

where zmin and zmax are the lower and upper redshifts of our
selected sample, respectively. dVcom is the comoving volume
element per unit area dΩ at a redshift z. C(z, M) is the
completeness function depending on redshift z and UV
absolute magnitude M. Ω(z) is the survey area at z. For our
sample with the improved photometry measurements, the
corresponding survey area is ∼392 arcmin2 in total, a constant
throughout the redshift range 0.6< z< 1.

5. LF

The galaxy LF is well fit by a parameterized Schechter
function (Schechter 1976), a power law with slope α at the
faint end and an exponential cutoff at luminosities brighter than
a characteristic magnitude, M

*

, as below:43

( ) ( ) ( )( )( ) ( )f f= a- - + - - -
M e0.4 ln 10 10 , 5M M0.4 1 10 M M0.4* * *

where f
*

is the normalization factor.
Using the effective survey volume accounting for the

completeness corrections, we can derive the rest-frame
1500Å UV LFs of our sample. We first compute the binned
UV LFs, then we perform a maximum likelihood estimate
(MLE) on the unbinned data to find the best-fit Schechter
parameters.

5.1. The Binned UV LFs

Given the measured effective survey volume Veff, the LF
value at each absolute magnitude bin can be calculated using
the commonly used Veff method (e.g., Steidel et al. 1999; Alavi
et al. 2014). In this method, the number density of galaxies in
each absolute magnitude bin is quantified by dividing the
number of galaxies by the effective volume covered by that bin.
The effective volume, however, might vary significantly from
one side of the magnitude bin to the other. Following Alavi
et al. (2016), we therefore calculate the effective volume for
each individual galaxy and then sum up over all galaxies within

Figure 4. Completeness as a function of apparent magnitude in F275W, C
(mF275W), for our UVCANDELS sample, as adapted from UVUDF (Mehta
et al. 2017). The vertical dashed line marks the limiting magnitude determined
by the 30% completeness.

43 In statistics, this is recognized as the probability density function of the
gamma distribution.
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each bin, as below:

( )
( )

( )åf =
=

M dM
V M

1
, 6i i

j

N

j1 eff

i

where Ni is the total number of galaxies in the ith bin, and Veff

is the effective volume covered by a galaxy with absolute
magnitude Mj in the ith bin, summing up over all four fields.

A Poisson error,
f
N
i

i
, is assigned for each bin where the

number of galaxies Ni is larger than 50. For those bins with
Ni< 50, we use the Poisson approximation, ΔP, from Gehrels
(1986) to determine the uncertainty as

f D
N
i P

i
. The bin width is set

to be ΔMUV= 0.5 magnitude. The faintest-magnitude bin is
centered at MUV=−15.75, after the completeness cut of
>30% is implemented. Since both the redshift ranges and the
luminosity bins considered in this analysis are relatively small,
the Veff of different sources within each luminosity bin do not
vary significantly, and consequently the weights of sources are
similar. Therefore, the Poisson error should still be a good
estimate here.

We emphasize that the binned LF provided in Figure 5 is
simply for visual inspection and comparison. Because of
arbitrary bin widths, bin centers, and the loss of information
within each bin, it is not a good choice to use the binned data
for parameter inference. We therefore perform an MLE on the
unbinned data discussed in the next section.

5.2. The Unbinned Maximum Likelihood Estimator

In this section, we perform an MLE to infer the best-fit
Schechter parameters of the UV LFs, using the unbinned data.

Specifically, we adopt the modified form of MLE (Alavi et al.
2016) to account for the measurement errors of the absolute
magnitude, with similar forms also presented in Alavi et al.
(2014), Mehta et al. (2015), and Mehta et al. (2017). In this
scenario, the best-fit parameter values are found by maximizing
the joint likelihood function of all galaxies, as shown below:

 ( ) ( )=
=

P M , 7
i

N

i
1

where N is the total number of objects down to the magnitude
limit of the sample. P(Mi) is the probability of detecting a
galaxy with absolute magnitude Mi, defined as:

( )
( ) ( ) ( ∣ )

( ) ( )
( )

ò

ò

f s

f
= -¥

+¥

-¥

P M
M V M G M M dM

M V M dM

,
. 8i

i i

M

eff

eff
limit

Here, f(M) is the LF given by Equation 5 and Veff(M, z) is the
effective volume. Mlimit is defined to be the faintest absolute
magnitude of a sample, with Mlimit=−15.52 for our sample.
G(M|Mi, σi) is a Gaussian probability distribution assumed for
each object to include the uncertainties of its absolute
magnitude:

( ∣ ) ( ( ) ) ( )s
p s s

= -
-

G M M
M M

,
1

2
exp

2
, 9i i

i

i

i

2

2

where the total uncertainty, σi, of the absolute magnitude is
obtained by adding the photometry uncertainty σm and the
photometric redshift uncertainty σz in quadrature. The photo-
metry uncertainty is computed using the SExtractor output

Figure 5. Rest-frame UV LF of UVCANDELS galaxies at z ∼ 0.8. The black dashed line is the best-fit Schechter LF from the MLE, with its 3σ errors denoted by the
gray shaded region. The black/red squares represent the binned LF with/without the completeness corrections. The colored lines are results from the literature at
similar redshifts, summarized in the legend. The inset shows the MLEs of the Schechter LF parameters α–M

*

. The green lines label the best-fit (median) values of α
and M

*

, reported in Table 4. The black contours show the 1σ (0.393) and 2σ (0.865) confidence levels.
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of the flux error. The photometric redshift uncertainty on the
measured absolute magnitude of each galaxy is calculated
using the 1σ confidence interval of its redshift probability
distribution and error propagation of Equation 3.

We note that with the MLE fitting technique, the normal-
ization parameter of the Schechter function is canceled out and
not fitted. Therefore, we must estimate it separately from the
number counts (e.g., Alavi et al. 2014):

( ) ( )
( )

ò
f

f
=

N

M V M dM
, 10

M

M
eff

1

2
*

where M1 and M2 represent the brightest and faintest objects in
the sample, respectively.

We compute the probability function for each individual
galaxy in our sample and estimate the best-fit Schechter
parameters by maximizing the joint likelihood function of all
galaxies. Flat priors of −3< α< 0 and −30<M

*

<−14 are
imposed throughout. We perform a Markov Chain Monte Carlo
(MCMC) analysis to quantify the uncertainties of our best-fit
parameters using the Python package emcee (Foreman-
Mackey et al. 2013).

5.3. Results

Along with the binned UV LF, we present the best-fit UV LF
using the MLE techniques described above for our photo-
metric-redshift-selected sample. As discussed in Section 4, we
impose a completeness cut of >30% on our sample to avoid
using objects with completeness corrections that are too large.
This leads to a final sample size of 4726 galaxies used to derive
the UV LF and a faint-end magnitude limit Mlimit of −15.52,
which is also listed in Table 4.

Figure 5 shows the rest-frame UV LF of the full
UVCANDELS galaxy sample at a median redshift z∼ 0.8.
The black dashed line is the best-fit Schechter LF from the
MLE, with its 3σ errors denoted by the gray shaded region.
Here we use the bootstrapped MCMC sample of the (α, M

*

)
pair to estimate the distribution of the LF at each MUV and
calculate the corresponding uncertainty. The binned LF with
the completeness corrections is shown by the black squares,
whereas its counterpart that does not incorporate the complete-
ness corrections is presented by the red squares. The error bars
of the two binned LFs represent their Poisson errors, as
discussed in Section 5.1. It is noted that our best-fit LF to the
unbinned data using MLE is in good agreement with the binned
LF. In Figure 5, we also plot the best-fit rest-UV LFs from the

literature that are derived at the same wavelength (∼1500Å)
and similar redshifts using data from GALEX (Arnouts et al.
2005), HST ERS (Oesch et al. 2010), VVDS (Cucciati et al.
2012), CLAUDS and HSC-SSP (Moutard et al. 2020), and
XMM-COSMOS (Sharma et al. 2024). It is noted that our LF
measurements cover a wider absolute magnitude range
(−21.5<MUV<−15.5) at relevant redshifts than the previous
studies shown in Figure 5.
The specific best-fit values of the Schechter parameters from

our full sample are tabulated in Table 4. The uncertainties and
correlations of the faint-end slope α and the characteristic
luminosity M

*

are illustrated by the inset contours of Figure 5.
Our MLE estimates find the faint-end slope a = - -

+1.359 0.041
0.041

at z∼ 0.8. This value is in good agreement with Sharma et al.
(2024), who reported a measurement a = - -

+1.37 0.043
0.048 at

z∼ 0.7, and is relatively flatter than other studies at similar
redshifts, especially those estimated under brighter magnitude
limits, such as Arnouts et al. (2005) and Oesch et al. (2010),
whereas we are still in consistency with them within 3σ
considering their large error bars. We note that most of the
studies listed in Figure 5 assume a flat ΛCDM with Ωm= 0.3
and h= 0.7. If the same cosmology is adopted, we obtain
a = - -

+1.409 0.041
0.042, with a deviation δα=−0.05 comparable to

the 1σ statistical uncertainty. The deviation of M
*

is even
smaller, with δM

*

=−0.003 compared to the constraint
= - -

+M 18.578 0.075
0.073* based on the adopted cosmology

throughout this paper. Therefore, the effect of the assumption
of different cosmological models on our LF measurements is
negligible.
The Poisson errors on the number counts are already

accounted for by the error bars shown in Figure 5. On the
other hand, the number counts are also prone to errors due to
fluctuations of large-scale structure—namely, cosmic variance.
We estimate the cosmic variance for our sample using the
Cosmic Variance Calculator v1.0344 (Trenti & Stiavelli 2008).
We assume σ8= 0.8 and an average halo occupation fraction of
0.5, and we use the Sheth & Tormen (1999) bias formalism.
For an FOV of the four fields combined, we estimate a
fractional error of 0.18 on the number counts of bright
(MUV<−20) sources in our sample, which is smaller than the
relative Poisson uncertainty of 0.34.
At the bright end, it is seen that there exists a relatively larger

difference between our LF and those from other studies, as
shown in Figure 5. First, the cosmic variance mentioned above

Table 4
Best-fit Schechter Parameters for UV LFs and the UV Luminosity Density

Redshift Mlim,UV Na α M
*

f
*

ρUV
b

(mag) (mag) (10−3 Mpc−3)

Full Sample

0.6 < z < 1.0 −15.52 4726 - -
+1.359 0.041

0.041 - -
+18.578 0.075

0.073
-
+8.21 0.78

0.82
-
+1.339 0.030

0.027

Subsamples

0.6 < z < 0.8 −15.52 2482 - -
+1.322 0.056

0.057 - -
+18.492 0.107

0.101
-
+8.95 1.17

1.24 +1.2860.035
0.032

0.8 < z < 1.0 −16.17 2346 - -
+1.419 0.066

0.067 - -
+18.676 0.116

0.108
-
+7.49 1.13

1.21
-
+1.461 0.070

0.059

Notes.
a Sample size after removing sources with completeness <30%.
b In units of ×1026 erg s −1 Hz−1 Mpc−3.

44 https://www.ph.unimelb.edu.au/~mtrenti/cvc/CosmicVariance.html
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can partly explain this difference, as Arnouts et al. (2005),
Moutard et al. (2020), and Sharma et al. (2024) possess larger
survey areas of about 1.5–20 deg2, whereas this analysis has
∼400 arcmin2. Second, we carefully remove pointlike sources,
including AGNs, whereas Moutard et al. (2020) noticed that
the bright ends of their LFs may suffer from the contamination
of stars and QSOs, and in Oesch et al. (2010) the AGN removal
was not mentioned specifically. On the other hand, the higher
resolution of HST WFC3 compared to that of GALEX
(Arnouts et al. 2005), CLAUDS (Moutard et al. 2020), and
XMM-OM (Sharma et al. 2024) may help in better discrimi-
nating contamination, including AGNs. As a test, we obtain a
good agreement (<3σ) with Oesch et al. (2010), Moutard et al.
(2020), and Sharma et al. (2024) at MUV<−20, by retaining
the sources that are identified as AGNs in our catalog. Besides,
we also perform a visual inspection at MUV<−20 and
carefully exclude contamination from spurious objects, includ-
ing those wrongly segmented galaxies, since the estimate of
photometric redshift for these galaxy fragments should not be
accurate. This treatment further reduces the number count of
our sample at the bright end, which tends to infer a larger M

*

and might also help explain the discrepancy of the LFs at the
bright end between our and other studies.

6. Discussion

6.1. Evolution of the Schechter Parameters

To investigate the evolution of the LF parameters with
redshift, we illustrate determinations of the rest-frame UV LFs
across the redshift range 0< z< 3 from the literature (Arnouts
et al. 2005; Oesch et al. 2010; Cucciati et al. 2012; Weisz et al.
2014; Alavi et al. 2016; Mehta et al. 2017; Moutard et al. 2020;
Sharma et al. 2024; Bouwens et al. 2022), along with our best-
fit parameters, in Figure 6. Here, all results are derived at
∼1500Å, except the studies of Bouwens et al. (2022) are
given at 1700Å. The statistical errors of our best-fit parameters
in Figure 6 are significantly smaller than those of other
studies at similar redshifts, as expected from the unprecedent-
edly large sky coverage at high angular resolution afforded
by UVCANDELS. Our statistical precision reaches a high
level, with a 1σ error of σα= 0.041 and σM

*

= 0.075 mag,
although there may also exist systematic deviations due to, e.g.,
the uncertainties of completeness corrections, especially on
low-luminosity sources.

By comparing our results with those at lower and higher
redshifts in Figure 6, our best-fit faint-end slope α (in the upper
panel) and characteristic M

*

(in the middle panel) are found to
be consistent with other determinations at similar redshifts. We
do not put emphasis on the comparison of the characteristic
number density f

*

with previous results from the literature,
since with our MLE fitting technique f

*

is canceled out and not
fitted directly. Overall, our estimated Schechter parameters at
z= 0.8 are in better agreement with the results at z= 0.75 from
Weisz et al. (2014), although their best fit is derived from Local
Group fossil records at the very faint end of MUV>−14. We
are also in good agreement with Bhattacharya et al. (2024),
given their large uncertainties, especially as we both infer a
relatively larger M

*

∼−18.5 at z∼ 0.75–0.8. We should note
that their results are also based on UV observations in one of
the four UVCANDELS fields, i.e., GOODS-N, using Astrosat
(Singh et al. 2014) and HST as well. Combined with the

constraints from different redshifts, α exhibits an evolutionary
trend of getting steeper with redshift.
Thanks to the large sample size and precise photometric

redshifts of our sample, it is statistically feasible to split the full
sample into two subsamples in the redshift ranges 0.6< z< 0.8
and 0.8< z< 1.0, respectively, in order to further investigate
the evolution of the LF. The resulting numbers of candidates
are 2482 at a mean redshift of z∼ 0.7 and 2346 at z∼ 0.9.
Figure 7 illustrates the best-fit UV LFs using the MLEs, with
the relevant Schechter parameters listed in Table 4. With a
roughly 50% degradation of the uncertainties compared to the
case with the full sample, the best-fit values of the faint-end
slope α are- -

+1.322 0.056
0.057 at z∼ 0.7 and- -

+1.419 0.066
0.067 at z∼ 0.9,

which are also illustrated by the gray dots in the upper panel of

Figure 6. Redshift evolution of the Schechter LF parameters α (top),
M

*
(middle), and f

*
(bottom). The black dots show the main results from our

full sample at z ∼ 0.8. The gray dots denote the determinations of our split
subsamples at z ∼ 0.7 and z ∼ 0.9, respectively. The symbols representing
previous determinations from the literature are summarized in the legend. The
error bars show the 1σ uncertainties.
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Figure 6. Although the α values at the two redshifts are not
significantly distinguishable at a � 3σ level, we observe a
possible evolution of the faint-end slope of the UV LF getting
steeper with redshift, which is generally consistent with studies
from the literature. Combining our determinations with
previous studies on a larger baseline of redshift, this evolving
trend of α can be more clearly observed, which provides further
support for the link between the buildup of galaxies and their
dark matter halos (see also Bouwens et al. 2021, 2022). We
also find that, from the middle panel of Figure 6, the
characteristic M

*

is slightly brighter at redshift z∼ 0.9 relative
to z∼ 0.7 by ΔM

*

∼−0.18, although the values are consistent
with each other within 2σ.

6.2. UV Luminosity Density

The faint-end slope of the UV LFs determines the relative
contribution of faint and bright galaxies to the total cosmic UV
luminosity. We use our best-fit Schechter LF in Section 5 to
compute the unobscured (i.e., not corrected for dust) cosmic
UV luminosity density ρUV as:

( ) ( ) ( ) ( )ò òr f f= =
¥

-¥
L L dL L M M dM. 11

L

M

UV
lim

lim

We list in Table 4 the cumulative UV luminosity density
computed by integrating down to a magnitude limit of
MUV=−10. We adopt this magnitude limit for convenience
of comparison, since it is commonly used in the literature (e.g.,
Alavi et al. 2016; Sharma et al. 2024). The evolution of the UV
luminosity density over redshift 0< z< 3 is also illustrated in
Figure 8. All results here are obtained by integrating down to
MUV=−10 according to Equation (11) in a consistent manner,
using the published Schechter parameters from the literature
along with their uncertainties (Oesch et al. 2010; Cucciati et al.
2012; Alavi et al. 2016; Mehta et al. 2017; Moutard et al. 2020;
Sharma et al. 2024). We assume there is no turnover on the UV
LFs down to this absolute magnitude. To estimate the 1σ
uncertainty of ρUV, we run MCMC sampling to obtain a
sequence of random pairs of (α, M

*

) using their 2D joint
probability distribution, then compute the distribution of the
UV luminosity density and corresponding uncertainty. Overall,
our estimated ρUV using the total sample at z= 0.8 is in good
agreement (within 1σ) with the results from Oesch et al. (2010)
and from Moutard et al. (2020), both given at z= 0.75.

Combining all these results, the unobscured UV luminosity
density continuously increases from z= 0 to z= 2, as also
found in previous studies (e.g., Cucciati et al. 2012; Alavi et al.
2016). Bouwens et al. (2022) show that this trend is still
maintained for the dust-corrected UV luminosity density at the
same redshift range. Since the integrated UV luminosity
density is tightly related to the SFR density, it indicates that
the cosmic SFR is gradually rising from z= 0 back to z= 2.

7. Summary

The unprecedented deep-field UV (F275W) area coverage of
UVCANDELS enables high-precision measurements of the rest-
frame UV LFs. In addition, our UV-optimized aperture photo-
metry method yields a factor of 1.5× increase in the S/Ns of our
F275W imaging. We present the photometric catalogs of our
UVCANDELS F275W and F435W images measured using the
V-isophot aperture photometry method, developed in Rafelski

Figure 7. Rest-frame UV LFs of the split subsamples at z ∼ 0.7 (left panel) and z ∼ 0.9 (right panel). The black dashed line is the best-fit Schechter LF using the MLE,
with its 3σ errors denoted by the gray shaded region. The black/red squares represent the binned LFs with/without the completeness corrections. The colored lines
are results from the literature summarized in the legend.

Figure 8. Redshift evolution of the UV luminosity density. The black open
circles show the results computed from the best-fit Schechter parameters of our
full sample at z ∼ 0.8 (not corrected for dust), and the gray circles represent the
results of our split subsamples at z ∼ 0.7 and z ∼ 0.9. The symbols
representing results from literature are summarized in the legend. All the
points are derived by integrating the rest-frame UV LFs down to MUV = −10,
and the 1σ errors on the points are estimated using the uncertainties in the LF
parameters reported in each individual reference.
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et al. (2015). Using well-tested photometric redshift measurements
and S/N cuts, we identify in total 5810 galaxies from the F275W
catalog at a redshift range of 0.6< z< 1, down to an absolute
magnitude of MUV=−14.2. We restrict our analysis to sources
above 30% completeness to minimize the effect of uncertainties in
estimating the completeness function, especially at the faint end,
which provides a final sample of 4726 galaxies at
−21.5<MUV<−15.5.

We perform an MLE on the unbinned data to derive the best-
fit Schechter parameters of the UV LF. Overall, our best-fit
Schechter parameters α and M

*

at z∼ 0.8 are in good
agreement with the results from Weisz et al. (2014) at a
similar redshift z∼ 0.75. We are also in good agreement with
Bhattacharya et al. (2024), given their large uncertainties.
Especially, we both infer a relatively larger M

*

∼−18.5 at
z∼ 0.75–0.8. We report a best-fit faint-end slope of
a = - -

+1.359 0.041
0.041 at z∼ 0.8.

To further investigate the evolution of the UV LF, we split
our full sample into two subsamples at different redshift ranges.
The resulting best-fit values of the faint-end slope α are
- -

+1.322 0.056
0.057 at z∼ 0.7 and - -

+1.419 0.066
0.067 at z∼ 0.9. Although

the α values at both redshifts are consistent at a 3σ level, our
results suggest that the faint-end slopes of galaxy UV LFs may
be getting steeper with redshift. Combining our determinations
with previous studies from different redshifts, this evolving
trend of α can be more clearly observed at a larger baseline of
redshift. This provides further support to the link between the
buildup of galaxies and their dark matter halos.

We obtain an unobscured cumulative UV luminosity density
down to MUV<−10 assuming there is no turnover on the UV
LFs. Our estimated ρUV using the total sample at z= 0.8 is in
good agreement (within 1σ) with the results from Oesch et al.
(2010) and from Moutard et al. (2020), both given at z= 0.75.
Taking into account that the faint-end slope of the UV LF is
probably getting steeper with redshift, low-luminosity galaxies
can therefore contribute more to the total cosmic UV
luminosity density at higher redshift. In combination with the
Lyman-continuum escape fraction study, this is promising in
illuminating the role that faint galaxies play in cosmic
reionization.
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