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ABSTRACT

The Javalambre-Physics of the Accelerating Universe Astrophysical Survey (J-PAS) will observe ~1/3 of the northern sky with a set of 56 narrow-
band filters using the dedicated 2.55 m Javalambre Survey Telescope (JST) at the Javalambre Astrophysical Observatory. Prior to the installation
of the main camera, in order to demonstrate the scientific potential of J-PAS, two small surveys were performed with the single-CCD Pathfinder
camera: miniJPAS (~1 deg? along the Extended Groth Strip), and J-NEP (~0.3 deg? around the JWST North Ecliptic Pole Time Domain Field),
including all 56 J-PAS filters as well as u, g, r, and i. J-NEP is ~0.5-1.0 magnitudes deeper than miniJPAS, providing photometry for 24,618
r-band detected sources and photometric redshifts (photo-z) for the 6,662 sources with r<23.

In this paper we describe the photometry and photo-z of J-NEP and demonstrate a new method for the removal of systematic offsets in the
photometry based on the median colours of galaxies, dubbed “galaxy locus recalibration”. This method does not require spectroscopic observations
except in a few reference pointings and, unlike previous methods, is directly applicable to the whole J-PAS survey.

'We use a spectroscopic sample of 787 galaxies to test the photo-z performance for J-NEP and in comparison to miniJPAS. We find that the deeper
J-NEP observations result in a factor ~1.5-2 decrease in o-nmap (a robust estimate of the standard deviation of the photo-z error) and 7 (the outlier
. rate) relative to miniJPAS for r>21.5 sources, but no improvement in brighter ones probably due to systematics. We find the same relation between
onmap and odds in J-NEP and miniJPAS, which suggests that we will be able to predict the onmap of any set of J-PAS sources from their odds
distribution alone, with no need for additional spectroscopy to calibrate the relation. We explore the causes for photo-z outliers and find that
—icolour-space degeneracy at low S/N, photometry artefacts, source blending, and exotic spectra are the most important factors.
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1. Introduction

The Javalambre-Physics of the Accelerating Universe Astro-

O physical Survey (J-PAS; Benitez et al. 2009, 2014) will observe

—
o
™

thousands of square degrees in the Northern hemisphere with a
unique set of 56 optical filters that provides, for each 0”748 x 0748
pixel on the sky, an R~60 photo-spectrum (hereafter j-spectrum)

C\! covering the 3800-9100 A range. This will enable achieving the
extremely accurate photometric redshifts (photo-z), needed to

S

measure the cosmological baryonic acoustic oscillation (BAO)
signal across a wide range of cosmic epochs, and to characterise
millions of stars, galaxies and quasars to a level of detail previ-
ously restricted to spectroscopic studies.

The instrument that makes J-PAS possible, JPCam, has 14
CCDs (each containing 9200x9200 pixels) covering an area of
~4.2 deg? in a single pointing. JPCam is currently being com-
missioned on the 2.5 m JST/T250 telescope at the Observatorio
Astrofisico de Javalambre (OAJ; Cenarro et al. 2014).

Prior to the installation of JPCam, a single-CCD cam-
era (Pathfinder) was used on the JST/T250 telescope to start
its scientific operation and to provide observations with the
same filter set of J-PAS in advance of the actual survey. Most
of the observing time with Pathfinder was devoted to per-
forming a ~1 deg” survey of the Extended Groth Strip with

* email: ahernan @cefca.es

the 56 filters of J-PAS along with u, g, r and i, reaching
depths comparable to those expected for J-PAS (Bonoli et al.
2021). This survey, dubbed miniJPAS, has been used to test
the performance of the telescope and the Pathfinder cam-
era (Bonoli et al. 2021; Xiao et al. 2021), the algorithms for
detection of emission lines (Martinez-Solaeche et al. 2021;
Iglesias-Paramo et al. 2022), star/galaxy/quasar classification
(Baquietal. 2021; Queirozetal. 2022), and photo-z cal-
culation (Hernan-Caballero et al. 2021; Lauretal. 2022), as
well as to obtain the first scientific results on the proper-
ties of J-PAS galaxies (Gonzdlez Delgado et al. 2021, 2022;
Martinez-Solaeche et al. 2022; Rodriguez-Martin et al. 2022)
and quasars (Chaves-Montero et al. 2022).

A second survey performed with Pathfinder is the Javalambre
North Ecliptic Pole Survey (J-NEP). Like miniJPAS, J-NEP uses
the 56 filters of J-PAS plus u, g, r, and i. It consists of a single
Pathfinder pointing (~0.3 deg?) but with significantly longer to-
tal exposure times, reaching between ~0.5 and ~1.0 magnitudes
deeper than miniJPAS (see Sect. 2).

J-NEP covers entirely the James Webb Space Telescope
(JWST) North Ecliptic Pole Time-Domain Field (JWST-TDF;
Jansen & Windhorst 2018). The JWST-TDF is a new extragalac-
tic field of interest selected for its low Galactic extinction, ab-
sence of bright stars, and location within the Northern con-
tinuous viewing zone of JWST. The guaranteed time program
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JWST-GTO-2738 (PI: Windhorst) has been awarded ~47 hours
to imaging the JWST-TDF in 8 filters with JWST/NIRCam and
JWST/NIRISS slit-less spectroscopy in parallel, drawing a 4-
spoke pattern (Fig. 1). The multi-wavelength coverage ranges
from hard X-rays to radio wavelengths as tabulated by R.
Jansen'. It includes: broad-band imaging in the optical and near-
infrared with the Hubble Space Telescope (PI. Jansen), Sub-
aru (PIs: Hasinger & Hu), and the Gran Telescopio Canarias
(PI: Dhillon); X-rays with NuSTAR (PI: Civano) and Chandra
(PI: Maksym); submillimetre observations with the James Clerk
Maxwell Telescope (PIs: Smail & Im) and IRAM 30m (PI: Co-
hen), radio observations with the Very Large Array (Pls: Wind-
horst & Cotton), Very Long Baseline Array (PI: Brisken), and the
Low-Frequency Array (PI: Van Weeren), among others.

A significant effort to obtain spectroscopy in the JWST-
TDF is also ongoing. Willmer et al. (in prep.) obtained 1553
MMT/Binospec spectra covering the ~3900-9350 A wavelength
range, 1013 of them yielding high confidence spectroscopic red-
shifts. However, for the majority of sources within the J-NEP
footprint, photo-z will be the only redshift estimates available
in the foreseeable future. The J-NEP j-spectra will thus play an
important role in the characterisation of many of the sources de-
tected in the multi-wavelength surveys.

Unlike miniJPAS and J-NEP, most of the area that will be
covered by J-PAS lacks any substantial spectroscopic coverage
at the depth required to validate the photo-z (r~23). As a con-
sequence, the strategies for prediction of the photo-z perfor-
mance and for removal of systematic offsets in the photome-
try (see Herndn-Caballero et al. 2021, hereafter HC21) need to
be made independent from the availability of spectroscopy at a
given pointing.

In this paper, we present the photometry and photo-z of the
J-NEP survey. In preparation for J-PAS, and in contrast to miniJ-
PAS, the photo-z of J-NEP have been obtained independently of
any spectroscopic information in all the steps of the process (the
team responsible for the data reduction, photometry, and photo-z
calculation only had access to the spectroscopic data after deliv-
ery of the final photo-z catalogue). This eliminates the possibil-
ity of overestimating the actual photo-z accuracy that in miniJ-
PAS could result from the overlap among the spectroscopic sam-
ples used for template selection, photometric recalibration, and
photo-z validation.

Section 2 describes the J-NEP observations, the data reduc-
tion and calibration, as well as the spectroscopic redshifts used
to validate the J-NEP photo-z. Section 3 discusses the star/galaxy
classification of J-NEP. In Sect. 4, we present the methodology
for photo-z calculation and compare the distribution of photo-z
in J-NEP and miniJPAS. In Sect. 5, we evaluate the accuracy of
photo-z in J-NEP using the spectroscopic subsample, compare
them to miniJPAS, and extrapolate to the entire J-NEP sample.
Sect. 6 discuses the causes for photo-z outliers and Sect. 7 sum-
marises our conclusions. All magnitudes are presented in the AB
system.

2. Observations and data reduction
2.1. J-NEP observations

The J-NEP survey is centred at (RA, Dec) =
(172226 ,+65946™48%), covering the entirety of the JWST-
TDF footprint as well as most of the ancillary observations
(see Figure 1). Observations of the J-NEP were carried out

! http://lambda.la.asu.edu/jwst/neptdf/
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Fig. 1. Co-added r-band image from J-NEP. The 4-spoke pattern in
magenta indicates the regions with NIRCam+NIRISS coverage from
the JWST-GTO-2738 program (see Jansen & Windhorst 2018, for de-
tails), including fields observed in 2022 (southern and eastern spokes)
and planned for 2023 (northern and western). Other lines mark the
footprint of ancillary observations with HST/ACS+WFC3 (cyan poly-
gon), NuSTAR (dark blue polygon), Chandra (green square), VLA
(black circle), and the area covered by spectroscopic observations with
MMT/Binospec (red rectangle).

between 23 June 2018 and 23 July 2019. Observations in broad
bands were executed every time a new set of narrow band
filters were swapped, resulting in dozens of exposures in the
g, r, and i bands. The coadded images for the g and i bands
include all the exposures taken, totalling 151 images (4530 s
total exposure time) and 96 images (2880 s), respectively. For
the coadded image in the r band (which is the reference for
source extraction and forced photometry, see Sect. 2.2) only
the 99 images with point spread functions (PSF) full width at
half-maximum (FWHM) < 1.0”were combined, resulting in a
coadded image of 2970 s exposure time. For the narrow/medium
bands, the number of exposures combined ranges between 4 and
52 (total exposure times between 480 s and 6240 s). In contrast
to miniJPAS, the J-NEP observations did not try to reproduce
the nominal depth of J-PAS observations and the field was
observed whenever possible.

Figure 2 shows the PSF FWHM of the co-added J-NEP im-
ages in each of the filters, the 5-0 depths computed from the
noise in 3”circular apertures (magffl;), and the 50% complete-
ness limit for point sources that is estimated by injecting simu-
lated sources in the images (mag}%?). Values for the four individ-
ual miniJPAS pointings (labels AEGIS-1 to AEGIS-4) are also
shown for comparison. The PSF FWHM of J-NEP ranges from
0.72"”(r band) to 1.98”(u band). The FWHM is smaller than the
average for miniJPAS in most of the bands, and especially in the
reddest ones, which for miniJPAS were observed at low eleva-
tion (Bonoli et al. 2021). J-NEP images are also deeper due to
longer total exposure times (median Amagi‘g = 0.37). This re-
sults in 50% completeness limits that are ~0.5 mag fainter, on
average, compared to miniJPAS (median Amag}}* = 0.56).
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Fig. 2. Comparison of image PSF FWHM (top), depth (middle), and
magnitude at 50% completeness for point sources (bottom). Solid black
symbols indicate values for J-NEP, while open coloured symbols repre-
sent each of the four pointings of miniJPAS. Big squares correspond to
the broad-bands u, g, r, i, while small circles correspond to the 56 bands
of J-PAS.

2.2. Image processing and aperture photometry

The reduction of J-NEP images, source detection, and aperture
photometry used the same procedure as for the miniJPAS. A de-
tailed description of the full process is presented in Bonoli et al.
(2021).

Data reduction for the individual images includes the stan-
dard bias and over-scan subtraction, trimming, flat fielding, and
illumination correction. In the red bands, a fringing correction
is also applied. Observations with the Pathfinder camera also re-
quire additional corrections for vignetting and background pat-
terns (see Bonoli et al. 2021, for details). Astrometric calibration
was performed with Scamp (Bertin 2006) using the Gaia DR2
catalogue as reference. Coaddition of the individual images was
performed with Swarp (Bertin et al. 2002), with all the images
resampled to the fiducial pixel scale of the camera (0.23").

Source detection and extraction on the co-added images were
performed with SExTrAcTOR (Bertin & Arnouts 1996). Aperture
photometry was obtained in both dual-mode (the reference band,
r, defines the aperture in which photometry is extracted for all
the bands) and single-mode (source detection and extraction per-
formed independently in each band) for several aperture types
and sizes. The dual-mode catalogue contains photometry in all
the filters and apertures for the 24,618 sources detected in the
r-band image.

Following HC21, we use magnitudes in the AUTO aperture
(2 Kron radii) as a proxy for total magnitudes. However, colour
indices and photo-z are computed using PSFCOR magnitudes,
which represent the magnitude that would be measured in a “re-
stricted AUTO” aperture (1 Kron radius) if the PSF of the image
were equal to the PSF of the reference band (see Coe et al. 2006;
Molino et al. 2019, for a detailed description of the method).

Photometry flags from SExTracTor (which indicate different
issues that may degrade or invalidate the photometry) are defined
separately for every source in each band. The fraction of sources
affected by flags is higher than in miniJPAS (30% vs 24% for
r<23 sources), probably due to the higher density of foreground
stars (see Sect. 3).

Photometric calibration, including corrections for atmo-
spheric extinction was performed using an adaptation of the
method presented in Lopez-Sanjuan et al. (2019a). We applied
the following steps:

1) Selection of a high-quality sample of stars for calibration.
We selected all J-NEP sources with a S/N > 10 in all photo-
metric bands and for which a S/N > 3 parallax from Gaia DR2
is available. Using Gaia photometry, we constructed a diagram
of the absolute G magnitude versus (Ggp — Grp) colour and de-
reddened for dust using the 3D extinction maps from Green et al.
(2018). We then selected those sources belonging to the main se-
quence, yielding 175 calibration stars.

2) Calibration of the images in the g, r, and i bands using
the Pan-STARRS photometry as reference. We compared our 6
arcsec diameter aperture magnitudes corrected to total magni-
tudes with the PSF magnitudes from Pan-STARRS. The aper-
ture corrections were computed from the light growth curves of
unsaturated, bright stars in each tile and are stored in the table
jnep.Tilelmage of the J-NEP database. This step provides the
zero points of the images in the g, r, and i bands.

3) Calibration of the narrow bands with the stellar locus. For
each narrow band, we computed the dust de-reddened (Xiys — 7)o
vs. (g — i) colour-colour diagram of the calibration stars, where
Xips 1s the instrumental magnitude of the selected narrow band
and the extinction coeflicients kx were calculated for the ex-
tinction law of Schlafly et al. (2016) using the prescription in
Whitten et al. (2019). We computed the offsets needed for mak-
ing the J-NEP stellar locus consistent with a reference stellar
locus estimated using the miniJPAS photometry. The initial off-
set was adjusted to account for the variation in the stellar locus
position due to the different average metallicity of the calibra-
tion stars between the miniJPAS and the J-NEP pointings using
the trends found by Lopez-Sanjuan et al. (2021) in J-PLUS. This
process yields the zero points of the narrow band filters. Follow-
ing the results in Bonoli et al. (2021), we believe that the photo-
metric calibration has an absolute error of at most 0.04 mag.

2.3. Recalibration with the Galaxy Locus

We compute colour indices and photo-z using the dual-mode
photometry with PSF-corrected apertures (PSFCOR; see Sect.
2.2 in HC21, for details). Since PSFCOR fluxes are measured in
a relatively small aperture (1 Kron radius), we scale the fluxes in
all bands by a factor defined as the ratio between AUTO and PS-
FCOR fluxes in the r band. This makes PSFCOR magnitudes
closer to total magnitudes if we dismiss the effects of radial
colour gradients. The upscaling of PSFCOR fluxes is required
in order to apply the correct redshift prior (which depends on the
total magnitude of the source, see Sect. 4.1).

The PSFCOR photometry does not completely remove the
effect of PSF variations in the co-added images in different
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Fig. 3. Galaxy Locus for r<21 galaxies, defined as the median mag-
nitude difference relative to the » band for each of the J-PAS bands.
Coloured dots represent the Galaxy Locus obtained from the recali-
brated PSFCOR photometry on individual miniJPAS pointings, while
the solid squares indicate the average value in the four pointings. Open
circles mark the Galaxy Locus obtained from PSFCOR photometry in J-
NEP before recalibration. The segments connecting them to the squares
represent the corrections required to remove systematic offsets in the
PSFCOR photometry of J-NEP.

bands. This results in systematic offsets in the colours of the
sources. Since accurate colours are essential for high precision
photo-z, HC21 proposed a method for the recalibration of PSF-
COR photometry using stellar population synthesis (SPS) model
fits to the j-spectra of individual galaxies. In this procedure, the
observed magnitudes in the J-PAS bands (corrected for atmo-
spheric and Galactic extinction) of galaxies covering a wide red-
shift range are compared to synthetic photometry obtained by
convolving the best-fitting SPS model for each galaxy with the
transmission profiles of the filters. Systematic offsets in the pho-
tometry are computed as the median magnitude difference be-
tween the observed and synthetic photometry in each band. In an
iterative process, the observed photometry is corrected by sub-
tracting these offsets, then fitting new SPS models to the cor-
rected photometry from which synthetic photometry is obtained
and additional offsets are computed. The process converges after
3 to 4 iterations (see Sect. 3 in HC21 for details).

Such iterative SPS model fitting recalibration (hereafter,
ISMFR) produces excellent results, with colours accurate to
within ~0.02 mag. However, it depends critically on the avail-
ability of spectroscopic redshifts (that are needed to fit the SPS
models) for a large number of galaxies in every pointing. Since
the spectroscopic coverage in most J-PAS pointings will be in-
sufficient for a recalibration a la miniJPAS, we developed an al-
ternative recalibration strategy that we call galaxy locus recali-
bration (GLR). The GLR method relies on ISMFR to obtain ac-
curate colours for the sources in some reference pointings with
spectroscopy (in our case, the 4 miniJPAS pointings).

In analogy with the stellar locus, we define the galaxy locus
as a set of colour indices {C i}, where each element ¢ ; is the
median colour between the j-th band and the r band

C;= median {mi(r) — m;(j)} )

The set R indexes all the galaxies brighter than a given limit,
mey. For the determination of the galaxy locus, we consider as
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galaxies all the sources that have SExTrAcTOR class_star < 0.1.
We set mgy = 21. There are 3067 sources in miniJPAS meeting
the criteria r<21 and class_star < 0.1. A fainter m, increases
the number of galaxies available to compute the C; indices, but
the average uncertainty in the colours of individual galaxies also
increases, particularly in the bluest bands. We find that mg,~21
minimises the statistical uncertainty of the C ;.

To recalibrate J-NEP with the galaxy locus, we assume that
the intrinsic colours of galaxies (that is, the colours obtained af-
ter correcting for Galactic extinction and any systematics in the
photometry) are independent from the sky coordinates. There-
fore, we can estimate the systematic offsets in the J-NEP pho-
tometry as Am(j) = C; - C9, where C” is the “apparent”
galaxy locus obtained from the observed J-NEP photometry (af-
ter correcting for Galactic extinction).

Figure 3 compares the values of the {C,} and {C“;’”}. The
difference can be as large as |Am(j)|~0.3 mag, which is con-
sistent with the similarly large recalibration offsets obtained for
miniJPAS with ISMFR (HC21). The GLR method is less accu-
rate than ISMFR because it depends on the latter to determine
the galaxy locus and is affected by other sources of uncertainty
such as the statistical error in the median colours obtained from
a limited sample. Cosmic variance could also introduce a sys-
tematic error in the GLR method if the galaxy population or its
redshift distribution in the pointing to be recalibrated are signifi-
cantly different from the reference. However, in Appendix A we
evaluate each contribution to the total uncertainty of the GLR
method, finding a negligible impact from cosmic variance. We
predict a total systematic error in J-NEP colours of ~0.04 mag.
This is a factor of ~2 worse than ISMFR achieves, but a factor
of ~4-5 improvement with respect to no recalibration. To com-
pute photo-z, we add this systematic error in quadrature to the
photometric uncertainties.

A systematic error of ~0.04 mag in the colours implies
that the photometric error dominates over systematics for most
sources. The impact of the recalibration uncertainty on the
photo-z is therefore expected to be small, except possibly for
bright sources with high S/N photometry but weak spectral fea-
tures, where small offsets in the photometry could mimic the ef-
fect of emission or absorption lines. In Sect. 5.1, we show what
is the actual impact of this uncertainty in the photo-z of bright
sources.

2.4. Spectroscopic observations

The spectroscopic observations were obtained using Binospec
(Fabricant et al. 2019) at the MMT observatory. They used a
270 lines/mm grating which allows covering from approximately
4000 A to 9000 A with a typical dispersion of 1.30 A/pixel
and resolution of 1340 at the central wavelength. The sam-
ple of galaxies was selected from a combination of a prelimi-
nary catalogue coming from the HEROES Subaru HSC imag-
ing (Hasinger, private communication) with a catalogue derived
from MMT/MMIRS near-infrared imaging (Willmer et al. in
preparation), limited at r ~ 23. The data were reduced using a
specially designed pipeline that produces wavelength and flux
calibrated 1-dimensional spectra (Kansky et al. 2019). Redshifts
were measured using custom-written code using a combination
of real-space cross-correlation and emission-line fits. All spec-
tra were visually inspected and a redshift quality flag was as-
signed using the same criteria adopted by the DEEP2 survey
(Newman et al. 2013), where a redshift quality of 4 (3) repre-
sents a >95% (>90%) confidence in the spectroscopic redshift.
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The outputs from each of the observed fields were then merged
into a single list using the positions of the near-infrared imaging,
which are tied to the Gaia DR2 reference frame.

The spectroscopic redshift catalogue contains 1553 sources.
We associate spectroscopic redshifts to J-NEP sources by look-
ing for r<23 counterparts within 1”’of the spectroscopic position.
We find matches for 955 sources (the remainder are either fainter
than r=23 or outside the J-NEP footprint). The median distance
of the associations is ~0.1”, with no significant systematic offset
in the coordinates, and 95% of the associations are within 0.4"”.
For the purpose of validation of the photo-z, only robust spectro-
scopic redshifts (ZQUALITY>3) are considered. This decreases
the number of useful spectroscopic redshifts to 787. The spec-
troscopic catalogue contains no spectral classification. We con-
sider the 58 sources with z4,..<0.001 to be likely stars and ex-
cluded them from the analysis of photo-z performance. All but
six of these sources have SExtractor CLASS_STAR > 0.9 and/or
point-source probabilities Py, > 0.9 (see Sect. 3). There are also
18 point sources (CLASS_STAR > 0.9 and/or Py, > 0.9) with
Zspec>0.001. We inspected their spectra and found six of them
to be quasars with clear broad emission lines (3 of them are de-
tected by NuSTAR and all 6 have WISE colours consistent with
a quasar). We also excluded them from the analysis. The remain-
ing 12 point sources with zgpe.>0.001 have spectra consistent
with compact galaxies and remain in the validation sample.

We emphasise that the spectroscopic information was not
made available to the team processing the J-NEP data until after
the star/galaxy classification (see Sect. 3) and photo-z calculation
(Sect. 4.1) were finished. We purposefully avoid updating the
star/galaxy classification and photo-z of J-NEP sources in light
of the spectroscopic information. Instead, we use the spectro-
scopic redshifts only for validation of the photo-z performance.

3. Star and galaxy classification

In addition to the morphological classification from SExTraAc-
ToR (the CLASS_STAR parameter), for every source in J-NEP
we assign a probability Py, of being a point source using
the Stellar-Galaxy Locus Classification (SGLC) described in
Lopez-Sanjuan et al. (2019b). This method uses Bayesian infer-
ence to estimate the probability of a given source being a com-
pact object (star or quasar) from the value and uncertainty of
its concentration parameter, c, defined as the difference between
the 1.5”and 3”diameter aperture magnitudes of the source. The
star probability was computed in the g, r, and i bands and the
values were combined assuming independent measurements. In
addition, a prior on the r-band magnitude (and for bright sources,
also parallaxes from Gaia DR2) was applied. The resulting dis-
tribution of Py, is strongly bimodal, with most sources unam-
biguously classified as either compact or extended (see Fig. 4).

It is important to emphasise that no colour information is
used in the classification. As discussed in HC21, this implies that
the redshift probability distribution function P(z) derived from
the j-spectrum is independent of Py,

Figure 5 compares the g-r and r-i colours for individual
sources with P, >0.5 and Pg,,<0.5. Sources more likely to be
stars concentrate in a well defined arc (the stellar locus) while
candidate galaxies occupy a much wider area. The distribution
of the g-r and r-i colours for the spectroscopically confirmed
galaxies is roughly consistent with that of the P, <0.5 subsam-
ple.

Figure 6 compares the density of sources per unit area as a
function of their r-band magnitude in J-NEP and miniJPAS. The
density is computed assuming an effective footprint area (which
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Fig. 4. Distribution of the probability of being a compact source (Py,,)
computed with the SGLC method for J-NEP sources in several magni-
tude intervals. The spike at Py, = 0.5 is due to sources with insufficient
S/N for a classification in the detection band, which are assigned Py,
= 0.5 by default.

Py1ar>0.5

251 Poyar<0.5

Fig. 5. Colour-colour plot including all J-NEP sources with r<23 and
S/N>2 in the g, r and i bands. Cyan dots and orange squares repre-
sent sources morphologically classified as stars and galaxies, respec-
tively. Black circles indicate the spectroscopically confirmed extra-
galactic sources (including some quasars). The solid grey and step black
line histograms represent the distribution of the colours for morpholog-
ically and spectroscopically classified galaxies, respectively.

excludes masked regions) of 0.23 deg? for J-NEP and 0.895 deg?
for miniJPAS. The distribution peaks at r~24.5 in J-NEP com-
pared to r~24.0 in miniJPAS due to deeper r-band observations.
The density of sources is higher in J-NEP than in miniJPAS at
all magnitudes, but especially at brighter ones. We weight the in-
dividual sources with their P, and Py, = 1 - Py, probabilities
to produce the distributions for stars and galaxies separately. The
density of stars in J-NEP is a factor of ~2 higher relative to mini-
JPAS due to its lower Galactic latitude. This suffices to explain
the excess density of sources in J-NEP relative to miniJPAS. The
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Fig. 6. Density of sources detected per unit area and magnitude as a
function of their r-band magnitude in J-NEP (solid lines) and miniJ-
PAS (dashed lines). The distributions are shown for all sources (black)
as well as separately for galaxies (orange) and stars (cyan) using the
probabilities Py, and P, as weights.

density of galaxies is consistent between the two surveys for the
entire range of magnitudes up to the completeness limit of mini-
JPAS (r~23.5). In both surveys there is an upturn in the density
of stars at magnitudes fainter than their completeness limit. This
is an artefact due to the assignment of P, = 0.5 to sources that
are too faint for a morphological classification.

4. Photometric redshifts
4.1. Computation of photo-z

We compute photo-z for all J-NEP sources with magnitude »<23
using the same method applied to miniJPAS, which is exten-
sively documented in HC21. Very briefly, we use a custom ver-
sion of LEPHARE (Arnouts, & Ilbert 2011) adapted to the proper-
ties of the J-PAS data. The galaxy templates are a set of 50 SPS
models generated with CIGALE (Boquien et al. 2019). They
were selected to maximise the photo-z performance in a sub-
set of miniJPAS galaxies (see Sect. 4.2 in HC21). We config-
ure LEPHARE to compute redshift probability distribution func-
tions (zPDF) with a resolution of 0.002 in z and a search range
0<z<1.5. A redshift prior derived from galaxy counts in the VI-
MOS VLT Deep Survey (VVDS; Le Fevre et al. 2005) is applied
to the redshift likelihood distributions to obtain the final zPDF.
Photo-z are computed for all sources regardless of their mor-
phological classification, but only galaxy templates are used.
Therefore, the zPDF obtained by LEPHARE must be considered
as redshift probability distribution functions conditional to the
source being a galaxy. This allows us to obtain statistics of the
galaxy population not biased by the uncertainty in the star/galaxy
classification (see Sects. 2.4 and 6 in HC21 for a discussion).
We emphasise that, with the exception of the recalibration
strategy, all the other steps in the data processing up to and
including the photo-z calculation use the same software pack-
ages with the exact same configuration for J-NEP and miniJPAS.
Therefore, any statistical differences in the photo-z results must
be attributed to one or more of these factors: a) differences in
the quality/depth of the observations; b) systematics introduced
by the recalibration; c) overestimation of the actual photo-z ac-
curacy in miniJPAS due to fine-tuning of the set up in order to
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Fig. 7. Density of galaxies per unit area as a function of the most proba-
ble photometric redshift (zyno) for several intervals of r-band magnitude
in J-NEP (solid lines) and miniJPAS (dashed lines).

maximise the photo-z performance in the spectroscopic subsam-
ple of miniJPAS. In the next sections, we compare the photo-z
results for J-NEP and miniJPAS to evaluate the impact of each
of these factors.

4.2. Distribution of zphot and odds

While the zPDF provides the most complete description of our
knowledge about the redshift of a source, point estimates can be
convenient for some applications. The mode of the zPDF, zpho,
which represents the redshift with highest probability density, is
the most commonly used point estimate.

Another useful scalar is the odds, which represents the prob-
ability of the actual redshift being within a given interval around
the mode. We use an interval of 3% in 1+z, therefore

Zphot +d
odds = f P()dz, d = 0.03(1 + Zgnor) @)

Zphot—d

Figure 7 compares the distribution of zphe for J-NEP and
miniJPAS galaxies in three magnitude intervals. As in Fig. 6,
all sources are weighted with their corresponding P, to obtain
the redshift distribution for galaxies.

The distributions of z,po for the same magnitude interval are
roughly consistent in the two surveys, but there are some in-
teresting small differences. The brightest interval (r<21) shows
high frequency variation with zpho in the density of galaxies.
For miniJPAS, HC21 showed that the peaks and valleys of the
distribution of z,pe agree with the distribution of spectroscopic
redshifts and therefore indicate real over-/under-densities at cer-
tain redshifts. In J-NEP, the small survey area implies a higher
contrast of the large scale structure (LSS) signature on the red-
shift distribution. As expected, the over-densities traced by peaks
in the distribution of zpn, occur at different redshifts in J-NEP
and miniJPAS, but the overall shape of the distribution is very
similar. The exception is the faintest interval (22<r<23), which
shows an excess of sources at zpn<0.2 and a deficit at zppe>1
in J-NEP relative to miniJPAS. While we cannot rule out cosmic
variance affecting the low redshift volume probed by J-NEP due
to the small survey area, the deficiency of sources at high red-
shifts would require a strong under-density within a huge volume
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Fig. 8. Density of galaxies per unit area as a function of the odds pa-
rameter for several intervals of r-band magnitude in J-NEP (solid lines)
and miniJPAS (dashed lines).

of the Universe. A more likely interpretation for both discrepan-
cies is the better photo-z accuracy for 22<r<23 sources in J-NEP
relative to miniJPAS due to deeper observations. For such faint
sources, the low S/N in the photometry (especially in the narrow
bands) implies that the redshift prior has a strong effect in the
shape of the zPDF and the highest probability density value. In
particular, for i=22 (r~22.5) galaxies the probability density of
the prior peaks at z~0.6-0.7 (depending on the spectral type)
with a steep decrease at lower z but a flatter one at higher z
(see Fig. 7in HC21). The very low prior probability discourages
7<0.2 solutions for faint galaxies. A higher S/N in J-NEP implies
easier detection of spectral features by the template-fitting algo-
rithm, which can help at overcoming the prior in the few faint
galaxies that are actually at low z. In contrast, the flatter slope of
the high-z tail of the prior is less successful at preventing wrong
high-z solutions. In fact, Fig. 14 in HC21 shows that most zpho>1
galaxies in miniJPAS have zgpec<1. The higher S/N in J-NEP im-
plies that fewer zspec <1 galaxies are scattered by photometric er-
rors into the zpho>1 region.

The higher S/N of the J-NEP photometry relative to miniJ-
PAS at the same magnitude implies higher contrast in the zPDF,
therefore higher odds, for any magnitude interval (Fig. 8). All
else being equal, this should translate into a lower outlier rate
for J-NEP at all magnitudes. However, the larger systematic un-
certainty in J-NEP colours implies that, in sources bright enough
for systematic errors to dominate over photometric errors, the
outlier rate in J-NEP can be higher than in miniJPAS (see Sect.
5.1).

5. Accuracy of photo-z in J-NEP
5.1. Validation with the spectroscopic sample

In this section, we use the subsample of J-NEP with spectro-
scopic redshifts to evaluate the accuracy of photo-z estimates.

Figure 9 compares zphoy and Zspec values for the 554 J-NEP
galaxies with reliable spectroscopic redshifts in the catalog from
Willmer et al. (in preparation) and no flags in their photometry.
The inset plot shows the distribution of the relative error in zphot,
defined as Az = (thot - Zspec)/(1+zspec)-

The distribution of Az shows that z,p, Systematically over-
estimates the actual redshift of the galaxies by a small amount
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Fig. 9. Photometric redshift (top panel) and photo-z error (bottom
panel) versus spectroscopic redshift for individual sources in J-NEP.
Only r<23 sources with no photometry flags (FLAGS = 0 and
MASK_FLAGS = 0) and reliable zy,.. are shown. The colour coding
indicates the odds parameter that represents the confidence in the Zpho
solution. The dashed line indicates the Zpno=Zspec relation. Dotted lines
in the top panel enclose the region corresponding to |Az|<0.03, which
is enlarged in the bottom panel. The inset plot shows the distribution of
Az.
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Fig. 10. Distribution of PIT values for the zPDFs of J-NEP galaxies
with spectroscopic redshift. The solid and open histograms represent
the distributions before and after correcting for a systematic offset 6z =
0.0015(1+z) in the zPDFs.

(median(Az) ~ 0.1-0.2%, depending on the magnitude and odd's
cut applied and the algorithm used to reject outliers). This is
consistent with the median(Az) ~ 0.10-0.14% found in miniJ-
PAS (HC21). The probability integral transform (PIT) diagram
(Fig. 10) shows that, excluding PIT values close to 0 and 1
(which are dominated by catastrophic redshift errors, see e.g.
Polsterer et al. 2016), the distribution is slightly tilted, suggest-
ing that this bias affects the entire zPDF, not just its mode (this
was also the case in miniJPAS). In the following analysis we
correct all z,,,, measurements in J-NEP and miniJPAS by sub-
tracting 6z = 0.0015(1+z).
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Fig. 11. Normalised median absolute deviation of the photo-z error
(0nmap; top panel) and outlier rate (77; bottom panel) in bins of r-
band magnitude for the spectroscopic subsamples of miniJPAS (black
squares) and J-NEP (red circles). Symbols linked by solid lines repre-
sent measurements including all sources within a 0.5 mag interval in
r-band magnitude, while the ones linked by dotted lines indicate the
values obtained considering only the 50% of sources with higher odds
in each magnitude bin. Error bars indicating the 16-84" percentile con-
fidence intervals were obtained with bootstrap resampling in the case of
onmap and the Wilson formula for binomial distributions in the case of
n.

The distribution of Az is far from Gaussian. HC21 showed
that its shape is well reproduced by the combination of two
Lorentzian profiles (or a Gaussian plus a Lorentzian) of very dif-
ferent widths. The narrow component corresponds to sources af-
fected by small inaccuracies in the determination of the peak of
the zPDF, while the broad component is dominated by “catas-
trophic errors” due to a flattened or multi-modal zPDF'.

The typical error in zpe (excluding catastrophic errors) is
often represented by the o-nmap statistic, defined as

onmap = 1.48 x median|Az,~ - median(Azi)| 3)
Another frequently used statistic is the outlier rate
N(|Azl > X)
T N “)
tot

where N,,, is the number of sources in the sample and N(|Az| >
X) is the number of them having relative errors in zppo larger
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Fig. 12. Frequency of extreme outliers (JAz| > 0.15) in bins of r-band
magnitude for the spectroscopic subsamples of miniJPAS and J-NEP.
Symbols as in Fig. 11.

than a threshold X. If we choose X = 0.03, then the expectation
value of 7 for the sample is related to the average odds by the
equation

Elnl =1 - (odds) (5)
While the majority of the sources in Fig. 9 are tightly packed
near the 1:1 relation, 132 sources (24% of the sample) are out-
side the region enclosed by the dotted lines that represent an er-
ror |Az] = 0.03. This 24 % of outliers is consistent with the ~23%
predicted from the mean value of their odds parameter, (odds)
=0.771.

Figure 11 compares oonmap and 77 in bins of magnitude for
J-NEP and miniJPAS. Values are shown at 100% completeness
(no cut in odds applied) and 50% completeness (only 50% of
sources with higher odds in each magnitude bin are used to com-
pute onmap and 7). We note that n values for miniJPAS and J-
NEP are high in part because of our restrictive criterion for out-
liers. Using the criterion |Az| > 0.15 that is typical for broadband
surveys results in much lower outlier rates (Fig. 12). In particu-
lar, none of the J-NEP galaxies with <22 and no flags has |Az]
> 0.15.

The error bars for oxmap and 77 in J-NEP are large due to
the relatively small spectroscopic sample. In spite of this, we
find some interesting trends. For sources fainter than r=21.5 both
onmap and n are ~30-50% lower in J-NEP compared to miniJ-
PAS at the same magnitude and completeness. This is probably
a consequence of the deeper images of J-NEP and their narrower
PSF, which allows for higher S/N in the photometry, in particular
in the red bands (see Fig. 2).

At magnitudes brighter than r=21 the values of onmap and
n are higher in J-NEP compared to miniJPAS. This suggests that
for bright sources the photo-z accuracy is less sensitive to the S/N
of the photometry as other factors become dominant. In particu-
lar, larger systematic errors in the recalibration with the galaxy
locus relative to ISMFR implies that the total flux errors (sys-
tematic plus photometric) can be higher for bright J-NEP sources
compared to miniJPAS sources of the same magnitude. However,
systematics in the recalibration cannot explain a higher o-xmap
at r~20 than at r~21 for J-NEP. This puzzling result might be
just a consequence of small number statistics (onmap Values for
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Fig. 13. onmap computed in bins of odds of width 0.1 for the spectro-
scopic sources in miniJPAS (squares) and J-NEP (circles). Error bars
represent 1-o- confidence intervals obtained with bootstrap resampling.

the intervals between r=19.5 and r=21.5 agree within their un-
certainties). We find no clear difference in the properties of r~20
and r~21 galaxies that could explain this trend and propose fur-
ther investigation when a larger spectroscopic sample becomes
available. Irrespective of what is the actual photo-z accuracy at
the bright end, the steep increase in the density of sources at
fainter magnitudes implies that J-NEP has better overall accu-
racy than miniJPAS.

HC21 showed that the odds parameter is a reliable predictor
of the probability of a redshift outlier and its correlation with |Az]
is stronger compared to other properties such as the r-band mag-
nitude. They also showed that the oxmap Within a small interval
of odds does not have any clear residual dependence with the
r-band magnitude, Zgpec, Or the spectral type. In Fig. 13, we com-
pare the dependence of onmap With odds in the spectroscopic
samples of miniJPAS and J-NEP. Values of o-nmap at the same
odds agree within their 1-o- uncertainties for all intervals except
those centred at odds=0.4 and odds=0.9 (the excess onmaD at
0dds~0.9 in J-NEP also deserves further investigation), despite
the differences in depth and recalibration methods. This suggests
that the relation between odds and onmap is largely insensitive
to a change of ~0.5 mag in the depth of the observations and
is not strongly affected by the systematic uncertainties resulting
from the different recalibration strategies in J-NEP and miniJ-
PAS.

Because of the inevitable small differences in the PSF
FWHM and/or depth of the coadded J-PAS images, the S/N of
the sources at a given magnitude (and therefore also their photo-
z accuracy) will vary between pointings. However, since these
changes in the quality of the photometry are automatically ac-
counted for by the odds parameter, we expect the onmap and 7
at constant odds to remain homogeneous throughout the J-PAS
survey.

5.2. Extrapolation to the entire J-NEP

The subsamples with and without spectroscopy in miniJPAS
have very similar distributions for the r-band magnitude, broad-
band colours, zyhe and odd's. This allowed HC21 to conclude that
the photo-z performance in the two subsamples must also be very
similar. In the case of J-NEP, we have already shown in Fig. 5
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Fig. 14. Magnitude in the r band and the highest probability photometric
redshift for individual galaxies (P,,<0.5) in J-NEP. Black circles indi-
cate sources with spectroscopic redshift. The solid grey and step black
line histograms represent the r-band magnitude and zph distributions
for all galaxies and galaxies with spectroscopic redshift, respectively.
The blue dotted histogram represents the distribution of spectroscopic
redshifts in the spectroscopic subsample.

that the distribution of the g-r and r-i colours in the spectroscopic
sample is roughly consistent with that of the entire sample of
P4»<0.5 sources. However, both the r-band magnitude and the
photo-z show highly significant differences in their distributions
(see Fig. 14). In particular, only 24% of galaxies in the spectro-
scopic sample have r>22.5 compared to 35% in the full sample.
On the other hand, bright galaxies (r<21) represent 25.5% of the
spectroscopic sample but just 17% of the full sample. This bias
towards brighter galaxies is also reflected in the distribution of
Zphot: 37% of the spectroscopic sample has zpn<0.5 compared
to just 47% in the full sample.

Since the accuracy of photo-z estimates is sensitive to both
the magnitude and redshift of the sources (which determine the
S/N of the photometry and the spectral features covered by the
observed wavelength range, respectively), we can expect that the
onmap and 77 measured in the spectroscopic subsample of J-NEP
underestimate their values in the full sample.

To predict the distribution of |Az] in the full miniJPAS sam-
ple, HC21 compensated for the small statistical differences be-
tween the samples with and without zgye. in miniJPAS by mod-
elling the latter using a random subset of the former with the
same distribution of odds. Since no significant dependence of
oNMAD Or 7 with other parameters at constant odds was found, it
was reasonable to assume that two samples with the same odds
distribution also share a similar distribution of |Az|. While the
spectroscopic subsample of J-NEP is too small to check for vari-
ation in the photo-z accuracy at constant odds, the experience
with miniJPAS suggests that such dependence should be small.
Therefore, we can predict the distribution of |Az| (and from it
onmap and 1) by substituting each of the sources in the full
sample with one from the spectroscopic subsample that has sim-
ilar odds>. We repeat this source association by odds multiple
times. The randomness of the process ensures that in each real-
isation a different subset of the spectroscopic sample is selected
and therefore the resulting distribution of Az changes. This pro-

2 In practice, we define a small tolerance, Aodds=0.005, and pick at
random one of the sources within odds+Aodds.
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Fig. 15. Cumulative distribution function of photo-z errors in the spec-
troscopic samples of J-NEP (red) and miniJPAS (black), and predictions
for all J-NEP galaxies based on the odds-matching with the spectro-
scopic samples of J-NEP (pink) and miniJPAS (grey).

vides an indication of the statistical uncertainty in the predicted
distribution of Az for the full sample.

The results are shown in Fig. 15. The cumulative distribu-
tion functions (CDFs) of |Az| for each of the realisations (pink
histograms) are similar in shape, but systematically below the
CDF for the spectroscopic sample (red histogram). The predicted
onmap for the full sample is 1.16+0.07 x 1072 compared to 0.88
x 1072 in the spectroscopic sample. For the outlier rate, the pre-
diction is n=30.0+0.7% against 7=25.0% in the spectroscopic
sample.

We can also predict the distribution of |Az| in J-NEP with
a match by odds to the spectroscopic sample in miniJPAS in-
stead of that in J-NEP. The resulting CDFs are shown as grey
histograms in Fig. 15. They overlap with the spectroscopic sam-
ple of J-NEP in most of the range, but there are small dis-
crepancies at the extremes (log;, |Az| <-3 and log, |Az] 2-1.2)
and also around log, |Az| ~ -2.5. However, the predictions for
onmap (1.13+£0.05 x 1072) and 1 (29.0+£0.7%) are both consis-
tent within the uncertainties with those from the spectroscopic
sample of J-NEP.

Obtaining compatible predictions from the spectroscopic
samples in J-NEP and miniJPAS despite the differences in the
depth of the images implies that we will be able to evaluate the
photo-z performance in individual J-PAS pointings from their
odds distribution alone, regardless of the availability of spec-
troscopy.

5.3. Photo-z accuracy in magnitude- and odds-limited
samples

In the previous section, we estimated that the photo-z of J-
NEP sources have typical errors of ~1.1%, with a ~30% prob-
ability for the error being larger than 3%. While this may
suffice for some applications, others require higher accuracy
(lower onmap), higher reliability (lower 1), or both. This can
be achieved, at the cost of sample size, by limiting the selection
in magnitude or in odds. While a cut in magnitude seems more
natural and easier to work with, HC21 showed that cutting in
oddss is significantly more efficient. In Fig. 16, we show onmaDp
and 7 predicted for a selection of the full -NEP sample in which
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Fig. 16. Dependence of onmap (top panel) and i (bottom panel) on the
fraction of the full J-NEP sample selected when a threshold value in the
r-band magnitude (squares) or the odds parameter (circles) is applied.
Each symbol is annotated with the numerical value of the threshold.

a threshold value in odds or the r-band magnitude is applied.
At any given selection fraction, both ooxmap and 7 are consis-
tently lower for an odds-based selection. Also, if the goal is to
reach some specific value of onmap or 7, the fraction of sources
selected is consistently larger with an odds-based selection.

6. On the nature of photo-z outliers

HC21 proposed three possible reasons for photo-z outliers: de-
generacy in the colour space, artefacts in the photometry, and
exotic spectra not represented in the template set. In this section
we explore in more detail the factors contributing to photo-z out-
liers using the spectroscopic samples of miniJPAS and J-NEP.

Colour-space degeneracy occurs when the observed photom-
etry of a source can be reproduced with comparably good ac-
curacy (i.e., similar %) by two or more spectral templates at
significantly different redshifts. This translates into a likelihood
distribution £(z) oc e™¥ *@/2 with two or more peaks, only one of
them matching the actual redshift of the source. Photometric er-
rors and artefacts in the photometry can in some cases induce a
better fit (lower y?) at the wrong redshift, resulting in a photo-z
outlier (see Figure 17).

The redshift prior modulates £(z) by penalising values of z
that imply a very high or very low luminosity at a given magni-
tude. For bright sources, the resulting P(z) sees a decrease in the
strength of peaks at high z compared to £(z). For fainter ones,
peaks at low z are suppressed. While this decreases the frequency
of spurious solutions in normal galaxies, it also makes harder to
select the correct peak for low z sources with unusually low lu-
minosity, like dwarf galaxies.

The impact of the prior in the outlier rate is evident in Fig-
ure 18. For each magnitude bin, the minimum 7 is obtained at a
redshift close to the peak probability of the prior for that mag-
nitude (see Fig. 7 in HC21). The effect is most dramatic in the
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Fig. 17. Examples of zPDFs for J-NEP sources in which the spectro-
scopic redshift (dotted line) matches a secondary peak of the zPDF.
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Fig. 18. Colour-coded map of the outlier rate as a function of r-band
magnitude and redshift for the combined spectroscopic samples of mini-
JPAS and J-NEP. The colour of each rectangular region represents the
frequency of outliers (|Az|>0.03) among sources inside that region.

faintest magnitude bin (r=22.5-23), where the outlier rate in-
creases from 7=0.38 at z=0.8—1 to 7=0.92 at z=0-0.2. The de-
pendence of n with z at constant magnitude is an expected con-
sequence of having a redshift prior and does not imply that the
prior or the zPDFs are biased. The top panel in Figure 19 shows
that for the 21<r<22 range, the distribution of zn, agrees with
that for zgpe. as well as with the combined zPDF of all the galax-
ies in that magnitude range (in other words, taking the mode of
the zPDF does not bias the results against low redshift galaxies).
However, in the magnitude range 22<r<23 both the combined
ZPDF and the distribution of zphe predict far fewer galaxies at
7<0.36 than observed. This suggests the prior might underesti-
mate their number density, albeit a selection effect in the spectro-
scopic sample might also explain the discrepancy (He exits the
spectroscopic range at z~0.38, making more difficult to obtain a
high confidence zp.. at faint magnitudes).

200F
21<r<22 ---- zPDF
i LI
150+ " 3 2z

=
[

N galaxies

Fig. 19. Redshift distribution for galaxies in the combined spectroscopic
samples of miniJPAS and J-NEP for the magnitude bins 21<r<22 (top)
and 22<r<23 (bottom). The grey bars and solid black lines indicate the
distribution of zgpec and zppo, respectively. The dashed red line represent
the combined zPDFs for the galaxies in the magnitude bin.
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Fig. 20. Distribution of odds for galaxies in the combined sample of
miniJPAS and J-NEP sources with r<23, separating flagged and non-
flagged sources using the FLAGS and MASK_FLAGS parameters (see
text for details). Each source is weighted with its Py,,.

Figure 18 also shows a sudden increase in 1 at z>1 com-
pared to the z=0.8—1 interval. The redshift prior is unlikely to be
responsible for this since it decreases smoothly towards higher
z. A more likely interpretation is the shift outside of the J-PAS
wavelength range of another useful spectral feature, the 4000 A
break, at z~1.2. While the [O u] 3727 A line allows for reliable
Zspec UP t0 z~1.4, in most cases it is not strong enough for detec-
tion in the reddest narrow band filters of J-PAS.

The second proposed cause for outliers, artefacts in the pho-
tometry, includes any circumstances that introduce errors in the
observed photometry not accounted for by the nominal photo-
metric uncertainty. These may include: systematics in the photo-
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Fig. 21. Relation between the outlier rate and the average odds for
sources grouped by their flags values. Symbols indicate the fraction of
outliers found in the combined spectroscopic sample of miniJPAS and
J-NEP for sources in the odds intervals 0-0.35, 0.35-0.6, 0.6-0.9, and
0.9-1. Error bars represent 68% confidence intervals computed with the
Wilson formula for binomial distributions. The solid line represents the
relation n = 1 - (odds).

metric calibration, inaccurate background subtraction, contam-
ination from nearby sources, saturation, residuals from cosmic
rays, defects in the CCD, etc.

Some of these issues are identified by the data reduction
pipeline or SExTtracTOR and stored in the MASK_FLAGS or
FLAGS parameters, respectively (see Bonoli et al. 2021, for de-
tails). MASK_FLAGS = 1 indicates the source is close to the
borders of the image, while sources affected by saturated stars
have MASK_FLAGS = 2. The most relevant SExTrRAcTOR flags
are FLAGS = 1 (photometry likely biased by neighbouring
sources or by more than 10% of bad pixels in any aperture),
FLAGS = 2 (the object has been deblended), and FLAGS = 16
(at least one photometric aperture is incomplete or corrupted).
The flags are additive. Sources with no detected issues have
MASK_FLAGS = 0 and FLAGS = 0.

The impact of flagged issues in the photo-z is small for most
of the sources. Figure 20 shows that the distribution of the odds
parameter for sources with MASK_FLAGS > 0 is consistent
with that for sources with no flags. Sources with FLAGS > 0,
on the other hand, have a higher probability of obtaining either
very low (<0.25) or very high odds (>0.95).

Figure 21 shows that flagged sources have a ~10% chance
for catastrophic redshift errors additional to the outlier probabil-
ity predicted from the odds. There is no clear dependence with
the type of flags or the odds value, except for sources near sat-
urated stars (MASK_FLAGS = 2), which at low odds are al-
most invariably outliers. The ~10% increase in n implies that the
photo-z of flagged sources with very high odds are not as reli-
able as the odds suggests. Therefore, flagged sources should be
excluded from the sample selection for those applications that
demand a very low outlier rate (7 < 0.1). The top left panel in
Fig. 22 shows an example of a galaxy contaminated by a nearby
star that obtains a very high confidence photo-z at a wrong red-
shift.

The third cause for outliers is exotic spectra not represented
in the template set. By definition, those sources will have a poor
fit at all redshifts. However, this does not prevent them from ob-
taining high odds, since the shape of the zPDF depends on the
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relative (not absolute) values of £(z) at each z. In particular, both
stars and quasars often obtain very high odds (including odds =
1) at wrong redshifts. However, we do not consider them as legit-
imate outliers since, by construction, our photo-z measurements
are conditional to the sources actually being galaxies.

In some cases, SEXTRACTOR can detect close pairs of stars as
a single extended source, which can get a very low Py, value.
A related case is that of a galaxy with a star in the foreground, or
two galaxies at different redshifts that overlap in projection and
get classified as a single extended source. We consider these as
detection errors or contamination issues, not exotic spectra. An
interesting example is shown in the middle panel of Fig. 22. SEx-
TRACTOR detects as an elongated source what is actually two or
three galaxies in close proximity, as shown in superb detail in the
JWST/NIRCAM images (Fig. 23). The centroid of the J-NEP de-
tection is very close to the bluer galaxy to the West, which might
dominate the flux in the PSFCOR aperture. The Binospec spec-
trum, centred on the same galaxy, shows a post-starburst spec-
trum with strong Mg 11 112796, 2803 A and Balmer absorption
lines as well as [O ] and [O m] emission. Other post-starburst
galaxies that obtain their best fit with the same spectral template
have accurate photo-z, suggesting that contamination from the
red galaxy to the East is the cause for the outlier. We note that
while the peak at z=0.832 completely dominates the zPDF, there
is a second peak with P(z)=0.025 that is consistent with the spec-
troscopic redshift.

A legitimate example of a galaxy with an exotic spectrum re-
sulting in a wrong photo-z at high odds is shown in the top right
panel of Fig. 22. The source is barely resolved in the J-NEP im-
ages (Py,,=0.77) and is classified as a star by SDSS. However,
the Binospec spectrum shows very strong [O m] 114959, 5007
A lines (which cause the excess flux observed in the J0760 and
JO770 bands). He is redshifted out of the J-PAS and spectro-
scopic wavelength ranges, but the high [O m] equivalent width
and the colours in the WISE bands suggest it is an AGN (al-
beit it is not detected by NuSTAR). Since there are no templates
with such strong [O m] emission in our template set, LEPHARE
misidentifies the excess in JO760 and JO770 as Ha at z~0.15.

7. Summary and conclusions

This paper presents the photometry and photometric redshifts
of J-NEP, a survey of ~0.3 deg® centred on the JWST Time
Domain Field in the North Ecliptic Pole performed with the
Pathfinder camera on the JST/T250 telescope. Similarly to mini-
JPAS (Bonoli et al. 2021), J-NEP observes in the 56 narrow-
bands of J-PAS, plus u, g, r, and i, but reaches ~0.5-1.0 magni-
tudes deeper, depending on the filter, with a typical PSF FWHM
of ~1.2”.

J-NEP provides single-band source catalogues in the 60 fil-
ters as well as forced (dual mode) photometry in several aper-
tures for the 24,618 sources detected in the r-band image.
All sources are classified as stars or galaxies using the neural
network classifier of SExTrRAcTOR and the star probabilities of
the Stellar-Galaxy Locus Classification of Lopez-Sanjuan et al.
(2019b).

We present a new method for correcting systematic offsets in
the colours from PSF-corrected (PSFCOR) photometry, dubbed
“galaxy locus recalibration”. The method relies on the recalibra-
tion method proposed in HC21 to determine the median colours
of galaxies (the “galaxy locus”) in a reference sample. Then, it
computes the magnitude offsets that, when applied to the ob-
served photometry, make the median colours match the galaxy
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Fig. 22. Examples of J-NEP galaxies with high confidence photo-z at an incorrect redshift. The top panels show their 60-band spectral energy
distributions from J-PAS. Coloured circles (squares) indicate the PSFCOR magnitude in the narrow- (broad-) band filters. Error bars and arrows
represent 1-o- uncertainties and 3-o- upper limits, respectively. Cutout images are a composite of the g (blue), r (green), and i (red) bands. The red
ellipses represent the 2 Kron radii apertures used to extract AUTO photometry. The PSFCOR apertures are half their size (1 Kron radius). The
middle panels show the normalised zPDF (solid line). The spectroscopic redshift is indicated with a vertical dotted line. The bottom panel shows
the spectra from MMT/Binospec (Willmer et al. in preparation). The original spectrum (grey line) has been smoothed with a 5-element median
filter to improve visualisation (black line). Red vertical lines mark some of the emission and absorption lines.

locus. While this new recalibration strategy is less accurate, it is
applicable to any J-PAS pointing regardless of the availability of
spectroscopy.

We obtain photo-z for all 6,662 J-NEP sources brighter than
r=23. The photo-z are computed by a customised version of LEP-
HARE with the same configuration options used for miniJPAS, in-
cluding the same 50 galaxy templates generated from a selection
of miniJPAS galaxies and redshift priors derived from VVDS.
The distribution of photo-z for J-NEP galaxies is consistent with
that found in miniJPAS, except for faint (r>22) sources, where

J-NEP shows an excess of sources at zpno<0.2 and a deficit at
Zphot>1 relative to miniJPAS. Both are likely due to higher S/N
in the photometry allowing for more robust photo-z estimates.

We use a sample of 787 galaxies with reliable spectroscopic
redshifts taken from the redshift catalogue in Willmer et al. (in
preparation) to validate the accuracy of J-NEP photo-z. No spec-
troscopic information on the J-NEP sources was available to the
photo-z team before completion of the final photo-z catalogue.
This allows us to ensure that the photo-z accuracy measured in
the spectroscopic subsample is not affected by overfitting. 76%
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Fig. 23. 10x10”cutouts centred around the coordinates of the source
2520_12641. The left panel is a composite of the J-NEP bands g (blue),
r (green), and i (red), smoothed with a top-hat filter. The right panel
is a composite of the JWST/NIRCAM bands FOOOW (blue), F150W
(green), and F200W (red) from JWST proposal 2738 (Windhorst et al.
2023). North is up, East is left.

of the spectroscopic sources have photo-z error Az<0.03, consis-
tent with the expectation from the average odds of the sample
{odds) =0.771.

The typical Az (oonmap) and the frequency of outliers (17) are
slightly higher compared to miniJPAS for r<21.5, probably due
to larger systematic errors, but they are up to ~30-50% lower at
fainter magnitudes. This suggests that the higher S/N resulting
from deeper observations, particularly in the redder bands, has a
strong impact in the photo-z accuracy of faint sources.

Despite the differences in depth and systematic uncertain-
ties, the dependence of o-nmap With odds in J-NEP is consistent
within the uncertainties with that measured in miniJPAS. Fur-
thermore, we predict the distribution of Az for the entire J-NEP
sample using as reference the spectroscopic samples of J-NEP
and miniJPAS and arrive at very similar results. Combined with
a lack of dependence of o-xmap on the magnitude or the spec-
tral type of the sources at constant odd’s, this suggests that we
will be able to predict the onmap of any set of J-PAS sources
from their odds distribution alone, with no need for additional
spectroscopy to calibrate the relation between odds and Az.

We explore the factors contributing to photo-z outliers in J-
NEP and miniJPAS. For faint sources, the main reason is colour-
space degeneracy due to large uncertainties in the observed
colours. This is exacerbated in low z dwarf galaxies by an un-
favourable redshift prior and at high z by the shift of key spectral
features outside of the J-PAS wavelength range. At brighter mag-
nitudes, artefacts in the photometry (including those signalled by
the photometry flags) and exotic spectra not represented in the
template set contribute most of the outliers with high oddss.

The photometry and photo-z presented in this paper are being
used in multiple science projects by the J-PAS collaboration, in-
cluding the search and characterisation of Lyman alpha emitters
in miniJPAS and J-NEP (Torralba et al. in preparation), a census
of extreme emission line galaxies at z<0.8 (Arroyo Polonio et
al. in preparation), the characterisation of the stellar population
and emission line properties of J-NEP galaxies (Gonzélez Del-
gado et al. in preparation) and the 3-D distribution and clustering
properties of J-NEP galaxies (Maturi et al. in preparation).

All miniJPAS data, including images, catalogues, and value-
added data products, are publicly available through the CEFCA
catalogues portal®. Access to J-NEP data can be granted for spe-
cific use upon request to the science directors of J-PAS prior to
the official public release currently scheduled for the third quar-

3 http://archive.cefca.es/catalogues
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ter of 2023. The JWST data are publicly available from the Space
Telescope Science Institute MAST Archive®.
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Fig. A.1. Top panel: 1-0 uncertainty in the recalibration offsets for indi-
vidual miniJPAS pointings (from HC21). Middle panel: 1-0- uncertainty
in the median observed colours, C;, of the galaxies with r<21 in each
miniJPAS pointing. Bottom panel: dispersion between the galaxy loci
obtained on individual miniJPAS pointings.

Appendix A: Accuracy of recalibration with the
galaxy locus

In the ISMFR method based on SPS model fits that was pre-
sented in HC21, the magnitude offset for band j in a given point-
ing, Am;, is computed as the median difference between the
observed magnitudes and those predicted from the SPS mod-
els for a sample of spectroscopic galaxies. The uncertainty in
Amj, o(Am;), depends on the photometric errors of the individ-
ual galaxies and the number of spectroscopic galaxies available
(note that only r<22 galaxies are used due to very large photo-
metric errors for the narrow bands in the fainter ones). The statis-
tical uncertainty in the recalibration with this method is o-(Am;)
~ 0.02 mag except for the bluest bands, where the photomet-
ric errors of individual galaxies are larger (see top panel in Fig.
AL).

The galaxy locus recalibration (GLR) inherits this uncer-
tainty as a systematic offset in the colour of all the galaxies in
a given pointing. In addition, GLR is affected by the statistical
uncertainty, o(C 7), in the determination of the median colour of
the r<21 galaxy sample. We estimate o-(C ;) for each miniJPAS
pointing with bootstrap resampling (middle panel). The total un-
certainty of the galaxy locus defined on a single pointing is thus

oo(Cj) = \/O'Z(Amj) +02(C)) (A1)

Using the galaxy locus defined from one pointing to recali-
brate another one means that cosmic variance may also have an
impact on the results. The bottom panel in Fig. A.1 shows the
dispersion in C; values among the individual miniJPAS point-
ings. The median absolute difference in C; between any two
miniJPAS pointings is 0.031 mag (standard deviation: 0.046
mag), again dominated by the bluer bands. To test whether cos-
mic variance or other sources of error not included in 0';0;(6]‘)
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method presented in HC21 (ISMFR) and the recalibration with galaxy
locus from this work (GLR).

contribute significantly to this dispersion, we compute for each
pair (a, b) of miniJPAS pointings the reduced y? statistic

nj Ra _ Aby2
(€4~ Y

7 (C) + 7, ()

1
xiab) = — (A.2)
J

J=1

The values of y? range from 0.54 to 1.04, suggesting that
differences in C; between pointings are entirely accounted for
by the uncertainties of the ISMFR method and the statistical un-
certainty in the median colours.

As a final test, we compute recalibration offsets with the
GLR method for all four miniJPAS pointings. For each of them
we use the galaxy locus obtained from the other three pointings.
In Fig. A.2 we compare the magnitude offsets obtained with the
ISMFR and GLR methods. The 1-0- dispersion in the difference
between the two methods is 0.039 mag, dominated by the bluest
bands. If we consider only bands with A,7>4500 A the disper-
sion decreases to 0.024 mag. This is comparable to the uncer-
tainty in the ISMFR method and implies that the total systematic
error in galaxy colours with the GLR method is at most ~0.04—
0.05 mag.
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