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ABSTRACT

Aims. We present the photometric calibration of the 12 optical passbands for the Javalambre Photometric Local Universe Survey
(J-PLUS) third data release (DR3) comprising 1642 pointings of two square degrees each.
Methods. We selected nearly 1.5 million main sequence stars with a signal-to-noise ratio larger than ten in the 12 J-PLUS passbands
and available low-resolution (R = 20−80) spectrum from the blue and red photometers (BP/RP) in Gaia DR3. We compared the
synthetic photometry from BP/RP spectra with the J-PLUS instrumental magnitudes after correcting for the magnitude and color
terms between both systems in order to obtain a homogeneous photometric solution for J-PLUS. To circumvent the current limitations
in the absolute calibration of the BP/RP spectra, the absolute color scale was derived using the locus of 109 white dwarfs closer than
100 pc with a negligible interstellar extinction. Finally, the absolute flux scale was anchored to the Panoramic Survey Telescope and
Rapid Response System (Pan-STARRS) photometry in the r band.
Results. The precision of the J-PLUS photometric calibration estimated from duplicated objects observed in adjacent pointings and
by comparison with the spectro-photometric standard star GD 153 is ∼12 mmag in u, J0378, and J0395, and it is ∼7 mmag in J0410,
J0430, g, J0515, r, J0660, i, J0861, and z. The estimated accuracy in the calibration along the surveyed area is better than 1% for all
the passbands.
Conclusions. The Gaia BP/RP spectra provide a high-quality, homogeneous photometric reference in the optical range across the full
sky in spite of their current limitations as an absolute reference. The calibration method for J-PLUS DR3 reaches an absolute precision
and accuracy of 1% in the 12 optical filters within an area of 3284 square degrees.

Key words. methods: statistical – techniques: photometric – surveys

1. Introduction

A fundamental step in the data processing of any imaging sur-
vey is its photometric calibration, which translates the observed
counts in the reduced images to a physical flux scale referred
to the top of the atmosphere. Accurate colors are needed to
derive atmospheric parameters for Milky Way stars, photometric
redshifts for galaxies and quasars, and surface composition for

minor bodies in the Solar System; while reliable absolute fluxes
directly affect the estimation of the luminosity and the mass of
galaxies and stars. Within this framework, photometric surveys
target a calibration uncertainty at the 1% level and below.

The calibration process can be split into two main steps:
obtaining a homogeneous photometric solution along the sur-
veyed area and estimating the absolute flux scale for each
passband. Both steps are challenging for large-area (thousands
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of square degrees) multifilter (dozens of passbands) surveys,
such as the Javalambre Photometric Local Universe Survey
(J-PLUS; 12 optical filters; Cenarro et al. 2019), its southern
counterpart S-PLUS (Mendes de Oliveira et al. 2019), and the
Javalambre Physics of the Accelerating Universe Astrophysi-
cal Survey (J-PAS; 56 optical filters of 14.5 nm width; Benítez
et al. 2014; Bonoli et al. 2021). Because of the large number of
filters required, observing spectro-photometric standard stars
and performing nightly calibrations is unfeasible.

Regarding the homogenization of the photometry, several
techniques have been proposed in the literature. We highlight
the übercalibration (Padmanabhan et al. 2008; Wittman et al.
2012), the hypercalibration (Finkbeiner et al. 2016; Zhou et al.
2018), the forward global modeling (Burke et al. 2018), the stel-
lar locus regression (Covey et al. 2007; High et al. 2009; Kelly
et al. 2014; López-Sanjuan et al. 2019, 2021), and the stellar
color regression (SCR; Yuan et al. 2015; Huang et al. 2021; Niu
et al. 2021a; Xiao & Yuan 2022; Huang & Yuan 2022). The
Gaia third data release (DR3; Gaia Collaboration 2023b) pro-
vides, for the first time, 220 million low-resolution (R = 20−80)
spectra (Carrasco et al. 2021; De Angeli et al. 2023; Montegriffo
et al. 2023), thanks to the observations performed with the blue
photometer (BP; 330−680 nm) and the red photometer (RP;
630−1050 nm) on board the Gaia satellite (Gaia Collaboration
2016). Synthetic photometry from the BP/RP spectra may pro-
vide a homogeneous, all-sky, space-based reference for ground-
based photometric surveys (Gaia Collaboration 2023a, hereafter
GC23) despite the current limitations in the absolute scale of
the BP/RP spectra, as reflected by the existence magnitude and
color terms when compared with well-established photomet-
ric systems (see GC23 for a detailed discussion). This offers a
great opportunity to homogenize the photometry of large-area
multifilter optical surveys, avoiding dedicated observations for
calibration and maximizing the survey speed.

In this paper, we used the externally calibrated BP/RP spectra
released in Gaia DR3 (Montegriffo et al. 2023) to homoge-
nize the photometric solution of the J-PLUS DR3 that covers
3284 deg2 with 12 optical filters (Table 1). The absolute color
scale was derived using the white dwarf locus technique pre-
sented in López-Sanjuan et al. (2019). Finally, the absolute
flux scale was anchored to the Panoramic Survey Telescope
and Rapid Response System (Pan-STARRS) photometry in
the r band.

This paper is organized as follows. The J-PLUS DR3 and
the ancillary data used are presented in Sect. 2. The calibration
methodology is summarized in Sect. 3, with special emphasis
on the use of Gaia BP/RP spectra. The precision and accuracy
in the J-PLUS DR3 calibration are discussed in Sect. 4. Finally,
we present our conclusions in Sect. 5. Magnitudes are given in
the AB system (Oke & Gunn 1983) unless noted otherwise.

2. Data

2.1. J-PLUS photometric data

Currently being conducted at the Observatorio Astrofísico
de Javalambre (OAJ; Cenarro et al. 2014), J-PLUS1 uses the
83 cm Javalambre Auxiliary Survey Telescope (JAST80) and
T80Cam, a panoramic camera with a single charge-coupled
device (CCD) of 9.2k × 9.2k pixels that provides a 2 deg2 field
of view (FoV) with a pixel scale of 0.55′′ pix−1 (Marín-Franch
et al. 2015). Details of the 12 bands of the J-PLUS filter system

1 https://www.j-plus.es

Table 1. J-PLUS photometric system.

Filter (X) Effective wavelength FWHM mDR3
lim

[nm] [nm] [mag] (a)

u 353.3 50.8 20.8
J0378 378.2 16.8 20.8
J0395 393.9 10.0 20.8
J0410 410.8 20.0 21.0
J0430 430.3 20.0 21.0
g 479.0 140.9 21.8
J0515 514.1 20.0 21.0
r 625.7 138.8 21.8
J0660 660.4 13.8 21.0
i 765.6 153.5 21.3
J0861 861.0 40.0 20.4
z 896.5 140.9 20.5

Notes. (a)Limiting magnitude (5σ, 3 arcsec diameter aperture) of
J-PLUS DR3.

are summarized in Table 1 and are accessible at the filter profile
service of the Spanish Virtual Observatory2. The J-PLUS
observational strategy, image reduction, and scientific goals are
presented in Cenarro et al. (2019).

The J-PLUS DR3 comprises 1642 pointings (3284 deg2)
observed and reduced in all survey bands. The final images in
each pointing and passband were obtained by the combination
of three consecutive exposures. The limiting magnitudes (5σ, 3′′
aperture) of the DR3 are presented in Table 1 for reference. The
median point spread function (PSF) full width at half maximum
(FWHM) in the DR3 r-band images is 1.1′′. Source detection
was done in the r band using SExtractor (Bertin & Arnouts
1996). The flux was measured in the 12 J-PLUS bands at the
position of the detected sources using a variety of apertures, from
circular apertures of different diameters to elliptical and isopho-
tal, as defined in the r-band detection image. Objects near the
borders of the images, close to bright stars, or affected by optical
artifacts were masked, providing a unique high-quality area of
2881 deg2. The DR3 is publicly available at the J-PLUS website3

since 13 December 2022.
We note that the published J-PLUS DR3 photometry already

includes all the calibration steps presented in Sect. 3. In addition
to J-PLUS photometry, ancillary data from Gaia and Pan-
STARRS were used in the calibration process. These datasets
are described in the following sections.

2.2. Gaia DR3

The Gaia spacecraft is mapping the 3D positions and kine-
matics of a representative fraction of Milky Way stars (Gaia
Collaboration 2016). The mission will ultimately provide astrom-
etry (positions, proper motions, and parallaxes) and optical
spectro-photometry for over a billion stars, as well as radial
velocity measurements of more than 100 million stars.

In the present work, we used the Gaia DR3 (Gaia
Collaboration 2023b), which is based on 34 months of
observations. It contains astrometric determinations and pro-
vides integrated photometry in three broad bands, namely,
G (330−1050 nm), GBP (330−680 nm), and GRP (630−
1050 nm), for 1.5 billion sources with G < 21. The Gaia DR3
2 http://svo2.cab.inta-csic.es/svo/theory/fps3/index.
php?mode=browse&gname=OAJ&gname2=JPLUS
3 https://www.j-plus.es/datareleases/data_release_dr3
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also contains BP/RP low-resolution (R = 20−80) spectra for
220 million sources with G < 17.65 mag and enough transits to
ensure a good signal-to-noise ratio for the data. The processing
and internal calibration of the BP/RP spectra are presented in
De Angeli et al. (2023), and the external calibration to pro-
vide physical fluxes is detailed in Montegriffo et al. (2023).
These spectra were used to homogenize the J-PLUS photometric
solution along the surveyed area (Sect. 3.2).

2.3. Pan-STARRS DR1

The Pan-STARRS1 is a 1.8 m optical and near-infrared telescope
located on Mount Haleakala, Hawaii. The telescope is equipped
with the Gigapixel Camera 1, consisting of an array of 60 CCD
detectors of 4800 × 4800 pixels each. The 3π Steradian Sur-
vey (hereafter PS1; Chambers et al. 2016) covers the sky at a
declination of δ > −30◦ with five filters, grizy (Tonry et al. 2012).

Astrometry and photometry were extracted by the Pan-
STARRS1 Image Processing Pipeline (Magnier et al. 2020a,b,c;
Waters et al. 2020). The PS1 photometry features a uniform
flux calibration, achieving better than 1% accuracy over the sky
(Magnier et al. 2020b; Chambers et al. 2016; Xiao & Yuan 2022).
The PS1 first data release (DR1) was made public in Decem-
ber 2016, providing a static-sky catalog and stacked images
(Flewelling et al. 2020). Because of its homogeneous depth,
excellent internal calibration, and large footprint, PS1 photom-
etry provides an ideal reference to set the absolute flux scale of
the J-PLUS magnitudes (Sect. 3.4).

3. Photometric calibration of J-PLUS DR3

The goal of the calibration process is to obtain the zero point
(ZP) of the observation that relates the magnitude of the sources
in a certain passband X at the top of the atmosphere with
the magnitudes obtained from the analog-to-digital unit (ADU)
counts of the reduced images. We simplified the notation using
the passband name as the magnitude in the filter. Thus,

X = −2.5 log10(ADUX) + ZPX. (1)

In the estimation of the J-PLUS DR3 instrumental photometry,
the reduced images were normalized to a one-second exposure,
and an arbitrary zero point, ZPX = 25, was applied. This defined
the instrumental magnitudes Xins.

The calibration process applied in J-PLUS DR3 has different
steps, as described in the following sections and summarized in
Fig. 1. The final outcome is the zero point of the passband X
estimated for the pointing pid as

ZPX (pid, X,Y)
= ∆Xthr (pid) + PX (pid, X,Y) + ∆XWD + ∆rPS1 + 25, (2)

where ∆Xthr accounts for changes in the total throughput of
the system at the moment of the observation (atmospheric
extinction, airmass, mirror reflectivity, and filter transmission;
Sect. 3.2), PX defines a plane that accounts for the 2D variation
of the calibration with the (X,Y) position of the sources on the
CCD (Sect. 3.2), ∆XWD is the global offset provided by the white
dwarf (WD) locus, which translates homogenized colors to the
AB scale on top of the atmosphere (Sect. 3.3), and ∆rPS1 is the
global offset for the r band to anchor the absolute flux scale to
the PS1 photometric solution (Sect. 3.4).

Fig. 1. Updated flowchart of the calibration method used in J-PLUS
DR3. Arrows that originate in small dots indicate that the preceding
data product is an input to the subsequent analysis. Datasets are shown
with their project logo, and external data or models are denoted with
black boxes. The rounded purple boxes show the calibration steps. The
asterisk indicates the step based on dust de-reddened magnitudes. The
blue boxes show intermediate data products, and green ovals highlight
data products of the calibration process. The main change with respect
to J-PLUS DR2 calibration is the use of Gaia BP/RP low-resolution
spectra in the homogenization (Sect. 3.2).

The J-PLUS instrumental magnitudes used for calibration
were measured on a 6 arcsec diameter aperture, corrected by
aperture effects to retrieve the total flux of stars. The aperture
correction Caper depends on the passband and the pointing, and
it was computed from the growth curve of non-saturated, bright
stars in each image. The median aperture correction among all
the passbands is Caper = −0.09 mag. The corrections used are
available in the J-PLUS database4, and additional details about
their estimation can be found in López-Sanjuan et al. (2019).

4 Column APER_COR_6_0 in the table jplus.TileImage.
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Fig. 2. Absolute magnitude in the G band vs.
GBP −GRP color diagram, corrected for dust red-
dening, of the 1 898 063 high-quality sources in
common between Gaia DR3 and J-PLUS DR3.
The color scale presents the number density of
stars per mag2, noted as ρ⋆. Three areas were
defined following López-Sanjuan et al. (2019) as
being dominated by main sequence stars (white
area), giant branch stars (gray area), and white
dwarfs (blue area).

3.1. Step 1: Selection of the calibration stars

The first step of our methodology is to define a high-quality
sample of stars to perform the photometric calibration. Thus,
we cross-matched the J-PLUS DR3 sources with S/N > 10 and
SExtractor photometric flag equal to zero (i.e., with neither
close detections nor image problems) in all 12 passbands against
the Gaia DR3 catalog using a 1.5′′ radius5. We retained Gaia
sources with S/N > 3 in parallax, represented as ϖ [arcsec],
and with a photometric measurement in G, GBP, and GRP. The
parallax condition was requested to ensure a well-defined abso-
lute magnitude for the sources. Finally, J-PLUS sources with
more than one Gaia counterpart were discarded. We obtained
1 898 063 unique, high-quality stars for calibration.

Next, the Gaia absolute magnitude versus color diagram was
constructed, as presented in Fig. 2. The dust de-reddened G
absolute magnitude of the calibration stars was obtained as

MG0 = G − kGE(B − V) + 5 log10ϖ + 5, (3)

where E(B − V) is the color excess of the source and kG the
extinction coefficient of the G passband. The de-reddened GBP −

GRP color was computed as

(GBP −GRP)0 = GBP − kGBP E(B − V) −GRP + kGRP E(B − V), (4)

where kGBP and kGRP are the extinction coefficients in the GBP and
GRP passbands, respectively. The extinction coefficients were
obtained with the extinction law presented in Schlafly et al.
(2016) and assuming RV = 3.1, with kG = 2.600, kGBP = 3.410,
and kGRP = 1.807. This provided a first-order correction, since
the proper coefficients depend on color and dust-column density
(e.g., Danielski et al. 2018; Zhang & Yuan 2023).

The color excess at infinite distance of each J-PLUS source
was estimated from the Schlegel et al. (1998) extinction map6.
The calibration stars have distance information from Gaia DR3
parallaxes, and we used the Milky Way dust model presented
in Li et al. (2018) to properly scale the color excess at infinity
to obtain E(B − V). This process was tested with the star-pair
method presented in Yuan et al. (2013). We concluded that the
assumed E(B − V) is a good proxy for the real color excess of
5 The complete J-PLUS DR3 versus Gaia catalog can be found in the
table jplus.xmatch_gaia_dr3 within the J-PLUSdatabase.
6 Stored in table jplus.MWExtinction within the J-PLUSdatabase.

the stars with an uncertainty of 0.012 mag. Additional details
are presented in López-Sanjuan et al. (2021).

The inverse of the parallax was used as a distance proxy
in Eq. (3). This is a crude approximation to the distance, as
demonstrated by Bailer-Jones et al. (2018). Since our goal is to
define general populations to calibrate the J-PLUS photometry,
the simplified extinction and distance schemes used in Eq. (3)
fulfill our requirements. We also stress that we used de-reddened
magnitudes only for the initial selection of the calibration stars.

Following López-Sanjuan et al. (2019), three areas were
defined in the magnitude-color diagram. These areas are dom-
inated by main sequence stars (1 775 172 sources), giant branch
stars (121 987 sources), and white dwarfs (904 sources). The
main sequence stars were used in the homogenization step
(Sect. 3.2), and the white dwarfs were used to obtain the AB
scale of the J-PLUS colors (Sect. 3.3). In these steps, observed
magnitudes were used, and no reddening correction was applied.

3.2. Step 2: Homogenization with synthetic photometry from
BP/RP spectra

The main change we implemented with respect to the calibra-
tion process of previous J-PLUS data releases is the replacement
of the stellar locus technique by the synthetic photometry from
BP/RP spectra to homogenize the photometric solution along the
surveyed area. To provide a photometric calibration at the top
of the atmosphere, the stellar locus technique demands previous
knowledge of the extinction and some atmospheric parameters of
the stars (i.e., surface gravity and metallicity) to avoid systemat-
ics across the sky due to interstellar reddening and the Milky
Way metallicity gradient (López-Sanjuan et al. 2019, 2021). The
stellar locus technique is therefore limited by our current under-
standing of the interstellar extinction (e.g., Sun et al. 2022) and
the access to spectroscopic-based metallicities. The Gaia BP/RP
low-resolution spectra provide a great opportunity to have an all-
sky, space-based reference photometry on top of the atmosphere
and to obtain a homogeneous J-PLUS calibration without the
need of previous knowledge about the extinction or the metallic-
ity of the used stars. Nevertheless, we note that any systematics
present in the BP/RP spectra will be inherited by J-PLUS.

The basis of the synthetic photometry estimation for a given
passband from the BP/RP spectra are extensively presented in
GC23. We followed their recommendations and suggestions to
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Fig. 3. Full width at half maximum of the Gaia BP/RP spectra as a
function of wavelength (black dashed line). The gray area marks the
avoidance region corresponding to less than 1.4 times the FWHM of
the BP/RP spectra. The colored dots show the FWHM of the medium
and narrow passbands in J-PLUS.

obtain the proper synthetic photometry in the J-PLUS filter sys-
tem. The first goal is to ensure that the synthetic photometry
derived from Gaia BP/RP spectra is reliable. We followed the
recipe in GC23, where the FWHM of the targeted passband
should be at least 1.4 times larger than the FWHM of the exter-
nally calibrated Gaia spectra (Montegriffo et al. 2023) at the
central wavelength of the passband. The comparison between
the FWHM of the J-PLUS medium and narrow passbands and
of the BP/RP spectra is presented in Fig. 3. We found that the
J-PLUS filter system can be safely obtained from BP/RP spec-
tra. The FWHM of all the passbands is larger than the 1.4-times
limit, with J0395 and J0515 just on the edge.

The next stage was to obtain the synthetic photometry of the
main sequence calibration stars. We used the code GaiaXPy7

to retrieve the J-PLUS synthetic magnitudes, noted as Xsyn, for
those sources with available spectrum and G < 17.65 Vega mag.
In the process, additional quality cuts were applied: RUWE < 1.4,
phot_variable_flag , VARIABLE, and the 5σ condition for
the flux excess factor C∗ defined by Riello et al. (2021). We
refer the reader to the Gaia documentation and the work by
Riello et al. (2021) for the definition of these fields. To mini-
mize the impact of blended sources in the J-PLUS photometry,
only those with a morphological class_star > 0.1 in the J-
PLUS database were considered. The final number of sources
with synthetic photometry from BP/RP spectra was 1 498 074.
The distribution of these sources in the sky is presented in Fig. 4.
We found that most J-PLUS pointings, which cover 2 deg2 each,
present a homogeneous coverage, but some areas are underpop-
ulated. This is a consequence of the Gaia scanning law and the
lower number of observations available in the missing areas. As
already mentioned in GC23, these areas will be filled in future
Gaia data releases. We checked the impact of the depopulated
areas in the number of calibration stars per pointing, nstar (Fig. 5).
We found that the median number of calibration sources per
pointing is nstar = 751, with a mode of 430 sources. The median
fraction of missing calibration stars per pointing with respect to
the initial sample is 11%. There are only 27 (1.6%) pointings
heavily affected by the missing areas and less than 200 cali-
bration sources. We tested that the general calibration process
worked correctly even in these pointings, and therefore, we did
not apply any further correction to them.

7 https://gaia-dpci.github.io/GaiaXPy-website

We measured the difference between the J-PLUS synthetic
photometry from BP/RP spectra and the J-PLUS instrumental
photometry8 for each star in a given pointing pid and filter as

δX = Xsyn − Xins. (5)

The distribution δX was fitted with a Gaussian function of
median µX and dispersion σX. Then, the zero-median difference
for each star was defined as

δX = Xsyn − Xins − µX. (6)

As shown by López-Sanjuan et al. (2019), the residuals δX vary
along the FoV and are position dependent. The dominant spa-
tial component has a plane shape, and we performed a fit to the
function

PX (pid, X,Y) = A · X + B · Y +C, (7)

where (X,Y) represents the location of the source in the CCD9.
Additional information about this correction is presented at
the end of the section. We applied the plane correction and
reevaluated the median of the distribution to obtain the final
residuals.

This process should provide the term ∆Xthr in Eq. (2).
However, GC23 has demonstrated that the current absolute cal-
ibration of the BP/RP spectra has both magnitude and color
terms when compared with well-established observations in a
variety of photometric systems (i.e., Sloan Digital Sky Sur-
vey, Pan-STARRS, Johnson-Kron-Cousins). We found that these
terms are also present in J-PLUS, as shown in the top panels of
Figs. 6–8 for the r, u, and J0515 passbands, respectively. Sim-
ilar figures for the remaining J-PLUS filters are presented in
Appendix A. We note that the definition of our residuals has an
opposite sign to the definition in GC23. On the one hand, the
hockey stick feature found by Evans et al. (2018), Riello et al.
(2021), and GC23 in the magnitude residuals is also clear in
J-PLUS. On the other hand, the color terms are also consis-
tent with the findings from GC23 for similar broad bands. We
found that the color terms in the bluest passbands are large.
For example, the u band presents a difference of 0.2 mag at
GBP − GRP ∼ −1 mag and −0.6 mag at GBP − GRP ∼ 2 mag
(Fig. 7). We note that even in this extreme case, the differ-
ences are systematic and nearly independent of the J-PLUS
pointing. Finally, the medium and narrow passbands have dif-
ferent behaviors. As an example, the J0515 passband presents a
small difference at GBP −GRP < 0.5 mag that increases, reaching
0.1 mag at GBP −GRP ∼ 1.5 mag (Fig. 8).

From the measured magnitude and color differences, we
estimated transformation functions to translate Xsyn to Xins as
accurately as possible. These functions are noted as T mag

X
and

T col
X

for the magnitude and color terms, respectively. To com-
pute them, the median of the residuals was evaluated for G ∈
[11.75, 18.00] Vega mag in 0.25 mag bins and GBP − GRP ∈

[−0.5, 2.5] Vega mag in 0.1 mag bins. Then, a linear interpo-
lation in magnitude and color was done independently. For those
sources beyond the magnitude or color limits that correspond to
only 0.01% of the calibration stars, a linear extrapolation was
applied. We defined the transformed differences for each star as

∆X = Xsyn − T mag
X
− T col

X
− Xins (8)

8 We recall that in this step no reddening correction was applied to
J-PLUS instrumental or Gaia synthetic magnitudes.
9 Variables X_IMAGE and Y_IMAGE on the J-PLUS database.
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Fig. 4. Density of main sequence calibration stars with (green) and without (blue) BP/RP spectra in Gaia DR3 after applying the recommended
quality selection criteria. The solid line marks the location of the Milky Way, and the dashed lines depict b = ±10 deg.
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Fig. 5. Histogram of J-PLUS DR3 pointings for a given number of main
sequence calibration stars (nstar) with (outlined in black) and without
(gray shaded) BP/RP spectra in Gaia DR3 after applying the recom-
mended quality selection cuts.

and updated the value of µX. The zero-median difference, ∆X =
∆X − µX, was used to reevaluate the plane correction, and
we used the new residuals to update the transformation func-
tions. This process was iterated five times, converging to median
magnitude and color terms below 1 mmag (bottom panels in
Figs. 6–8). The final transformations functions are publicly
available on the J-PLUS website10.

During the estimation of the calibration accuracy across the
surveyed area (Sect. 4.2), we found systematic discrepancies
between the Gaia-based zero points and those measured with
the SCR method in the pointings more affected by interstellar
reddening. We noticed that the median color of the calibration
stars is significantly redder in the discrepant pointings due to
the higher extinction. Hence, for each pointing we computed the
difference

∆C = ⟨GBP −GRP⟩ − 0.887 [Vega], (9)

where ⟨GBP −GRP⟩ is the median color of the calibration stars in
the pointing and 0.887 Vega mag is the median color of all the
calibration stars in J-PLUS. For the pointings with ∆C > 0.015,
we subtracted ∆C from the observed GBP −GRP color of the cal-
ibration stars in the evaluation of the function T col

X
. The color of

10 https://www.j-plus.es/survey/photometric_calibration

the calibration stars in the pointings with ∆C ≤ 0.015 remains
the one that is observed. Thanks to the applied displacement,
the systematic differences with respect to the SCR method were
minimized. This process implies that the shape of the color trans-
formation T col

X
is equivalent between pointings but significantly

displaced to redder colors in those areas with a relevant inter-
stellar extinction. The J-PLUS footprint does not cover heavily
extincted areas, and the adopted hypothesis should be tested in
the future using either different data sets or archival JAST80
observations performed for open time programs covering highly
extincted regions. As a concluding remark, the observed effect
may reflect an extinction-dependent bias in the calibration of the
Gaia DR3 low-resolution spectra.

The median in the final distribution of ∆X−PX was stored as
the term ∆Xthr for each passband and pointing. At this stage, we
defined the homogenized J-PLUS magnitudes from Gaia BP/RP
spectra as

XG = Xins + ∆Xthr + PX. (10)

The relative precision and accuracy of these magnitudes are
analyzed in Sect. 4.

We finish this section by discussing the plane correction PX
presented in Eq. (7) in more detail. A relevant effect in wide FoV
instruments is the variation of the zero point with the position of
the sources on the CCD. This can be due to the differential vari-
ation of the airmass across the observation, a non-homogeneous
background in the estimation of the flat-field images, the pres-
ence of scattered light in the focal plane, or the change of the
effective filter curves with position (see Regnault et al. 2009;
Starkenburg et al. 2017 for further details). The reduction of
J-PLUS images includes a calibration frame (ICOR in the fol-
lowing) to compensate the illumination inhomogeneities caused
by the estimation of the flat-field frames with sky images. The
ICOR frames were computed on a monthly basis for each pass-
band by observing a stellar field six times with a large dithering
pattern. Then, the photometry of the same stars at the different
locations of the CCD was extracted and compared. The ICOR
frame was constructed by imposing that the photometry of a
non-variable star must not depend on the FoV location.

The ICOR frame was applied to all the J-PLUS images. How-
ever, comparison with Pan-STARRS photometry performed by
López-Sanjuan et al. (2019) revealed a residual pattern along the
FoV. This pattern is also present in the residuals with respect
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Fig. 6. Residuals between the synthetic photometry from Gaia BP/RP spectra and J-PLUS photometry in the r band as a function of the G magnitude
(left panels) and the GBP −GRP color (right panels) before applying the transformation terms T mag

r and T col
r (top panels) and after applying them

(bottom panels). The color scale depicts the number density of sources using a logarithm scale, and nearly 1.5 million sources are shown. In all
panels, the solid red line represents the median of the residuals, and the dashed lines show its one σ dispersion.

to Gaia synthetic photometry, as illustrated with the sky varia-
tion of the residuals in the r band (top panel of Fig. 9) and the
median residuals in the same band for all 1642 pointings as a
function of the CCD position (left panel of Fig. 10). The median
of the residuals for the other 11 J-PLUS passbands with CCD
positions is presented in Appendix B. The shape of the residuals
is well described with a plane, and the impact is at a 10 mmag
level in the case of the r band. There is a dominant direction
for the gradient, but the intensity depends on the pointing. The
inclusion of PX in the calibration process greatly improves the
homogeneity of the residuals, as illustrated in Figs. 9 and 10. We
found a nearly homogeneous residual across the sky, with a hint
of higher differences in the pointings closer to the Milky Way
disk. We note that the pointings affected by the lower density
of Gaia BP/RP spectra do not present any noticeable anomaly.
Finally, the median of the residuals along the FoV in the r band
after the plane correction still presents a circular structure at the
2 mmag level. This structure is also shown in the i, J0660, and z
bands (Appendix B).

Our current hypothesis for the origin of the plane residual
is related to the differences in the sky background between the
images used in the construction of the flat-field and the ICOR
calibration frames. This hypothesis was tested by estimating ∆X
for images without the ICOR frame applied. We found that the
ICOR pattern is clearly present, but some differences in the
shape are noticeable. This mismatch is responsible for the struc-
tures present in the residuals even after correcting by PX (for
example, passbands J0378 and J0861; see Appendix B). We

concluded that the Gaia BP/RP synthetic photometry could also
be used to improve the estimation of the ICOR frame by stack-
ing the residuals ∆X obtained from the science images. This
would save telescope time and permit a detailed analysis of the
variation with time of the ICOR. Unfortunately, this implies a
major change in the reduction pipeline, and this action has been
postponed until future data releases.

3.3. Step 3: Absolute color scale with the white dwarf locus

The homogeneous J-PLUS magnitudes derived in the previous
section must be translated from the Gaia scale to the AB scale.
As shown by GC23 for several filter systems and in the present
paper for J-PLUS, the presence of magnitude and color terms are
due to the current limitations in the external, absolute calibration
of Gaia DR3 BP/RP spectra. To circumvent this problem, the
absolute color scale of the J-PLUS passbands was obtained with
the white dwarf locus technique. Here, we provide the relevant
technical details for completeness, and the reader is referred to
López-Sanjuan et al. (2019) for a detailed description.

The properties of white dwarfs make them excellent standard
sources for calibration (Holberg & Bergeron 2006; Wall et al.
2019). Their model atmospheres can be specified at around the
1% level with knowledge of the effective temperature (Teff) and
the surface gravity (log g). These parameters can be estimated
from spectroscopy, providing a reference flux for calibration.
They are also mostly photometrically stable. A significant the-
oretical and observational effort is still underway to provide a
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Fig. 7. Residuals between the synthetic photometry from Gaia BP/RP spectra and J-PLUS photometry in the u band, following Fig. 6.
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Fig. 8. Residuals between the synthetic photometry from Gaia BP/RP spectra and J-PLUS photometry in the J0515 band, following Fig. 6.
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Fig. 9. Sky distribution of the residuals between the synthetic photometry from Gaia BP/RP spectra and J-PLUS photometry in the r band without
applying the plane correction Pr (top panel) and after applying it (bottom panel). The solid line marks the location of the Milky Way, and the
dashed lines depict b = ±10 deg.
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Fig. 10. Median residuals between the synthetic photometry from Gaia BP/RP spectra and J-PLUS photometry in the r band as a function of the
(X, Y) position of the sources on the CCD without applying the plane correction Pr (left panel) and after applying it (right panel).

robust white dwarf network for the calibration of photometric
surveys (e.g., Bohlin 2000; Holberg & Bergeron 2006; Narayan
et al. 2016, 2019; Gentile Fusillo et al. 2020; Bohlin et al. 2020,
and references therein).

The observational white dwarf locus presents two branches,
corresponding to hydrogen- and helium-dominated atmospheres
(e.g., Holberg & Bergeron 2006; Ivezić et al. 2007; Ibata
et al. 2017; Gentile Fusillo et al. 2019; Bergeron et al. 2019;
López-Sanjuan et al. 2022). We performed a Bayesian model-
ing of the 11 independent (X − r)G versus (g − i)G color-color

diagrams in J-PLUS, with the r band used as the absolute
reference in the process. We confronted the theoretical locus
against the observations, accounting for the observational errors
in the colors, and we estimated the best parameters that model
the observed color-color distribution of the white dwarfs. The
parameter space was explored with the Monte Carlo Markov
chain code emcee (Foreman-Mackey et al. 2013).

The theoretical loci were obtained from the models includ-
ing the 3D effects presented in Tremblay et al. (2013) for H
dominated atmospheres and in Cukanovaite et al. (2018) for He
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Table 2. Estimated offsets to obtain the AB color scale of the J-PLUS
passbands.

Passband (X) ∆XWD σint
[mmag] [mmag]

u 33.7 ± 6.4 30 ± 4
J0378 −2.7 ± 6.0 31 ± 4
J0395 −32.7 ± 4.9 24 ± 4
J0410 −7.1 ± 3.1 9 ± 5
J0430 −38.0 ± 2.8 12 ± 4
g −24.9 ± 1.7 2 ± 2
J0515 −19.7 ± 2.3 10 ± 2
r · · · · · ·

J0660 −5.6 ± 2.3 11 ± 3
i 4.5 ± 1.3 2 ± 2
J0861 8.6 ± 3.0 9 ± 5
z 10.2 ± 2.9 10 ± 4

dominated atmospheres. The locus model has 26 parameters.
The distribution in (g − i)G was described by a Gaussian func-
tion whose parameters were the median (µ) and the dispersion
(s). The general white dwarf population has two parameters: the
fraction of H-dominated white dwarfs ( fH) and the median sur-
face gravity of the population. The offsets, named ∆C1 and ∆C2,
in each color-color diagram account for 11 parameters. These
offsets impose a match between the theoretical locus and the
observations. The offset ∆C2 is equivalent to −∆XWD in Eq. (2),
translating the homogenized photometry to the AB scale. We
defined ∆C1 = ∆iWD − ∆gWD, and it is a term shared by all
the color-color diagrams. This color sharing reduced the initial
22 parameters to 11 independent measurements. Finally, the
diversity of white dwarf properties produced a physical disper-
sion in the locus after accounting for observational uncertainties.
These physical variations are encoded in an intrinsic disper-
sion for each passband (σint), accounting for the remaining
11 parameters.

From the Gaia absolute magnitude versus color diagram in
Sect. 3.1, we selected 123 high-quality white dwarfs located at
d < 100 pc. We restricted the sample to distances closer than
100 pc, where the interstellar extinction can be neglected (e.g.,
Lucke 1978; Lallement et al. 2003; Zucker et al. 2022) and
the observed J-PLUS magnitudes can therefore be used with-
out correction from dust reddening. A simplified version of the
model was first run with an extra component to identify out-
liers, that is, white dwarfs that are far from the theoretical locus.
This was performed in sequence, starting from the z band and
moving to shorter wavelengths. In each color-color diagram, the
outliers were identified and excluded. From the initial sample
of 123 white dwarfs, we identified 14 outliers. Next, the final
joint Bayesian analysis of the locus for the remaining109 white
dwarfs in the 11 color-color diagrams was performed in order to
compute the final offsets ∆XWD. The result for the u passband
is presented in Fig. 11. The color-color diagrams for the other
passbands are gathered in Appendix C.

The estimated parameters shared by all the color-color dia-
grams were µ = −0.237±0.010, s = 0.309±0.009, fH = 0.778±
0.020, and log g = 8.08 ± 0.03. The obtained offsets from the
white dwarf locus technique are summarized in Table 2 and
Fig. 12. We found a broad agreement with the Gaia BP/RP
spectra scale, with differences below 0.04 mag. We also iden-
tified a trend, with the offsets changing from ∆uWD = 0.034 mag
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Fig. 11. Color-color diagram (u − r)G versus (g − i)G of the 109 high-
quality white dwarfs at distance d < 100 pc in J-PLUS DR3. The
solid lines show the theoretical loci for H-dominated (orange) and
He-dominated atmospheres (magenta). The gray scale shows the most
probable model that describes the observations. The blue probability
distributions above and to the right show the (g− i)G and (u− r)G projec-
tions of the data, respectively. The projections of the total, H-dominated,
and He-dominated models are represented by the black, orange, and
magenta lines. The values of the filter-dependent parameters σint and
∆XWD are indicated in the main panel.
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Fig. 12. Zero point offset from the white dwarf locus (∆XWD) for the
J-PLUS filter system. The progressively lighter gray areas show differ-
ences of 0.01, 0.02, and 0.03 mag, respectively.

to ∆J0430WD = −0.038 mag, then increasing again to ∆zWD =
0.010 mag. We note that these are the residual differences
after accounting for the magnitude and color terms presented in
Sect. 3.2 and therefore refer to the median color of the calibration
stars, GBP −GRP = 0.55 mag. Thanks to the white dwarf locus,
the XG magnitudes were placed in the AB scale.

3.4. Step 4: Absolute flux scale with PS1

The white dwarf locus technique is able to provide the absolute
color scale of the J-PLUS passbands, with the r band used as
a reference. Because of the magnitude and color terms between
BP/RP spectra and J-PLUS, we used the PS1 magnitudes in r to
set the absolute flux scale for the J-PLUS photometry.
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Table 3. Estimated error budget of the J-PLUS DR3 photometric calibration and final median zero points.

Precision Accuracy

Passband σG σWD σcal σSCR ⟨ZPX⟩
[mmag] (a) [mmag] (b) [mmag] (c) [mmag] (d) [mag]

u 10.3 6.4 13.1 9.4 21.10
J0378 9.1 6.0 12.0 8.5 20.48
J0395 8.7 4.9 11.2 8.3 20.36
J0410 4.7 3.1 7.5 4.0 21.32
J0430 4.7 2.8 7.4 3.5 21.38
g 2.8 1.7 6.0 1.7 23.59
J0515 3.5 2.3 6.5 2.4 21.56
r 2.5 · · · 5.6 1.7 23.64
J0660 2.9 2.3 6.2 2.1 21.10
i 2.4 1.3 5.7 1.4 23.34
J0861 3.3 3.0 6.7 1.5 21.64
z 3.2 2.9 6.6 1.6 22.78

Notes. (a)Gaia BP/RP low-resolution spectra and the plane correction to account for 2D variations along the CCD were used to homogenize
the photometry. Precision was estimated from duplicated main sequence stars in overlapping pointings (Sect. 4.1). (b)Uncertainty in the absolute
color calibration from the Bayesian analysis of the white dwarf locus (Sect. 3.3). (c)Final precision in the J-PLUS DR3 flux calibration, σ2

cal =

σ2
G + σ

2
WD + σ

2
r , where σr = 5 mmag (Sect. 3.4). (d)Accuracy estimated from the comparison of the final calibration with results from the stellar

color regression method (Sect. 4.2).

We cross-matched the main sequence calibration stars with
the PS1 DR1 catalog using a 1.5′′ radius11. Sources with more
than one counterpart in the PS1 catalog or without a valid pho-
tometric measurement on gri PS1 passbands were discarded.
We used the PS1 PSF magnitudes as reference (Magnier et al.
2020c).

We compared the homogenized magnitudes rG from J-PLUS
with the transformed r-band magnitudes from PS1. The transfor-
mation term accounts for the difference between the J-PLUS and
PS1 passbands:

CPS1 = gPS1 − iPS1, (11)
T PS1

r = 4.9 − 3.2 × CPS1 + 8.2 × C2
PS1 [mmag]. (12)

This transformation is valid at 0.4 < CPS1 < 1.4, and only
sources within this color range were used in the comparison.
The details about the estimation of this transformation term are
presented in López-Sanjuan et al. (2019).

The median of the differences between the magnitudes
was computed for each pointing, providing the offset between
the Gaia and PS1 photometric scales. The distribution of the
differences for the 1 642 pointings in J-PLUS DR3 follows
a Gaussian with a median of 4.3 mmag and a dispersion
of 3.4 mmag. Hence, we set ∆rPS1 = 4.3 mmag in Eq. (2)
and assumed an uncertainty of 5 mmag in this absolute flux
scale. The accuracy of the absolute scale is discussed in
Sect. 4.3.

4. Error budget

This section is devoted to the error budget analysis in the J-PLUS
DR3 calibration. We study the relative precision in the photome-
try in Sect. 4.1, the relative accuracy across the surveyed area in

11 The complete J-PLUS versus PS1 catalog can be found in the table
jplus.xmatch_panstarrs_dr1 within the J-PLUS database.

Sect. 4.2, and the absolute accuracy in Sect. 4.3. The estimated
uncertainties in the photometric calibration are summarized in
Table 3 and should be added to the Poisson and background
errors from flux extraction.

4.1. Relative precision from overlapping areas

Adjacent J-PLUS pointings slightly overlap with each other.
To measure the precision of the calibration, the photometry of
calibration stars independently observed in two pointings was
compared. The number of unique pointing pairs with overlap
in J-PLUS DR3 is 4247. For each pointing pair, we computed
the difference between the two calibrated magnitudes of the
common stars and estimated the median of the differences. To
minimize the effect of the individual errors, only the pointing
pairs with 25 or more common sources were kept. This provided
670 median differences. The targeted precision was obtained as
σ/
√

2, where σ is the measured dispersion of the distribution of
differences. The obtained precision is summarized in Fig. 13 and
Table 3, and on average, it is ∼9 mmag in u, J0378, and J0395;
∼5 mmag in J0410 and J0430; and ∼3 mmag in g, J0515, r,
J0660, i, J0861, and z.

We tested the change with respect to the stellar locus method-
ology, that is, the reference calibration method in J-PLUS DR2
(López-Sanjuan et al. 2019, 2021). Following the same defini-
tions, we found an improvement of approximately 20% in the
precision at λ < 4500 Å and compatible results for the rest of the
passbands (Fig. 13). We highlight the improvement found in the
bluer passbands where the signal of the BP/RP spectra is lower
and a better performance than the stellar locus technique was
not ensured. These results support the capabilities of the Gaia
BP/RP spectra to obtain a homogeneous photometry across the
sky and greatly simplifies the calibration procedure, with no pre-
vious information about the extinction nor the metallicity of the
sources being required.
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Fig. 13. Distribution of median differences in the photometry of main sequence stars independently observed by two adjacent pointings with at
least 25 sources in common. The gray filled histogram shows the results obtained with the stellar locus regression technique, and the colored
histogram shows the results when using the Gaia BP/RP low-resolution spectra as a reference. The gray and colored lines are the best Gaussian fits
to the former and latest case, respectively. The precision in the calibration is labeled in the panels and was estimated as the dispersion of the fitted
Gaussian divided by the square root of two. We present, from top to bottom and from left to right, the filters u, J0378, J0395, J0410, J0430, g,
J0515, r, J0660, i, J0861, and z.

4.2. Relative accuracy along the surveyed area with the SCR
method

The comparison of the photometry in adjacent pointings is not
able to provide a measurement of the accuracy of the calibra-
tion along the surveyed area. The SCR method (Yuan et al.
2015; Huang et al. 2021) uses the effective temperature, surface
gravity, and metallicity from spectroscopy to match stars of the
same properties (i.e., intrinsic colors) and ascribes the observed
color differences to the effect of interstellar extinction. This per-
mits the homogenization of the photometric solution by naturally
accounting for temperature, gravity, metallicity, and extinction
effects. The SCR has been used to validate and improve the
photometric calibration of the Sloan Digital Sky Survey (Yuan
et al. 2015), Pan-STARRS (Xiao & Yuan 2022), Gaia (Niu et al.
2021a,b), and the Sky Mapper Southern Survey (Huang et al.
2021), reaching an accuracy better than 1% in all the surveys.

Using the atmospheric parameters from the Large Sky
Area Multi-Object Fiber Spectroscopic Telescope (LAMOST;

Cui et al. 2012) DR712, the SCR method was applied to J-PLUS
DR3, and magnitudes at the top of the atmosphere were obtained.
Due to the large sky coverage of LAMOST DR7, 1481 (90%)
pointings were calibrated. A detailed application and analysis of
the SCR calibration is beyond the scope of the present paper and
will be presented in a forthcoming work.

We found that the difference between the Gaia-based and the
SCR-based zero points follow a Gaussian distribution with dis-
persion σSCR as reported in Table 3. The dispersion is ∼9 mmag
in u, J0378, and J0395; ∼4 mmag in J0410 and J0430; and
∼2 mmag in the rest of the J-PLUS passbands (Fig. 14). The ori-
gin of this dispersion is related to the treatment of the interstellar
extinction in SCR, the limitations in the all-sky homogeneity of
the BP/RP spectra, and the inherent statistical dispersion of each
method.

As in the previous section, the accuracy using BP/RP spectra
improves with respect to the use of the stellar locus technique.

12 http://www.lamost.org/dr7
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Fig. 14. Distribution of the difference between the zero points estimated with Gaia synthetic photometry (colored histograms) and the stellar locus
regression technique (gray histograms) with respect to the zero points estimated with the SCR methodology. The gray and colored lines are the best
Gaussian fits to the former and latest case, respectively. The accuracy in the calibration is labeled in the panels. We present, from top to bottom and
from left to right, the filters u, J0378, J0395, J0410, J0430, g, J0515, r, J0660, i, J0861, and z.

The dispersion between the zero points based on the stellar
locus and the SCR is systematically higher (Figs. 14 and 15).
There is a general improvement of approximately 40% in the
accuracy when the BP/RP spectra were used as a reference.
Again, these results confirm that the Gaia low-resolution spectra
are a competitive choice to perform homogenization of large-
area, multifilter surveys with minimum assumptions, even at
λ < 4500 Å.

We note that the accuracy and the precision of the calibration
present comparable figures for each passband. This suggests that
the current methodology may be close to pure random uncer-
tainties and that residual systematic differences should be below
1%. The comparison with the independent SCR method provides
a proxy for the accuracy in the J-PLUS photometry, which we set
at a percentage level or better for all the J-PLUS passbands.

4.3. Absolute precision in the flux calibration

We tested the absolute flux calibration in J-PLUS DR3
by comparing the final photometry with the synthetic

photometry of the spectroscopic standard star GD 153. This
white dwarf is one of the three calibration pillars from the
Hubble Space Telescope (HST), and it was observed as part of
J-PLUS DR3. The r−band magnitude of GD 153 in J-PLUS is
r = 13.59 mag, so its photometry is dominated by calibration
uncertainties with small photon counting errors. We found addi-
tional spectro-photometric standard stars observed by J-PLUS
DR3. The individual results from these sources are noisier than
for GD 153, with similar average results. Moreover, the spectra
of these extra standards are calibrated using the three HST pillars
as reference.

We used the GD 153 reference spectra from CALSPEC13

(Bohlin et al. 2014, 2020) and from the Gaia spectro-photometric
standard stars (SPSS) survey14 (Pancino et al. 2012, 2021). The
results are presented in Fig. 16. We found a remarkable 1%
agreement in all the passbands between the reference spectra and

13 https://archive.stsci.edu/hlsps/reference-atlases/
cdbs/calspec/gd153_stiswfcnic_003.fits
14 http://gaiaextra.ssdc.asi.it:8900/reduced/2/
SPSSpublic/V2.SPSS003.ascii

A29, page 13 of 20

https://archive.stsci.edu/hlsps/reference-atlases/cdbs/calspec/gd153_stiswfcnic_003.fits
https://archive.stsci.edu/hlsps/reference-atlases/cdbs/calspec/gd153_stiswfcnic_003.fits
http://gaiaextra.ssdc.asi.it:8900/reduced/2/SPSSpublic/V2.SPSS003.ascii
http://gaiaextra.ssdc.asi.it:8900/reduced/2/SPSSpublic/V2.SPSS003.ascii


López-Sanjuan, C., et al.: A&A, 683, A29 (2024)

4000 6000 8000
Wavelength [Å]

0

5

10

15

σ
c
a
l

[m
m

ag
]

Stellar locus
Gaia BP/RP spectra

4000 6000 8000
Wavelength [Å]
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the J-PLUS photometry. Statically, we expected 8.2 passbands
to be compatible with respect to GD 153 synthetic photometry
at 1σ and 11.5 passbands to be compatible at 2σ. We found 8
and 12 measurements compatible with both CALSPEC and Gaia
SPSS at 1 and 2σ, respectively. Hence, the J-PLUS photometry
is at the AB scale provided by GD 153 within uncertainties.

The situation has improved with respect to J-PLUS DR2,
where the same test was performed (López-Sanjuan et al. 2021).
A difference of 3% for the u band; of 2% for J0378, J0395,
J0410, and J0430; and below 1% for g, J0515, r, J0660, i,
J0861, and z was found. The new homogenization process based
on Gaia BP/RP spectra and the use of dust-free white dwarfs in
the estimation of the color scale have significantly decreased the
discrepancies in the passbands at λ < 4500 Å, pushing the abso-
lute accuracy to the one percent level in the complete J-PLUS
filter system.

5. Summary and conclusions
We presented the photometric calibration at the top of the
atmosphere for the J-PLUS DR3 12 optical passbands across
3284 deg2 of the northern sky. Synthetic photometry derived
from the BP/RP spectra released as part of the Gaia DR3 for
nearly 1.5 million main sequence stars was used to homogenize
the photometric solution. The AB color scale was derived using
the locus of 109 white dwarfs closer than 100 pc, for which
interstellar extinction can be neglected. Finally, the absolute
flux scale was anchored to the Pan-STARRS photometry in
the r band.

The relative precision of the calibration, measured from
repeated sources in the overlapping areas between pointings
and including absolute color and flux scale uncertainties, is
∼12 mmag in u, J0378, and J0395, and it is ∼7 mmag in
J0410, J0430, g, J0515, r, J0660, i, J0861, and z. We found
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an approximately 20% improvement with respect to the stellar
locus technique applied in DR2 for passbands with λ < 4500 Å.

The relative accuracy was estimated through a compari-
son with the SCR methodology. Between both methods, we
found a dispersion of ∼9 mmag in u, J0378, and J0395; of
∼4 mmag in J0410 and J0430; and of ∼2 mmag in g, J0515,
r, J0660, i, J0861, and z. There is a general approximately
40% improvement when compared with the stellar locus tech-
nique. This demonstrates the capabilities of BP/RP spectra as a
high-quality reference to homogenize ground-based optical pho-
tometry. Finally, the absolute precision in the J-PLUS flux scale
was set at 1% in all the passbands from the comparison with the
spectro-photometric standard star GD 153.

We conclude that the combination of the synthetic photom-
etry derived from Gaia BP/RP spectra, used to homogenize the
photometric solution, and the white dwarf locus, used to retrieve
the absolute color AB scale, is able to provide a photometric
calibration for large-area multifilter optical surveys with one
percent (and below) accuracy and precision. The absolute cal-
ibration of the BP/RP spectra is expected to improve in future
Gaia data releases, which is to be tested with the decrease in
the amplitude of the magnitude and color transformation func-
tions with respect to the J-PLUS photometry and the offsets
requested by the white dwarf locus approach. As a technical
application, the all-sky coverage with BP/RP spectra would per-
mit the photometric calibration of T80Cam images in quasi-real
time, providing an estimation of the atmosphere’s transparency
that would improve the queue execution of observing programs
with different requirements in the sky conditions.
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Appendix A: Magnitude and color transformations

The original and corrected residuals between Gaia BP/RP
synthetic photometry and J-PLUS instrumental magnitudes as
a function of G magnitude and GBP −GRP color for the J-PLUS
passbands J0378, J0395, J0410, J0430, g, J0660, i, J0861, and
z are presented in Figs. A.1 and A.2.
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Fig. A.1. Residuals between the synthetic photometry from Gaia BP/RP spectra and J-PLUS photometry in the J0378, J0395, J0410, J0430, g,
J0660, and i passbands (from top to bottom). The panels, from left to right, show the residuals as a function of the G magnitude and the GBP −GRP
color without the transformation terms T mag

r and T col
r and as a function of the G magnitude and the GBP −GRP color after applying them. The color

scale depicts the number density of sources using a logarithm scale, with nearly 1.5 million sources shown. In all the panels, the solid red line
represents the median of the residuals, and the dashed lines show its one σ dispersion.
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Fig. A.2. Residuals in the J0861 and z passbands, following Fig. A.1.
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Appendix B: Residuals as a function of the CCD
position

The median residuals between the synthetic photometry from
Gaia BP/RP spectra and J-PLUS photometry as a function of
the (X, Y) position of the source on the CCD with and without
the plane correction for the J-PLUS passbands u, J0378, J0395,
J0410, J0430, g, J0515, J0660, i, J0861, and z are presented in
Fig. B.1.
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Fig. B.1. Similar to Fig. 10 but for X = u, J0378, J0395, J0410, J0430, g, J0515, J0660, i, J0861, and z passbands.
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Appendix C: White dwarf locus models

The results for the joint Bayesian modeling of the white dwarf
locus presented in Sec. 3.3 are shown in Fig. C.1.
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Fig. C.1. Similar to Fig. 11 but for X = J0378, J0395, J0410, J0430, g, J0515, J0660, i, J0861, and z passbands. We omit the (g − i)G projection
because it is shared by all the panels.
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