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ABSTRACT

In this paper we aim to validate a methodology designed to obtain Hα emission line fluxes from J-PLUS photometric data. J-PLUS is a multi
narrow-band filter survey carried out with the 2 deg2 field of view T80Cam camera, mounted on the JAST/T80 telescope in the OAJ, Teruel,
Spain. The information of the twelve J-PLUS bands, including the J0660 narrow-band filter located at rest-frame Hα, is used over the first
42 deg2 observed to retrieve de-reddened and [NII] decontaminated Hα emission line fluxes of 46 star-forming regions with previous SDSS and/or
CALIFA spectroscopic information. The agreement between the J-PLUS Hα fluxes and those obtained with spectroscopic data is remarkable,
spec
J−PLUS
finding a median comparison ratio with a scatter of R = FHα
/FHα
= 1.05 ± 0.25. This demonstrates that it is possible to retrieve reliable Hα
emission line fluxes from J-PLUS photometric data. With an expected area of thousands of square degrees upon completion, the J-PLUS dataset
will allow the study of several star formation science cases in the nearby universe, as the spatially resolved star formation rate of nearby galaxies
at z ≤ 0.015, and how it is influenced by the environment, morphology, stellar mass, and nuclear activity. As an illustrative example, the close pair
of interacting galaxies NGC 3994 and NGC 3995 is analysed, finding an enhancement of the star formation rate not only in the centre, but also in
outer parts of the disk of NGC 3994.
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1. Introduction
The formation and evolution of galaxies is greatly influenced
by the rate at which the available gas is converted into stars,
namely, the star formation rate (SFR). Characterizing the SFR
of galaxies at different epochs, and its relation with environment
(e.g. Koyama et al. 2013), morphology (e.g. Willett et al. 2015),
stellar mass (e.g. Speagle et al. 2014), or nuclear activity (e.g.
Santini et al. 2012) among others, gives us a general picture of
how galaxies form and evolve across cosmic time.
The physical processes occurring at the formation phase of
stars yield observational hints in different wavelength ranges
that can be used as tracers of star formation (Kennicutt & Evans
2012; Calzetti 2013). Stars are born in molecular gas clouds
in which the newborn ones ionize the surrounding hydrogen
with their ultraviolet emission. Following this, the recombination of hydrogen causes the emission of photons with wavelengths included in the hydrogen spectral series, such as those
with Hα wavelength (n = 3 to n = 2 transition). The fact that Hα
rest-frame wavelength lies in the optical range of the spectrum
and is less affected by both dust and atmospheric extinction than
other tracers, make it an easily detectable emission line, and
hence a suitable tracer to study the SFR in the nearby universe
(e.g. Kennicutt 1998; Catalán-Torrecilla et al. 2015).
Large spectroscopic and photometric surveys, such as the
Sloan Digital Sky Survey (SDSS, York et al. 2000), have revolutionized astrophysics in many fields, but can only deliver a
limited view of the star formation activity in the local universe,
given that instruments have a small field of view (FoV) in the
case of spectroscopic surveys, and a low spectral resolution in

the case of photometric ones. In recent years, integral field spectroscopic (IFS) surveys such as the Calar Alto Legacy Integral
Field spectroscopy Area (CALIFA, Sánchez et al. 2012a) survey
used in this work, have overcome these problems with the use
of instruments with larger FoVs and a fully spectral coverage
(e.g SAURON, Bacon et al. 2001; ATLAS3D , Cappellari et al.
2011; SAMI, Croom et al. 2012; VENGA, Blanc et al. 2013;
and MaNGA, Bundy et al. 2015). However, these surveys still
have limitations, such as the lack of a large contiguous observed
area to trace the environment of nearby galaxies. They also suffer from selection biases due to the exclusion of galaxies with
angular sizes that do not fit in the FoV of the integral field
units (IFUs) that need to be considered (Walcher et al. 2014).
These problems can be circumvented with multi-filter photometric surveys, which use a set of intermediate and narrow-band filters designed to provide the required spectral information while
still covering a large contiguous area. The Javalambre Photometric Local Universe Survey (J-PLUS1 , Cenarro et al. 2019) is
currently operating to observe thousands of square degrees of
the northern sky from the Observatorio Astrofísico de Javalambre (OAJ2 ) in Teruel, Spain. The survey is being carried out
with the 0.83 m JAST/T80 telescope and the panoramic camera
T80Cam (Marin-Franch et al. 2015), with a 2 deg2 FoV. A set
of twelve broad, intermediate, and narrow-band optical filters
is used (Fig. 1 and Table 1), optimized to provide an adequate
sampling of the spectral energy distribution (SED) of millions of
stars in our galaxy. These SEDs will be required for the photo1
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Fig. 1. Transmission curves of the J-PLUS filter system; with the
four broad (g, r, i, z), the two medium (u, J0861), and the six narrow
(J0378, J0395, J0410, J0430, J0515, J0660) band filters. The transmission curves were computed after accounting for the effects caused
by the efficiency of the CCD and the atmospheric extinction.

metric calibration of the Javalambre Physics of the accelerating
universe Astrophysical Survey (J-PAS3 , Benitez et al. 2014). In
addition, the position of the filters, the exposure times, and the
survey strategy, are suitable to perform science that will expand
our knowledge in many fields of astrophysics. Further details on
the OAJ, instrumentation, filter set, J-PLUS photometric calibration process, strategy, and several science applications can be
found in the J-PLUS presentation paper (Cenarro et al. 2019).
Among all the possible science applications, our main interest is on star formation in the nearby universe (z ≤ 0.015), where
the Hα emission line flux is covered by the J0660 narrow-band
filter. J-PLUS offers a large contiguous area mapped with twelve
optical bands that enables us to: (1) have observations of the
whole extent of galaxies, with no aperture selection effects; (2)
carry out environmental studies; (3) count on a large statistical
sample. These advantages are illustrated by showing the FoV
of the T80Cam at JAST/T80 compared to the FoVs of several
IFUs in Fig. 2. The main star formation science cases that can be
addressed with the J-PLUS dataset are described below.
2D star formation properties. Benefiting from the
characteristics of J-PLUS, it is possible to look into the spatially resolved star formation properties of nearby galaxies.
With a large sample, the correlation of these properties with morphology (e.g. CALIFA: González Delgado et al. 2016), the presence of close companions (e.g. CALIFA: Barrera-Ballesteros et al.
2015; Cortijo-Ferrero et al. 2017), environmental density (e.g.
SAMI: Schaefer et al. 2017), stellar mass (e.g. CALIFA:
Cano-Díaz et al. 2016), or nuclear activity (e.g. MaNGA:
Sánchez et al. 2018), among others, can be studied.
HII region statistical studies. It is possible to retrieve the
excess of Hα flux over the underlying continuum in every pixel
to construct HII region maps of spatially resolved galaxies.
These maps allow the study of the properties of HII regions in
individual galaxies (e.g. CALIFA: Sánchez et al. 2012b).
SFR density in the nearby universe. The Hα luminosity

function in the nearby universe can be computed, and the SFR
3
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density at z ≤ 0.015 calculated. Similar published studies are
based on a selected sample of galaxies (e.g. Gallego et al. 1996;
Pérez-González et al. 2003), but the depth and coverage of the
J-PLUS observations allows the construction of a nonpreselected catalogue of Hα emitters.
These topics will be presented in future publications, when
the area surveyed by J-PLUS ensures a statistically meaningful sample of galaxies. Once J-PLUS has finalized its observations, it is expected to have data for approximately 5000 at
z ≤ 0.015. This represents a significant increase with respect to
IFS surveys such as MaNGA, CALIFA, SAMI, or VENGA with
524, 251, 127, and 30 at the same redshift range, respectively
(Wake et al. 2017; Sánchez et al. 2016a; Croom et al. 2012;
Blanc et al. 2013).
To carry out the above science cases, a reliable measurement of the Hα flux from J-PLUS data is required. In a previous
work, Vilella-Rojo et al. (2015) use synthetic photometry to predict that unbiased Hα fluxes can be retrieved from star-forming
regions using the J-PLUS photometric system. The goal of the
present paper is to test and validate the methodology presented
by Vilella-Rojo et al. (2015) with real data, comparing the measured J-PLUS Hα emission line fluxes with spectroscopic ones
from the literature. SDSS and CALIFA were chosen for this task
so the comparison is performed with both spectroscopic fibre and
integral field spectroscopic data, and because both datasets contain galaxies at z ≤ 0.015. As of the date of this study, MaNGA
currently released data did not contain any of the galaxies of
the present work in this redshift range. The validation of the
methodology would allow the study of the SFR in the neaby universe using the J-PLUS survey, and its southern counterpart, the
Southern-Photometric Local Universe Survey (S-PLUS; Mendes
de Oliveira & S-PLUS Collaboration, in prep.). S-PLUS will
observe thousands of square degrees of the southern sky with
an identical telescope, camera and filter-set than J-PLUS, making possible the use of all the tools and methodologies developed
for the northern survey.
This paper is organized as follows. We present the J-PLUS
and spectroscopic data used in this work in Sect. 2. Section 3
explains the processes of retrieving Hα emission line fluxes
from the different datasets. In Sect. 4, the comparison between
J-PLUS Hα fluxes and the spectroscopic ones is presented.
The SFR science that will be tackled with J-PLUS is exposed
with an example of the spatially resolved SFR in a close pair
of galaxies in Sect. 5. Finally, we summarize the work done
and present the conclusions in Sect. 6. A standard cosmology H0 = 70 km s−1 Mpc−1 , Ωm = 0.3, ΩΛ = 0.7 and Ωk = 0 is
used. Magnitudes are expressed in the AB system (Oke & Gunn
1983).

2. J-PLUS and spectroscopic data
In this section, the different datasets used in the present work are
introduced. We first describe the processes of acquisition and
reduction of J-PLUS photometric data, and give their main characteristics (Sect. 2.1). Then, the spectroscopic data from SDSS
(Sect. 2.2) and the CALIFA survey (Sect. 2.3) utilized in this
comparison study are commented.
2.1. J-PLUS photometric data

The photometric data used in this work were acquired with the
0.83 m JAST/T80 telescope and the panoramic camera T80Cam,
set up with a 9216 × 9232 pixel CCD. The system offers a
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Table 1. J-PLUS filters characteristics and limiting magnitudes.

Filter

Central
wavelength (nm)

Pivot
wavelength (nm)

FWHM (nm)

mlim a (SVD 1500041)

mlim a (EDR)

σZP

Spectral
feature

u
J0378
J0395
J0410
J0430
g
J0515
r
J0660
i
J0861
z

348.5
378.5
395.0
410.0
430.0
480.3
515.0
625.4
660.0
766.8
861.0
911.4

352.3
378.6
395.1
410.1
430.0
474.5
515.0
623.0
660.0
767.7
860.3
892.2

50.8
16.8
10.0
20.0
20.0
140.9
20.0
138.8
13.8
153.5
40.0
140.9

22.5
21.9
21.3
21.0
21.3
23.1
21.4
23.1
22.5
22.0
22.1
21.2

21.5
21.4
21.3
21.4
21.4
22.1
21.3
21.8
21.1
20.7
20.6
20.5

0.05
0.06
0.07
0.06
0.06
0.05
0.04
0.04
0.04
0.04
0.05
0.02

–
[OII]
CaH+K
Hδ
G-Band
–
Mgb Triplet
–
Hα+[NII]
–
Ca Triplet
–

Notes. (a) The limiting magnitudes were measured at a fixed 300 aperture for a signal to noise ratio (S/N) of 3.
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Fig. 2. Left panel: colour composite image of the SVD 1500041 pointing “1500041-Arp313”, illustrating the 2 deg2 FoV of T80Cam at JAST/T80.
Right panel: 100 × 100 zoom on the Arp313 triplet, where the galaxies NGC 3991, NGC 3994, and NGC 3995 are higlighted. The FoV of several
IFUs is displayed: MEGARA (Gil de Paz et al. 2016), SAMI (Croom et al. 2012), MaNGA (Bundy et al. 2015; Drory et al. 2015), SAURON
(Bacon et al. 2001), MUSE (Bacon et al. 2010) and PMAS/PPAK (Roth et al. 2005; Sánchez et al. 2012a). NGC 3991 and NGC 3994 are part of
the CALIFA DR3 sample (Sánchez et al. 2016a).
00

1.4 × 1.4 deg2 FoV with a 0.55 /pixel scale. Figure 1 shows the
transmission curves of the complete set of filters, and Table 1
displays their characteristics. The fields for the study were chosen to maximize the photometric measurements of star-forming
regions in common with SDSS, and galaxies with star formation activity in common with CALIFA, both at z ≤ 0.015. The
final eight pointings selected belong to two different datasets.
One is the J-PLUS Early Data Release (EDR), a subset of
36 deg2 representative of J-PLUS data in terms of depth, point
spread function (PSF), and photometric calibration accuracy
(Cenarro et al. 2019). The other is a J-PLUS Science Verification Data project (SVD 1500041; PI: G. Vilella-Rojo), which
was especially designed for the present work. The observations
of the J-PLUS SVD 1500041 took place during several nights

in February 2016 and on average, they are 0.85 mag deeper
than J-PLUS EDR. These depths were required given that the
project was planned to be part of the science verification phase
of the T80Cam at JAST/T80 system. In the following, we refer
to the joint SVD 1500041 and EDR data as “J-PLUS” data. Further details on the limiting magnitudes of both datasets and the
characteristics of the selected fields can be found in Tables 1
and 2, respectively. In addition to the present research, the JPLUS EDR and SVD were used to: refine the membership in
nearby galaxy clusters (Molino et al. 2019), analyse the globular cluster M 15 (Bonatto et al. 2019), study the stellar populations of several local galaxies (San Roman et al. 2019), and
compute the stellar and galaxy number counts up to r = 21
(López-Sanjuan et al. 2019).
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Table 2. Description of the T80Cam pointings.

J-PLUS
pointing

Central
RA (o )

Central
Dec (o )

SDSS
star forming
regions

CALIFA
star forming
galaxies

Comments

1500041-M101
1500041-Arp313
1500041-M49
JPLUS-00745
JPLUS-00749
JPLUS-01500
JPLUS-01506
JPLUS-01588

211.105
179.423
188.042
121.809
128.213
131.116
141.923
109.596

54.650
32.298
8.134
30.443
30.443
40.190
40.190
41.582

8
10
3
1
1
1
1
1

–
NGC 3991 & NGC 3994
NGC 4470
–
–
–
–
–

M101 is present
Arp 313 triplet is present
M49 is present
–
–
–
–
–
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Flux fraction

1.0

u
J0378
J0395
J0410
J0430
g
J0515
r
J0660
i
J0861
z

0.9
0.8
0.7
0.6
0.0

Original PSFs
0.5

1.0

1.5

2.0

Radius [ 00 ]

2.5

3.0

1.0

Flux fraction

Once the observations were fulfiled; data reduction, photometric calibration, and image co-adding were automatically performed by different pipelines that are part of the Jype package,
fully developed by the Data Processing and Archiving Unit
(UPAD) team at CEFCA. The final products for every pointing include co-added images and weight maps in the twelve
bands with calibration zero-points (ZPs), as well as photometric
catalogues of the sources found. The uncertainties in the calibration (σZP ) can be seen in Table 1. Further details about the processes involved in the production of the images and catalogues
are explained in Cenarro et al. (2019). In this study the coadded images were used, but before working with them, a PSF
homogenization in the twelve-band images of each pointing was
performed.
The homogenization of the PSF is required to provide
good quality photometry, because the co-added images are constructed with different individual ones. This means that several
exposures are combined to create a single final image, each of
them not necessarily having the same PSF, which generates inhomogeneities in the light distribution of the sources in a given
band. Additionally, the PSF associated with a certain object
changes from one band to another. This turns into differences
in the light distribution of the same object in a given aperture
depending on the band where it is looked.
These effects on the PSF may produce artificial structures
that could bias the results (Bertin 2011). To deal with them, we
used the JypePSF module included in the Jype package. The
JypePSF module analyses, characterizes, and homogenizes the
PSF. The worst PSF value of each pointing was computed by
checking the full width at half maximum of the PSF (PSFFWHM )
of bright point sources in every band image. Then, the obtained
value was selected as the target for the homogenization in
the twelve bands; although the code also allows the user to
choose the reference value. A homogenization kernel was created for different positions in every band image. In this step,
SExtractor (Bertin & Arnouts 1996) and PSFex (Bertin 2013)
were used. The band images were convolved with their corresponding kernels using a fast Fourier transform, bringing them
to the same circular PSF. This process has consequences in background noise of the images. Therefore, the background noise
model of the images was recalculated, since it was later used to
compute photometric errors (Sect. 3.3). The correct performance
of the PSF homogenization process could be checked by looking
at the light profile of bright sources (Stefanon et al. 2017), as in
the example in Fig. 3.
Two sets of J-PLUS images were prepared for every pointing, each one with a different median PSFFWHM , corresponding

0.9
0.8
0.7
0.6
0.0

Homogenized PSFs
0.5

1.0

1.5

2.0

Radius [ ]
00

2.5

3.0

Fig. 3. Effect of the PSF homogenization on the light profile of a source.
Top: lines with different colours correspond to the light profile of the
source in the twelve J-PLUS bands. Bottom: light is equally distributed
in every band after the homogenization, and the profiles are indistinguishible.

to the values of SDSS-DR12 and CALIFA-DR2. The median
PSFFWHM of the SDSS-DR12 images and spectra used in this
work are 1.3000 (Alam et al. 2015) and 1.4200 , respectively. These
are similar to the one of the J-PLUS sample, 1.3000 . Therefore, it is not necessary to re-homogenize the J-PLUS images
to compare them with the SDSS data of the present work.
In the case of CALIFA-DR2, the median PSFFWHM is 2.400
(García-Benito et al. 2015), due to the different spatial sampling,
rather than to observing conditions (Fig. 4). A subsequent PSF
homogenization of the J-PLUS images was performed, choosing
the quoted target value, and yielding a more fair comparison.
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Fig. 4. J-PLUS images showing Hα emission areas with the flux excess in the J0660 band, J0660−r (top panels), and CALIFA Hα maps (bottom
panels) of the selected star-forming galaxies: NGC 4470 (left panels), NGC3994 (centre panels), and NGC 3991 (right panels). For reference,
north is up and east is left.

2.2. SDSS data

The SDSS data used in this work, are emission line fluxes
of star-forming regions measured by the Portsmouth group
(Thomas et al. 2013) and their corresponding original spectra.
They are part of the SDSS Data Release 12 (DR12, Alam et al.
2015; including BOSS). These fluxes were obtained from multiple fibre spectra observations of nearby galaxies, resulting from a
wrong deblending due to the apparent large size of these objects
(York et al. 2000; Strauss et al. 2002). They were collected with
the Sloan foundation 2.5 m telescope at Apache Point observatory. The complete set of data is available for download in
the DR12 website4,5 . The emission line fluxes by Thomas et al.
(2013) were estimated with an adaptation of the publicly available code Gas and Absorption Line Fitting code (GANDALF
v1.5, Sarzi et al. 2006), by fitting stellar population models and
Gaussian emission line templates to the spectra. The stellar population models from Maraston & Strömbäck (2011), based on
the MILES stellar library, were used in this task.
2.3. CALIFA data

The CALIFA data used in the present work belong to the Data
Release 2. They are based on observations collected at the Centro
4
5
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Astronómico Hispano Alemán (CAHA) at Calar Alto with the
PMAS/PPAK integral field spectrophotometre, mounted on the
Calar Alto 3.5 m telescope (Sánchez et al. 2012a; Walcher et al.
2014; García-Benito et al. 2015). Data products can be found in
the CALIFA website6 , from which we downloaded the V500
data cubes of the galaxies included in the present study. The three
CALIFA galaxies selected are star-forming spirals at z ≤ 0.015
(Table 2).
In addition to the data cubes, Hα emission line fluxes of
CALIFA galaxies are required to perform the comparison. We
used the available data products provided by Pipe3D in the
CALIFA-DR2 website7 , where Hα flux maps of the galaxies of
this work are available (Fig. 4).
Pipe3D is a pipeline based on the FIT3D fitting tool
(Sánchez et al. 2006, 2011). It was designed to study the properties of the stellar populations and ionized gas of IFS data,
thus being a higlhy suitable tool for the analysis of the data
cubes from ongoing and upcoming IFS surveys. Among the
several steps performed by the pipeline, we highlight: (1) the
stellar continuum fitting with stellar population models by the
MILES project (Sánchez-Blázquez et al. 2006; Vazdekis et al.
2010; Falcón-Barroso et al. 2011). This is done on binned spaxels of the data cubes, according to S/N criteria; (2) the decoupling of every spaxel in the bins along with their own spectrum;
6
7
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Table 3. Positions and Hα emission line fluxes of the selected star-forming regions for the comparison between J-PLUS and the spectroscopic
surveys.

Region

RA (o )

Dec (o )

CALIFA-NGC 4470-1
CALIFA-NGC 4470-2
CALIFA-NGC 4470-3
CALIFA-NGC 4470-4
CALIFA-NGC 4470-5
CALIFA-NGC 4470-6
CALIFA-NGC 4470-7
CALIFA-NGC 4470-8
CALIFA-NGC 3994-1
CALIFA-NGC 3994-2
CALIFA-NGC 3994-3
CALIFA-NGC 3994-4
CALIFA-NGC 3994-5
CALIFA-NGC 3994-6
CALIFA-NGC 3994-7
CALIFA-NGC 3994-8
CALIFA-NGC 3991-1
CALIFA-NGC 3991-2
CALIFA-NGC 3991-3
CALIFA-NGC 3991-4
SDSS-1627-53473-0554
SDSS-1627-53473-0611
SDSS-1628-53474-0323
SDSS-1323-52797-0108
SDSS-1324-53088-0183
SDSS-1324-53088-0386
SDSS-1325-52762-0398
BOSS-6739-56393-0662
BOSS-6797-56426-0464
BOSS-6797-56426-0488
BOSS-6801-56487-0008
SDSS-1991-53446-0553
SDSS-1991-53446-0571
SDSS-1991-53446-0587
SDSS-1991-53446-0588
SDSS-1991-53446-0592
SDSS-1991-53446-0600
SDSS-2095-53474-0311
SDSS-2095-53474-0352
SDSS-2095-53474-0355
BOSS-4601-55589-0198
SDSS-0860-52319-0468
SDSS-1208-52672-0399
SDSS-0829-52296-0434
SDSS-0939-52636-0081
SDSS-1864-53313-0249

187.409
187.407
187.406
187.408
187.407
187.410
187.405
187.405
179.405
179.400
179.406
179.404
179.400
179.402
179.403
179.403
179.375
179.381
179.381
179.382
188.194
188.576
188.589
209.971
211.388
210.135
211.341
210.827
211.384
210.919
212.111
178.927
179.168
179.435
179.427
179.135
179.096
179.142
179.381
179.433
179.427
121.067
127.416
130.908
142.065
110.280

7.826
7.827
7.826
7.825
7.823
7.823
7.823
7.822
32.283
32.280
32.281
32.271
32.278
32.273
32.276
32.277
32.333
32.339
32.339
32.341
7.799
8.239
8.240
54.786
54.461
55.246
54.269
54.589
54.459
54.496
54.908
32.188
32.628
32.298
32.284
32.130
32.038
32.128
32.339
32.294
32.285
30.182
31.077
40.429
40.149
41.127

(3) the fitting of the strongest spectral emission lines of every
spaxel, and production of spatially resolved maps of the flux of
these lines. Detailed information about Pipe3D can be found in
Sánchez et al. (2016b,c).

3. Measuring Hα in the nearby universe
In this section, the steps to obtain the Hα emission line fluxes
from spectroscopic data (Sects. 3.1 and 3.2), and from J-PLUS
A180, page 6 of 13

spec

J−PLUS
log FHα
(10 erg s−1 cm−2 )

log FHα
(10 erg s−1 cm−2 )

3.41 ± 0.07
3.28 ± 0.07
3.37 ± 0.07
3.34 ± 0.08
3.20 ± 0.09
3.27 ± 0.08
3.15 ± 0.08
3.37 ± 0.07
2.81 ± 0.07
2.90 ± 0.07
2.92 ± 0.07
2.21 ± 0.09
2.85 ± 0.07
2.80 ± 0.08
3.86 ± 0.07
4.09 ± 0.11
3.44 ± 0.07
3.52 ± 0.07
3.50 ± 0.07
3.94 ± 0.07
2.07 ± 0.12
3.64 ± 0.07
3.16 ± 0.07
3.11 ± 0.07
3.74 ± 0.07
2.79 ± 0.09
2.96 ± 0.10
1.84 ± 0.11
2.13 ± 0.11
1.80 ± 0.15
2.35 ± 0.10
3.32 ± 0.11
2.56 ± 0.13
3.53 ± 0.08
3.42 ± 0.07
2.33 ± 0.11
2.54 ± 0.15
2.38 ± 0.10
3.79 ± 0.07
4.02 ± 0.07
2.70 ± 0.08
2.92 ± 0.08
3.44 ± 0.07
2.67 ± 0.09
2.75 ± 0.09
2.77 ± 0.08

3.39 ± 0.04
3.34 ± 0.02
3.35 ± 0.03
3.44 ± 0.04
3.25 ± 0.03
3.16 ± 0.04
3.22 ± 0.03
3.50 ± 0.03
2.77 ± 0.01
2.78 ± 0.01
2.90 ± 0.01
2.24 ± 0.01
2.64 ± 0.01
2.74 ± 0.01
4.35 ± 0.06
3.88 ± 0.04
3.78 ± 0.04
3.87 ± 0.03
3.73 ± 0.02
4.20 ± 0.04
2.09 ± 0.02
3.61 ± 0.02
3.11 ± 0.04
3.11 ± 0.01
3.58 ± 0.01
2.87 ± 0.01
2.78 ± 0.04
1.91 ± 0.01
2.10 ± 0.01
1.33 ± 0.04
2.38 ± 0.03
3.06 ± 0.05
2.46 ± 0.01
3.48 ± 0.02
3.43 ± 0.01
2.22 ± 0.01
2.36 ± 0.04
2.35 ± 0.01
3.81 ± 0.02
4.07 ± 0.03
2.62 ± 0.02
2.83 ± 0.04
3.57 ± 0.01
2.60 ± 0.01
2.66 ± 0.01
2.78 ± 0.01
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photometric data (Sect. 3.3) are explained. Our final goal is to
obtain the emission line fluxes from the different datasets measured in the same regions, making the comparison presented in
Sect. 4 possible.
3.1. Hα flux measurements from SDSS

As a first step to define the sample of star-forming regions with
SDSS Hα flux estimates by the Portsmouth group, we initially
selected all the sources with emission line measurements that lie
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inside the J-PLUS fields used in the present work. Then, a series
of selection criteria were applied to compose the final sample.
Firstly, only star-forming regions that are at z ≤ 0.015
remained in the sample, since these are representative of those
we deal with in J-PLUS. The Portsmouth group includes a classification according to a Baldwin, Phillips & Terlevich (BPT)
diagram (Baldwin et al. 1981) for every source; we used this
classification to choose sources that are classified as “Star Forming / HII”, avoiding AGN contamination in the sample. This step
is necessary since SDSS fibres are usually placed in the centre of
galaxies, where AGN effects are expected to be more important.
Secondly, considering the equivalent width measurements of
the lines by the Portsmouth group, we imposed a lower limit of
12 Å in the Hα equivalent width (EWHα ≥ 12 Å). This is done
because J-PLUS instruments cannot resolve spectroscopically
the Hα emission line with a 3σ precision if it has an equivalent
width below that value (Eq. (13) in Vilella-Rojo et al. 2015).
The final sample contains 26 star-forming regions. The Hα
fluxes and errors of the regions provided by the Portsmouth
group are dust-corrected with Calzetti et al. (2000) dust extinction law. Numerical values are reported in Table 3.
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Fig. 5. BPT diagram based on CALIFA data of the 20 selected starforming regions in NGC 3991, NGC 3994 and NGC 4470. The bluedashed and red lines delimit the composite and AGN zone, respectively
(Kewley et al. 2001; Kauffmann et al. 2003).

3.2. Hα flux measurements from CALIFA

The Pipe3D Hα flux maps from CALIFA data (Sánchez et al.
2016b,c) were used to visually select star-forming region candidates. We placed 300 diametre circular apertures, mimicking SDSS fibres, on the knots of star formation. Then we
imposed them to fulfil the same criteria required for SDSS starforming regions (Sect. 3.1). The pre-selected candidates are all
at z ≤ 0.015 with EWHα ≥ 12 Å. To obtain their BPT diagram,
the fluxes from the different emission lines were retrieved with
the Pipe3D flux maps available. The aperture measurements on
the regions were carried out with the funcnts module included
in the funtools package (Mandel et al. 2001). Once the emission lines were retrieved, the regions were placed in the BPT diagram (Fig. 5). The diagram is divided into HII, composite, and
AGN zones (Kewley et al. 2001; Kauffmann et al. 2003). The 20
candidate star-forming regions are within the HII area, accomplishing the established criteria. Eight regions are included in
both NGC 3994 and NGC 4470, and four are included in NGC
3991 (Table 3 and Fig. 6).
The Hα emission line fluxes of the CALIFA selected starforming regions need to be corrected for dust extinction. To do
so, we repeated the procedure applied to the SDSS data by using
the Calzetti et al. (2000) extinction law with the Balmer decrement. The following expressions were computed:
0

Fi = Fo 100.4E(B−V)k (λ) = Fo 101.33E(B−V) ,

(1)

where Fi and Fo represent the intrinsic and observed flux respectively, and k0 (λ) = 3.33 for Hα. The colour excess E(B−V) is
"
E(B−V) = 1.97 log10

#
(Hα/Hβ)o
.
2.86

(2)

The observed fluxes and errors of the regions were retrieved
from Pipe3D flux maps with funcnts. The errors of the fluxes
in a given aperture need to be calculated following the prescriptions in García-Benito et al. (2015). Numerical values of the Hα
emission line fluxes of the CALIFA star-forming regions are
reported in Table 3.

3.3. Flux meauserements from J-PLUS data

We retrieved a J-PLUS instrumental photometry catalogue of the
SDSS and CALIFA star-forming regions, as a first step to estimate the J-PLUS Hα emission line fluxes of them. This was done
performing aperture photometry on the twelve band images,
mimicking the same spectroscopic locations (Table 3) and apertures, with the funcnts software. The instrumental photometry
is measured in counts (C), expressed in analogue to digital units
(ADUs), bringing up the requirement of converting it into flux.
The flux density of a source in a given band is
Fλ = (C−CB ) 10−0.4(ZP+48.6)

c
λ2pivot

,

(3)

where CB represents the background counts, ZP is the calibration zero point of the band, c is the speed of light, and λpivot is
the pivot wavelength of the filter, which is a source-independent
measurement of the characteristic wavelength of a bandpass
given by
R
T (λ)dλ
2
(4)
λpivot = R T (λ) ,
dλ
λ2
where T (λ) represents the transmission curve of the filter. The
λpivot values of the J-PLUS filters are shown in Table 1. To calculate the errors, it was necessary to account for three sources
of uncertainty that affect the measurements: the uncertainty in
the zero point (σZP ), the large-scale background noise variation
(σCB ), and the electron counting by the CCD (σC ). The total
uncertainty in the flux of a source in a certain band, is then given
by
s
 ∂F
2  ∂F
2  ∂F
2
λ
λ
λ
σF =
σZP +
σCB +
σC ,
(5)
∂ZP
∂CB
∂C
where
p
p
σCB = S fit Npix (afit + bfit Npix )

(6)
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Fig. 6. Eight selected star-forming regions in NGC 4470. Central panel: J-PLUS image showing Hα emission areas with the excess in the
J0660 band (J0660−r), and the selected regions marked with numbers. Surrounding panels: J-PLUS SEDs of the corresponding regions, with the
CALIFA spectra plotted in gray. The colour code for the bands is the same than in Figs. 1 and 3.

and
r

C−CB
(7)
G
are the uncertainties associated to the large scale background
noise variation and the electron counting, respectively, G is the
gain of the detector, Npix is the size of the aperture in pixels,
and S fit , afit , bfit are the resulting coefficients from the background noise empirical model used to calculate this uncertainty
(see Labbé et al. 2003; Molino et al. 2014, for details).
The fluxes and errors of every source in every band were calculated following the previous expressions, however, two effects
need to be taken into account before getting the final photometric
catalogue of the star-forming regions fluxes: (1) the astrometry
σC =
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in the different datasets may have offsets that could introduce
mismatches between the location of the regions; (2) the calibration processes differ from one survey to another, bringing up the
requirement of having a common scale among them.
In order to minimize aperture displacement effects, the offsets were inspected and corrected in the regions where it was
required. To deal with calibration issues, synthetic photometry of
the regions was created by convolving their full SDSS/CALIFA
spectra with the J-PLUS filters transmission curves, then we
matched the synthetic r-band fluxes with the measurements from
J-PLUS images and scaled accordingly all the bands, producing the final photometric catalogue. The SEDs and spectra of
the star-forming regions were plotted to check the agreement
between the different datasets, finding an overall agreement that
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Fig. 7. Left panel: comparison between J-PLUS and spectroscopic Hα emission line fluxes. The errorbars represent the J-PLUS uncertainties and
the shaded areas the spectroscopic ones. The ratio between the fluxes is shown in the lower panel, with the median ratios of CALIFA, SDSS and
the total sample represented in orange, blue and black dashed lines, respectively. Right panel: normalized distribution of the flux ratios with a
Gaussian curve fitted. The median comparison ratio R and its dispersion are displayed in the panel.

confirms the matching of the regions in terms of astrometry and
calibration. As an example, NGC 4470 selected star-forming
regions from CALIFA data are presented in Fig. 6. The following step consists of retrieving the dust corrected Hα emission
line flux of every star-forming region by using the methodology
designed by Vilella-Rojo et al. (2015).
In a previous work, Vilella-Rojo et al. (2015) show that reliable Hα fluxes of star-forming regions in galaxies at z ≤ 0.015
can be retrieved using the J-PLUS photometric data. In that redshift range, the Hα+[NII] emission is covered by the J0660
narrow-band filter, and different methodologies were tested to
measure the Hα emission from it. Synthetic J-PLUS data from
a sample of 7511 SDSS spectra with measured Hα fluxes were
used for this task. The best results were achieved with a threestep process that firstly, starting from the SED of a source,
removes the underlying stellar continuum and extracts the
Hα+[NII] emission, using a SED-fitting method based on simple stellar population template models from Bruzual & Charlot
(2003). Then, the emission from dust extinction in the host
galaxy is corrected, making use of a derived empirical relation
based on the (g–i) colour, obtained with SDSS data (Eq. (20) in
Vilella-Rojo et al. 2015). Lastly, the [NII] contribution and isolates the Hα emission line flux is removed with another derived
empirical relation based also on the (g–i) colour (Eq. (21) in
Vilella-Rojo et al. 2015).
The comparison between the synthetic photometry Hα fluxes
and the spectroscopic ones proves that it is possible to get unbiased Hα emission line fluxes with J-PLUS in a robust and
homogeneous way. The details of the process can be found in
Vilella-Rojo et al. (2015).
The dust corrected Hα emission line fluxes of the J-PLUS
photometric data used in the present work were measured with
this methodology, using the photometric catalogue (Sect. 3.3)
with the SED of every star-forming region. The results are
reported in Table 3.

4. Results
In the current section, the collected Hα emission line fluxes of
46 star-forming regions from both spectroscopic CALIFA and
SDSS data and photometric J-PLUS data were compared. This
was done by computing the comparison ratio R, defined as
spec

J−PLUS
R = FHα
/FHα ,

(8)

J−PLUS
where FHα
represents the J-PLUS photometric fluxes, and
spec
FHα represents the spectroscopic ones. The median comparison ratio of the 46 star-forming regions analysed here yields
R = 1.05, with a 1σ dispersion of 0.25. The results are summarized in Fig. 7.
The comparison between the J-PLUS and the spectroscopic
measurements is consistent, being the median R close to the
unit, with a small overestimation of 5%. This deviation is not
significant if we consider the low number of regions in the
study, and the fact that it lies far below the 1σ uncertainty given
by the dispersion. This result is close to the expectations by
Vilella-Rojo et al. (2015), that find a median comparison ratio
of R = 0.99 ± 0.15 computed with synthetic J-PLUS photometry.
This demonstrates that unbiased Hα emission line fluxes can be
measured using J-PLUS photometry.
However, we find that only 63% and 82% of the measurements match each other within an interval of 1σ and 2σ, respectively, pointing out to an underestimation of the uncertainties in
J−PLUS
the FHα
values. In order to look deeper into this subject, we
computed the variable ∆F , defined as
spec

∆F =

J−PLUS
FHα
− FHα
,
J−PLUS
σFHα

(9)

J−PLUS represents the uncertainties associated to the
where σFHα
J−PLUS
FHα
values. If these uncertainties are good descriptors of
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the accuracy of the measurements, the values of ∆F should lie
in a normal distribution centred around zero with a unit dispersion (e.g. Ilbert et al. 2009; Carrasco Kind & Brunner 2013;
López-Sanjuan et al. 2014). In this case, the ∆F values of the
measurements lie normally centred around zero, but the dispersion is 1.29, confirming the underestimation of the uncertainties.
We also observe that the dispersion found in the present work
is larger than the one in Vilella-Rojo et al. (2015), 0.25 vs 0.15,
respectively. When looking at the individual comparison of the
photometric data with each spectroscopic dataset in Fig. 7, offsets in opposite directions are noticeable. One could think that
the increase in the dispersion could be caused by the combination of these individual comparisons. However, the median
comparison ratio of each spectroscopic dataset is R = 1.07 ± 0.25
for SDSS and R = 0.90 ± 0.36 for CALIFA; being the dispersion
similar in both cases. It must be considered that in this study,
not only are spectroscopic vs. photometric observations being
compared, but also all the procedures and codes applied from
observations to the final Hα emission line fluxes, such as reduction and calibration processes, continuum fitting with differents
SSPs, or emission line modelling among others. All these steps
can cause the observed increase in the dispersion with respect to
the value given by Vilella-Rojo et al. (2015), done with synthetic
J-PLUS photometry.
For this reason, the systematic uncertainty of 15% in the
measurements derived by Vilella-Rojo et al. (2015) remains
insufficient and needs to be updated to account for the observed
uncertainties when the comparison is performed with real data.
In fact, by setting a systematic uncertainty of 20%, the ∆F distribution has a unity dispersion, and 67% and 90% of the measurements match each other within an interval of 1σ and 2σ
respectively. This new derived error budget is representative of
the uncertainties in the measurements. The results show that the
methodology presented in Vilella-Rojo et al. (2015) allows the
exploitation of the J-PLUS photometric data in star formation
studies in the nearby universe, by providing reliable Hα emission line fluxes and uncertainties.

started with the PSF homogenized images of the field, and then
used SExtractor (Bertin & Arnouts 1996) to retrieve structural information of the galaxies. The r-band image was used
with a configuration that allows the code to recognize large
galaxies as a single source for this task. The SExtractor
main configuration parameters to achieve this goal are the
DEBLEND_NTHRESH and both the DETECT_MAXAREA
and DETECT_MINAREA, that we tuned to get large source
detections. In this way, the position, ellipticity, angle of the semimajor axis with respect to the north and half light radius of the
galaxies were measured. Next, aperture photometry was performed with funcnts on 30 elliptical apertures of increasing
radius over the galaxies, from the centre to three half light radii.
By making the aperture photometry in terms of the half light
radius (R/Reff ), a common physical scale that allows the comparison of galaxies of different sizes is established. The flux and the
error in each aperture were calculated as previously explained in
Sect. 3.3. The SED-fitting method and the empirical relations
(Sect. 3.3) were applied to the resulting SEDs to get the Hα
flux of every elliptical aperture. The SFR of every aperture was
estimated with the calibration given by Kennicutt (1998) for a
Salpeter (1955) initial mass function (IMF),
SFR = 7.09 × 10−42 LHα

[M yr−1 ],

(10)

where LHα represents the Hα luminosity,
LHα = 4πdL2 FHα ,

(11)

being dL the luminosity distance estimated with the spectroscopic redshifts of the galaxies (Woods et al. 2006) and FHα the
Hα flux inside a given aperture. Finally, the SFR surface density (ΣSFR ) was estimated dividing the SFR by the area of each
elliptical aperture. The results are discussed in the following subsections and presented in Fig. 8.
5.2. Results
5.2.1. Total star formation rate

It has been reported that galaxies in close interacting pairs can
show an enhancement of the SFR in their central parts up to
a factor of ten (Patton et al. 2011; Scudder et al. 2012), being
higher as the separation of the pair decreases. This enhancement
is interpreted as an effect of the turbulence of the infalling gas.
The previous studies could not measure Hα emission beyond the
centres of the galaxies, since they were carried out with spectroscopic single fibres. Cortijo-Ferrero et al. (2017) observe an
enhancement of the SFR in the central parts and the disk of earlystage mergers with CALIFA data. In the J-PLUS SVD 1500041
fields observed for this work, there is a sample of nearby starforming galaxies, that includes a close pair of interacting galaxies in the initial phase of the merging process: NGC 3995 and
NGC 3994 in the triplet Arp313. They are at a projected distance
of rp = 17.1 h−1 kpc (Barton Gillespie et al. 2003). This enables
us to study the 2D star formation properties of this pair as an
example of the J-PLUS potential in the next section.

The galaxy NGC 3995 is too big to fit in the FoV of IFUs of
surveys such as CALIFA or MaNGA, but not to big for J-PLUS.
We measure an SFR of 4.2 ± 0.9 for this galaxy. The estimate
by the MPA-JHU group (Brinchmann et al. 2004), is 4.8 ± 4.2,
made with a combination of spectroscopic and photometric data
from SDSS that induces large uncertainties.
The Sbc spiral NGC 3994 (Sánchez et al. 2012a) has a
smaller size, and is part of the sample analysed by CALIFA.
We calculated its total SFR to be 2.9 ± 0.6. There are several
estimates of the total SFR of this galaxy based on the same
CALIFA data: Catalán-Torrecilla et al. (2015) give 5.6 ± 1.4,
Sánchez et al. (2016b) measure 3.7 ± 0.4, Cano-Díaz et al.
(2016) report 4.5 ± 1.5, and Catalán-Torrecilla et al. (2017)
recently estimate 3.16 ± 0.12. The value given by the MPA-JHU
group is 1.6 ± 1.3.
The J-PLUS SFR estimates for NGC 3994 and NGC 3995
are compatible with the ones in the literature within 1σ, supporting both the developed methodologies and the quality of the
J-PLUS dataset. All the SFR values given have been scaled to a
common Salpeter (1955) IMF.

5.1. Methods

5.2.2. Star formation rate surface density

The objective of this analysis is to get SFR radial profiles
and 2D SFR maps of each galaxy. In order to do so, we

With all this gathered information, we proceeded to study the
ΣSFR of NGC 3995 and NGC 3994 (Fig. 8). In the case of

5. Spatially resolved SFR of NGC 3995 and NGC
3994
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Fig. 8. Star formation rate surface density (ΣSFR ) with the shaded area representing the 1σ uncertainty of NGC 3995 (top left panel) and NGC
3994 (bottom left panel). 2D maps of the excess in the J0660 filter (right panels), representing the Hα emission areas are shown. One, two,
and three R/Reff ellipses are overplotted. The ΣSFR values are compared in each case with a control sample of spirals matched in stellar mass
and morphology (dashed black lines). Gray shaded areas show the dispersion of the ΣSFR in the spiral samples. The solid black line (bottom left
panel) shows the CALIFA ΣSFR measurements of the galaxy. Both the spiral samples and the individual galaxy measurements were performed by
González Delgado et al. (2016).

NGC 3995 (upper panel in Fig. 8), the ΣSFR decreases as
the galactocentric distance increases. In order to quantify the
impact of the interaction in the star formation of NGC 3995,
we compared our ΣSFR measurements with the ones of a control
sample of non-interacting galaxies matched in morphology and
stellar mass from González Delgado et al. (2016). The stellar
mass of NGC 3995 was calculated using the empirical relationship given by Taylor et al. (2011) based on the (g–i) colour of the
galaxy, giving a value of log M? [M ] = 9.52. We find that a ΣSFR

enhancement is present not only in the central part of the galaxy
but also around 1 R/Reff , in addition, a decrement is observed
between 1.4 and 2.4 R/Reff . However, the enhancement is not
conclusive, since it is compatible within 2σ with the dispersion
in the ΣSFR of the control sample by González Delgado et al.
(2016). The abrupt fall observed is most likely related to the
distorsion induced by NGC 3994 on the galaxy, which is more
evident at the same R/Reff in the Hα excess image, with an
assymetry in the distribution of the knots of star formation.
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In the case of NGC 3994 (bottom panel in Fig. 8), we
also observe how the ΣSFR decreases as the galactocentric distance increases. The derived values for this galaxy are consistent with those found by González Delgado et al. (2016) using
CALIFA data with a different methodology, that consists in estimating the fraction of stellar population younger than ∼30 Myr
from the spatially-resolved Star Formation History (SFH) of the
galaxy, derived by the full spectral synthesis of the data cube
(see González Delgado et al. 2016 for details). As in the previous case, we compared our ΣSFR values with the ones of a
control sample of non-interacting galaxies matched in morphology and stellar mass from González Delgado et al. (2016). The
stellar mass of NGC 3994 was calculated, giving a value of
log M? [M ] = 10.41. In this case, we find a ΣSFR enhancement
in the entire disk of the galaxy and not only in the central part.
This topic will be tackled in future publications. This is an illustrative example of the science that can be adressed with J-PLUS,
carrying out simultaneously spatially resolved and environmental studies in galaxies of all morphological types and sizes in the
nearby universe.

6. Summary and conclusions
We have tested the capabilities of measuring Hα emission line
fluxes from J-PLUS photometric data by comparing J-PLUS and
spectroscopic measurements from SDSS and CALIFA in 46 starforming regions. We have described the selection and how to
retrieve the Hα emission line fluxes from the different datasets.
We applied the SED-fitting technique and the empirical relations
developed in Vilella-Rojo et al. (2015) to extract the [NII] free
and dust corrected Hα fluxes from J-PLUS photometric data.
We have performed a comparison between the photometric and
spectroscopic Hα emission line fluxes, yielding a median comparison ratio with a scatter of R = 1.05 ± 0.25, confirming the
expectations from Vilella-Rojo et al. (2015) with J-PLUS simulated data.
This result validates the developed methodology to retrieve
the Hα flux from J-PLUS data. It provides an unbiased estimator
of Hα emission line fluxes, with an error budget representative
of the statistical and systematic uncertainties in the measurements. The degree of agreement between the compared fluxes
is remarkable, given that we are dealing with photometric and
spectroscopic measurements along with their different codes and
procedures. The developed methodologies can be also applied
to upcoming narrow-band photometric surveys such as S-PLUS
and J-PAS.
Finally, we have studied the properties of the 2D star formation in a close pair of interacting galaxies, NGC 3994 and
NGC 3995; finding an enhancement of the SFR in the centre and
outer parts of the disk of NGC 3994, and obtaining total SFR
estimates compatible with values in the literature. It is important
to mention that J-PLUS, as a photometric survey, suffers from
a lack of spectral resolution. In particular, the restricted number
of narrow-band filters limits the number of emission lines that
can be measured. This is important for detecting zones in which
AGN activity is the main ionizacion source via diagnosis diagrams, and can affect the Hα flux estimates in those areas. These
and other issues imposed by the spectral resolution will be further explored in future publications.
Once J-PLUS has completed its planned footprint, we expect
to have data for approximately 5000 galaxies at z ≤ 0.015; a
highly suitable dataset to study several science cases related to
the star formation in the nearby universe. This represents a significant increase with respect to IFS surveys such as MaNGA,
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CALIFA, SAMI, or VENGA with 524, 251, 127, and 30 galaxies at the same redshift range respectively.
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