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A B S T R A C T 

We present a spatially resolved spectroscopic study for the metal poor H II galaxy J084220 + 115000 using MEGARA Integral 
Field Unit observations at the Gran Telescopio Canarias. We estimated the gas metallicity using the direct method for oxygen, 
nitrogen, and helium and found a mean value of 12 + log (O/H) = 8.03 ± 0.06, and integrated electron density and temperature 
of ∼161 cm 

−3 and ∼15400 K, respectively. The metallicity distribution shows a large range of � (O/H) = 0.72 dex between the 
minimum and maximum (7.69 ± 0.06 and 8.42 ± 0.05) values, unusual in a dwarf star-forming galaxy. We derived an integrated 

log (N/O) ratio of −1.51 ± 0.05 and found that both N/O and O/H correspond to a primary production of metals. Spatially 

resolved maps indicate that the gas appears to be photoionized by massive stars according to the diagnostic line ratios. Between 

the possible mechanisms to explain the starburst activity and the large variation of oxygen abundance in this galaxy, our data 
support a possible scenario where we are witnessing an ongoing interaction triggering multiple star-forming regions localized 

in two dominant clumps. 

Key words: H II regions – galaxies: dwarf – galaxies: individual: J084220 + 115000 – ISM-galaxies: starburst. 
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 I N T RO D U C T I O N  

bservationally, H II Galaxies (HIIG) 1 and Giant H II Regions 
GHIIRs) represent the youngest super star clusters (SSCs) that 
an be observed in any detail. In particular, the study of HIIGs
 E-mail: arenas@inaoep.mx 
 Visitor at IoA and KICC, Cambridge, UK. 
 ‘Peculiar’ objects from Zwicky list of compact galaxies were identified 
y Sargent ( 1970a , 1970b ) and further studied by Sargent & Searle ( 1970 ) 
SS1970). Those that have spectral characteristics indistinguishable from 

iant extragalactic H II regions (like 30 Dor in the LMC) were designated 
y SS1970 as ‘Isolated Extragalactic H II Regions’. Later on, these compact 
warf star forming galaxies were dubbed H II Galaxies (Campbell, Terlevich 
 Melnick 1986 ; Terlevich et al. 1991 ; Maza et al. 1991 ). 
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rovides important clues about the intrinsic properties of young or 
nevolved galaxies. These clues are important in searches for pri- 
ae v al galaxies, particularly if starbursts are the dominant mode of

alaxy formation. Though their optical-UV light is clearly dominated 
y young stars, HIIGs are unlikely to be truly ‘young’ in the sense of
ompletely lacking old stars (e.g Telles & Terlevich 1997 ). This was
ound even in the most extreme low abundance objects like IZw18
e.g Aloisi et al. 2007 ; Annibali et al. 2013 ). 

HIIGs have a high specific star-formation rate [log (sSFR) ∼ −7 to
6.5 yr −1 , Searle & Sargent 1972 ; Telles & Melnick 2018 ]. Studies

ndicate that the recent star formation is concentrated in extreme 
SCs with sizes of ∼20 pc (e.g. Telles 2003 ) and low heavy-element
bundance (1/50 < Z < 1/3 Z �). In fact, the most metal-poor compact
tarbursts at all redshifts tend to appear as HIIGs (Kunth & Östlin
000 ; Gil de Paz, Madore & Pe vunov a 2003 ; Amor ́ın et al. 2012 ;
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zotov, Thuan & Guse v a 2012 ; K ehrig et al. 2016 ; Amor ́ın et al.
017 ; Kehrig et al. 2018 ; Wofford et al. 2021 ). 
Most HIIGs were disco v ered in objectiv e-prism surv e ys thanks

o their strong narrow emission lines. Currently, in spectroscopic
urv e ys like the Sloan Digital Sky Survey (SDSS), they are selected
y very large equi v alent widths in the Balmer lines. Since the
uminosity of H II Gs is dominated by the starburst component, they
an be observed even at large redshifts, becoming interesting standard
andles. (cf. Melnick, Terlevich & Terlevich 2000 ; Plionis et al. 2011 ;
erlevich et al. 2015 ; Ch ́avez et al. 2016 ; Yennapureddy & Melia
017 ; Ruan et al. 2019 ; Gonz ́alez-Mor ́an et al. 2019 ; Wu et al. 2020 ;
onz ́alez-Mor ́an et al. 2021 ; Tsiapi et al. 2021 ). 
Many of the properties of HIIGs are usually obtained from

ingle aperture or long slit observations. The data are then used
o derive the physical conditions of the gas (temperatures and
ensities) and to estimate abundances and ionization conditions, as
ell as characteristics of the ionizing star clusters (e.g. mass, age,

f fecti ve temperature). These results constitute the main body of our
nowledge of the conditions of the gas in HIIGs and GHIIRs (e.g.
 ́erez-Montero & D ́ıaz 2005 ; H ̈agele et al. 2007 ; P ́erez-Montero
014 ). 
The assumption is that the measurements derived from single

perture or long-slit are representative of the whole nebular condi-
ions, and variations within the nebula are assumed to be minimal
r non-existent. This scenario can also be supported by the fact that
n general these types of studies do not find a significant abundance
radient or large deviation in kinematics properties in the ionized gas
f HIIGs or GHIIRs, even for HIIGs showing multiple star-forming
nots (Esteban & Peimbert 1995 ; Vilchez & Esteban 1996 ; V ́ılchez
 Iglesias-P ́aramo 2003 ; Papaderos et al. 2006 ; P ́erez-Montero &
ontini 2009 ; P ́erez-Montero et al. 2011 ; Esteban et al. 2020 ). 
Integrated observations, such as long-slit or single fibre, may fail to

orrelate the spatial location of star-forming regions with the physical
onditions and the chemical abundances of the interstellar medium
ISM) as derived from the optical emission lines. Traditionally, the
hysical conditions (age and metallicity of the ionizing clusters and
he kinematics, and metallicity of the ionized gas) of metal-poor
IIGs have been derived from long-slit observations, either centred
n the brightest regions or by several observations scanning the whole
alaxy . Presently , integral field spectroscopy constitutes a powerful
ool to obtain simultaneously information, not only on the brightest
ondensations but also on the diffuse matter surrounding them. This
elps to understand better the interplay between the massive stars
opulation and the properties of the Interstellar Medium in metal-
oor galaxies as has been amply illustrated in the literature in recent
ears (e.g Lagos et al. 2009 ; P ́erez-Montero et al. 2013 ; Kehrig et al.
016 , 2018 ; Bosch et al. 2019 ; Kumari et al. 2019 ; James et al. 2020 ;
resolin et al. 2020 ; Wofford et al. 2021 ; Carrasco et al. 2022 ). 
Our main moti v ation in this paper is to present a study of the

patiall resolved properties of the ionized gas of the metal-poor
IIG: SDSS J084220.94 + 115000.2 (hereafter, J0842 + 1150) that

hows multiple bursts of star formation that can be identified in
he Hubble Space Telescope ( HST ) image and in the Chandra
ata. This study is based in observations obtained at the Gran
elescopio Canarias (GTC), using the integral field unit (IFU)
f the instrument MEGARA (acronym of Multi-Espectr ́ografo en
TC de Alta Resoluci ́on para Astronom ́ıa). GTC is located at the
bservatorio del Roque de los Muchachos in la Palma, Canary Island,
pain. 
The paper is organized as follows: In Section 2 , we present a

omplete description of the H II galaxy J0842 + 1150. In Section 3 , we
escribe the observations and data reduction. In Section 4 , we report
NRAS 519, 4221–4240 (2023) 
he flux measurements and optical emission line intensity maps. In
ection 5 , we derived from the observations the maps of the properties
f the ionized gas. Abundance maps for helium, oxygen, and nitrogen
erived from the direct method based on determinations of the
lectron temperature are presented in Section 6 . In Section 7 , we
ompare strong-line methods to derive abundances for the individual
paxels and discuss the nitrogen to oxygen abundance ratio for
0875 + 1150. In Section 8 , we discuss the chemical inhomogeneities
n HIIGs and Blue Compact Dwarf galaxy (BCD) for the case of
0842 + 1150. Finally, in Section 9 , we present a summary of this
ork and our main conclusions. 

 T H E  H  I I G A L A X Y  J 0 8 4 2  + 1 1 5 0  

0842 + 1150 also known as Cam 0840 + 1201 was reported for the
rst time by Campbell et al. ( 1986 ), as a low-metallicity HIIG with
alues of O/H = 0.785 × 10 −4 (12 + log (O/H) = 7.89) and N/H =
.270 × 10 −5 (12 + log (N/H) = 6.43) with an electron temperature
f T e [O III ] = 13891 K. Using International Ultraviolet Explorer
 IUE ) observ ations, Terle vich et al. ( 1993 ) detected Ly α emission in
his galaxy. 

In the morphological classification scheme for HIIGs by Telles,
elnick & Terlevich ( 1997 ), J0842 + 1150 was reported as an HIIG
ith perturbed and extended morphology, with two dominant giant
 II regions and signs of tails beyond the star-forming re gions. The y

eported an oxygen abundance of 12 + log (O/H) = 7.88 and a
elocity dispersion of 36.5 km s −1 . J0842 + 1150 appears to be an
nteracting galaxy consisting of two clumps of multiple star-forming
egions, each one with unresolved X-ray emission, detected at 0.5–
 keV by Brorby & Kaaret ( 2017 ). 
Kehrig, Telles & Cuisinier ( 2004 ), analysing the chemical abun-

ances in HIIGs with a detailed spectroscopic study, report abun-
ances of 12 + log (O/H) = 7.82 ± 0.08 and 12 + log (S/H) =
.36 ± 0.33 with a T e [O III ] of 13600 ± 600 K. Brinchmann, Kunth
 Durret ( 2008 ) classified it as a Wolf–Rayet (WR) galaxy and

lso derived an abundance of 12 + log (O/H) = 8.09 using the
irect T e method and the SDSS spectrum. Bordalo & Telles ( 2011 )
ound a metallicity (12 + log (O/H)) of 7.98 and also reported a
elocity dispersion in km s −1 of 36.8 ± 1.8, 34.9 ± 0.4, 34.6 ± 0.7,
nd 34.4 ± 0.2 for the H β, H α, and [O III ] λλ4959,5007 lines,
espectiv ely. Whereas Ch ́av ez et al. ( 2012 ) reported 32 ± 3 km s −1 

or H β and 27 ± 1 km s −1 in [O III ]. The dif ferent v alues reported in
he literature may be due to a pointing problem. 

.1 Is J0084220 a Lyman break analogue? 

nterestingly, J0084220 shows similar shapes to those that have been
eported in local nearby compact UV-luminous galaxies (UVLGs)
hat closely resemble high-redshift Lyman break galaxies (LBGs),
ometimes called ‘Lyman break analogues’ (LBAs). Analysis of
heir SDSS spectra and of their spectral energy distributions has
hown that the LBAs are similar to LBGs in their basic global
roperties, thus enabling a detailed investigation of many processes
hat are important in star-forming galaxies at high redshift. Common
haracteristics include faint tidal features and UV/optical light dom-
nated by unresolved ( ∼100–300 pc) super -starb urst regions (SSBs),
uggesting that the starbursts are the result of a merger or interaction
Grimes et al. 2007 ; Overzier et al. 2008 , 2009 ; Basu-Zych et al.
009 ; Gon c ¸alves et al. 2010 ). 
Additional properties for LBA are stellar masses as low as 10 8.5 M �

nd 12 + log (O/H) < 8.5 with particular detection of X-ray emission
Brorby et al. 2016 ) which match the properties of the most luminous
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Table 1. J0842 + 1150 general properties. 

Parameter Value 

RA (J2000) 08 h 42 m 20 . s 90 
Dec. (J2000) + 11 ◦50 

′ 
00 . ′′ 2 

Redshift 0.029 a 

D L (Mpc) 125.2 b 

Metallicity (12 + log (O/H)) 8.09 ± 0.01 c 

SFR (M � yr −1 ) 7.2 d 

L X (10 39 erg s −1 ) 36 ± 7.5 e 

SDSS u 17.07 f 

SDSS r 16.63 f 

log L(H β)(erg s −1 ) 40.85 ± 0.13 f 

R 50 ( r band) 2.81 arcmin ∼
1.65 kpc f 

a Spectroscopic redshift as reported by SDSS b Luminosity distance in 
Mpc (from SDSS redshift). The Hubble Constant adopted throughout this 
work is H 0 = 71.0 km s −1 Mpc −1 , assuming a flat Universe and a � CDM 

cosmological model with �m = 0.3. c Oxygen abundance derived using the 
T e -method and the Sloan fibre (Brinchmann et al. 2008 ) d Star-formation rate 
(SFR) from UV + IR 

e Total X-ray luminosity (L X ) refers to the 0.5–8 keV 

band flux assuming a photon index of 	 = 1.7 reported by Brorby & Kaaret 
( 2017 ) f Parameters as reported or derived from SDSS. 
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Figure 1. HST WFPC3/F336W archi v al image of J0842 + 1150 ( HST , 
Proposal ID 13940; PI: Matt Brorby). The blue box denotes MEGARA IFU 

field of view (12.5 × 11.3 arcsec 2 ). In the top panel, the cyan–dashed circle 
shows the position of the SDSS 3 arcsec fibre diameter. The 0.5–8 keV X-ray 
contours (from Brorby & Kaaret 2017 ) are shown in green. Bottom panel: 
masked regions where spectra were extracted to analyse individual regions 
(R1,R2). Here and in all subsequent figures, white contours correspond to the 
H α emission map obtained in this work. 
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IIGs. Using the FUV flux from Rosa-Gonz ́alez, Terlevich & 

erle vich ( 2002 ), we deri ved a L FUV = 10 10.13 L � and adopting
he radius in the u -band from the SDSS reported in Ch ́avez et al.
 2014 ), we derived a I FUV of 10 9.07 L � kpc −2 . Combined with the
orphology, this places J084220 + 11500 as a potential candidate for
BA which moti v ates the study of this galaxy and also a larger sample
f HIIGs in the context of LBAs and Lyman α Emitters and the
recise connection between them. Thus, J084220 + 11500 provides 
 local laboratory to study the extreme star formation processes that 
ould be occurring in high-redshift galaxies. 

In Table 1 , we list the main properties of J0842 + 1150. It has to
e indicated that the spectroscopic parameters were derived from 

ingle aperture data that do not co v er the total nebular emission. In
ig. 1 , we present the HST image of J0842 + 1150 in the F336W filter,

he field of view (FoV) of MEGARA IFU in blue, the SDSS fibre
s a cyan–dashed circle, the X-ray emission contours (0.5–8 keV) 
rom Brorby & Kaaret ( 2017 ) in green, and in white the contours
f the flux of the H α map derived in this work as described in
ection 4 . Throughout this work, we also present our MEGARA
esults obtained for integrated regions R1 and R2 corresponding to 
ain star-forming bursts identified by means of the H α contours; we 

lso present integrated regions according to the metallicity variation 
see the details in Appendix A (Supplementary Material)]. 

 OBSERVATIONS  A N D  DATA  R E D U C T I O N  

.1 Obser v ations 

pectroscopic observations of J0842 + 1150 were carried out using 
he IFU of MEGARA at the 10.4 m GTC. MEGARA provides 
ntegral-field and multi-object spectrograph at low, medium, and high 
pectral resolution R FWHM 

2 ∼6000, 12 000, and 20 000, respectively 
or the LR, MR, and HR modes in the visible wavelength interval
o v ering from 3650 to 9700 Å, through 18 spectral configurations: 6
n LR, 10 in MR, and 2 in HR. 
 R FWHM 

≡ λ/ �λ with �λ = individual lines full width at half maximum 

FWHM). 

3

s

In particular, we used the integral field unit mode. MEGARA 

FU data consist of 623 spectra, of which 567 are on object which
rovide a FoV of 12.5 × 11.3 arcsec 2 . 56 fibres are reserved for the
ky (eight mini bundles of seven fibres each) located at the edge of
he field at distances from 1.7 to 2.5 arcmin from the centre of the IFU
esigned to perform simultaneous sky subtraction. The observations 
ere carried out with a rotated FoV of 45 ◦ in order to minimize the

ontamination of background galaxies on the sky bundles. 
The data were obtained using three different gratings in order 

o co v er the main optical emission lines. LR-U, LR-B, and LR-
; the co v ered wav elength and resolving power of each grating
re presented in Table 2 . The FoV of MEGARA corresponds to
.2 ×6.5 kpc at the distance of the galaxy (125.2 Mpc, see Table 1
nd Fig. 1 ), with spatial sampling of 0.62 arcsec per spaxel. 3 
MNRAS 519, 4221–4240 (2023) 

 This size corresponds to the diameter of the circle on which the hexagonal 
paxel is inscribed ( ∼355 pc). 

art/stac3309_f1.eps
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M

Table 2. Observation set-up, 2020 No v ember 23rd. 

Grating Wavelength range Central wavelength R FWHM 

Exp. time Airmass 
( Å) ( Å) (s) 

VPH405-LR (LR-U) 3654–4391 4025 5750 900 × 3 1.05 
VPH480-LR (LR-B) 4332–5199 4785 5000 600 × 3 1.08 
VPH675-LR (LR-R) 6096–7303 6729 5900 600 × 3 1.09 
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A total of 1.75 h on the galaxy in dark sky and spectrophotometric
onditions were observed, with the integration times split in three
xposures for each gratings as indicated in Table 2 . The seeing was
bout 1 arcsec during the observations in each spectral configuration,
orresponding to different volume phase holographic gratings (VPH)
nd all science frames were obtained at similar airmasses close to
nity . Additionally , all necessary calibration frames were acquired
.e. spectrophotometric standard stars, halogen lamp flats, ThNe arcs,
nd a series of bias frames. 

.2 Data reduction 

he data reduction procedure was carried out using MEGARA
ata Reduction Pipeline ( DRP ) 4 publicly available and open

ource under GPLv3 + (GNU Public License, version 3 or
ater). The DRP is a custom-made user-friendly tool formed by
 set of processing recipes developed in PYTHON (Pascual et al.
019 ) which is based on a series of processing recipes and
he cookbook. 5 The recipes used for obtaining the calibration
mages were MegaraBiasImage, MegaraTraceMap,
egaraModelMap, MegaraArcCalibration, 
egaraFiberFlatImage, MegaraLcbStdStar. 
Briefly, the data reduction starts generating a Master Bias with

he MegaraBiasImage routine from the bias images. Images are
orrected from o v erscan and trimmed to the physical size of the
etector. To trace the locus of each of the 623 spectra, the Megara-
raceMap recipe uses the halogen lamp images to find the position
f the illuminated fibres on the detector. The MegaraModelMap
ecipe takes the results of the previous step and the halogen images
s input to produce an optimized extraction of the fibre spectra. The
outine fits simultaneously 623 Gaussians every 200 columns and
hen interpolates the parameters of the Gaussian for each spectral
ixel. With this information, the routine generates a weight map
or every fibre which is applied to the data in order to perform the
xtraction. 

The MegaraArcCalibration recipe uses the lamp wave-
ength calibration images, their offset value and the output of
he MegaraModelMap to produce a wavelength calibration. The
egaraFiberFlatImage recipe is used to correct for the global
ariations in transmission between fibres and as a function of wave-
ength. The MegaraLcbAcquisition recipe returns the position
f the standard star on the IFU. Once the position of the standard star
n the LCB is known, the MegaraLcbStdStar routine produces
he Master Sensitivity curve by comparing the 1D flux spectrum
f the standard star (corrected from atmospheric extinction) with its
abulated flux-calibrated template. This sensitivity curve also corrects
rom the spectral instrument response (mostly dominated by VPH
ransmission and detector quantum efficiency), so that this step is
NRAS 519, 4221–4240 (2023) 

 https://github.com/guaix-ucm/megaradrp 
 http:// doi.org/ 10.5281/ zenodo.3834345 

6

w
f

eeded even when non-photometric conditions prevent a reliable
ux calibration. 
Once all the calibration files are obtained, the science frames are

rocessed with the recipe MegaraLcbImage producing the Row-
tacked-Spectra (RSS) file with the individual spectra for all fibres,
avelength, and flux calibrated and corrected for telluric effects. 
Finally, we created data cubes with a spaxel scale of 0.4 arcsec

n each of the spatial axes, from the RSS file using cre-
te cube from rss . 6 

 FLUX  MEASUREMENTS  A N D  EMISSION  

I N E  INTENSITY  MAPS  

n what follows, we describe the analysis performed to obtain the
mission line fluxes. Each observing set-up is characterized by
ifferent co v erage, central wav elength, and spectral resolution as
escribed in Table 2 . We used LR-U to measure the doublet [O II ]
λ3727, 29 Å and H δ, LR-B for H γ , [O III ] λ4363, H β, [O III ]
λ4959, 5007, and LR-R for [O I ] λ6302, H α, [N II ] λ6583, and
S II ] λλ6716, 6730 Å. 

Emission line fluxes were measured from individual spaxels by
tting single Gaussian curves to the profiles using a least-squares
inimization procedure implemented in the PYTHON package LMFIT

Newville et al. 2014 ). For each spaxel, we first averaged the spectrum
y considering a box/squared region with a size comparable to the
oint spread function (PSF) of the observation (2 spaxels). This
mpro v es the S/N of the emission line. We fitted a straight line to
emo v e a local continuum using two spectral windows at both sides
f the emission lines; those emission line free regions were used also
o measure the RMS. The fluxes for the integrated regions and the
DSS spectrum are presented in Table 3 . 
To consider the uncertainties associated with the emission line

uxes, we generated a synthetic emission line adding randomly the
oise of the continuum (RMS) to the observed spectra and repeated
he fit; for each spaxel, 200 iterations were performed to estimate
he final errors. Finally, we exclude spaxels that have lines with peak
ignal-to-noise (S/N, with S the amplitude of the line and N the RMS
n the continuum) lower than 4. 

The individual spectra for regions R1 and R2 are shown in Fig. 2 ,
here we also included the integrated spectrum created by adding

he flux in all the spaxels with S/N(H α) (per spaxel) ≥4 enclosing
asically all the nebular emission across the FoV. In Fig 3 , we show
ndividual profiles of the most intense emission lines normally found
n HIIGs. In table 

The intensity maps, derived from the Gaussian fits, are presented
n Fig. 4 , the errors associated to the emission-line fluxes estimated
y means of the bootstrap method are between 7 per cent for the
 create cube from rss , available in the megaradr repository, is a tool 
ritten in PYTHON to convert MEGARA reduced data products from the RSS 

ormat obtained with megaradrp to a more user-friendly 3D data cube. 

https://github.com/guaix-ucm/megaradrp
http://doi.org/10.5281/zenodo.3834345
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Table 3. Emission line fluxes and physical properties from selected regions and SDSS fibre. 

Wavelenght ( Å) Region 1 (R1) Region 2 (R2) Integrated SDSS fibre 

3727 [O II ] 147.6 ± 5.0 190.3 ± 5.1 905.3 ± 54.2 162.0 ± 2.6 
3729 [O II ] 203.8 ± 4.9 274.2 ± 5.1 1345.3 ± 56.1 143.7 ± 2.4 
3869 [Ne III ] 72.7 ± 1.6 123.3 ± 2.5 464.6 ± 18.4 72.4 ± 1.0 
3889 H I + He I 39.0 ± 1.7 66.7 ± 1.9 258.2 ± 19.5 37.1 ± 0.9 
3968 [Ne III ] 18.5 ± 1.5 38.2 ± 1.9 136.1 ± 17.9 50.1 ± 1.2 ∗
3970 H ε 30.4 ± 1.5 50.5 ± 1.9 189.2 ± 16.0 50.1 ± 1.2 ∗
4102 H δ 51.0 ± 1.2 82.9 ± 1.7 306.3 ± 13.3 48.5 ± 1.5 
4341 H γ 61.4 ± 0.7 86.9 ± 1.8 321.4 ± 3.0 81.2 ± 1.0 
4363 [O III ] 7.4 ± 0.3 15.7 ± 0.5 47.1 ± 2.9 9.1 ± 0.4 
4471 He I 5.4 ± 0.2 7.6 ± 0.3 29.5 ± 2.9 8.1 ± 0.5 
4658 [Fe III ] 1.7 ± 0.2 1.8 ± 0.3 7.1 ± 2.1 3.4 ± 0.2 
4686 He II 0.8 ± 0.2 1.6 ± 0.3 3.4 ± 1.7 –
4711 [Ar IV ] 1.0 ± 0.3 1.5 ± 0.3 5.6 ± 2.9 –
4713 He I – 1.0 ± 0.3 5.6 ± 2.9 –
4740 [Ar IV ] 0.7 ± 0.2 1.0 ± 0.2 7.9 ± 4.6 –
4861 H β 151.2 ± 0.7 209.7 ± 1.2 744.2 ± 6.7 185.4 ± 1.5 
4922 He I 1.6 ± 0.2 1.8 ± 0.3 9.9 ± 3.4 0.8 ± 0.2 
4959 [O III ] 239.0 ± 1.1 343.7 ± 2.3 1114.3 ± 12.1 294.2 ± 2.3 
4988 [Fe III ] 2.6 ± 0.2 3.0 ± 0.21 12.2 ± 2.0 1.2 ± 0.3 
5007 [O III ] 712.7 ± 4.2 1027.0 ± 7.6 3333.9 ± 34.9 885.2 ± 6.0 
5016 He I 2.5 ± 0.3 3.5 ± 0.2 14.6 ± 2.8 –
6302 [O I ] 4.9 ± 0.2 5.9 ± 0.2 25.6 ± 1.8 8.4 ± 2.3 
6312 [S III ] 2.3 ± 0.2 2.8 ± 0.2 6.7 ± 1.4 5.4 ± 0.6 
6364 [O I ] 2.0 ± 0.2 2.3 ± 0.2 11.7 ± 1.9 3.1 ± 0.4 
6547 [N II ] 5.4 ± 1.3 4.7 ± 1.9 21.9 ± 9.0 –
6563 H α 422.4 ± 1.3 544.1 ± 1.9 2045.5 ± 8.4 686.6 ± 5.2 
6583 [N II ] 14.6 ± 1.3 12.5 ± 1.9 63.1 ± 8.1 26.2 ± 0.3 
6678 He I 3.6 ± 0.2 4.2 ± 0.2 17.9 ± 2.0 –
6716 [S II ] 25.6 ± 0.2 26.9 ± 0.3 133.4 ± 2.4 47.0 ± 0.6 
6730 [S II ] 19.8 ± 0.2 20.4 ± 0.3 103.1 ± 2.3 32.9 ± 0.5 
7065 He I 3.6 ± 0.7 4.7 ± 0.8 18.4 ± 8.1 8.7 ± 0.6 
A v 0.601 ± 0.15 0.452 ± 0.12 0.521 ± 0.11 0.673 ± 0.16 
Q × 100 0.02 0.0 0.0 0.01 
L(H β)(erg s −1 ) 40.73 ± 0.14 40.78 ± 0.11 41.23 ± 0.12 40.85 ± 0.13 
EW(H β) 172 ± 6 214 ± 8 102 ± 4 117 ± 5 
EW(H α) 458 ± 11 592 ± 9 238 ± 5 656 ± 11 
n e ([S II ]) (cm 

−3 ) 153 ± 59 159 ± 85 161 ± 54 152 ± 38 
T e ([O III ]) × 10 4 (K) 1.25 ± 0.05 1.41 ± 0.06 1.54 ± 0.08 1.23 ± 0.04 
12 + log (O 

+ /H 

+ ) 7.71 ± 0.06 7.49 ± 0.07 7.61 ± 0.07 7.66 ± 0.06 
12 + log (O 

++ /H 

+ ) 7.91 ± 0.05 7.77 ± 0.06 7.82 ± 0.06 7.94 ± 0.05 
12 + log (O/H) 8.13 ± 0.06 7.91 ± 0.06 8.03 ± 0.06 8.12 ± 0.05 
log (N/O) − 1.41 ± 0.05 − 1.57 ± 0.05 − 1.51 ± 0.05 − 1.47 ± 0.05 
12 + log (He + /H 

+ ) 10.81 ± 0.03 10.79 ± 0.03 10.84 ± 0.03 10.84 ± 0.03 
Velocity dispersion measurements ( km s −1 ) 

σ (H β) 35.3 ± 1.5 33.9 ± 1.5 37.9 ± 1.4 
σ ([O III ] λ4959) 33.2 ± 1.2 30.2 ± 1.3 34.9 ± 1.1 
σ ([O III ] λ5007) 33.4 ± 1.4 30.5 ± 1.3 35.1 ± 1.3 
σ (H α) 35.7 ± 1.1 34.3 ± 1.1 38.0 ± 1.3 

Note . Flux es are in units of 10 −16 erg cm 

−2 s −1 . ∗ In the SDSS spectrum, the emission lines [Ne III ] λ3969 and H ε ( λ3970) are 
blended. Here, we report the sum of the two lines for the SDSS. The velocity dispersion was obtained from the FWHM of the 
Gaussian fit to the profile of the emission lines and corrected by thermal, instrumental, and fine structure ( σ fs for H β and H α

lines only) broadening. 
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ainter lines (e.g. [O III ] λ4363, [N II ] λ6583 [S II ] λλ6716,30) and
 per cent for the strong lines (e.g H α, H β, [O III ] λ5007). 

 SPATIALL  Y  RESOL  V E D  PROPERTIES  O F  

H E  IONIZED  G A S  

.1 Extinction correction 

assive bursts of star formation are embedded in large amounts of
as and dust. The latter is responsible for a wavelength-dependent 
ight extinction along the line of sight due to absorption and scatter-
ng. Usually the amount of extinction is estimated using hydrogen 
ecombination lines through the Balmer decrement, although con- 
amination by underlying stellar Balmer absorption lines (especially 
or high-order ones) changes the ratio of the observed emission lines
uch that the internal extinction could be overestimated. 

To correct for extinction, we used a modification of the Balmer
ecrement method. We corrected the Balmer line emissions for 
he effect of stellar absorption lines using the technique proposed 
y Rosa-Gonz ́alez et al. ( 2002 ). This method allows us to obtain
imultaneously the values of the visual extinction, A V , and the
nderlying stellar absorption, Q . In Fig. 5 , we show the Balmer
ecrement plane log ( F ( H α)/ F ( H β)) versus log ( F ( H γ )/ F ( H β)).
xtinction and underlying absorption vectors are indicated by the 
ellow and black arrows, respectively in Fig. 5 . In the absence of
nderlying absorption, all points should be distributed along the 
MNRAS 519, 4221–4240 (2023) 
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Figure 2. Flux-calibrated spectra for J0842 + 1150 integrated regions. From left to right, VPH405-LR, VPH480-LR, VPH675-LR. The inset in the left column 
shows a zoom to the region of the [O II ] doublet. The label in the middle panel indicates the region where the spectrum has been obtained from. 
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 xtinction v ector, while in the absence of extinction all points should
e distributed along the underlying absorption line. 
We calculated A V and Q using the theoretical ratios for case B

ecombination F (H α)/ F (H β) = 2.86 and F (H γ )/ F (H β) = 0.47
Osterbrock 1989 ). These ratios are weakly sensitive to density but
ave larger variations due to temperature. In Fig. 5 , we plot two
ray bands corresponding to these variations due to temperatures
etween 5000 and 20 000 K reported by Gro v es et al. ( 2012 ); within
he errors, our spaxels fall within these regions. We measured the
almer lines from the flux maps and propagated the uncertainties by
 Monte Carlo procedure. Errors in the luminosities are dominated
y uncertainties in the extinction correction. In cases where the flux
atio is lower than the theoretical value, we assume a 0 value for the
 xtinction. The dereddened flux es for each spax el are obtained from
he expression: 

 0 ( λ) = F obs ( λ)10 0 . 4 A V k( λ) /R V (1) 

here k ( λ) = A ( λ)/ E ( B − V ) is given by the extinction law from
ordon et al. ( 2003 ), and R V = A V / E ( B − V ) is the optical total-

o-selectiv e e xtinction. We adopted R V = 2.77 corresponding to
he LMC2 supershell near the 30 Doradus star-forming region,
NRAS 519, 4221–4240 (2023) 
he prototypical GHIIR in the Large Magellanic Cloud. This value
s the result of the LMC2 supershell sample average. Finally, the
ereddened fluxes are corrected by the underlying absorption: 

 ( λ) = 

F 0 ( λ) 

1 − Q 

(2) 

Fig. 6 shows the maps of equivalent width for H β and H α and the
ntensity ratios H α/H β and H γ /H β normalized to their theoretical
alues and the maps corresponding to A V and Q . Although this last
orrection is necessary, in this case, it does not affect the results. The
tellar continuum is very low and stellar absorptions are not detected
n the spectra. 

.2 Diagnostic diagrams maps 

y combining the flux maps of different emission lines, we created
he spatially resolved BPT diagrams (Baldwin, Phillips & Terlevich
981 ), widely used to differentiate the excitation mechanism for star-
orming galaxies from AGN. The spatial distribution for the BPT line
atios of [O III ] λ5007/H β, [O I ] λ6300/H α, [N II ] λ6584/H α, and
S II ] λλ6717,31/H α are displayed in Fig. 7 . The line ratios are not

art/stac3309_f2.eps
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Figure 3. Line profiles (H β, [O III ] λ4959, [O III ] λ5007 and H α) and Gaussian fits for the individual regions and the integrated spectrum on the nebular 
emission. 
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7 An innov ati ve code for analysing emission lines. PYNEB computes physical 
conditions and ionic and elemental abundances and produces both theoretical 
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orrected for extinction, but this is expected to be a minor effect as
he ratios involve lines which are close to each other in wavelength. 

Spatially resolved BPT diagrams for J0842 + 1150 are shown 
n Fig. 8 : [O III ] λ5007/H β versus [N II ] λ6584/H α, [S II ] λ6717,
1/H α, and [O I ] λ6300/H α. Each point corresponds to one spaxel,
ith line detection threshold of ≥4 for each line. Fig. 8 shows that

or every position in the galaxy our emission-line ratios fall in the
tar-forming region according to the empirical classification line 
f Kauffmann et al. ( 2003 ) and theoretical upper bound to pure
tar formation given by Kewley et al. ( 2006 ), i.e. below and to
he left of the separation lines in all BPT diagrams, specifically, 
n the high-excitation and low-metallicity region. This suggests 
hat photoionization from hot massive stars appears to be the 
ominant excitation mechanism within the nebular region of 
0842 + 1150. 

For comparison purposes, we separated into two regions the 
tar-forming galaxies according to the equi v alent width in the 
 β line corresponding to the main criteria to choose samples of
IIGs. In Fig. 8 , we also plot local SDSS star-forming galaxies

DR16) separated by the EW(H β). The green contours correspond 
o EW(H β) ≥ 50 Å and black contours to EW(H β) < 50 Å. This
alue of EW(H β) corresponds to an upper limit in the age of
 Myr assuming an instantaneous starburst model, i.e. that all stars
re formed simultaneously in a short-living starburst episode. For 
ndividual spaxels and integrated regions, the results are consistent 
ith the location of the HIIGs as can be seen in the lower panels,
hich are a zoom to the region of high ionization and low metallicity
onsistent with EW(H β) ≥ 50 Å. 

The spectra of individual spaxels occupy a narrow band on the BPT 

iagram consistent with the region characterized by star formation. 
he offset seen in the BPT diagrams of individual spaxels with

espect to the SDSS H II galaxies is apparent and corresponds to
he density of points that we plot for H II galaxies which have a
edian value of 43 Å in the EW(H β). Higher values of EW(H β)

end to populate a higher region in this diagram showing a sequence
n EW(H β) (e.g. Curti et al. 2022 ) (or equi v alently, specific star
ormation rate). In our case, the EW(H β) values for J0842 + 1150
re even greater than 50 Å in many spaxels. In the case of [O I ]
6300/H α, we do not have enough spaxel [O I ] λ6300 detections

o wards lo w EW(H β) v alues. 

.3 Electron density 

he quality of the spectra with the detection of weak emission lines,
llows us to determine the T e and n e and hence the metallicity using
he direct method as well as other physical conditions of the gas. 

We have used the PYTHON package PYNEB 

7 (Luridiana, Morisset 
 Shaw 2015 ) to compute the physical properties and ionic oxygen
MNRAS 519, 4221–4240 (2023) 

art/stac3309_f3.eps


4228 D. Fern ́andez Arenas et al. 

MNRAS 519, 4221–4240 (2023) 

Figure 4. Emission line flux maps of J0842 + 1150: [O II ] λ3727, [O II ] λ3729, H δ, H γ , [O III ] λ4363, H β, [O III ] λ5007, [O I ] λ6302, H α, [N II ] λ6583, [S II ] 
λ6716, and [S II ] λ6730. Only fluxes with S/N ≥ 4 are shown. The spaxels with no measurements available or below the S/N cut are left grey. Isocontours of the 
H α flux are shown for reference as in Fig. 1 . 

Figure 5. Balmer decrements for the spaxels with S/N ≥ 4 in the Balmer lines 
normalized to the theoretical values. The red circle marks the value derived 
from the SDSS spectrum. The black cross at the bottom left represents the 
mean error of the blue points. The vector due to pure extinction is shown in 
yellow; the black one shows the effect of an underlying stellar population. The 
vertical and horizontal bands correspond to the Balmer decrement theoretical 
values reported by Gro v es, Brinchmann & Walcher ( 2012 ). 
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bundances in a homogeneous way using the rele v ant line intensity
atios. 

The electron density, n e and electron temperature were calculated
imultaneously from the [S II ] λ6717/[S II ] λ6731 line ratio and
O III ] λ4363/[O III ] λ5007, respectively. We used the atomic data
nd collision strengths from Rynkun, Gaigalas & J ̈onsson ( 2019 )
nd Tayal & Zatsarinny ( 2010 ), respectively given by the default
ictionary in PYNEB . The errors have been obtained using a bootstrap
ethod. For each spaxel, we propagated the error in the lines

ntensity, in the extinction correction, computed the line intensity
atios, and ran pyneb. This process is repeated 100 times per spaxel.

e obtain a distribution of density for each spaxel and take the
edian as the value of the spaxel and the standard deviation as a
easure of the associated error. 
Fig. 9 shows the density maps, the associated error distribution
aps and the histogram of density values across the galaxy derived

rom the [S II ] λ6717/[S II ] λ6731 line-intensity ratio. We found a
omogeneous density distribution from 70 to 300 cm 

−3 with errors
arying from 50 to 100 cm 

−3 , and an average value of 153 ± 59 cm 

−3 .
he structure observed in the density maps is not significant at more
han 1 σ . 

nd observational diagnostic plots; we used the version 1.1.14 https://github 
com/Morisset/ PyNeb devel/tree/ master/docs 

art/stac3309_f4.eps
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Figure 6. Upper panels: Balmer lines intensity ratio H γ /H β (left) and 
H α/H β (right). Middle panels: visual extinction ( A V ) and underlying stellar 
absorption ( Q ). Bottom panels: distribution of the equi v alent width of H β

and H α. 
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Figure 7. Maps of the diagnostic line ratios in logarithmic scale. The inset 
indicates the line ratios [O III ] λ5007/H β, [O I ] λ6300/H α, [N II ] λ6584/H α

and [S II ] λλ6717,31/H α. 
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We also computed the electron density using the ratio of [O II ]
3729/ λ3726 and the atomic data of [O II ] from Zeippen ( 1982 )
nd collision strengths from Kisielius et al. ( 2009 ). The electron
ensity distribution of the nebular emission derived from the [O II ]
3729/ λ3726 is lower than the v alues deri ved using the sulphur lines,
ith a maximum of 250 cm 

−3 and minimum of 30 cm 

−3 with errors
etween 50 and 160 cm 

−3 , and an average value of 112 ± 50. Within
rrors, the results are consistent and do not affect the analysis and
ubsequent results. Fig. 10 shows the density derived using the [O II ]
ines. 

.4 Electr on temperatur e 

he intensity ratios of selected forbidden lines are highly sensitive to 
 e and thus are normally used to calculate it. For example the ratio of
O III ] λ4363/( λ5007 + λ4959) and [N II ] λ5755/( λ6459 + λ6583)
mong others (see e.g. H ̈agele et al. 2007 , for a comprehensive
escription of the physical conditions in HIIGs), but the main 
isadvantage is that the auroral lines such as [O III ] λ4363 or [N II ]
5755 are weak and therefore not detected if the observations are not
eep enough or the metallicity of the region goes up. 

The MEGARA VPHs used in this work and MEGARA resolution 
llow us to detect and to deblend the weak line of [O III ] λ4363 across
he main knots of nebular emission in the galaxy with enough S/N
o obtain a reasonable estimate of the electron temperature using the 
atio of [O III ] λ4363/ λ5007. 
We used the intensity ratio of [S II ] λ6717/ λ6731 and [O III ]
4363/ λ5007 to constrain the electron density and temperature at the
ame time, making use of the diagnostics class getCrossTem- 
en in PyNeb , which allows simultaneous determination of the 

emperature and density by fitting two different line ratios. This 
ommand returns the density and temperature, which can be used in
ubsequent calculations as for the determination of ionic abundances. 
he errors are obtained in the same way as for the electron
ensity. 
Measuring the fluxes of very faint emission lines, e.g. [O III ] λ4363,

an lead to an o v erestimate of the intensity of the line (e.g. Rola &
elat 1994 ; Kehrig et al. 2004 , 2016 ). To check if our determination
f electron temperature is affected by our measurement errors, we 
lotted the relation between T e [O III ] and the S/N of the [O III ] λ4363
ine in Fig. 11 ; no systematic effects are observed. This is evidence
hat the largest values of T e [O III ] that we derived here are not a
onsequence of putative flux overestimates on the [O III ] λ4363 line.

Fig. 11 displays the distribution of the T e ([O III ]) which shows
 alues v arying from nearly 11000 to 17000 K with errors between
00 and 1000 K. These values are normally found for individual
IIGs (e.g. H ̈agele et al. 2008 ; P ́erez-Montero & Contini 2009 ) and
ore recently by P ́erez-Montero et al. ( 2021 ) where they present

he distribution of more than 1000 extreme emission-line galaxies in 
DSS and find a mean value of 12100 K, with a standard deviation
f 1800 K. 
The maps of T e with its error and the histogram of the T e 

istribution are shown in Fig. 12 . We also compute n e [O II ],
rom the ratio of [O II ] λ3729/ λ3726, to derive T e [O III ] and the
esults are shown in Fig. 13 . We did not find significant varia-
ions in the electron temperature distribution using either density 
ndicator. 

The values found here are lower than values reported for IZw18,
ne of the most metal-poor galaxies in the local Universe, and for
hich the temperature ranges between 15000 and 22000 K (Kehrig 

t al. 2016 ), similar to the range found in SBS 0335 −052E, a metal-
oor blue compact dwarf galaxy, by Papaderos et al. ( 2006 ) and the
IIRs in JKB 18 in the analysis by James et al. ( 2020 ). Ho we ver, the
MNRAS 519, 4221–4240 (2023) 
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Figure 8. BPT diagnostic diagrams for J0842 + 1150. From left to right [O III ] λ5007/H β versus [N II ] λ6583/H α, [S II ] λ6717, 31/H α, and [O I ] λ6300/H α in 
log scale. Only fluxes with S/N ≥ 4 are shown (blue cross). The red circle marks an individual fibre from SDSS. The black curve in the [N II ] λ6584/H α diagram 

represents the demarcation between star-forming galaxies (below and to the left of the curve) and AGN defined by Kauffmann et al. ( 2003 ). The blue–dashed 
line, in all three panels, is the theoretical demarcation limit from K e wley et al. ( 2006 ), that separates objects where the gas ionization is mainly due to hot 
massive stars (below and to the left of the curve) from those where other ionizing mechanism is required. The stars: violet and orange show the integrated region 
R1 and region R2, respectively. The squares: cyan, yellow, and green represent the integrated regions labelled as RA, RB, RC, respectively [see Appendix A 

(Supplementary Material)]. Density contours come from local SDSS star-forming galaxies (DR16) separated by EW(H β) ∼ 50 Å. Green contours for EW(H β) 
≥ 50 Å and black for EW(H β) < 50 Å. The bottom row shows a zoom to the region of high ionization and low metallicity (see the description in the text). 

Figure 9. Derived electron density using the [S II ] λ6717/ λ6731 ratio. From left to right: density map, its error, and distribution across the nebula. 
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igh temperatures found in these extreme galaxies are more related
o their very low metallicity. 

In our case, there is no evidence of higher temperatures due
o shocks or other mechanism and the variations are similar to
hose found by Kumari et al. ( 2019 ) in the blue compact dwarf
alaxy SBS 1415 + 437 between 11900 and 16300 K. Comparing
ndividual galaxies with similar metallicities observed with long slit
e.g. Fern ́andez et al. 2018 ), the results for the individual spaxels of
084220 in terms of metallicity and temperature are consistent. 
NRAS 519, 4221–4240 (2023) 

m  
 A BU N DA N C E  D E R I VAT I O N  USI NG  T H E  

I R E C T  M E T H O D  

he metallicity of HIIGs is an important parameter in order to
haracterize their evolutionary stage and to link them to other
bjects that present similar properties, e.g. dwarf irregulars or low
urface brightness galaxies. Oxygen is the most abundant of the
etals in GHIIRs. Additionally, carbon and nitrogen are among the
ost abundant chemical elements in star-forming galaxies. Since
etals are a direct product of star formation in galaxies, chemical
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Resolved properties of ionized gas in HIIG 4231 

Figure 10. Derived electron density using [O II ] λ3729/ λ3726 ratio. From left to right: density map, its error and the distribution across the nebula. 

Figure 11. T e [O III ] derived directly from the measurement of the [O III ] 
λ4363 line flux versus the relative error of the measurement. The solid 
horizontal line marks the mean value for T e [O III ] ∼ 1.33 × 10 4 K. The dashed 
lines represent ±1 σ . The red circle is the v alue deri ved from the SDSS spectra 
using the same routine of PYNEB and corresponds to 1.23 ± 0.03 × 10 4 K. 
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bundances are a powerful probe of the feedback processes driving 
heir evolution. Oxygen occupies a key role in this type of study since
ts gas phase abundance can be inferred from strong nebular lines
asily observed in the optical wavelength range in the low redshift
niverse. In this section, we derive and discuss the helium, oxygen, 

nd nitrogen abundances and the relation between them. 

.1 Ionic helium abundance 

elium is the second most common chemical species in the Universe. 
he study of helium abundance has the potential to unscramble 
igure 12. Derived electron temperature using [O III ] λ4363/ λ5007 ( T e [O III ]) and
O III ] λ4363 ≥ 4. Error in the T e [O III ] map and distribution across the nebula. 
he chemical evolution within galaxies. The helium abundance is 
requently derived using several emission lines in the optical and 
IR wavelength ranges (e.g Kunth & Sargent 1983 ; Pagel et al.
992 ; Masegosa, Moles & Campos-Aguilar 1994 ; Olofsson 1995 ;
zotov, Thuan & Guse v a 2014 ; Fern ́andez et al. 2018 ; Valerdi et al.
019 , particularly for primordial He determinations). 
To determine the helium abundance, we use PYNEB for each spaxel

ith detected helium lines and estimate He + /H 

+ ; the adopted value
s the weighted mean. In Fig. 14 , we show the maps for He I λ3889,
4471, λ4922, and λ6678. Given that He I λ3889 cannot be deblended
rom HI H8 λ3889.064 with our spectral resolution and He I λ4922
s very weak and only detected in some spaxels and with large
ncertainty, we used just He I λ4471 and He I λ6678 to compute
he helium abundance assuming the derived n e and T e [O III ] for each
paxel. We use the ef fecti ve recombination coefficients by Storey
 Hummer ( 1995 ) for H and by Porter et al. ( 2012 , 2013 ) for He
hich include collisional effects. The derived helium abundance for 

084220 is in good agreement with values derived for H II galaxies
ith similar properties (e.g. Fern ́andez et al. 2018 ) and Giant H II

egions in local galaxies presented by Valerdi et al. ( 2021 ) although
ur results present larger errors. 
Fig. 15 shows the helium abundance (He + /H 

+ ) distribution. For
he integrated nebular region, we found a value of 12 + log (He + /H 

+ )
 10.84 ± 0.03, and for regions R1 and R2, 10.81 ± 0.03 and

0.79 ± 0.03, respectively. 

.2 Oxygen abundance 

xygen abundance in HIIGs ranges between 7.1 ≤ 12 + log (O/H)
8.3, obtained for more than 100 HIIGs with good quality data

P ́erez-Montero & D ́ıaz 2003 ). More recently Ch ́avez et al. ( 2014 ),
MNRAS 519, 4221–4240 (2023) 

 n e [S II ]. From left to right: T e map derived only for spaxels with fluxes in 

n 25 January 2023
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Figure 13. Derived electron temperature using [O III ] λ4363/ λ5007 ( T e [O III ]) and n e [O II ]. From left to righ: T e map derived only for spaxels with fluxes in 
[O III ] λ4363 ≥ 4, error in the T e [O III ] map and distribution across the nebula. 

Figure 14. Maps of λ3889, λ4471, λ4922, and λ4922 for spaxels with S/N 

> 4. H α isocontours are o v erlaid. 
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sing a sample of 100 HIIGs between redshifts 0.02 and 0.2, found
 median value of 12 + log (O/H) = 8.08. 

Here we calculate the ionic abundances of O 

+ /H 

+ and O 

++ /H 

+ 

sing the line intensities of [O II ] λλ3726, 29 and [O III ] λλ4959,
007, respectively, and the corresponding electron temperature
nd density T e [O III ] and n e [S II ]. These parameters can be used
imultaneously in the getIonAbundance task in PYNEB to obtain
onic abundances. For the low ionization region, we have used the
emperature relation proposed by Esteban et al. ( 2009 ) (equation 3 )
o estimate T e [O II ] which is valid for a temperature range between
000 and 18000 K. Finally, by adding the contribution of O 

+ /H 

+ 

nd O 

++ /H 

+ , we determine the total oxygen abundances as O/H =
 

+ /H 

+ + O 

++ /H 

+ . 
The spatial distribution of the derived 12 + log (O 

+ /H 

+ ), 12 +
og (O 

++ /H 

+ ), and 12 + log (O/H) are displayed in Fig. 16 . We also
resent the error map and the histogram distribution for each one. 
We find an average value of 12 + log (O/H) = 8.06 ± 0.06, and a

ifference of � O/H = 0.72 dex between the minimum and maximum
alues (7.69 ± 0.06 and 8.42 ± 0.05) indicating a large metallicity
ange, unusual in a dwarf star-forming galaxy. A similarly large range
as been reported in a recent paper for Haro 11 (Menacho et al. 2021 ).
NRAS 519, 4221–4240 (2023) 
.3 Nitrogen abundance 

n the optical, the nitrogen abundance is commonly derived from
he [N II ] λλ6548,83 lines. Our spectral resolution is enough to
iscriminate both lines from H α. We assume T e ([N II ]) = T e ([O II ]).
e used the atomic data of Froese Fischer & Tachiev ( 2004 )

nd collision strengths from Tayal ( 2011 ). For all spaxels, we
ssumed that N/H ≈N 

+ /H 

+ and thus we derive the total abundance of
itrogen. 
Fig. 17 displays the nitrogen abundance map, the associated error,

nd the distribution across the galaxy. We found a mean value of
og (N/H) of −6.0, with a range between −6.4 and −5.4 and errors
round 0.035 dex. 

.4 Nitrogen to oxygen abundance ratio 

itrogen is mainly produced during the CNO cycle. In order to
eproduce the tendency of N/O versus O/H in star-forming galaxies,
itrogen production has been interpreted due to two main sources.
he first one is short-li ved massi ve stars that produce pure ‘primary’
itrogen and are responsible for the N/O ratio in a low-metallicity
lateau. The second mechanism refers to the low- and intermediate-
ass stars, which produce both secondary and primary nitrogen and

nrich the ISM with a time delay relative to massive stars, and cause
he increase of the N/O ratio and of the metallicity. In fact, secondary
itrogen becomes dominant and the nitrogen abundance increases
t a faster rate than oxygen (Matteucci 1986 ; Henry, Edmunds &
 ̈oppen 2000 ; Thuan, Pilyugin & Zinchenko 2010 ; Wu & Zhang
013 ; Vincenzo et al. 2016 ). 
Strong nebular lines in the optical range allow reliable measure-
ent of the (N/O) abundance ratio in star-forming galaxies, when

oth the [O II ] λλ3727, 29 and [N II ] λλ6548, 83 lines are available.
sing the abundances as derived in Sections 6.2 and 6.3 , we con-

tructed the maps and histogram of log N/O as can be seen in Fig. 18 .
he values range between −1.7 and −1.30 throughout the galaxy. 
Fig. 19 displays spaxel by spaxel on the plane N/O versus O/H; for

omparison, we also plotted the star-forming galaxies from Izotov
t al. ( 2006 ), with their nitrogen and oxygen abundances determined
sing the direct method. The average of log (N/O) in this sample is
1.45 ± 0.04. Interestingly, these galaxies have EW(H β) > 30 Å,
hich can be considered as a criterion to choose star-forming galaxies

n the zone of high ionization and low metallicity in the BPT diagram
Telles & Melnick 2018 ). 

The location of the spaxels and of the integrated regions is con-
istent with the location of the so called low metallicity plateau with
n average log (N/O) = −1.52 ± 0.09, where nitrogen production
s considered primary. For the integrated regions, we can also see
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Resolved properties of ionized gas in HIIG 4233 

Figure 15. Left: helium abundance map, assuming T e [O III ] to quantify He + /H 

+ . Centre and right: errors map and histogram of the distribution. The contours 
correspond to the H α flux. 

Figure 16. From top to bottom: Map of ionic and total oxygen abundance derived for 12 + log (O 

+ /H 

+ ), 12 + log (O 

++ /H 

+ ), and 12 + log (O/H) only for 
spaxels with derived T e [O III ]. Centre and right: corresponding errors and histograms of the abundance distribution. 
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 slight increase in the abundance of log (N/O) with increase in
etallicity, but still within the low-metallicity plateau for GHIIRs in 

earby galaxies and HIIGs (P ́erez-Montero & Contini 2009 ; Pilyugin 
t al. 2012 ; Andrews & Martini 2013 ). In general, we find that
oth for individual spaxels and for integrated regions the location 
f the points in the plane N/O versus O/H correspond to primary
itrogen. 
d  
 EMPI RI CAL  A BU N DA N C E S  

.1 Oxygen abundance 

s metallicity increases in low excitation photoionized regions, T e 

annot be determined due to the weakness (or absence) of the rele v ant
uroral lines (e.g. [O III ] λ4363 Å) and abundances cannot be directly
eriv ed. F or these cases, empirical methods using strong forbidden
MNRAS 519, 4221–4240 (2023) 
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Figure 17. Nitrogen abundance map assuming T e [N II ] = T e [O II ]. Centre and right: distribution of the corresponding errors and histograms of the distribution. 

Figure 18. log N/O map. Centre and right: corresponding errors and histograms of the distribution. 

Figure 19. Individual spaxels in blue and integrated regions (stars and 
squares) in the plane log (N/O) versus 12 + log (O/H). A sample of extremely 
metal-poor emission-line galaxies from Izotov et al. ( 2006 ) are plotted as 
pink dots for comparison. The grey–dashed lines represent the transition 
metallicity 12 + log (O/H) reported by different works, Andrews & Martini 
( 2013 ), Henry & Worthey ( 1999 ), Pilyugin et al. ( 2012 ), corresponding to 
8.5, 8.3, and 8.2, respectively. The horizontal line is the average value for all 
spaxels. 
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ines have been proposed and calibrated o v er the years (e.g Searle
971 ; Jensen, Strom & Strom 1976 ; Pagel et al. 1978 , 1979 ; Shields
 Searle 1978 ; Alloin et al. 1979 ; D ́ıaz & P ́erez-Montero 2000 ;
enicol ́o, Terlevich & Terlevich 2002 ; Kewley & Dopita 2002 ;
arino et al. 2013 ; Pettini & Pagel 2004 ). Some of these methods

O3N2, N2) have been more recently re vie wed by Marino et al.
 2013 ), Arellano-C ́ordova et al. ( 2016 ), and P ́erez-Montero et al.
 2021 ), this latter following the direct method in the ranges 7.7 <
NRAS 519, 4221–4240 (2023) 
2 + log (O/H) < 8.6, with a sample of 1969 extreme emission-line
alaxies at a redshift 0 ≤ z ≤ 0.49, selected from the SDSS. 

Nowadays, O3N2 and N2 are the most widely used indicators of
he oxygen abundance in photoionized regions. The line ratios that
efine these empirical parameters are given below. They are used
oth at low and high redshifts. N2 is defined as the ratio between two
mission lines that are so close in wavelength that the parameter is
ot affected by reddening and calibration effects. The lines are also
ccessible in the near-infrared at moderate-to-high redshifts. O3N2
s only weakly affected by differential extinction and makes use of
he strongest and most easily accessible emission lines in rest-frame
ptical spectroscopy. 
Additionally, the relationship between N2 and O/H is mono-

alued and although it is affected by the ionization parameter of
he gas (e.g. Denicol ́o et al. 2002 ; Marino et al. 2013 ), it can be used
o rank abundances in more e xtended re gions, particularly rele v ant
or integral field spectroscopy (IFS) data (e.g. L ́opez-S ́anchez et al.
011 ; Kehrig et al. 2013 ). O/H can also be derived using the ratio
etween [O II ] and [O III ] forbidden emission lines. This ratio is
ostly sensitive to the ionization parameter and to the equivalent

f fecti ve temperature of the ionizing stars, but it can also give an
stimate of the total oxygen abundance based on the relation between
tellar metallicity (Z) and the ionization parameter (log U) (P ́erez-

ontero et al. 2021 ). 
To test whether strong line methods can be used to find metallicity

ariations across the nebula, we compared the metallicity spaxel by
pax el deriv ed via the direct method [based on T e ([O III ] λ4363/[O III ]
λ4959, 5007] with that obtained with empirical methods such as
2 (with the calibrations by Raimann et al. 2000 ; Denicol ́o et al.
002 ; Pettini & Pagel 2004 ; P ́erez-Montero & Contini 2009 ; P ́erez-
ontero et al. 2021 ), O3N2 (Pettini & Pagel 2004 ; Nagao, Maiolino
 Marconi 2006 ; P ́erez-Montero & Contini 2009 ; P ́erez-Montero

t al. 2021 ), and O32 (P ́erez-Montero et al. 2021 ). 
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Resolved properties of ionized gas in HIIG 4235 

Figure 20. (a,b,c): Maps of the line ratios N2, O3N2, and O32 defined in 
the text. (d) oxygen abundance map derived from the strong line method 
(N2); the black line indicates the maximum metallicity variation. (e): oxygen 
abundances traced along the line of maximum metallicity variation drawn in 
panel (d). 
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Figure 21. N2, O3N2, and O32 versus 12 + log (O/H). The symbols 
correspond to the integrated regions as described in Fig. 8 . The coloured 
regions correspond to different calibrations found in the literature as described 
in the text. The violet region in the three plots corresponds to the linear fits 
using the spaxels (small red circles) and its rms; errors in both axes have been 
considered for the fits. 
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We use the following line ratios to derive the empirical oxygen 
bundance: 

2 = log 

(
I([N II ] λ6583) 

I (H α) 

)
(3) 

3N2 = log 

(
I ( [O III ] λ5007) 

I (H β) 

I (H α) 

I ( [N II ] λ6583) 

)
(4) 

32 = log 

(
I ( [O III ] λ4959 , 5007) 

I ( [O II ] λ3727) 

)
(5) 

These line ratios maps are shown in Fig. 20 . Fig. 21 shows N2,
3N2, and O32 for the spaxels with oxygen abundances derived 
y the direct method. For comparison, we included Pettini & Pagel 
 2004 ), Marino et al. ( 2013 ), P ́erez-Montero et al. ( 2021 ) calibrations
or N2. They agree within the errors. For values greater than −1.5
nd 12 + log (O/H) > 8, the results fall in Pettini & Pagel ( 2004 )
alibration. Our spaxel by spaxel results for J0842 + 1150 give a
elation 12 + log (O/H) = 9.80 + 1.12 × N2 with an rms of 0.21.
ollowing this relation, it is possible to estimate the metallicity over 
 larger number of spaxels. 

For the O3N2 indicator, we also included Nagao et al. ( 2006 )
alibration, an approximation by a third degree polynomial func- 
ion. F or individual spax els, we find consistenc y between different
alibrations in the range of O3N2 of ∼−1.3 and −1.8 and 12 +
og (O/H) between 8.1 and 8.4. Outside this range, our results are
ore consistent with Nagao et al. ( 2006 ) calibration. 
The resulting fittings for O3N2 and O32 are: 12 + log (O/H) =

.86 − 0.83 × O3N2 and 12 + log (O/H) = 8.10 − 0.21 × O32 with
n rms of 0.12 and 0.17 de x, respectiv ely. The largest discrepancies
re found in O32; consistent with P ́erez-Montero et al. ( 2021 ) who
ave found that the correlation between O32 and metallicity for 
etal-poor galaxies is not very strong. 
In general, our results for individual spaxels are consistent with the

ntegrated calibrators presented in the literature. This shows that it is
MNRAS 519, 4221–4240 (2023) 

art/stac3309_f20.eps
art/stac3309_f21.eps


4236 D. Fern ́andez Arenas et al. 

M

Figure 22. Oxygen abundance difference between the direct method and 
strong-line methods. This variation is around 0.2 dex in the N2 calibrator 
and 0.25 dex for the O3N2 in the regions of high and low temperatures. The 
variations are similar whether using the N2 or O3N2 calibrators from Pettini 
& Pagel ( 2004 ) or P ́erez-Montero et al. ( 2021 ). 
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Figure 23. N2O2 (left) and N2S2 (right) maps. H α isocontours are o v erlaid. 

o  

o  

T  

o  

o

N

N

 

t  

 

b  

l  

×  

<  

a  

a  

w  

n  

t
 

N  

fi  

=  

r
 

(  

t  

t  

b  

a

8
A

T  

t  

L  

2  

I  

g  

I  

o  

T
 

m  

r  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/519/3/4221/6987042 by U
niversity of C

am
bridge user on 25 January 2023
till possible to obtain a good determination of abundances and find
radients based on strong line methods for IFS observations where
t is not possible to derive electron temperature, especially using the
alibrators for N2 and O3N2 that have lower dispersion and provide
he tightest correlations. 

Fig. 22 shows the differences in the oxygen abundances derived
rom the direct method, which has a tight dependence on the
emperature, and the strong-line method which uses strong line ratios
nly. In most spaxels in between the bursts of star formation, we
eri ve consistent v alues. Ho we ver, we find dif ferences of 0.2 dex in
he results of individual spaxels for ratios at low and high N2 and
3N2, corresponding to the most extreme temperatures found in the
alaxy around ∼11000 and ∼16000 K. 

The strong line methods are secondary calibrated methods that
ould be degenerate with respect to some properties of the nebula
ike pressure and ionization parameter, therefore give imprecise
alues in the high and low abundance ends and fail to probe the
iverse conditions in one galaxy, especially for IFU observations.
ev ertheless, the y still represent a powerful tool to estimate the

bundances in absence of weak lines to measure temperatures (Dopita
t al. 2013 ). Although we can not find a direct explanation for those
ifferences, we suggest that part of these discrepancies could be
riginated from a temperature effect and that additional bias could be
elated to the atomic data used in the empirical deri v ations, compared
ith the set used here (e.g P ́erez-Montero et al. 2021 ). Similar results

nd conclusions have been found by Menacho et al. ( 2021 ). 

.2 Strong-line methods and the nitrogen-to-oxygen abundance 
atio 

/O can be derived using a combination of strong collisional lines
n the form of the N2O2 parameter P ́erez-Montero & Contini
 2009 ). A problem though is that the lines used have a significant
avelength difference which renders the parameter more sensitive to
NRAS 519, 4221–4240 (2023) 
bservational issues, like calibration errors or the fact that a single
bserving set-up may not yield all the rele v ant lines simultaneously.
herefore, P ́erez-Montero & Contini ( 2009 ) also suggest the use
f N2S2 to characterize the abundance ratio between nitrogen and
xygen. These indicators are given by: 

2O2 = log 

(
I ( [N II ] λ6583) 

I ( [O II ] λ3727) 

)
(6) 

2S2 = log 

(
I ( [N II ] λ6583) 

I ( [S II ] λ6717 , 6731) 

)
(7) 

Maps of N2O2 and N2S2 are shown in Fig. 23 . It can be noticed
hat N2S2 reaches farther than N2O2, towards the east of the galaxy.

A tight correlation was found by P ́erez-Montero et al. ( 2021 )
etween the abo v e calibrators and N/O. The relations, giv en by:
og (N/O) = −0.31 + 0.87 × N2O2 and log (N/O) = −1.005 + 0.857

N2S2 are valid in the ranges −1.7 < N2O2 < −0.5, and −0.8
 N2S2 < 0.3, which correspond to −1.8 < log (N/O) < −0.75

nd −1.7 < log (N/O) < −0.75, with standard deviation of 0.04
nd 0.08 de x, respectiv ely. These calibrations are plotted in Fig. 24 ,
here we also show our relation between these parameters and the
itrogen-to-oxygen ratio as derived via the direct method both for
he spaxels across the galaxy and for the chosen integrated regions. 

Our data spaxels fit best P ́erez-Montero et al. ( 2021 ) calibration for
2S2. For N2O2, the points depart from P ́erez-Montero et al. ( 2021 )
t. Our fits are: log (N/O) = −1.15 + 0.30 × N2O2 and log (N/O)
 −1.15 + 0.64 × N2S2 with an rms of 0.089 and 0.085 dex,

espectively. 
Our spaxel by spaxel N2O2 values agree better with Strom et al.

 2018 ) calibration for N/O derived for high-z star-forming galaxies
han with P ́erez-Montero et al. ( 2021 ). For N2S2 versus log (N/O),
he agreement of this work and derived local and high-z calibration
y P ́erez-Montero et al. ( 2021 ) and Strom et al. ( 2018 ), respectively
re consistent within the errors. 

 C H E M I C A L  I N H O M O G E N E I T I E S  IN  H I I G S  

N D  B C D  

he oxygen abundance of the ionized gas in HIIGs has been found
o be homogeneously distributed on spatial scales of > 100 pc (e.g.
agos et al. 2009 ; Cair ́os et al. 2009 ; P ́erez-Montero & Contini
009 ; Garc ́ıa-Benito & P ́erez-Montero 2012 ; Kehrig et al. 2016 ).
t has to be said ho we ver, that the H α distribution in some of the
alaxies in these works, does not show multiple star-forming knots.
n general, only weak gradients are observed on scales of hundreds
f parsecs, e.g. IIZw70 in Kehrig et al. ( 2008 ) or Tol 0104 −388 and
ol 2146 −391 in Lagos et al. ( 2012 ). 
The apparent homogeneous distribution of abundances in HIIGs
ay be due to the fact that the newly synthesized elements were

apidly dispersed on time-scales < 10 7 yr and mixed in the ISM.
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Resolved properties of ionized gas in HIIG 4237 

Figure 24. Relation between log (N/O), as derived following the direct 
method, and the parameters N2O2 and N2S2 for the individual spaxels and 
for the integrated regions; the vertical–dashed lines show the lowest value for 
the calibrations to be valid. The region in green corresponds to P ́erez-Montero 
et al. ( 2021 ) calibration whereas the region in yellow is derived from Strom 

et al. ( 2018 ) using high-z star-forming galaxies; in violet is shown the fit 
for the spaxels in this work. The large solid points represent the different 
inte grated re gions as described in the te xt. 
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rocesses associated with massive star formation are extremely 
fficient at mixing hot and warm ionized gas. This hypothesis requires 
hat the metals be ejected and mixed homogeneously within the ISM
uring the H II region lifetime to ensure the mixing of individual
louds (Roy & Kunth 1995 ; Kobulnicky & Skillman 1997 ). 

A possible explanation for the homogeneous chemical appearance 
f HIIGs on spatial scales of > 100 pc was proposed by Tenorio-
agle, Munoz-Tunon & Cid-Fernandes ( 1996 ) in which the ejecta 
rom stellar winds and SNe could undergo a long ( ∼100 Myr) cycle
n a hot phase ( ∼10 6 K) before mixing with the surrounding ISM.
hus, the new metals processed and injected by the current star

ormation episode are possibly not observed and remain for longer 
n the hot gas phase, whereas the metals from pre vious e vents are
ell mixed and homogeneously distributed through the whole extent 
f the galaxy. 
On the other hand, Lagos et al. ( 2009 ) for UM408 and Izotov et al.

 2006 ) in SBS 0335 −052E, using IFU observations find a variation
f ∼0.5 dex in both galaxies and a common point is that the maximum
xygen abundance found does not correspond to the position of any 
f the identified bursts of star-formation. Similar variation is found 
n NGC 6822, a dwarf irregular galaxy in the local group, with an
verage of 12 + log (O/H) ∼ 8.15 (Lee, Skillman & Venn 2006 ). 
James et al. ( 2020 ) present a summary of other dwarf galaxies,
aro 11, UM 448, NGC 4449, NGC 5253, and Mrk 996 among
thers, highlighting that chemical maps of (O/H) show differences 
f ∼0.5 de x. The y conclude that the chemical inhomogeneities
hould be the result of outflows of metal-enriched gas due to SNe,
he accretion of metal-poor gas due to interactions/mergers, self- 
nrichment from winds of massive stars, or bursts of star-formation 
t shorter times compared with the time-scale of metal mixing. 

Finally, as discussed in Bresolin ( 2019 ), there are a handful of
warf-irregular galaxies that actually have well-ordered gradients 
hat are comparable to spiral galaxies. For example, NGC 6822, NGC
449, DDO 68 each show a chemical abundance gradient, despite 
he absence of spiral structures, deemed necessary for gradients. This 
inks the existence of these gradients to recent enhancements in their
tar-formation activity, where metal mixing time-scales are longer 
han the time between bursts of star-formation. 

Analysing metal-poor galaxies, S ́anchez Almeida et al. ( 2013 ),
 ́anchez Almeida et al. ( 2014 ), S ́anchez Almeida et al. ( 2015 ), and
lmo-Garc ́ıa et al. ( 2017 ) concluded that the observed metallicity

nhomogeneities and gradients are only possible if the metal-poor gas 
ell onto the disc recently. Among several possibilities for the origin
f the metal-poor gas, they fa v our the infall predicted by numerical
odels. Thus, if this interpretation is correct, metal-poor galaxies 

race the cosmic web gas in their surroundings. Their results are
onsistent with assuming that the local galaxies characterized by a 
right peripheral clump on a faint tail, are discs in the early stages
f assembling, their star formation being sustained by accretion of 
xternal metal-poor gas. 

The low metallicity found for J0842 + 1150 (20 per cent of solar) is
onsistent with it being a metal-poor galaxy . Normally , these galaxies
ave been morphologically identified as cometary or tadpoles, and 
his association between low metallicity and tadpole or cometary 
hapes suggests that those are attributes characteristic of very 
oung systems (S ́anchez Almeida et al. 2013 ). A possible formation
cenario has been proposed for which the impacting gas clouds have
he largest effect on the outskirts of galaxies where the ambient
ressure and column density are low which, for most orientations 
f the galaxy, result in a cometary shape (S ́anchez Almeida et al.
015 ). 
The existence of chemical inhomogeneities is particularly reveal- 

ng because the time-scale for mixing in disc galaxies is short, of
he order of a fraction of the rotational period. This implies that the

etal-poor gas in such galaxies was recently accreted from a nearly
ristine cloud, very much in line with the expected cosmic cold-flow
ccretion predicted to build disc galaxies (Olmo-Garc ́ıa et al. 2017 ,
nd references therein). Ho we ver, the fate of the metals released
y massive stars in H II regions is still an open question, and the
rocesses of metal dispersal and mixing are very difficult to model. 
In Fig. 25 , we show the image in g band from SDSS of

0482 + 1150, where the extremes of metal content are presented;
he lowest metallicity region with a metal content of about 1/10th of
olar and the eastern extension, a linear structure, with the highest
alue of metallicity in the galaxy (using N2 calibrator), about half
he Solar value. The high value of the metal content of the north-east
tructure and its shape suggest an outflow of enriched material. 

A possible interpretation for the marked difference in oxygen 
b undance and starb urst activity that we find could be that we
re witnessing an ongoing interaction system triggering multiple 
tar-forming regions localized in two dominant clumps of different 
etallicity. From the distribution of the equi v alent width of Balmer

ines (akin to age) the more symmetric cluster (R1) shows lower
W(H β) with an underlying tail or a cometary shape towards the
MNRAS 519, 4221–4240 (2023) 
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M

Figure 25. Broad-band SDSS image in g band. The main star-forming 
regions are indicated: region R1 in blue, region R2 in yellow, a very faint 
tail feature can be identified towards the south-west of region R2 and a 
cometary shape to the east of region R1. Isocontours of g band from SDSS are 
shown in green, whereas in black are shown isocontours of the WFC3 UVIS2 
F336W from HST between 4.55 × 10 −20 and 1.5 × 10 −18 erg cm 

−2 s −1 Å−1 

corresponding to the minimum and maximum, respectively. The blue square 
is the FoV of MEGARA. 
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ast, whereas the more elongated one (R2) shows larger EW(H β)
nd also the lowest metallicity. 

Additionally, a very faint tail feature can be identified towards the
outh–west of region R2. Kinematic analysis of this data will allow
s to look for signs of interaction in the rotation patterns. Briefly, the
elocity field shows an apparent rotational motion with maximum
elocity of 60 km s −1 , with a position angle of the kinematic axis,
kin = 124 ± 9, as determined by a tilted-ring analysis of the
mission lines velocity field based on a kinemetry method developed
y Krajnovi ́c et al. ( 2006 ). Ho we ver, these rotation motions look
isturbed, perhaps as a consequence of multiplicity of star forming
egions or merger systems. Towards region #1, the velocity field
ppears blue-shifted with velocity between −5 and −15 km s −1 

hereas region #2, more elongated, shows two velocity components:
ne about 15 km s −1 and another between 30–35 km s −1 . The zero
elocity is defined in the intermediate region between regions #1
nd #2. A detailed analysis will be presented in a forthcoming paper
Fern ́andez-Arenas et al. in prep). 

 SUMMARY  A N D  C O N C L U S I O N S  

n this work, we present MEGARA IFU spectroscopy of the metal-
oor galaxy J0842 + 1150. We derived the distribution of physical
roperties across the FoV of MEGARA and integrated properties for
he galaxy as a whole and for individual star-forming regions. 

The resolution spatial co v erage and high quality of data of
EGARA IFU allowed the detection in a large number of spaxels

f the auroral forbidden emission line [O III ] λ4363 with a signal-to-
oise level S/N > 4 σ . The spaxels with detection of [O III ] λ4363
nclude the main star-forming regions and their surrounding area
llowing the mapping of the metal distribution in J0842 + 1150 using
he direct method. 
NRAS 519, 4221–4240 (2023) 
(i) Our main result is the detection of an unusually large metallicity
ange in a dwarf star-forming galaxy. The distribution of oxygen
bundance, computed using the direct method, has a mean value of
2 + log (O/H) = 8.03 ± 0.06 and a range of � (O/H) = 0.72 dex
etween the minimum 7.69 ± 0.06 and maximum 8.42 ± 0.05 values.
his range implies a metallicity span of a factor of 5 o v er a spatial
xtent of ∼1 kpc. 

(ii) We find that for both individual spaxels and integrated regions,
he location of the points in the diagram N/O versus O/H corresponds
o primary nitrogen with similar location to metal-poor galaxies
eported in the literature. 

(iii) The analysis of the emission line ratios and BPT diagrams
iscard the presence of any AGN activity or shocks as the ionization
ource in this galaxy. 

(iv) The comparison of the strong-line methods to derive oxygen
nd nitrogen abundances for individual spaxels and integrated region
re in general in agreement within the errors with the calibrations
eported in the literature specially the N2 and O3N2 tracers of oxygen
bundance and N2S2 for the ratio of N/O. This supports the use of
trong-lines methods and calibrations for spatially resolved IFS data
herein many cases, the detection of weak emission lines is not
ossible. 
(v) The integrated v alues deri ved in this work for the physical

roperties of J0842 + 1150, such as abundances and global velocity
ispersion are in agreement with values previously derived in the
iterature with long-slit or fibre spectroscopy. 

(vi) Among the possible mechanisms to explain the starburst
ctivity and the large variation of oxygen abundance in this galaxy,
ur data support a possible scenario where we are witnessing an
ngoing interaction of very young systems. A detailed multicom-
onent kinematic analysis will be presented in a forthcoming paper
Fern ́andez-Arenas et. al. in preparation). 

The study of HIIGs can offer detailed insight into processes that
ight depend on metallicity and that could have played an important

ole in the early evolution of galaxies. We plan to extend this project to
bjects similar to J08422 + 1150 (selected from Ch ́avez et al. 2014 ).
e hope to use also 3D spectroscopy which will allow us to map

n detail their interstellar medium chemical abundances and possible
nhomogeneities and to link them to other properties like the ionizing
tellar fabric and morphology, and their kinematics. 
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