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2 1.1. Lighting up the Universe

Figure 1.1: Universe timeline. The diagram shows a summary of the di↵erent stages of the
evolution of the Universe from the Big Bang to the present day. The number of years after the
Big Bang is marked on the top axis and the corresponding redshift on the bottom axis. Credit:
NAOJ.

vacuum state produced an unprecedented exponential expansion of space, and although the

expansion continued after this stage, the pace was slower (Linde 1984; Lyth & Riotto 1999).

The hot dense plasma, which filled homogeneously and isotropically the Universe at this

stage, was opaque to electromagnetic radiation. Several subatomic particles were formed in

di↵erent stages, but the electrons-photons interaction by ‘Thomson scattering ’ caused the

mean free path to be very short (preventing photons from traveling far), and made that

matter and radiation were coupled. The recombination1 occurred about 370 000 years after

the Big Bang, at redshift z ⇠ 1100, when the temperatures fell to 3 000 K and the protons and

electrons combined to form neutral hydrogen atoms. Hence, during the recombination epoch,

the Universe became transparent for the first time (Krolik 1989). The atoms reached quickly

their lowest energy state by emitting photons, through a process called ‘photon decoupling’.

Then, the mean free path length of the photons increased considerably, allowing them to

travel without interacting with matter and giving rise to the cosmic microwave background

(CMB) radiation (Penzias & Wilson 1965). Thus, the CMB that we detect today with space

satellites (such as the COBE, WMAP, and Planck missions, Levi 1992; Page 2010; Planck

Collaboration et al. 2020) constitutes an important remnant from a very early stage of the

Universe. There was a large period (from ⇠ 400 000 years to ⇠ 180 million years after the

Big Bang) in which there were no sources emitting light in the Universe, a period known as

1Note that the word ‘recombination’ is misleading since protons and electrons had never been combined
before.

Credit: NAOJ

The epoch of reionization

When did it happen?

How was the process of 
reionization?

Which were the sources 
responsible for it?

IGM opacity increases with redshift.
Direct detection of LyC photons is 
impossible for very high-z galaxies!

Need for indirect indicators of the physical 
mechanisms involved in LyC escape.

Need to find good analogs of primeval 
galaxies at lower redshifts



The importance of spatially resolved  observations

 fesc(LyC) is highly sightline dependent. 
Spatial variations may lead to large variations 

in both indirect and direct estimates of fesc(LyC).

LyC escape is a multi-parameter problem. 

2D spectroscopic information is crucial for unveiling 
the mechanisms that allow LyC photons to escape. 
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146 5.2. Studying reionization epoch analogs with MEGARA

Figure 2: Preliminary results of a potential LyC leaker
obtained with MEGARA: [OIII]5007 flux map (top), and

velocity map derived using the Hβ emission line (bottom).
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Figure 1. The continuum subtracted surface brightness spatial map for
[O ���]�5007. The largest aperture is referred to as the Integrated aperture
and the others are named after their position relative to the galaxy center, as
indicated by the directional arrows (e.g. the aperture at the top of the image
is the Northern aperture, the one on the left is the Eastern aperture, etc.). The
blank spaxels are due to the object being observed on the edge of the detector.
We include a 1 arcsec scale bar, where 1 arcsec corresponds to approximately
5 kpc in the frame of the galaxy.

For our bootstrap Monte Carlo method, we first estimated the
noise level by calculating the standard deviation of the continuum-
subtracted data (see subsection 3.2) in two 80-100 pixel-wide spectral
windows directly adjacent to each individual emission line. With the
�����.������.������() function (Harris et al. 2020), we gener-
ated 1000 realizations of the extracted spectrum where each flux
density is randomly drawn from a normal distribution centered on
the original flux density value with a standard deviation given by the
estimated noise value calculated above. We then fit a Gaussian to
each of the 1000 modified spectra. Our initial values for the models
came from the ��������� ����_�����_��������� function.

We tabulated the results and took the mean and standard deviation
of the distribution. These techniques allowed us to measure the prop-
erties and errors of the emission lines of interest in a consistent way.
Examples of our fits for the spectrum from the integrated region can
be found in Figure 3. Table 1 gives the observed and extinction cor-
rected fluxes (subsection 3.5), respectively, for 9 different measured
emission lines in our 6 different apertures.

All conversions from wavelengths to velocities were done using
the restframe wavelengths from the NIST Atomic Spectra Database
Lines Form (Kramida et al. 2021). The lines measured in this
work were Mg ���2796, 2803, [O ��]��3727, 3729, [Ne ���]�3869, H�,
[O ���]�4363, H�, [O ���]�4959, [O ���]�5007, and H�.

3.4 Comparison of fluxes and ratios to previous work

To compare the LRS2 observations presented here to other literature
measurements, we extracted the LRS2 flux from a 2 arcsec diameter
aperture, centered on the peak emission within J0919 (called the
central aperture; the center most aperture in Figure 1). This aperture
matches the diameter of the BOSS fibers (Smee et al. 2013). We
then downloaded the calibrated spectra from the Sloan Digital Sky

Survey DR15 (Aguado et al. 2019) and measured the emission line
properties in the same way as was done in Sections 3.2-3.5 with the
LRS2 data. Our values from the SDSS spectra match literature values
for integrated flux, equivalent width, and E(B-V) within 1� for all
emission lines (Izotov et al. 2021, Flury et al. 2022a).

Table 2 compares the emission line ratios measured from the LRS2
(top row) and SDSS (bottom row) spectra. Most of the values mea-
sured from LRS2 match what we measured from the SDSS. For
example, we measured a value of 3.04 ± 0.02 for H�

H� from the LRS2
data. This is consistent, at the 2� significance level, with the value
we measured from the SDSS data of 2.97 ± 0.03. Our value for
the [O ���]�5007/[O ��]��3727, 3729 ratio is also consistent with the
SDSS measurement.

We used a redshift value of 0.40512 from the SDSS in our calcula-
tions. We found that the LRS2 emission lines have values of (24-37)
km s�1 from this redshift. With our measurements matching other
independent measurements, we can move forward assuming accurate
results from our analysis.

3.5 Dust extinction correction

We corrected the continuum subtracted emission-line flux values
to account for the impact of dust present in the Milky Way (MW)
and J0919. Dust extinction reduces the amount of flux that reaches
our telescope by absorbing and/or scattering the photons of inter-
est. It is also wavelength dependent meaning very blue lines, like
[O ��]��3727, 3729, are more reduced than redder lines like H�.
Correcting for dust extinction and comparing to uncorrected values
constrains the spatial distribution of dust and reveals the intrinsic
nebular conditions (e.g. metallicity, ionization structure, etc.). The
correction was done using the following steps:

(i) Corrected the flux based on J0919’s position in the Milky Way
(MW) by multiplying the flux by:

100.4�E(B�V)MW�� (�obs) , (2)

where E(B-V)MW is the MW color excess, which has a value of 0.029
at the position of J0919 (Green et al. 2019), and �(�obs) is the value
of the CCM89 extinction law at the observed wavelength of each
individual emission line (Cardelli et al. 1989).

(ii) Calculated the color excess intrinsic to J0901, referred to as
E(B-V), by following the steps outlined in section 5.1 of Flury et al.
2022a. In short, we determine the variance-weighted E(B-V) by us-
ing the equivalent widths and the fluxes of H�, H�, H�, and H�. The
E(B-V) value and stellar absorption values are iterated until the elec-
tron temperature (see subsection 3.6) converges. The E(B-V) values
calculated using the stellar absorption are only used if the stellar ab-
sorption values are statistically significant at greater than the 2� level.
This only applies to the Integrated and Western apertures. Uncertain-
ties in the dust are folded into our extinction corrected flux errors.
All other E(B-V) values are calculated with only the Balmer decre-
ments. The values assumed for the intrinsic Balmer ratios depend on
the temperature of the region, but given an average temperature of
16740 K they are; H�/H�: 2.77, H�/H�: 0.47 , H�/H�: 0.56.

(iii) To correct for dust in J0919 we multiplied the MW corrected
fluxes by:

100.4�E(B�V)�� (�rest) (3)

where �(�rest) is the value of the CCM89 extinction law at the rest
wavelength of each individual emission line. We did not correct the
flux values in the [O ���]�5007 spatial map (see Figure 1) in order to
retain the observed spatial extent of J0919. However, we did apply
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Figure 2: [OIII]!5007 surface brightness map for a low-z
LyC leaker (figure adapted from Seive et al. 2022). Using
IFU observations, the authors found significant spatial

variations in the fesc (LyC).

Figure 5.3: [Oiii]�5007 surface brightness spatial map of a low-z LyC leaker. Figure adapted
from Seive et al. (2022). Using IFU observations, the authors found significant spatial variations
in the fesc (LyC). The apertures employed for the analysis are marked with white circles.

ing the conditions of the EoR (Yajima et al. 2011; Wise et al. 2014; Verhamme et al. 2015;

Laursen et al. 2019). In this contest, Katz et al. (2020) studied whether the local LyC leakers

are true analogs of the sources that reionized the Universe using cosmological hydrodynamics

simulations. They employed the emission line properties of simulated galaxies to develop

new methods for identifying LyC leaker ‘analogs’ at low redshift. To compare with obser-

vations, they tested their model on a sample of dwarf local galaxies from the Dwarf Galaxy

Survey (DGS, Madden et al. 2013) to predict the probability of showing fesc � 10%, and

hence to be potential LyC leakers. An example of the diagnostic diagrams employed by Katz

et al. (2020) is shown in Fig. 5.2 (right panel), where the authors compared observations and

high-z simulated galaxies (distinguishing between LyC leakers and non-leakers) using a [Sii]

BPT diagram. This diagram was proposed by Wang et al. (2019) to identify LyC leakers

based on a significant [Sii] deficit compared to the local star-forming population. What Katz

et al. (2020) found is that the simulated LyC leakers have not only low [Sii]/H↵, but also

low [Oiii]/H� compared to the non-leaker systems. The low [Oiii]/H� ratio is indicative of

low metallicity, and this behavior is consistent with the simulations of Barrow et al. (2017),

although it was not observed by Wang et al. (2019). The region of the diagram populated

Seive+22

Ji+25



Identification of different regions of low-z 
galaxies leaking LyC photons (down to sub-kpc 
scales).

Testing of indirect indicators of LyC leakage: 
O32 vs R23 index, He I diagram, [SII] BPT 
diagram, mass dependency… (Nakajima et al. 2016, 
Izotov et al. 2017, 2018, Jaskot et al. 2019, Wang et al. 
2021).

The study of local analogs of high-z galaxies may provide 
useful hints about cosmic reionization and the first galaxies!

Scientific motivation of this project

Map the ionization structure of the ISM and 
trace the chemical evolution.

Test their resemblance with the high-z 
population of galaxies. 

Investigate the mechanisms that allow LyC 
photons to escape in the first galaxies.

Main goals
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- Excellent local analogs of high-z galaxies (“gold ” sample)
(Motiño Flores et al. 2021, UV-FIR photometric data
Yang et al. 2017)

- Potential LyC leaker candidates 
(Katz et al. 2020, cosmological radiation hydrodynamics simulations)

The sample of reionization-era analogs 
UM461
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148 5.3. UM461: a potential LyC leaker candidate
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Figure 5.4: UM461: SDSS color composite and HST images in the F390W, F547M, F657N,
and F814W bands. Credits: HST data archive and SDSS.

1981; Lagos et al. 2011; Micheva et al. 2013; Lagos et al. 2018; Carvalho & Plana 2018, ,

and references therein). Figure 5.4 shows several HST images and an SDSS color composite

of UM461. Recently, Elmegreen et al. (2022) employed multi-wavelength HST imaging to

study a sample of extremely metal-poor galaxies (UM461 included) which exhibit reduced

metallicity in the most prominent star-forming complex as compared with its surroundings.

The derived masses and ages of the star complexes were similar to those obtained in Lagos

et al. (2011).

Although pioneer studies reported that UM461 and UM462 were formed together (Taylor

et al. 1995), further studies concluded that they do not show tidal interaction and therefore

the chance that the two galaxies induced star formation on each other is low (van Zee et al.

1998; Lagos et al. 2011). UM461 has stellar mass of M? ⇠ 7.6 ⇥ 107 M�, metallicity of

12 + log(O/H) = 7.78, it sizes 9 arcsec ⇥ 7 arcsec approximately, and the spectrum shows

strong emission lines (Lagos et al. 2011, 2018). Since lower mass haloes tend to have higher

escape fraction (Wise et al. 2014; Xu et al. 2016; Kimm et al. 2017), the low stellar mass

of this galaxy supports its LyC-leaker status. Moreover, Motiño Flores et al. (2021) studied

the dust properties, SFR, and SFH of a sample of blue compact dwarf galaxies, and UM461

was classified in their ‘gold ’ sample, making this young galaxy an excellent candidate for

comparison with the first galaxies and follow-up studies. The local analogs included in this

sample are characterized by warmer dust, high specific SFR, high gas mass fractions, and

low gas-phase metallicities. All these properties qualify this object as an ideal LyC leaker

and reionization epoch analog. Hence, we selected this target for a 2D spatially-resolved

study using the MEGARA IFU, with the aim of identifying areas with di↵erent behaviors

and investigating the physical processes that allow LyC photons to escape.

z = 0.003465 

log(M⋆/M⊙) = 7.88

12 + log(O/H) = 7.78

LEDA 139572
z = 0.03283 

log(M⋆/M⊙) = 8.6

12 + log(O/H) = 7.94

Mrk1450
z = 0.00317 
log(M⋆/M⊙) = 7.27

12 + log(O/H) = 7.96

UGCA 410
z = 0.002148 
log(M⋆/M⊙) = 7.26

12 + log(O/H) = 8.10

UGCA 410 

UM461

Mrk1450

LEDA 139572

Scientific motivation of this project

Small angular size
Irregular/compact morphology
Low stellar mass
Low metallicity

Low dust attenuation
High sSFR
High gas content
High nebular emission 

Properties of local analogs
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5.1. The MEGARA instrument 143

data were taken in 2017.

A

B

A

B

Figure 5.1: Left: The MEGARA instrument attached to the Folded-Cass F focal station of
the GTC and on the Nasmyth-A platform (encircled in blue) with the fiber bundle routing
highlighted in orange. The MEGARA focal plane component and the VPH wheel are shown at
the bottom. Top right: LCB and MOS bundles of fibers. Bottom right: 3D graphic of the
pseudoslit, collimator, dispersion elements on the wheel, and the Cryostat+Camera. Credits:
UCM and GTC webpages, Gil de Paz et al. (2016).

Table 5.1: Characteristics of MEGARA

Detector: E2V CCD231-84 Readout noise: 3.4 e�

Spaxel size: 0.6200 Gain: 1.73 e�/ADU
Spectral range: 0.37�0.97 µm FOV (IFU): 12.500 ⇥ 11.300

Spectral resolution: 5 500, 12 500, and 20 000 FOV (MOS): 3.50 ⇥ 3.50

Figure 5.1 shows the MEGARA instrument, its location on the GTC telescope, and its

di↵erent components. The main characteristics of MEGARA are summarized in Table 5.1.

More information can be found in the UCM and GTC webpages.
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The MEGARA instrument 

GTC

IFU mode - Large Compact Bundle 

Instrumental setup and observations

MEGARA@GTC observations 
(PI: C. Cabello)

Semesters: 2022A, 2023A, 2024A

LR-U, LR-B, LR-R

10.4 m - Gran Telescopio Canarias (GTC)
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148 5.3. UM461: a potential LyC leaker candidate
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Figure 5.4: UM461: SDSS color composite and HST images in the F390W, F547M, F657N,
and F814W bands. Credits: HST data archive and SDSS.

1981; Lagos et al. 2011; Micheva et al. 2013; Lagos et al. 2018; Carvalho & Plana 2018, ,

and references therein). Figure 5.4 shows several HST images and an SDSS color composite

of UM461. Recently, Elmegreen et al. (2022) employed multi-wavelength HST imaging to

study a sample of extremely metal-poor galaxies (UM461 included) which exhibit reduced

metallicity in the most prominent star-forming complex as compared with its surroundings.

The derived masses and ages of the star complexes were similar to those obtained in Lagos

et al. (2011).

Although pioneer studies reported that UM461 and UM462 were formed together (Taylor

et al. 1995), further studies concluded that they do not show tidal interaction and therefore

the chance that the two galaxies induced star formation on each other is low (van Zee et al.

1998; Lagos et al. 2011). UM461 has stellar mass of M? ⇠ 7.6 ⇥ 107 M�, metallicity of

12 + log(O/H) = 7.78, it sizes 9 arcsec ⇥ 7 arcsec approximately, and the spectrum shows

strong emission lines (Lagos et al. 2011, 2018). Since lower mass haloes tend to have higher

escape fraction (Wise et al. 2014; Xu et al. 2016; Kimm et al. 2017), the low stellar mass

of this galaxy supports its LyC-leaker status. Moreover, Motiño Flores et al. (2021) studied

the dust properties, SFR, and SFH of a sample of blue compact dwarf galaxies, and UM461

was classified in their ‘gold ’ sample, making this young galaxy an excellent candidate for

comparison with the first galaxies and follow-up studies. The local analogs included in this

sample are characterized by warmer dust, high specific SFR, high gas mass fractions, and

low gas-phase metallicities. All these properties qualify this object as an ideal LyC leaker

and reionization epoch analog. Hence, we selected this target for a 2D spatially-resolved

study using the MEGARA IFU, with the aim of identifying areas with di↵erent behaviors

and investigating the physical processes that allow LyC photons to escape.

UM4611D integrated spectra  

[OII] doublet
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and references therein). Figure 5.4 shows several HST images and an SDSS color composite

of UM461. Recently, Elmegreen et al. (2022) employed multi-wavelength HST imaging to

study a sample of extremely metal-poor galaxies (UM461 included) which exhibit reduced

metallicity in the most prominent star-forming complex as compared with its surroundings.

The derived masses and ages of the star complexes were similar to those obtained in Lagos

et al. (2011).

Although pioneer studies reported that UM461 and UM462 were formed together (Taylor

et al. 1995), further studies concluded that they do not show tidal interaction and therefore

the chance that the two galaxies induced star formation on each other is low (van Zee et al.

1998; Lagos et al. 2011). UM461 has stellar mass of M? ⇠ 7.6 ⇥ 107 M�, metallicity of

12 + log(O/H) = 7.78, it sizes 9 arcsec ⇥ 7 arcsec approximately, and the spectrum shows

strong emission lines (Lagos et al. 2011, 2018). Since lower mass haloes tend to have higher

escape fraction (Wise et al. 2014; Xu et al. 2016; Kimm et al. 2017), the low stellar mass

of this galaxy supports its LyC-leaker status. Moreover, Motiño Flores et al. (2021) studied

the dust properties, SFR, and SFH of a sample of blue compact dwarf galaxies, and UM461

was classified in their ‘gold ’ sample, making this young galaxy an excellent candidate for

comparison with the first galaxies and follow-up studies. The local analogs included in this

sample are characterized by warmer dust, high specific SFR, high gas mass fractions, and

low gas-phase metallicities. All these properties qualify this object as an ideal LyC leaker

and reionization epoch analog. Hence, we selected this target for a 2D spatially-resolved

study using the MEGARA IFU, with the aim of identifying areas with di↵erent behaviors

and investigating the physical processes that allow LyC photons to escape.

UM4611D integrated spectra  

[SII]
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Physical properties of the sample 

[OIII]5007 emission line flux

UM461

LEDA 139572UGCA 410 Mrk1450

Our sample of low-z analogs seen 
through the MEGARA eyes

Cristina Cabello            -           Mapping the ISM conditions of local analogs of primeval galaxies       -       OAC, Crete       -       09/04/2025



Physical properties of the sample 
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EW ([OIII]5007)

EW (H  )β

• Brightest knot: EW ~ 1500 

• Second knot: EW ~ 500 

• External regions: EW < 100 

Å
Å

Å

• Brightest knot: EW ~ 300 

• Second knot: EW ~ 100 

• External regions: EW < 50 

Å
Å

Å

UM461



UM461

LEDA 139572UGCA 410 Mrk1450

Ionized gas kinematics 

• No evidence of asymmetric line 
profiles or multiple components.

• Velocity dispersions ~ 10 - 20 km/s.
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Ionized gas kinematics 

• No evidence of asymmetric line 
profiles or multiple components.

• Velocity dispersions ~ 10 - 20 km/s.
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UM461

Mrk1450UGCA 410 LEDA 139572



UGCA 410 Mrk1450

[OIII]λ5007
Hβ

[NII]λ6584
Hα

[SII]λλ 6717,6731
Hα

UM461
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UGCA 410 Mrk1450

[OI]λ6300
Hα

[NeIII]λ3869
[OII]

UM461
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O32 =
[OIII]λ5007

[OII]λλ3726,3729

UM461

UGCA 410 Mrk1450 LEDA 139572

Emission-line ratios (pixel-by-pixel analysis)

ISM conditions  
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O32max ∼ 50O32max ∼ 25 O32max ∼ 15

O32max ∼ 20



Emission-line ratios (pixel-by-pixel analysis)

R23 =
[OII]λλ3726,3729 + [OIII]λλ4959,5007

Hβ

UM461

UGCA 410 Mrk1450 LEDA 139572

ISM conditions  
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Electron temperature (Te)

UM461

Te was estimated using the measured  ratio 
[OIII]4363

[OIII]4959 + 5007

LEDA 139572UGCA 410 Mrk1450

PyNeb (Luridiana+15)

ISM conditions  
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Te ∼ 12 000 − 20 000K



Electron density (ne)

UM461

ne was computed from the  ratio  
[SII]6717
[SII]6731

ISM conditions  
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ne ∼ 100 − 300 cm−3

UGCA 410 Mrk1450

PyNeb (Luridiana+15)



Metallicity (Te direct method)

UM461

The gas phase oxygen abundance was estimated from Te
 following the relations derived from Pérez-Montero+21, Amorín+15

LEDA 139572UGCA 410 Mrk1450

Z ∼ 0.087 Z⊙

Z ∼ 0.23 Z⊙ Z ∼ 0.27 Z⊙ Z ∼ 0.16 Z⊙

( , Asplund et al. 2021) Z⊙ = 8.69

ISM conditions  
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Ionization parameter log(U)

UM461

UGCA 410 Mrk1450 LEDA 139572

Different estimators of the ionization parameter based on 
emission-line ratios (Díaz+00, Dors+11) log(U) ∼ − 1.8

log(U) ∼ − 2.2log(U) ∼ − 2.5log(U) ∼ − 2.6

ISM conditions  
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Comparison with photoionization models

ISM conditions  

12+log(O/H) = 8.22 ± 0.08   
log(N/O) = -0.92 ± 0.07  
log(U) = -2.13 ± 0.05

UM461

12+log(O/H) = 7.62 ± 0.04   
log(N/O) = -1.19 ± 0.17  
log(U) = -1.59 ± 0.01

UGCA 410

12+log(O/H) = 8.09 ± 0.11   
log(N/O) = -0.93 ± 0.05  
log(U) = -2.28 ± 0.06

Mrk1450

Pérez-Montero+14, +21

Early stage of chemical evolution 
consistent with EELGs undergoing 

recent or ongoing starbursts.

Very high ionization state of the ISM 
driven by intense radiation fields 

from young, massive stars.

HII-CHI-mistry 



Cabello et al. in prep.

BPT diagrams

Emission-line diagnostics 
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Wang+21

[SII] BPT diagram

Emission-line diagnostics 
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Cabello et al. in prep.



Ionization / excitation diagram 
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JWST (CEERS & JADES) 
 galaxies in the range z = 6.0 - 9.5



Ionization / excitation diagram 
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JWST (CEERS & JADES) 
 galaxies in the range z = 6.0 - 9.5

Cabello et al. in prep.



Region 1 Region 2

Region 3 Region 4

Identify HII regions corresponding to the 
diffuse component of the ionised gas at 
different levels of surface brightness. 

(Monreal-Ibero +23, Goodman+09)

Hierarchical clustering provided
 by astrodendro

astrodendro finds structures in a set of 
data and groups them hierarchically 

Analysis in multiple spatially 
distinct apertures 
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UM461



Region 1 Region 2

Region 3 Region 4

Hierarchical clustering provided
 by astrodendro

Analysis in multiple spatially 
distinct apertures 
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Integrated value: 
fesc (LyC) ~ 5 - 8%  

O32 -  fesc (LyC) relation  
(Izotov+18a, Chisholm+18)

UM461

Aperture 1: 
fesc (LyC) ~ 10 - 15%  

Aperture 2: 
fesc (LyC) ~ 2 %  

Apertures 3 & 4: 
fesc (LyC) < 2 %  

ISM conditions

fesc (LyC) estimation

Diagnostic diagrams: 
 Indirect indicators of LyC leakage  

based on emission line ratios.



Conclusions  

 We constrained the predominant ionization mechanisms of these 
extreme systems.

 Different indirect indicators of LyC leakage based on emission-line ratios 
reinforce the status of our sample as excellent local analogs of the high-z 
population.

 We identified regions with different behaviors, mapping the ionization 
structure of the ISM down to sub-kpc scales.

 The analysis of the ISM porosity provided important insights about 
density-bounded regions (optically thin gas with a high degree of 
ionization) from which the ionizing radiation may escape.
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Final remarks  

Analysis of the spatial variations:
The ISM conditions are not homogeneous

Integrated properties do not fully represent the complex 
ionization structure of some galaxies

 2D spectroscopic information is crucial for unveiling the 
mechanisms that allow LyC photons to escape. 
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A larger sample of galaxies is needed!



A larger sample of  local analogs 

+50h of MEGARA/GTC (2025A)  
(PI: C. Cabello)

In collaboration with: R. Amorín (CSIC-IAA),  L. Costantin (CAB, CSIC-
INTA), J. A. Fernández-Ontiveros (CEFCA), A. Lumbreras-Calle (CEFCA), 

E. Pérez-Montero (CSIC-IAA).

Spatially-resolved study of a large sample of reionization-era analogs
Figure 3: As an example, RGB images of nine targets of our sample.
Top: Blueberry galaxies from Yang et al. 2017 (SDSS). Middle: low-
metallicity galaxies from Berg et al. 2016 (SDSS). Bottom: new
EELGs selected from the J-PLUS survey (Cenarro et al. 2019)
(Legacy Survey). The cutout size corresponds with the FOV of the
MEGARA IFU (12.5” x 11.3”). North is up, East to the left.

Figure 4: Diagram of O32 vs R23 from Cabello et al. in prep. The 
blue squares represent four low-z reionization-era analogs observed 
with MEGARA. The triangles show galaxies at 7 < z < 9 detected
with JWST observations. Pink stands for galaxies from the CEERS
survey (Tang et al. 2023) and yellow stands for sources from the
JADES survey (Laseter et al. 2024). The gray shade shows local 
SDSS galaxies.

Extreme Emission Line Galaxies (EELGs)   
selected from the    

log(M*/M ) < 9
12 + log(O/H) < 8 

O32 > 3 
EW > 300 

⊙

Å
 J-PLUS multiband survey (Cenarro+19) Stay tuned!
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Thanks!
Contact: criscabe@ucm.es

mailto:criscabe@ucm.es

