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Extreme starbursts: the large majority are Blue Compact Dwarf Galaxies (BCDGs)

! Subset of low-luminosity (MB ≥ -18) and low metallicity ( ~10% solar) galaxies  
undergoing a strong and short-lived episode of star formation. 

! Quickly gas consumption.  

! Compact, irregular morphologies. 

! Intense narrow emission lines superposed on a blue continuum. 

! The starbust and a very young stellar population dominate the optical light 
(Cairós et al. 2001), very often masking all evidence of the underlying older 
stellar population (Noeske et al. 2003).  

! What is the origin and nature of their starburt activity? 

! They offer a unique opportunity to study galaxy formation under conditions 
approaching those of the first galaxies, prior to and during the epoch of 
reionization (EoR).

IC 10 (B + V + Hα)

IC 4662  (EMMI @ NTT, B + R + Hα)

López-Sánchez & Esteban 2009
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Local extreme starburts: unique laboratories to explore dwarf galaxy formation and evolution

! Allow us to study in detail the physical and chemical properties of the ISM of dwarf galaxies. 

! Enable detailed studies of star formation (including feeding / triggering mechanisms) and the associated feedback 
processes in the least chemically evolved local environments known (Kunth & Ostlin, 2000; James et al. 2015) 

! Allow us studies of the most rare, massive and extreme stars (including Wolf-Rayet stars) at low intrinsic extinction 
(Crowther & Bibby, 2009; Kehrig et al. 2015) 

! Are likely the sites of super-luminous supernova/hypernova explosions (Leloudas et al. 2015) and long-duration GRBs 
(Hashimoto et al. 2015) 

! their shallow gravitational potential wells provide less resistance to galactic outflows, enriching the intergalactic 
medium with metals (Cameron et al. 2022; Hamel-Bravo et al. 2024) 

! The chemical abundance patterns in BCDGs (Roy & Kunth, 1995) can place valuable constraints on the timescales for 
dispersal and mixing of heavy elements in protogalaxies; 

! they have more porous/disrupted ISM, which enhances the escape of Lyman-radiation and ionizing continua. This 
allow us to understand how similar galaxies at high-redshift leak ionizing photons, reionise the Universe, and maintain 
the meta-galactic ionizing background. 

! they may be the closest analogues of some of the faint galaxies identified in high-z surveys, that dominate the star-
formation budget at early times 

! some of the most metal-poor —12+log(O/H) < 7.6 — local BCDGs have experienced the dominant phase of their 
build-up at a late cosmic epoch
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Local extreme starburts: unique laboratories to explore dwarf galaxy formation and evolution

! Allow us to study in detail the physical and chemical properties of the ISM of dwarf galaxies. 

! Enable detailed studies of star formation (including feeding / triggering mechanisms) and the associated feedback 
processes in the least chemically evolved local environments known (Kunth & Ostlin, 2000; James et al. 2015) 

! Allow us studies of the most rare, massive and extreme stars (including Wolf-Rayet stars) at low intrinsic extinction 
(Crowther & Bibby, 2009; Kehrig et al. 2015) 

! Are likely the sites of super-luminous supernova/hypernova explosions (Leloudas et al. 2015) and long-duration GRBs 
(Hashimoto et al. 2015) 

! their shallow gravitational potential wells provide less resistance to galactic outflows, enriching the intergalactic 
medium with metals (Cameron et al. 2022; Hamel-Bravo et al. 2024) 

! The chemical abundance patterns in BCDGs (Roy & Kunth, 1995) can place valuable constraints on the timescales for 
dispersal and mixing of heavy elements in protogalaxies; 

! they have more porous/disrupted ISM, which enhances the escape of Lyman-radiation and ionizing continua. This 
allow us to understand how similar galaxies at high-redshift leak ionizing photons, reionise the Universe, and maintain 
the meta-galactic ionizing background. 

! they may be the closest analogues of some of the faint galaxies identified in high-z surveys, that dominate the        
star-formation budget at early times 

! some of the most metal-poor —12+log(O/H) < 7.6 — local BCDGs have experienced the dominant phase of their 
build-up at a late cosmic epoch
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Metals: Connecting stars and gas to understand galaxy evolution

- Arm 2 has experienced a larger chemical 
enrichment that Arm 1. 

- The gas already had a lot of metals before 
the  star-formation started! 

- Metals are coming from the circumgalactic 
medium, perhaps from dwarf, low-luminosity, 
gas-rich galaxies which have been slowly 
accreted and destroyed into the system. 

Koribalski & López-Sánchez 2009, MNRAS 
López-Sánchez et al. 2015, MNRAS, 450, 3381

Metals is a way of measuring HOW MUCH 
THE GAS HAS BEEN PROCESSED INTO STARS 
Informs about the star formation history   
and assembly of galaxies. 
Traces infalling of pristine gas... or outflows 
of processed gas. 
Helps to disentangle the nature of diffuse 
objects around galaxies 
Example:                                                            
gas, stars and metals in NGC 1512 / 1510

Arm 1

Arm 2
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Malin 1 with MUSE: HII regions, SFR, metallicity, dust attenuation

Junais et al. (2024)
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A warning about gas-phase metallicities

 OXYGEN ABUNDANCE: 12 + log (O / H)

1. The problem of the ABSOLUTE scale 

López-Sánchez, PhD (2006) 
López-Sánchez & Esteban, 2010b, A&A, 517, 85 

López-Sánchez, Dopita, Kewley et al. 2012, MNRAS, 426, 2630

Kewley & Ellison 2008
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A warning about gas-phase metallicities

 OXYGEN ABUNDANCE: 12 + log (O / H)

1. The problem of the ABSOLUTE scale 

2. Resolving HII regions when using IFS data 

★ The ionization structure plays an 
important role ! 

–  Evident when using N2 and O3N2 

★ IFS analyses of star-forming galaxies 
needs observations deep enough to 
detect the faint auroral lines (see also 
James et al. 2009, 2010). 

★ IMPORTANT: Oxygen abundance 
maps obtained using empirical 
calibrations may show features   
that are not related with the    
actual metallicity distribution of       
a star-forming galaxy but with      
the IONIZATION STRUCTURE within   
its giant H II regions.

López-Sánchez et al. 2011, MNRAS, 411, 2076 (PMAS data)
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Local extreme starburts: observations needed

! Analyse / study both local and global properties: IFS data !! 

! Deep spectra with at least moderate (R~3500) spectral 
resolution to identify and measure well key features,  

! Blue wavelengths to get [O II] 3727, [O III] 3727 and the 
many important features in the 3700 - 4500 A range.  

! (HI data and other multi-wavelength data too).

ESO 338-IG04 using MUSE and XSHOOTER (Bik et al 2018)

López-Sánchez & Esteban 2009
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Gas and metals in the BCDG NGC 5253

NGC 5253   – WFPC @ HST  

UV (blue) + Hα (green) + [S II] (red)             Data 
from  by Calzetti et al. (1994)                      

Combined by Á.R. López-Sánchez

12+log O/H = 8.28            
log N/O =  – 1.50

12+log O/H = 8.18           
log N/O =  – 0.91

NGC 5253   – Low-resolution H I map (pale blue) + UV (blue) R (green) + Hα (red) + J (orange)

López-Sánchez et al. 2012a, see also Kobulnicky & Skillman 2008 

★  Low Mgas / Mstars for its O/H  (& low O/H for its Mgas / Mstars ratio)  
López-Sánchez et al. 2010

López-Sánchez, Esteban, García-Rojas,  
Peimbert & Rodríguez 2007, ApJ 656, 168

★ Discovery of O II and C II lines: first time in starburst, O/H with them  
★ Localized N (& He) enrichment: the broad component has it 

López-Sánchez et al. 2007

[O III] 

Hα

[N II]

★  Disruption/accretion of a metal-poor gas-rich companion  
López-Sánchez et al. 2012



López-Sánchez & Esteban (2009, 2010a)
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Wolf-Rayet stars in starbursts

Emission lines : 

" Recombination lines (RL) of H y He 

" Collisionally excited lines (CEL)                                     
of O, N, S, Ne, Ar, Cl, Fe ...

Emission 
lines of   
WR stars

WN 

WC

–   The number of WR 
stars with respect O 
stars is high, the burst 
should be short. 

–  IMF extended                
to HIGH masses 

–  Short-lived      
starburst  (< 6 Myr)

Blue WR Bump ~ 4650 Å  
WNL stars

Blue WR Bump ~ 5800 Å    
WC stars
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Wolf-Rayet features in IC10

PMAS observations of region [HL90] 111 in IC 10  (López-Sánchez et al. 2011)  

We clearly detect the blue WR bump in two adjacent fibers. 
– This position coincides with WR star [MAC92] 24C catalogued by               

Crowther et al. (2003). 
– WR bump essentially constituted by the stellar, broad, He II λ4686 emission 

feature 
– C III / C IV λ4650 or the C IV λ5808 (the red WR bump) are not detected:  

! the emission comes from a WN star.  
– Because of the strength of the broad He II λ4686 emission and the absence 

of the N V λ4604 emission 
! That  is a late-type WN star (WNL). 

We followed López-Sánchez & Esteban (2010a) to estimate the flux of the 
blue WR Bump. 
– We fitted a broad and a narrow Gaussian for the stellar and nebular He II 
λ4686 lines. 

– LHe II,broad = (1.35 ± 0.17) x 1036 erg s−1. 
– Considering a metallicity-dependence of the WR luminosities                     

LWNL(He II λ4686) = 1.27 x 1036 erg s−1.  
– Hence, the blue WR bump observed in this  position of IC 10 is consistent 

with being produced by a single WNL star !!!



BlueMUSE Workshop – online – 24 Apr 2024                                                                                                                                                                       Ángel R. López-Sánchez @El_Lobo_Rayado

Localized chemical pollution by Wolf-Rayet stars in IC10?

Our maps suggest the detection of a localized high N/O ratio 
at the position of the WR star ! 
– However, we cannot definitively confirm it because of the 

relatively high uncertainties, but all evidence points towards 
it. 

– The helium enrichment is indeed confirmed within the errors.

- Derived stellar yields agree with the scenario of chemical 
pollution by the ejecta of few WR stars.  
- If real, this chemical pollution is very localized   (2” ~7.8 pc), it 
should be very difficult to detect in fainter and distant galaxies. 
- Problem of high N/O ratio in BCDGs !  (see Pustilnik et al. 2004; 
López-Sánchez & Esteban 2010b).

 IFU data are fundamental to address these problems in local                                 star-forming galaxies and get clues about the origin of the high N/O ratios                                              
and the effect of WR stars in the ISM !!! 



BlueMUSE Workshop – online – 24 Apr 2024                                                                                                                                                                       Ángel R. López-Sánchez @El_Lobo_Rayado

Stellar feedback in HII regions within nearby, low-metallicity, dwarf galaxies

Rowland et al. (2024, arXiv 2402.12497)
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Evolution of the N/O ratio with the O/H in star-forming galaxies

– Constant for 12+log O/H < 7.6  : Primary production    

– Izotov & Thuan (1999) However see Henry et al. 2000, 
Pilyugin et al. 2003, Mollá et al. 2006, Berg et al. 2012  

– Dispersion for 7.6 < 12+log O/H < 8.3 :                           
Delay in N production &  loss via galactic winds                              
(e.g. Kobulnicky & Skillman 1999) 

– Increases for 12+log O/H > 8.3:                                 
Metallicity-dependence of N in both massive and 
intermediate-mass stars  

– Secondary production        (e.g. Pilyugin et al. 2003) 
     

López-Sánchez & Esteban, 2010b, A&A, 517, 85 

Kobulnicky et al. 1997; Izotov et al 2006; Pérez-Montero & Contini 2009
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What about chemical abundances that are not O or N?

López-Sánchez & Esteban 2010b
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Evolution of the N/O ratio with the O/H in star-forming galaxies

– Constant for 12+log O/H < 7.6  : Primary production    

– Izotov & Thuan (1999) However see Henry et al. 2000, 
Pilyugin et al. 2003, Mollá et al. 2006, Berg et al. 2012  

– Dispersion for 7.6 < 12+log O/H < 8.3 :                           
Delay in N production &  loss via galactic winds                              
(e.g. Kobulnicky & Skillman 1999) 

– Increases for 12+log O/H > 8.3:                                 
Metallicity-dependence of N in both massive and 
intermediate-mass stars  

– Secondary production        (e.g. Pilyugin et al. 2003) 
     

– Some objects with 
very high N/O ratio.         
Chemical pollution 
by winds of WR stars? 

López-Sánchez & Esteban, 2010b, A&A, 517, 85 

Kobulnicky et al. 1997; Izotov et al 2006; Pérez-Montero & Contini 2009
Important to consider Star Formation Histories, in 
agreement with predictions by theoretical models 
(e.g., Mollá et al. 2006)
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NGC 4861 with PMAS: SFH + SFR, WR

Roche et al. (2023)
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ESO 338-IG04 with MUSE: WR & SF feedback, chemical pollution, escaping of LyC photons

Bik et al. (2018)
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Haro 11 with MUSE: Te & abundance discrepancies, complex kinematics, feedback…

LyC leaking galaxy (Bergvall et al. 2006, Leitet et al. 2011) 
Menacho et al. (2019, 2021)
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Mrk 1486: asymmetric metal-rich outflows & metal-poor inflows
DUVET survey, Cameron et al. 2021 using Keck/Keck 
Cosmic Web Imager (KCWI) observations along both the 
major and minor axes. 

“Metal-enriched outflows and metal-poor inflows are frequently 
invoked as important mechanisms for explaining a number of galaxy 
observables including scaling relations. The difference between our 
Zoutflow/ZISM and those derived by Chisholm et al. (2018) are a factor 2-3, 
adding its asymmetry are both reasons emphasizing the dire need for 
observations like those reported here to understand basic observables” 
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NGC 1569: direct metallicity measurement of outflow (all ~ same O/H)

DUVET survey, Hamel-Bravo et al. (2024, MNRAS, just accepted)

Disk                       Transition                   Outflow
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Shaken, but not expelled: Gentle baryonic feedback from nearby starburst dwarf galaxies  

Marasco et al. 2023 

β = mass-loading factor
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Targeting dwarf gas-rich nearby galaxies with KOALA          

PI: Ángel López-Sánchez 

! Exploring a parameter space not studied by         
current IFS surveys we are obtaining high-quality        
IFS data of nearby dwarf galaxies with available      
21-cm HI interferometric radio data. 

! We are using KOALA+AAOmega at the 3.9m AAT       
to assemble deep, good-quality IFS data:  
✓ 7 x 30 min exposures / pointing 
✓ 3650 – 9100 λλ range: 
✓ [O II] 3727 -> [S III] 9065. 

! Sample selection: 
✓ Local Volume HI Survey, Koribalski et al. (2018). 
✓ Faint Irregular Galaxy GMRT Survey, Begum et al. (2008). 
✓ BCDGs observed at the ATCA, López-Sánchez et al. (2008).

Hi-KIDS
HI KOALA IFS Dwarf galaxies Survey  

https://hikids.datacentral.org.au
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KOALA IFU at the Anglo-Australian Telescope
Instrument Scientist: Ángel R. López-Sánchez

KOALA (Kilofibre Optical AAT Lenslet Array) is a 
wide-field, high efficiency, integral field unit (IFU)  

It is mounted at the f/8 Cassegrain focus and feeds 
the AAOmega spectrograph via a 31m fibre run.
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KOALA IFU at the Anglo-Australian Telescope
Instrument Scientist: Ángel R. López-Sánchez

It has 1000 hexagonal lenslets 
The field of view is selectable: 
✓15.3” x 28.3”, with 0.7” spatial sampling  
✓27.4” x 50.6”, with 1.25” spatial sampling

KOALA (Kilofibre Optical AAT Lenslet Array) is a 
wide-field, high efficiency, integral field unit (IFU)  

It is mounted at the f/8 Cassegrain focus and feeds 
the AAOmega spectrograph via a 31m fibre run. 

AAOmega is a double beam spectrograph with 
selectable wavelength coverage and resolution. 

✓Same spectrograph used for SAMI
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KOALA IFU at the Anglo-Australian Telescope
Instrument Scientist: Ángel R. López-Sánchez

KOALA FoV =   39% MUSE FoV

KOALA (Kilofibre Optical AAT Lenslet Array) is a 
wide-field, high efficiency, integral field unit (IFU)  

It is mounted at the f/8 Cassegrain focus and feeds 
the AAOmega spectrograph via a 31m fibre run. 

AAOmega is a double beam spectrograph with 
selectable wavelength coverage and resolution. 

✓Same spectrograph used for SAMI

It has 1000 hexagonal lenslets 
The field of view is selectable: 
✓15.3” x 28.3”, with 0.7” spatial sampling  
✓27.4” x 50.6”, with 1.25” spatial sampling
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Hi-KIDS: Observations at the 3.9m Anglo-Australia Telescope

Current status: 
– Almost 100 galaxies observed !   

(~280 pointings) 
– 70 nights so far! 
– PyKOALA: new Python pipeline                        

to reduce KOALA data!       

(Still dealing with some details, but we 
are almost there…) 

We got MUSE @ VLT data of a 
subsample of the galaxies!               

Current status: 
– Almost 100 galaxies 

observed !   (~300 pointings) 
– 70 nights so far! 
– PyKOALA: new Python pipeline                        

to reduce KOALA data!       

(Still dealing with some details, 
but we are almost there…) 

We got MUSE @ VLT data of a 
subsample of the galaxies!               

– Observations conducted in 
P101 and P102. 

The data and derived products 
will be publicly available in        
AAO Data Central
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Hi-KIDS: Preliminary results in BCDGs: POX 4

[O III][S III] [O II]
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Hi-KIDS: Preliminary results in BCDGs: POX 4



BlueMUSE
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Resolving HII regions, ISM structure, stellar & SF feedback & stellar populations in nearby galaxies 

– Massive stellar content (fundamental to understand                                                                                  
stochastic sampling of the IMF, needed for SFR & SFH). 

– Studying Wolf-Rayet populations (ionizing sources). 
– Resolved stellar populations (HI and He absorption lines). 
– HII regions & DIG properties (temperature, densities, ionisation                                                                           

metallicities)using critical [O II] λ3727 & [O III] λ4363 (Te-method) 
– > Trace gas inflows and outflows !! 
– > Time scales for gas inflows and gas mixing. 
– > Exploring the absolute O/H scale (+ N, Ne, S, Ar …)  

– Understanding BCDGs: feeding, processing, feedback. 
– The power of having HI gas (e.g. WALLABY) + radio continuum (e.g. EMU)    [  ideally, also + CO (ALMA) ].

Hi-KIDS as a science case for


