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

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

Quickly gas consumption.
Compact, irregular morphologies.
Infense narrow emission lines superposed on a blue confinuum.

The starbust and a very young stellar population dominate the optical light
(Cairds 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 condifions
approaching those of the first galaxies, prior to and during the epoch of
reilonization (EoR).

H8 || He HS Hy o He | POX 4 HB || [O ] [O 1]
He | He I He | :
WAWM H [S 1] Fe | AV o u :
Ne 1l U MWWWWWMMMWW Wl«—«ruw«J
""" 3800 4000 4200 4400 4600 4800 85000 5200
Wavelength (A) Lépez-Sanchez & 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 dwart galaxies.

® Enable detailed studies of star formation (including feeding / friggering mechanisms) and the associated feedback
processes In the least chemically evolved local environments known (Kunth & Ostlin, 2000; James et al. 20195)

® Allow us studies of the most rare, massive and extreme stars (including Wolt-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 ouiflows, enriching the infergalactic
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 identitied 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
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® Allow us studies of the most rare, massive and extreme stars (including Wolt-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
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® 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

» 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...
of processed gas.

> Helps to disentangle the nature of diffuse
objects around galaxies

» Example:
gas, stars and metals in NGC 1512 / 1510

or outflows

— 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 & Lopez-Sanchez 2009, MNRAS
Lopez-Sdnchez et al. 2015, MNRAS, 450, 3381
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Malin 1 with MUSE: HIl regions, SFR, metallicity, dust attenuation

2 Junais et al. (2024)

Fig. 1. Color-composite image of Malin 1 from the Canada-France-
Hawaii Telescope (CFHT) Megacam NGVS survey u-, g-, and i-band
images (Ferrarese et al. 2012). The image spans a width of ~2.6" X 2.6’.
The red box shows the MUSE field of observation (1’ x 17).
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A warning about gas-phase metallicities

? OXYGEN ABUNDANCE: 12+log (O/H) [ el B

9.2 ... KDO02 (4) i
1. The problem of the ABSOLUTE scale — - - M9 ((g)) 1)
:_ B PP04 O3N2 (7] """ <§> :
9.0 e T 54; _
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Kewley & Ellison 2008

Lopez-Sanchez, PhD (2006)
Lopez-Sdnchez & Esteban, 2010b, A&A, 517, 85
Lopez-Sdnchez, Dopita, Kewley et al. 2012, MNRAS, 426, 2630
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A warning about gas-phase metallicities

12+log (0/H) ysing R23 and P and PO1q,b cal. [ dex ] ___12+log(O/H), using R23 ond y & KKO4 cal. [ dex ]

2 OXYGEN ABUNDANCE: 12 +log (O / H)

1. The problem of the ABSOLUTE scale

2. Resolving Hll regions when using IFS data

* The ionization structure plays an
important role !

— Evident when using N2 and O3zN32

* [FS analyses of star-forming galaxies | | ,
needs observations deep enough to ' aRA [ arcsec ]
detect the faint auroral lines (see also 12+09(0/H) using, O3N2 & PPO4c col. [ dex ]
James et al. 2009, 2010).

* IMPORTANT: Oxygen abundance
mMaps 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 Il regions.

Lopez-Sanchez et al. 2011, MNRAS, 411, 2076 (PMAS data) ' S0 L]
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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 identity and measure well key features,

® Blue wavelengths to get [O Il] 3727, [O lll] 3727 and the
many important features in the 3700 - 4500 A range.

® (HI data and other multi-wavelength data 100).
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Gas and metals in the BCDG NGC 5253

Lopez-Sanchez, Esteban, Garcia-Rojas,
Peimbert & Rodriguez 2007, ApJ 656, 168

Velocity: +300.00 km/s
NGC 5253 HI velocity field
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12+log O/H = 8.28
log NJO = —1.50

582 6533 €584 €535 €385 5581
waveleng:h [3)

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

Lopez-Sanchez et al. 2007

* I_OW Mggs / Ms’rqrg for |TS O/H (& |OW O/H fOI’ |TS Mggs / Mqurg rCIﬂO)

Lopez-Sanchez et al. 2010

% Disruption/accretion of a metal-poor gas-rich companion
Lopez-Sanchez et al. 2012
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Wolf-Rayet stars in starbursts
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Wolf-Rayet features in IC10

2 PMAS observations of region [HL90] 111in IC 10 (Lopez-Sdnchez et al. 2011)

2 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 Il A4686 emission
feature

- C I/ CIV A650 or the C IV AS808 (the red WR bump) are not detected:
* the emission comes from a WN star.

— Because of the strength of the broad He Il A4686 emission and the absence
of the N V A4604 emission

* That is a late-type WN star (WNL).

2 We followed Lépez-Sanchez & 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 |l
AN 686 lines.

— I_He Il,lbroad — (1 .35 i 0.1 7) X 1036 erg 5_1.

— Considering a metallicity-dependence of the WR luminosities
LwNL(He 11 M686) = 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 11!
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2 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

— The helium enrichment is indeed confirmed within the errors.

[N II] AB583 / [S II] A6717+6731 (red. corrected) + Ha contours

Localized chemical pollution by Wolf-Rayet stars in IC10?

- 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;

Lopez-Sanchez & Esteban 2010b).

~He | A5876 / Ha mop (red. corrected) 4+ Ha contours
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Stellar feedback in HIl regions within nearby, low-metallicity, dwarf galaxies

8. Summary & conclusions

In this paper, we have presented the results of a stellar feedback
study of HII regions within three nearby, low-metallicity, dwarf
starburst galaxies (J0921, KKH046, and Leo P), which were ob-
served with the IFU spectrograph, MUSE, and collected by the
DWALIN collaboration. We have discussed the methods used to
select and extract the integrated spectra of these HII regions via
the ASTRODENDRO Python package, and the methods used to de-
rive their key ionised gas properties. We have also presented the
use of stochastically sampled stellar population synthesis models
using the SLUG package to investigate the properties of the ionis-
ing stellar populations within these HII regions. Finally, we have
quantified two pre-SN stellar feedback mechanisms and quan-
tified them as a function of the selected environmental prop-
erties. This has allowed us to investigate the evolution of stel-
lar feedback within low-mass, low-metallicity HII regions, and
make comparisons to observations of more massive, metal-rich
star-forming galaxies from the recently published results of the
PHANGS-MUSE survey (Barnes et al. 2021).
The key ﬁndm ] aDEL.are summansed as follows:

 sbetween the differ-
sy O™ xygen abundance using
strong-line ratios. To increase our confidence in the OXy-
gen abundance values we have reported, and therefore in our
interpretations of the results, deeper spectra of these galax-
ies covering temperature-sensitive auroral lines for the direct
method would be necessary.
2. We estimate that the HII regions within our sample are low-
mass (M, < 6 x 10*M,) and evolved (T = 4.5 Myr) regions
and we therefore belleve that thelr bolometric luminosities
are underes iDaled-irmestons PRAMASSUNICS 2 fully sam-

5. We see that stochastic sampling effects can 51gn1ﬁcantly af-
fect the trends observed between feedback-related pressure
terms and properties of the HII regions. This stresses the im-
L " portance of stochastic sampling in the low-mass regime.
“~Bus 'mulated SLUG libraries for Leo P are con51s s

a previousiyFrepm late. - T TCC
gion, which we ﬁnd to be of mass 23+4Mo and age 82 Myr.
This illustrates the success of SLUG at identifying massive
stars from observations that may not have the necessary spa-
tial resolution for traditional techniques.

BlueMUSE Workshop - online — 24 Apr 2024

5. For all HII regions in our sample, the pressure of the ionised
gas is greater than the direct radiation pressure. This supports
the findings of feedback studies of other giant HII regions,
such as in Olivier et al. (2021) and Barnes et al. (2021). This
suggests that phot01omsat10n is more dominant than the di-
rect radiation pressure.suithin-these.svolved HII reglons

6. The e feEdback mechanisms that we have Qth atified are

Hown, overall, to decrease with region size, supportm N

N

’ erature ﬁndmgs that these feedback mechanisms have less of ™

an importance in giant, evolved HII regions when compared
to ultra-compact HII regions.
7. We find that the direct radiation pressure within HII regions

~Increases with metallicity In some cases, this may follow__
“&{rom more rapld expansmn m metal poor and hence ho

I'C ‘:”"‘jd :.‘?f,"-‘ _ ) | ‘ ' e

78, Deeper spectra covermg theaurora] lmes necessary for deter- ‘
mlmng the electron temperature and the oxygen abundance

g the direct method are requ1red to fully mvesugate re
tionshp§bees: sainns BRI ADC IQNISCA.EA yeefiar prop-
erties of HII regions.

In conclusion, we find that an investigation of stellar feed-
back in the extreme environments of low-metallicity, dwarf star-
burst galaxies, along with comparisons to more massive sys-
tems, can provide a wide range of physical properties to probe
the environmental dependence of stellar feedback mechanisms.
Follow-up investigations, such as deeper spectroscopic observa-
tions, IR and X-ray data, and investigations into the full sample
of star-forming galaxies provided by DWALIN and other up-
coming surveys, will provide further observational constraints
on these mechanisms of stellar feedback and how they affect the

“n, €volution of galaxies.

2 Rowland et al. (2024, arXiv 2402.12497)
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Fig. 1: Three-colour composite images of the three dwarf galaxies (left: J0921, centre: KKH046, right: Leo P) collapsed across
three arbitrary wavelength ranges and coloured blue (4650-5800 A), green (5&(0-7000 A) and red (7000-820 A).
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Fig. 2: Same as Figurc 1, except here red corresponds to [SITA6716, green to Ha and blue to [OIII|A5007 emission.
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Evolution of the N/O ratio with the O/H in star-forming galaxies

This work : : Constant for 12+log O/H < 7.6 : Primary production
ITO4 5 * zotov & Thuan (1999) However see Henry et al. 2000,

IT99 Pilyugin et al. 2003, Molla et al. 2006, Berg et al. 2012

|zotov06 - - Dispersion for 7.6 < 12+log O/H < 8.3 :
vZ98 ' . Delay in N production & loss via galactic winds
PTV03 ; T e ’ (e.g. Kobulnicky & Skillman 1999)

; NGC 5253 A g . |

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

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

vr_‘v ~r+

NGC 5253 B i
- ™ : -

-+

log (N/O)

very low metallicity 5 low - intermediate metallicity high metallicit
. 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0
12+log(O/H)

Lopez-Sanchez & Esteban, 2010b, A&A, 517, 85

Kobulnicky et al. 1997; 1zotov et al 2006; Pérez-Montero & Contini 2009

BlueMUSE Workshop - online — 24 Apr 2024 Angel R. Lopez-Sdnchez @El_Lobo_Rayado H m%%%me



What about chemical abundances that are not O or N?

Galaxy T.° 12+log(O/H) log -(();—: log(N/O) log(S/O) log(Ne/O) log(Ar/O) log(Fe/O)
“HCG 31 AC D 822+0.05 5T +£0.12 —-1.12+£0.08 —0.03+£0.12 —2.12 £ 0.21

HCG31 B D 8.14+0.08 063+009 -139+0.10 -167+0.14 -042+0.13 -1.87 £0.32

HCG31 E D 8.13+0.09 1.00 £0.11 -1.26+0.12 -158+0.15 -042+0.14 -1.77 £0.32

HCG 31 Fl D 8.07+0.06 3.72+ 032 -127+0.11 -1.69+0.15 -0.80+0.17 -1.9:

HCG 31 F2 D 8.03+0.10 2.19 £ 0.21 -143+0.16 -1.67+0.18 -0.76+0.20

HCG31G D 8.15+0.07 1.15+0.11 -131+£0.10 -167+0.22 -056+0.14 -2.0:

Mkn 1087 EC 8.57+0.10 055+0.18 -081+0.12 -1.78+0.16 -045+0.17

Mkn 1087 N EC 8.23+0.10 099+025 -146+0.15 -0.52 +0.19

Haro 15 C EC 8.37+0.10 -023+0.16 -=1.03+0.15 -=1.71+0.18 -0.65+0.18 —d

Haro 15 A D 8.10+0.06 066 +0.10 -135+0.11 -189+0.15 -068+0.12 -1.6:

Mkn 1199 D 875+0.12 -036+0.16 -062+0.10 -154+0.14 -0.58+0.17 —-1.86 +0.26

Mkn 1199 NE EC 8.46+0.13 —0.19+009 -1.20+=0.11 -154+0.17 -065=+0.18

Mkn 5 D 8.07+0.04 025+008 -138+007 -162+0.11 -080+0.13 -231+0.12 -196=+0.18

IRAS 08208+2816 D 8.33+0.08 043+0.12 -089+0.11 -164+0.16 -067+0.13 -251+0.15 -195+0.17

IRAS 08339+6517 EC 8.45+0.10 053+0.16 -094+0.14 -0.45+0.18

IRAS 08339+6517¢ EC 8.38+0.10 0.81 +£0.21 -1.13+0.17 ~0.55:

POX 4 D 8.03+0.04 074 +006 -154+006 -180+0.10 -0.78+0.10 -2.17 £0.11

POX 4¢ EC 8.03+0.14 -030+0.22 -1.60+0.20 -0.60:

UM 420 D 795+0.05 000+008 -1.11+£007 -166+0.13 -0.71+0.13 -2.16 +0.13

SBS 0926+606 A D 794 +0.08 042+0.12 -145+009 -1.60+0.13 -234+0.13 -199+0.16

SBS 0926+606 B EC 8.15+0.16 021 +£0.14 -1.35+0.12

SBS 0948+532 D 8.03+0.05 061 +008 -142+008 -1.69+0.14 -0.73+0.12 -1.78 £ 0.10

SBS 10544365 D 8.00+0.07 0.70 £ 0.11 -141+008 -1.79+0.15 -067+0.11 -229+0.14

SBS 1054+365 b EC 8.13+0.16 -035+020 -1.47+0.20

SBS 1211+540 D 7.65+0.04 069+007 -162+0.10 -147+0.14 -0.75%=0.10

SBS 1319+579 A D 8.05+0.06 0.77+0.12 -153+0.10 -1.76 £0.10 -241+0.11

SBS 1319+579 B D 8.12+0.10 0.16+0.19 -149+0.12 -1.76+0.14

SBS 1319+579 C D 8.15+0.07 0.18+0.13 -138+0.10 -1.60+0.11 -2.3:

SBS 1415+437 C D 7.58+0.05 035+008 -1.57+008 -1.62+0.12 -231+0.13 -191+0.13

SBS 14154437 A D 7.61+0.06 042+0.14 -157+009 -1.72+0.14 -1.9:

I Zw 107 A D 823+0.09 0.12+0.14 -1.16x0.10 -182+0.15 -0.73+0.15 -246+0.13 -2.3:

Tol 9 D 857+0.10 0.16+0.17 -081x0.11 -162+0.12 -072+0.14 -255+0.15 =2.1:

Tol 1457-262 A D 8.05+0.07 0.27 £0.11 -1.57+0.11 -188+0.13 -088+0.18 -250+0.13 -2.2:

Tol 1457-262 B D 7.88+0.07 043 +0.11 -161+0.12 -1.72+0.18 -088+020 -244+0.18 -190+0.22

Tol 1457-262 C D 8.06+0.11 0.14+0.16 -1.59+0.16 -084+0.22 -245+0.20

ESO 566-8 D 846+0.11 -0.19+0.17 -0.76 £0.12 -056+0.19 -2.17+0.19 -2.5:

ESO 566-7 EC 8.50+0.16 -0.57+0.22 -0.82+0.16 -2.49 +0.25

NGC 5253 A D 8.18+0.04 288 +0.18 =091 +007 -=158+008 =071+008 =2.19+0.07 -=2.10+0.12

NGC 5253 B D 8.19+0.04 309+0.14 -1.02+007 -160x008 -0.70+0.08 -221+0.07 -=-2.18%+0.11

NGC 5253 C D 828+0.04 195+0.13 —-150+008 -169+009 -0.74+0.08 -230+0.08 -246+0.14

NGC5253 D D 8.31+0.07 056 +0.14 -149+0.10 -1.74+0.13 -070+0.15 -230+0.13 -225+0.16
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Evolution of the N/O ratio with the O/H in star-forming galaxies

® This work Constant for 12+log O/H < 7.6 : Primary production

+  |TO4 | R zotov & Thuan (1999) However see Henry et al. 2000,
* |T99 Pilyugin et al. 2003, Molla et al. 2006, Berg et al. 2012

« |zotov06 } : , o I Dispersion for 7.6 < 12+log O/H < 8.3 :
s vZ98 5 Be-5 Delay in N production & loss via galactic winds
+  PTVO03 S | (e.g. Kobulnicky & Skillman 1999)

. NGC 5253 A gy P 4

| R . Increases for 12+log O/H > 8.3:

B ,‘*?.3: i i "m 5 Metallicity-dependence of N in both massive and
"~ @4 . o . . infermediate-mass stars
VL ; W Secondary production (e.g. Pilyugin et al. 2003)

log (N/O)

very low metallicity - low - intermediate metallicity high metallicit

: Some objects with
7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 very high N/O ratio.

12+log(O/H) Chemical pollution
by winds of WR starse

L, - - h &E T b IQO]Ob/ A&A/ 5]71 85 . . . . .

opezanchez & Esteban Important to consider Star Formation Histories, in

Kobulnicky et al. 1997; Izotov et al 2006; Pérez-Montero & Contini 2009 agreement with predictions by theoretical models
(e.g., Molld et al. 2006)
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NGC 4861 with PMAS: SFH + SFR, WR

2 Roche et al. (2023)

ABSTRACT

Using the PMAS Integral Field Unit on the Calar Alto 3.5 m telescope, we observed the southern component (Markarian 59)
of the ‘cometary’ starburst galaxy NGC 4861. Mrk 59 is centred on a giant nebula and concentration of stars 1 kpc in diameter.
Strong H o emission points to a star-formation rate (SFR) at least 0.47 Mg yr~!. Mrk 59 has a very high [O 1] 45007 /H 8 ratio,
reaching 7.35 in the central nebula, with a second peak dl a star-forming hotspot further north. Fast outflows are not detected but

nebular motion and galaxy rotation produce relative yg
X \F_ADO #nds that the stars in the central and spur’ nebulae are very young,

Analysis using Differential evolution Optimizatio
< 125 Myr with a large < 10 Myr contribution. Ol

reglons show mixtures of 1 Gyr age with very young stars. Thlb and the high specific SFR ~ ’% 5 Gyr™! s al star,
formation history, with Mrk 59 formed in ongoing 5larburbls fuelled by a huge gas mflow, turning the galaxy into an abyelnc

g,reen pea’ or blue c.ompact dwal .
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ESO 338-1G04 with MUSE: WR & SF feedback, chemical pollution, escaping of LyC photons

7. Summary and conclusions

We presented deep VLT/MUSE optical integral field observa-
tions of the blue compact galaxy ESO 338-1G04. Based on anal-

ysis of the emission line spectra as well as HST observations of

the cluster population we derived the following results:

1. ESO 338 1s surrounded by an extended 1onized halo, which
we can trace to 9kpc distance from the centre. We derived
a total mass of the ionized gas of 3.0x 107 M, by extrap-
olating the measured radial density profile as far out as the
measured Ha SB profile.

2. We identified four clusters showing the)
bump in their spectra. Re-fitting the observed S’
clusters obtained from HST imaging data reveal that these

Clusiers have masses dvove M Mg and ages between 3 and bubble with hot gas of which the nitrogen enm,hed gas 1™,

Ly ﬁowmg out in a different direction than the bulk of the gas ines

6 Myr, consistent with the observed WR features.

3. The ionization maps reveal the ionization channels detected
earlier, but extending out even further to the north and the
south to the edges of the observed halo. Additionally we
found an increase with 1onization when going to larger radn,
suggesting that the halo of ESO 338 is density bounded.
Diffuse Hen is found in the hlghly 1onized central regions
ofthe ala !l»_‘!<u hoion _._an_ RandO%tar%

a4 The “kinematical information derived from the “‘ “tine,
g teveals a complex veloc1ty structure of the ha]o Similagte

previous Stidies=hes reotttBe T dentified in
ESO 338. Instead the galaxy 18 4 hlghly dispersion dominated
galaxy with a vgeqor/0g = 0.5, similar to what is seen in high
redshift star forming galaxies.

5. A spatially resolved analysis of the BPT diagram revealed
that the gas in the central starburst as well as the inner ~kpc
of the outflows are dominated by photoionization. Towards
one of the WR clusters we observed a very high [O m]/HB
ratio, indicative of the WR stars ionizing the surrounding gas
to extreme levels. Outside the central regions, shocks start to
become important. We found a ring of shocked gas around
the central starburst. We interpreted this as an expanding
super bubble filled with hot gas created by the stellar wind
and supernova feedback, _ .oemsmemmrsmmmssmems o

6. We tound areas in the ‘\_“ | with nitrog is

BlueMUSE Workshop - online — 24 Apr 2024

\ue,and/orred_W >

2 Bik et al. (2018)

with strong enrichment have an elongated spatial extend and
show a velocity pattern different from that of the bulk of the
gas detected in Hn: Toward‘; the base o’r the features two stel-
lar clusters are identified.with.ages slight] older than that

. The Ha kmemancs “Tevea s"comp-eﬂoutﬂows wards the

north and the south of the galaxy. Both outffows show a com-
plex spatial as well as spectral structure, suggesting tha, 1-

the end of the galactic outflows. Thls can be mterp BEd as
hot outflowing gas colliding with the more quiescent warm
ISM or by high density gas becoming kinematically unsta-
ble when entering low denslty gas The lurbulenee created by
these mstablh Jvonldshen-bessspansible for the observed
shoekes

3" The ISM and halo of ESO338 is highly modified by

stellar feedback of the massive star clusters in ESQO 338. All

h W ‘e;dback mechanisms act and become import&nt n differ ) fyus* "

aTeas lifferent timescales. The mechapical-feetback
of the stars and SUPEINOvVac 18 responsible for the shocks and
outflows, modifying the spatial distribution of the ionized
gas. Photoionization by the WR and O stars sets the 1onzi-
ation structure of the halo and results in a density bounded
halo fagilitatingethen gafday nh ms Finally the ISM
el 'emn,ally ennched by the WR

Ha (MUSE)
[0 1] 3726129

Complex velocity structures

— —— G—

20

=10

-20

-30
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Haro 11 with MUSE: Te & abundance discrepancies, complex kinematics, feedback...

We use high quality VLT/MUSE data to study the kinematics and the ionized gas properties of Haro 11, a well-known starburst

merger system and the closest confirmed Lyman continuum leaking galaxy. We present results from integrated line maps, and LyC |eCI k|ng g(]l(] XY (Berg Ve ” e-|- Ql 2006 Le|-|-e-|- e1— Cll 20 117 )
from maps in three velocity bins comprising the blueshifted, systemic, and redshifted emission. The kinematic analysis reveals ) ! )
wWmplex vclocmcq rcqultmg from the mtcrplay of viri aI motlom and momcntum ced HaCEeStar formation happens intensively in @ Me NAC h O e-l- Ol ( 20 ‘I 9 202 ‘| )
s . 4

three c.ompau Ols (KNOTS A B Al pU O ST T OIS The energy ‘released in supernovae. The halo is characterized
dleeirdeg : ) ‘wnh large Lemperalure variations, Lomudent with fast shock regions. Moreover, we find
wy when using different temperature-sensitive ling relative impact of the knots in

thc mctal cnnchmcnt dlffcrs Wlu kot B 15 strongly cnnchmg 1ts closcst surroundmg knot C 15 llkcly the mam 1str1 OUToL, s -33°32'45.0
metals in the halo. In knot A, part of the melal ehriCH e A e T T e e S P IO BT B T ards (he south. {s.4

We compare the metallicities from two methods and find large discrepancies in knot C, a shocked area, and the highly 1onized Extraction apertures

zones, that we parﬂally attribute to the effect of shocks. This work shows that tradmonal relations developed from averaged 48 from the knots
: 33'00.0"
snsthedetailtoprobe-therdiverse-ssnditions-aidibegas.in £ trmeenvuonments We need robust
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Figure 9. Oxygen metallicities derived from the direct method. The top panel shows the integrated metallicities while the three smaller panels in the second 35.00s 34.00s 23.00s 52.00s 51.00s  0h36m50.00s

row display the metallicities of the blueshifted (-), central (c), and redshifted (+) gas. RA (/2000)
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7102+Iog(l\7l/2H)
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. g

Tidal tail

. )
Filamentary Structure

5 Kpc

. Figure 10. Nitrogen metallicities derived from the direct method. The top panel shows the integrated metallicities while the three smaller panels in the second
row display the metallicities of the blueshifted (-), central (¢), and redshifted (+) gas. For the three knots we show insets of the He 1114686 spectral line, which
is an indicator of the strong WR winds.
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Mrk 1486: asymmetric metal-rich ouiflows & metal-poor inflows

% DUVET SUrvey, Cameron et al. 2021 using Keck/Keck We present electron temperature (Te) maps for the cdgc on system Mrk 1486, affording “direct-method” gas-phase
Cosmic Web Imager (KCWI) observations along both the metallicity measurements acoss. d-8Lb-ekpelalong the-minaraxisand.9;2 (6.9 kpe) along the major axis. These

. . maps, enabled by&&irong detectlons of the [O III] A4363 auroral em1ss1 n_lings&cross a large spatial extent of
major and MmIiNnor axes. Mrk 1486, reveal a clear negative minor-axis 1. gradient i which temperature decreases with increasing distance

from the dlSk plane We ﬁnd that the lowest metalhclty spaxels lle near the extremes of the major axis, while the

y . . 111 ghest metallicity spaxelslic.ablarge.spatial.g nedhsainoeraxs, 1 15 consistent with a picture in which
Metal-enriched outflows and metal-poor inflows are frequently eTasemetallicite inflowes dilute, the metall maj of the diskwhile star formation drives

invoked as important mechanisms for explaining a number of galaxy <iietal-enriched outllows ong e MinoT AXISWE Tmd it the outfiow metallicity in Mrk 1486 is 0.20 dex (1.6

: . . : : times) higher than e average msterstellar medium (ISM) metallicity, and more than 0.80 dex (6.3 times) higher
observables including scaling relations. The difference between our than metal-poor 1nﬂowmg gas, which we observe to be below 5% Z.. This is the ﬁrst example of metallicity

Zoutflow/Zism and those derived by C hisholm et al. ( 2018 ) are a factor 2-3, medl:u(riellnents ’r[‘nhdde simultaneously for mgomng, outﬂowl_:ng, dl'l(:] inner_disk 7as using conmstegt T, -bdbdeld
. . . : methodology ese measurements provide unique insight into ho WD aryon-cyc c‘roccsscs contribute to the

adding n‘; osymmefry are both reasons emphasizing The.d/re need for _ assembly of a galaxy like Mrk 1486, ~

observations like those reporfed here to understand basic observables

' T 008
L.5F J d
(b) INNER DISK (d) EXTENDED
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' Figure 4. Left: map of inferred metallicities (see Section 4.2). The highest metallicity regions are offset from the disk along the minor axis. The lowest metallicity

points are gencrally at large scparations along the major axis. Right: schematic diagram depicting qualitative metallicity differences from different gas flow

0.00 - | !\ components. The black footprint shows the extent of the metallicity map from KCWT abservations. Our high-metallicity points along the minor axis can be explained

’ 0,00 - by the presence of outflow cones driving out metal-enriched gas. The asymmetry observed zlong the minor axis may indicate that these outflows are inhomogeneous.

. . . . Our lowest metallicity points at the extremes of the major axis extend bevond the 90% i-band flux radius of Mrk 1486 and conseguently may see @ much larger

4340 4360 4330 4340 4360 4330 dilution effect from the inflow of metal-poor gas. Given we measure metallicity as low as 12 4 log(O/H) == 7.3 (upper limil; refer o Section 4.2) at these extremes,
we mfer that the source of the inflowing gas may be extremely metal poor.

1 |arcsec

Rest-frame wavelengzh [A
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NGC 1569: direct metallicity measurement of ouiflow (all ~ same O/H)

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

ABSTRACT
We present the results of direct-method metallicity measurements in the disk and outflow of the low-metallicity starburst galaxy
NGC 1569. We use Keck Cosmic Web Imager observatlons to map the galaxy across 54" (800 pc) along the major axis and 48"
(700 pc) along the minor axis with a spatial resolution of 1” (~15 pc). We detect common strong emission lines (|O 1] 25007,
HB, [0 11] A13727) and the faintef£O 1 lineswhich allows us to measure electron temperature (7, ) and metallicity.
Theory suggests that outflows drlve mtas out of e dlsk drwm y observed trends between stellar mass and gas-phase metallicity.
Our main result is thatffi€ n ne dl 1(:1ty m the outﬂow 1S 51m11ar to that of the dlSk Zom /ZI M. ~_LoWhis 1s consistent with previous
absorption line studies in hlgher mass galaxies. AsSUMption Of a mass-loading factor of Mout /SFR ~ 3 makes the metal-loading
of NGC 1569 consistent with expectations derived from the mass-metallicity relationship. Our high spatial resolution metallicity
maps reveal a region around a supermassive star cluster (SSC-B) with distinctly higher metallicity and higher electron density,
compared to the_ iventhe known properties of SSC B the higher metallicity and density of this region are likely the result
offiSfar fo rmdtlon drlven feedba k actm on the loca cales Overd]l our results are consntent 1th /-’ .,_- ture 1 which metdl—
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Figure 2. Top row: On the left, emission line flux map of HE from KCWI. The x and y-axes show the position to the galaxy center, determ:ned from Spitze/IRAC
3.6um band observations. We mark the center with a black - symbol. We masked out a 4”” X 4’ region around a foreground star at (U, 700 pc¢). On the right,
the emission line lux map of the [O ] 24363 line. The spaxel size is 0.87” x 0.87”7(13 x 13 pc). SSC B is located near the emission line cavity at (0,200 pc)
in the images. Bottom row: three examples of the [O 111 ] 24363 emission line. Panel (a) shows a spaxel where we observe no [Fe 1] 44360 cortamination, panel
(b) shows a spaxel with small [Fe ] contamination and panel (c) shows a spaxel with large (ke 1] contamination. The position in the map for 2ach example 1s
indicated in the top right of each panel. In black we show the data and in red the fit using a ABIC of 20.
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Shaken, but not expelled: Gentle baryonic feedback from nearby starburst dwarf galaxies

? Marasco et al. 2023 winds associated w1th mass-loading factors of B ~ 1-50. We test thlS prediction using a sample ofed9 ni by sy
masses of 107 < M, /M@ 1010 mostly lymg above the main sequence of star—fomung g1_ ‘We us __

B = mass-loading factor

percent of the observed ﬂuxeq ‘ac.q'tﬂow rates and loadmg factors are strongly dependent on M, , the qtar formation rate (S 'R),
SFR surface density, and spemﬁc SFR (sSFR). For M, of 10° M, we find 8 ~ 0.02, which is more than _two orders of magnitude
sma]]er than the values predicted by theoretical models of galaxy evolution. In our galaxy samplefg ‘.omc feedback Stimulates a
< fen e gas cycle rather than causmg a large-scale b ow- Ol ' |
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Targeting dwarf gas-rich nearby galaxies with KOALA

Hi KOALA IFS Dwarf galaxies Survey

Hi-KIDS

PI: Angel Ldpez-Sdnchez

https://hikids.datacentral.org.au

® 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 Hl interferometric radio data.

We are using KOALA+AAOmega at the 3.9m AAT
to assemble deep, good-quality IFS data:

v 7 x 30 min exposures / pointing
v 3650 - 9100 AA range:
v [O 1] 3727 -> [S 1l1] 9065.

Sample selection:

v Local Volume HI Survey, Koribalski et al. (2018).
v Faint Irregular Galaxy GMRT Survey, Begum et al. (2008).
v BCDGs observed at the ATCA, Lopez-Sanchez et al. (2008).
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KOALA IFU at the Anglo-Australian Telescope

Instrument Scientist: Angel R. Ldpez-Sdnchez
2 KOALA (Kilofibre Optical AAT Lenslet Array) is o /2 o
wide-field, high efficiency, integral field unit (IFU)

2 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: Angel R. LOpez-Sdnchez

2 KOALA (Kilofibre Optical AAT Lenslet Array) is

-20" -15" -10" =5 0" 5" 10" 15" 20"
wide-field, high efficiency, integral field unit (IFU) | |
- 50.625" -
. o P N Nl P NP NI NP NP P e N NN N SN N N N N N N S SNl N Sl N N N o e T e ¥ A
? |-I- IS mOun-l-ed O-l- The f/8 Cqssegrqln focus Ond feeds 100 999]398 99]996]\?55 754 753)??%%%&-} T4B | 747 | 745|505 504 (503502501 | 500499498 | 497 | 49 254|251 ili481i4? 246
= . = e -~ - ~. ~ R 3 .
aa'llaa?’[aa'a 994 f}‘ﬂ:‘f“‘.ﬁ 757 7=ssif"=.c- 760 741 743 FA3 744 745 S0 8507 SNA 500 191 @@ 758 |1 A2 | 244|245
. . - - .~ ~. . .~ -~ ~ ..
The AAomegCI SpeCfrongIph via d 3] m flbl’e run. [’3‘?0 ‘3‘8‘;[088 NAT | HRA 7ﬁs;f7ﬁf;[7ﬁfa/ii7/7al 740 | 734 513 519 (490|489 761 |26
”n -~ h > ~- ! ”
10 Y81 | yy2 933\[93;[3',-\[;% G/ /[;E/[»’[;E AI0 431 /32 33 /34 /50 B16 51/ B18 511|520 |81 | 482 | 483 45 zos y 4 10
. Ry - - A P Sy
9 A A O . d bl b _l_ h . _|_h _lgs0)g79)978) 977976 77%?&}?:%7%&30 729728727 %;LJ‘Z @gs 522)521[480)479 ' @@ 273)|272| 271|230 22
mega is d aouble beam specirograpn wi 971072072074 h75 776 777 772772 720 721 REEIREEIRGRL 725 <6577 %2#. (520 (520 471 [172 [473 474 [ 75 [ 7 @@ 221 [292]
. ~. -~ -~ P S - b -
Selec-l-g ble ngeleng-l-h Covergge Gnd resoluhon 909 | 908 [90F | 900 | /80| /84 /8;31@@/20 /1.’18 7171% 234|233 | 032[ 037 |2/0]209] 08| 457 | 400 | 280 | 284 | 283 | 282 | 281 | 220 ] 213
° |~ "~ - - - - y
5 Y61 yu3[yoa] $ou ] rec] 18/ res] huy /80 M1 M2 13 N4 L3033/ L38|L3Y | AU 461|462 | 463 404 280 | 287 zssﬁzsyTzsu 21?T21g;:13 214|215 : 5
M. - - .. - - . -~ . - ™
@@@@I@ 793 79:{7%@7& 708|707 7:}5I5/ s [544]543] 342541450 /5945 295|294 | 29] )| 208 zo?/Lzos 45
. e .
v Same spectrograph used for SAMI 1o ) ) D R R X D DD o orTz0s] 16 Y e
. - 4 -~
) 3509 ERATE EI0 Y Eo0 H(lfﬂﬁﬂw 634 Ti@(»\n& .»'.1 4| dath| a4y @’@ 15304 | 303 3 : 'l;d .
- -~ ~ -, ~
311] 342] 313] 344] 345 [ 806 [ 207 s08 0S 010 691 692 £93 €94 695 556 @ A41]442]443] 444445 [ 321 [ 307 [ 308 ] 57 | 58 | 59 | € ~
e, W™ . . . o - -~ - S
0" 13«1%39]338 037 ] 936|815 814 81:{8\1&]8/11 630 @I 588 | 687 @@] 552|551 440|439[438) 137 [136 3151?14 305 3| 188| 187|186 651\64163162 st 0"
Redcamera A 5 . 161,83 52] 61 s
= = REAENEVANE R NEE] '-’.?:,l!ﬂb H1/ H1a/-§1'i HA0 GET LHEZ w DO A [43T 437|455 1434 |43 318 [ 317|316 4/E85:111>ll>/h>}%h>‘31 0 3
Slit exchange , -~ I N
t Red granpg S0P a2a |6 H')D’\H'}.’. a3 I-‘.'}ZE‘.'}I 6801 t'n" YRRV £ /6 /) REE YA BT YA N S Ve | Fava 4)&)5: 32| 324|577 PIVE(T]1 76 /":J/f'd R
- |- p - ) o N e N p B . Ry
o 321)922|923[ 3924 25 026[027)|020|829 830 671 €72 €73 €74 €75 576 577 576|579 560|421 422\@231424 RYIY 326 | 327 | 328 | ] * :
[~ - PP NP P NP ™ o d ~ -~ -
WO IE I F IV REL [ RBE | BER [ BE2 [ BAT [ 650 |66 [ 668 fi./Mﬂ' L \]\./»&H .»3)\ESW\E){)\E‘"£):E‘E§1:‘I‘L AT6H | 335 | 5331 | 345
_5" " Sl e P o e o —5”
il“l‘l G121 A T | HEAR | B S HEE :!"-!'2- H40 &061 662 BRE LLA BRD BEG BES LEE 'aH'?L:'?I):EH‘I 4‘17 413 41-1Ll1fi?.?.iibf-!.‘ T-!T-!SL
@ 009 | 903 90 fas sam@]:&d\ﬂgs 55 ‘]/4‘10 409|408 40:{]305 345]:344]/342 33
p = > : L
301]902)303[304 [: 047[048) 845 850 551 E52 €53 ltI]ftoz\,]/ttce 404 | 405 | 346 | 347 | 346 | 349 [ 329 151 7 | 98
= - N ™ ~ ™
a00] 200 #08[#a7 @@ as.'a/[a\si[ajﬂ\s\sn/@ A :f/o.i[aoo 298] 397 [ 352]351] 150] 149 104/\@3
-~ ! -
10" BY1 | B2 | BY3 [ ¥uq | Bus [BUG|BL/ | B[ BUY BLL (4] (42 (43 (391 [392 393394 30 T30 [360]141 [142]14; 108 ~10"
.. ~ o . . N
890 88 886 865 | 864 86@@]@]@ 390|389 388 381 :;I3521§51T140T135
= -~ i . N N e
281) 842 sm Rﬁﬁ RF7]8RR| R 870 A1 F3 £33 R R3S 16 17 F18 610670 ) 301302 |383 384 | 285 2691370 (121|122 [132[124]135 }
"~ - - o~ - . .
[saa]s7a]s7a] 77878875 874 273 [a72 271 [630 n?tm\ﬁm;m;n\[n? 524 [£23 | ¢ amil/am 379|378 377 37¢ 31372[371]120[129]128[ 127 126 124|123 122121
B, e e N e e e e ﬂ.. B T ST e S e S St S . S . S i Y _l-' e s s » TP S SR i - - St I TP, P e, e, B i, i, e, ot B i, P i, P e, ' N
-20" -15" -10" -5 0" 5" 10” 15" 20" E _T
at PA of 0°

2 It has 1000 hexagonal lenslets
2 The field of view is selectable:

v 15.3" x 28.3"7, with 0.7" spatial sampling
e Caner v27.4" x 50.6", with 1.25” spatial sampling

Collimator
mirror

Origin, growth and feedback of black holes in dwarf galaxies - San Sebastian + online - 12 Sep 2022 Angel R. Lopez-Sdnchez @El_Lobo_Rayado m " ety

FUL S TERITTRR FAYR



KOALA IFU at the Anglo-Australian Telescope

Instrument Scientist: Angel R. LOpez-Sdnchez
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Hi-KIDS: Observations at the 3.9m Anglo-Australia Telescope

N Galaxy Coordinates Type mB Size Vrad DATE Gratings PA EXPTIME POS RUN OFFSETS
1 NGC1522 04 06 07.9-52 40 06 BCDG  13.93 1.2x0.8 898 2016 01 16 580V + 1000R -45 1200 A 47 00
580V + 1000R B 49 0.812N 0.851W
C S0 1.646S 1.406W
A 51 0.834N 2.357E
2 Tol 9 10 34 38.7 -28 35 00 BCDG 14.4 0.7x0.4 3190 20160116 580V + 1000R 45?7 1200 A o4 00
B 55 0.812N 0.951 W
C 56 1.646S 1.406W
2018 0222 S80V + 1000R 135 1800 39-44 CHECK
2018 02 24 580V + 1000R 135 1800 3941
20180309 580V + 385R 135 1200 a 61 00
b 62 0.88N 0.88E
d 63 1.53N 1.53W
3 POX 4 11 51 11.6 -20 36 02 BCDG 16.2 021 x0.18 3588 20160116 580V + 1000R 120 1800 A 58 00
B 59 1.189N 0.386E
D 60 0.668N 2.059W
2018 0310 580V + 385R 120 1200 a 91 00
b 92 1.08N 0.62E
d a3 1.08N 1.88W
4 Mkn 750 11 5002.7 +1501 23 BCDG 153 0.55x0.36 749 2016 0116 580V + 1000R 135 1800 A 61 00
B 62 1.066N 0.653E
C 63 1.131N 1.846W
5 Tol 1924-416 19 27 58.2-41 34 32 BCDG 13.3 0.8x04 2834 20160629 580V + 385R 0 1800 a 58 00
b 59 1.25W
d 60 2.165S
20171013 580V + 385R 0 1200 A 32 00
B 33 1.2N 0.8E
C 34 0.4S 1.5W
580V + 1000R 0 1200 C 36 00
B 37 0.4N 1.5W
A 38 1.25 0.8W
6 IC 4870 1937 37.6-6548 43 BCDG 13.9 1.6x0.9 875 20161022 580V + 1000R 40 1800 a 37 00
b 38 0.735N 1.091W
d 39 1.7525 1.273W
201804 27 580V + 385R 90 1800 C 38 00
a 39 0.62S 1.08E
201807 06 580V + 385R 40 1800 s 21 00
b 22 0.735N 1.091W
d 23 1.752S 1.273W
7 ESO 1939-G007 02 58 04.2 -49 22 59 dsS 16.4 1.0x0.4 631 20171013 580V + 1000R 90 1500 A 50 00

BlueMUSE Workshop - online — 24 Apr 2024

2 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,
buf we are almost there...)

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

— Observations conducted in
P101 and P102.

2 The data and derived products
will be publicly available in
AAO Data Ceniral

Angel R. Lépez-Sdnchez @El_Lobo Rayado " mg?stljéme



Hi-KIDS: Preliminary results in BCDGs: POX 4

POX 4 - Continuum-substracted H-alpha emission . POX 4 - H-alpha velocity field POX 4 - [Q III] / H-beta map N
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Hi-KIDS: Preliminary results in BCDGs: POX 4

Unveliling the nature of starburst dwarf galaxies in HI-KIDS

Adithya Gudalur Balasubramaniam, Dr. Angel Lopez-Sanchez H MACQUARIE
Macquarie University kA

SYDNEY-AUSTRA

POX 4 is a Blue Compact Dwarf Galaxy observed by HI-KIDS (HI - KOALA IFS Dwarf galaxy Survey) that host a young starburst region
in its centre. We propose that the triggering mechanism of the starburst could be the interaction with the companion object (tail).

Starburst regions are The relative velocity
seen by the bright POX 4 Integrated Ha map POX 4 Ha velocity map distribution of the gas

spots in the Ha IS very unexpected
due to its sinusoidal

shape across POX 4.

integrated map.

The integrated maps
were plotted using
Hi-KIDS data obtained The presence of the
turbulence in the
companion object
provides some
evidence about a
potential galaxy

interaction.

with the KOALA TN
integral field unit

and the AAOmega -
spectrograph at the

Anglo-Australian
Telescope.
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Starburst regions
help us understand
how rapid star

These interactions
could be the reason

formation can affect why POX 4 shows

dwarf galaxies. This 0 10 ~10 0 10 strong starbursts, that
can be used to model & A farcsec] SRS has also impacted on

the impact on much : ' : . the kinematics of the
T The KOALA+AAOmega data were processed with the new PYKOALA code (Lopez-Sanchez et al. in prep) gas in the galaxy.
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Hi-KIDS as a science case for BlueMUSE

le—16 Spaxel (42,44) in NGC 1522 - COMBINED CUBE
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2 Resolving HIl 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). 5000 -
- Studying Wolf-Rayet populations (ionizing sources). p—

— Resolved stellar populations (HI and He albsorption lines).
3000 -

— HIl regions & DIG properties (temperature, densities, ionisation =

metallicities)using crifical [O 1] A3727 & [O 1ll] A4363 (Te-method) 290

—> Trace gas inflows and outflows !!

—> Time scales for gas inflows and gas mixing.

—> Exploring the absolute O/H scale (+ N, Ne, S, Ar ...} O
- Understanding BCDGs: feeding, processing, feedback.

1000 -

— The power of having HI gas (e.g. WALLABY) + radio continuum (e.g. EMU)

BlueMUSE Workshop - online — 24 Apr 2024

Spectral Resolution
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[ ideally, also + CO (ALMA) ].
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