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Outline
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Ramachandran et al. 2019,  A&A 625, A104
Testing massive star evolution, star formation history, and feedback at low metallicity
Spectroscopic analysis of OB stars in the SMC Wing mentioned by Andreas Sander

SGS -1
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Part 1:

Methodology – an example case
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Escape of Lyman radiation, Kolymbari 2016



credit: ESO
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MUSE/VLT                     ACS/HST

Roth et al. 2018
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a b c d12 e1 i j

Seeing 0.7“ 1.2“ 1.0“ 0.8“ 0.75“ 0.6“ 0.85“

PN 5 7 6 4 9 3 2 36

PN candidates 4 0 0 1 4 0 0  9

HII regions 10 11 5 13 4 13 5 61

cHII regions 1) 8 4 5 19 5 2 8 51

SNR 14 5 3 5 3 6 2 38

emStars 2) 18 4 4 15 30 40 7 118

bgr. Galaxies 3) 4 3 1 6 2 8 4 28

Stars 4) 445: 77: 152: 265: 299: 517 91: 1846

Summary (from 9 hrs exposure time)

1) compact HII regions
2) emission line stars
3) background galaxies
4) stars with spectral type

Roth et al. 2018
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NGC 300 GTO Project

Roth / ESO Lunch Talk / 15-03-2022

Roth M.M., Sandin, C., Kamann, S., Husser, T.-O., Weilbacher, P.M., Monreal-Ibero, A., Bacon, R., et al. (2018) 
A&A, 618, MUSE crowded field 3D spectroscopy in NGC 300. 
I. First results from central fields

González-Torà, G., Urbaneja, M.A., Przybilla, N., Dreizler, S., Roth, M.M., Kamann, S., Castro N. (2022) 
A&A, 658, A117, MUSE crowded field 3D spectroscopy in NGC 300. 
II. Quantitative spectroscopy of BA-type supergiants

Micheva, G., Roth, M.M., Weilbacher, P.M., Morisset, C., Castro, N., Monreal Ibero, A., Adhyaqsa Soemitro, A. (2022)
A&A, 668, A74, MUSE crowded field 3D spectroscopy in NGC 300
III. Characterizing extremely faint HII regions and diffuse ionized gas

Adhyaqsa Soemitro, A., Roth, M.M., Weilbacher, P.M., Ciardullo, R., Jacoby, G.H. (2023)
A&A, 671, A142, MUSE crowded field 3D spectroscopy in NGC 300
IV. Planetary Nebula Luminosity Function
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Micheva et al. 2028
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H II DIGHDendrograms

ASTRODENDRO package
Robitaille+2019

Discretization of emission line objects
Micheva et al. 2028
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Map of BPT diagram classification total score:                            
390  H II                  82  SNR
696  DIG                 27  PN 

Micheva et al. 2028
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Histograms of H II and DIG regions

[10-20 erg cm-2 s-1 arcsec-2]

Micheva et al. 2028
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Radial velocities (stars)
Micheva et al. 2028
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Radial velocities (DIG)
Micheva et al. 2028
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Velocity dispersion (stars)
Micheva et al. 2028
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Velocity dispersion (DIG)
Micheva et al. 2028
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Nebular extinction 
Micheva et al. 2028
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Oxygen abundance 
Micheva et al. 2028
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Radial abundance  gradient
Micheva et al. 2028
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Conclusions

1. The distribution of [S II]λ6731/16 ratios for the H II and DIG regions peak at the extreme low-density limit. 

2. Most of the DIG is consistent with no extinction, E(B−V) = 0. 

3. The metallicity of the DIG, 8.48 on average, is consistent with that of the H II regions, 8.53 on average, at any galactocentric distance.

4. The H II and DIG regions move together with similar velocities.

5. The average velocity dispersion is 21 km/s for H II gas and 25 km/s  for DIG. Thermal velocity dispersion suggests DIG 1.8kK hotter than H II regions.

6. The DIG has an increased velocity dispersion in the central galactic region, consistent with models of a dominant ( 60%) shock ionization.∼

7. The DIG fraction per field varies between 42–77% of Hα. The inter-arm region field J shows a much lower DIG fraction of 15%. 

8. The DIG has a lower ionization state than H II gas, as traced by the high-to-low ionization line ratio S III]λ9068/[S II]λ6716 + 31.

9. Signs of a contribution to DIG ionization by hot low-mass evolved stars are detected:
          (i) flat trend of the DIG [S III]λ9068/[S II]λ6716 + 31 ratio with Hα surface brightness, in contrast to a positive correlation for H II regions,
          (ii) low ionization line ratios show systematic enhancement toward small galactocentric distances, in contrast to a flat trend for H II regions.

10. Unsupervised machine-learning algorithms are unable to distinguish between DIG and H II regions, implying that both the DIG and the
       H II regions are so heterogeneous that the differences within hem are larger than between them.

11. The differences between extremely faint H II and DIG regions follow the same trends as their brighter counterparts.

Micheva et al. 2028

   qH ???
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Joshua Jost

Norberto Castro

• 9 pointings, 0.6“ seeing

FASTWIND grid
PHOENIX grid
MIUSCAT library

Tools:
Ulyss
spexxy



MUSE Survey
NGC 300
PI: A. McLeod



IC 1613
Taibi et al. (in prep)



IC 1613
Taibi et al. (in prep)
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30 Dor   -  R136
Castro et al. (in prep)
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Mapping the Youngest and most Massive Stars
in the Tarantula Nebula with MUSE-NFM
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Part 2:

Blue MUSE
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3rd generation VLT instrument
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VLT Observatory Publication Statistics

169 papers
in 2022
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SBS0335-052
observed with PMAS

invisible to MUSE



Norberto Castro (AIP, Potsdam)
Paul Crowther (Univ. Sheffield)
Alex de Koter (Univ. Amsterdam)
Chris Evans (UKATC Edingburgh)
Miriam Garcia (CSIC-INTA, Madrid)
Artemio Herrero (IAC Tenerife)
Lex Kaper (Univ. Amsterdam)
Rolf-Peter Kudritzki (LMU Munich)
Norbert Langer (Univ. Bonn)
Danny Lennon (IAC, Tenerife)
Fabrice Martins (Univ. Montpellier)
Paco Najarro (CSIC-INTA, Madrid)
Andreas Sander (Univ. Potsdam)
Frank Tramper (NOA, Athens)
Jorick Vink (Armagh Univ.)

Massive Stars 
Highlight Science Case
with input from 15 scientists from 
12 different institutions out of
6 ESO member states:



Understanding massive stars: 
astrophysical context and relevance

• Stellar winds  feedback

• Progenitors to SN II  feedback

• Ionizing sources for HII regions  SFR, DIG, Ly 

• Probing abundances of contemporary stellar populations    
alternative to strong line nebular abundances

• Super star clusters

• Progenitors to BH binaries: gravitation waves

• Pop III stars, re-ionization

►  quantitative spectroscopy of large samples of massive stars needed !
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The need for BlueMUSE:

• Balmer lines   log (g)

• Balmer jump at 3646 A  Teff

• He II 4686 and nearby CNO lines: wind + classification criteria

• Si IV 4089/4116, Si III triplet 4552, Si II 4128/4130 , He I 4471/4387, He II 4200/4541  
    Teff + helium abundance

• WR emission (“blue bump”), O VI 3811

• Stars hotter than 45.000 K: N III, N IV and N V     Teff

• C II, C III, N II, N III, N IV, N V, O II, O III, Si II, Si III, Si IV,  Mg II       Teff, log (g), 
    chemical abundances

invisible to MUSE
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Blue wavelength coverage: 370 - 600 nm
• complementarity with MUSE
• blue limit adapted to atmosphere transmission
• red limit recovers AO notch filter gap

Comparison between 
BlueMUSE (blue curve) and 
MUSE (red curve) sensitivities 
and sky emission.  

MUSE

MUSE

BlueMUSE

BlueMUSE
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MUSE
BlueMUSE

High throughput
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Medium spectral resolution: R  4000
• corresponds to 30 km/s at 480 nm
• more than twice the MUSE spectral resolution at 500 nm < λ < 600 nm
• spectral sampling: 0.6 A / pixel

Comparison between 
BlueMUSE (blue curve) 
and MUSE (red curve) 
spectral resolution.  

MUSE

BlueMUSE
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Field-of-View
• 1.4 x 1.4 arcmin2

• spatial sampling 0.3 arcsec ( 0.8” median seeing)

MUSE: 1’ x 1’ 
with sampling 0.2” 

Keck Cosmic Web Imager
(KCWI): 8.24” x 20.4”
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BlueMUSE Timeline
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Part 3:

Wide Field Spectroscopic Survey Telescope 
(WST)
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Lyman Continuum Escape, Kolymbari 2016
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First presented at
Scientific Detector Workshop
Potsdam, September 2022
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WST Layout



IC 1613

WST
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https://www.wstelescope.com/meetings/symposium Abstractsstill accepted



     49             Martin M. Roth           Escape of Lyman radiation from galactic labyrinths               OAC Kolymbari        April 21, 2023                          Leibniz-Institut für Astrophysik Potsdam (AIP)



     50             Martin M. Roth           Escape of Lyman radiation from galactic labyrinths               OAC Kolymbari        April 21, 2023                          Leibniz-Institut für Astrophysik Potsdam (AIP)



     51             Martin M. Roth           Escape of Lyman radiation from galactic labyrinths               OAC Kolymbari        April 21, 2023                          Leibniz-Institut für Astrophysik Potsdam (AIP)

BPT diagram classification
Micheva et al. 2028
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NGC 300 GTO Project

Roth / ESO Lunch Talk / 15-03-2022

Roth M.M., Sandin, C., Kamann, S., Husser, T.-O., Weilbacher, P.M., Monreal-Ibero, A., Bacon, R., et al. (2018) 
A&A, 618, MUSE crowded field 3D spectroscopy in NGC 300. 
I. First results from central fields

González-Torà, G., Urbaneja, M.A., Przybilla, N., Dreizler, S., Roth, M.M., Kamann, S., Castro N. (2022) 
A&A, 658, A117, MUSE crowded field 3D spectroscopy in NGC 300. 
II. Quantitative spectroscopy of BA-type supergiants

Micheva, G., Roth, M.M., Weilbacher, P.M., Morisset, C., Castro, N., Monreal Ibero, A., Adhyaqsa Soemitro, A. (2022)
A&A, 668, A74, MUSE crowded field 3D spectroscopy in NGC 300
III. Characterizing extremely faint HII regions and diffuse ionized gas

Adhyaqsa Soemitro, A., Roth, M.M., Weilbacher, P.M., Ciardullo, R., Jacoby, G.H. (2023)
A&A, 671, A142, MUSE crowded field 3D spectroscopy in NGC 300
IV. Planetary Nebula Luminosity Function
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III. Characterizing extremely faint HII regions and diffuse ionized gas

Adhyaqsa Soemitro, A., Roth, M.M., Weilbacher, P.M., Ciardullo, R., Jacoby, G.H. (2023)
A&A, 671, A142, MUSE crowded field 3D spectroscopy in NGC 300
IV. Planetary Nebula Luminosity Function
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