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★ One of the nearest (∼3.5 Mpc) and brightest starburst 
galaxies.

★ Nuclear star-formation rate is ~10–30× higher than in the 
Milky Way.

★ Central starburst hosts dense complexes of giant 
molecular clouds (GMCs).

NGC 253 (Sculpture galaxy)
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★ One of the nearest (∼3.5 Mpc) and brightest starburst 
galaxies.

★ Nuclear star-formation rate is ~10–30× higher than in the 
Milky Way.

★ Central starburst hosts dense complexes of giant 
molecular clouds (GMCs).

★ High gas surface densities:  Its central region reaches gas 
surface densities comparable to high-z submillimetre and 
extreme star-forming galaxies

★ Short gas depletion times:  Like high-z galaxies (t_dep 
~100–500 Myr), NGC 253’s nuclear region consumes gas 
rapidly, much faster than typical local spirals.

NGC 253 (Sculpture galaxy)

Bridges our understanding between local 
star-forming environments and those in the 

early universe.

Leroy et al. 2015
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Gorski et al. 2017 Martín et al. 2021

GMCs of NGC 253

1

3
24

56
7

89

10

8



Beck+22 Pérez-Beaupuits+18

Fernández-Ontiveros+09

Martín+21
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Literature: Wavelength specific studies
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Pedro, Dey et al. 2025
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Band Wavelength / Frequency Instruments / Telescopes
Near-UV 3563 Å (uJAVA) S-PLUS

Optical 3533–8941 Å (u, g, r, i, z) S-PLUS

Optical Hα, [O III], [S II], [N II] lines VLT/MUSE

Optical F555W, F658N, F814W HST/ACS

NIR J (1.265 µm), Ks (2.2 µm), L (3.8 µm), Brα VLT/NaCo (adaptive optics)

MIR 3.6, 4.5, 5.8, 8.0 µm Spitzer/IRAC

MIR 8.6 µm (PAH2), 11.9 µm (N), 18.72 µm (Qa) VLT/VISIR

FIR 70 µm, 100 µm, 160 µm Herschel/PACS

Submm/mm 0.8–3.6 mm (84–373 GHz, ALMA Bands 3–7) ALMA

Radio 1.5 GHz, 5.5 GHz, 10 GHz, 33 GHz, 91 GHz VLA / EVLA

Radio 
Recombination 

Lines H40α (99 GHz), H41α, H52α, etc. VLA / EVLA

Rich multiwavelength data

GMC fluxes extracted using uniform 3″ (~50 pc) apertures at positions to ensure consistent physical scales 
across all bands.

First UV to radio  panchromatic SED study of a spatially resolved galaxy!! 10



Panchromatic spectral energy distribution (SED)
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Slide credit: Misa Hamed12



Analysis: SED modeling

Tommasso 
Ronconi, 
SISSA, 
Trieste, Italy 
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Analysis: SED modeling

Tommasso 
Ronconi, 
SISSA, 
Trieste, Italy 
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Analysis: SED modeling

Tommasso 
Ronconi, 
SISSA, 
Trieste, Italy 

Physical parameters:  instantaneous star formation rate (SFR), the 
stellar mass (M

★
), the characteristic star formation timescale (τ

★
), the 

stellar metallicity (Z
★

), the bolometric luminosity (Lbol), and the 
stellar age etc.
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Analysis: Optical spectra modeling

STARLIGHT (Cid Fernandes et al. 2005)
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Analysis: Optical spectra modeling

Physical parameters:  stellar mass, light- and mass-weighted ages and 
metallicities, stellar velocity and dispersion, V-band attenuation 

(including extra extinction for young stars), and the fraction of stars 
affected by extinction
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GMC characteristics
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GMC characteristics

Internal GMCs (3–6) : central ~120 pc, high SFR  
(≳0.087 M⊙ yr⁻¹), large dust masses , fast shocks 
from intense star formation.

External GMCs (1, 2, 7–10) : periphery, low SFR  
(0.005–0.022 M⊙ yr⁻¹), smaller dust masses , 
slower shocks dominate chemistry.

SFR and dust content closely reflect the physical 
environment and location within the CMZ.
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Emission line diagnostic diagrams

WHAN diagram BPT diagram

★ “Starburst + shocks” composites  => line ratios reflecting star formation and shocks  from stellar winds and supernovae.

★ SED analysis =>AGN fraction is negligible (<7.5%) 20



Star formation rates (SFR)

Kennicutt relation (Kennicutt 1998)

Kennicutt (1998): Hα–SFR calibration
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Star formation rates (SFR)

Kennicutt relation (Kennicutt 1998)

Kennicutt (1998): Hα–SFR calibration

GalaPy SFRs (red points) are higher than Kennicutt 
=> instantaneous SFR (Galapy, captures recent 
burst ) > average SFR over 10 Myr (traced by Hα)

CIGALE SFRs averaged over 10 Myr (blue) slope 
closer to 1

=> Consistent with the timescale Hα probes SFR 
expectations.
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Star formation rates (SFR)

Radio emission: Extinction free!!

23



Star formation rates (SFR)

Radio emission: Extinction free!!
★ Radio emission effectively traces star 

formation in highly obscured GMCs

★ Multiple radio continuum bands correlates 
SED-derived SFRs, even in regions where 
dust obscures traditional tracers.

★ Strong correlation between radio 
luminosity and SED SFRs demonstrates 
that SED modeling accurately captures 
obscured star formation.
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Star formation rates (SFR)

Radio emission: Extinction free!!
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Star formation rates (SFR)

Radio emission: Extinction free!!

★ Ka-band (~33  GHz):  Free–free 
emission → traces current star 
formation.

★ H40α (~99  GHz):  Measures ionizing 
photon rate → independent SFR 
tracer.

★ SFRs from both tracers agree well!!
★ Reliable in dense, obscured GMCs.
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Comparison with high-z dusty starbursts 

Property NGC 253 GMCs
High-z Dusty 
Starbursts References

Dust-to-stellar mass ratio (log 
Mdust/M★

) −2.32 ± 0.29 (CIGALE) −2.13 ± 0.3 (z ≈ 2–5) Donevski+20

Dust-to-stellar mass ratio (log 
Mdust/M★

) −2.89 ± 0.45 (GalaPy) −2.58 ± 0.4 (z ≈ 4–6) Sawant+25

Attenuation
High; similar to dusty 

starbursts High; strongly obscured
Nanni+20; 

Álvarez-Márquez+23

Stellar mass (M
★

) Low (10⁴–10⁸ M
⊙
) Very high (10⁹–10¹¹ M

⊙
) Sawant+25

SFR Low (0.005–0.1 M
⊙
/yr) High (10–1000 M

⊙
/yr) Salak+24

SFR-to-stellar mass ratio (sSFR) Low Very high Donevski+20

Dominant dust source
Type II SNe + possible 

ISM grain growth
Rapid dust growth + 

stellar sources Hirashita & Chen 23; Palla+24

Outflows
Strong, may enhance 

grain growth
Strong in many high-z 

systems Narayanan+25
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Conclusions

★ First 51-pc UV–to–radio panchromatic SED study of NGC 253’s CMZ

★ Nuclear vs. external GMCs: Internal clouds (GMCs 3–6) show higher dust/stellar masses, 
sSFRs, excitation, and stronger shocks, reflecting intense star formation; external clouds are 
less dense and less active.

★ Emission-line diagnostics (BPT/WHAN)  indicate shock-driven ionization from stellar 
feedback, not AGN activity.

★ SFR tracers:  33 GHz (radio!!) Ka-band continuum correlates tightly with SED-derived SFRs; 
Hα (optical) underestimates SFR; RRLs (H40α) effective only for brightest GMCs.

★ NGC 253 as a local laboratory to study high-z starbursts:  GMCs reproduce dust-to-stellar 
mass ratios and attenuation seen in z ≈ 2–6 dusty galaxies, providing a nearby platform to 
study feedback, dust growth, and starburst physics.

28Dziękuję!!
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