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CONTEXT: Investigating hierarchical star formation in a diverse, nearby galaxy sample spanning a wide morphology, environment & mass range.

OBJECTIVE : Derive representative parameters for the galaxies’ star formation hierarchy; test their dependence on large-scale galaxy properties.

PRIMARY DATA:  Archival Far-UV (FUV) + near-UV (NUV) observations from the Ultra-Violet Imaging Telescope (UVIT) onboard AstroSat - an Indian space observatory.

METHOD : Identify UV bright star-forming clumps (SFCs) - - Estimate ages of the SFCs using FUV-NUV color-magnitude diagrams (corrected for variable dust
attenuation - - Spatial two-point correlation function (TPCF) analysis.

Salient feature : 1.5" FUV observations; full coverage of star-forming discs of sample galaxies - advantageous over small FoV telescopes; largest such sample till date
exploring stellar hierarchy.

Hil regions : Exploring the connection shared by star formation hierarchy, stellar feedback, and the ionized gas distribution.

Stellar hierarchy arises from the Hierarchical fragmentation UVIT images of the 19 sample galaxies
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NGC 5457 : SFC age distribution Schematic diagram : Evolution of stellar hierarchy

@® > 70 Myr
<30 Myr
® <30-70 Myr

Declination

04"

. . Fractal-like, hierarchical distribution of SFCs randomizes over
Right Ascension

10 - 50 Myrs & ultimately settles into the galaxies’ exponential disc

Correlation length vs Stellar mass Correlation length vs Toomre length

f}ﬁ}}f = (1,12{3[1;(3 Random distribution I Massive spirals ® Lower-mass spirals

Edge effect limit @ Lower-mass spirals @ Massive spirals
slope = -0.23(0.02) _ lorr = 1.71 * 0.18 kpc ® Dwarf irregulars
\ v+ leorr = 1,57 % 0,13 kpc

< 15 Myr SFCs

< 60 Myr SFCs

\\ :
N\ .

NGC 1512 : outlier }

=
¢
> 60 Myr SFCs ﬁ -
-
-7
”

¢

\
o

TPCF : 1 + w (x)
Correlation length : 1., (pc)
Correlation length : 1., (pc)

100 101 103

9 s
Spatial separation scale : x (pC) Stellar mass (10° M) Toomre length : 17 (pc)

The largest scale of star formation hierarchy (i.e. correlation length (I_corr)) has a positive correlation with
Galaxy’s stellar mass & Toomre length

UV-bright SFCs from UVIT

Results from the TPCF analysis of NGC 5457

PHANGS MUSE : All Hil regions TPCF Hil region selection criteria : NGC 628 . PHANGS MUSE : Selected Hil regions TPCF GG 628 : UV SFGs amd 1l restens 5 Common yalaxies in the UVIT & PHANGS-MUSE sample

—— NGCTA96 NGC 4535 + RNl regions —— NGC1672 Ic 5332 v : ‘ = Mmoo — NG 1365 UV SFCS)
— NGC43Z1  —— NGCA303 . — NGC1365 NGC 4303 e L . —— NGC0628 (U SFCs]
— NGC2835 —— NGCA250 % Selocted Hll regions —— NGC 4258 NGC 1087 o - ‘ ‘ ::;:'::"mmns. —— NGC 1433 (UVSFCS)
— NeC 1512 NGC 3351 . : NEC 1300 NEC 1385 o , , —— NGC1566 UV SFCs)
NEC1385 —— NGC1672 § N : — NGC1433 NEC 1512 . - —— NGC15120UVSFES)
NEC3621 —— NGO1566 —— NGC0628 —— NGC3351 « NGC 1365 (Hll regions)
NEC1087 —— NGC1433 — NGC1566 —— NGC3627 « NGC 0628 (HI regions)
165332 —— NGC1365 — NGC4535  —— NGC432H . « NGC 1566 [Hll regions]
— NGC5068 —— NGC1300 — NGC2835 —— NGC7A%6 + NGC1433 (Hll regions)
—— NGC 0628 Random dist. —— NGC 5068 Random dist. = NGC 1512 (HIl regions)

N
o

'I'_I’GF 1+w _l)(l
H-alpha luminosity (ergs/s)
T;cl’ 1+w
Declination
TPCF:1+w DX

Hil regions from
PHANGS-MUSE

0* 5 102 0* 36708° 36

10 . 0 1 5 60 65 10 15 . 0 1
Spatial separation scale : x (pc) lonization parameter [dimensionless) Spatial separation scale : x (pc) Right Ascension

Physically motivated cuts to uncover the Hll region hierarchy ; HIl region distribution has quite different properties than the SFC distribution Comments are welcome
1. Existence of a ubiquitous, galaxy-specific largest scale of star formation hierarchy (correlation length) and hierarchy dissipation timescale;

Star formation hierarchy is sustained till the correlation length scale by the ISM turbulence.
2. Dependence of correlation length on galaxy’s stellar mass (global gravitational potential), Toomre length (Galactic shear) and nature of spiral arms.

3. Dwarf irregulars, lower-mass spirals and massive spirals lie on the same, continuous correlation length spectrum, unless (outliers)!
4. Value-added products : Catalog of ~30,000 UV-bright SFCs in 19 nearby galaxies with derived ages.
5. Most HIl regions seem to not comply with any hierarchy - dispersing impact of stellar feedback on the distribution of star-forming gas?!
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