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« Scaling Relations ' e Vianney
o Star formation & the ISM
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How do astronomers think of a galaxy?
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' How does the media think of a galaxy? 2
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“Truly spectacular’: NASA’s
James Webb telescope
captures|purple|spiral galaxy
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‘Normal’ for a galaxy can mean:*

*Red indicates student challenge



‘Normal’ for a galaxy can mean:
« Lacks a dominant AGN
« Solar metallicity

« Moderate, constant SF

« Average stellar mass
« Moderate infrared luminosity

» Spiral vs elliptical vs irregular
» Field vs cluster




‘Normal’ for a galaxy can mean:

o Lacks a dominant AGN !

« Solar metallicity within 2x

e Moderate, constant SF ~100 Mo/yr

« Average stellar mass 10°-1071 Mo

e Moderate infrared luminosity <107° L.; sub-LIRG

» Spiral vs elliptical vs irregular
» Field vs cluster

CANDELS collaboration
See also Hopkins+2008

Spiral Galaxies

Interaction / Early
Stage Merger
LIRG

Late Stage Merger
ULIRG

Quasar Elliptical Galaxy




Superlatives in Astronomy

Ultraluminous infrared galaxy
Hyperluminous infrared galaxy
Extremely low metallicity galaxy
Ultra diffuse galaxy

Ultra compact HIl region
Supernova

Kilonova

Microquasar

Ultra-high redshift galaxy
Super star cluster

Mega constellation
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New approaches include using IFU datacubes to
' leverage spatial information + velocity dispersion

Emission Line Only 3D Classification

50 Non-SFing %

for 2000 SAMI

galaxies?

\Q 16% vs 72%

@ Star-Forming @ Star-Forming

@ Shocks & AGN O AGN

© Shocks O Shocks

O AGN @ Elevated Kinematics, Low Emission Line
@ Shocks & AGN
© AGN Like

@ HOLMES
Johnston+2023 @ Diffuse lonized Gas



Assessing ‘normality’

Or other line/feature ratio combinations *

* What kinds of line ratios would be ideal for distinguishing
between AGN-powered and SF-powered sources?
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Assessing ‘normality’

Or other line/feature ratio combinations that leverage
differing ionization potentials

fown | - | Refractory elements returned
S i | to gas phase near AGN
. Low-to-medium f : . . .
§ ionization = Nebular lines drive ratios down
E 01 L, # " ——— | X-rays with low absorption
8% ﬂ» i | =E \L) | % | | x-sections induce strong
& #% ‘T ﬁ %ﬁ . T . secondary low-ionization lines
£ ”__‘Tl‘-+- 1"+ 1 ‘%ﬂ . 1 1 ~1-2 kpc from AGN in XDRs
. | [Sill],[Fell] predicted to be
I | — ' enhanced for dense PDRs and
Dale+2009 [Sill] 34.82um/[SIll] 33.48um XDRS

8eV/22eVvs8eV/23eV



‘Normal’ galaxies
Blue Cloud Green Valley Red Sequence
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Morphological structure of star-forming spirals

BULGE DISC BAR SPIRAL ARMS RING LENS

Photometric decompositions Visual inspection + fitting Querejeta+2021




Morphological structure of star-forming spirals

BULGE DISC

BAR

SPIRAL ARMS RING LENS

Photometric decompositions

Visual inspection + fitting

Arms can shock/compress
gas and thus enhance SF

Arms ~2x higher CO and
SFR surface densities

But do not dominate

spiral arms
51 133%
. bars
S
G spiral arms 17%
5 50 1 spiral arms
LT o
“O% 14%
251 28%
0 . . ]
Area Mol SFR
Querejeta+2021

(integrated) gas and SF
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OUTLINE

« ‘Normal’ galaxies

« Spectra: stars & dust
« Scaling Relations
. Star formation & the ISM

» Open questions & future directions



OB 'tars

1010 '

Escapin

ota

10° —
g 108 H II Regions
a Non-Ilonizing
i Stars
107 —
108 - gggt Synchrx)t{‘ri
o \
1 100 10* 10°

DustPedia; Galliano

Wavelength [um]




Opt:cal spectra: Z, n.., T.., SFR, Ay, BPT, age, M

Kennlcutt 1998 “Star Format:on in Galax:es Along the Hubble Sequence
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Opt:cal spectra: Z, n.., T.. SFR Ay, BPT, age, M

Kennlcutt 1998 “Star Formatlon in Galax:es Along the Hubble Sequence
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Dale+2014 Draine & Li 2007
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Local Volume Legacy
258 galaxies
75% dwarfs (M-<10°M;)

Stellar mass from a recent burst
proportionally more important
for dwarf galaxies

(but not at the same levels as for
starbursts and BCDs)
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Mid-Infrared Spectra
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ISO view of M17
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S - PAH index vs. O/H for 61 galaxies
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Local Volue Legacy
258 galaxies, 75% dwarfs (M+<10°%)
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Local Volue Legacy
258 galaxies, 75% dwarfs (M+<10°%)

IR Main Sequence applicable
to ‘normal’ SFing disk galaxies,
e.g., Elbaz+2011
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« ‘Normal’ galaxies

Hsiao-Wen

« Spectra: stars & dust
« Scaling Relations
« Star formation & the ISM

« Open questions & future directions
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Normal Galaxy Scaling Relations
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Star Formation History — common parameterizations

Constant SFR(t) = SFR(t)
Exponential (‘tau model’) SFR(t) = SFR(ty) et
Delayed exponential SFR(t) = SFR(t;) t e
Late burst or quenching

Periodic

Non-parametric

delayed exponential

Dale+2016
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Bubbles in Nearby Galaxies
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Bubbles in Nearby Galaxies — PHANGS pil
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Bubble elongation ~aligned with spiral arm

Bubbles are expanding, and merging is likely common

Ha brightest in the shells, and coincident with young & massive star associations
—> bubbles shaped and driven by stellar and SN feedback processes
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Bubble Zoo!
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55 Cluster Sample — all
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55 Cluster Sample — all
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Open questions & future directions

Star Formation
How do stars form? What is the balance of positive and negative feedback? What is

the rate of multiplicity in SF? Sims need to avoid building overly massive galaxies, and
doing it too quickly.

Magnetic Fields
What is the origin of magnetic fields? Why are they (sometimes) spiral? What was the
B in galaxies at z~15, and how did it impact SF?

Dark Matter Haloes and Envelopes in General

What are the properties of DM haloes of normal galaxies when the haloes contain more
than one galaxy? How often do normal galaxies co-habitate DM haloes with ‘abnormal’
galaxies? Are extended HI and radio emission envelopes common or rare?

‘Normal’

Should we revisit the definition of ‘normal’? How do SBs get defined and ruled out?
Should the definition be modulated by intensity or covariance on some spatial scale?
How to account for SMBHs alternating between dormant and active? —> What fraction
of its lifetime does a galaxy spend in the normal phase?
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