D The PHANGS view of cold gas
motions, star formation and
<\)}> SF feedback in nearby galaxies
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PHANGS aims for a statistical description of the cycling between
gas and SF across the local starforming galaxy population
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Sample
Close: D = |7 Mpc (1” = 100pc)
Not edge-on: inclination < 75°
ALMA visible: -75° < Dec. < +25°
9.75 <log M* < | |
74+26 = 90 total targets




PHANGS sample covers dlverse morphologles ISM conditions
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ALMA CO (2-1) Peak Intensity Maps
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Imaging of 19 galaxies across [4750-9350] A: stellar continuum



Aa WFC3/ACS UV-optical imaging of 38 galaxies
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Towards the gravitational potential

CO velocity fields and rotation curves for 67 galax:es @ 150pc

160 ¥ 160 180

NGC4654 . ko | Ve

Model |

& -
-100} -100F Vo [Kkm 5~ -100}
® __aFER -
- 160 A dale el A ko A1 -[”Llwwa{o? 2 l‘a e l‘“ L A - 180 P | A L

4RA []

ADEC [7]

Vu./vm.m

-0.10 o000 010 020
1 N i 1

Residuals

-50 0
&RA 7]

50 100 150

-100 -0 0 60 100
ARA [7]

. Elnc = 55.7

562 654 6568 558 66.0

Inclination [degrees]

PA = 123.9

123 0 1235 1240 1245

Position Angle [degrees)

100
60

Inc [deg]

PA [deg]

100

80F

-100

0
&RA [*]

tilted -ring reference

0 20 40 60 80 100 120 140
R [arcsec)

140 .l.}ncd-ﬂu reference

130}
120 F
110}

-

-
™ oo™
\

0 20 40 60 80 100 120 140
R [arcsec)

Lang et al. (accept.)



300

200

Vrot. [km S_]]

100 [1i

Towards the gravitational potential
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Where is the molecular gas in nearby galaxies!?

environmental masks Querejeta et al. (2021)

based on $*G (Salo et al. 2015,
Herrera-Endoqui et al. 201 6)
3.6um imaging
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Where is the molecular gas in nearby galaxies!?

environmental masks Querejeta et al. (2021)

based on $*G (Salo et al. 2015,
Herrera-Endoqui et al. 201 6)
3.6um imaging
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environmental masks Querejeta et al. (2021)

based on $*G (Salo et al. 2015,
Herrera-Endoqui et al. 2016)
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where is the star-forming gas in galaxies!?

8 galaxies @ 40pc resolution 49 galaxies @ |50pc resolution
Schinnerer et al. (2019) Pan et al (2022)
2(H2)>12.6 Msunpc2 2(SFR)=0.002Msunyr-'kpc-2 gas vs. SFR
SR o N mem e, v R TS
o QO \ : ? ¢ T gl \u:} ‘2
- ) -

Ty f
.._.A. 2 :“-.. P

sightlines with
ALMA CO(2-1) HX narrowband gas only

PHANGS ALMA iterature
(Leroy et al. 2021b) (mainly SINGS) SFR only



fraction of star-forming gas in galaxies

Schinnerer et al. (2019)
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in many galaxies, large reservoir of CO gas without high-mass SF

but need to reach scales below « 500pc to see it



fraction of star-forming gas — variations

49 galaxies @ |50pc resolution Pan et al. (2022)
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cold gas organization: cloud-scales



typical molecular gas surface density varies with global galaxy properties
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| 50pc molecular gas properties — correlation,

Sun et al. (accepted)
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Sun et al. (2018, 2020a)

~30000 sightlines in 16 galaxies
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Sharon Meidt has been developing a model for how gas motions
iInduced by the background galactic potential influence cloud properties
and may represent a bottle-neck to SF under certain conditions.
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Starting point: we see systematic variations in the CO line widths that depend
on position, galaxy mass and viewing angle: cloud-scale velocity dispersion
measurements reflect a contribution from gas motions in the galactic potential.

LANG ET PHANGS 2021, MEIDT ET PHANGS 2018, MEIDT ET PHANGS, 2020



free-fall collapse — opposed by ~
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... but can we measure it with PHANGS?

systematic variations in CO line profile shapes with galaxy environment

Average ratio value for ngc3621

Average ratio value for ngc4579

Average ratio value for ngc4303
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Raphael Maris, M2 project — work in progress!



... but can we measure it with PHANGS?

Comparison between different methods for measuring moment-2 from CO data:

167 Comparison between Orzpje and Omom2
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Search for SF feedback signatures on cold gas

Matched H 11 regions GMCs
(minimal overlap = 40 %)

cloud-based analysis

(Zakardjian et al. in prep)
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Feedback from HIl regions on molecular clouds may affect CO brightness,
but evidence for an impact on the cold gas velocity dispersion is less clear



Smooth HIl region | Clumpy HII region
e min from rer and Ha flux Me,max from [SII] ratio

Fmin from ne max and Ha flux

two limit scenarios to
estimate Pmin & Pmax

external pressure:
e dynamical equilibrium pressure

internal pressure terms:

* thermal ionised gas pressure
* direct radiation pressure

* mechanical wind pressure

Over pressure, log(P,;/Pye)

(Min: pressure - ) (Max- pressure - Po) - Jopjve internal & external pressure for ~6000
HIl regions in MUSE observations of |9 galaxies

; gr—

TT0 15 2
Gas surface density, log(Xg.s/Mepc™2)

most HIl regions are over-pressured and expanding, but
some HIl regions in centers appear under-pressured

(Barnes et al. 2021)



Time
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Overlap Stars

Gas-t

(Kruijssen et al. 2014, 2018)

0-SFR ratio as a function of spatial scale
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Time [Myr]
10

T
1C1954
1C5273
NGC0628
NGCO685
NGC1087
NGC1097
NGC1300
NGC1365
NGC1385
NGC1433
NGC1511
NGC1512
NGC1546
NGC1559
NGC1566
NGC1672
NGC1792
NGC1809
NGC2080
NGC2283
NGC2835
NGC2997
NGC3059
NGC3351
NGC3507
NGC3511
NGC3596
NGC3627
NGC42564
NGC4298
NGC4303
NGC4321
NGC4496A
NGC4525
NGC4540
NGC4548
NGC4569
NGC4571
NGC4654
NGC4689
NGC4731
NGC4781
NGC4941
NGC4951
NGC5042
NGC5068
NGC5134
NGC5248
NGC5530
NGC5643
NGCE300
NGC8744
NGC7456
NGC7496

Gas |
NGC4321 stars E=—
(9 galaxies, Chevance et al. 2020) s

L B o o o s s ; e —
TR - ~60 galaxies, Kim et al. 2022 — =

Gas-to-stellar flux ratio [
&
\
|

< 10 10* overlap ————
B Aperture size [pc] SFR only | — == =

PR NB Halpha ==

typical GMC lifetime: 16.5+6 Myr — — —
relatively long phase —

typical timescale: 3.5+£1.5 Myr S
subtle systematic variations with galaxy properties -

e



Observed feedback timescale [Myr]

overlap timescale (Myr)
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pre-supernova (<5Myr) feedback (winds, photoionisation) is important

rp = 0.80, p = 0.01

re = 0.60,p=009 [ ]
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re =068, p=004 [

rp = 0.61, p = 0.08

SF feedback timescale increases

IN more massive galaxies (which

also tend to host higher density,
more massive GMCs)
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Talk Summary

Molecular gas properties and kinematics on cloud-scales appear linked to
the properties of the local galactic environment and the host galaxy disk.

Joint analysis of high resolution CO and Ha data suggests rapid cycling
between molecular gas and star formation, and a significant reservoir of
molecular gas in many galaxies without'associated high-mass star
formation.  GMC lifetimes and SF feedback timescales are short.

At 100pc resolution, we don’t unambiguously isolate the cold gas
component that is being directly modified by star formation feedback

There is an overall high level of chemical homogeneity on large spatial
scales in galaxies, suggesting efficient ISM mixing.



