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P.I.: Andreas Schruba

Observatlons. 2011 2014
Area: 18.6 kp(:2 ~ 46,500 LOS'
Resolutlon 20 pc X 2 5
Sensitivity: 1o ~ 1
Wt .6'c5~ 104

Combmed w1th IRAM 30m e
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Scientific Goal: Dissect the multiphase ISM of the nearest big spiral at cloud scales.

Hi: Lee, Leroy+ (in prep); CO: Schruba+ (in prep); Dust (IR): Draine+ ’14;
A, Dalcanton+ (ApJ subm); Cii: Kapala, Sandstrom+ ’14;
Clusters/Stars: Johnson+ ’12,’15; SF History: Lewis+ ’I35.
1. How do molecular clouds form? Compare Hi, CO, kinematics at high resolution.
2. How to trace H,? Overconstrain CO-to-H, conversion factor and DGR.
3. Multiphase cloud structure: H,/HI complexes, opaque Hi, and dynamical state.
4. What are the time scales of cloud formation, star formation, and feedback?
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Identification of Molecular Clouds

The CARMA Survey of Andromeda
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Identification of Molecular Clouds
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Line Width - Size Relation

Different methods (here CPROPS vs CLFIND) result in similar properties, thus ...
Aggregate properties of several attempts at size measurement, aperture correction, etc.
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Line Width - Size Relation

Consistent for low surface density galaxies: MW, LMC, M33, M31, NGC300;
but different in high surface density, strong spiral arm galaxy: eg, M51.
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Surface Densities of Clouds

Cloud surface density ~ 25 Mg pc? (£ 0.3 dex) for MW, LMC, M33, M31, NGC300
but ~100-300 Mg, pc? in high surface density galaxies: M51, NGC4826, NGC6946
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Dynamical State of Clouds

Clouds in virial equilibrium fulfill Larson relations: 6*> = (nG/5) R X5y (diagonal line)
(lower mass) clouds in MW, LMC, M33, M31, NGC300 have enhanced kinetic energy.
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Dynamical State of Clouds

Clouds in virial equilibrium fulfill Larson relations: virial parameter ~ 1 (dashed line)
(lower mass) clouds in MW, LMC, M33, M31, NGC300 have enhanced kinetic energy.
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Dynamical State of Clouds

Midplane pressure of diffuse ISM but also atomic shielding layer around CO-bright cores

provide sufficient support to keep (low mass/density) clouds in pressure-bound equilibrium.

Following Hughes et al. (2013)
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Cloud Mass Function

M31 survey probes to a few times 10? Mg, almost no clouds >5.10° M

Mass function of low surface density galaxies is bottom heavy and truncated at high masses;
but environmental / radial dependencies (eg, M51).
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Following Rosolowsky et al. (2005), Colombo et al. (2014)



Synthesis of Cloud Properties

Velocity Dispersion at R=25pc ~ 2.7 km/s
Implied Mach Number ~ 15 (T=20K)
CO Surface Brightness ~5 K km/s
Virial Parameter” ~3.5
Surface Density” ~25 Mg pc?
Volume Density” ~2 Mg pe3 ~30 cm??
Free-Fall Time™ ~ Crossing Time" ~ T Myr

* assuming o = 4.35 Mg pc? (K km s1)!



Pixel-wise Intensity Distribution

CO pixel intensity distribution identical in M31 & LMC but different from M51
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0.67 CDF, for LMC
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[ Width = 0.32 dex
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Spatial Distribution

Atomic and molecular gas well mixed with ~2x thicker HI disk (+5% HI in thick disk)
Molecular mass by 1/3 in “GMCs” M > 107 My, 1/3 in envelopes; 1/3 diffuse phase

LOS “Distribution” of HI and H,
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=> deproject face-on: 6o ~ 4 km/s, oy~ 8 km/s

(assuming Gaussian profile and isotropic turbulent gas motions)

Hr1 and H, profile around Clouds

(percentages = fraction of neutral gas mass)
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Following Hughes et al. (2013), see also Sawada, Hasegawa, Koda et al. (2012)
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Compact & Diffuse Morphologies

CO line profile at 100pc consists of narrow component (ie, clouds) & broad component
(ie, diffuse molecular gas) which is widespread and filtered out by interferometer.

(1) Fit single Gaussian profile: (2) Fit two Gaussian profiles:
Single-dish detects 40% wider line profile. Single-dish detects broad component.
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Anahi Caldu-Primo et al. (AJ subm; PhD July 2015, MPIA)



Bright HI corresponds well to CO (and A )

Brightness temperature T ~ 30 K broadly picks out molecular complexes well
with stacked spectrum of FWHM < 10 km s (very narrow by extragalactic standards)
For reasonable conversion HI must be very opaque to contribute much mass.

(see also Braun+"09, ‘12)

Stacked spectrum of all current B+C

detections at 10 km s! resolution.
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Cheoljong Lee et al. (in prep, PhD thesis work, UVA)



Clouds and Star Formation History

ISM on 100 pc-scale weakly correlated with most-recent SFH (10 Myr) but increased
correlation over longer times (100 Myr).: ISM morphology evolves on short timescale.

Optical CMD => Recent SF History Spatial Correlation of SFH & ISM
at 100pc in 5- & 10-kpc rings
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Alexia Lewis et al. (2015, in prep; PhD thesis work, UW)



Clouds and Stellar Clusters

Enhanced spatial correlation of young stellar clusters (<20Myr) on spatial scales ~25pc.

Location of clusters in recent age bins Spatial correlation enhanced in
youngest age bins (random sample = red lines)

420 - ¢, [ 7 <loglage) <75
o
B o s % '4 Ik
ek f?‘,@i . EARY i LN log(age) <7
oy, Yo, L A dy, , y
‘q\.\‘ 4 ‘q'.‘.-_ - b s
PR 2 7 z
o, 20 > ..r/.. 3| &
4175, e o e Z 3
.;.%‘ % ".'%ﬂ X s sl
)-' \ . ) . — —
' .‘\ '... - 3 “,l\ . v, -8 .8
‘: woe : = -~ A . g g
— 5(5.‘. et {%’_ z z
g 1kpe e kpe oyt 0
§;D 415 h‘ N 0 100 200 300 400 500 600 0 100 200 300 400 500 600
T 420 I- 7.5 < log(age) < 8 I- 8 < log(age) < 85 Distance (pc) Distance (pc)
19} o8 '
i . \,
a ¢ ,;» MR <. ﬂ”
RR X ‘"‘*f' 7.5 <lo
o uy 2% ;o . o(age) < 8 log(age) > 8
k"‘ S \ "s,,%{ S *‘ "\ & 50 L2 = 205 : 140 .
B SN %‘3- o £ 40 £ 120
4175 & Died v 7 % 100
- 3 P 3 30 2
Tt S : v g A s s 80
1 ot p . PR .' .t é 0
R ete | OEL gk e 5 o
X :‘:‘.' ~ v . > . ll,e, “ e E =1 40
| SRR e €~ oy 210 3
lkpe  “u M0 1kpe e 20
e e oy 0 0
’ 114 11.2 11.0 114 11.2 11.0 0 100 200 300 400 500 600 0 100 200 300 400 500 600
Distance (pc) Distance (pc)
RA (degrees)

Lori Beerman et al. (to be subm,; PhD thesis work, UW)



Clouds and Current Star Formation Activity

Classify clouds as ‘quicscent (no IR, Ha), ‘embedded’ (only IR), ‘exposed” (Ha, cluster)
... and associate timescales for each evolutionary state using cluster ages
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Following Kawamura et al. (2009) Lori Beerman et al. (to be subm; PhD thesis work, UW)



Clouds and Current Star Formation Activity

Classify clouds as ‘quiescent’ (no IR, Ha), ‘embedded’ (only IR), ‘exposed” (Ha, cluster)

... first evidence of correlated cloud / star formation evolution on scales of 0.5-1 kpc (?)

Fraction of Quiescent Clouds Fraction of Embedded Star Forming Clouds Fraction of Exposed Star Forming Clouds
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415

Lori Beerman et al. (to be subm,; PhD thesis work, UW)



Cloud Lifetime and Duration on Star Formation

Utilize the “Uncertainty Principle of Star Formation” (Kruijssen & Longmore 2014):
The scale-dependent bias in gas/SFR ratio reflects the cloud lifetime and SF duration.

(1) Apertures on CO & Ha peaks (2) CO/Ha Ratio vs. Scale
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Kruijssen & Schruba et al. (in prep)
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