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Outline

The CANON CO(1-0) Survey (ongoing)

Resolved GMC analysis and constant Xco
— Jennifer Donovan Meyer

Power-law Schmidt law with CO(1-0): N=1.3-1.8
— Rieko Momose et al. (see poster)

CO(2-1)/(1-0) variation
— Jin Koda

Geometric offsets btw gas compression to SF across arms
— Melissa Louie (see poster)



The CANON CO(1-0) Survey




CANON Sample & Observations

 Sample Selection

— Select from Spitzer SINGS galaxies
* Northern hemisphere (Declination > 0 deg)
* Woumicron 1N 2 @perture > 0.5MJy/str

— Final sample = 29 northern SINGS spiral galaxies

e Observations

— Nobeyama 45m telescope (Observatory project)
e On-the-Fly (OTF) mapping with BEARS and FOREST Rx
* Cover extent of 24micron disk

— CARMA (Key project)
e Central 2.3’ (19-pointing) ~ 6kpc@10Mpc
* 4 tracks per galaxy (2C & 2D-configuration)

2-3 times higher sensitivity and resolution (2-3”) than
BIMA-SONG. Detect typical GMCs in nearby spirals.
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Example CO(1-0) Images from CANON
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Observations and data reduction on-going.



FOREST — New Receiver on NRO 45m

4 Beams (=2x2, 50” sep.) + dual polarization + 2SB
* RF: 80-116GHz, IF: 4-11GHz (USB), 4-8GHz (LSB)
e Digital spectrometer (x16): 2GHz, 4096 channels
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Resolved Properties of GMCs




Delta Declination (pc)

Internal properties of GMCs

* Three nearest galaxies in sample
— NGC 4736 (5.2Mpc), NGC 4826(7.5Mpc), NGC 6946(6.8Mpc)
— Resolution ~50-65 pc (spatial), 5km/s (velocity)

Resolving massive GMCs

— ldentification with CLUMPFIND (Williams et al. 1993)

— Corrections for resolution

— Resolved GMCs: 44 in NGC 4736; 87 in NGC 4826, 113 in NGC 6946
Paper |: Donovan Meyer et al. 2012, Paper Il: Donovan Meyer et al. in prep.
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velocity dispersion (km/s)
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Size-Line Width Relation
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GMCGs in three spiral galaxies lie on the Galactic scaling relation.

Donovan Meyer et al. 2012 & in prep.



Xco - H,-to-CO Conversion factor
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The Schmidt Law (Spatially-Resolved)
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The Spatially-Resolved Schmidt Law: CO(2-1)
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The Spatially-Resolved Schmidt Law: CO(1-0)
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Measurements of SFR
Diffuse 24micron Background Subtraction
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Spatial Variation of CO 2-1/1-0




CO(1-0) and CO(2-1) Maps of M51

CO(1-0) -- Nobeyama 45m telescope CO(2-1) — IRAM 30m telescope

Koda et al. 2011 Schuster et al. 2007

[ Meroyetal. 2008
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R2-1/1-0=C0O(2-1)/CO(1-0)

Contours CO(1-0)

o *
‘dy _

° Spiral arms (esp. downstream)
— High ratio >0.7
— Often ~ 0.8-1.0

* Interarm regions

— Low ratio <0.7
— Often ~ 0.4-0.6

* Central 2.5kpc
— High ratio ~ 0.8-1.0

®

g

Systematic change from
interarm regions to spiral arms

04 05 06 0.7 08 0.9 1 Koda et al. submitted



R2-1/1-0: Phase Diagram

Contours CO(1-0)

° Spiral arms (esp. downstream)
— High ratio >0.7
— Often ~ 0.8-1.0

* Interarm regions

— Low ratio <0.7
— Often ~ 0.4-0.6

* Central 2.5kpc
— High ratio ~ 0.8-1.0

Systematic change from
interarm regions to spiral arms

Koda et al. submitted



__Systematic Change of R, ;1

Contours=€0(1-0)

High: 0.8-1.0
Medium: 0.6-0.8
Low: 0.4-0.6

Systematic change from
interarm regions to spiral arms

Very high ratio appears
mostly at downstream side
of arms.

0.4 0.7 1.0
Voronoi Adoptive Smoothing (Cappellari & Copin 2003)



Ry.1/1-0 VS 24micron

Contours = CO(1-0)

24 micron
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Ry.1/1.0 VS SF Rate
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R,.1/1.0 VS SF Efficiency
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~ SF efficiency

Koda et al. submitted



R,.1/1.0 VS SF Efficiency
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~ SF efficiency

Koda et al. submitted



R,.1/1.0 VS SF Efficiency
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~ SF efficiency

Koda et al. submitted



Galactic Counterparts

Columbia & Harvard 1.2m i i

_ Ry.1/1.0 In Orion GMC
CO(1-0) survey

Thaddeus, Dame, etc.
Orion A & B Orion A & B

CO (J=2-1) y gL R oNIEOU=2-D)

WICOU=1-0]]

U. Tokyo 0.6m
CO(2-1) survey

Hasegawa et al. 00 ket

Gh00m 5h5%m S5h44m Bh36m  B5h28m Gh00m 5S5h5%m S5h44m  Bh36m 5h28m

Right Ascension (19580) Right Ascension (1950)

Sakamoto et al. 1994, 1997
Hasegawa 1997; Sorai 2001; Sawada 2001
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Molecular Clouds in _@_], 1-0

2 3 :
- HCO(A&2-1))
MCO(£1-0))

* Interarm -- dormant,
less star forming GMCs

* Spiral arms — actively
star forming GMCs.
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04 05 06 07 08 0.9 1 Koda et al. submitted




LVG Analysis: R;_; /1.

0 * Excitation Condition
g — Density & Temperature
g o * Radiative Transfer
Density L — Opacity/Column density
A‘/obs > A‘/thermal

Photons escape unless foreground gas block them
= both in space and velocity.

Opacity per velocity
: | — GMC: ~170Msun/pc2, ~4-18km/s
v S T ] — M51 spiral arms: ~1000Msun/pc2, ~50-100km/s

m) logN,_,/dvicm™(km/s) ' ]1=166-17.3
[CO/H21~8x10°3
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R,.1/1.0 from LVG Analysis

log(Ngo/dv) J

— 16.6 |

== 173 spiral arms

>0.7
Often ~ 0.8-1.0

Ry_1/1_¢ | Interarm regions

<0.7
Often ~ 0.4-0.6
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Stellar Feedback?
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Pre-star forming cores?
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Pre-star forming cores?

R,.1/1.0 : LOW = High

1.0

0.9

Stellar heating?

|

! ! ! i i i i
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

o/ Icoa—0y = SF efficiency
Koda et al. submitted
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R,.1/1.0 & Low SF Efficiency

Contours
White -24micron

Purple — high R & low SFE

Complicated, but tend to appear at upstream side
— Pre-star forming dense cores?



Offset Measurements




The Offset Method

Please see Melissa Louie’s postem [kpc]
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Discrepancy in Previous Measurements
Analyzed an order of ~10 galaxies.

_ Tamburro+ 2008 Egusa+ 2009 Foyle+ 2011

Halpha
Peak Tracing
~10 Myr

Gas Tracer Hl 21cm
SF Tracer 24micron
Method Cross Correlation
SF Timescale 1-4 Myr
-

Very short GMC lifetime?
Why measured offsets so different?

35t
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Hl 21cm
24micron
Cross Correlation

No systematic offsets
=

Against conventional density wave?

Foyle et al. 2011
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Revisit M51 Hl = 24micron
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Please see Melissa Louie’s poster
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Positions of HI, CO, 24micron, and Halpha

Green Iine: CO pea k Louie, Koda & Egusa 2012, submitted
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HI, 24micron, and Halpha often appear downstream of CO.
. Hl emission traces the gas photo-dissociated by recent star
formation (as well as the compressed gas).

Please see Melissa Louie’s poster



Summary

The CANON CO(1-0) Survey
— CARMA (interferometer) + Nobeyama (single-dish)
— 29 spiral galaxies from SINGS
— 2-3 times higher res. and sen. than BIMA-SONG

Resolved GMC analysis

— Properties similar to Galactic counterparts

— Constant Xco among 3 spiral galaxies + MW

Power-law Schmidt law with CO(1-0)

— Non-linear when CO(1-0) is used.

CO(2-1)/(1-0) variation

— Between interarm regions and spiral arms

— Correlate with star formation activities.

Offsets between gas compression to SF across spiral arms
— CO traces dense molecular gas for SF, but HI does not.



