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SMA on Nearby Galaxies

 SMA strengths:

e sub-mm, sub-arcsec, wide-band, sensitivity,
polarimetry, southern+northern skyj, ...

* good at warm/active sources, multi-line studies, ...
* Spectroscopy

* U/LIRGs at highest resolutions

e Warm/Dense Gas in Active Galactic Nuclei

SMA 10 @ Cambridge, MA, 2014 May



Spectroscopy
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New Extragalactic HNC Maser?

Aalto et al. (2009)
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First Extragalactic Rotational lines
from Vibrationally Excited HCN

Sakamoto et al. (2011)
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More Vibrationally- Exmted I\/Iolecules

Martin et al. (201 1 )
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Vibrationally-Excited Molecules

New tools to study hot molecular gas in luminous
galactic nuclei - suitable for ALMA high-res imaging
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U/LIRG Legacy Project



SMA Legacy Survey of U/LIRGs

Ultra-Luminous InfraRed Galaxies
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SMA Legacy Survey of U/LIRGs
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SMA U/LIRG Survey : Correlatlons

, Wilson et al. (2008)

More gas to the center (~kpc)

=> More Luminous (higher Lrir)
w/o increasing efficiency (Mgas/LiR)
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c.p. CO(1-0) studies by
Scoville et al. 1991 (ApJ);
Okumura et al. 1991 (IAUS 146)

= Warmer ISM (higher Tqust)




SMA U/LIRG Survey : Correlations

lono et al. (2009)
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U/LIRG: Highest resolution
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Submm-diagnosis of Lyo-source
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Feedback/Outflows

NGC 1266 — Next Talk

SMA 10 @ Cambridge, MA, 2014 May



Feedback: Mol. Superbubbles

Sakamoto et al. (2006, 2011)

Southern Starburst Galaxy .- a) e NGC 253 '™2CO(2-1) -
NGC 253 I (. "

2'=2KpC  24;m/8um/FUV

......................

(Sakamoto, Mao, Matsushita et al. 2011)
(Sakamoto, Ho, lono, Keto, Mao et al. 2006)

Cavities in the central molecular zone



Feedback: Mol. Superbubbles

Cavity Superbubble ? If so,
D ~ 100 pc ® Age ~ 1 Myr
edV~100km/s ®E ~10%J ~ 100 Esn

30 20 10 30 20 10 30 20 10
ARC SEC Sakamoto et al. 2006



ARC SEC

Feedback: Mol. Superbubbles

Cavity Superbubble ? If so,
D ~ 100 pc ® Age ~ 1 Myr
edV~100km/s ®E ~10%J ~ 100 Esn
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Feedback: Mol. Outflow

ALMA CO(1-0)

SMA [ez\Y14,

-

(Bolatto et al. 2013)

dMw/dt = 9 Mo yr'' = SFR



Galactic Molecular Outflow
from CO line wings

Sakamoto, Ho, Peck (2006)
NGC 3256, merger, Lir=4x10"1Le
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Galactic Molecular Outflow
from CO line wings

Sakamoto, Ho, Peck (2006)
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Dec. offset [arcsec]

Double-Outflow System
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Galactic Molecular Outflows
from P-Cygni Line Profiles

Sakamoto et al. (2009)
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Galactic Molecular Outflows
from P-Cygni Line Profiles

Sakamoto et al. (2009)
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Galactic Molecular Outflow
from Orthogonal Vel. Gradlents
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Inflow+Outflow System

Sakamoto et al. (2013)

NGC 4418

-NGC 4418

—500 O s PO T <00k
V-Vsys [km/s] 30"= 5 kpc

reddening cone
// semi-minor axis
— outflow

redshift absorption
— inflow

Gonzalez-Alfonso et al. (2012)



Warm/dense Gas in

Active Galactic Nuclei

SMA 10 @ Cambridge, MA, 2014 May



Warm Gas in (active) Galaxy Nuclei

RN

NGC1097
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Warm Gas in (active) Galaxy Nuclei

CO(3-2)/(1-0)

o
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NGC 4038 3 NGC4569 B NGC4826
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peak CO(3-2) = 0.75 (N4038)

~ 1.0 (N4039) LINER/transition nuclei incapable
N4039 has less S.F. and no AGN !? to enhance R(3-2/1-0)
Ueda et al. (2012)



Other Nearby AGNs

Molecular-gas spiral arms
In dust-lane elliptical galaxy

R: 8mm PAH, Spitzer
G: CO(2-1), SMA
B: X-ray, Chandra

Espada et al. (2012)



Polarimetry

SMA 10 @ Cambridge, MA, 2014 May



Alignment of Molecular Cloud Magnetic
Fields with Spiral arms in M33

Lietal. (2011)
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J2000)

DEC offset (arcsec;
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0

Mass Accretion Rate to M87 BH
from Faraday Rotation Measure

Kuo et al. (2014)
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SMA on Nearby Galaxies

° Spectroscopy - new masers, vib-excited lines
* U/LIRG Legacy Project

- gas concentration — luminosity @ constant dense gas SFE

* U/LIRGs at highest resolutions

- new AGN/Starburst diagnosis with sub-mm subarcsec obs.

 Feedback/Outflows - new cases, forms, detection methods
e Warm/Dense Gas in AGN - AGN effects on e.g.,high-J CO
* Polarimetry - Magnetic filed in MCs, AGN accretion

Many discoveries on warm/active sources
Ongoing follow-ups with SMA, ALMA, etc.

SMA 10 @ Cambridge, MA, 2014 May



Dec. offset [arcsec]

SF in Arp 220 and NGC 4418

EVN+IVIERLIN SGHz
- 0.02" res.

04
0.3 P |
02} [ A\ _
011= P oH [/ PR\ |.:"._‘ P \
gy | '“‘F: EEH ]| |\
o RN &)\
': ':‘ |/ \-, \ L".‘. \ \\C\3~—:“7,/ / /
o — k \\:;__ o "'-\\.j — -
0.2 ,/ \ \\\ \:_U-l/ / Dx_'",-" . .
' ) N /4
03 0.25"x0.21" ~——% .
TNl S 100 pe E<—
| T S S ST S e . ‘
0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 08 1.0
R.A. offset [arcsec]
red + : VLBI SNRs & RSNe

(Lonsdale et a. 2006; Parra et al. 2007)

contours : SMA 860um continuum
(Sakamoto et al. 2008)

39.30
39.35 |
39.40

39.45

SMA submm/

39.50

"core size
| | | | | | | |

26 54.624

54.620 54.616 54.612 54.608
Right ascension (J2000)

clumps (SSCs) with
D ~ 5 pc, Tp ~1052:02K
(+AGN ?7?)
(Varenius et al. 2014)

SF evident. Is AGN hidden !?



