
Virgo CO Survey ofVirgo CO Survey of 
Molecular NucleiMolecular Nuclei

Yoshiaki Sofue
Dept Phys Meisei UnivDept.Phys., Meisei Univ. 

@ALMA WS Nearby Galaxies NAOJ 2011 Feb 10@ALMA WS Nearby Galaxies, NAOJ 2011 Feb. 10



GAMMA ProjectGAMMA ProjectGAMMA ProjectGAMMA Project
with ALMAwith ALMAwith ALMAwith ALMA

Vi G lVi G l MAMA MA iMA iVirgo Galaxy Virgo Galaxy MAssMAss MAppingMApping
ーー銀河銀河DynamicsDynamics空白地帯を埋めるー空白地帯を埋めるーーー銀河銀河DynamicsDynamics空白地帯を埋めるー空白地帯を埋めるー



技術、サイエンス技術、サイエンス技術、サイ ンス技術、サイ ンス



ALMA時代の銀河研究時代 銀河研究

１．日米欧：敵情を知れ。

２ ALMAは干渉計である。２．ALMAは干渉計である。
(本質的にマッピングマシンである。）

3. NMAでの研究を基盤、正面突破研究 、 突



BIMA SONGBIMA SONG 
(BERKELEY ILLINOIS MARYLAND ASSOCIATION

CO Survey of Nearby Galaxies)



OVRO /CARMA
(Owens Valley Radio Observatory )
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Wh Vi ?Wh Vi ?Why Virgo?Why Virgo?
Cepheid Distance 16Cepheid Distance 16 MpcMpcCepheid Distance 16 Cepheid Distance 16 MpcMpc
CO rich SpiralsCO rich Spiralspp
AllAll--wave wave Atlases Atlases (Opt, Radio, HI, IR, FIR, X)(Opt, Radio, HI, IR, FIR, X)

Visible from ALMA!Visible from ALMA!



1. Nuclear Dynamics1. Nuclear Dynamics1. Nuclear Dynamics1. Nuclear Dynamics
&&&&

M iM iMassive coresMassive cores



NGC 3079 RAINBOW NGC 3079 RAINBOW 

RB+C+D                        RBRB+C+D                        RB



NGC 3079NGC 3079 PP--V Diagram: HI vs COV Diagram: HI vs CO

HI (Irwin & Seaquist 91)

CO (NMA)



NGC 3079NGC 3079

CO PVDCO PVD → RC→ RC → Mass Distribution→ Mass DistributionCOCO CC ass st but oass st but o





質量分布ー直接導出質量分布ー直接導出

>> >>



Surf. Mass DensitySurf. Mass DensitySu ass e s tySu ass e s ty

M i CM i C•• Massive Core  Massive Core  

•• BulgeBulgegg

•• DiskDiskDiskDisk
•• Dark HaloDark Halo



BBlack hole connectionlack hole connectionBBlack hole connectionlack hole connection

NGC 3079NGC 3079



22 ““Si l kSi l k””2. 2. ““Single peakSingle peak””
vs vs 

““Twin peaksTwin peaks””

Nuclear ISM PhysicsNuclear ISM PhysicsNuclear ISM PhysicsNuclear ISM Physics

















VV
””TwinTwin””
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““Si lSi l ””““SingleSingle””



““Single Single 
””peakspeaks””



Molecular NucleusMolecular Nucleus
((Si l P kSi l P k ）） R tR t((Single PeaksSingle Peaks）） RateRate

BIMA    BIMA    5”5” 32%  (14/44)32%  (14/44)
NMANMA--OV OV 4”  4”  40%  (8/20)40%  (8/20)
VirgoVirgo 3”3” 33% (5/15)33% (5/15)Virgo    Virgo    3   3   33%  (5/15)33%  (5/15)

NMA NMA UnifoUnifo1.5” 1.5” 66%  (4/6)66%  (4/6)



33 UUniform wt mapsniform wt maps3. 3. UUniform wt mapsniform wt maps
in place forin place forin place forin place for
RAINBOWRAINBOWRAINBOWRAINBOW



Ico=5660 Ico=5660 K km/sK km/s--11









44 ISM Ph i fISM Ph i f44. ISM Physics of. ISM Physics of
SS--peakspeakspp



Single PeaksSingle Peaksgg

Ico > 500 K km/sIco > 500 K km/sIco  500 K km/s  Ico  500 K km/s  

N(HN(H22) > 10) > 1023 23 HH22 cmcm--22(( 22)) 22



超高密度分子コア超高密度分子コア超高密度分子コア超高密度分子コア

100 pc

銀河系と比較銀河系と比較



HighHigh--Density Molecular Core in R~100 pcDensity Molecular Core in R~100 pcHighHigh Density Molecular Core in R 100 pcDensity Molecular Core in R 100 pc
(if conv.X=1x10(if conv.X=1x102020 HH22/ K km/ K km--11))

Column DensityColumn Density
N(HN(H ) 10) 102323 HH 22N(HN(H22) > 10) > 1023 23 HH22 cmcm--22

Gass MassGass Mass
M(HM(H22) ~ Several10) ~ Several1088 MsunMsunM(HM(H22)  Several10)  Several10 MsunMsun

Dynamical mass ~ 10Dynamical mass ~ 1099 MsunMsunDynamical mass ~ 10Dynamical mass ~ 1099 MsunMsun

S hi id LS hi id LSchimidt LawSchimidt Law



SFRSFR∝∝ΣΣ1.01.0(gas) (Schimidt law)(gas) (Schimidt law)
(Komugi et al 2004)(Komugi et al 2004)(Komugi et al. 2004)(Komugi et al. 2004)
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[1][1] Bar accretionBar accretion[1]  [1]  Bar accretionBar accretion
““Twin peaksTwin peaks”” + Ring+ Ringpp

TemporaryTemporary

[2]  [2]  Feeding NucleiFeeding Nuclei

[3]  [3]  Nucl. Mol. Core,Nucl. Mol. Core,
““Single PeakSingle Peak””

StationaryStationary
SFR=Schmidt / StarburstSFR=Schmidt / Starburst

StationaryStationary
SFR Schmidt / Starburst  SFR Schmidt / Starburst  



質量空白域質量空白域質量空白域質量空白域 or DM cuspor DM cusp

RRcc



銀河質量研究の空白領域銀河質量研究の空白領域 BH BH -- BulgeBulge

LLog Rog RLLog Rog R



BBHH –– BulgeBulge –– DiskDiskBBH H –– Bulge Bulge –– Disk Disk 

NGC 3079



BBH f ti  i  /H f ti  i  /BBH formation in core/cuspH formation in core/cusp

RRcc



作業仮説作業仮説

Flat RCFlat RCFlat RCFlat RC
(Isothermal)(Isothermal)(Isothermal)(Isothermal)
beyond BH.beyond BH.yy





MM ～～ MM 0.90.9MMBHBH ～～ MMGG
0.90.9

Log MLog MBHBH～～--1 8M1 8MB diskB diskLog MLog MBHBH 1.8M1.8MB,diskB,disk



Log MLog MBHBH ～～ --1.8 M1.8 MB,diskB,diskgg BHBH
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Kormendy 2000Kormendy 2000



１．野辺山、ＡＬＭＡ１．野辺山、ＡＬＭＡ 回転曲線回転曲線
２ 質量分布２ 質量分布２．質量分布２．質量分布
３ 銀河研究の空白地帯３ 銀河研究の空白地帯３．銀河研究の空白地帯３．銀河研究の空白地帯
４．対数回転曲線４．対数回転曲線対数回転曲線対数回転曲線



NMA 45mALMANMA
Virgo 
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D = 16 Mpc D = 10kpcD = 16MpcD = 16 Mpc D = 10kpcD = 16Mpc

Θ=1” Θ=15”Θ=0.01”

d=100 pc d=1 pcd=1 pcd 00 pc d 1 pcd=1 pc




