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1. Rotation curves & Mass
structures are common (universal)

2. Dynamical mass much (~100x
gas) dominates in <100 pc.

3. Nuclear gas is stable to
produce/maintain dense gas core.




1. Introduction
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(cf: Sofue & Rubin 2001 ARAA)
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Kent 80’; Persic 80’; Forbes 90’; Heraudeau 90’; Rubin et al.
90’; Takamiya, Sofue 90’




RC Mass Distri.

Halo Yes Yes
Disk Yes Yes

Bulge Yes Not clear
Core (1-100 pc)
BH (sub-pc) Yes Yes




Optical RCs: sometimes extinction and/or
Balmar line absorption
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CO for Central Rotation Curve




Transparent (cf optical)

Dense in the center (> HI)
Low temperature/velocity dis

High-spai'
High-veloci
High sensﬂ:lwty

e .-_I_
i
il P ‘--.-" -

---—-_ C——————
F 3 a ! ‘-.:' P




Interferometer CO-line Surveys

OVRO
BIMA

PdB
Nobeyama
etc.
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Il. Virgo CO Survey




Collaborators

Sofue, Y.

Koda, J.
Nakanishi, H.
Onodera, S.
Kohno, K
Okumura, S.
Tomita, A.
Egusa, F.
Komugi, S.
et. al.

Nobeyama mm
Array, 45-m

Future:
SUBARU

ALMA
(Virgo is visible)




Why Virgo?

Cepheid distance 16.1 Mpc
Variety of spiral types

Wealth of data sets
Visible from ALMA




1. Nobeyama mm-wave Array
AB+C+D Arrays (2-4” at 115 GHz)

2. 1200(J=10) line at 115 GHz

3. Normal CO-rich spirals

| 1~~~

(from Kenney & Young ‘s 1988 CO cataiog)
4. Long-Term project : 700 h 1999-2003

(1992 - 2006: individ. G. ; accumulated data from past)




Virgo
survey
galaxies
CO images
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I1l. Rotation Curves
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Iteration Method to create RCs

(Takamiya, et al. 2000)




NGC 4536, CO(1-0
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Rotation Curves

from single dish data
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Rotation Curves
from NMA

atural weighting (3-5%)
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RC of Virgo Spirals
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Rotation Curves
from NMA

(Uniform weighting 1-27%)
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Rotation Cunes of Galaxies
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IV. Mass distributions







Direct calculation of mass distribution

’ > -

(a) Spherical Mass Distribution:

rV(r)?
G ?

1 dAM ()
Ar) = T

M{(r) =

o 1 o0 ( 7 ﬂl-i‘r(*.“) ':.
o(R), = Qf_.c)(-'r')dz = / rv—:zj? '}gdfﬂ’
Lt T :

(b) TFlat-Disk Mass Distribution: Laplace’s equation AP = O:

R - N -
1 1 IV N\ dV* BN dr
(R), - K EN dz f Y K —)—.
7 ) T27 [E’ of( T )3: * (R}l I+R ( ar _)x b (:r :r} '

where K (r) is the complete elliptic integral{Binney & I'remaine 1987).
‘|
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spiral galaxies

Central BH
Massive Core

B Py
DUIYC
Disk
Hallo




Massive Core
10° M in 100 pc

sun

SMD ~ a few x104 Msun/pc—?2

Center Cusp (DM/Stellar)




Fundamental mass
structures of spiral
galaxies

Central BH
Massive Core
Bulge

Disk

Hallo




Mass structure is
universal.

Milky Way, M31, N253, .... Virgo
galaxies, ....

Even LMC, M82(hallo truncated)




LMC =Dark Bulge + Disk + Dark Halo
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IV. Molecular core

In massive core




Center SMD(gas)
"4

SMD(dynamical)
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Xco =1 x1020 H2 cm?2/K km/s

SMD(H2) = 0.013 SMD(mass)

Gas mass << Dynamical mass
in 100 pc




Central gas distribution:
Twin peaks

VS
Single peak
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Uniform weighting maps
(1-2” resolution)
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Single peaks are common.

Nuz ~ 102223 H3/cm?2
~2x103 M_,, ./pc?

(S5 singles against 1 twin)




Molecular core ncc3o7s

MW center

13CO Ring aroun dGC




If thickness ~10 pc
(like MW center)

Ny, ~ 3X103H2 cm—3

Then,
Why stay in gas???




Toomre’s Q = 2./

2c =Kc/miG

B DICED)
k~0(2Q) ~ (0.5 My)1

c ~ 30 km/s

zC=5 x 1 03 (VzooCao/Rmo) M, pc?

(Koda et al. 2005)
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Q> 1
or
Q> 1
(Jeans time >> 1/k)

Gas is stable against
gravitational contraction/SF.




1. Deep potential
(High SMD, high rotation

2. High-density molecular core

(Hlﬂh a2as QMD\

3. Gas stable (@>>1, t,>1/K)




“Twin”

l
“Single peak”
= Stable dense molecular core

Enough time for growth
l

Burst, activity, ....exhaust gas,.... And cycle




1. Rotation curves & Mass
structures are common (universal)

2. Dynamical mass much (~100x
gas) dominates in <100 pc.

3. Nuclear gas is stable to
produce/maintain dense gas core.




uture work:

1. Logarithmic Rotation Curves

& mass/stability analyses as above,
100-10-1-0.1 p

2. ALMA CO Virgo

(Nearest cluster
with acc. distance)
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