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er Very competitive now.

er Contact me, if you are inter-
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erGaIamesEém gas by:
erLow velocity outflows recycle back.
er Accretion from circumgalactic medium.
erMajor/minor mergers.



stars.

dense) molecular gas means
n of star formation.

s outflows take away the fuel f
rmation.

erMolecular gas inflows supply the fuel for st
ar formation.
erMolecular gas observations will tell us th
e baryon cycle of galaxies.



@ M 82 (NGC 3034) FOCAS (B, V, Ha)

Subaru Telescope, Mational Astronomical Observatory of Japan March 24, 2000
Copyrighlic) 2000 National Asirgnaomical Ctesenalony of Jupan, all rghts reserved



372, 530

He(Greyscale; Shopbell et al. 1998)
X-ray (Contours; Bregman et al. 1995)




S Filaments
hteraction and active star

Walter et al.
2002, ApJL, 580
L21

erWe try to derive phyll condltlons and Ki
nematics of the filaments.






§
- MU&O’Maps

ﬂal region of M82 has been observed
In =1-0, 2-1, & 3-2.

‘ SMA c0(3N
<



L. A e
/ R@ WBayes_ian Analysis

Mrive the physical conditions (density, tempe
rature, and column density) of molecular gas, we
used RADEX +




fem Peratu
+ 101.8 - 3.1 cm-
erature: 61-175 K

¢r Each Component
er Disk -

er Den§‘102.6 +- 0.5 cm-3

er Temperature: 104 +- 36 K

er Superbubble

er Inside Disk
Density: 102.64 +- 0.18 cm-3
Temperature: 82 +- 17 K

er Qutside Disk
Density: 101.93 +- 0.15 cm-3
Temperature: 159 +- 30 K

er Filament S2

er Density: 102.3 cm-3 Chisholm & Matsushita
er Temperature: 128 K 2016, ApJ, 830, 72
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Deénsity & Temperature Chann
el Map ”
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erSuperbubble and the streamer 52 have d
iffuse ar*rd*ngh
temperature
components.
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onversion Factor XC

(Sakamo% |
er Median
~ 4 x 1019 C|ﬁ'2 /(K km/s

er An order of magnitude
smaller than that in our
Galaxy.

er Total Molecular Gas Mass
~ 2 X 108 Msolar
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J . J2000 Right Ascension
Chisholm & Matsushita 2016, ApJ, 830, 72







nematics

"t
ant offset from the rigi
ar the galactic center.

-



Molecular Superbubble in M82
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+ 2.2pm Peak (Nucleus)
<» 2.2pm Secondary Peak

Nobevama Millimeter Array
Matsushita et al. (2000)

er140 pc offset from the galactic center.
> Localized.
erVisible in both diffuse and dense molecular gas
> Most of the molecular gas is associated with the bubble.
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bble in M82

pendicular to the galactic disk.
~ 50 - 100 km/s

erMass ~ (1-3) x 108 Msolar

erEnergy ~ (0.5-2) x 1055 erg
erEquivalent to 103-104 supernovae energy.

erMass Outflow Rate ~ 17 Msolar/yr



M B2 [HGC 3034y FOCAS (B, Ha )
e O T e S T e 3080
[ V—

«  Color : HE emission
(Ohyama et al. 2002, PAS], 54, 891)

*+ Contour : 100 GHz continuum

[
(Matsushita et al. 2005, ApJ, 618, 712) \|

Superbubble
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erP
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are offset fr
ucleus.

erStarburst regions ar
e inside edge of the
superbubble.

erStarburst is weak at
the bubble center.
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Starburst in M82
ation of Starburst

(dense) molecular gas.
ecular gas at the center of th

il

“ree-fr sion is also weak.

erRed sur dominated star cluster locates at t
he center of the superbubble.

o4

!

er Starburst at the center of the superbubble begins t
O cease.

er Number of massive stars is decreasing by superno
va explosions.



’ J
+ Color : 100 GHz continuum
(Matsushita et al. 2005, ApJ, 618, 712)

+ Contour : 12CO Superbubble
(Matsushita et al. 2000, ApJL, 545, L107)

+ Dots : OH & H20 Masers
(Wellachew et al. 1984; Seaquist et al.
1997,
Baudry & Boulliet 1996)
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outside.

er interacting with
molecular gas.

Visr [km/s]

s

Superbubble
& Masers (2)
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. .= [Wellachew et al. 1984,
+ 1 : OH Masers Seaquist et al. 1997)

(Baudry & Broulllet 1996)
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" Superbubble
as, & Masers (3)

» Griffiths et al. 2000, Scienc
e the superbubble
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~

he Superbubble
ard X-ray (2)

a Proton cpp ~
km/s

A
tex ~ r/cpp

-

FI

er Faster expanding velocity & short expansion ti
mescale than the molecular superbubble

!

Consistent with the results of ionized gas and
masers.



ourst in M82
>tarburst

Xpanding molecular superbubble.
ar ate OB stars) are at the center.

&

(& pre hot gas & high-velocity ionized gas.
o Masers entrated.
e Free-free e 0N is strong (= many massive stars

exist) at the edge of the superbubble.

=

er Past sfarburst produced the high-velocity gas, swept
surrounding gas, and produced the superbubble.

er'The compression of surrounding gas induced new st
arburst regions (Self-Induced Starburst).
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llament S2

Fil t S2 is blueshifted (-37 km/s) from the galactic rotatio
n. ~
er If far-side, i ing toward us, so “inflow”.

er If near IS moving away from us, so “outflow”.

_s'
S2 has AV ~ !SEag, but no absorption feature in optical image
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~ 1.4 Msolar/yr



; Cycle of M82

s ~ 2 x 108 Msolar

ass Inflow Rate ~ 3.5 Msolar/yr
/Outflow Rate

er Star Formation Rate ~ 13 Msolar/yr (Forster Sc
hreiber et al. 2003)

er Superbubble Outflow Rate ~ 17 Msolar/yr

erM82 will consume or expel all of the observed
molecular gas in 7.8 Myr.



. u
A‘.F.

Cycle of M82

' the starburst region of M82
- & 3-2.
)ens perature, XCO, and total mol
acL ass have been derived.

ez’SeIf-in uced starburst has been observed
at the superbubble.

erObserved gas inflow rate is much smaller
than the consumption/outflowing rate, so
that it will be consumed/expel in 7.8 Myr.
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