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Largest Size of the Superbubble?

 Kompaneets Approximation

— Rankine-Hugoniot condition

— Pressurezls uniform inside the shock front (O<r<RS)
2 pR: L\t
ps =

(7—1)6'()4 R’ jBrJ . ((7/2_1); LSNtJlIZ

— which g+|ves an expansion law R, Y
— in exponential density distribution,
p(r) = Aexp(-r/H)

s

Accdieration radius ¢ e
R, =3H (for Explosmn) R. 1 74H(for wm@amg py_t

‘ Shock Front is Accelerated ‘ ologr H
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* |In an exponential stratified A_r‘

medium (Kompaneets 1960)

— The shape of the wave front p(2) = poexp(=2/H)
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Gould Belt

(1)A Ring of OB Stars D<1kpc
(2)Inclined approx. 18 deg to the
galactic plane

(3)Expand|ng rlng Lindblad’s ring

s L I Ori II Per |
. T, | =
—ft _
r::c_E_:’E‘t
Y I Lac

Fiz, 5—Position of the expanding shell at present, for the best-fit
model with ambient pressure (see text). The position of the Sun is also
shown (see Fig, 3a of Olano 1982,

Olano (1982) , AAp, 112,195
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Origin of Gould Belt

(1) Oblique Collision of High Velocity Cloud with Galactic Disk.
- This may explain the tilted gas disk.

(2) Explosive events occurred in a tilted gas disk.
- A pre-existing tilted gas disk is necessary.
- Supercloud?

Similar objects in external galaxies:
M83 ( Comerdn 2001, AAp, 365,417)
groups of Trapezium clusters
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Spiral Arm
i OB Association
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Magnetic fields, if runs parallely to the disk
prevent from blow-out from the gas disk.

e Observationally, B-fields run parallel to the disk.

z‘ P2
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— B-field blocks the flow perpendicular to the disk.




Effect of Disk vs Magnetic Fields

« Density scale H vs the size of the bubble.
— Size of the bubble:

1/5 -1/5 t 3/5
R, zBOOpc l;'\' - _sj
: 10 erg 0.3cm OM
— Tlmescale enr m pressure = e | pressure.

P0V2 ~ Py
tp NSOMyr L1/2 3/4p le4
|_3 — LSN — pO
° 10%rgs* T 10™ergcm’®

— The expansion is decelerated
much after. t >t
— Deceleration time t;.




e Condition for blow-out.

— If R4(t;) > aH=acceleration radius, the
expansion of the bubble is accelerated.

9 LSN > I—crit R>aH
— critical luminosity
L. =0.6x10%erg 3'1(0; j Hin,Y*p23
o Effect of magnetic energy: d
= (B, /5,uG)
e Critical luminosity

o @) H Y[ n, Y p .
L. =3x10%ergs . total
5 J{180pc ) \ 0.3cm™ 1.7 x10™erg cm™

L. ~ L, ~ E(1/10%yr) 11!

crit

H

aH

pmag -12
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The Effect of Magnetic Field

« B-Field confines the superbubble to the gas disk,
especially for the case with the magnetic scale-
height being large.

o Side-effect: the expansion perpendicular to the
B-field is blocked. Final outcome is an elliptical
hole whose major axis is directed parallel to the
B-field.

* In the ISM with finite scale-lengths for p and B-
fields, hot gas escapes from the gas disk due to
Its buoyancy.
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Introduction of Nested Grid

 Nested grid is a cheap edition of AMR B-) (i

— AMR is somewhat expensive for nearly spherically collapsing gas cloud.

o Cell width 4x,=1/2 Ax, ,

e Subgrids are formed automatically according to physical conditions.
e Location of the subgrid is fixed.
e Schemes:

— Roe method for HD and MHD

— Multigrid method for selfgravity.

= Numerical fluxes are conserved in grid-interfaces, surfaces between fine and
coase grids.
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hml

T MHD part
Multi timestep (1)
dt

L g2
dt/4

« High resolution in time in sub-grid
At =Min( 4t , CFL Ax/v)

— The fine grid takes two or more steps while
the coarse grid does one step.

— This ensure that CFL condition is satisfied In
every grid.
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Physical Models & Numerical Method

deal MHD 2| HzommEsEs

Composite Polytropic Eg. of State _

— Which mimics the result of 1D RHD — Coarser grid: covers global
(eg. Masunaga, Inutsuka 2000). structure

2 2 715 — Finer grid: small-scale
=C'p+C°p.. .
P=Cp S'Oc”t(p/pc”t) structure near the center.

“Nested Grid” Technique

1G9 s —
Kp™®...(p> Puit)  Adiapaic

pd
Parameter ol =
— Magnetic-to-Thermal Pressure Ratio - ~
BOC /477: o 10+ A A
a=—"5 g - L=1
Cs IOOC _ — 5|
— Angular Rotation Speed / Free-Fall Rate /«é@ g N
-1/2 0 : - Cl’it‘=2
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Axisymmetric Evolution of Isothermal
Runaway Callapse
rilasted Grid MFE-Simulation

- _
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Typical Dynamical Evolution of Rotating Magnetized Clouds

Runaway Isothermal Collapse | Disk-in-disk structure..
IOC < pcrit

(1=0: core forms)

100 > pcrit

All models with Q.0 and g0 show indicate outflows.
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S to strong B-field

- & slow rotation.
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Spherical core

Core Model
(A_, o w)=(0.01, 1, 0.1)
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Q+0, B0 (Machida et al 2004 MN In press)
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Leiden Atomic and Molecular Database
Atomic datafiles | Molecular datafiles | Data format | RADEX

The aim of this projectis to provide users of radiative transfer codes with the
basic atomic and molecular data needed for the excitation calculation. Line
data of a number of astrophysically interesting species are summarized,
including energy levels, statistical weights, Einstein A-coefficients and
collisional rate coefficients. Available collisional data from guantum chemical
calculations and experiments are in some cases extrapolated to higher
energies.

Zurrently the database contains atomic data for 2 species and molecular data
for 23 different species. In addition, several isotopomers and deuterated
wersions are available World is currently undensway to add more datafiles. Ve
encaurage comments from the users in order to improve and extend the
database.

This database should form an important tool in analyzing observations from
current and future infrared and (sutbmillimetre telescopes. Databases such as
these rely heavily on the efforts by the chemical physics community to provide
the relevant atomic and molecular data. \We strongly encourage further efforts in
this direction, so that the current extrapolations of collisional rate coefficients
can be replaced by actual calculations in future releases.

RADEX, a computer program for performing statistical equilibrium calculations
is made publically available as part of the data base.

If you find the data files useful in your work please refer to the publication by
Schdier, F.L., van der Tak, F.F.S., van Dishoeck E.F., Black, J.H. 2005,
A&A 432, 369-379 (astro-ph/0411110) introducing this data base.
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IMOLECULE

HCO+

IMOLECULAR WEIGHT

29.0

INUMBER OF ENERGY LEVELS

31

ILEVEL + ENERGIES(cm”-1) + WEIGHT +J

1

0.0000 1.0 0

29750 3.0 1
8.9250 5.0 2
17.8497 7.0 3

INUMBER OF RADIATIVE TRANSITIONS

30

ITRANS + UP + LOW + EINSTEINA(s"-1) + FREQ(GHz) + E_u(K)

OO, WN

4.2512e-05  89.1885230 4.28

4.0810e-04 178.3750650 12.84
1.4757e-03 267.5576190 25.68
3.6269e-03  356.7342880 42.80
7.2449e-03  445.9029960 64.20

abh wNBEF

INUMBER OF COLL PARTNERS

1

ICOLLISIONS BETWEEN
1 HCO+ - H2 from Flower (1999) + extrapolation
INUMBER OF COLL TRANS

465

INUMBER OF COLL TEMPS

15

ICOLL TEMPS
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ITRANS + UP + LOW + COLLRATES(cm”3 s”-1)

1
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2

3
3

1 2.6e-10 2.3e-10 2.1e-10 2.0e-10 1.9e-10 1.8e-10 2.0e-10 2.2e-10 2.3e-10 2.5e-10 2.7e-10 2.8e-10 2.9e-1
1 1.4e-101.2e-10 1.1e-10 1.0e-10 9.2e-11 8.8e-11 8.4e-11 8.2e-11 8.1e-11 8.3e-11 8.1e-11 8.5e-11 8.8e-1
2 3.8e-10 3.7e-10 3.4e-10 3.4e-10 3.3e-10 3.5e-10 3.6e-10 3.8e-10 4.0e-10 4.2e-10 4.4e-10 4.4e-10 4.6e-1

1 1 NAa 1NN 1A 11 O AA 11 7 29 11 2 O0A 11 2 D292 11 E0A 11 C LA 11 CCA 11 CCA 1M1 CCA 11 CCA 11 EC OA 1
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HCO+
7.84e-9

44 59E+09 ! BB rotation constant

5
3
1
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I corrected on Feb.2,'05 <== nu=1/lambda

n et al. (2004) MNRAS 352 1365

3.937E-18 ! electric dipole moment 3.937 Dboye | U
I level max
I level of Temperature
T (K) E=hBJ(J+1)
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11.600E-10 ...
1 1.200E-10

OCuUuIhWwWNPFPOOUMWDNE OO

2 1.938E-10 C,, «—
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