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e |ntroduction

[1 Magnetic field topology

given by magnetic field line configuration:

dr_ Blr)] 0B
d = (Brayl gt = XUxB)

[1 Galactic winds
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M 82 (NGC 3034) FOCAS (B, V, Ha )

Subaru Telescope, National Astronomical Observatory of Japan March 24, 2000
Copyright®r 2000 National Astronomical Observatory of Japan, all rights reserved




Galaxy NGC 3079
Hubble Space Telescope « WFPC2
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e Basic concepts & Assumptions

e Galaxy as a complex system

 The outflow known as Galactic Wind
e pbackground plasma

e magnetic field
« The components / J

of the system N

\ e Alfvén wave field

e COSMIC rays
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e Basic concepts & Assumptions
« NGC 4631




e Basic concepts & Assumptions

» Sources and sinks of mass and momentum are disredad

» The magnetic field is anchored in the galactic plae

» The flow is considered over a time scale of at IsbA Galactic
rotation time

» External heating and radiative cooling of the themal gas is
Ignored and the gas is assumed adiabatic

* No external wave sources or damping effects, theawes are
generated by resonant interaction with CR

« Steady-state and frozen-in formalism assumed
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 Simple galactic wind model
without rotation
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 Simple galactic wind model
without rotation

 Mass model by Habe and Ikeuchi with a bulge-diskamponent as
proposed by Miyamoto and Nagali

GxM;q GxM>
q)B,D: =

ol ) s )

e and a dark matter halo, distributed spherically synmetrically
around the disk, like the one discussed by Innanen

G*MHO
Oy = PO —
H Rb

(Logll+x]+1/(1+Xx)

« Qutward magnetic flux tube with the cross section:

A(2) = Ao[1+(zzo)2]
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- The relevant equations describing interaction
between the four components are represented by:

]
e conservation laws

div {pu} = 0,

((6B)%)
8 )

div{pu:u+(Pg+ Pc+ -|}:—pV(I),

div

{pu(; u’ + 75/91 Ij)g +<I>)+

/(8R)2) ( 3

(ycPc(u + va) —RVdiVB — O,T 5 u+va)} =

yc—-1
- A
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- The relevant equations describing interaction
between the four components are represented by:

|
e COSMIC ray transport equation and wave energy exemge equation

div{ ¢ (u-va) Pc- VPc}:(u+va)VPc+Q

yc—1 yc—-1
- ({(6B)%) (3 (6B
dIV{ Ar (2u+va)}_uvk 3 r )—vaVPc—L
U\ Z yg—1 p )
_ /(8R)2) 3
o1 (ycPc(u+va)—RVd|VB — O,T (2 u+va)} =
I'-A
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- The simplified equations

PpUA = const
dFg _ Py do
dz -7 p dz
dpc_ pc(l\/lA+1\qO
dz - e \MA+1}'dz
B L, P @ R
dz  2Ma+1) \ p dz dz)
1 2 du 2 1 dA

U — C, C. + Oeff (£
u( )dz A dz Geft (2
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- Method of solution is to integrate from referencedvel
to infinity and finding the critical point by itera tion

e VVariation of the pressure

//4v e \Variation of velocities

 VVariation of density

\  Outflow velocity to large distances

e Magnetic field component

» Results
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- Method of solution is to integrate from referencedvel
to infinity and finding the critical point by itera tion




- Method of solution is to integrate from referencedvel
to infinity and finding the critical point by itera tion
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- Method of solution is to integrate from referencedvel
to infinity and finding the critical point by itera tion
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- Method of solution is to integrate from referencedvel
to infinity and finding the critical point by itera tion

OutflowvVelocity
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- Method of solution is to integrate from referencedvel
to infinity and finding the critical point by itera tion

MagneticFieldComponentPerpendicularToDisk
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e Galactic wind model with rotation and
complex flux tube geometry

Z
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e Galactic wind model with rotation and
complex flux tube geometry
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e The simplified equations

s A (S) oU = CONS n——

ou U U
u — =
p( J0s u r)
0 1 0 ,o_ > L)
- (Pg+Pc) - "By, )+p
as( g+ o) 8 12 as( 90) P dS
1 9 (P P, |\ BB
A[pul +u¢+ 79 J_o|- v
A 0s \ 2 2 ’)/g—l P ) Ar
D 0P
+|{ e (U+Vg) Pc — ¢ \I] = —
\’)/C— )/c—l 0s )
A -B = const.
1 0 D 0P
— AI( e (U+Vg) Pc— C\I
A J0s \’)/C—l ve— 1 Js )
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e Method of solution is to determine the gas and thER
pressure in terms of the gas density

YC
P.— P I( U0+ Va0 \I
c = Fco*| I
| uox £ +v (p)l/z |
\ a0 )
PO PO
Pg=
P ( p \ltre/2 7c2* Peo Vao [ p 1102
gol | + | |
\ po) ye—1 uo \ po)
Ye
i(1+ )/C+1 Vao _i( u0+VaO \i I{I(p\l_l/z-l_
| | 1/2 I
.\ 2%yc UO .\uo*(;joc))/ +Vao | \\ po)

N’
N ——
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« and then to resolve the transcendental equation fdhe gas
density with a set of boundary conditions

= const.

— Q) #IxUp +

P 2 P P
N U, Yg 9 _P. Yc (U"'Va) C
2 2 u

e ensuring the smooth passage of the solution throball
critical points
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« and then to resolve the transcendental equation fahe gas
density with a set of boundary conditions




* Results for density profiles and velocities
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* Results for density profiles and velocities

DensitvFProfile
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e Galactic wind model with rotation and

complex flux tube geometry
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e Conclusions

» develop an semi-analytical galactic wind in a roting galaxy as a
working tool

» magnetic field configuration for propagation of erergetic particle
into the halo and disk

» determining the mass loss rate and angular momenta loss

e matching the boundary conditions with accurate obarvations

» the characteristics of outflows in early universe

« Parker a®-dynamo
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