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Galactic winds from NASA & Subaru

NGC3079

Mill{y Way FermiLAT - Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al

NGC4388 Subaru
ga=s  Active Galaxy NGC 4388 Suprime-Cam (OIL, V, Ha)

&—J Subaru Telescope, National Astronomical Observatory of Japan April 15, 2002
Copyright © 2002 National Astronomical Observatory of Japan, all rights reserved
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GW as it looks like



Fanakrmueckumm Betep

NGC3079

Cecil et al 2001

Combined a)+b) and VLA 3.8 cv continuum in blue
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SF as a driving mechanism
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Galactic wind in clusters

(%) Renzini 1997, 2003

Intracluster gas

= Enrichment at nearly the same epoch
(very likely at z = 3); Ellis + 1996

® Jron mass in ICM ~2 of iron mass in
galaxies;

= Required mass-loss rate for a Coma-like
cluster

I

~2x 10°Z7 h

: M.
Miina ~ 22 lh,_l—?) per galaxy
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Extended galactic halos in local Universe

@ Extended circumgalactic halos

Tumlinson etal 2011
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Tracing galactic wind at high redshifts

Simcoe etal 2006
@ Extended circumgalactic halos 7=2.73 Y :
500/h: kpe::
Lehner + 2013 I n
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Tracing galactic winds on high redshifts

o a star-forming galaxy at z ~ 2.5 1:_03'58" o — I .

Crighton + 2013 o R |
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Energy sources of GWs

@ Stellar activity: SNe explosions, stellar radiation..

Leitherer + 1999
OB WR SNII > time

1 Myr 6 Myr 40 Myr




Energetics of GWs

@ Ignition > Launching - Advanced wind

> Myr
~10-30 ~30-50 ~100-300
Starburst Breakthrough of the Quasi-steady large
ISM gas layer scale collimated
outflow




Quasi-steady phase: MW center & bubble
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Quasi-steady phase: necessary conditions

® Coherency: Roy + 2013

Vsnr(t
fo(t) = Sl\{f( ) ~ 1 > L=E_ R, ergs’

¢ @ Mass & energy injection rate:
Esy > E,,
Msn > M,
¢/ @ Critical mechanical (energy) luminosity to launch:

E  ~ 100pgzgc? ~ 10°3 erg = 100 SNe

Energy balance in the bubble
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Quasi-steady phase: MW center & bubble

® Energy conservation = momentum conservation

Cooling time Dynamical time
| TNET e
It begins when tg = <
4An  3cg
1010
— s< 10" ¢
E Vasiliev 2012 n
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Radiative cooling



Quasi-steady phase: necessary conditions

® Coherency:

A 3
t.) ~ —uv_.. .71 2, 1 :
f( c) 3 SN e dE. v E ~ 10320 25

dS ~— TR2 R, cm? s

Superwinds: ~ (3 —5) x 1072 cm™ s~!  Heckman 2002

Edge-ons: > 6 x 1074 cm™ s™1 Tullmann etal 2006

te = v.(t;) =100 km/s

'rz’ oxn !
t. X n~1/3

f(t.) ocn=4/3

Collective action of SNe



Quasi-steady phase: necessary conditions - Galaxy center

® Coherency:

f(t.) ~ —1/ rote

SN’ c
(o) Homogeneous (averaged) cloud f (tc) ~ 0.2
o Puffed by stars (ionizing + pushing dust) cloud f (tc) ~ 1

Walch + 2012, 13

Murray + 2010

M;,; ~ nSFR
n=mn(fe) <1

Collective action of SNe




Quasi-steady phase: necessary conditions - Galaxy center

® Coherency:

4
(t ) ~ ?V SN ct
(#) nonhomogeneous (clumpy) cloud

Ig(n), cm™ Ig(n), cm™ Ig(n), cm™

fc =0.05

1g(ZD) 1g(Z)

1g(ZD

1g((ZD)

-40

50 kyr 100 kyr 200 kyr 400 kyr

Collective action of SNe




Quasi-steady phase: necessary conditions > M82 case

® Coherency:

4
f(tC) ~ ?WVSNTgtC

(e Homogeneous (averaged) f (tc) ~ 0.04

() Pufted by stars (ionizing + pushing dust) f (tc) ~ 0.2

Collective action of SNe



Launching phase: necessary conditions > M82 case

@  (Critical mechanical (energy) luminosity to launch:

© L=L,y~2x10¥ergs™t = f(t.)~2x107?
o f(t.)~1 = L~10% ergs™!

(#) Suchkov + 1994, 1996: Numerical model for M&2

ZESN ~ 5 x 104 erg/s
v V.. .t.

SN ~ SN

Y 7R2H

~ 1073

R =160 pc

Collective action of SNe




Still weak points: M82..

(o) X-ray emission needs mass loading (Suchkov + 1996)

o Mass loading needs thermolization = very hot (hudnred of millions

K) wind gas = enhances radiation losses (Strickland & Heckman
2009)

(o) Little mass 1s ejected (Mac Low & Ferrara 1999): Arp 220 galaxy




Mass outflow

(o)
—
S
@\l
+
m
<
<=
N
>




M Sharma + 2013
190 Myr
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@® Top shell formation

95 Myr

142 Myr

M Sharma + 2013

190 Myr
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Radiation pressure as a driver of GWs

1 ' M +2005
@® Dustdriven wind urray
Nuclear luminosity Nath & Silk 2009
L 19 L —9 M Sharma + 2011
Nur £ <2x10® (=) cm

AGepmyM — M) Chattopadhyay + 2012
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Radiation driven

@ Advantages

©  Coherent flux as all stellar population does work continuously

Supports superbubble shell against slipping down

@ Disadvantages: Photon to gas kinetic energy conversion

U —
O MS82 case: Lkm ~ _LUV ~ 10 4LUV
C
Lx ~ 10* erg s7!

° Lir~3x10"°L,



Speculations: Energy driven vs radiation driven:

@® Basically they are complementary

@  Perhaps their relative contributions detemine diversity of the wind

@® Magnetic field enhances troubles

@ Observations & numerical simulations




Speculations: Energy driven vs radiation driven:

@® Basically they are complementary
@  Perhaps their relative contributions detemine diversity of the wind
@® Magnetic field enhances troubles

@ Observations & numerical simulations

@®  Our future is bright, interesting and happy..



