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1 Motivation

Massive starbursts are among the intrinsic characteris-
tics of the evolution of galaxies. They are found both
at high and intermediate redshifts (Dawson et al., 2002;
Ajiki et al., 2002; Pettini et al., 1998) as well as in galax-
ies in the Local universe (Marlowe et al., 1995, Cairos
et al. 2001).

The large kinetic energy deposited by the central star
cluster is well known to drastically affect the surround-
ing interstellar medium, generating giant superbubbles
seeing in radio, optical and X-ray emmision. The as-
sociated large-scale biconical gaseous outflows are of-
tern considered to be the tracers of supergalactic winds
which transport energy, momentum and SNe ejected
metals into the intergalactic medium. However to de-
velop a true SGW the ISM has to be punched out by
the shock wave and a free path into the intergalactic
medium has to be opened. This is highly dependent
both on the host galaxy and starburst properties.

HST imaging studies of extragalactic star-forming sys-
tems led to discovery of a new class of compact and high
luminouse star clusters known as super star clusters or
young massive clusters. Superwinds driven by these su-
per star clusters seem to be very different from what
was usually considered to be a supergalactic winds.
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2 PLAN OF THE PRESENTATION

e Superbubbles vs Superwinds
Thick vs thin disc model
Comparison with a sample of star-forming galaxies

Individual objects

e Superwinds driven by super star clusters
SSC basic properties
Impact of cooling
X-ray and emission line properties

X-ray emission problems



3 Superbubbles vs Superwinds

The KEY QUESTION: WHAT IS THE MECHANI-
CAL ENERGY INPUT RATE WHICH IS REQUIRED
TO EJECT THE NEWLY PROCESSED METALS OR
MOST OF THE ISM OUT OF THE HOST GALAXY?

3.1 Thin disk model

Mac Low & Ferrara(1999) have reexamined previous re-
sults taking into account the impact of the DM halo.

The model includes only two components: Dark mat-
ter (DM) and ISM.

The Interstellar medium mass and gas velocity dis-
persion have been taken as free parameters.
Problems: The interstellar gas velocity disper-
sion was taken to be small. Therefore in the
horizontal direction equilibrium is supported
by the centrifugal forces. The ISM is not in
pressure balance with the intergalactic medium.



3.2  Equilibrium model
Two basic points have been revised:

e The rotational properties of the gaseous component

e The pressure balance between the interstellar and
intergalactic media

The equilibrium model has three free parameters: the
ISM mass M;;,,, the fraction of the radial component
of gravity which is balanced by the pressure gradients
(1 - ¢) and the external intracluster medium pressure

(Preu)-
We derive the central gas density p, and gas velocity
dispersion (5, from the condition that the galaxy is

stable and that its ISM is in pressure balance with the
intracluster medium at the galaxy outer boundary.
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Figure 1: The ISM gas distribution for Mgy, = 107 M, galaxy with different
armount of rotation. Panels a), b) and ¢) represent the gas distribution for 197,
T6% and 100% of the radial component of gravity balanced by pressure gradients,
respectively.



3.3 Comparison with a sample of star-forming galaxies

Table 1: Star-forming dwarf galaxies. Observational data

Name M{HI)] | ref | 124 Log(QO/H) [ ref | L{H,) Tef
(10® Mg) ergs!

1 ENIE ) ] (6] 7
Haro-3 hd 1 BAT T 7= o
Mikn-19/1318 14 1 .28 14 | .71 = 2P | 107
MGC-2915 54 18 B T | 130w 1™ | 8

Haro-2 1.6 1 B4 G| 120 s 1t | 6
I1- Zwr- T 34 1 £07 6| 2.2 . 1?6
I-Zw-18 11,26 6 T.18 6| 4.20 x 1P | 6"
Haro-14 3.2 1 B 13| 908 = 1P | o
IC-10) 13 4 £.249 3|2t |11
GR-§ (1.015 4 T8 15 | 143 = 107 | o
DDN)-167 .14 2 T.66 16 | 708 = LFT | 11
DD-53 .54 2 T2 16 | 6.30 = 1P* | 11
WILM .56 2 774 16 | 7.40 = 1077 | 11
[C-1613 .44 2 T.E6 16 | 5.25 = 1P | 11
Sex-A .74 2 TA9 16 | 140 = 1F* | 11
SexB .44 2 7.56 16 | 4407 = 107 | 11
MGC-GE22 (0.6 2 B4 16 | 380 =107 | 11
DDA 7 251 2 T.EH 16 | 2.4 = 1P | 11
MGC- 2166 T4 2 706 16 | 168 = 1 | 11
MGC- 1569 (.59 2 E.16 16 | 219 = 1 | 11
MGC-4214 10196 2 B34 16 | 371 =1 | 11
MGC-4449 13.49 2 g2 16 | 708 = 1(#2 | 11
NGO-5263 204 2 827 17 | 197 » 1P | 12

Referencas: 17 Thuan & Martin, 1281 2 Karachenisev et al., 19993} Legqueux etal., 1979 4 ) Huchimder et al., 2000 &) Comiind,
19ah &) Mas-Hmse & Kunh, 1998 T) Papadercs ot al., 1996 &) Mardowe o al., 1935 ) Gallagher, Humer & Bushouse, 19589
10} Vilchez, 1995 11} Hunter, Hawley & Clallaghor, 1992 12} Storchi-Borgmann, Kinney & Challls, 1995 13} Marlowe, Maurer
K Hecloman, 1958 14} Coniind, 1996 157 Moles ot al., 1990 18} Skdiiman, Kenndewit & Hodge, 1989 17) Terdevich, Terdevich &
Dienbeola, 2001 18) Bedker o al., 1958
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3.4 Individual objects

VIIZW 403

Table 2: VII Zw403 observational properties

Parameter Reference | Comments
Distance 4.5 Mpe 1
The galaxy total mass 2 10* Mg b
The galaxy ISM mass (4—7)= 107 Mg 1,2 fram HI obser vations
The radius of the HI halo ~ L9 kpe not well known, see text
The ISM gas velocity
dispersion 30 kma! 2
The ISM gas metalicity (0L05 - (L06)Z, 3
The total H, fAux (15 +4)= 1 ®ergsem™ 57! | ourdata | integrated out to
the limiting isophote
The total H, lminsity L8 = UP? erga 5! 1
4.7 % WY erga ™! our data
H,, shell radii
- Large ~ 250 pe our data | around association 4
- Small ~ Bl po 1 around association 1
Diffuse X-ray emission: (L9 —2.3) = 1™ ergs s~! 4, 5 ROSAT PSPC data
- Unresolved core ~ B0 not confirmed by
- Extended diffuse emission | ~ 15% ROSAT HRI dats
X-ray flux from the point
BOUIEE 9% 107" ergsem ™ 57! fi ROSAT HRI data

Referencas: 1) Lymds et al., 1998 2) Thuan & Manin, 1951 3) SchulieLadheck a al., 1998 4) Papadercs et al., 1934 ) Fourndal,

1997 &) Lira et al., 2000
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Figure 3: New narrow-band images of VI Z2e403 centered on the H, line and on the adjacent
continnum (Figure 1) were taken in Augost 1997 at the 2.2-m telescope of the German-—
Spanish Astronomical Observatory at Calar Alto (Almeria, Spain) with Calar Alte Faint
Mject Spectrograph and a 2048 x 2048 SiTe CCD chip. At the current epoch the main Ho
contribution comes from the few central knots with a strong star focmation activity.
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Mrk86

Table 3: MrkB6 observational properties

Parameter Reference | Comments

Distance 6.9 Mpe 1

Stellar digk mass 5% 10° Mg

DM mass 8x 10° My

The I5SM mass 8.5 x 10% M, 2 from HI observations
The ISM veloeity

dispersion ~ 35 kms~! | our data

The ISM metalicity | (0.1 - 0.2)Z;

SB mass ~ 107 M, 3

Refrencos: 1) Sharina ei al., 1999 2) Swaters, 1999 3) (il de Paz ot al. 2000

11



4 (il de Pax et al

Fui 1.— a} ¥ 14] sp et areoged over the whols galaxy |f|:_: e ul.'] mud in tha position: of the galoy cantar imu!l'.'u pened nnd of
tha Mde HE-E bubbla (dettem panel]. In tha upper panal cha 21 on H-line profila obesinad by Swaears (19928 in alo shows (l?l.lkll'.\ul].
‘Thanrrows:. dmwn in cha bamnm pana minck cha paddnn nf cha appeasching and resesng paree af cha Miek @-F bubkbla_ h] Tha wwes for
tha 003 1] emnsiging.

oy | 8) Tetd Sk, Meof-o) 0.02 - ) Tatar rogz-1)
o e PR 0.1 | el {
[ T R ) SIS, 0 el ™ Y CEN
= 00 f Ceniral = 'j-"JEE Conirl
= e 001 ¢ . ; ]
E E g . oy
- 0L Il g P = 0 f M) N U i .
f - | f |
N MrkHB- * * taad WrkRE-E . . !
0.0z | .02 | . I ]
of - in Jd 0 phaptie n T
Rl t : [ 1

140 a 160 160 o 10
AR [kl‘l = p "IIF'.H Ek ne })
Fao 2 — )} #00{10] linn n missicn map with the Kb ; L Tl horsmbosikn dises bution of the g is deuly s

nround tha pasitinn of tha nucenr seackare. b Ha image of Sde 8 with tha mntours in 500(3 1) line intensity maging Bt 110 and
T e A TR T M ————

a0
= 0.8 o
] b
@ t
-] T Il
z 0 R
[E8:] -t
-
o
z E B
= =
=) = o
o g1 f o4 o
E a
0.8
40+
- 20

2 @ a0
. offset {(arcsec)

a
RA. offsot {aresec)

12



Ensllar disk

Hkpe)

M., Casesus Flag

v

Rikpc)

[

Rikpr)

Figure 4: MrkB6 superwind evolution. (a) The shape of the superwind cone after
5.5 Myr of energy deposition by the central star cluster; (b) Circular velocities
of stellar disk and gaseous ring.
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4 Superwinds driven by super star clusters

4.1 S8C basic properties

Recent high-resolution HST observations revealed a num-
ber of young stellar clusters of extraordinary luminosity
and compactness (Ho, 1997; Larsen, S.S. & Richtler,
2000). They are found in a variety of environments
ranging from nearby dwarf galaxies to distant merging
galaxies and circumnuclear rings.

Table 4 SS5C basic properties

Masses 10° — 108 M
Median halflight radii | = 3pc
Metallicities from 1/50Z; to ~ Z

14



5 STEADY WIND SOLUTION

5.1 MAIN EQUATIONS. (Chevalier & Clegg, 19835)

1d 9 1d .
gy (') =0, gy (') =0,
du  dP du  dP
My = e M= Tar
1 d o (1 v P 1d o [ v P
r2dr |P (Tm;)l—“* war P \2 TR, )| T

Three starburst parameters control this solution:
Liot Mg Rsn
Asymptotic solution

Vi — Vi~ 1000 km s~ P~ T T, ~ =43

HOWEVER: IT HAS NEVER BEEN PROVED THAT COOLING

IS INEFFECTIVE OUT OF THE STAR FORMING
REGION



5.2 CHARACTERISTIC TIME SCALES
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Figure 5: The intrinsic properties of superwinds, The ratio of characteristic time scales.
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Figure 6: The intrinsic properties of superwinds. Velocity, density and temperature profiles.
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5.3 CRITICAL STARBURST PARAMETERS
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Figure 7. The initial parameter space for hot and cold superwind models
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6 INTERNAL SUPERWIND STRUCTURE
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Figure 8 The internal structure of superwind
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7 OBSERVATIONAL CONSEQUENCES

7.1 Broad line emission
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Figure 10: The inner radius (Ra) of the cold envelope with T < 10*K as funetion of Rsp
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Fignre 11: Superwind H, luminosity as funetion of Rgg
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7.2 X-ray emission
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Figure 13: Superwind X-ray luminosity as lunetion of Rgp
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7.3 X-ray emission problems
e Low predicted luminosity

e Co-existence of the hot X-ray emitting zones and cold H,, fila-
ments

e Low hot gas metallicity derived from the observed X-ray spectra

e Mass loading flows 7 (Suchkov et al. 1996; Hartquist et al.
1997)

e Thermal conductivity 7 (D'Ercole & Brighenti, 1999)
e Non-equilibrium ionization 7 (Breitschwerdt et al. 199 )

¢ Well-collimated Hows 7
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8 CONCLUSIONS

e Metal ejection is highly dependent on the host galaxy
rotation and mass distribution. Fast rotating or stel-
lar disk dominated galaxies are likely to undergo the
phenomenon of blow-out and metal ejection into the
IGM. Slow rotating systems with low mass disks and
extended gaseous halos are able to prevent metal
ejection into the intergalactic space unless a much
larger mechanical energy is deposited.

e The comparison of the hydrodynamical models with
the sample of dwarf star-forming galaxies places the
bulk of the galaxy sample above the limit established
for flat disk models. Indisputable contamination of
their ISM by products of massive star evolution indi-
cates that either galaxy chemical evolution is dom-
inated by a continuous low intensity mode of star
formation or metal ejection is prevented by low den-
sity gaseous halos.

e Superbubble metallicities vary with time and can
easily exceed the solar value even if the host galaxy
ISM has a low metal abundance. The effects of metal
ejection are most noticeable during the first 10 Myr
of a starburst evolution.
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e Galactic superwinds driven by compact and power-
ful starbursts undergo catastrophic cooling close to
the star cluster surface and establish temperature
distributions which are radically different from the
adiabatic temperature profiles.

e Dramatic fall of superwind temperature leads to short-
ening of the hot zone that emits X-ray radiation and
decreasing of the wind X-ray luminosity.

e At the same time, cooling brings the 10'K boundary
closer to the wind center, and promotes the estab-
lishment of an extended ionized fast moving enve-
lope. This should be detected as a week and broad
(~ 1000 km s~ ') emission line component at the base
of the much narrower line caused by the central HII
regiomn.

e The free wind model is unable to reproduce the ob-
served superwind X-ray luminosities.



