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Properties of SSCs

massive (10° — 107 My)
compact (1 — 10 pc)
young (< 500 Myr) clusters

. observed in starburst galaxies at all

(Ho, 1997) -

feturn < 40%Msc back into ISM
oo
massive stars ‘source of ionizing radiation — UDHII

regions — M82-A1 (Silich et al., 2007)
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Credit: NASA, ESA, and the Hubble Heritage Team (STScl/AURA)-ESA/Hubble Collaboration Acknowledgment: B. Whitmore (STSI)



SSCs in our backyard

R136 in LMC (30 Doradus) MW: Arches, Quintuplet,
M ~2—8x10* Mg, NGC3603,
R ~ 0.5 pc, age~ 2 Myr

bubbles, filaments

Tarantula nebula The open cluster Westerlund 1
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Physical model of SSC wind

Chevalier & Clegg (1985)

o SW and SN energy thermalized
(efficiency n)

e 4 parameters:
n, Rsc, Lsc and Mgc
e Lgc and Mgc coupled:

jufs(l
if a stellar population assumed

Va,00 —

o Catastrophic cooling: (Silich et al.,

energy input rate: Lgc x Mgc
. . de )
cooling rate: 8| o p? oc M3 o< Mg

dt |coo
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Steady state wind

o energy and mass inserted at rates Lgc and Msc, respectively;
homogeneously into a sphere of radius Rsc

1 d

= (pur®) = gm o < Kyt
r2dr qm = (3Msc) /(47 R )
P ge = (3Lsc)/(4mRic)
dr dr " elsewhere: ¢. = q,, = 0
1 d 5 [Uu? v P
r2dr [pw (2 +7—1Z)] = 2mC Q = neniA(T, 2)

o stationary solution exists only if Ryonic = Rsc
du 1 (v=1)rQ+2yuP

outside of cluster: @ — g Hai—c2)
—1)(ge— 1)/2)u®—2c2/3
r P Cs—U
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Bimodal
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Implementation of cooling

o cooling time-step (limit on the relative amount of internal
energy which can be radiated away during 1 time-step)
(e.g. Suttner et al., 1997)

dtcool — CCN x p2AE3T,z)

e CCN - "Cooling Courant Number” (typically 0.25)

o dtcoo1 t00 small in some places (dtcoor ~ 10~ 3dtap)
= local sub-steps dt,,, < dtcool

( dt = dtHD for dtcool Z dtHD
dt = < dt = dtcool for dtyp > At coo] = d X dtup
dt = 0 X dtgp for o0 X dtyp > dtcool; — dtsub < dtcool

\

o 0 - safety factor (typically 0.1)
o code publically available http://richard.wunsch.matfyz.cz
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inserted mass

stays in cluster

numerical, time av.
ejected clumps

semi-analytic
hot/warm wind
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stays in cluster

fit to 2D sim.

/

ejected clumps

0.5 1 1.5 2 2.5

IOg[LSC/ I-crit]

1D 4  300x112, Mgc = 10° Mg,

150x56, Mg =0 + 600x224, Mg = 0

150x56, Mg = 10° Mg, X 600x224, Mgc = 10° Mg,
300x112, Mgc =0 4
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Conclusions

o 2D simulations confirm bimodal behaviour: outer part of
cluster produces the quasi-stationary wind, thermal instability

forms dense warm clumps in the inner region
o warm 10* K outflow from the cluster consits of two compo-

nents: originally hot wind that cools down and ejected clumps

formed in the central region
o ejected clumps carry only small amount of inserted mass (10%

or less), most of mass inserted below R,; stays in the cluster
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