Catastrophic cooling in super star cluster winds
(G. Tenorio-Tagle, R. Wiinsch, S. Silich, J. Palous, 2006, ApJ, accepted)

Super Star Clusters
» Observed in variety of starburst
galaxies at all redshifts (Ho, 1997)
o masses: Mgc ~ 10°—107 Mg

o radii: Rsc ~ 3 — 5 pcC
— very compact

VY Myr M82 - the nearby starburst galaxy
o Lmech ~ 1038 _IN 1042 erg/s Credit: NASA, ESA, The Hubble Heritage Team

 inonizing UV radiation flux:

first 3 Myr . . . Lyyv ~ 10°° photons-s~
then . . . decrease as t°

o stellar winds and SN return ~ 40%Mgc back into ISM
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u, cg [km/s]

for r < RSC;
gm = (8Msc) /(47 R3c)

o stationary solution exists only if
Rsonic — RSC

o very extended high temperature
(X-ray emitting) envelope

o not supported by observed X-ray
fluxes in some cases
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No stationary solution
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stationary solution does not alway
exist
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Vips = 1500 km/s

Vit = 1000 km/s

Necs25s.
+ sBso335-s1

+ M82-Al
Vini = 500 km/s

30"~500pc

gion:
RH[[ = 4.5 pC
ngrr = 1800 cm—°

FWHMHI[ = 62 km/s

HST + ACS/WFC F814W image of M32
(Smith et al, 2006)
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Cooling routine with "adaptive time-step refinement"”
patch for the ZEUS3D hydrodynamic code

Description:

This patch for ZEUS3D v3.4.2 implements new cooling which is able to work in
case of extremely fast cooling like for instance during the thermal instability of
the gas. It is achieved by using more stable root finding algorithm (Brent's
methodj for solving the energy equation, and in particular by controlling the

size of the time-step by the cooling rate. Diagram of subroutine calls
The"cooling” time-step is defined dtcee1 = €/[pA(T,z)] where p and e are the Shsitab o
local mass and energy densities, A(T,z) is the cooling function, and CCN is the S s

oo lim e beoolmia, cnebal{L)

"cooling Courant number” - a dimensionless quantity which denotes the
relative amount of internal energy that can be radiated away during dtcgol.

“ E
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tacmed, uncrel, Anmd, oo, mamet
T, Thomis, runcain, oo i, Lrstal

Local sub-steps for the computation of the energy equatlon are used to
increase the code performance; the global time-step is

[ e = drup for g = @D
di = tft = dffond for ditnp > dfoea = 0 X dinp
i =& X dtgp  for & X dinp > dicon; — locel substeps diagpy = dfooal

where dtyp is the hydrodynamic time-step and & (typically 6=0.1) is a
dimensicnless parameter. TEUS globak

This procedure does not let the global time-step decrease below b6x
digp. However, the accuracy in solving the equation of energy is
ensured by the sub-steps of size dtcg01 Which are only applied to fast
cooling regions.
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Time = 0.396 Myr
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shells are formed through
collisions of shocks
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Time = 0.00000 Myr Time = 0.07922 Myr Time = 0.39611 Myr

-15 10 -5 0 5 10 15 -15 10 -5 0 5 10 15 -15 10 -5 0 5 10 15

Richard Wiinsch, Astronomical Institute, CAS, Prague 7/10



e 125
10%5°

thOt
2140%.0°%% ——

Richard Wiinsch, Astronomical Institute, CAS, Prague 8/10



Summary

o the radiative cooling may substantially change the radial tem-
perature profile of the SSC wind, making the high-temperature
(X-ray emitting) region smaller

e winds in very massive and compact SSCs (above L., curve)
may become thermally unstable in the central region

o the thermally unstable material collapses into dense cold

clumps and part of it may eventually feed the subsequent
star-formation there

o the outer region of the cluster is still able to produce the
quasi-stationary wind, though less powerful than predicted by
the adiabatic model
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