
Catastrophic cooling in super star cluster winds

(G. Tenorio-Tagle, R. Wünsch, S. Silich, J. Palou², 2006, ApJ, accepted)

Super Star Clusters
• observed in variety of starburst

galaxies at all redshifts (Ho, 1997)

• masses: MSC ∼ 105−107 M�

• radii: RSC ∼ 3 − 5 pc

→ very compact

• age: < 500 Myr

• Lmech ∼ 1038 − 1042 erg/s

M82 - the nearby starburst galaxy

Credit: NASA, ESA, The Hubble Heritage Team

• inonizing UV radiation flux:
. first 3 Myr . . . LUV ∼ 1053 photons·s−1

. then . . . decrease as t−5

• stellar winds and SN return ∼ 40%MSC back into ISM
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Steady state wind - adiabatic solution
(Chevalier & Clegg, 1985, Nature, 317, 44)

• energy and mass inserted at rates LSC and ṀSC, respectively;

homogeneously into a sphere of radius RSC; ṀSC ↔ v∞
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for r < RSC:

qm = (3ṀSC)/(4πR3
SC)

qe = (3LSC)/(4πR3
SC)

elsewhere: qe = qm = 0

Q = n
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• stationary solution exists only if

Rsonic = RSC

• very extended high temperature

(X-ray emitting) envelope
• not supported by observed X-ray

fluxes in some cases
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Radiative solution & catastrophic cooling
(Silich et al., 2004)

• for higher LSC temperature

drops to 104 K at some radius

• X-ray emitting region is much

smaller than in adiabatic case

• Pc cannot be arbitrary large

(regardless LSC)
 3

 4

 5

 6

 7

 8

 0  20  40  60  80  100

lo
g 

T
 [K

]

r [pc]

L=3.1041

L=2.1041

L=5.1040

 39

 40

 41

 42

 43

 44

 0  10  20  30  40  50  60  70  80  90

lo
g 

L c
rit

 [e
rg

/s
]

RSC [pc]

No stationary solution

Quasi adiabatic regime

Radiative regime

• Rsonic ∼ Pc ⇒ Rsonic cannot be

arbitrary large → cannot equal

to RSC for some parameters ⇒
stationary solution does not alway

exist
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Catastrophic cooling & observed clusters

• most massive observed SSCs

have luminosities close to

Lcrit curve

• uncertainty because of un-

known v∞ and metallicity
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• M82-A1 associated with HII re-

gion:

RHII = 4.5 pc

nHII = 1800 cm−3

FWHMHII = 62 km/s
HST + ACS/WFC F814W image of M82

(Smith et al, 2006)
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Numerical model
• based on ZEUS3D v.3.4.2, new cooling implemented
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Supercritical clusters - 1D

Lower LSC (1042 erg/s)

• inner cluster region oscil-

lates between 2 states with

higher (107 K) and lower

(104 K) temperature

• periodic shifts of Rst and

temperature drop region

outside the cluster
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Higher LSC (1043 erg/s)

• dense cold standing

shells are formed through

collisions of shocks
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Supercritical clusters - 2D
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Mass outflow

• although Rst → RSC for LSC → ∞, the amount of mass

outflowing from the cluster grows with LSC
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Summary

• the radiative cooling may substantially change the radial tem-

perature profile of the SSC wind, making the high-temperature

(X-ray emitting) region smaller

• winds in very massive and compact SSCs (above Lcrit curve)

may become thermally unstable in the central region

• the thermally unstable material collapses into dense cold

clumps and part of it may eventually feed the subsequent

star-formation there

• 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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