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ISM heating efficiency inside clusters
from 3D hydrodynamic simulations

R. Wünsch, J. Palouš, G. Tenorio-Tagle,
S. Silich, C. Muñoz-Tuñon, A. Whitworth,

F. Hueyotl-Zahuantitla

Motivation:
1. Bimodal solution

. secondary SF in the cluster central region

. predicts two-component line profiles, widths ratio ∼ 2
(excellent agreement with observations)

2. Critical parameter: ratio energy/mass of the reinserted
matter - must be substantially lower than that of SW/SN

. only a fraction of mechanical energy is thermalized
→ heating efficiency η

. mass loading

3. How to calculate η from hydro simulations?
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Super star cluster properties:

• masses: MSC ∼ 105−107 M�

• radii: RSC ∼ 1 − 5 pc

→ very compact

• ages: up to few Myr

• Lmech ∼ 1039 − 1042 erg/s

• stars return ∼ 30%MSC back into ISM

• UV photon fluxes: LUV ∼ 1051 − 1053 s−1,

after 3Myr drops as ∼ t−5

• recombination lines: two components

∼ 100− 200 km/s and ∼ 200− 400 km/s
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Bimodal solution
Tenorio-Tagle et al. (2007)
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, RSC , η - themalization efficiency
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Web based calculator
http://galaxy.ig.cas.cz/˜richard/windcalc
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2D hydro simulations
Wünsch et al. (2008)

• ZEUS, Rθ coords, open both R-boundaries, periodic θ-boundary

• RSC = 10 pc, LSC/Lcrit = 20, η = 1.0, 600× 224
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Supersonic recombination lines widths
Tenorio-Tagle et al. (2010)
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Critical luminosity and observed clusters
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Heating efficiency in clusters in M8
Silich et al. (2009)

• η measured for 10 clusters in M82

• from sizes of HII regions, η . 10%
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Model for heating efficiency
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Flash model with individual sources
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Cooling:
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Firsts tests - 2 and 3 stars
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500 stars
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Comparison with uniform mass/energy input
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Determination of heating efficiency - temperature

Richard Wünsch, Academy od Sciences, Prague, 15th September 2010 14/31



Determination of heating efficiency - pressure

Richard Wünsch, Academy od Sciences, Prague, 15th September 2010 15/31



Determination of heating efficiency - density
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Resolution study - 100 stars

• meassured average values in spheres: 0.1, 0.2,. . . , 0.6 pc

• non-thermalized free wind excluded (velocity criterion)

• two media: warm (T < 3× 105) and hot (T > 3× 105 K)
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Temperature inside the cluster
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Pressure inside the cluster
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Density inside the cluster
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Stellar wind properties from SB99
Leitherer et al. (1999)

• based on Starburst99 v5.1 data tables

• each wind source is a star with 15 M� < M < 120 M�

• time dependent mass loss rate and wind velocity (given by evolu-

tionary tracks)

• mass distribution: Salpeter IMF
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Cluster with ”realistic” wind sources

RSC = 0.1 pc
t = 0
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RSC = 0.1 pc, t = 0
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Cluster with ”realistic” wind sources 2

RSC = 0.01 pc
t = 3 Myr
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RSC = 0.01 pc, t = 3 Myr

Richard Wünsch, Academy od Sciences, Prague, 15th September 2010 25/31



Cluster with ”realistic” wind sources 3

RSC = 0.001 pc
t = 3 Myr
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RSC = 0.001 pc, t = 3 Myr
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RSC = 0.001 pc, time evolution of density
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Richard Wünsch, Academy od Sciences, Prague, 15th September 2010 28/31



RSC = 0.001 pc, density(LSC, η)
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RSC = 0.001 pc, mass flux
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RSC = 0.001 pc, energy flux
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Summary

• massive compact clusters may evolve in the bimodal regime

. outer quasi-stationary wind region

. inner thermal instability region, seconday SF

• energy/mass ratio in the hot gas is the critical parameter

. heating efficiency: observations suggest η . 10%

• 3D models: uniform E&M insertion vs. individual sources

. in general, the IS model confirms Chevalier & Clegg approxima-

tion
. there are differences - freely floating clumps vs. filaments

• messuring the heating efficiency in simulations

. based on properties (density) of the hot medium inside the

cluster
. very difficult to get η < 1 with ”realistic” stellar properties
. other ways making η small: primordial gas, SNe, binaries . . .

any ideas?
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