SUPERSTAR CLUSTERS AND THEIR X-RAY EMISSIION

S.Silich, G. Tenorio-Tagle& G.A. Aiorve-Zeferino
Instituto Nacionalde AstrofisicaOpticay Electonica,CP 72840,PueblaMéxico

ABSTRACT

The diffuse X-ray emissionfrom the hot thermalized
plasmaresultedfrom the collisions of individual stellar
windsandsupern@aeejectainsidemassve,compacstar
clusterds discussedA simpleanalyticalformulathatre-
latesthe diffuse componenbf the X-ray emissionwith
the global starclusterparameterandtemperaturef the
X-ray plasmais proposedThe predictedX-ray luminos-
ity is thencomparedwith that expectedfrom the inter-
stellarbubblesgeneratedrom themechanicainteraction
of the high velocity outflows with the ISM andwith the
X-ray emissionfrom the HMXB population.
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1. SUPERSTAR CLUSTER WINDS AND THEIR
X-RAY EMISSION

In mary starhurst,interactingandmerginggalaxiesasub-
stantialfraction of the starformationis concentratedn
a numberof compact,young and massie stellar clus-
tersor superstar clusters(SSCs). Their typical masses
are10* — 108 My, andradii 3 — 10 pc. The extremely
high stellardensitiesthe large enegy and massdeposi-
tion rates,provided by stellarwinds and superneaeex-
plosions,suggesthat SSCsare potentially strong X-ray
emitters.Indeedthe X-ray emissiorfrom thelocal analo-
giesto the low massSSCs: Archescluster Quintuplet
cluster R136andseveralothers hasbeendetectedHow-
everthe origin of this emissionjts dependencen global
star clusterparametersind the X-ray appearancef the
SSCsin distancegalaxiesremainunderdebate.

Randomcollisionsbetweemearbystellarwinds andsu-
perno/a ejectain compactstar clustersleadto the ther
malizationof the ejectedmaterialand thus producethe
high temperaturglasmawhosecentralpressuresxceeds
thatof theinterstellargasaroundthe clusterandthusac-
celeratedhe ejectedmaterialand eventuallyresultsin a
high velocity outflow thatcontinuouslyremovesthe ove-
alundant(particularlywith a—elementsgjectednaterial
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Figure 1. Thenormalizationfunction®(T', Z) plottedas
function of the X-ray plasmatempeature measued in
keV units. Differentlines are marked with the assumed
gasmetallicity.

from the starclustervolume. Theinterectionof suchout-
flows with the outsidegasgeneratestrongshockswhich
heatthe ISM andshapeit into interstellarbubblesfilled
with ahightemperaturenixtureof theejectedandswept-
up material.Both, the SSCandthe superlubble,plasmas
shouldbe detectedn the X-ray regime. Onecancalcu-
late the expectedX-ray luminosityif the densityandthe
temperaturaistributions are known from the hydrody-
namicalmodel.

In Silich etal., 2005we have foundthatthediffuseX-ray
emissionassociatedvith the hot, high velocity outflow
may be well approximatedy a simple analytic expres-
sion:
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whereL3g is themechanicaluminosity of the SSCmea-
suredin unitsof 1038 ergs™!, R, isthestarclusterradius
measuredn unitsof 1 pcandTy.y is thetemperaturef
the plasmameasuredn keV units. The normalization
function, ®(T, Z), dependson the plasmatemperature
andits metallicity andis presentedn Figurel.



2. RESULTS AND DISCUSSION

We comparedurformula(1) with thatproposedy Chu
etal. (1993)for interstellarbubblesandfound that the
total, (0.3 — 0.8) keV, luminosityis regularly dominated
by the bubble plasma. However the temperatureof the
hot plasmaejectedfrom the starcluster(107K - 108K),
is muchhigher, thanthatof the superlubbleplasma(few
times10°K). Thereforethe hardcomponent(2.0 — 8.0)
keV, of the X-ray emissionis regularly dominatecdby the
plasmaaccommodatetihside the star clusterandin the
freewind region.

Severalmorecomplicationsshouldbetakeninto consid-
erationwhencomparingthe resultsfrom equation(1) to
the obsened X-ray emission. In particular the fraction
of the kinetic enegy suppliedby SNe andstellarwinds
thatis corvertedinto the thermalenegy and eventually
drivesthe outflow (the thermalizationfactor or heating
efficiengy €) is abadlyknown parametewhosevaluede-
pendson the proximity of the sourceslepositingenegy;,
metallicity of the ejectedmaterialandtherelative veloc-
ity atlocalencountersTheimpactof e onthestarcluster
diffuse X-ray emissionmay be takeninto consideration
by replacingthe enegy depositionrate in equation(1)
with its effective value,L.s; = eL3g. Becausdhetem-
peratureof the plasma, T ~ L.rs/M, andthe rate of

the massejection, M, doesnot dependon ¢, the X-ray
luminosityscalesasL, ~ e~ L.

The X-ray emissionassociateavith the SSCsshouldbe
also contaminatedy the X-ray binary population(Van
Bever & Vanbeeren,2000). TheHMXB componenbe-
ginsto contributewhenthe starclusterreachess 4 Myr.
It is essentiathatthecontributionfrom the X-ray binaries
scaledinearly with the starclustermasswhereashe lu-
minosity from the starclusterplasmais a quadratidunc-
tion of the massof the cluster This impliesthatfor the
most massve clustersthe diffuse componentassociated
with theejectedmaterialmaybecomparabler dominate
overtheHMXB population(seeFigure?2).

The justification of the proposedheoryrequiresa com-
prehenstestudyof the SSCsawvhichhave beendetectedn
the X-raysandhave opticalor IR counterpartsThenthe
starclusterparametergradii andmassesganbe derived
from the optical or IR obsenationsandthe temperature
of the X-ray plasmafrom the X-ray spectra. The only
problemthatremainss how to separaté¢he contributions
from the diffuse emissionassociatedvith the star clus-
ter plasmaandthatfrom the binary populationin distant
galaxies.

The theory predictsthat the X-ray emissionassociated
with theHMXBs doesnotdependnthestarclusterradii
andscaledinearly with the starclustermasswhereaghe
diffusecomponenassociatedvith thethermalizedsuper
novaeejectaandstellarwinds shouldbe in inversepro-
portion to the star clusterradii and scalequadratically
with the starclustermass.Thusthe dominantof the two
componentsnayberevealedif thedependencef thede-
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Figure 2. Comparisorof the diffuseX-ray emissiomor-
malizedper unit stellar masswith that from the HMXB
populationfor different star cluster massesand heating
efficiencies.Thetempeature of theplasma, I’ = 2.1 keV|
for thecaseawith e = 1.

tectedX-ray luminosity on the starclusterparameterss
known.

3. CONCLUSIONS

We proposeda simple analyticexpressionthat indicates
how the diffuse X-ray emissionassociatedvith thether
malizedstar clusterplasmadependon the global clus-
ter parametersWe have alsocomparedhe predictedX-
ray emissionwith thatexpectedrom the hot bubblesand
from anHMXB population.

We have foundthatcompactandmassve starclustersin
distantgalaxiesshouldbe detectechspoint-like hard X-
ray sourceeembeddednto extendedregionsof soft dif-
fuse X-ray emissionassociatedvith the interstellarbub-
bles.In themostmassie clusterghediffuseX-ray emis-
sionmaybe comparabler evenlargerthanthatexpected
from the HMXB population. The lasttwo components
may be distinguishedby their dependencen the star
clusterparameters- their radii andmasses.
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