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[ ' I —- Masses of Young Clusters
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g g 5 S & Photometric masses, based on cluster-evolution models (e.g.,
& i § - go .E Bruzual & Charlot 1996, 2003) and measured luminosities and ages:
N o s
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o 9 e ]_ i ~§ % = Kroupa 2001, Chabrier 2003).
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Kiets identified by Rubin, Ford, & D'Odorics (18%e)
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Young Clusters: Extinctions & Radio Emission g . 3 I J
Iﬁ—_
(Whitmore & Zhang 2002) B *3 '°Js . 3 ~ iy E\,s/
¢ Claims of extreme extinctions (A, > 50 mag) & many missing S Ic':', \tf
clusters in Overlap Region of N4038/39 appear incorrect: BB i -
Fully 85% of all strong thermal radio sources have optical n I .;‘ E. T
counterparts. Cluster extinctions are A = 0.5 - 7.6 mag and o D 3 ( x
diminish to A < 1.0 mag after ~6 Myr. 8 ;3“ £ ”
. . . ¥ | R =37
¢ Cluster WS80 (Whitmore & Schweizer 1995) is both the brightest g g = I
radio source and intrinsically brightest optical cluster (M, = . .‘:l“«
—15.5); it is ~2 Myr old. ﬁ O 3 E s )
R U =k .
£ . . : " (1] = P
e After correction for extinction, the Ho flux correlates with 3 2 o S
the radio emission. % ]
j seerbes e Dpee o Nere i Paee e Lo pod g |1 2
e Cluster locations in (U — B, V — I) diagram favor evolutionary 5_ 2 9 = 2 8 ) S K o

tracks of new Bruzual-Charlot (2003) models over those of
Starburst99 (Leitherer et al. 1999) models.
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Giant Molecular Clouds As GC Progenitors

1. Luminosity functions of young clusters and
mass functions of GMCs are similar

N(GC) x L~18 to -2
N(GMC) x M-

2. Mass ranges of globulars and GMCs are similar

GC: ~10°-5x10° M
GMC: ~10°-8x10° M.

3. Young GCs and/or progenitors experienced
the same violent relaxation as did the average
luminous matter = Progenitors were compact
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Cluster Winds & ‘Superbubbles’

NGC i(}lﬁ?}';" 4Y (Fabbiano, Zesas, & Murray 2001):

Typical Superbubble:

e X-ray emission rimmed by Ha shell, diameter ~1.5 kpc

¢ Optically-thin-plasma spectrum, 7'~ 5 x 10° K (adopted)

e Lumin: Ly~ 10%% erg/s ~ 10-100 Ly (30 Dor, M101 sbbl)
e Mass in X-ray gas: My ~ 10°7% M.

Typical Cluster Wind (Models by Stevens & Hartwell 2003):

e Cluster wind = sum of individual stellar winds
¢ Flow time within cluster: 7, 10"'yr
e Superbubble time scale: 7, &~ cluster age =~ 10°7 yr

o Toniral = 1078 K, Vi, & 2000 km/s, mass loss rate =~ 107 M, /yr
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Whitmore, ., Leitherer,.. cral (1849)
UV Spectra of Knots S and K in NGC 4038
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Whitwore ¥ 3%  (&imul. by Bryan Miller)
Model Simulation o¥ 2 GC Populahons

(Monte Carlo, BCOL models)

] b o ] T W ‘; Youns, Zo
?-E L 3 15Gyr, 0.02%
= _5,1% 1sE o8 G)Jrr | ‘
o~ "i s o.sf- I |
5 9 ] # 1 3 o Ted
8 j T: 15 E 1 Gyr
by *°0
. . ~ —_— (] ; oy !
o » 2 11 = osh T 1
. £ - . 4 g‘\ﬂ ot o
a 2 15 6yr,0.008%
1
J : %2 : Bl Trtermediaie
O *3 d 15F 3Gy " ond )
00\ : : i
M " os f
3 - i
30 z" $ ik g 15 Gyr, 0,00
v F 4
g’! __% g' 15F 10 Gyr &' wﬁfrd‘,&
£ X = R i
A it
9 e 3
< - S

- At ase l-—267r)~l4na, Youny GCls of Zo turm
vedder than He IS6yr old GCk of 0.02Z,




Francois Schweizer (Carnegie Observatories) [KITP Globular Clusters 1-27-03] GC Formation in Mergers. Observations Page 12

Color Distnbutions o";- GC Syshns
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‘Whitmore 2003 astro-ph/0012546, STSel Symp. 14
Cluster Luminosity Functions in NGC 3610 Globular Clusters
Mergers & Starburst Galaxies Cilor Diiteibutiois
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3256 (Zepf*99) and NGC 4038/39 (Whitmore*99) 20




Francois Schweizer (Carnegie Observatories) [KITP Globular Clusters 1-27-03] GC Formation in Mergers. Observations Page 14

Radial Distribution: Formation, Evolution

NGC 3610: Fits to Luminosity Functions - ' :
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¢ LF of blue, metal-poor GCs is best fit by a Gaussian.

e LF of red, metal-rich GCs is best fit by a power law of slope
~1.78 £ 0.05 (thick line). Model LFs with power-law IMF
fit less well.

e There is no clear evidence for a turnover of the LF.

+ Young GCs and/or progenitors experienced
the same violent relaxation as did the average
luminous matter = Progenitors were compact

« Evidence for central erosion of GC Systems
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Simple' GC Formation Scenario

e Synchronized formation of universal population
of metal-poor GCs from early GMCs shocked by
pressure increase due to cosmological reionization
at 2 ~ 7—15 (Cen 2001). Power-law LF at birth
evolves at low-mass end through evaporation, ete
(Fall & Rees 77, 88).

¢ Later formation of metal-enriched GCs in:

Major mergers (gas-rich: clear bimodality;
gas-poor: mainly metal-poor, NGC 44067)

Multiple, incl. minor, mergers (more messy
color distributions) '

Single minor mergers (form S0; disky distribu-
tion of metal-rich GCs)

e Complications: GCs form semi-continuously also in
calmer environments (e.g., Irr, barred galaxies) and
can be acquired via satellite accretions.
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CONCLUSIONS

+ Gas-rich mergers form both second-generation GCs
and elliptical and S0 galaxies.

+ Ongoing disk mergers (e.g., Antennae) and recent
merger remnants host significant populations of
young (:1 Gyr) GCs. Age dating shows that in each
case ~10* —10° GCs formed during the merger.

+ The young GCs in N7252 form a ~0.5-Gyr old,
metal-rich halo population (Z ~ Z.). They nearly
double the total number of halo GCs.

+ Intermediate-age, metal-rich GCs in Es like N1316 &
N3610 suggest an evolutionary link between young
halo GCs of N3921,N7252 and metal-rich GCs in old
Es with bimodal cluster distributions. Their LF's are
better described by power laws than by Gaussians.

+ Second-generation GCs probably form from
Giant Molecular Clouds in merging gas-rich disks,
squeezed into collapse by surrounding starburst-
heated gas (Jog & Solomoen 1992). First-generation GCs may
have formed near-simultaneously from early GMCs
shocked by the cosmological reionization (Cen 2001).




