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N_G C Galaxy MB Morf. AB D Vh DMD MHI

obs. (MD) mag. Type mag. Mpc km/s  kpc IUQMQ
3 M81 216 SA(s)b 027 077 300 - 5.0
15 M33 -189  SA(s)cd 0.18 0.85 -180 200 2.0°¢
(M31)
/7 IC 10 -15.6  BCD/dIr  3.65 0.66 -344 250 0.2%
(M31)
4 UA 86 -17.6  dIr 4.06 2.06% 67 431 1:.0°
(10342)
1 D71 -12.1  dSph 0.41 2:9 -129 216 >0
(M81)
1 HolX -13.7  dIr 0.35 Suif 46 70 0.3f
(M81)

10 The de-projected spatial separation between UA86 and 1C342
(in Mpc) was calculated as R2 — D?IASS +D?342 — 2D 456 -
D?S 40 " €080, where © is the angular separation in degrees, and

the distances to the galaxies are: Dirasg = 2.96 Mpc, and
Dy3so = 3.28 Mpc (Karachentsev et al. 2006, 2004, 2002).



. Literature sources for coordinates and magnitudes of
the studied GCs. The acronym is given in the first column.

Abbreviation Reference
M31
CCS85 Crampton et al. (1985)
MKKSS98 Mochejska et al. (1998)
Bol Battistini et al. (1980, 1987)
BHB2000 Barmby et al. (2000)
M33
CS8&2 Christian & Schommer (1982, 1988)
KM60 Kron & Mayall (1960)
MKKSS98 Mochejska et al. (1998)
MDT8 Melnick & D’Odorico (1978)
KK97 Kunchev & Kaltcheva (1997)
CBF Chandar, Bianchi, & Ford (1999)
I1C10
H X-X Hunter (2001)

DDO 71 and HolX
SPM?2005 Sharina, Puzia, & Makarov (2005)
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Star clusters in IC10




Spectra of globular clusters taken at the
resolution < 1 nm

Measurements of absorption line Lick indices

| Fi(A)dA

L) =11-
4 ( [ Fe(N)dX
Passband definitions: Worthey 94 F3(\) - flux in the continuum

)-A)\, Fe(A)  flux in the feature

Determination of ages, metallicities and [a/Fe]

ratios for the studied globular clusters

We use the SSP model predictions of Thomas et al. 2003,
2004)



How can we break ™
the age - metallicity -
degeneracy ? |

e Metal lines arise from /
coolest stars: RGB & i

lower MS (invisible at
Optical WavelengthS) 8000 7000 6000 5000 4000 3000

Teff (K)

e Balmer lines of H arise _ 0

from hottest stars (cooler
than mid-B): MSTO

e nonlinearly sensitive
to temperature

Isochrones from Worthey (1994)
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With our method (see also SAP06), we first obtain a full set of
theoretical Lick indices for any age, metallicity and |a/Fe| via three-
dimensional linear interpolation. Then we minimize the following y?
function:

||M2

( Ii(age, [2/H], [a/Fe]))

z'

where N is the number of Lick indices involved in the analysis, [; is an
observed index, oy, is the total uncertainty of the index, including rms
error of transformations to the Lick /IDS system, I;(age, |2/H]|, |a/Fe])

is the theoretical index prediction.

- We use the standard definition, [X/Y]| = log(X/Y) —
log(X/Ye), where X and Y are masses of specific elements.
|7 /H| is the overall metallicity.
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Age -- metallicity (left), and [a/Fe]-- metallicity (right) diagnostic plots.
Symbols indicate GCs in different galaxies: M31 (triangles), M33 (dots),

IC10 (open squares), UGCAS86 (open lozenges), LSB dwarf galaxies DDO71,
and HolX (large open circles)

+  [MgFe|’ = {Mgb - (0.72 - Fe5270 + 0.28 - Fe5335)}1/2
(Fe) = (Fe5270 + Fe5335) /2



Evolutionary parameters:

We obtain high S/N spectra of 12 star clusters in M33. Among them: 3 old
metal-poor ([Z/H] < 1.3 dex), 2 young metal-poor, 7 young metal-rich objects.

The central GC in DDO71 (S/N=20) : [Z/H]~ - 0.8, Age~ 6 Gyr.

GC in HolX (S/N=24) likely belongs to M81 halo ([Z/H]~ -2.3, Age~ 6 Gyr).
The age of HolX is ~200 Myr (Makarova et al. 2002, Sabbi et al. 2008).

Clusters in a wide range of ages and metallicities in IC10 and UAS86.
Continues cluster formation in IC10.

The mean metallicity, age, and a/Fe obtained for the three GCs in the disc
of M31 ([Z/H] ~ -0.8 dex, Age~ 9 Gyr, [a/Fe] ~ 0.3 dex agree well with the
values found for the thin disc GCs in M31 by Puzia et al. (2005).

Alpha-element ratios tend to be lower for dwarf galaxies.



Continuous star cluster formation in NGC205
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Age-metallicity relation for GCs in LSB dwarf galaxies (Sharina
et al. 2003, 2006; Sharina and Puzia, 2008) and in the satellites
of M31: NGC147, 185, and 205
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Age-metallicity relation for our sample of GCs.

Symbols indicate GCs in different galaxies: M31 (triangles),
M33 (dots), IC10 (open squares), UGCA86 (open lozenges),
LSB dwarf galaxies DDO71 and HolX (large open circles)



Literature data
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Age-metallicity relation for GCs in LMC, SMC, Sagittarius dSph, and nearby
spirals M31 and M33. Intermediate-age and extended GCs in M33 are
indicated by crossed squares (Chandar et al. 2006, Stonkute et al., 2008).
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M31 instantaneous inflow of weakly enriched gas (Morison et al. 2004).
M33 Sarajedini et al. (2000): the build up of the M81 halo extended over many Gyr.

Intermediate-age and extended GCs in M33 (Chandar et al. 2006, Stonkute et al., 2008).

Closed-box model of continuous SF for SagDSPH (Layden & Sarajedini 2000)
LMC, SMC: Da Costa 1991, 2002, Da Costa & Hatzidimitriou 1998.



AGE — METALLICITY RELATION:

The metallicity spread in GC systems is wider for larger galaxies

Metal-rich clusters are young and preferentially found
in galaxies more massive than 1029 M_sun.

Old and intermediate-age globular clusters in luminous early-type
dwarf galaxies (Mv < -16 mag.) are richer in metals than
in irregular galaxies of similar luminosity;

The AMR is special for each galaxy, and depends not only on its
mass, but also on some other factors, probably environmental
conditions.



Gas content of galaxies and properties of their GC systems

® The brightest star clusters found by us have masses ~10A7 M_sun in
UGCAS86, and ~1076 M_sun in IC10.

® The HI distribution and kinematics of UGCAS86, IC10, and M33 are complex.
: interaction with M31 (Wilcots 2002);
: infalling gaseous clouds (Stil et al. 2005);
: huge warped HI disk (Rogstad et al. 1976, Corbelli et al. 1989)

® : gas-free, single ancient SF period



Gas content of galaxies and properties of their GC systems

Stellar groups and associations, open, globular, and super star clusters
are members of one family ( e.g. Elmegreen 2002, Kroupa & Boily, 2002).

Formation of super-massive (1076 — 10A7 M_sun) gravitationally bound star
clusters is a consequence of higher virial densities, and higher ambient
pressures (e.g. EImegreen & Efremov 1997, Ashman et al. 1994).

The SF rate in galaxies is a power-law of gas density (Schmidt 1959,
Kennicutt 1998) .

Fundamental stellar upper mass limit, M_max — M_ecl relation (Weidner &
Kroupa, 2004)



