
  

Globular clusters with multiple stellar 
populations. Where they came from?
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We found a group of old Galactic globular clusters with very similar 
medium-resolution spectra: NGC6254, NGC7089, NGC5286, NGC6752 
and NGC1904.The long-slit spectra were taken from the library of 
Schiavon et al. (2005) and obtained with the CARELEC spectrograph of 
the 1.93-m telescope in the Haute Provence Observatory. We analyzed 
the spectra using our method of population synthesis using stellar 
atmospheres models (Sharina et al. 2013, 2014; Khamidullina et al. 
2014).Our method allows to derive age, [Fe/H], Y and abundances of 8 
chemical elements using medium-resolution integrated-light spectra of 
globular clusters. All the sample Galactic GCs have extended blue 
horizontal branches. Multiple stellar population were discovered in the 
literature in several of them. We study whether their distribution is 
correlated with the position of Galactic satellites and streams. 
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Globular cluster formation efficiency



  

Destruction of globular clusters
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Luminosity distributions of globular clusters in different galaxies
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Metallicity distribution of globular clusters in different galaxies

Milky Way

Harris (2001)



  

Metallicity distribution of globular clusters, dwarf galaxies and elliptical gs
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Spectroscopic observations of globular clusters in dwarf galaxies



  

Spectrum of NGC5286 (black line) in comparison to the spectrum of NGC6752.



  



  



  



  



  

Our method (Sharina et  al. 2013, 2014 and Khamidullina et al. , 2014)

We use integrated-light medium-resolution spectra (FWHM~3--5AA) in the 
spectral range 3900--5500 AA of globular clusters and model stellar atmospheres 
to carry out population synthesis and to derive the chemical composition and age 
of the clusters using full-spectrum fitting. The analysis of medium-resolution 
spectra permits to use only blends of lines and molecular bands, but not 
individual lines of chemical elements. Thus, to reach reliable results one has to 
consider high signal-to-noise spectra (S/N >=100) containing several absorption 
line features of the element in a wide spectral range. The synthetic blanketed 
spectra of stars are computed according to their masses, radii, Teff, surface 
gravities and metallicities by interpolating the model grid of Castelli & Kurucz
(2003). The stellar parameters are set by models of stellar evolution by Bertelli et 
al. (2009), because these models contain the Horizontal branch and Asymptotic 
branch stages of evolution and a wide range of model parameters (metallicity, 
alpha-element ratio, age and helium content). The computed synthetic blanketed 
spectra of stars are summed according to the Chabrier mass function
(Chabrier, 2005).



  Isochrones from Bertelli et al.(2009). The circles of different size denote points with 
the contribution to the integraated ligh of NGC2419 are : <1%, 1-3% and >3%.
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We found t and Y by varying these parameters and calculating synthetic spectra 
until a good agreement between the observed and theoretical profiles of the 
Hgamma, Hdelta, and Hbeta lines was achieved. An indirect criterion for the
correctness of the resulting parameters was simultaneous agreement between 
the observed and theoretical profiles for the CaI4226 A and CaII 3933, 3968 AA 
lines, with the same calcium abundance, confirming the correctness of the 
CaI/CaII ionization balance. 
Decreasing the assumed age moves the isochrone's main-sequence turnoff 
point to higher temperatures. As a result, the contribution to the integrated light 
of the cluster of early main-sequence F dwarfs, whose Balmer lines have high
intensities, increases. Thus, decreasing the age simultaneously strengthens 
the Doppler cores and wings of all H lines. Increasing the specific helium 
abundance Y has little influence on the shape of the isochrone for parts of the 
main sequence, subgiant, and red-giant phases, but increases the luminosities 
of hot HB stars. The H lines in the spectra of such stars are enhanced primarily 
in their Doppler cores, with pressure broadening be inginsignificant in their 
atmospheres. This means that increasing Y results primarily in large intensity 
increases in the central parts of the Balmer lines, while their wings become 
weaker. The largest increase in the calculated spectra is exhibited by Hb, 
and the smallest increase by Hdelta.



  

Comparison of the spectrum of NGC5286 (Schiavon et al., 2005) with the model spectra 
of [Fe/H]=-1.85 and different log(age), and helium content



  

Comparison of the hydrogen lines in the spectra of 5 Galactic GCs from Schiavon et al. (2005)



  

NGC5286 (ours)   0.02±0.10    0.35±0.20     0.5±0.3       0.2±0.2       0.38±0.1            –          0.25±0.10        –              0.25±0.2   
GC KKs3                -0.18±0.15    0.60±0.25         –                 –              0.15±0.1            –          0.30±0.15        –              0.05±0.2   
GC E269-66           -0.12±0.15    0.25±0.25         –                 –              0.05±0.1            –          0.00±0.15        –              0.15±0.2             



  



  

Massive Galactic GCs with extended horizontal branches (EHBs) and 
multiple stellar populations show spatial distribution, kinematic and structural 
properties distinct to that of other Galactic GCs (Lee et al. 2007). They might 
be formed in old Galactic building blocks and accreted during assembling 
process of the halo. Galactic GCs are divided in two groups - 1) old objects 
with almost the same age and no age-metallicity relation (AMR) and 
2) younger clusters following the AMR of the Sgr dSph (Marin-Franch et al., 
2009, M-F09). Five selected GCs with similar spectra (NGC6254, NGC7089, 
NGC5286, NGC6752 and NGC1904) have metallicity z = 0.0004, helium 
content Y = 0.30 and log(Age) = 10.10, according to our analysis. 
Chemical composition of the GCs is very similar according to our 
analysis and high-resolution spectroscopic studies. All these GCs were 
classified as old halo objects by M-F09. At the same time, they correspond 
well the age-metallicity relation of the Sgr dSph and CMa dwarf galaxies 
(Forbes & Bridges, 2010).
A mean metallicity of the group is [Fe/H]=-1.6 dex. They have
extended blue horizontal branches and similar half-light radii Rh~2.7 pc.
Their absolute magnitudes in the V-band are in the range: from -7.7 
(NGC6752) to -9.0 (NGC7089). Multiple stellar population were discovered in
NGC5286 (Marino et al., 2015),NGC7089 (Young et al., 2014), NGC6752 
(Dotter et al., 2015).



  

Three of the five GCs were accociated with the Sgr and Monoceros 
stream in the literature (Bellazzini et al. 2003, Penarrubia et al. (2005): 
NGC1904 (MS), NGC5286 (MS),NGC7089 (Sgr. Stream). 
Table 6  shows the comparison of the properties of these GCs with the 
corresponding parameters for the the prograde motion model (pro1) 
of the Monoceros Stream by Penarrubia et al. (2005, their Figures 8 and 11). 
It is seen that all the properties of NGC6254, NGC6752 and NGC7089, 
except for a few, are consistent with that of the MS. The galactocentric 
distances of NGC6254 and NGC6752 look too small. 
The proper motions of NGC6254 and NGC7089 are large. 
Note, however, that NGC6254 and NGC6752 are fainter then the other 
objects and locate closer to the Galactic plane. If the objects experienced 
interaction with the Galactic disk , their orbits might have been changed.
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