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Abstract. The photometric properties that we could observe for Extra-Galactic Globular Clusters
(EGGCs) are the integrated light of the system and for nearby EGGCs it also is possible to
measure both half-light radii and the color spatial distribution, e.g. for areas smaller and larger
than the half-light radius. No information about the internal dynamical state of the system could
be directly obtained from observations. On the other hand, simulations of Globular Clusters
(GCs) can provide detailed information about the dynamical evolution of the system.

We present a preliminary study of EGGCs’ photometric properties for different dynamical
evolutionary stages. We apply this study to 12 Gyr old GCs simulated as part of the MOCCA
Survey Database. We determine the magnitudes in different bands from their projected snapshots
using the Flexible Stellar Population Synthesis (FSPS) code and we measure the half-light radii
from the surface brightness.
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1. Introduction

From observations, it is clear that globular clusters (GCs) are very common for all
types of galaxies. They can provide a powerful diagnostic for galaxy formation, star
formation in galaxies, galaxy interaction and mergers, and the distribution of dark matter
in galaxies. Indeed, galaxy-galaxy interactions can trigger major star-forming events, and
the formation of massive star clusters. The properties of GCs systems in variuos galaxies
can constrain the formation and the evolution of their host galaxies.

In the last decade of observation, the most interesting property of EGGC has been the
discovery of color bimodality, due principally to a metallicity difference, as it has been
shown in recent spectroscopic studies (Brodie & Strader 2006).

The V—I color distribution for bright early-type galaxies show usually a blue peak
at V—I=0.95+0.02, corresponding to [Fe/H|~ —1.5 and a red peak at V—I=
1.18 £ 0.04, corresponding to [Fe/H] ~ —0.5 (Larsen et al. 2001). Finally, the bimodal-
ity is not ‘universally observed’, since for fainter galaxies only one single peak is evident
(Peng et al. 2006). Different scenarios have been suggested to explain the observed color
distribution (Ashman & Zepf 1992; Forbes, Brodie & Grillmair 1997; Coté, Marzke &
West 1998), although there is no consensus concerning the origin of such a distribution.

2. Models

The “MOCCA survey I database” contains about 2000 models of GCs with different
initial masses, structural and orbital parameters; it was shown that those models can be
representative of the Milky Way GC population. More details are given in Askar et al.
(2017).

122

https://doi.org/10.1017/51743921319007075 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921319007075
https://orcid.org/0000-0002-3111-863X
https://orcid.org/0000-0002-5987-5077
mailto:agostino@camk.edu.pl
mailto:mig@camk.edu.pl
https://doi.org/10.1017/S1743921319007075

MOCCA survey database and EGGC 123

We select models according to their dynamical state at 12 Gyr, dividing them into four
groups:

e Fast scenario (FIMBH), presence of an IMBH (BH with masses > 150M,) formed
before 1 Gyr (Giersz et al. 2015);

e Slow scenario (SIMBH), presence of an IMBH formed after 1 Gyr (Giersz et al.
2015);

e Black Hole Subsystem (BHS), presence of a BH subsystem (number of BHs,
Npg > 75),

e Standard, absence of an IMBH and of a BHS.

The total number of models is, respectively: FIMBH: 12; SIMBH: 8; BHS: 12;
Standard: 15. All those models have metallicity Z=0.001. We do not impose any
constrains on the initial conditions and the clusters’ properities at 12 Gyr.

3. Method

For each selected simulation, we calculate the absolute magnitude of each star in the
cluster using the FSPS code (Conroy & Gunn 2010; Conroy et al. 2009)t for five different
optical bands (U, B, V, R, I). We put our model GCs at 9 distances (from 1 Mpc to
17 Mpc), taking in account the redshift effect for each distance.

Successively, we create a mock fits image using COCOA (Askar et al. 2018); the
parameters are set to replicate the LBC cameras at the LBT observatory
(pizscale =0.025" /pizel, seeing = 0.8", gain = 2.0 photons/ADU). We set no noise and
no background in our mock images. The time exposure is set to 800 s for V band, 1000 s
for B and U bands, 600 s for R and I bands.

4. Results

Results at 12 Gyr

In Fig. 1 we show the obtained V' —1I color for four of our models, one for each dynamical
state group. We chose models with the largest spread in V' —1I color. The range of V-1
color is of the order of ~0.2 dex, whereas there is not a strong distance dependency, with
a color change of ~0.5 dex at the largest distance.

Fig. 2, instead, shows the mean value obtained from the V —I colors of all chosen
models.

From Figs. 1 and 2, we can clearly see how the color differs depending on the cluster
structure. Moreover, the models selected for this work have a wide range of initial condi-
tion parameters; the standard deviation around the average value obtained suggests that
the initial GC parameters also have some influence on the color (Askar et al. 2017). We
remark here that all of those models have the same metallicity; different GC histories
could broaden the observed V' —1I color distribution around the observed peaks.

Results at 9 Gyr

In Fig. 3 we show the obtained V —1I color for four of our models at time ¢t =9 Gyr
of the GC lifetime. It can be seen how the color is also a strong function of the cluster
age: the broadening is less pronounced for the models at 9 Gyr (apart from the SIMBH
model) with respect to the models at 12 Gyr. Furthermore, the typical value at 9 Gyr
results in being higher than the ones at 12 Gyr, due to stellar evolution.

i FSPS is a stellar population synthesis code, returning the integrated spectra and the lumi-
nosity in different bands for a given stellar population, if its properties are given. We modify
the code in order to obtain the star’s photometry, if its radius, mass and luminosity are given,
combining then all properties of GC’s stars.
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Figure 1. The computed V—I color as a function of the GC distance for chosen models.
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Figure 2. The mean V —1I color over our sample as a function of the GC distance. The bar
shows the standard deviation for each model.

0.72 T T T T T T T T
Standard Model 9Gyr
SIMBH Model 9Gyr
0.7 FIMBH Model 9Gyr i
BHS Model 9Gyr
0.68 - 1
0.66 - b
=
0.64 - b
0.62 - b
0.6 - 1
0.58 1 1 1 1 1 | 1 |
0 2 4 6 8 10 12 14 16 18

Distance (Mpc)

Figure 3. The computed V—1I color at 9 Gyr as a function of the GC distance for
chosen models.
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In conclusion, here we presented the very preliminary results of a simple analysis of
the MOCCA models of GC evolution. It is just a proof of concept and in the future we
will apply our method to a bigger sample of simulations.
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