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Multiple stellar populations from HST UV Legacy Survey
In the moderately metal-rich Bulge globular clusters NGC 6304, NGC 6624 and
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Abstract. In the last decade, the classical paradigm of the formation of globular clusters (GCs) as a single burst of star formation
has been challenged by the discovery of multiple stellar population patterns, in a surprising variety and complexity. In particular,
the UV-initiative Hubble project GO-13297 obtained photometric data for 57 GCs with the UV/blue WFC3/UVIS filters F275W,
F336W and F438W. Combined with previous optical HST/ACS data in the filters F606W and F814W, it produces an unprecedent
photometric database for GCs. NGC 6304, NGC 6624 and NGC 6637 have been selected from their location in the Galactic bulge,
and metallicity values of −0.65 . [Fe/H] . −0.40. The data analysis involves elaboration of multiband color-magnitude diagrams
(CMDs), identification of the different generations of stars, application of statistical isochrone fitting techniques, in order to accurately
determine distances, ages, reddening, fraction of stars in the first and second generations, and even variations in He, C, N and O
abundances.
Resumo. Na última década, o paradigma clássico da formação dos GCs a partir de um único burst de formação estelar tem sido
desafiado pela descoberta de padrões de múltiplas populações estelares, em uma variedade e complexidade surpreendentes. Em
particular, o projeto do Hubble GO-13297 obteve dados fotométricos para 57 GCs com os filtros UV/azul F275W, F336W e F438W,
da WFC3/UVIS. Combinados com dados anteriores no óptico, nos filtros F606W e F814W, produziu-se uma importante base de
dados fotométricos para GCs. NGC 6304, NGC 6624 e NGC 6637 foram selecionados pela sua localização no bojo Galáctico e
valores de metalicidade em −0.65 . [Fe/H] . −0.40. A análise dos dados consiste na elaboração de CMDs multibandas, identificação
das gerações de estrelas, aplicação de técnicas estatísticas de ajuste de isócronas, para a determinação precisa das distâncias, idades,
avermelhamento, frações de estrelas na primeira e segunda gerações, e até mesmo variações nas abundâncias de He, C, N e O.
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1. Introduction
Recent discoveries of multiple stellar populations (MPs) in GCs
challenge the classical paradigm that they host a single stellar
population, i.e., that their stars are homogeneous both in age and
chemical composition. Since the pioneer work from Bedin et al.
(2004), detecting two main sequences in the CMD of ω Cen, the
MPs have been broadly explored, by photometric and spectroscopic means.
Metal-rich GCs are usually associated with the Galactic
bulge, whereas the metal-poor ones ([Fe/H]<−1.5) are usually
associated with the Galactic halo. These structures are thought
to be formed in an initial collapse in the Galaxy, in slightly different timescales.
More precisely, the Bulge formed within a timescale of 0.3–
0.5 Gyr, and its metallicity distribution function shows a bimodal
distribution, with a classical metal-poor population and also a
metal-rich population, probably a result of star formation induced by the Galactic bar. Considering only bulge GCs, there
is a metallicity peak at [Fe/H] ∼ −1.0 and a secondary peak at
[Fe/H] ∼ −0.5 (Bica et al. 2016).
The clusters in this sample present metallicity values of
−0.65 . [Fe/H] . −0.40, corresponding to this secondary peak.
NGC 6304, NGC 6624 and NGC 6637 (M 69) are located in the
Galactic bulge, with galactocentric distances lower than 2.3 kpc.

2. Data: GO-13297 HST program
A clear chemical enrichment is observed between the generations of stars: the first generation (1G) have compositions similar
to the protogalactic cloud, and the following ones (2G, ...) can be
depleted in C and O, and enhanced in N, Na, Al and He. In this
scenario, the major candidate producers of 2G material are: supermassive stars, massive interacting binaries, fast-rotating massive stars, AGB and super-AGB stars (Renzini et al. 2015).
The data analyzed is part of the HST UV Legacy Survey
project GO-13297, led by Giampaolo Piotto, intended to characterize the MPs, combining UV and optical filters. These UV
filters, namely F275W, F336W and F438W, are very sensitive to
C, N and O abundance variations, because the filter’s bandpasses
include the molecular bands of OH, NH, CN and CH (see Piotto
et al. 2015, their Fig. 1).

3. Methods
3.1. Multiple stellar populations
This method was developed by Milone et al. (2017) and efficiently separate the MPs. It uses a CMD combination that maximizes the RGB broadening, and shows the horizontal distribution of stars, based on two envelopes, that limit the 4th and 96th
percentiles on each magnitude bin (Fig. 1).
The first generation is expected to be C/O-rich and N-poor,
hence faint in F275W/F438W and bright in F336W, whereas the
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2G is expected to be the contrary. Defining a so-called pseudocolor, which adequately relates these three filters, we can maximize the separation 1G/2G:

chain Monte Carlo (MCMC) method is applied to analyze the
distribution of solutions and derive the uncertainties (see S. O.
Souza et al. in this volume).

C F275W,F336W,F438W = (mF275W − mF336W ) − (mF336W − mF438W )(1)

4. Results (Isochrone fitting and uncertainties)
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Figure 1. F814W vs. F275W-F814W or C F275W,F336W,F438W CMDs of
NGC 6637. Red and blue solid lines are the 1G/2G envelopes.
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Figure 3. Best fits for NGC 6304, NGC 6624 and NGC 6637.
Table 1. Results from maximum likelihood and MCMC.

To quantify the horizontal separation in RGB stars, the envelopes are verticalized computing for each star:
∆F275W,F814W = WF275W,F814W
∆C F275W,F336W,F438W = WC ·

Xred − X
·
Xblue − Xred

(2)

Yred − Y
Yblue − Yred

NGC

[Fe/H]

Y

Age

E(B-V)

(m-M)0

12.03+0.41
−0.29
12.57+0.42
−0.26
12.31+0.59
−0.45

0.51+0.01
−0.01
0.21+0.01
−0.01
0.16+0.01
−0.01

13.93+0.02
−0.04

6304

-0.60

0.259

6624

-0.60

0.259

6637

-0.70

0.300

(3)

14.61+0.01
−0.03
14.68+0.04
−0.03

where X = (mF275W − mF814W ), Y is the pseudo-color and W
are the RGB widths. The final plot (∆C F275W,F336W,F438W vs.
∆F275W,F814W ), called chromosome map (CMap), is shown in
Fig. 2 (Hess diagram and histogram rotated by 18◦ ) .
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Figure 4. Results for the fractions of 1G and 2G stars.
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Figure 2. (Left:) CMap and the density map, showing two wells.
(Right:) CMap rotated by 18◦ and its associated histogram.

3.2. Isochrone fitting
Our group developed a statistical tool in Python, based on the
maximum likelihood considering the inserted ranges of the free
parameters ([Fe/H], Y, Age, E(B − V), (m − M)0 ), in order to
carry out the isochrone fitting, using BaSTI models (Pietrinferni
et al. 2006). The likelihood function compares the magnitudes
and colors of the observational and theoretical points, through:
"
#
"
#
(mobs − miso ) 2
(Cobs − Ciso ) 2
L ∝ exp −
· exp −
(4)
σm,obs
σC,obs
Ltotal (for each
P set of free parameters) is given by the product
of all L’s, or by ln(Li ), and the maximim likelihood value corresponds to the best possible solution. In addition, the Markov

The results relative to MPs agree very well with Milone et
al. (2017), and the results from isochrones fitting were selfconsistent and compatible with the literature. Our solutions indicate a primordial helium for NGC 6304 and NGC 6624, but
a helium enhancement for M 69. Additional constraints to He
abundances and distances will be provided by the study of RR
Lyrae. We are also improving a tool to combine the study of MPs
and the statistical isochrone fitting.
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