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Abstract. Investigating different star-forming regions is essential for understanding the formation and evolution of planets, stars, and
also the Galaxy itself. This work aims to study the Canis Major OB1/R1 Association (CMa), which is a stellar nursery influenced
by past supernovae. The primary goal is to improve the census of young stars in the region. Multi-object spectroscopy from the
Gemini telescope was analysed to identify pre-main-sequence stars (PMS), particularly T Tauri stars (TT), in the direction of FZ
CMa. Multiband photometric data from the Southern Photometric Local Universe Survey (S-PLUS) were used to characterize cloud
members on a larger scale. Spectroscopic data revealed 29 TT stars and 7 PMS candidates by identifying typical spectral features
such as He emission and Li I (1 6708 A) absorption. Accretion activity was examined based on the presence of Ha and UV excess
detected in S-PLUS data. The mean age of the S-PLUS sample was estimated at 5 Myr, which is consistent with values reported by
other authors.

Resumo. Investigar diferentes regides de formacao estelar é essencial para entender a formacdo e evolugdo de planetas, estrelas
e da propria Galaxia. Este trabalho busca estudar a Associacdio Canis Major OB1/R1 (CMa), que é um bergdrio estelar que foi
influenciado por eventos de supernovas. O principal objetivo € melhorar o censo de estrelas jovens na regido. Dados de espectroscopia
multi-objeto do telescépio Gemini foram analisados para identificar estrelas da pré-sequéncia principal (PSP), particularmente
estrelas T Tauri (TT), na direcdo de FZ CMa. Fotometria multibanda do Southern Photometric Local Universe Survey (S-PLUS) foi
usada para caracterizar o membros da nuvem em maior escala. Os dados espectroscépicos revelaram a presenga de 29 estrelas TT e 7
candidatas a estrelas PSP pela identificac@o de caracteristicas espectrais tipicas, como a emissdo He e a absorcéo do Li I (1 6708 A).
Atividade de acresg¢do foi estudada com base na presenca de excessos He e UV, detectados com os dados S-PLUS. A idade média da

amostra S-PLUS foi estimada em 5 Myr, que € um valor compativel com o reportado por outros autores.
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1. Introduction

Pre-Main Sequence low-mass stars (0.5 Mg - 2 M) are referred
to as T Tauri stars (TTs). They are divided into two main classes:
Classical T Tauri stars (CTTs) and Weak-lined T Tauri stars
(WTTs). Both CTTs and WTTs have similar ages, with their
youth indicated by the Li I (1 6708 A) absorption line. These
stars are also strong X-ray emitters (e.g. Feigelson & Montmerle
1999). On the other hand, while CTTs exhibit broad emission
lines associated with accretion activity (specially Ha), WTTs
have He emission due to chromospheric activity. Consequently,
WTTs have smaller Ha equivalent widths (Wyg,,) compared with
CTTs (Barrado y Navascués & Martin 2003).

The present work builds on the study presented in Corréa-
Rodrigues & Gregorio-Hetem (2024), and our main goal is to
investigate the low-mass and young stellar population of CMa.
Although previous studies have identified hundreds of young
stars in CMa (e.g. Fernandes et al. 2015; Gregorio-Hetem et al.
2009, 2021), the census remains incomplete.

CMa is one of the most intriguing star-forming scenarios in
the Milky Way. Evidence suggests that at least three supernova
events from 6 to 1 Myr ago shaped CMa as part of a large shell-
like structure (~60 pc of diameter — see Fernandes et al. 2019).
These events may have affected the formation and evolution of
members of CMa. One potential consequence is the early disrup-
tion of circumstellar disks, as noted by Fernandes et al. (2015).

Different star-forming regions may provide valuable insights
into the processes governing the formation and evolution of
the Galaxy. Moreover, star formation processes are intrinsically

linked to planetary system formation. In this sense, understand-
ing the evolutionary history of CMa’s stellar groups is crucial.

This paper is presented as follows. Section 2, outlines the
methodology adopted to identify T Tauri stars and other PMS
candidates based o multi-object spectroscopy. Section 3 de-
scribes an analysis of multiband photometric data from S-PLUS.
Finally, a general summary and future perspectives are presented
in Sect. 4.

2. GMOS spectroscopy

As described in Corréa-Rodrigues & Gregorio-Hetem (2024),
our group acquired spectroscopic data using the Gemini Multi-
Object Spectrograph (GMOS), mounted on Gemini South tele-
scope. 137 stars were observed across four fields, each with
5.5 x 5.5" Field of View (FoV). By adopting a maximum sepa-
ration of 10" between our targets and X-ray sources catalogued
by Santos-Silva et al. (2018), we found that 17 % of our sample
are X-ray emitters.

These objects are located in the "intercluster" region associ-
ated with FZ CMa (C field in Fig. 1). The stellar population in
the west field, associated with GU CMa has a mean age exceed-
ing 10 Myr. In contrast, the stellar population in the eastern field,
associated with Z CMa, is younger, with a mean age of less than
5 Myr (Santos-Silva et al. 2018). These findings indicate that the
population in the intercluster region has likely a mixture of ages.

To classify the stars in our sample as T Tauri stars or other
PMS candidates, we searched for two main spectroscopic fea-
tures of this evolutionary phase, as mentioned before: Hoe emis-
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Ficure 1. XMM-Newton fields studied by Santos-Silva et al. (2018) (small circles, where the X-ray sources are shown by dots),

compared with ROSAT fields from Gregorio-Hetem et al. (2009, dashed large circles). Ayy map in the background with Ay,

=20

and 4.0 mag contours. FZ CMa, GU CMa and Z CMa are indicated by arrows. The mean age found for the populations associated
with Z CMa and GU CMa are highlighted in blue and red, respectively. Adapted from Santos-Silva et al. (2018).

sion line and Li I (1 6708 A) absorption line. Figure 2 shows an
example of an object exhibiting both features.

Corréa-Rodrigues & Gregorio-Hetem (2024) initially found
27 TT + 5 candidates. As a follow-up to this work, we flux-
calibrated all spectra using the spectrophotometry of a standard
star and re-evaluated them. This process led to the identifica-
tion of four additional candidates. Our findings include 24 stars
showing Ha emission and Li I absorption (type 1, for simplic-
ity); 5 stars with Li I and Ha absorption (type 2); and 7 with
only Ha emission and no Li (type 3). Altogether, we identified
36 young low-mass stars or PMS candidates, 20 of which are
X-ray sources. It is important to note that these numbers repre-
sent lower limits due to the presence of too faint stars, leading to
underexposed spectra that were not useful.

Objects of types 1 and 2 represent the T Tauri stars in our
sample. In particular, objects type 2 are WTT, while objects
type 1 could be either WTT or CTT. Further analysis will con-
firm their classification using the criteria proposed by Barrado
y Navascués & Martin (2003) and White & Basri (2003). These
criteria compare Wy, to spectral type. Type 3 objects could also
be young, however with intermediate mass, or could be main se-
quence stars with He emission (for instance Martin et al. 1998).

3. S-PLUS photometry

Gregorio-Hetem et al. (2021, hereafter GH21) analysed multi-
band photometric data covering a 1.4°x 1.4°region of CMa. The
data were obtained using the 0.8 m T80-South telescope, encom-
passing 694 stars and overlapping all four GMOS fields.

In parallel with the spectroscopic analysis, we conducted a
photometric study of the CMa region by comparing GH21 pho-
tometry with the latest data release from the S-PLUS (internal
Data Release 5 — iDR5'). This comparison aimed to validate
the adopted calibration and identify any differences among them.
Our primary goal is to characterize cloud members across sev-
eral spectral domains.

We analysed photometric data for a subsample of GH21
containing 544 members: 149 previously known and 395 new
members (with membership probability P > 50%). We com-
pared theoretical curves from PARSEC (PAdova tRieste Stellar
Evolutionary Code?), and from MIST (MESA Isochrones &
Stellar Tracks Choi et al. 2016; Dotter 2016) with the magni-
tudes and colours in iDRS for our sample, following the method-
ology of GH21. The theoretical models represent 100 Myr —

! internal Data Release is available only for collaboration members

2 v1.2S+ COLIBRI S_37 version of PARSEC models
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Ficure 2. Examples of two flux-calibrated GMOS spectra of the same star (black and grey lines) showing Ha emission and Li I
absorption. Cal (16718 A) line is also highlighted to confirm the identification of Li I line. On the top right corner we also indicate
the angular position of this object (green circle) compared to the position of X-ray sources (black circles). This example is also an

X-ray counterpart.

which is the value adopted to indicate the Zero Age Main-
Sequence (ZAMS) — and 5 Myr populations. Two sets of bolo-
metric corrections were used in PARSEC models: YBC + new
Vega (YBC for simplicity) and OBC?>. To complement our iDR5
dataset, we also used estimated photometry from Gaia low-
resolution spectra. They were calculated using GaiaXPy (Gaia
Collaboration et al. 2023).

Figure 3 shows a colour-colour diagram comparing [r’' —
J0660] x [r' — i'] (left panel). Stars with Ha excess exhibit
[ —J0660] indices higher than expected by the theoretical mod-
els. These objects were highlighted in green, making a total of
25 stars. The central panel shows [u’ — g’] X [g’ — 7']. UV excess
is indicated by lower colour indices than the theoretical models.
This diagram reveals that all stars with Ha excess in our sample
and data available in «’, g’, and r’ bands also present UV excess.
We also observe a trend that other CMa members present an oft-
set of few tenths of magnitudes when compared to the models.
This is also observed in Venuti et al. (2014). These authors sug-
gest that this offset may be related to a population with lower
than solar metallicities. However, further analysis is necessary
to confirm this hypothesis.

The right panel shows a colour-magnitude diagram. We es-
timate a mean age of 5 Myr for our sample, though an apparent
age dispersion can be seen. Additionally, there is a noticeable
lack of high-mass stars in the iDRS sample, which is compen-
sated by estimated photometry from Gaia, as indicated by blue

3 seehttp://stev.oapd.inaf.it/cgi-bin/cmd for details
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points. This is possibly a result from saturation effects affecting
the brightest stars.

Compared to GH21, we identified a similar number of stars
with He excess and a similar mean age of 5 Myr for our sample.
However, our analysis revealed lower dispersion and more reli-
able indications of UV excess. Both Ha excess and UV excess
are probably linked to accretion activity.

4. Conclusion

This study combined spectroscopy and photometric data to in-
vestigate the CMa star-forming region. From the GMOS spec-
tra, we identified 36 objects (29 TT + 7 PMS candidates) in the
region associated with FZ CMa based on Ha emission and Li I
(16708 A) absorption.

Our multi-band photometric data indicate the presence of
stars with Ha and UV excess probably related to accretion ac-
tivity. A mean age of 5 Myr was also estimated for our sample.

The next steps in this work include classifying the objects
identified with GMOS spectroscopy as either CTT or WTT.
Additional photometric surveys, such as Gaia, Two Micron All
Sky Survey (2ZMASS, Skrutskie et al. 2006), and Wide-field
Infrared Survey Explorer (WISE, Wright et al. 2010), will pro-
vide information about the membership and the presence of cir-
cumstellar discs. A crossmatch with S-PLUS data is also neces-
sary to confirm the expected tendencies of accretion activity.

We also intend to extend this analysis to other young stars
in the CMa region, determining whether similar tendencies are
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Ficure 3. Comparison between multiband photometric data and theoretical models. Purple points are iDR5 data and blue points are
photometric estimates obtained using Gaia low-resolution spectra for stars that were not found in iDRS. Left panel shows 25 stars
with [r' — J0660] excess. These stars are highlighted in all three panels. Q;, Q», and Q3 in right panel represent first, second, and

third quartiles of the uncertainty distribution, respectively.

observed across different areas of the Association. The S-PLUS
Ultra-Short Survey will be particularly valuable for comple-
menting our datasets, especially regarding the more massive
members of the region.
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