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Abstract. NGC 5128 galaxy is a giant elliptical galaxy located in the Centaurus group of galaxies
at 3.8 Mpc. We aim to study the star formation history (SFH) of two different fields of the
galaxy. The northeastern field (Field 1) is located at a distance of 18.8 kpc, while the southern
field (Field 2) is at 9.9 kpc. We use a photometric method that is based on identifying long period
variable (LPV) stars and asymptotic giant branch (AGB) stars, as they are strong tracers of
star formation and galaxy evolution due to their luminosity and variability; 395 LPVs in Field 1
and 671 LPVs in Field 2 have been identified. These two fields present similar SFHs, although
the SF rate of Field 2 is more enhanced. We find that the galaxy has three major star formation
episodes t ~ 800 Myr ago, t ~ 3.2 Gyr ago, and t ~ 10 Gyr ago, where t is look-back time. The
rate of star formation at ~ 800 Myr ago agrees with previous studies suggesting that the galaxy
experienced a merger around that time. Furthermore, NGC 5128 has experienced a lower star
formation rate in its recent history which could have been driven by jet-induction star formation
and multiple outbursts of AGN activity in this galaxy, as well as a minor merger around 400
Myr ago.
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1. Introduction

There is no giant elliptical galaxy (GE) in the local group (LG), so to study the
various features of GE galaxies, we must look at the nearest elliptical galaxy in other
groups. NGC 5128 (or Centaurus A), with a distance of 3.8 Mpc (u=27.87 £ 0.16 mag;
Rejkuba et al. 2004a, and E(B — V) =0.1540.05 mag; Rejkuba et al. 2001) provides
for us a distinctive opportunity to study the nearest GE galaxy (Harris et al. 1999;

© The Author(s), 2023. Published by Cambridge University Press on behalf of International Astronomical
Union.

https://doi.org/10.1017/51743921322003908 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921322003908
https://orcid.org/0000-0001-7835-8959
https://orcid.org/0000-0001-8392-6754
https://orcid.org/0000-0001-7353-9101
mailto:sima.t.ahdam@gmail.com
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1743921322003908&domain=pdf
https://doi.org/10.1017/S1743921322003908

SFH of NGC 5128 307

Charmandaris et al. 2000; Rejkuba 2004b; Rejkuba et al. 2005), located in the Centaurus
group of galaxies (Karachentsev 2005).

We aim to find the SFH of two small fields in the halo of NGC 5128 using long period
variable stars (LPVs) to better understand the relation between the SFH of the halo
and likely recent merger. LPV stars are evolved asymptotic giant branch stars (AGBs)
(e.g. Fraser et al. 2005, 2008; Soszynski et al. 2009) which are identified according to
high luminosity (1000 to 60,000 L), as well as their variability (~ 100 to 1300 days).
In addition, red supergiant (RSG) stars are massive stars with a mass up to ~ 30 Mg,
known as a tracer of recent star formation (about 10 — 30 Myr) in the galaxy with a
strong radial pulsation (Vassiliadis & Wood 1993; Javadi et al. 2011b; van Loon et al.
1999, 2005).

2. Data

We used the data that was obtained by the ISAAC near-IR imaging spectrometer at
the ESO Paranal UT1 Antu 8.2m Telescope (VLT) in two different fields in the halo of
the galaxy that were published by Rejkuba et al. (2003), which have been separated into
two fields in the halo of the galaxy and identified as Field 1 and Field 2 by Rejkuba et al.
(2001) and Rejkuba et al. (2003). Field1 is on the distinguished north-eastern part of
the halo, at a distance of ~ 18.8 kpc from the center of the galaxy whereas Field 2 is
located at a distance of ~ 9.9 kpc from the center (Rejkuba et al. 2001). The detected
evolved stars to investigate SFH are the LPV stars with periods longer than 70 days
(from Rejkuba et al. 2003). Therefore, 395 and 671 LPVs are selected in Field 1 and
Field 2, respectively.

3. Method

We used a method to study the SFH based on LPVs and it was developed by
Javadi et al. (2011b) which was explained in the previous papers in details (M33:
Javadi et al. 2011b, 2011c, 2016, 2017; LMC & SMC: Rezaei et al. 2014; NGC 147 &
NGC 185: Hamedani Golshan et al. 2017; IC 1613: Hashemi et al. 2019; Andromeda VII:
Navabi et al. 2021; Andromeda I: Saremi et al. 2021). In the first step, we should obtain
mass, age, and pulsation duration of LPVs (the duration that stars are in the LPV
phase) by applying Padova evolutionary models (Marigo et al. 2017) for various constant
metallicities. Furthermore, for studying the star formation history of the galaxy, we con-
sider Z =0.039 (Woodley et al. 2010; Rejkuba et al. 2011). By assuming all mentioned
parameters, the SFRs for different bins with specified intervals in age and mass as follows:

dn/(t) [ foar(m)m dm
£(t) = —r (3.1)
ot fz(it;rdt) Jour(m) dm

where m is mass, fryr(m) is Kroupa initial mass function (IMF) (Kroupa 2001), dn’ is
the observed LPVs in each bin, and dt is the pulsation duration.
The statistical error bars for each bin come from the Poisson distribution:

e(t) = gﬁ(t) (3.2)

where N is the number of stars in each age bin.

Stellar evolution in the AGB phase causes that LPV stars inject dust into the inter-
stellar medium (ISM). Therefore, the light from the LPVs will be detected with a fainter
magnitude (Javadi et al. 2011b; van Loon et al. 1999, 2005). To correct the circumstellar
extinction, we should do a de-reddened process by plotting the color-magnitude diagram
and overlaying the theoretical isochrones by Marigo et al. (2017).
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Figure 1. The SFH of Field 1 and Field 2 for Z = 0.039. The blue represents the SFH of
Field 1, while the red one indicates the SFH of Field 2.

Furthermore, since NGC 5128 is a distant galaxy, it is unlikely to detect all of the LPVs
in the galaxy. According to Rejkuba et al. (2003) study, they simulated variable stars
by using 3 crucial parameters which are the mean magnitude of each star, period, and
amplitude. By considering their simulation, we applied the detection probability of each
star to our results. It should be noted that it is a key point in the presented method due
to its dependency on the number of detected LPVs.

4. Results and Discussion

By considering metallicity Z = 0.039 and applying the probability functions, the SFHs
of Field 1 and Field 2 are presented in Fig. 1. Despite being located in very different parts
of the galaxy, these two fields have very similar SF'Hs, as well as the higher rates of star
formation for Field 2. There is a similar supply of gas to stars during their evolution. In
each field, the consistent patterns of SFRs is seen that are comparable for Field 1 and
Field 2 in increasing in log t(yr) ~ 8.9 (t ~ 800 Myr), logt(yr) ~ 9.5 (t ~ 3.2 Gyr), and
logt(yr) ~ 10 (t ~ 10 Gyr) where ¢ is look-back time.

Additionally, an increase in star formation in Field 1 and Field 2 around 800 Myr ago is
consistent with the idea of recent merger of NGC 5128 with a small gas-rich galaxy (Israel
1998; Fassett & Graham 2000; Mould et al. 2000; Rejkuba et al. 2001). After logt(yr)
~ 8.5, the rate of recent star formation stays constant according to the recent merger
which happened around 400 Myr ago (Peng et al. 2002). Furthermore, NGC 5128 has
experienced AGN activity based on the central supermassive black hole (SMBH). There
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is an acceptable scenario leading to starbursts and AGN activity which is the interaction
of gas-rich galaxies during mergers (Mo, Van den Bosch & White 2010).
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