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Dwarf galaxies, the most common type of galaxy in the Universe, are the best probe
of galaxy formation and evolution theories. Local Group serves a variety of dwarf
galaxies in terms of mass, metallicity, and morphology, and due to proximity, it offers
the best laboratory for investigating different theories. In this regard, we convey an
optical monitoring survey (the Isaac Newton Telescope monitoring survey of Local
Group dwarf galaxies [1] ) to cover all northern hemisphere dwarf galaxies. Our goal
is to construct the SFH of our sample with a novel method based on the detection of
long-period variable stars (LPVs). Here, we present our analysis on Sagittarius dwarf
irregular galaxy (SagDIG). It is an isolated galaxy located at the edge of the local
Group (d ≈ 1.04 Mpc). It has a very low metallicity [Fe/H] = -2.1 (or Z = 0.00025) and it
is very gas-rich (M(HI )/M*= 4.6± 1.2).
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SagDIG was observed from June 2016 to October 2017 using the Isaac Newton
Telescope (INT) Wide Field Camera (WFC) that includes 4 CCDs with 4100×2046 pixel
dimensions and a pixel-scale of 0.33 arcsec/pixel. The reduction process of WFC
images is done by the THELI image processing pipeline [2]. We perform the
photometry procedure using the Daophot II package [3]. Our photometry is complete
more than 50 percent up to 23 mag that confirms the detection of LPVs. Our catalog
consists of 12538 stars. 

To find LPVs, we need to define the
variability index L and limit variable and
non-variable stars. To Calculate the L
index, we employed the [4] method, and
to define a threshold for variability, we
used the distribution of the L index in
different magnitude bins and statistically
defined the L index threshold for
variability; Considering that most stars
should be non-variables and having a
normal distribution. We used Gaia DR2 [5]
and [6] catalog to remove the
contamination in the line of sight.
Moreover, we visually investigate the LPVs
and omit the ones with blending. We
found 27 LPV candidates in the two half-
light radii (2rh) of SagDIG. Fig. 1 shows the
LPV candidates in a color-magnitude
diagram, along with PARSEC-COLIBRI [7].
Fig. 2 represents the location of LPV
candidates on the mosaic image of
SagDIG.
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and the UK-PATT allocation of time to programs I/2016B/09 and I/2017B/04 (PI: J.
van Loon). The authors thank the Iranian National Observatory and the School of
Astronomy (IPM) for the financial support of this project.

Figure 2. The master WFC image of SagDIG galaxy. The LPV candidates marked with red circles. Blue
ellipses show the half and two half-light radii of SagDIG [8] with the ellipticity 0:53 and position angle
90 degree [9]. 

Figure 1: The color-magnitude diagram of stars
within 2rh of SagDIG along with the PARSEC-
COLIBRI isochrones. Green dots are LPV
candidates inside the rh = 1.1 arcmin, and blue
dots are LPV candidates inside rh < r < 2rh. The
AGB-tip, RGB-tip, and completeness limit are
shown in magenta dashed lines. As cab be seen
LPV candidates locate between the AGB-tip and
RGB-tip. 

To Construct the SFH of SagDIG, we used a novel method that was first introduced
and applied successfully to the M33 galaxy [10]. In this method, the SFH of a galaxy
is defined by the star formation rate (SFR), which is a function of time and describes
the amount of star mass formed from gas per year. To calculate the pulsation
periods of LPV candidates, we need to use theoretical evolutionary models. We
used the PARSEC-COLIBRI model [7] that is the best available model. With these
models, we can estimate the amount of birth mass LPV candidates (using their
brightness) and estimate their age and their pulsation. Fig. 3 represents the SFR
within 2rh for two different metallicities Z = 0.0002 and Z = 0.0003, starting around
12 Gyr (log(t[Gyr]) = 10.05) to 63 Myr (log(t[Myr] = 7.8). The vertical error bars
denote SFH errors in each age bin based on Poison statistics. SagDIG has had a
continuous star formation activity over its lifetime with different rates and is
currently experiencing a burst in star formation that is quite common among dwarf
irregular galaxies. Assuming Z = 0.0002, SagDIG experiences the lowest SFR equal to
(0.0004 ± 0.0002) Mʘyr-1 around 12 Gyr ago (log(t[Gyr]) = 10.05 - 9.7). Considering
the error bars, the SFR remains nearly constant up to ≈ 0.6 Gyr (log(t[Gyr] ≈ 8.8).
Afterward, the SFR increases and it’s peak reaches (0.0012± 0:0005) Mʘyr-1 at 0.2
Gyr (log(t[Gyr]) = 8.6 – 7.8) which is around 5 times higher than SagDIG lowest SFR
considering errors. Our result is in good accordance with other studies [11] [12].
We also estimated that the total stellar mass M* in 2rh equals (4.87 ± 2.16) × 106

Mʘ, which is in good agreement with other studies [8]. 

we presented the star formation history of the SagDIG galaxy based on detecting
long-period variable stars. Out of 12538 detected sources in CCD4, we found 27
LPVs candidates within the two half-light radii of SagDIG. Considering Z = 0.0002,
we estimate the peak of SFR for SagDIG in 0.2 Gyr around 0.0012 ± 0.0005 that is
around 5 times higher than its oldest SFR. Moreover, we found that only 30% of
SagDIG stellar mass formed before7 Gyr and a total stellar mass of (4.87 ± 2.16) ×
106 Mʘ in the 2rh was estimated.  

Figure 3. The star formation rate of SagDIG within 2rh for
two metallicity Z = 0:0002 (in blue) and Z = 0:0003 (in black).
As can be seen, The SFR increases after 1 Gyr. 
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