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Abstract. We have conducted an optical monitoring survey of IC 10 dwarf irregular
galaxy in the Local Group, using the Isaac Newton Telescope (INT) with the wide-
field camera (WFC), to identify the Asymptotic Giant Branch stars (AGBs). AGBs
are at the final stage of their evolution and can be implemented as powerful tools for
finding the star formation history and chemical evolution of galaxies. The stellar pop-
ulations in IC 10 had not been previously identified in optical wavebands surveys. Our
data set was obtained in the i— and V — band with the WFC instrument. Photom-
etry was obtained for 48578 stars within the area of 0.07 deg® (13.5 kpc?), of which
10800 stars are detected as AGBs. Radial distribution histogram has been constructed
in the image plane for populations of AGBs, RGBs (Red Giant Branch stars) and
massive stars. We found that the RGBs population has the largest effective radius
among the three populations in the IC 10 image plane. Our data were matched to
optical catalogues of Pan-STARRS (The Pan-STARRS release 1 (PS1) survey-DR1)
catalogue, mid-infrared catalogue of good sources (DUSTINGS Good Source Catalog
(GSC)) from the Spitzer Space Telescope and near-IR catalogue of Hubble Space
Telescope (HST). The number of 441 and 1927 were identified as C-type (carbon-
rich) and M-type (oxygen-rich) stars respectively; using the matched stars between our
catalogue and the HST catalogue.
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1 Introduction

Amongst the dwarf galaxies in the Local Group, the isolated irregular one, IC 10 (UGC 192)
is the only dwarf galaxy under violent starbursting phase in the Local Group. Undergoing a
starbursting phase, having numerous HII regions and being bright in all wavebands, makes
it an exquisite galaxy to study. IC 10 is known as a starburst galaxy with a metallicity of
([Fe/H]= —1.28 dex) [5] and is identified as one of the most massive and luminous galaxies
[58] with the high density of Wolf-Rayet stars [9] and classified as the fifth in luminosity
in the Local Group. The observations of IC 10 confirmed that central galactic regions
contain huge amounts of bright young stars [32]. The existence of a hydrogen cloud around
the galaxy had been first discovered by Roberts et al. [45] with observations of neutral
hydrogen (HI) which showed the star-forming activities in IC 10. Wilcots et al. [62] found
that the structure of hydrogen clouds of IC 10 contain shells and holes produced by stellar
winds from bright Wolf-Rayet and Oxygen-rich stars. IC 10 is located within the boundaries
of the northern constellation Cassiopeia at (I= 118°.9, b= —3°.3) [20] with radial velocity
of V,, = —3484 1 kms~! [2] and proper motions of (—122 4+ 31, 97 £ 27) kms~! in RA
and DEC [7]. It is more similar to the Large Magellanic Clouds (LM C) observed in the
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southern hemisphere. The light of the galaxy is affected by gas-dust clouds of Milky Way
because of locating in the Milky Way zone (b= —3.°3) [59]. Therefore, studying IC 10 is
restricted due to the strong extinction of our galaxy. Several studies have been performed
to determine the real distance to IC 10. Massey et al. [40] obtained the distance of about
1 Mpc by identifying a blue plume of the main-sequence luminous stars in the B versus
(B — V) Colour-Magnitude Diagram (CMD). Borissova et al. [3] obtained the distance of
m — M = 23.86 mag by comparison between the supergiants of IC 10 and those of IC 1613
dwarf galaxy. Demers et al. [11] calculated the reddening and distance using 676 carbon
stars and obtained the distance to the galaxy as 741 + 37 kpc. Kim et al. [33] estimated
the distance to the IC 10 of 715 £ 10 kpc and Lim et al. and Leroy et al. [37, 34] obtained
the distance of 700 kpc and Sanna et al. estimated the distance modulus of m — M = (23.51
+ 0.15 mag), corresponding to the distance of 715 kpc [47, 48]. In this study, we use the
distance modulus which is estimated by McConnachiel2 [41] of m — M = (24.27 £ 0.18
mayg), corresponding to the distance of 794 + 44 kpc.

Asymptotic giant branch stars (AGBs) and red supergiant stars (RSGs) are identified as the
last phase of post-main sequence stellar evolution. AGBs are evolved stars with intermediate
mass of 1 Mg < M < 8 M, that are identified by periods of mass loss. They show variability
in magnitude which their amplitudes and periods increase as the star evolves [15, 63]. Dust
production from mass-loss in AGBs increases at the final stage of their evolution and these
stars can be recognized with their longest periods and largest amplitudes [61, 38, 21, 24, 42].
McQuinn et al. [42] classified AGBs to two basic phases: (1) E-AGBs (Early-AGBs) phase
which are identified by shell He-burning and (2) AGB-tip (thermally-pulsating AGB) phase
which are characterized when shell He-burning tends to run out of fuel. Most of the AGBs are
distinguishable as Long-Period Variables (LPV's) due to the strong thermal radial pulsations
of their cool atmospheric shells with the period of few tens of days to more than 1000 days
[22].

Unlike the Sloan et al. [53, 54] and Boyer et al. [4] that explained the weak dependency of C-
type (carbon-rich) stars in metallicity, van Loon et al. [60] showed the significant metallicity
dependency in Carbon-rich AGBs. The dusty Oxygen-rich stars are more important at
early times because the most massive AGBs are oxygen rich M-type stars [6, 3]. Star
formation history (SFH) and chemical environment are the two most important factors to
characterizing the dwarf galaxies [44]. The existence of large amounts of bright young stars
and extended HII regions of IC 10 reveal the high star-forming activity. IC 10 is a starburst
galaxy contains huge amounts of carbon dust which produced by AGBs [10]. This study
is a part of an ongoing project of optical monitoring survey of dwarf galaxies in the Local
Group, using INT for three years [49, 50, 51, 17, 14]. Our aim is identifying the Long-period
variable stars (LPVs) for these galaxies. We will use the mass function of LPVs to define
the star formation history [14, 16, 17, 19, 18, 23, 24, 30, 50, 51, 52]. AGBs and RSGs
with radial pulsation at their atmospheric layers are identified as LPVs with the brightness
variation time of the order of 150-1500 days in their photometric light curves [25]. In this
paper, we aim to investigate the stellar population in the IC 10 galaxy. Our next papers
will cover identifying the LPVs, star formation history and dust production at this galaxy.
We classified this paper as follows; Details of the observational data are described in section
2. In section 3, the method of photometry is presented and we summarize and discuss our
conclusions in section 5 and 6.
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Table 1: Log of WFC observations of IC 10 dwarf galaxy.

Date Filter Epoch Exposure time Airmass Seeing
(y md) (sec) (arcsec)
2016 06 15 i 1 555 2.271 1.82
2016 08 10 i 2 555 1.168 1.11
2016 0813 'V 1 735 1.331 1.69
2016 1019 i 3 555 1.303 1.55
2016 1019 V 2 735 1.361 1.62
20170801 i 4 555 1.496 1.35
20170801 V 3 735 1.411 1.40
20170901 i 5 555 1.263 1.47
20170901 V 4 735 1.225 1.62
20170902 i 6 555 1.634 1.18
20170902 V 5 735 1.525 1.43
20171006 i 7 555 1.263 1.24
20171008 'V 6 735 1.184 1.11

2 Observation

We have conducted an optical monitoring survey of the majority of dwarf galaxies in the
Local Group, with the Isaac Newton Telescope (INT) for three years [14, 17, 22, 25, 26, 28,
30, 44, 49, 51]. The IC 10 galaxy was observed in 9 nights dated from June, 2016 to October,
2017, using the Wide Field Camera (WFC). The maximum value of seeing parameter was
not greater than 1.82 arcsec that corresponds to high airmass of 2.271 (zenith angle ~ 63°).
The WFC is an optical mosaic camera at the 2.5 m Isaac Newton Telescope (INT) of the
Observatorio del Roque de Los Muchachos (La Palma). Tt contains four 2048 x 4096 CCDs
with a pixel size of 0.33 arcsec/pixel. We used Transforming HEavenly Light into Image
(THELI) for the automated pre-reduction of astronomical images [12]. Observation were
performed in Sloan i and Harris V filters. We selected i — band images as AGBs identifier
because of the peak of Spectral Energy Distribution (SED) of AGBs is located around 1pum
[28, 29]. The observational log which contains exposure time, airmass and seeing is listed in
table 1.

3 Photometry

The photometry process for the IC 10 as a crowded stellar field carried out using the Stet-
son package [55, 57, 56] by fitting Point-Spread Function (PSF) on selected individual stars
on each image separately then implementing PSF photometry to determine ¢ — band and
V — band magnitudes. A number of 20-50 PSF models were produced depending on crowd-
edness of image. To ensure that the PSF models are adequate for the entire image we
subtracted observed image from synthetic image using appropriate PSF for each star and
found no residual error more than observed noise level. We used DAOMATCH routine to
find rough coordinate transformations between the images. Then, we used DAOMASTER
routine to refine the transformations generated by DAOMATCH.

The MONTAGE routine was executed to combine the individual images in both ¢ and V
filters to create the median image and subtract off an approximate sky value from each
frame. The median image of IC 10 is shown in Fig. 1. A master list of stars was produced
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Figure 1: Median i —band mosaic image of the IC 10 dwarf galaxy. The red ellipse is marked
as the half-light radius of the galaxy.

using ALLFRAME routine which implements PSF photometry. Because of the differences
in full width at half maximum (FWHM) in each image we used PSF created for each im-
age separately. We obtained the residual magnitude between the PSF fitted values and
magnitudes taken from largest aperture photometry using DAOGROW routine. We cre-
ated the growth-curves for all subtracted stars except of the PSF stars at each frame. The
growth-curve analysis is needed to improve the accuracy of the total flux measurement with
measuring the magnitude of the bright and isolated stars in each frame through a series of
several concentric apertures of increasing radius. The observed magnitude differences be-
tween successive apertures were calculated for each star [56]. Then, The differences between
the PSF-fitting photometry model magnitude and the one in the largest aperture photome-
try were obtained by COLLECT routine, to measure aperture correction. CCDAVE routine
was applied to calibrating the stars at the master list. Finally, the NEWTRIAL routine was
performed to calculate and apply the aperture corrections, convert instrumental magnitudes
to the standard system, and find the weighted mean magnitude for stars in all frames.

We obtained the zero-points for each frame to calibrate all the frames based on the mea-
surement of the standard stars. The accurate zero-points were measured by transformation
equations [31]. We used the average of zero-points for the nights without standard stars
observations. Accurate extinction determination has an important impact in extracting the
parameters of the galaxy [59]. The Airmass-dependent atmospheric extinction was applied
by adopting the extinction coefficients of 0.0197 mag and 0.1036 mag in i— and V — band,
respectively which were determined for LA Palma [13]. In addition to the atmospheric
extinction, we considered the extinctions caused by Milky Way and IC 10 which is measured
using two components: The external component which produced by the gas or dust clouds
of Milky Way and internal extinction inside of the IC 10. The clouds of dust and gas which
are observed in the images of IC 10 show the absorption and scattering of light in the galaxy
which confirm the existence of extinction inside of the galaxy. Generally, the combination
of these two components led to obtaining the combined extinction for the galaxy [59]. Com-
parison of the Atmospheric extinction with the combined extinction (external and internal
extinction components) confirmed that the combined extinction is a major factor to deter-
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Figure 2: The x values versus ¢ — band magnitude for stars in one of the individual frames.
The red dashed line shows the x criterion.

mine the physical parameters for this galaxy.

The x value is defined for each star as a robust estimate of the ratio of the observed

pixel-to-pixel scatter from the radial profile of the image divided by the expected pixel-to-
pixel scatter from the image profile. Furthermore, The sharpness value is also defined as
the ratio of the bivariate delta-function which best fits the brightness peak in the original
image to the height of the bivariate Gaussian function (with the user-supplied value of the
FWHM) which best fits the peak. We assumed a cut off on the y value for each frame based
on the x values distribution of all stellar objects which have y < 3. Thus, the non-stellar
objects have been removed from our catalogue if they considered at the y criterion. Fig. 2
shows the x value of stars versus ¢ — band magnitude for one of the individual frames. The
horizontal red dashed line shows the selection criteria of x < 3. Fig. 3 shows the sharpness
value of stars versus ¢ — band magnitude for one of the individual frames. The sharpness
values for all sources are shown with black dots and the sharpness values for stars with the
X < 3 criteria are shown with red dots.
To increase accuracy in magnitude measurements, we calibrated the images relative to each
other. The relative calibration has been carried out by a selection of approximately 800 stars
in common between all images with the magnitudes of 18 < ¢ < 22 mag. These selected
stars were averaged in magnitude for each image and then photometry was complemented
by applying the corrections between —0.000925 and 0.00751 mag that equalized these mean
magnitudes against each other. The relative calibration corrections added to the magnitudes
in each of individual images and then the averaged values have been calculated again for
the selected stars of each image. Fig. 4 shows the correction as a function of time for all of
the images before applying the correction values. As can be seen, the corrections are less
than 1 per cent which shows that the images are satisfactory calibrated to each other.
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Figure 3: The sharpness values versus ¢ — band magnitude for stars in one of the individual
frames before (black dots) and after applying (red dots) a selection on the x values.

4 Quality assurance

The cross-match identification was performed between our final catalogue and Pan-STARRS
(The Pan-STARRS release 1 (PS1) survey-DR1) [8] catalogue with a cross match between
the celestial positions and magnitudes to estimate the accuracy of our calibration method.
The matches were obtained by search radii in 0.1” to 10” iteratively to check the accuracy
of the calibration. Fig. 5 shows the satisfactory of cross-matching result within the desired
range of magnitude (18 < i < 22 mayg).

The completeness limit of our final catalogue has been estimated to determine the accuracy
of our photometry. ADDSTAR routine was used to add 3000 artificial stars. These stars
were placed randomly on the two of the individual frames in both i- and V — band in each
of ten trials in 1.0 mag bins starting from ¢ = 17 mag until 26 mag and as the same for
the V' — band frame. Then, photometry was applied to the new images in both of i— and
V — band and the star-finding efficiency and the photometric accuracy were estimated by
comparing the output data for these stars to what was put in. Due to the crowdedness
of the field, the artificial stars were added in ten individual steps to the frames. Fig. 6
shows that our catalogue is perfectly complete down to i = 21 mag, falling to 80 per cent
at i = 22.5 mag and dropping to less than 50 per cent at i ~ 23.07 mag. As can be seen,
the V' — band output satisfies the similar completeness levels approximately at the fainter
magnitudes (V' ~ 23.66 mag). Generally, we can conclude that the photometry is more
than 85 per cent complete at the tip of the red giant branch (RGB-tip), which is obtained
21.9 mag in i — band. This photometric depth ensures that the thermally pulsing AGBs,
are detected in this galaxy. Moreover, the maximum per cent of recovery for stars with
magnitudes brighter than 22 mag is significantly more than fainter one. The accuracy of
our photometry has been tested and shown in Fig. 7. As can be seen, the difference between
the artificial stars magnitudes and the recovered ones (A#) is very small until ¢ ~ 22 mag
and increases for fainter magnitudes. Thereupon, our photometry is sufficiently complete
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Figure 4: Relative calibration corrections for all of the individual images, as a function of
time.

for study the AGBs with the magnitudes lower than 22 mag in the i — band.

The accuracy of our photometry versus distance from the centre of IC 10, has also been
tested by adding 1500 artificial stars to one of the individual images using ADDSTAR rou-
tine. The stars have been located randomly with adding the Poisson noise to the image for
the magnitudes of ¢ = 18, 19 & 20 mag. At the top and middle panels in Fig. 8, the differ-
ences between the artificial input magnitude and the recovered one is very small, —A(i)—<
0.1 mag. The stars which are close to the centre of IC 10, r < 50 arcsec, have the differences
up to —A(i)—< 0.7 mag. As can be seen, the recovered stars are brighter than the input
stars which are related to the blending occurred due to crowdedness in the centre of IC 10.
At i = 20 mag, the recovered stars regardless of the distance from the centre, are brighter
than the input stars and the crowdedness is notable. We conclude that our photometry is
accurate enough to the aim of our project of studying the AGBs and RSGs, which they have
1 < 22 mag.

5 Discussion

We identified the stellar population in the central regions of IC 10. The photometry has
been carried out within the area of 0.07 deg? (13.5 kpc?), the area of CCD4 of WFC. Fig. 9
shows magnitude error versus magnitude for stars in our catalogue in both filters. Vertical
lines in red are error bars at each magnitude bins. The magnitude errors at the brighter
stars are significantly lower than the stars with the magnitudes more than RGB-tip. Fig. 10
shows the logarithmic distribution of the magnitudes in i— and V' —band. The completeness
limits are shown for i— and V — band magnitude with green and pink vertical dashed lines,
respectively.

We characterize the stellar population in the central regions of IC 10 using the colour-
magnitude diagram (CMD) with isochrones calculated by Marigo et al. [39](Fig. 11). The
isochrones were calculated for the constant metallicity of [Fe/H]|= —1.28 dex [59]. The
extinction (Ay) of 1.8 mag has been obtained which is a best-fit value for our catalogue.
Britavskiy et al. changed the extinction coeflicient in a range from 0.1 to 4 mag with a step
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Figure 5: Magnitude differences between INT catalogue and Pan-STARRS of IC 10 dwarf
galaxy, plotted versus ¢ — band magnitude for our catalogue
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Figure 7: The magnitude difference between the artificial stars magnitudes and the recovered
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Figure 11: Colour-magnitude diagram of 7 vs. (V — ). Overplotted are isochrones from
Marigo et al. [39] for the constant metallicity of [Fe/H]= —1.28 dex and a distance modulus
of 24.27 4+ 0.18 mag.

T T
Padova isochrones

2 - Approximate completeness ]|
INT-sources

Figure 12: Colour-magnitude diagram of i vs. (V' — 1) for stars in half-light radius of IC 10.
Overplotted are isochrones from Marigo et al. [39] for the constant metallicity of [Fe/H]=
—1.28 dex and a distance modulus of 24.27 + 0.18 mag.
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of 0.1 mag for IC 10 [6]. We used their extinction coefficient range to determine the best
value that fits to our data well. We obtained the extinction coefficient value in V' — band
of 1.8 mag using the report of Britavskiy et al. [6]. The adopted distance modulus of p =
(24.27 £ 0.18 mag) appears to be appropriate as it fits well on the stellar abundant. Fig. 12
shows the colour-magnitude diagram of i versus (V — ) for half-light radius of IC 10. The
isochrones are plotted as described in Fig. 11. Foreground stars have been removed from
the stellar population based on the mentioned criterion which is applied on the stars.

IC 10 dwarf galaxy is close to the galactic plane of the Milky Way; therefore, observations
suffer from heavy foreground contamination. The level of contamination was explored by
detection of stars at Milky Way in the direction of IC 10. This task is performed by calcu-
lating the cross-match identification of our catalogue with the Gaia DR2 catalogue [1]. Gaia
DR2 contains celestial positions and apparent magnitude in G — band for approximately 1.7
billion sources. The photometry in Gaia DR2 consists of three broad bands: a G magnitude
for all sources and a Gpp and Grp magnitude for the large majority [1]. Parallaxes (Pa)
and proper motions (pm) are available for 1.3 billion of stars at Gaia DR2 catalogue. The
cross-match identification between our catalogue and Gaia DR2 is led to obtaining 4488
stars in common between two catalogues. Then, we estimated the distance of common
stars at our catalogue based on their parallax values. The stars have been classified to two
categories: The stars with the parallax values (Pa > 0.01 mas), which stand for the stars
with the distances less than 100 kpc and the stars with the parallax values (Pa < 0.01
mas), which stand for the stars with the distances larger than 100 kpc which they are not
considered as the stars at Milky Way. We determined the threshold for the value of epﬁ,
which (ePa) is the estimated error to parallax measurements for each star to obtain more
accurate identifications of the Milky Way stars as the foregrounds. A star is classified as
foregrounds if it satisfies either Pa/ePa > 2 o criteria or its proper motion (pm) is more
than 0.28 mas/yr in both directions of RA and DEC [46]. Therefore, we removed them
from our final catalogue.

We identified 10800 AGBs based on the number of stars between RGB-tip (21.9 mag) and
AGB-tip (18.9 mag) magnitude. The stars with the low- to medium mass of 0.8-8 M, in
the final stage of their evolution enter the AGB phase while the stars with the mass of M
> 8 Mg (massive stars) enter the RSG phase [35, 36, 43]. RSGs are found all the way until
the earliest age (t ~ 10 Myr) which is defined as highest birth mass [23, 27] among these
populations. The stellar populations of massive stars, AGBs and RGBs have been shown by
the grey lines in the colour-magnitude diagram of our catalogue in Fig. 13. Our catalogue
reaches the completeness limit of more than 90 per cent above the RGB-tip around ¢ ~ 21.9
mag. Saturated stars and the stars which are located near the edge of images have been
removed from our catalogue and foreground stars are also shown with red dots. The stellar
populations of massive, AGB and RGB have been determined by the grey lines in the figure
(Fig. 13). According to our results, we will identify the LPVs in IC 10 at our next work
to describe the star formation history and chemical enrichment of IC 10 dwarf galaxy. We
classified the stars in our catalogue into three populations; massive stars, AGBs and RGBs
based on the i —band magnitude and (V —1) colour criteria. As it has been shown in Fig. 13,
hot massive stars and cooler ones are separated by the line from (V' —i, ¢)= (0.21, 21.9) mag
to (V — 1, i)= (0.47, 18.9) mag, which the massive stars are characterized with the colour
bluer than this criteria down to 23.07 mag or those have ¢ < 18.9 mag. AGBs and RGBs
have the colour redder than these criteria with the magnitude of 18.9 mag < i < 21.9 mag
and 21.9 mag < ¢ < 23.07 mag, respectively.

Fig. 14 shows the radial distribution of AGBs, RSGs and massive stars within the area of
0.07 deg? (13.5 kpc?) from the centre of IC 10. As can be seen, most of the stellar popula-
tions are located at the centre of the galaxy where their distances are lower than 200 arcsec.
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Figure 13: Colour-magnitude diagram of our INT catalogue; Gaia stars and foreground stars
are plotted in green and red, respectively. Overplotted are isochrones from Marigo et al.
[39], labelled by their logarithmic ages. The grey lines indicate the populations of massive
stars, AGBs and RGBs.
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Figure 14: Radial distributions of massive stars (in red), AGBs (in black) and RGBs (in
blue) in the image plane within the area of 0.07 deg? from the centre of IC 10.
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are highlighted in green and foregrounds have been removed from the catalogue.

The AGB, RGB and massive populations show some central condensation. The RGBs pop-
ulation has the largest effective radius and the AGBs population has the smallest effective
radius among the three populations and AGBs are more centrally concentrated than the
RGBs and massive stars.

5.1 Cross-identifications in other catalogues

The cross-correlation of our INT-sources with the mid-IR catalogue from the Spitzer Space
Telescope [4] has been performed and shown in Fig. 15. We obtained the matched stars
by search iterations using growing search radii, in steps of 0.1”7 out to 1”7 [22]. Boyer et
al. [4] performed two epochs of Spitzer Space Telescope observations of 50 dwarf galaxies
within 1.5 Mpc that is used to identify dust-producing AGBs and massive stars. They
described DUSTINGS (DUST in Nearby Galaxies with Spitzer) which is a 3.6 and 4.5 pm
post-cryogen Spitzer Space Telescope imaging survey of 50 dwarf galaxies within 1.5 Mpc
that is created to identify dust-produced AGBs and massive stars (DUSTINGS I) [4]. The
60975 sources of the good source catalogue in DUSTINGS I project, are covered by our
INT-data in the same area. Among these, 28490 are in our photometric catalogue; about
27 per cent of them are fainter than the RGB-tip magnitude. We did not recover the 32485
Spitzer sources because of being located at the edges of the frames or being very faint in
the optical observation at our data. Therefore, the recovery rate is about 47 per cent.

Boyer et al. in DUSTINGS IV project reported the near-IR Hubble Space Telescope (HST)
observations of six star-forming DUSTiINGS galaxies using medium-band filters on HST’s
WFC3/IR to identify AGB spectral types. They combined their observations with mid-IR
data from Spitzer and distinguished the C-type (Carbon-rich) and M-type (Oxygen-rich)
of dust-producing stars by their atmospheric chemistry and they showed that dust can form
even in very metal-poor systems (Z~ 0.008 Z, [5]). The C- and M-type stars are identified
by photometric surveys using broadband near-IR (JHK) or narrow-band optical filters [5].
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Figure 16: colourmagnitude diagram of i vs. (V — i) shows the M-type and C-type stars
from the Boyer et al. that were detected in our INT survey.

VO, TiO, and H>0O molecular structures affect the broadband near-IR filters in M-type stars
and also CN and C3 molecular structures affect the broadband near-IR in C-type stars.
However, the narrow-band filters are influenced by TiO and CN molecular structures at A <
7000 A° [5]. We also performed cross-match identification between AGBs in our catalogue
and AGBs catalogue of Boyer et al. in DUSTINGS IV project [5]. The number of 2368
AGBs (out of 2896 AGBs in the Spitzer and Hubble Space Telescope (HST) catalogue in
the same area) in the DUSTINGS IV project is recovered by us. The recovery rate has been
estimated at 82 per cent level. The photometry in optical wavebands is not deep enough to
recover all of the AGBs in our catalogue. On the other hand, very dusty AGBs can not be
detected at our optical photometry because very dusty AGBs are very faint in the optical
wavebands. We identified the C- and M-type stars using the matched stars between our
catalogue and the HST catalogue in the number of 441 and 1927 stars, respectively; The
C- and M-type stars are highlighted at the colour-magnitude diagram of ¢ vs. (V' —4) in red
and blue dots, respectively (Fig. 16).

6 Conclusion

We used the INT optical monitoring survey of IC 10 dwarf galaxy in the Local Group in the
i— and V — band filters. A photometry catalogue was obtained with the 48578 stars within
the area of 0.07 deg? (13.5 kpc?) of which 10800 stars are AGBs. Cross-match identification
for our catalogue has been obtained by Pan-STARRS catalogue, Spitzer Space Telescope
mid-IR catalogue and HST catalogue. We found that the RGBs population has the largest
effective radius among the three populations (AGBs, RGBs, and massive stars), while the
AGBs population has the smallest effective radius in the IC 10 image plane. The number of
2368 AGBs in the Spitzer catalogue were recovered by our INT catalogue with the recovery
rate of 82 per cent. The number of 441 and 1927 stars in HST catalogue have been identified
as C-type and M-type stars, respectively which recovered by our INT catalogue. In the next
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paper in these series, we will identify Long-Period variable stars (LPVs) to explain the star
formation history and dust production in the IC 10 dwarf irregular galaxy.
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