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ABSTRACT

We present photometric, astrometric, and kinematic studies of the old open
star clusters NGC 1193 and NGC 1798. Both of the clusters are investigated by
combining data sets from Gaia Early Data Release 3 (EDR3) and CCD UBV obser-
vational data. E(B − V ) color excesses are derived for NGC 1193 as 0.150± 0.037
and for NGC 1798 as 0.505 ± 0.100 mag through the use of two-color diagrams.
Photometric metallicities are also determined from two-color diagrams with the re-
sults of [Fe/H]=−0.30 ± 0.06 dex for NGC 1193 and [Fe/H]=−0.20 ± 0.07 dex for
NGC 1798. The isochrone fitting distance and age of NGC 1193 are 5562± 381 pc
and 4.6±1 Gyr, respectively. For NGC 1798, these parameters are 4451±728 pc and
1.3±0.2 Gyr. Kinematic and dynamic orbital calculations indicate that NGC 1193
and NGC 1798 belong to the thick-disk and thin-disk populations, respectively.

RESUMEN

Presentamos un estudio fotométrico, astrométrico y cinemático de los cúmulos
abiertos viejos NGC 1193 y NGC 1798. Ambos cúmulos se estudian combinando
datos de Gaia Early Data Release 3 (EDR3) con datos CCD UBV. Mediante el
uso de diagramas de dos colores se obtienen excesos de color E(B − V ) para
NGC 1193 de 0.150 ± 0.037 mag, y para NGC 1798 de 0.505 ± 0.100 mag. Se
determinan las metalicidades fotométricas con los mismos diagramas, y resultan
ser de [Fe/H]=−0.30 ± 0.06 dex para NGC 1193 y de [Fe/H]=−0.20 ± 0.07 dex
para NGC 1798. La distancia y la edad obtenidas con el ajuste de isocronas para
NGC 1193 son de 5562±381 pc y 4.6±1 giga-años, respectivamente. Para NCG 1798
estos parámetros tienen valores de 4451± 728 pc y 1.3± 0.2 giga-años, respectiva-
mente. Los cálculos cinemáticos y orbitales indican que NGC 1183 pertenece a la
población de disco grueso y NGC 1798 a la de disco delgado.

Key Words: open cluster and associations: individual: NGC 1193, NGC 1798 —
Galaxy: disc — Hertzsprung-Russell and colour-magnitude

1. GENERAL

Open clusters are identified as groupings of stars,
beyond those found in a single multiple star sys-
tem, that are bound together by their weak self-
gravitational forces. As cluster stars are formed by
the collapse of the same molecular cloud, their basic
astrophysical parameters, such as color excess, dis-
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tance, metal abundance, and age are similar while
their masses and luminosities can range widely. This
paper concentrates on open star clusters inside our
own galaxy’s disk, which are often called ‘galactic
clusters’. These properties make such open clusters
important tools to investigate the structure, forma-
tion, and evolution of the Galactic disk, as well as
to give opportunities to enhance our understand-
ing of stellar evolution models. In particular, the
study of old open clusters can give insight into the
kinematic properties and chemical structure of the
Galactic disk (Friel 1995).

333

Revista Mexicana de Astronomía y Astrofísica, 58, 333–353 (2022)
© 2022: Instituto de Astronomía, Universidad Nacional Autónoma de México
https://doi.org/10.22201/ia.01851101p.2022.58.02.14

https://doi.org/10.22201/ia.01851101p.2022.58.02.14
https://doi.org/10.1051/aas:2000214
https://doi.org/10.1051/aas:2000214
https://doi.org/10.1098/rsta.2011.0269
https://doi.org/10.1007/BF00873538
https://doi.org/10.1007/BF00873538
https://doi.org/10.1051/0004-6361/200810860


334 YONTAN ET AL.

1.1. NGC 1193

In 1786 William Herschel discovered the
open cluster NGC 1193 (α = 03h 05m 56s. 64,
δ = +44◦ 22

′
58
′′
. 80, l = 146◦. 8143, b = −12◦. 1624),

located in the constellation of Perseus (Dreyer 1888).
Together with an angular size of 2′, NGC 1193 has
a dense central stellar concentration and is classi-
fied as II3m (Ruprecht 1966). King (1962) reported
that NGC 1193 is likely to be old. In the study of
Janes & Adler (1982), NGC 1193 was identified as a
dense, poorly studied open cluster with an angular
diameter of 2′. Kaluzny (1988) presented the first
CCD BV photometric study of NGC 1193, identify-
ing five possible blue straggler stars in the cluster.
By BV isochrone fitting to the color magnitude dia-
gram (CMD), they determined the color excess and
distance to be 0.12 ≤ E(B − V ) ≤ 0.23 mag and
4.2 ≤ d ≤ 4.9 kpc, respectively. Additionally the
metallicity, distance module, and age of the cluster
were adopted as Z = 0.01, (m −M)V = 13.8 mag,
and t = 8× 109 years. Through investigation of the
cluster’s color-magnitude diagram, Kaluzny (1988)
indicated that subgiant branch stars are more pop-
ulous than red giant branch stars. Utilizing spec-
troscopic observations, Friel, Liu, & Janes (1989)
calculated the first radial velocity estimate for the
cluster as 〈Vr〉 = −82 km s−1. Friel & Janes (1993)
performed medium resolution spectroscopic analy-
ses and estimated the cluster metallicity as [Fe/H] =
−0.50 ± 0.18 dex from four giant members. They
also calculated the radial velocities of stars whose
values lie within −64 ≤ Vr ≤ −103 km s−1. Tadross
(2005) used photometric data of Kaluzny (1988) and
astrometric data from the USNO-B1.0 catalog of
Monet et al. (2003) to determine the cluster’s color
excess E(B − V ) = 0.10 ± 0.06, distance modulus
µ = 13.90± 0.10 mag, distance d = 5.25± 0.24 kpc,
age t = 8 Gyr, and metallicity as Z = 0.008. More-
over, Tadross (2005) analysed the cluster with re-
gard to the radial profile of van den Bergh & Sher
(1960) and estimated the core radius as rc = 1′.4
and the limiting radius as rlim = 6′.5. Kyeong et
al. (2008) applied a fitting procedure of the theoret-
ical isochrones of Bertelli et al. (1994) to the color-
magnitude diagrams based on CCD UBVI photomet-
ric data of NGC 1193. They calculated the color ex-
cess as E(B − V ) = 0.19± 0.04 mag, the metallicity
[Fe/H] = −0.45±0.12 dex, the true distance module
(m−MV)0 = 13.30± 0.15 mag, and the cluster age
as log t(yr) = 9.7± 0.1.

The Gaia mission (Gaia collaboration et al.
2016) has led to substantial improvements in the
quality and precision of astrometric, photometric,

and spectroscopic data. Gaia has provided precise
astrometric, photometric, and spectroscopic data
of nearly 1.8 billion stars. Cantat-Gaudin et al.
(2018) identified 215 most likely cluster members,
using astrometric and photometric data of stars
across the locality of NGC 1193. In the study,
they determined the mean proper motion of the
cluster as (µα cos δ, µδ)=(−0.125 ± 0.023,−0.329 ±
0.019) mas yr−1 and the trigonometric parallax as
$ = 0.159± 0.009 mas. Soubiran et al. (2018) used
the second Gaia data release (Gaia DR2; Gaia col-
laboration et al. 2018) spectroscopy to identify a ra-
dial velocity measurement for one member star of
NGC 1193, calculating its radial velocity as 〈Vr〉 =
−83.24 ± 0.51 km s−1. In addition, Carrera et al.
(2019) determined the mean radial velocity of the
cluster as 〈Vr〉 = −85.16 km s−1, based on APOGEE
spectroscopic data for two member stars of the clus-
ter. Donor et al. (2020) analysed three cluster mem-
ber stars using APOGEE DR16 spectroscopic data
and calculated the radial velocity and metallicity
of the NGC 1193 as 〈Vr〉 = −84.7 ± 0.2 km s−1

and [Fe/H] = −0.34 ± 0.01 dex, respectively. Us-
ing Gaia DR2 data, they determined the mean
proper motion components of the cluster as (µα cos δ,
µδ)=(−0.22± 0.10,−0.36± 0.07) mas yr−1.

1.2. NGC 1798

The open cluster NGC 1798 (α = 05h11m39s. 36,
δ = +47◦ 41

′
27
′′
. 60, l = 160◦. 7043, b = +04◦. 8500)

was discovered in 1885 by Edward Barnard, located
in the Auriga constellation (Dreyer 1888). With an
angular size of about 5 arcmin, this cluster is classi-
fied as II2m with a central dense stellar concentra-
tion (Ruprecht 1966). Examination of the cluster’s
CMD reveals that the regions of the main sequence
and red clump (RC) stars are more distinct than the
red giant branch (RGB). Based on this morpholog-
ical feature, Janes & Phelps (1994) gave the age of
NGC 1798 as 1.5 Gyr and the distance as 3.44 kpc.

The first CCD UBVI photometric observations
of the NGC 1798 were made by Park & Lee (1999).
The angular diameter of the cluster was given as
8.3 arcmin (10.2 pc), the color excess E(B − V ) =
0.51±0.04 magnitude, the distance d = 4.2±0.3 kpc,
the metallicity [Fe/H] = −0.47 ± 0.15 dex, and
the age t = 1.4 ± 0.2 Gyr. Lata et al. (2002)
used the data of Park & Lee (1999) to determine
the absolute magnitude and color indices for the
I band as I(MV) = −4.86, I(U − V )0 = 0.97,
I(B − V )0 = 0.82, and I(V − I)0 = 1.14 mag. Ma-
ciejewski & Niedzielski (2007) obtained the struc-
tural and astrophysical parameters of 42 open clus-
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ters with CCD BV photometry. They determined
the cluster’s limiting radius rlim = 9 arcmin, the core
radius rc = 1.3± 0.1 arcmin, the central stellar den-
sity f0 = 9.5 ± 0.28 star arcmin−2, and the back-
ground stellar density fbg = 3.14 ± 0.05 stars per
arcmin2. These researchers used the isochrones of
Bertelli et al. (1994), obtaining the color excess of
the cluster as E(B − V ) = 0.37+0.10

−0.09, the distance

modulus as (m − M) = 13.90+0.26
−0.63 mag, the dis-

tance as d = 3.55+0.64
−1.22 kpc, and the age being

log t (yr) = 9.2. Ahumada & Lapasset (2007) ex-
amined 1,887 blue straggler star (BSS) candidates in
427 open clusters and identified 24 BSS in the direc-
tion of NGC 1798. They indicated that six of these
BSS are massive and 18 are low mass stars. Carrera
(2012) calculated the radial velocities of four open
clusters including NGC 1798 by analyzing spectro-
scopic data of their member stars. By measuring
Ca II lines, Carrera (2012) determined the mean ra-
dial velocity of NGC 1798 as 〈Vr〉 = 2 ± 10 km s−1.
They used six member stars in total, consisting of
five RGB stars and one main sequence turn-off star.
Oralhan et al. (2015) analyzed CCD UBVRI pho-
tometric observations of 20 open clusters and ob-
tained their astrophysical parameters. They deter-
mined the reddening, photometric metallicity, dis-
tance modulus, distance, and age of the NGC 1798
as E(B − V ) = 0.47± 0.07 mag, [Fe/H] = −0.50 ±
0.28 dex, (m − M)0 = 12.70 ± 0.04 mag, d =
3.47± 0.06 kpc, and t = 1.78± 0.22 Gyr.

Cantat-Gaudin et al. (2020) used photometric
and astrometric data from the Gaia DR2 (Gaia
collaboration et al. 2018) to determine astrometric
and astrophysical parameters of 2,017 open clusters.
They identified 218 member stars in NGC 1798.
Considering these members they calculated mean
proper-motion components and trigonometric paral-
laxes of the cluster as (µα cos δ, µδ) = (0.913±0.011,
−0.318±0.010) mas yr−1 and $ = 0.178±0.005 mas.
Liu & Pang (2019) used astrometric and photomet-
ric data of 78 member stars of NGC 1798 to calcu-
late the mean proper-motion components, trigono-
metric parallaxes, and age of the cluster as (µα cos δ,
µδ)= (0.903 ± 0.026, −0.400 ± 0.295) mas yr−1,
$ = 0.241± 0.026 mas, and t = 1.7± 0.1 Gyr.

A number of studies explored open clusters using
ground-based telescopes within the scope of spectro-
scopic survey programs (Gilmore et al. 2012; Con-
rad et al. 2014; Maciejewski & Niedzielski 2007; Kos
et al. 2018). Within the context of the APOGEE
survey, Donor et al. (2018) utilized spectral obser-
vations of 259 cluster member stars in 19 open clus-
ters including NGC 1798 and obtained the radial ve-

locity and different metal abundance values of the
stars. Analysing nine member stars in NGC 1798
Donor et al. (2018) determined the mean radial ve-
locity as 〈Vr〉 = 2 ± 1.7 km s−1 and the iron abun-
dance [Fe/H] = −0.18 ± 0.02 dex. Soubiran et
al. (2018) analysed Gaia DR2 spectroscopic data of
four member stars in the cluster and obtained the
mean radial velocity as 〈Vr〉 = 2.60 ± 0.41 km s−1.
Donor et al. (2020) analysed eight cluster mem-
ber stars using APOGEE DR16 spectroscopic data
and calculated the radial velocity and metallicity
of the NGC 1798 as 〈Vr〉 = 2.7 ± 0.8 km s−1 and
[Fe/H] = −0.27± 0.03 dex, respectively. Using Gaia
DR2 data, they determined the mean proper motion
components of the cluster as (µα cos δ, µδ)=(0.83 ±
0.04,−0.31± 0.04) mas yr−1.

2. OBSERVATIONS AND DATA REDUCTIONS

2.1. CCD UBV Photometric Data

The observations of these two clusters, along with
many others, were carried out at the San Pedro Mar-
tir Observatory,6 as part of an ongoing UBVRI pho-
tometric survey of Galactic stellar clusters. The
84-cm (f/15) Ritchey-Chretien telescope was em-
ployed in combination with the Mexman filter wheel.

NGC 1193 was observed on 2013-09-19 with
the ESOPO CCD detector (a 2048 × 2048 13.5-µm
square-pixels E2V CCD42-40 with a gain of
1.65 e−/ADU and a readout noise of 3.8 e− at the
2 × 2 binning employed, providing an unvignetted
field of view of 7.4 × 9.3 arcmin2). Short and long
exposures were taken to properly measure both the
bright and faint stars of the fields. Exposure times
were 2, 12, 120s for both I and R; 6, 30, 200 for V;
30, 100, 700s for B; and 60 and 1800s for U.

NGC 1798 was observed on 2009-11-01 with the
SITE3 detector (a Photometrics 1024× 1024 24-µm
square-pixels with a gain of 1.3 e−/ADU and a read-
out noise of 6.8 e−, giving an unvignetted field of
view of 6.8× 6.8 arcmin2). Exposure times for I and
R were 2, 12 and 120s in duration; 6, 30 and 200s for
V; 30, 100 and 700s for B; and 60 and 1800s for U.

Landolt’s standard stars (Landolt 2009) were also
observed in good sky conditions, at the meridian and
at about two air masses, to properly determine the
atmospheric extinction coefficients. Flat fields were
taken at the beginning and the end of each night
and bias images were obtained between cluster ob-
servations. Data reduction with point spread func-
tion (PSF) photometry was carried out by one of

6https://www.astrossp.unam.mx/en/home/.
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Fig. 1. Identification charts for NGC 1193 (left panel) and NGC 1798 (right panel), taken from the Leicester database
and archive service (LEDAS).

the authors (RM) with the IRAF/DAOPHOT pack-
ages (Stetson 1987) and employing the transforma-
tion equations recommended, in their Appendix B,
by Stetson et al. (2019).

3. DATA ANALYSIS

3.1. Gaia Astrometric and Photometric Data

The (early) third data release of Gaia (here-
after Gaia EDR3, Gaia collaboration et al. 2021)
provides high quality astrometric and photometric
data of nearly 1.5 billion celestial objects. To-
gether with ground-based CCD UBV photometry
we took into account Gaia EDR3 astrometric and
photometric data to perform astrometric, photo-
metric, and kinematic analyses of NGC 1193 and
NGC 1798. We extracted such EDR3 data for all
stars within regions of 20 arcmins about the cen-
tres of each cluster, using the coordinates given by
Cantat-Gaudin et al. (2020) (α = 03h05m56s. 64, δ =
+44◦22

′
58
′′
. 80 for NGC 1193 and α = 05h11m39s. 36,

δ = +47o41
′
27
′′
. 60 for NGC 1798). Thus we reached

9,141 stars within the magnitude range 7 < G <
23 mag for NGC 1193 and 14,834 stars within 8 <
G < 21 mag for NGC 1798, respectively. 20 arcmin
field of view optical images for the two clusters are
presented in Figure 1. To construct photometric and
astrometric catalogues for each cluster, we matched
the UBV data to that from the Gaia EDR3 cata-
logue using stellar equatorial coordinates consider-
ing distances less than 5 arcsec. The mean difference
in distances between the coordinates of stars in the
matched catalogues was ≈ 0.08 arc seconds for both
clusters. Both resulting catalogues contain positions
(α, δ), UBV observational data (apparent V mag-
nitudes, color indices U − B, B − V ), Gaia EDR3

astrometric (µα cos δ, µδ, $) and photometric data
(G, GBP −GRP), and membership probabilities (P )
as calculated in this study (Table 1). Catalogues of
CCD UBV photometric as well as Gaia photomet-
ric and astrometric data for all the detected stars
in the cluster regions are available electronically for
NGC 1193 and NGC 17987. Errors of the UBV and
Gaia EDR3 photometric data were adopted as inter-
nal errors, being the uncertainties in the determina-
tion of the instrumental magnitudes of the stars. We
calculated the mean photometric errors separately as
functions of V and G intervals, listing the results in
Table 2 (on page 338). It can be seen from the table
that the mean internal UBV errors reach 0.08 mag
for stars brighter than V = 20 mag for both clusters.
The mean internal errors of Gaia EDR3 photometry
for stars brighter than G = 21 mag reach 0.011 mag
for NGC 1193 and 0.007 mag for NGC 1798.

To obtain precise astrophysical parameters, we
identified photometric completeness limits for each
cluster. Stars fainter that these limits were not in-
cluded in further analyses. G and V magnitude
histograms were constructed to determine the pho-
tometric completeness limits for each clusters (see
Figure 2). Stellar counts decrease for magnitudes
fainter than G = 20 for both NGC 1193 (Figure 2a)
and NGC 1798 (Figure 2c). Stellar counts decrease
for magnitudes fainter than V = 19 for NGC 1193
(Figure 2b) and NGC 1798 (Figure 2d), indicating
that incompleteness (of stellar recovery) has set in.
Thus, for both clusters, we adopted these values as
the cluster photometric completeness limits.

7The complete tables can be obtained from VizieR elec-
tronically.
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Fig. 2. Interval G and V -band magnitude histograms of NGC 1193 (a, b) and NGC 1798 (c, d): The red arrows show
the faint limiting apparent magnitudes in G and V -bands. The color figure can be viewed online.

TABLE 2

THE MEAN INTERNAL PHOTOMETRIC ERRORS FOR EACH CLUSTER

NGC 1193 NGC 1798

V N σV σU−B σB−V N σV σU−B σB−V

(8, 12] — — — — — — — —
(12, 14] 9 0.017 0.020 0.022 5 0.024 0.047 0.045
(14, 15] 14 0.008 0.012 0.010 5 0.027 0.054 0.038
(15, 16] 22 0.007 0.018 0.010 41 0.021 0.055 0.032
(16, 17] 36 0.011 0.037 0.015 70 0.020 0.070 0.033
(17, 18] 147 0.018 0.065 0.027 114 0.023 0.148 0.037
(18, 19] 177 0.034 0.122 0.057 140 0.045 0.230 0.075
(19, 20] 140 0.075 0.234 0.130 126 0.077 — 0.141
(20, 21] 24 0.145 — 0.244 26 0.136 — 0.242

NGC 1193 NGC 1798

G N σG σGBP−GRP N σG σGBP−GRP

(5, 10] 5 0.003 0.006 6 0.003 0.005
(10, 12] 21 0.003 0.005 32 0.003 0.005
(12, 13] 52 0.003 0.005 59 0.003 0.005
(13, 14] 101 0.003 0.005 125 0.003 0.005
(14, 15] 196 0.003 0.006 315 0.003 0.005
(15, 16] 366 0.003 0.006 630 0.003 0.006
(16, 17] 634 0.003 0.010 1115 0.003 0.009
(17, 18] 1219 0.003 0.019 2026 0.003 0.017
(18, 19] 1588 0.004 0.044 2936 0.003 0.035
(19, 20] 2616 0.005 0.155 3943 0.004 0.075
(20, 21] 2144 0.011 0.232 3647 0.007 0.152
(21, 23] 198 0.027 0.378 — — —
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Fig. 3. Radial density profiles for NGC 1193 (a) and NGC 1798 (b). Errors were derived using the equation of 1/
√
N ,

where N represents the number of stars used in the density estimation. The solid lines represents the optimal King
(1962) profiles. The background density level and its errors are the horizontal grey bands. The King fit uncertainty
(1σ) is shown by the red shaded region. The color figure can be viewed online.

3.2. Structural Parameters of the Clusters

We utilized Radial Density Profile (RDP) anal-
ysis to determine the structural parameters of the
clusters. First, we specified many concentric rings
outwards from the cluster center, using the central
coordinates given by Cantat-Gaudin et al. (2020).
Stellar densities (ρ) were estimated for each ring by
dividing the number of stars within the photomet-
ric completeness limit (G ≤ 20 mag) in it by the
ring area. The resulting RDPs were fitted with King
(1962) models via χ2 minimisation, giving estimates
for the core, limiting, and effective radii of each clus-
ter. The King (1962) model is described as ρ(r) =
fbg + [f0/(1 + (r/rc)

2)] where r is the radius from
the cluster centre, fbg the background density, f0
the central density, and rc the core radius. See Fig-
ure 3 for each cluster’s RDP together with the best
fitting King (1962) model to it. As a result of the
fitting procedure, we inferred central stellar density,
core radius and background stellar density as f0 =
166.865±1.573 stars arcmin−2, rc = 0.526±0.009 ar-
cmin and fbg = 5.225 ± 0.124 stars arcmin−2 for
NGC 1193 and f0 = 53.597 ± 3.789 stars arcmin−2,
rc = 1.190 ± 0.056 arcmin and fbg = 11.318 ±
0.321 stars arcmin−2 for NGC 1798, respectively. At
the r = 8 arcmin limiting radius, the stellar density
becomes similar to the background density (a grey
horizontal line) as seen in Figure 3a (NGC 1193)
and Figure 3b (NGC 1798). Therefore, we con-
cluded that the limiting radii for both clusters are
rlim = 8 arcmin. We considered only the stars inside
these limiting radii in further analyses.

3.3. CMDs and Membership Probabilities of Stars

The membership probabilities (P ) of stars lo-
cated in each of two cluster regions were calcu-
lated applying the Unsupervised Photometric Mem-
bership Assignment in Stellar Cluster program (up-
mask; Krone-Martins & Moitinho 2014). upmask
uses k-means clustering, where k is the number of
clusters, to detect spatially concentrated groups and
identify the most likely cluster members. An in-
teger k-means is not adjusted directly by the user
and the best result from the upmask methodology
is achieved when the k-means value is within 6 to 25
(Krone-Martins & Moitinho 2014; Cantat-Gaudin et
al. 2020). We applied upmask to calculate stellar
membership probabilities by considering each star’s
five-dimensional astrometric parameters from Gaia
EDR3 (Gaia collaboration et al. 2021), which con-
tains equatorial coordinates (α, δ), proper motion
components (µα cos δ, µδ), trigonometric parallaxes
($), and their uncertainties. During application we
scaled these five parameters to unit variance and ran
100 iterations for each clusters to assess cluster mem-
bership. The membership probability of a star is de-
fined by the frequency of the group in which it is clus-
tered. We reached the best results when k was set to
12 for NGC 1193 and 15 for NGC 1798. We identified
as possible cluster members those stars brighter than
G = 20 mag with membership probabilities P ≥ 0.5
that we identified as possible members of clusters.
This led to 735 possible members for NGC 1193 and
1,536 for NGC 1798. Cantat-Gaudin et al. (2020)
give the number of stars brighter than G = 18 mag
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with the membership probabilities P > 0.5 as 215
for NGC 1193 and 218 for NGC 1798. The dissimi-
larity can be explained by lower precision in the as-
trometric Gaia DR2 data compared to Gaia EDR3,
as well as the G magnitude limit of stars used in the
analyses. With the release of Gaia EDR3 data, the
precision of astrometric and photometric measure-
ments increased with respect to Gaia EDR2 data.
For the Gaia EDR3 release the accuracy of trigono-
metric parallaxes increased by 30 percent and the
uncertainties decreased by nearly 40%, the proper
motion accuracy increased by a factor of 2 and the
associated uncertainties improved by a factor ≈ 2.5.
Moreover, the precision of photometric data and ce-
lestial positions are better in terms of homogeneity
(Gaia collaboration et al. 2021).

To take into consideration the impact of binary
stars in the main-sequences of the studied clusters,
we plotted the V × (B − V ) CMDs of the stars
within the cluster limiting radii (rlim) which we had
obtained for the clusters and then fitted the Zero
Age Main-Sequence (ZAMS) of Sung et al. (2013)
to these diagrams. The ZAMS fitting was by eye
according to the stars with the membership proba-
bility P ≥ 0.5 and shifted 0.75 mag towards brighter
magnitudes in order to account for the most likely
cluster binary stars (4a and c). During the ZAMS
fitting we made sure for each cluster that the main-
sequence, turn-off, and giant stars with membership
probabilities P ≥ 0.5 were selected. The process
resulted in 181 likely member stars for NGC 1193
and 161 for NGC 1798 which lie between the fit-
ted ZAMS curves and are located inside the rlim
radii. We used these stars to determine astrophysi-
cal parameters of the two clusters. Figure 4 shows
the V × (B − V ) CMDs with the best fitted ZAMS
(Figures 4a and c) and G × (GBP − GRP) CMDs
(Figures 4b and d) with the background and most
likely member stars. Figure 5 presents histograms of
the number of stars located through the two cluster
fields versus their membership probabilities. Vector-
Point Diagrams (VPDs) were plotted for the stars
within the limiting radii and are shown as Figure 6.
It can be seen from the figure that NGC 1193 (Fig-
ure 6a) and NGC 1798 (Figure 6b) are affected by
field stars but with the membership selection crite-
ria, the ‘most likely’ cluster stars (shown as the color-
scaled points in Figure 6) can be separated from
field stars (grey dots in Figure 6). The mean proper
motion components of the most likely cluster mem-
bers are (µα cos δ, µδ) =(−0.207 ± 0.009,−0.431 ±
0.008) for NGC 1193 and (µα cos δ, µδ) = (0.793 ±
0.006,−0.373 ± 0.005) mas yr−1 for NGC 1798.

Moreover, using these members we obtained
mean trigonometric parallaxes of NGC 1193 and
NGC 1798 as $Gaia = 0.191±0.157 mas and $Gaia =
0.203± 0.099 mas, respectively.

4. ASTROPHYSICAL PARAMETERS OF THE
CLUSTERS

We summarize in this section the processes we
performed to determine the astrophysical parame-
ters of NGC 1193 and NGC 1798 (for detailed de-
scriptions on the methodology see Yontan et al. 2015,
2019, 2021; Ak et al. 2016; Bilir et al. 2006, 2010,
2016; Bostancı et al. 2015, 2018; Banks et al. 2020;
Akbulut et al. 2021; Koç et al. 2022). Color ex-
cesses and metallicities of the clusters were derived
using two-color diagrams (TCDs), whereas we ob-
tained distance moduli and ages individually by fit-
ting theoretical models on CMDs.

4.1. Reddening

The E(U − B) and E(B − V ) color excesses
for NGC 1193 and NGC 1798 were derived using
(U − B) × (B − V ) TCDs. We selected the main-
sequence stars for which simultaneous U , B, and V
magnitudes were available, as well as with member-
ship probabilities P ≥ 0.5. As shown in Figure 7,
we constructed TCDs for these stars and compared
their positions by fitting the solar metallicity de-
reddened ZAMS of Sung et al. (2013). The ZAMS
was fitted according to the equation E(U − B) =
0.72 × E(B − V ) + 0.05 × E(B − V )2 (Garcia et
al. 1988) by applying χ2 optimisation with steps of
0.001 mag. The best solutions for E(B − V ) and
E(U−B) values are those corresponding to the min-
imum χ2, being E(B − V ) = 0.150 ± 0.037 mag for
NGC 1193 and E(B − V ) = 0.505 ± 0.100 mag for
NGC 1798. The errors of color excesses are deter-
mined as ±1σ deviations, and are presented as the
green lines in Figure 7. When we compared the red-
dening estimated for NGC 1193, we concluded that
it is in a good agreement within the errors with the
values (0.10 ≤ E(B−V ) ≤ 0.19 mag) given by differ-
ent authors (Kaluzny 1988; Tadross 2005; Kyeong et
al. 2008). For NGC 1798, our finding result is com-
patible with the values given by Park & Lee (1999,
E(B − V ) = 0.51 ± 0.04 mag) and Oralhan et al.
(2015, E(B − V ) = 0.47± 0.07 mag).

4.2. Metallicities

The determination of photometric metallici-
ties of the two clusters employed the method
given by Karaali et al. (2003a,b, 2011). This
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Fig. 4. V × (B− V ) and G× (GBP −GRP) CMDs of NGC 1193 (a, b) and NGC 1798 (c, d). The blue dot-dashed lines
represent the ZAMS (Sung et al. 2013) including the binary star effect. The membership probabilities of stars that lie
within the fitted ZAMS are shown with different colors according to the color scales shown to the right of the figure.
These member stars are located within rlim = 8 arcmin of the cluster centres calculated for NGC 1193 and NGC 1798.
Grey dots indicate low probability members (P < 0.5), or field stars (P = 0). The color figure can be viewed online.

method is based on F and G type main-
sequence stars and their UV-excesses as well as
on stars whose color index range correspond to
0.3 ≤ (B − V )0 ≤ 0.6 mag (Eker et al. 2018, 2020).
We selected F-G type main-sequence stars within

the range 0.3 ≤ (B − V )0 ≤ 0.6 mag after calculat-
ing the intrinsic (B−V )0 and (U −B)0 colors of the
most likely cluster member (P ≥ 0.5) stars. To de-
termine the difference between the (U−B)0 color in-
dices of cluster stars and the Hyades main sequence



342 YONTAN ET AL.

Fig. 5. Histograms of the membership probabilities for
NGC 1193 (a) and NGC 1798 (b). The red colored shad-
ing denotes the stars that lie within the main-sequence
band and effective cluster radii (rlim ≤ 8′), while the
white colored bars indicate the membership probabilities
of all stars in each cluster’s direction. The color figure
can be viewed online.

which corresponds to the same (B − V )0 color in-
dices, we constructed (U − B)0 × (B − V )0 TCDs.
This difference between cluster and Hyades stars is
defined as the UV-excess which is expressed by the
equation of δ = (U−B)0,H−(U−B)0,S, where H and
S denote the Hyades and cluster stars respectively,
which implies the same (B − V )0 color indices. By
calibrating (B− V )0 of stars to (B− V )0 = 0.6 mag
(i.e., δ0.6) we normalised the UV excess and plotted
the histogram of normalised δ0.6 values. To calculate
the mean δ0.6, we fitted a Gaussian to the distribu-
tion. Taking into account the Gaussian peak, the
photometric metallicities of the studied clusters are
obtained from the equation given by Karaali et al.
(2011):

[Fe/H] = −14.316(1.919)δ20.6 − 3.557(0.285)δ0.6

+0.105(0.039). (1)

We identified 12 and 7 F-G type main-sequence
stars to calculate the photometric metallicity of
NGC 1193 and NGC 1798, respectively. TCDs and
the distributions of normalised δ0.6 UV excesses for
two clusters are shown in Figure 8. The calcu-
lated mean δ0.6 values of NGC 1193 and NGC 1798
are 0.085±0.010 mag and 0.068±0.011 mag, respec-

tively. The photometric metallicity [Fe/H] value for
NGC 1193 is [Fe/H] = −0.30 ± 0.06 dex and for
NGC 1798 it is [Fe/H] = −0.20 ± 0.07 dex, which
correspond to their peak values in the δ0.6 distribu-
tion.

The [Fe/H] metallicities were transformed to the
mass fraction Z to derive ages of the clusters. For
this, the analytic equations of Bovy8,9 for parsec
(Bressan et al. 2012) models were used, namely:

zx = 10
[Fe/H]+log

(
z�

1−0.248−2.78×z�

)
, (2)

and

z =
(zx − 0.2485× zx)

(2.78× zx + 1)
. (3)

z and zx are the elements heavier than helium and
the intermediate operation function, respectively. z�
is the solar metallicity which was adopted as 0.0152
(Bressan et al. 2012). We calculated z = 0.008 for
NGC 1193 and z = 0.010 for NGC 1798.

Many authors obtained spectroscopic metallici-
ties of NGC 1193 and NGC 1798 based on ground-
based observations, as listed in Table 3. Photometric
metallicities calculated in this study are well sup-
ported by the spectroscopic studies presented in the
literature. We conclude that our metallicity findings
are reliable. Thus, we adopted our results for the
determination of distance moduli and age.

4.3. Distance Moduli and Age Estimation

We used parsec isochrones (Bressan et al. 2012),
which contain UBV filters as well as Gaia pass-
bands, to obtain the distance moduli and ages of the
studied clusters simultaneously. To do this, we se-
lected the parsec models considering the mass frac-
tions (z) estimated for each cluster and compared
them to the V ×(U−B), V ×(B−V ), and G×(GBP−
GRP) CMDs according to member stars (P ≥ 0.5).
Selected isochrones were fitted to CMDs visually by
attaching importance to ‘most likely’ member stars
which make up the main-sequence, turn-off and gi-
ant regions of each cluster. During the fitting pro-
cess of parsec models to the UBV data, we used the
E(B − V ) values derived above by this study, while
for the Gaia EDR3 data we considered the equation
of E(GBP − GRP) = 1.41 × E(B − V ) (Sun et al.
2021). We obtained the error of the distance mod-
uli and distances using the relation given by Car-
raro et al. (2017). We fitted two more isochrones

8https://github.com/jobovy/isodist/blob/master/

isodist/Isochrone.py.
9The equations are given in lines between 199 and 207 in

the code.
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Fig. 6. VPDs of NGC 1193 (a) and NGC 1798 (b). Colored dots identify the membership probabilities of the most likely
cluster members according to the color scale shown on the right. The zoomed box in the panels represents the region
of condensation for both clusters in the VPD. Dashed lines are the intersection of the mean proper motion values. The
color figure can be viewed online.

Fig. 7. Two-color diagrams of the most probable member main-sequence stars in the regions of NGC 1193 (a) and
NGC 1798 (b). Red dashed and green solid curves represent the reddened ZAMS given by Sung et al. (2013) and ±1σ
standard deviations, respectively. The color figure can be viewed online.

to estimate age uncertainties considering the spread
of the most likely member stars in the turn-off and
sub-giant regions of the cluster. The ages of such
selected isochrones give the higher and lower accept-
able values for the estimated cluster ages. The best
fit with z = 0.008 gave the distance moduli and age

of NGC 1193 as µ = 14.191 ± 0.149 mag and t =
4.6±1.0 Gyr. For NGC 1798, the best fit of z = 0.010
gave these values as µ = 14.808 ± 0.332 mag and
t = 1.3 ± 0.2 Gyr, respectively. The distances of
the clusters corresponding to the estimated distance
moduli are also diso = 5562± 381 pc for NGC 1193
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Fig. 8. Two-color diagrams (upper panels) and the distributions of normalised δ0.6 (lower panels) for NGC 1193 (a) and
NGC 1798 (b). The solid blue lines in the upper and lower panels represent the main-sequence of Hyades and Gaussian
models which were fitted to the histograms, respectively. The color figure can be viewed online.

and diso = 4451± 728 pc for NGC 1798. The V ×
(U −B), V × (B−V ), and G× (GBP−GRP) CMDs
with the best fit isochrones and associated errors are
shown in Figure 9.

The isochrone-based distance for NGC 1193 as
estimated by this study is compatible with the re-
sult given by Tadross (2005, d = 5.25 ± 0.24 kpc).
As well, the estimated age of the cluster is in a good
agreement with the value of Kyeong et al. (2008,
t = 5.0± 1.3 Gyr). For NGC 1798, the derived dis-
tance matches well within the errors with the result
of Park & Lee (1999, d = 4.2 ± 0.3 kpc). The age
of the cluster is coherent with the findings given by
Park & Lee (1999, t = 1.4± 0.2 Gyr) and Maciejew-
ski & Niedzielski (2007, t = 1.6 Gyr).

Applying the linear equation of $ (mas) =
1000/d (pc), we converted isochrone distances to
trigonometric parallaxes for the two clusters. This
indicated that the parallax distances of NGC 1193
and NGC 1798 are $iso = 0.180 ± 0.012 mas and
$iso = 0.225 ± 0.037 mas, respectively. It is con-

cluded that these values are in good agreement with
the Gaia EDR3 trigonometric parallax distances for
both clusters.

5. KINEMATICS AND GALACTIC ORBIT
PARAMETERS OF CLUSTERS

The MWPotential2014 (Bovy 2015) algo-
rithm, one of the potential functions defined
in galpy (the galactic dynamics library, Bovy
201510), was applied to calculate the space veloc-
ity components and galactic orbital parameters for
NGC 1193 and NGC 1798. The algorithm as-
sumes an axisymmetric potential for the Milky Way
galaxy. We adopted the galactocentric distance
to be RGC = 8 kpc, the Solar circular velocity of
Vrot = 220 km s−1 (Bovy 2015; Bovy & Tremaine
2012), and the Solar distance from the galactic plane
as 27± 4 pc (Chen et al. 2000). Since the MWPo-
tential2014 code comprises bulge, disk, and halo

10See also https://galpy.readthedocs.io/en/v1.5.0/
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TABLE 3

METALLICITIES CALCULATED FOR TWO CLUSTERS. N IS THE NUMBER OF MEMBER STARS
USED IN THE ANALYSES

NGC 1193 NGC 1798

〈[Fe/H]〉 (dex) N Survey/Catalog/Telescope Ref 〈[Fe/H]〉 (dex) N Survey/Catalog/Telescope Ref

−0.51± 0.09 4 KPNO (01) −0.18± 0.02 4 KPNO (10)

−0.22± 0.14 2 HET (02) −0.165 4 KPNO (11)

−0.17± 0.13 1 HET (03) −0.18± 0.01 4 KPNO (06)

−0.22± 0.01 1 PASTEL (04) −0.294 4 KPNO (12)

−0.17 1 HET (05) −0.34± 0.01 4 KPNO (13)

−0.25± 0.01 2 APOGEE DR14 (06) −0.200± 0.006 4 KPNO (14)

−0.34± 0.01 3 APOGEE DR16 (07) −0.30± 0.02 4 KPNO (15)

−0.320± 0.012 1 GALAH DR3 (08) −0.27± 0.03 4 KPNO (07)

−0.30± 0.06 12 SPMO (09) −0.267± 0.007 4 KPNO (08)

−0.20± 0.07 7 SPMO (09)

(01) Friel et al. (2002), (02) Friel, Jacobson, & Pilachowski (2010), (03) Jacobson & Friel (2013), (04) Heiter
et al. (2014), (05) Overbeek, Friel, & Jacobson (2016), (06) Carrera et al. (2019), (07) Donor et al. (2020),
(08) Spina et al. (2021), (09) This study, (10) Donor et al. (2018), (11) Ting, Hawkins, & Rix (2018), (12)

Ting & Rix (2019), (13) Hasselquist et al. (2020), (14) Sit & Ness (2020), (15) Olney et al. (2020).

potentials of the Milky Way, we assumed that it well
represents the Galaxy.

Bovy (2015) defined the bulge component as a
spherical power law density profile, given as follows:

ρ(r) = A
(r1
r

)α
exp

[
−
(
r

rc

)2
]
, (4)

where r1 is the present reference radius, rc the cut-off
radius, A the amplitude that is applied to the poten-
tial in mass density units, and α is the inner power.
We adopted the potential presented by Miyamoto &
Nagai (1975) for the galactic disk component:

Φdisk(RGC, Z) = − GMd√
R2

GC +
(
ad +

√
Z2 + b2d

)2 .
(5)

RGC is the distance from the galactic center, Z the
vertical distance from the galactic plane, G the uni-
versal gravitational constant, Md the mass of the
galactic disk, and ad and bd are the scale-length and
scale-height of the disk, respectively.

The potential for the halo component was ob-
tained by Navarro et al. (1996) as:

Φhalo(r) = −GMs

RGC
ln

(
1 +

RGC

rs

)
, (6)

where Ms is the mass of the dark matter halo of the
Milky Way and rs is its radius.

To determine the spacial velocities and galactic
orbit parameters of NGC 1193 and NGC 1798, we
used the equatorial coordinates, proper motion com-
ponents, distances, and radial velocity data with
their uncertainties in the calculations. These val-
ues are listed in Table 4. We performed kinematic
and dynamic analyses with 1 Myr steps over a 3.5
Gyr integration time. We considered the proper
motion components and distances of the two clus-
ters as derived by this study (see § 3.3), while for
the radial velocities we used the data of Donor et
al. (2020) who gave 〈Vr〉 = −84.7 ± 0.2 km s−1

for NGC 1193 and 〈Vr〉 = 2.7 ± 0.8 km s−1 for
NGC 1798. As a result, we obtained for both clus-
ters estimates of apogalactic distance Ra, perigalac-
tic distance Rp, eccentricity e, maximum vertical dis-
tance from galactic plane Zmax, galactic space veloc-
ity components (U , V , W ), and orbital period T .
These estimates are listed in Table 4. The space
velocity components (U, V,W ) were calculated as
(70.95± 0.16,−47.62± 0.10, 5.56± 0.59) km s−1 for
NGC 1193 and (−7.18 ± 1.50,−14.64 ± 2.27, 9.13 ±
1.69) km s−1 for NGC 1798. In their study based
on Gaia DR2 astrometric data (Gaia collaboration
et al. 2018), Soubiran et al. (2018) derived the space
velocity components for NGC 1193 as (U, V,W ) =
(68.84 ± 0.53, −46.77 ± 0.54, 9.00 ± 0.65) km s−1

and for NGC 1798 as (U, V,W ) = (7.50 ± 0.41,
−16.63 ± 0.50, 12.85 ± 0.39) km s−1. These re-
sults are in good agreement with the values cal-
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TABLE 4

FUNDAMENTAL PARAMETERS OF NGC 1193 AND NGC 1798

Parameter NGC 1193 NGC 1798

(α, δ)J2000 (Sexagesimal) 03:05:56.64, +44:22:58.80 05:11:39.36, +47:41:27.60

(l, b)J2000 (Decimal) 146.8143, −12.1624 160.7043, +04.8500

f0 (stars arcmin−2) 166.865 ± 1.573 53.597 ± 3.789

rc (arcmin) 0.526 ± 0.009 1.190 ± 0.057

fbg (stars arcmin−2) 5.225 ± 0.124 11.318 ± 0.321

rlim (arcmin) 8 8

r (pc) 12.95 10.36

µα cos δ (mas yr−1) −0.207 ± 0.009 0.793 ± 0.006

µδ (mas yr−1) −0.431 ± 0.008 −0.373 ± 0.005

Cluster members (P ≥ 0.5) 181 161

$ (mas) 0.191 ± 0.157 0.203 ± 0.099

E(B − V ) (mag) 0.150 ± 0.037 0.505 ± 0.100

E(U −B) (mag) 0.109 ± 0.027 0.376 ± 0.073

AV (mag) 0.465 ± 0.084 1.566 ± 0.310

[Fe/H] (dex) −0.30 ± 0.06 −0.20 ± 0.07

Age (Gyr) 4.6 ± 1.0 1.3 ± 0.2

Distance modulus (mag) 14.191 ± 0.149 14.808 ± 0.332

Isochrone distance (pc) 5562 ± 381 4451 ± 728

(X,Y, Z)� (pc) (−4550, 2976, 1172) (−4186, 1466, 376)

RGC (kpc) 12.90 12.27

PDMF slope −1.38 ± 2.16 −1.30 ± 0.21

ULSR (km/s) 79.78 ± 0.29 1.65 ± 1.51

VLSR (km/s) −33.43 ± 0.35 −0.45 ± 2.30

WLSR (km/s) 12.13 ± 0.62 15.70 ± 1.70

SLSR (km/s) 87.35 ± 0.77 15.79 ± 3.23

Ra (kpc) 14.44 ± 0.34 14.11 ± 0.30

Rp (kpc) 10.80 ± 0.43 11.72 ± 0.50

zmax (pc) 1342 ± 77 725 ± 148

e 0.144 ± 0.008 0.092 ± 0.011

T (Myr) 370 ± 12 381 ± 23

Birthplace (kpc) 10.86 11.82

culated in the study. The correction to the local
standard of rest (LSR), given by Coşkunoǧlu et al.
(2011) as (U, V,W ) = (8.83 ± 0.24, 14.19 ± 0.34,
6.57±0.21) km s−1, was applied to the space velocity
components. The derived LSR corrected space ve-
locity components are (U, V,W )LSR = (79.78± 0.29,
−33.43 ± 0.35, 12.13 ± 0.62) km s−1 for NGC 1193
and (U, V,W )LSR = (1.65±1.51,−0.45±2.30, 15.70±
1.70) km s−1 for NGC 1798. Moreover, the space ve-
locities of NGC 1193 were calculated to be 87.35 ±
0.77 km s−1 and 15.79± 3.23 km s−1 for NGC 1798.

Considering the space velocity components of
stars in different Galactic populations, Schuster et
al. (2012) divided the stars into thin disk (−50 <
VLSR km/s), thick disk (−180 < VLSR ≤ −50 km/s)
and halo (VLSR ≤ 180 km/s) groups. Figure 10
shows the positions of the clusters according to the
Schuster et al. (2012)’s kinematic criteria. Accord-
ing to these criteria, the open clusters NGC 1193

and NGC 1798 appear to be members of the thick
disk and thin disk populations, respectively. Con-
sidering the metal abundance range of NGC 1193
(−0.51 ≤ [Fe/H] ≤ −0.17 dex, see Table 3), it is
concluded that the cluster belongs to the metal-rich
side of the thick-disk population.

Figure 11 presents the orbits of NGC 1193 (Fig-
ure 11a) and NGC 1798 (Figure 11c) as functions
of distance from the galactic center and the galactic
plane (Z×RGC and RGC×t). The birth and present-
day locations for the two clusters are marked with
yellow triangles and circles in sub-figures 11b and
11d. Figures 11a and 11c show that both of the
clusters entirely orbit outside the solar circle. The
orbital eccentricities of NGC 1193 and NGC 1798
are smaller than 0.15, thus their orbits are close to
circular. The results of orbital integrations imply
that NGC 1193 reaches its maximum vertical dis-
tance from the galactic plane at Zmax = 1342±77 pc
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Fig. 9. CMDs for the NGC 1193 (Panels a, b, and c) and NGC 1798 (Panels d, e, and f). The differently colored dots
represent the membership probabilities according to the color scales shown on the right side of the diagrams. Grey dots
indicate low probability members (P < 0.5), or field stars (P = 0). The blue lines show the parsec isochrones, while
the shaded areas surrounding these lines are their associated errors. The color figure can be viewed online.

with an orbital period T = 370 ± 12 Myr, and
these values correspond to Zmax = 725 ± 148 pc
and T = 381 ± 23 Myr for NGC 1798. Consider-
ing the age values determined in this study for the
clusters, we ran the galpy program backwards in
time and examined the resulting birth–places. The
program indicated that the birth-place radial dis-
tances are 10.86 kpc and 11.82 kpc for NGC 1193
and NGC 1798, respectively, meaning that the clus-
ters were born in the metal-poor region outside the
solar circle.

6. LUMINOSITY AND PRESENT-DAY MASS
FUNCTIONS

The distribution of stars according to their
brightness is defined as the luminosity function (LF).
We used Gaia EDR3 photometric data to determine
LFs for the two clusters. For this, main-sequence
stars located inside the 8 arcmin limiting radii, as de-
rived above, were selected for the two clusters. The
magnitude ranges of the chosen stars are within the
17.25 ≤ G ≤ 20 mag for NGC 1193 and 16.5 ≤ G ≤
20 mag for NGC 1798. We converted the G mag-
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Fig. 10. Toomre diagram for NGC 1193 and NGC 1798. Blue, pink and yellow regions show thin disk, thick disk and
halo populations, respectively. The color figure can be viewed online.

Fig. 11. The galactic orbits and birth radii of NGC 1193 (a,b) and NGC 1798 (c,d) in the Z×RGC and RGC× t planes.
The filled yellow circles and triangles show the present day and birth positions, respectively. Red arrows are the motion
vectors of OCs. The color figure can be viewed online.

nitudes of the selected stars to absolute magnitudes
with the equation MG = G−5×log d+5+AG, where
G is the apparent magnitude and d the distance de-
rived earlier in this study. AG is the extinction for G

magnitudes and is represented by AG = 0.84 × AV
(Sun et al. 2021) (here AV is the extinction for
V magnitudes). This led to the absolute magnitude
ranges being limited within the 2.5 < MG < 5.5 and
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Fig. 12. The luminosity functions of NGC 1193 (a) and
NGC 1798 (b). The histograms show the absolute mag-
nitudes of the main-sequence stars belonging to the clus-
ters. The color figure can be viewed online.

0.5 < MG < 4.5 mag for NGC 1193 and NGC 1798,
respectively. We constructed LF histograms with the
step-size 0.5 mag, as shown as Figure 12 for both
clusters.

To convert these LFs to present day mass func-
tions (PDMFs) we employed the parsec isochrones
(Bressan et al. 2012), which give the ages and metal
abundances (z) of the clusters. We utilized a high de-
gree polynomial equation between G-band absolute
magnitudes and masses of theoretical main-sequence
stars. The resulting absolute magnitude-mass rela-
tion was used to transform the observational abso-
lute G band magnitudes to masses. The number,
mass range, and mean mass of main-sequence stars
that resulted are 212, 0.85 ≤ M/M� ≤ 1.2, and
0.99M� for NGC 1193, and 226, 1.1 ≤ M/M� ≤ 2,
and 1.53 M� for NGC 1798. The mass function
PDMF can be approximated by a power law defined
as by Salpeter (1955):

log(
dN

dM
) = −(1 + Γ)× log(M) + constant. (7)

Here dN is the number of stars in a mass bin of width
dM with a central mass M and Γ being the slope of
the PDMF. We estimated the slope of the PDMF
in both clusters for apparent G ≤ 20 mag, which

Fig. 13. Present-day mass functions of NGC 1193 (a)
and NGC 1798 (b) derived from all samples (red circle).
The blue and dashed lines represent the mass functions
of the open clusters and Salpeter (1955)’s mass function,
respectively. The purple dashed lines show ±1σ predic-
tion levels. The color figure can be viewed online.

corresponds to stars more massive than 0.85 M� in
NGC 1193 and 1.1M� for NGC 1798. The resulting
PDMFs with the best fits are presented in Figure 13.
We calculated the slope values to be Γ = 1.38± 2.16
for NGC 1193 and as Γ = 1.30± 0.21 for NGC 1798.
Since the NGC 1193 cluster is about 5.5 kpc from
the Sun, the magnitudes of the main-sequence stars
are within a narrow range. This causes the mass
range of the main-sequence stars to be limited and
the distribution of the mass function to show a large
scatter. While the PDMF of the NGC 1193 is com-
patible with Salpeter (1955)’s result of Γ = 1.35, the
error of the PDMF is large. This situation is differ-
ent for NGC 1798. Considering the value and error
of the PDMF for NGC 1798, it is in agreement with
Salpeter’s result.

7. SUMMARY AND CONCLUSION

We performed photometric, astrometric, and
kinematic studies of two old age open clusters,
NGC 1193 and NGC 1798, using CCD UBV and
Gaia EDR3 data. We examined the cluster struc-
ture, obtaining basic astrophysical parameters as
well as properties of galactic orbits for two clusters.
Outcomes of the study are listed in Table 4 and sum-
marised as follows:
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1. Performing the RDP analyses, we determined
the limiting radii rlim = 8 arcmin for both clus-
ters. This value corresponds to limiting radii
of 12.95 pc and 10.36 pc for NGC 1193 and
NGC 1798, respectively. We considered the
stars within these limiting radii as potential
cluster members and restricted subsequent anal-
ysis to this set of stars.

2. The calculation of membership probabilities of
stars was made using the upmask program to-
gether with a five-dimensional parameter space
containing the stars’ proper motion compo-
nents, trigonometric parallaxes, and their un-
certainties. We considered the stars with prob-
abilities P ≥ 0.5 to be cluster members. Addi-
tionally we adopted two more criteria to clarify
cluster membership:

(a) binary star contamination in the clus-
ter main-sequences which was inter-
preted by the de-reddened ZAMS fitted
to V × (B − V ) CMDs with a shift of
+0.75 mag in the V band, and

(b) within the limiting radii determined in the
study (as per step 1).

Consequently, we selected the stars inside
the clusters’ limiting radii, within best-fitting
ZAMS and with the membership probability
P ≥ 0.5 as ‘real’ members of two clusters. Thus
we identified 361 and 428 stars as most likely
members of NGC 1193 and NGC 1798, respec-
tively.

3. The reddening and photometric metallicities
of the two clusters were derived separately
using CCD UBV TCDs. The reddening
analyses were performed by fitting de-reddened
ZAMS to main sequence member stars.
Photometric metallicity was based on the
comparison of F-G type main sequence mem-
bers with the Hyades main-sequence. The
reddening and photometric metallicity for
NGC 1193 are E(B − V ) = 0.150± 0.037 mag
and [Fe/H]=−0.30 ± 0.06 dex, respectively.
The corresponding values for NGC 1798
are E(B − V ) = 0.505± 0.100 mag and
[Fe/H]=−0.20± 0.07 dex.

4. The distance moduli, distance, and
age of the NGC 1193 were derived as
µV = 14.191± 0.149 mag, d = 5562 ± 381 pc,
and t = 4.6 ± 1 Gyr, respectively. Similarly

µV = 14.808 ± 0.332 mag, d = 4451 ± 728 pc,
and t = 1.3 ± 0.2 Gyr were calculated for
NGC 1798. These results were obtained by
simultaneously fitting parsec isochrones on
the UBV and Gaia EDR3 photometric CMDs
utilizing the most likely member stars according
to reddening and metallicities derived in the
study.

5. Mean proper motion components were cal-
culated as (µα cos δ, µδ) = (−0.207± 0.009,
−0.431 ± 0.008) mas yr−1 for NGC 1193
as well as (µα cos δ, µδ) = (0.793± 0.006,
−0.373± 0.005) mas yr−1 for NGC 1798.

6. We estimated mean trigonometric parallaxes
using Gaia EDR3 data of most likely mem-
bers for two clusters. The results are
$Gaia = 0.191± 0.157 mas for NGC 1193 and
$Gaia = 0.203 ± 0.099 mas for NGC 1798. We
also converted isochrones distances to trigono-
metric parallaxes by applying the linear equa-
tion $ (mas) = 1000/d (pc) and found $iso =
0.180 ± 0.012 mas for NGC 1193 and $iso =
0.225±0.037 mas for NGC 1798. For both clus-
ters our derived trigonometric parallaxes values
calculated from isochrone fitting distances are
well supported by the values determined from
Gaia EDR3 trigonometric parallaxes of member
stars.

7. Space velocities and galactic orbital parameters
show that NGC 1193 belongs to the thick-disk
population, whereas NGC 1798 is a member of
the thin-disk population. Moreover, both clus-
ters orbit completely outside the solar circle.

8. We found that NGC 1193 and NGC 1798 were
born outside the solar circle with the birth radii
of 10.86 and 11.82 kpc from the Galactic cen-
ter, respectively. These birth radii indicate the
metal-poor formation region and support the
metallicities calculated in the study for the two
clusters.

9. Present day mass function slopes of
Γ = 1.38± 2.16 and Γ = 1.30 ± 0.21 were
derived for NGC 1193 and NGC 1798, respec-
tively. While the results for two clusters are
in good agreement with the value of Salpeter
(1955), that for NGC 1193 possesses a large
uncertainty. We concluded that because
of its distance, the main-sequence stars of
NGC 1193 are limited within a narrow range of
magnitudes.
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