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ABSTRACT

In this paper, we estimate distances and generate the mean absolute magnitudes and disper-
sions for K and M bright dwarfs using two different approaches. The methods are based on the
assumption that the absolute and apparent magnitude follows the exponential and Gaussian
distributions functions. The effect of Malmquist bias has been studied to show how effective
bias is in comparison. We found that the range between the calculated distances for the
spectral subtypes K is small (2.6 pcs), while the range in the distance of the spectral subtypes
M is a little big (21.6 pcs), and this may be due to the different chemical compositions and
evolution scenarios for each spectral subtype. This means that these dwarfs are situated in the
same cloud as near and far sides. We spread the dwarfs above and below the galactic plane to
gain certain physical properties based on the statistical study and also on the spectral subtypes.
The estimated distances from the two approaches are approximately the same but there are
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noticeable differences between the generated mean absolute magnitudes and dispersions.

1. Introduction

The main sequence M dwarfs have a cool atmosphere
with effective temperatures in the range

2400 K-3700 K (Allard and Hauschildt 1995), and
masses of about = 0.5M© (Delfosse et al. 1999).
M dwarfs have become of particular interest in their
applications to exoplanet research. Their low masses
and small radii lead to greater sensitivity to the dis-
covery of orbiting low mass planets via radial velocity
and transit techniques. Furthermore, planets lying in
the habitable zone around M dwarfs have short orbital
periods as well as relatively favourable contrast ratios
between the planet and the host star (Frith et al. 2013).

Using applied modern technologies in telescopes,
satellites, and sensors offered us a huge amount of data
in a wide variety of heavenly objects. When astronomers
discovered a new object, they want to study the astro-
physical aspects of the object so they can classify its kind
carefully. The most important key is the distance to the
object; this has been considered as one of the most crucial
points of needed information in astronomy.

For example, calibration approximated distance d (in
parsecs) as well as the proper motion of a star y (in second
of arc per year), have the ability to calculating the tangen-
tial velocity Vi, the velocity perpendicular to the line of
sight (in km per second). The distributed stars in the
globular clusters and in its galaxy can be studied if the
accurate distance is obtained (Cassisi et al. (2001),
Duncan et al. (2001)). Moreover, distance determination
is an important issue for astronomers to understand the

philosophy of our universe such as its expansion, size,
and age (Willick and Batra (2001) and Mazumdar and
Narasimha (1999)). For this reason, there is considerable
attention has been paid to using the statistical distribution
functions to obtain accurate distance.

Several publications have been appeared in the last
years documenting the statistical distance determina-
tion. Sharaf et al. (2003) approximated the distance to
the stellar group due to the Gaussian distribution
function. Abdel-Rahman et al. (2009) suggested three
different methods under the Gaussian distribution
function used to derive the distance to the stellar
groups. Sharaf and Sendi (2010) introduced computa-
tional developments for the distance determination of
stellar groups. Abdel-Rahman et al. (2012) have also
demonstrated that the flexibility of the exponential
distribution function for the cosmological distance
determinations of the stellar groups. Abdel-Rahman
and EL-Essawy (2019) determined the distance to the
Camelopardalis area for spectral types and subtypes.

Thévenin, F. et. al. (2017) applied different techniques
of geometrical astrometry to various stellar and cosmic
objects (Megamaser) that have been introduced to
demonstrate the ability of these techniques to measure
distances with high accuracy. The ultimate goal was to
estimate the HO parameter. Arnett, W. D. (1982) devel-
oped a dynamic method that uses newly discovered ana-
Iytical solutions for supernovae of the first type and used
amodel in this study capable of reproducing both fast and
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slow light curves indicating a dispersion of intrinsic
brightness, which is approximately the size observed in
the Virgo and Coma clusters. Hodgson et al. (2020)
proposed a new approach for determining cosmological
distances to the active galactic nuclei (AGNs) via light
travel time arguments, which can be expanded from
near-to-far sources of very high redshift. The main
assumption is that the apparent variability in AGNs is
limited by the speed of light and thus provides an estima-
tion of the linear size of the emission area.

In this paper, we estimate the distances below and
above the galactic plane of M and some K types bright
dwarfs of different spectral subtypes. We describe
some statistical parameters to get physical properties
for M and some K types bright dwarfs, depending on
a self-generation of the mean absolute magnitude and
optimum dispersions by using the Malmquist relation.

2. Observational data and method of analysis
2.1. Methods of analysis

To determine the distances, we used the Exponential
approach as suggested by Abdel-Rahman et al. (2012)
and the Gaussian approach (hereafter Gp) as suggested by
Abdel-Rahman et al. (2009) to model the distribution of
the apparent and absolute magnitude in the following
subsections we shall describe the two approaches briefly.

2.1.1. The Exponential approach
The distance dg could be determined from the follow-
ing relation (Abdel-Rahman et al. 2012)

()
dg = 1015 (1)

where y, is the distance parameter, obtained by the
solution of the following transcendental equation

g+ lml"' ( )

G(y,) = — lfye+1ml —a,=0 (2
where
my — IﬁExp
e =——F 3
« 0 (3)

m, is the faintest magnitude limit reached by the
Hubble space telescope m; = 26 and the mean appar-
ent magnitude mg.

Where mg could be given by,
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The distance modulus implies that

(l’l’l - M)e =m — QYe (6)
To determine the value of 0, we take the logarithm
of the likelihood function 1(6/M;)

1(6/M;) = InL(6/M;) =

—nlnf — Z 0 (7)

Differentiating Eq. (7) with respect 0 and equating the
result to zero
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Posteriorly, 0 is replaced by M.

2.1.2. The Gaussian approach
The distance dg could be determined from the follow-
ing relation (Abdel-Rahman et al. 2009)
(m— Mo~ )
dg =10 = (10)
where yj is a solution of the following transcendental
equation
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where my is the faintest apparent magnitude, my is the
brightest apparent magnitude, o is the dispersion, and
mgp is the mean apparent magnitude given by:
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(12)
The error function is given by

X2

Erf(x) = —=Je2 d (13)

f

Malmquist (1924) derived a formula for the absolute
magnitude of the form

O'—:X

My =M + 1.382 ¢* (14)

where M is the average of the absolute magnitude of
the sample and o is the variance of the population.



We used the percentage errors for the mean
(Fulo) = |2

sion, where r,(0) and 7are the statistical distances
corresponding to dispersion values and the average
distance of the individual stars respectively. The opti-
mum dispersion occurs at a minimum value of per-
centage errors (Sharaf and Abdel-Rahman (2005)).

% 100) to get the optimum disper-

2.2. The observation

We used the spectroscopic data of a nearly complete list
of M dwarfs in the northern sky with apparent magni-
tudes J < 9 gathered by L’epine et al. (2013). Their
survey identified a total of 1403 very bright M dwarfs.
The data contains a, §, apparent magnitude, galactic
longitude, galactic latitude, parallax, spectral subtypes,
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and other parameters. We computed some parameters
from the data such as the individual distances and
absolute magnitudes for each spectral subtype. The
frequency distribution of spectral subtypes is shown in
Table 1. The distribution of the bright dwarfs by their
mean individual distances and spectral subtypes is
shown in Figure 1. The distribution of bright
M dwarfs in the northern sky according to their galactic
coordinates and mean distances is shown in Figure 2.

Table 1. The frequency distribution of spectral subtypes.

Specral
subtypes G/K K55 K7 K75 MO MO5 M1 M15 M2 M25
Frequency 50 1 27 101 177 160 152 147 141 119

M4
72

M45 M5 M55 M6 M6.5 M7 Total
36 13 4 2 2 1 1455

S |
Bibtypes M3 M3.5
Frequency 125 125

Spectral subtypes

Figure 1. The distribution of the spectral subtypes for M bright dwarfs according to mean distance (pc).
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Figure 2. The distribution of bright M dwarfs in the northern sky according to their galactic coordinates and distances (pc).
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3. Results and discussions
3.1. Exponential distances

The statistical approach described in subsection 2.1.1
is applied to the sample of stars to determine the
distances of the bright M and K dwarfs in the northern
sky. The practical applications show that the optimum
values of o can be obtained when m; = % — 1. The
results are given in Tables 2 and 3.

In Table 2: the headings of the columns are: column
1 denote the Spectral subtypes of the bright M dwarfs
from K to M, column 2 for the frequencies, column 3
for the mean apparent magnitude m, column 4 the
unbiased dispersion o, column 5 gives the unbiased
mean absolute magnitude M, column 6 contains the
parameter a, column 7 gives the solution of equation
(2) (y) and column 8 for the statistical distance dg
computed by Equation (1).

Table 2 shows the results for the distances of spec-
tral subtypes of M dwarfs situated between 28 pcs for
G/K subtype to 31.4, 34 pcs for K5.5- K7 and K7.5. The
distances of M0 and M7 are 31.3 and 10 pcs
respectively.

We noted that the statistical distances have direct
proportional to the subtypes of the K-type (from K 5.5
to K7.5) and the distances have inverse proportional to
the subtypes of the M-type (from MO to M7). The differ-
ence in the distance in K-subtypes (K5.5 to K7.5) is about
2.6 pcs and in M-subtypes is about 21 pcs approximately.
Although both belong to the same spectral type M, a 21

Table 2. The Exponential parameters and distances dg of
a bright M dwarfs for spectral subtypes from K to M.

Spectral

subtypes Frequency m o Mo a y de (Pc)
G/K 50 1091 650 8.78 0.209 0.354 28 +1.27
K5.5- K7 28 1099 649 8.73 0.209 0352 314+2.12
K7.5 101 122 648 8.69 0.210 0.350 34 + 0.86
MO 177 11.20 6.48 8.81 0.209 0352 313 +0.62
MO.5 160 11.34 647 9.20 0.209 0.354 28.09 + 0.69
M1 152 11.39 647 941 0.208 0.355 26.37 +0.66
M1.5 147 11.59 646 9.81 0.208 0.357 24.07 £ 0.61
M2 141 11.80 6.46 10.16 0.207 0.359 22.62 +0.63
M2.5 119 12.01 6.44 10.55 0.207 0.361 20.52 £0.53
M3 125 12.15 6.43 11.04 0.206 0.364 17.57 £0.47
M3.5 125 1252 641 11.61 0.205 0.366 16.08 £ 0.41
M4 72 12.68 6.40 1221 0.204 0369 13.34 £0.59
M4.5- 58 1336 6.36 13.54 0.202 0.375 10 £ 0.51

M7

pes difference is quite big. This is an indicator of some
kind of differences in the chemical constituents of the
original cloud, then this is evolutionary and can be attrib-
uted to the differences in the chemical and physical con-
stitution of the K and M subtypes. The width of the
clouds is 24 pcs (34-10 = 24 pcs), this means K’s and
MO to M2.5 spectral subtypes are situated on the far side,
while M3 to M7 is located at the near side of the cloud.
The distribution for the M bright dwarfs in the Milky
Way according to the spectral subtypes with their dis-
tances is shown in Figure 3.

Table 3 shows the results for galactic latitude classes
above and below (positive — minus) of the galactic plane
for the brightest M dwarfs in the northern sky. The
headings of the columns are the same as in Table 2 except
for column 1 which is the classes of the galactic latitude.
To construct the frequency distribution, we followed the
steps described by Abdel-Rahman et al. (2017).

The total number of the data is 1455 bright dwarfs
and the number of the classes for the range —10.88° to
60° is 400 dwarfs by approximate percentage frequency
27.5% while for the range —10.88° to 13.68° is 297
dwarfs from above and below the galactic plane by
approximate percentage 20.4%. In the range 13.68° to
87.36° above the galactic plane the number of stars is
758 dwarfs by 52%. The total number above the galactic
plane beginning from class 1.4 to 87.36 is 919 dwarfs
with percentage frequencies 63%, i.e. the largest number
of brightest dwarfs are situated above the galactic plane.

The estimated distances of classes with galactic
latitudes [(-47.72° - —35.44°), (-23.16° - —10.88°)
and (—10.88-1.4°)] have the same distance ~24 pcs
and are situated below the galactic plane while the
classes (1.4°-13.68° 25.96°- 38.24° and 62.8°-75.08°)
have the same distance ~22 pcs and up the galactic
plane. The two classes (-47.72°- —35.44° and 38.24°-
62.8°) have the same distance 24 pcs and [(—35.44° -
—-23.16°) and (75.08-87.36°)] ~25 pcs above and below
the galactic plane and the class (—60 — —47.72) have the
distance ~27 pcs.

The difference in distances of the classes situated
above and below the galactic plane is very small. Since
our estimated distances are statistically, we can infer
that the original clouds that are formed the brightest
M dwarfs in the northern sky are at a distance of 24

Table 3 The distances dg of a bright M dwarfs for the galactic latitudes above and below the galactic plane.

Classes Frequency m o Mo a y de (Po)
—60 - —47.72 45 11.71 6.45 9.71 0.208 0.355 27 £1.5
—47.72- —=35.44 87 11.70 6.44 10.05 0.208 0.357 24+£1.1
—35.44- -23.16 98 11.65 6.45 9.83 0.208 0.357 25+0.96
—23.16- —10.88 170 11.73 6.44 10.06 0.208 0.358 239+ 0.74
-10.88° - 1.4° 136 11.66 6.45 9.99 0.208 0.358 23.7+0.78
1.4°- 13.68° 161 11.80 6.44 10.28 0.207 0.359 224 £0.75
13.68°- 25.96° 173 11.64 6.45 9.93 0.208 0.357 243 £0.72
25.96°- 38.24° 160 11.93 6.43 10.36 0.207 0.358 229+ 0.76
38.24%- 62.8° 257 11.79 6.44 10.05 0.208 0.357 2457 £0.6
62.8°- 75.08° 118 11.65 6.45 10.19 0.207 0.359 22+0.9
75.08-87.36° 50 11.67 6.45 9.78 0.208 0.356 2564 +1.3
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Figure 3. The distribution for the M bright dwarfs in the Milky Way according to the spectral subtypes and with distances

computed using the exponential approach.

pcs above and below the galactic plane. The average
distance for M-dwarf stars according to the galactic
latitude classes is about 24 + 0.92 pcs.

Figure 4 shows the frequency distribution of the
statistical distances dg for bright M dwarfs above and
below the galactic plane.

3.1.1. Statistics of some parameters: the distances
d, o, and M,

For K spectral subtypes in Table 2: we found that the
minimum value of spectral subtypes is 31.4 pcs for
K5.5- K7 and the maximum is 34 for K7.5 with range
2.6 pcs and the mean distance is 32.7 pcs + 1.5 pcs,
while the mean dispersion of spectral subtypes K has
the mean 6.485 + 0.005. The average mean absolute
magnitude for the K spectral subtypes is 8.71 + 0.02 for
K. We note that the range of these distances is small; it
may an indicator that the dwarfs are situated in the
same cloud.
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For M spectral subtypes, we note that the minimum
value is 10 pcs for (M4.5 - M7) and the maximum is
31.4 pcs for MO with range 21.4 pcs and the mean
distance is 21 + 2.14 pcs, while the average dispersion
is 6.44 * 0.12 and the average mean absolute magni-
tude is 10.6 + 0.47 pcs.

According to the galactic latitude in Table 3, we
found that: the distances of all classes are compar-
able with a difference ~5 pcs, this means that the
bright dwarfs are situated in the same cloud. The
average dispersion is 6.44 £ 0.002 and the average
mean absolute magnitude is 10.02 + 0.06.

3.2. Gaussian distances

We estimate the Gaussian distances and generate the
mean absolute magnitudes and dispersions for the
spectral subtypes whenever the number of stars is
sufficient statistically. All dwarfs of spectral subtypes

20 40 60 80

Galactic latitude (deg)

Figure 4. The frequency distribution for the M bright dwarfs in the Milky Way according to the galactic latitude with its

exponential distances.
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K and M were used to derive the statistical distances
for each spectral subtype whenever the number is
sufficient. The statistical approach described in section
2.1.2 is applied and the results are given in Tables 4
and 5.

In Table 4: the headings of the columns are self-
explained but columns 3 and 4 are the limiting
magnitude m; (the faintest dwarf in the sample)
and m, (the brightest dwarf in the sample). We
found that the distances of G/K are about 28 pcs and
the distances for K5.5- K7 and K7.5 are 31.4 and 33.8
pcs respectively, the difference in the distance is about
2.6 pcs. This means that both intervals belong to the
same association and spectral type, a 2.6 pcs difference
is small. While the distances of M0, M0.5, and M1 are
31.3, 28, and 26.4, the difference about 3.3, 1,6 and 5
pcs between them respectively and for M1.5, M2, and
M2,5 have nearly the same distances (the difference
from 1.5 to 4 pcs), while the distance of M3 and M3.5
are 17.6 and 16 pcs, the difference is about 1.6 pcs, and
the differences between M3.5, M4, and M4.5- M7 are
about 3 pcs. Also, we find that the difference in dis-
tance between MO0 to M4.5- M7 is 21.3 pcs, this mean
that K5.5- K7, K7.5, and M0 to M2.5 are situated on

the far side of the cloud while the other spectral sub-
types are situated in the middle and near side of the
association. This could be an indication that the che-
mical compositions of the original cloud are identical.
The distribution for the M bright dwarfs in the Milky
Way according to the spectral subtypes with their
distances is shown in Figure 5.

Table 5 shows the distribution of M bright dwarfs,
mixed between the spectral subtypes K and M, accord-
ing to the galactic latitude regardless of the spectral
subtype and we note that: the total number below the
galactic plane to 1.4 is 536 dwarfs by percentage fre-
quency 36.84% and from 1.4 to 87.36 is 919 dwarfs by
percentage 63.16%, this means that the large ratio of
dwarfs is situated above the galactic plane. The esti-
mated largest distance is 27 pc at the class (-47.72 -
—-60) below the galactic plane and the smallest is
approximately 24 pc at the class (—10.88-1.4) while
above the galactic plane, the largest is 25.7 pc at
+75.08-87.36 and the smallest is 22.1 at the class
(+62.8-75.08). The differences in distance between
all classes of galactic latitude below and above galactic
plane are about 1 to 3 pcs, it is a small difference. We
think that all dwarfs are formed in this cloud and the

Table 4. The Gaussian parameters and distances dgof a bright M dwarfs in the northern sky according to spectral subtypes from

Kto M.
Spectral P
subtypes Freq. m; my o Mo A y dg “Pc”
G/K 50 12.99 8.73 10.91 1.136 8.78 1.83 0.161 28.11+£1.27
K5.5- K7 28 11.99 8.86 10.99 0.716 8.73 1.40 0.094 31.39£2.12
K7.5 101 12.34 6.60 11.22 0.83 8.69 1.35 0.062 33.83+0.86
Mo 177 12.61 8.61 11.20 0.939 8.81 1.50 0.113 31.32+0.62
Mo.5 160 13.77 8.99 11.32 1.236 9.20 1.98 0.173 28.11+0.69
M1 152 12.50 8.55 11.38 0.814 9.41 1.38 0.085 26.37+0.66
M1.5 147 12.99 749 11.59 0.926 9.81 1.51 0.086 24.1610.61
M2 141 14.31 9.65 11.80 1.245 10.16 2.02 0.181 22.73+0.63
M2.5 119 13.23 9.12 12.01 0.869 10.55 1.40 0.09 20.59+0.53
M3 125 13.72 8.94 12.15 0.986 11.04 1.59 0.109 17.61+0.47
M3.5 125 13.91 9.64 12.52 0.924 11.61 1.50 0.103 16.03+£0.41
M4 72 14.32 9.54 12.68 1.0 12.21 1.65 0.116 13.33+0.59
M4.5- M7 58 15.33 10.05 13.36 1.096 13.54 1.80 0.13 9.94+0.51
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Figure 5. The frequency distribution of the Gaussian distances for the M bright dwarfs in the Milky Way.
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Table 5. The Gaussian parameters and distances dg of a bright M dwarfs in the- northern sky according to the Galactic Latitude.

Classes (degrees) Freq. m mg m o Mo a y dg “Pc”

—60°% —47.72° 45 13.48 8.98 11.71 1.03 9.71 1.72 0.13 27.10 £ 1.50
—47.72°; =35.44° 87 15.13 8.68 11.70 1.45 10.05 236 0.19 23.90 + 1.08
—35.44° -23.16° 98 14.34 9.61 11.65 1.28 9.83 2.10 0.19 24.96 = 0.96
—23.16° —10.88° 170 14.31 9.02 11.73 1.258 10.06 2.07 0.17 23.83 £ 0.74
—10.88° 1.4° 136 15.22 8.73 11.66 1.49 9.99 239 0.19 23.69 = 0.78
1.4° +13.68° 161 15.33 8.55 11.80 1.48 10.28 239 0.19 2240 £ 0.75
+13.68° +25.96° 173 14.09 8.94 11.64 1.21 9.93 2.02 0.17 24.24 + 0.72
+25.96°: +38.24° 160 14.74 8.81 11.93 1.32 10.36 2.5 0.17 2293 +£0.76
+38.24° +62.8° 257 14.06 6.60 11.79 1.18 10.05 1.93 0.11 24.59 + 0.62
+62.8° +75.08° 118 15.02 7.49 11.65 1.44 10.19 234 0.16 2211+ 093
+75.08° +87.36° 50 13.22 9.06 11.67 0.96 9.78 1.61 0.12 25.67 +1.28

evolution process occurred at the same time for these
dwarfs in its regions. Figure 6 shows the frequency
distribution of the statistical distances dg for bright
M dwarfs above and below the galactic plane.

3.2.1. Statistics of some parameters: the distances
d, o, and M,
For K spectral subtypes in Table 4: we found that the
minimum distance is 31.4 pcs for K5.5- K7 and the
maximum is 34 for K7.5 with range 2.6 pcs and the
mean distance is 32.6 pcs £ 1.22 pcs, while the disper-
sion of spectral subtypes K has the mean 0.77 and the
standard error + 0.057. The average mean absolute
magnitude is 8.71 + 0.02 for K. We note that the
range of these distances is small. This may indicate
that the sample of stars is situated in the same cloud.
For M spectral subtypes, we note that the minimum
distance value of M spectral subtypes is 10 pcs for
(M4.5 - M7) and the maximum is 31.3 pcs for MO
with range 21.3 pcs and the mean distances is 21 pcs £
2.15 pcs, while the average of dispersion is
1.004 £ 0.046 and the average mean absolute magni-
tude for spectral subtypes is 10,63 pcs + 0.47 pcs.

Distance (Pc)
N N N [ N
N @ N RN g9 NNy 2 N NN
w o B o O o [ 2NN} N o oo
T

N
g
o

N
N

According to the galactic latitude in Table 5, we
found that: the distances in all classes are near each
other’s and the minimum distance is 22 pcs and the
maximum distance is 27 pcs and the range is 5 pcs, this
means that the bright dwarfs are situated in the same
cloud. The average dispersion is 1.28 + 0.054 and the
average mean absolute magnitude is 10.02 £ 0.06.

By comparing the results of the distances obtained
from the two methods (Table 2 with Tables 4 and 3
with Table 5), Figures 7 and 8 plot this comparison.
We found that the correlation coefficient in the case of
a perfectly linear spectral sculpting type is equal to one
and also in the case of galactic length is approximately
equal to one (99.9 %).

4. Conclusion

In the present paper, the distances of the M dwarfs are
calculated for each spectral subtype from K to M and the
galactic latitude from - 60° to 87.36°. Moreover; we
generate the mean absolute magnitude and dispersion
for each spectral subtype and each class of galactic
latitude.

-40 20 0

20 40 60 80

galactic latitude (deg)

Figure 6. The distribution for the M bright dwarfs in the Milky Way according to the galactic latitude with its Gaussian distances.
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Figure 7. Comparison of the statistical distances between Gaussian and Exponential of a bright M dwarfs for spectral subtypes

from K to M.
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Figure 8. Comparison of the statistical distances between Gaussian and Exponential of a bright M dwarfs for galactic latitudes.

e The distances estimated from the two approaches
are approximately the same but the generation of
the mean absolute magnitudes and dispersions are
different.

o The differences between the exponential and
Gaussian distances are nonsystematic for the
M dwarfs, which may be attributed to their che-
mical constituents and locations in the northern
sky.

e In Table 2, there are small differences between dis-
tances for K and M dwarfs, which means that these
dwarfs are situated near and far sides in the same
cloud.

e Tables 3 and 5 shows that the original clouds that
form the brightest M dwarfs in the northern sky are
at a distance of 24 pcs above and below the galactic
plane.

o Ifwe are looking at the results of the two approaches
in Tables 2, 3, 4, 5, we find that the distances are very
close to each other but the dispersions and the mean
absolute magnitudes are different.

e The exponential and Gaussian statistical distribu-
tions functions demonstrated their feasibility to esti-
mate the cosmological distance to the bright
M dwarfs in the northern sky.
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