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Abstract. The kinematic parameters identified from high-velocity stars situ-
ated within ~ 100 kpc are examined and analyzed. We included three high-
velocity programs comprising 591, 87, and 519 stars as a function of distances
ranging from 0.10 kpc to nearly 109 kpc. In this analysis, we will determine
the spatial velocities (U, V, W) in galactic coordinates along with their veloc-
ity dispersion (o1, o2, 03), the convergent point (A,, D,) and, therefore, the
solar motion (Sg). In conclusion, we are calculating the first Oort constant
(A=11.94+0.29 km s™! kpc™') and the second one (i.e., B = —17.78 £ 0.24
km s~ ! kpc™!), the angular rotation rate |A-B| = 25.07 £5.01 km s~ * kpc ™!,
and the average rotational velocity V, = 243.72 + 15.61 km s 1.
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1. Introduction

The stars known as high-velocity stars (HiVels) travel through space at sub-
stantially faster rates than the average Milky Way (MW) Galaxy star. These
objects are special in astronomy study since they can reach speeds of thousands
or even hundreds of kilometers per second. In the disk region, almost all the
stars in our Galaxy rotate around the galactic center at a normal velocity of
200-240 km s~ (Bovy et al., 2012; Huang et al., 2016; Eilers et al., 2019). An
alternative indirect estimate of both the circular velocity (V,) and the escape
velocity (Vese) at which the stars in the solar neighborhood would have suffi-
cient energy to completely escape from our Galaxy’s gravitational field can be
obtained from the kinematic properties of the halo-population stars that have
been observed to have the largest space velocities to the Sun (i.e., the extreme
HiVels).

Including the Gaia DR3, Large Sky Area Multi-Object Fiber Telescope
(LAMOST, Cui et al. (2012)) galactic surveys, and spectroscopic observations
from large-scale galactic surveys (SEGUE, (Yanny et al., 2009; Rockosi et al.,
2022)) have demonstrated the existence of HiVels in our Galaxy. Among these,
a few are even hypervelocity stars (HVSs), meaning that their V.. are smaller
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than their overall galactocentric velocities (Vgsr), and almost all HiVels have
low luminosity (Mg ~ 10 mag).

In the halo, they exhibit tens of kilometers per second (Xue et al., 2008;
Huang et al., 2016), especially when a star approaches or even exceeds the
Galaxy’s escape velocity at its position. HiVels indicate the presence of extreme
dynamical and astrophysical processes (Hills, 1988; Yu & Tremaine, 2003; Brom-
ley et al., 2006; Abadi et al., 2009; O’Leary & Loeb, 2008; Capuzzo-Dolcetta &
Fragione, 2015; Marchetti et al., 2019). The finding of such rare objects offers a
valuable tool for investigating the MW’s mass distribution, particularly its dark
component (Gnedin et al., 2005; Rossi et al., 2017; Contigiani et al., 2019), be-
cause they travel large distances across it (Gnedin et al., 2005; Kenyon et al.,
2008), and their trajectories can also be used to probe the shape of the Galaxy’s
dark matter halo (Bromley et al., 2006; Yu & Madau, 2007). The study of stel-
lar motion and the dynamics of the MW Galaxy reveals a relationship between
HiVels and the Oort constants (A & B), where HiVels offer special test cases for
comprehending extreme stellar motions both inside and outside of the Galaxy.

HiVels and HVSs can be divided into four subclasses, each with a distinct
origin of these high velocities; i) black hole ejection (BHE): As a result of tidal
interaction between a close stellar binary system and a supermassive black hole
(SMBH) in the Galaxy, a process known as the ”"Hills mechanism,” the so-
called HVSs (with velocities even greater than 1000 km s~1) were first predicted
from theoretical arguments of Hills (1988). Extending the Hills mechanism al-
lows for the ejection of HVSs and HiVels, ii) supernova explosions (SNEs) can
cause significant disruption to binary systems and induce their companion stars
to become HiVels or HVSs. Examples of such explosions include core-collapse
and thermonuclear supernova explosions (SNe) (Blaauw, 1961; Portegies Zwart,
2000; Justham et al., 2009; Wang & Han, 2009; Pakmor et al., 2013; Zubovas
et al., 2013; Shen et al., 2018; Neunteufel, 2020; Bauer et al., 2019). Generally,
stars with velocities of no more than 300-400 km s~! cannot be ejected by
core-collapse SNEs (Portegies Zwart, 2000), iii) dynamical ejection mechanism
(DEM), in which three or four-body interaction of stars (and black holes) in
high-density environment ejects a runaway star (Poveda et al., 1967). This pro-
cess involves the expulsion of runaway stars from young stellar clusters because
of close stellar interactions. This mechanism often achieves a maximum kick
velocity of around 300-400 km s~!, which is the result of collisions between
two close binaries (Leonard & Duncan, 1990; Leonard, 1991; Gvaramadze et al.,
2009), and iv) tidal stripping from dwarf galaxies (TSD): In this scenario, stars
can be rapidly removed from a dwarf Galaxy that is pericentrically passing
through a region where the MW gravity field is causing tidal disruption (Abadi
et al., 2009). According to Piffl et al. (2011), runway stars in this mechanism
must be expelled by a large dwarf Galaxy (> 101°M,).

The study aims to examine and report the spatial structures, kinematics
of the HiVels, including their velocity ellipsoid motion characteristics, parame-
ters characterizing the local rotational properties of our Galaxy such as Oort’s
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constants A and B. In the context of our ongoing investigations into stellar as-
sociations, we present velocity ellipsoid parameters for three Program stars as
a function of distances (d), i.e., Program I (591 stars; 0.10 < d(kpc) < 15.40),
Program II (87 stars; 0.30 < d(kpc) < 108.64), and Program III (519 stars;
0.29 < d(kpc) < 16.44). Moreover, determination of the equatorial coordinates
for convergent points (i.e., 4,, D,) with AD-chart method. Finally, we com-
puted the MW Galaxy’s local differential rotation close to the Sun, i.e., the
Oort constants (A & B) based on observed velocities of three considered Pro-
gram stars.

The remainder of this article is structured as follows: Section 2 provides the
selected data considered in this analysis. Section 3 details the computational
methods, including velocity ellipsoid parameters and the convergent point Sec-
tion 4 deals with the galactic rotational constants. We close finally with discus-
sion and conclusions in Section 5.

2. Selected data

The Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST),
also named the “Guo Shou Jing” Telescope (Cui et al., 2012) is a 4-m Schmidt
spectroscopic survey telescope specifically developed to study four thousand
targets per exposure in a field of view roughly 5° in diameter (Cui et al., 2012;
Luo et al., 2012; Feltzing et al., 2014). LAMOST spectra have a resolution of
~1800 with a wavelength range of 3800-9100 A. In March 2020, 10,608,416
spectra in DR7! (Lei et al., 2020) were made accessible by LAMOST.

The third major data release from the European Space Agency’s (ESA) Gaia
mission, which aspires to provide the most precise three-dimensional map of the
Milky Way, is called Gaia Data Release 3 (hereafter DR3) (Gaia Collaboration
et al., 2023). Gaia is an astrometry expedition that was launched in 2013 to
determine the locations, distances, movements, and other characteristics of over
one billion stars and other celestial objects. Released on June 13, 2022, DR3
represents a major update to the earlier Gaia data releases (DR1 and DR2) in
understanding stars’ physical characteristics and chemical makeup. Moreover,
detailed astrometric parameters like equatorial coordinate system («, §), par-
allaxes (7; mas), movements within the MW as the well-known proper motion
(PM; mas yr~!) components in right ascension and declination (uq cosd, jis)
for roughly 470 million stars, and radial velocities (V.; km s~1!) for 34 million
stars, DR3 is a rich source of stellar data and provides photometric across three
broadband filters: the G band (330-1050 nm), the Blue Prism (Gpp: 330-680
nm), and the Red Prism (Grp: 630-1050 nm) for sources brighter than 21 mag.
Common errors in the photometric observations throughout these three bands
with G < 20 magnitudes are approximately 0.30 magnitude and increase for
fainter stars (approaching G = 21). DR3 can measure PM for bright stars (G
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< 15) with remarkable accuracy, frequently to within ~ 0.02 to 0.03 mas yr—1.

With uncertainties of about 1.00 mas yr=! or exceed for fainter stars (G = 20),
but it still yields useful motion data. The uncertainty limit in parallax is about
0.02 to 0.03 mas for G < 15 mag, ~ 0.07 mas for G = 17 mag, ~ 0.50 mas for
G = 20 mag, and ~ 1.30 mas for G = 21 (Gaia Collaboration et al., 2023). The
astrometric accuracy of DR3 is significantly better than that of DR2, with PM
accuracy being doubled and parallax accuracy being roughly 1.5 times higher.
Furthermore, astrometric inaccuracies in parallax measurements were reduced
by 30-40%, while accurate motion measurements were improved by 2.5 times.

Li et al. (2021) reported on approximately 591 HiVels in the galactic halos
with three-dimensional velocities in the galactic rest frame larger than 445 km
s~! that were chosen from over 10 million spectra of Data Release 7 of the Large
Sky Area Multi-object Fiber Spectroscopic Telescope (LAMOST DR7) and the
second Gaia data release (Gaia DR2, Gaia Collaboration et al. (2016)).

According to the fifth data release of the V,. Experiment survey (RAVE DRS5,
(Kunder et al., 2017)), the twelfth data release of the Sloan Digital Sky Survey
(SDSS DR12, (Alam et al., 2015)), the eighth data release of the Large Sky Area
Multi-Object Fiber Telescope (LAMOST DRS8, (Wang et al., 2022)), sixteenth
data release of The Apache Point Observatory Galactic Evolution Experiment
(APOGEE DR16, (Majewski et al., 2017)), second data release of the Galactic
Archaeology (GALAH DR2, (De Silva et al., 2015)), and Early Data Release 3
(Gaia EDR3), Li et al. (2023) present about 88 HiVels by large-scale galactic
surveys.

With crossmatch between DR3 and precise V. with other large-scale galac-
tic surveys, such as GALAH DR3 (De Silva et al., 2015; Buder et al., 2021),
LAMOST DRI10 (Yanny et al., 2009; Zhao et al., 2012), RAVE DR6 (Steinmetz
et al., 2020), APOGEE DR17 (Majewski et al., 2017), Liao et al. (2024) present
about 591 HiVels of the Large Magellanic Cloud (LMC).

In what follows, we report in our analysis three Programs (I, II, and III) of
halo HiVels as a function of distances and lags between a few parsecs till ~ 100
kpc.

The most recent data from DR3 was used to update and enhance Programs
I, I, and III. To ensure data consistency, crossmatches were carried out using
software that was based on the Tool for OPerations on Catalogues And Tables
(TOPCAT) and Starlink Tables Infrastructure Library (STIL; Taylor (2005)).
This tool has several options for modifying astronomical catalogs and is espe-
cially reliable when examining tabular data within a given range (0 < z < 1).

(i) The Program I mainly aims to comprehend the galactic and kinematic char-
acteristics of about 591 HiVels (Li et al., 2021) with LAMOST and Gaia
DR3 located (0.10 < d(kpc) < 15.40).

(ii) Program II was set for 87 HiVels who are ejected from the galactic center
with large-scale galactic surveys (Li et al., 2023) with DR3, LAMOST, SDSS,
and other large-scale surveys combining astrometric and spectroscopic data



42 W.H. Elsanhoury

within (0.30 < d(kpc) < 108.64). The missing one of 88 stars is HVS23 (o =
240°.537580, 6 = 0°.912272) into which there is no Gaia DR3 identification
number and no proper motions data in both directions, therefore, we neglect
it from this Program set.

(iii) Program III was set and updated via DR3 sources for 519 HiVels influenced
by LMC’s gravitational potential (Liao et al., 2024) in the range of (0.29 <
d(kpc) < 16.44).

Table 1 presents the fundamental parameters of these three Programs of
HiVels (Li et al., 2021, 2023; Liao et al., 2024), respectively. The distribution of
selected stars across the sky is shown in Figure 1 with almost random directions
of velocity vectors. Figure 2 presents the V,. distribution as a function of galactic
longitude (1°) for all halo HiVels observed in our considered three Programs (I,
11, and IIT).
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Figure 1. Distribution of HiVels in the galactic coordinate system (I,b). Program I:
black closed circles (591 stars), Program II: blue closed pluses (87 stars), and Program
III: red open circles (519 stars).

3. VEPs and CP

3.1. Velocity ellipsoid parameters (VEPS)

A equatorial-galactic transformation matrix based on the SPECFIND v2.0 cat-
alog of radio continuum spectra (see Eq. (14); Liu et al. (2011)) was used to
derive the spatial velocity components (U, V, and W; km s~!) of HiVels in
galactic coordinates with the aid of the calculated space velocity components
(Vi Vy, and V5 km s™1) at distances (d;; pc) from the Sun as given in Egs. (4),
(5), and( ). Therefore
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Table 1. The fundamental parameters of the three Programs I, II, and III of HiVels
adopted by Li et al. (2021, 2023), and Liao et al. (2024), respectively.

No.

Gaia DR3 ID Ra. Dec. Ve £ov,
deg. deg. km s~!

Program I: N = 591 stars; 0.10 < d(kpc) < 15.40

\V]

591

1383279090527227264  240.3375 41.1668  -184 +£ 5.00
1570348658847157888  193.4372  55.0581  -230 &£ 15.00
966594450238136704  102.4834 46.8368  -80 £ 6.00

1272009269712167680 229.6719 28.3365  -147 £ 12.00

Program II: N = 87 stars; 0.30 < d(kpc) < 108.64

[\]

87

255667999133782348  12.3624  7.1290 -345.37 £ 9.48
2801887851883799936 12.5096  21.4207 -32.94 £+ 14.38
2510946771548268160 29.3032  1.1937 217 £ 2.26

2872564390598678016  352.2706 33.0032  237.3 £ 6.40

Program III: N = 519 stars; 0.29 < d(kpc) < 16.44

[\

519

6087590373666222080  201.7684 -44.5009 328.84 + 1.19
6098873935647575552  220.6412 -44.5675 163.15 = 0.71
6135358205355639424  193.4286 -44.9466 203.66 £+ 0.32

4421621689671197568  229.5736 2.1771 -54.16 £ 0.82

where

U = —0.0518807421V,, — 0.8722226427V,, — 0.4863497200V,

V = 0.4846922369V,, — 0.4477920852V, 4 0.7513692061V.,

W = —0.8731447899V,, — 0.1967483417V}, 4 0.4459913295V,,

Ve = —4.74d; i, cos d sin a — 4.74d; ju5 sin § cos a + V. cos 9 cos o,

Vy = +4.74d; 114 cos d cos o — 4.74d; ju5 sin d sin a + V. cos d sin a,

V, = +4.74d; j15 cos 0 + V. sin 6.
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Figure 2. Distribution of (V,; km s™') for three Program HiVels as a function of their
galactic longitudes (I°). Program I: black closed circles (591 stars), Program II: blue
closed pluses (87 stars), and Program III: red open circles (519 stars).

In what follows, we estimate the velocities’ dispersion (o1, 02, and o3; km
s~ 1) using the following equations to specify VEPs as described in the literature
(Elsanhoury, 2024; Elsanhoury & Al-Johani, 2023):

z=p*—r? (9)
¢ = tan~! (‘f) : (10)

The parameters ¢ and r are given by the equations

1 1
qg= 51@ - §k$ =5 (k1k2 — 3k3) — 271&” (11)

The coefficients k1, ko, and k3 are determined as a function of matrix ele-
ments (pq;; Vi=1,2,3; Vj=1,2,3)

ki = — (g1 + po2 + p33)
ko = piipos + paipss + poopss — (pdy + iy + pds) (12)
ks = ,u%2u33 + ,Uz%g,quQ + u§3u11 — p11ph22/433 — 2p412/413 423
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since

— 2 —_
=y LU= (0) pe=y L UVi-UV;
ps = Zfil UW; —UW; pg =« vazl VZ— (V) 1 (13)
pos = 4 sy ViWi = VW, pag = £ S0, W2 — (W)

The direction cosines (l;,m;,n;; Vj =1,2,3) for the eigenvalue problem
(A;), matrix elements (u;;), and velocities’ dispersion (o;) [i.e., A\; = ajz;
Vj =1,2,3] where (A1 > A2 > A3), along three axes (Elsanhoury et al., 2015),
are mathematically given as follows:

lj = [poapss — 07 (paz2 + pss — ‘7?) - '“%3] /Dj. (14)
mj; = [#23#13 — p12p33 + 032'#12] /DJ" (15)
nj = [paapos — paspez + 0 pas) /Dj, (16)

and

DJQ' = (M22M33 - M%g)g + (p23p113 — M12M33)2
+ (pazpios — i)’ + 2[(p2z + pss) (35 — pa2pss)
12 (p2spins — pazpas) + pas (Hi2ies — M13/~t22)]0]2
+ (U35 + dpaapiss + 139 — 2133 + 13y + 1is) o}
—2 (2 + pi33) 09 + 75,

where (12 +m3 +n3 = 1) is an initial test for our code and (I2) is known as
the vertex longitude (Mihalas et al., 1983; Elsanhoury, 2016).

3.2. Galactic longitude and latitude parameters

Let L; and Bj, (Vj =1,2,3) be the galactic longitude and latitude of the di-
rections, respectively, which correspond to the extreme values of the dispersion,
then

L; = tan™* (%T]nj), (17)
Bj = sin™! (nj> (18)

3.3. Fundamental solar elements

For Program stars having space velocities (U, V, W), the components of the
Sun’s velocities are referred to as (Ug, Vi, and W), where (Ug = —U), (Vo =
—V), and (Wg = —W). Therefore, the solar elements (Sg, l4, ba) with the

spatial velocity considered may take the following

So =T +V 4+ W, (19)



46 W.H. Elsanhoury

la =tan™" <_[;/>, (20)

by = sin~t <_SZ/> (21)

In what follows, we estimate the Sun’s local velocity from radial velocities, by
letting X8, Y5 and Z¢ be the components of the Sun’s velocity relative to z,y,

and z axes with the origin at the observer. Therefore, X2 = —V, Y3 =-V,
and Z& = —V.. From there, we can find the apex of the Sun’s trajectory from
formulae
Y.
as =tan"! (XZ) , (22)
Z.
04 =tan! ( 2® 2) ) (23)
(X8)"+ (v2)

and the Sun’s velocity is given by

So =/ (X2)" + (va)" + (23)". (24)

where Sg denotes the absolute value of the Sun’s velocity relative to the three
Program stars under consideration, (14, ba) are galactic longitude and galac-
tic latitude of the solar apex, respectively, and (a4, d4) is the galactic right
ascension and declination with respective manner of the solar apex. Figure 3
shows the HiVels in three projection velocities (i.e., U, V, and W) with respect
to the galactic center. This allows researchers to examine stellar populations in
the circumsolar area of the Galaxy. Of great interest is the UV plane, where
all stars can be properly classified into multiple families. Nearby stars mostly
originate from the disk, which has a distinctive velocity dispersion ~ -500 km
s~! along each coordinate.

Following the computational algorithm developed by Elsanhoury et al. (2015)
to serve and compute the VEPs and the convergent point (CP) of three HiVels
Programs, including various kinematic parameters (e.g., spatial velocities, ve-
locities dispersion, direction cosines, solar elements, ... etc.) and the ratios of
(02/01) and (03/01), into which the obtained results of these ratios ranged from
0.75 to 0.86 & 0.40 to 0.60, respectively.

Stars in the galactic disk have the largest velocity dispersion in the radial
direction, which is why it is said that the velocity ellipsoid’s longest axis points
approximately in the direction of the galactic center. The velocity ellipsoid’s
longest axis points roughly in the direction of the galactic center because one
of its axes is oriented normally to the plane of the galaxy, allowing the other
two axes to also lie there. The angle between a group of stars’ average V,. vector
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and the line connecting the Sun to the galactic center is known as the vertex
deviation or longitude of the vertex (l2). The kinematic characteristics of the
studied star population (e.g., HiVels) can be examined in this way. In the MW’s
thin disk, the velocity ellipsoid is oriented almost along the radial direction
(toward the galactic center) because the vertex’s longitude is usually near 0°
(Elsanhoury et al., 2015; Elsanhoury, 2016; Bisht et al., 2020; Mihalas & Binney,
1981). The original numerical results are listed in Table 2 and Table 3, including
the solar elements.
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Figure 3. Velocity components distributions UV, UW , and VW relative to the Galaxy
center of three Program HiVels calculated by us. Program I: black closed circles — 591
HiVels, Program II: blue closed pluses — 87 HiVels, and Program III: red open circles
— 519 stars.
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3.4. Convergent point (CP)

Usually, stars in a stellar association and/or moving group have a common
chemical composition, space velocity, age, and distance which indicates that
they are moving across the Galaxy together. The apparent movement of these
stars as viewed by the observer, however, varies slightly based on their position
in the MW. Their PM vectors indicate the velocity and bearing of the stars’
passage across the MW. Typically, in stellar kinematics, the coherent point in the
direction of one location on the celestial sphere is well-defined as a vertex, apex,
or CP with equatorial coordinates (A,, D,). Several techniques are stated for
this purpose like i) the classical CP method (Boss, 1908), ii) the individual star
apex (AD-diagram), known and developed by Chupina et al. (2001, 2006), and
iii) the convergent point search method (CPSM) edited by Galli et al. (2012).
In the present analysis, we specifically focus on the AD chart method, which
relies on the distribution of individual apexes within the equatorial coordinate
system and was employed by Bisht et al. (2020); Elsanhoury (2021); Maurya
et al. (2021); Elsanhoury et al. (2024). Eqgs. (4), (5), and (6) of average space
velocity vectors are used in this manner to get the equatorial coordinates of the
(Ao, D,) in the following formulae. The obtained results are listed in the last
row of Table 2.

A, = tan™! 2 & D,=tan"* Y (25)
Ve /Vixg_i_viyg

4. Galactic rotation constants

The stars offer a perfect sample for understanding the composition and de-
velopment of the galactic disk and determining the MW constant parameters.
These constants are crucial for understanding how stars, gas, and other objects
move within the Galaxy’s gravitational potential. Moreover, they describe the
rotation curve and the motion of objects relative to the galactic center. The
differential rotation and local angular velocity (i.e., local rotational features) of
the MW Galaxy are described by two fundamental parameters, A and B (i.e.,
Oort’s constants (Oort, 1927a)). They give the dynamic structure of the MW,
including its rotation curve and the distribution of matter within it. In addition
to helping quantify the shear and turbulent flow of the rotation of the Galaxy,
these constants are used to examine how the velocity of stars varies with their
distance from the galactic center. According to Oort (Oort, 1927a,b), the con-
stants (A & B) were then calculated using V,. and PM, yielding the values A =
19km s~ ' kpc™! and B ~ -24 km s~! kpc™!. In his study, the relatively smooth
rotating curve of the Galaxy was demonstrated, cutting out the hypothesis that
it rotates like a rigid body.
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Table 2. VEPs and CPs of the three Program HiVels calculated by us.

Parameters

Program I: 591 HiVels (0.10 < d(kpc) < 15.40)

Ve, Vi, Vo (kms ™)
U, V,W (kms™1)
A1, A2, A3 (km Sil)
g1, 02, 03 (km S_l)
To (km s™1)
(l17 mi, n1)°
(lQ, ma, 77,2)
(lg, ms, TL3)D

o

-218.43 £ 14.76, 139.79 £ 11.83, -343.81 + 18.54
56.61 + 7.52, -426.79 £ 20.66, 9.88 & 3.14
239234, 137669, 38478.70

489.12 £ 22.12, 371.04 £ 19.26, 196.16 £ 14.01
644.50 £ 15.40

0.2869 £ 0.002, -0.9578 £ 0.002, -0.0220 + 0.001
-0.9145 + 0.003, -0.2806 + 0.002, 0.2916 + 0.002
0.2854 £ 0.002, 0.0636 £ 0.001, 0.9563+ 0.002

L;,j=1,2,3 73.33, 162.94, 167.45

B;,j=1,2,3 -1.26, 16.95, 73.00

Se (kms™t) 430.641 £ 20.75

(la, ba)? 82.44 4+ 0.11, -1.32 & 0.02

(aa, 64)° -32.62 + 0.17, -52.97 + 0.86

(Ao, D,)° 147.382 4+ 0.08, -52.973 + 0.14

Parameters Program II: 87 HiVels (0.30 < d(kpc) < 108.64)
Ve, Vi, Vo (km s™1)  -256.92 & 16.03, 276.45 + 16.63, -232.17 & 15.24
U, V,W (kms™')  114.88 + 10.72, -422.77 + 20.56, 66.39 + 8.15

A1, A2, A3 (km S_l)
o1, 02, o3 (km sfl)
7o (km s™1)

309649, 226100, 108921
556.46 + 23.59, 475.50 £ 21.81, 330.03 £ 18.17
802.92 £ 28.34

(I, m1, n1)° 0.2759 £ 0.002, 0.9610 £ 0.002, 0.0181 4 0.001

(l2, ma, n2)° -0.9528 £ 0.003, 0.2710 £ 0.002, 0.1368 £ 0.001
(Is, ms, n3)° 0.1265 £ 0.001, -0.0550 £+ 0.001, 0.9904 + 0.002
L;,j=1,23 -73.98, -164.13, -156.51

Bj,j=1,23 1.04, 7.86, 82.07

Se (km s™1) 443.100 + 21.05

(la, ba)° -74.80 £ 0.12, -8.62 £+ 0.34

(aa, 64)° -47.10 % 0.15, -31.60 % 0.18

(Ao, Do)° 132.902 + 0.09, -31.600 £ 0.18

Parameters Program III: 519 HiVels (0.29 < d(kpc) < 16.44)

K, vy? vz (km Sil)
U, V,W (kms™1)

A1, A2, Az (km s™h)
o1, 02, 03 (km s™ 1)
7o (km s™1)

(lla my, nl)o

(lz, ma, nz)o

(13, ms, 7’L3)o

Lj,5=1,2,3
Bj,j=1,2,3
Se (km s™1)

(la, ba)°®
(OZA, 514)0
(Ao, Do)°

-157.41 £ 12.55, 121.11 + 11.00, -230.11 &+ 15.17
14.46 £ 3.80, -303.43 £ 17.42, 10.98 £ 3.31
143180, 80747.10, 34595.50

378.39 £ 19.45, 284.16 £ 16.86, 186.00 £+ 13.64
508.45 + 22.55

0.1307 £ 0.001, -0.9910 + 0.002, -0.0275 £+ 0.002
-0.9403 + 0.003, -0.1327 £+ 0.001, 0.3134 + 0.003
0.3142 £ 0.003, 0.0151 £ 0.001, 0.0950 £ 0.002
82.49, 171.97, 177.24

-1.57, 18.27, 71.67

303.977 £ 17.43

87.27 £ 0.11, -2.07 £ 0.03

-37.57 £ 0.16, -49.20 £+ 0.14

142.43 £+ 0.08, -49.21 + 0.14
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Table 3. Ratios of velocity dispersions and the solar velocities for our three program
HiVels and other components of the disks by different authors.

Type So o2/01 o3/01 Ref.
km s~ !
Program I — 591 stars 430.641 + 20.75 0.76 0.40 1]
Program II — 87 stars 443.100 £+ 21.05 0.86 0.60 1]
Program IIT — 591 stars 303.977 £ 17.43  0.75 0.49 [1]
Inner halo (d < 15 kpc) 213.36 £ 14.61  0.70 0.52 2]
Outer halo (d = 15— 20 kpc)  210.14 + 14.50 0.76 0.61 2]
Halo disk : 0.56 0.56 3]
Thin disk - 0.57 0.46 [3]
Thick disk - 0.57 0.52 3]
Thin disk : 0.62 0.62 4]
Thick disk - 0.51 0.51 [4]
8.9 > My >8.0 ; 0.72 + 0.04 0.62+004 [5]
My > 9.0 - 0.67 £ 0.05 0.56 £ 0.04 [5]

[1] Current study, [2] Nouh & Elsanhoury (2020), [3] Yan et al. (2020),
[4] Soubiran et al. (2003), [5] Dyer (1956).

Following this, numerous attempts have been made using different tracers to
calculate the Oort constants and illustrate the galactic rotation. After reviewing
the earlier data, Kerr & Lynden-Bell (1986) came to the following conclusions:
A = 1440 £1.20 km s~ ! kpc™! and B = —12.00 & 2.80 km s~! kpc~!. To
determine that A = —14.82 + 0.84 km s~ ! kpc™! and B = —12.37 + 0.64
km s™! kpc™!, Feast & Whitelock (1997) adopted 220 galactic Cepheids with
Hipparcos PM. Considering R, = 7.66 + 0.32 kpc by Metzger et al. (1998),
therefore, the obtained comparable outcome for A = 15.5040.40 km s~! kpc~!
using Cepheids. Recently, Nouh & Elsanhoury (2020) obtained a comparable
outcome of A & B with 15.60 & 1.60 & -13.90 & 1.80 km s~! kpc !, Elsanhoury
et al. (2021) computed Oort constants like A = 14.69 +0.61 km s~! kpc~! and
B = —16.7040.67 km s~ ! kpc™!, and Elsanhoury (2024) has A = 12.91 £0.16
km s~ ! kpc™! and B = —13.16 £ 0.27 km s~ kpc~1.

Here, we calculate the Oort constants (A & B) considered for three-Program
HiVels using the LAMOST and DR3 archives. With an amplitude that rises
linearly with distance, we follow the discovery that the heliocentric V,. shows a
double sine-wave variation with galactic longitude (Balona & Feast, 1974).

V. = —2A(Ryc — R,)sinlcosb + K, (26)

where (K; km s™1) is a correction term that can be understood as systematic
motions of massive stellar groups, systematic inaccuracies in the V,. caused by
motions within stellar atmospheres, gravitational redshift, and erroneous wave-
length combinations (Feast & Shuttleworth, 1965), where [ and b stand for the
specific star’s longitude and latitude, respectively, R, = 8.20£0.10 kpc (Bland-
Hawthorn et al., 2019) is the distance from the Sun to the galactic center, and
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Table 4. Velocity dispersion and rotation constants for three program HiVels under

study.

Parameters Program I Program II Program III
o9/01 0.76 0.86 0.75

A (km s7! kpe™1) 15.427 £ 0.25  3.883 £ 0.51 16.510 £ 0.25
B (km s~! kpc™1) -21.095 £ 0.22  -11.029 £ 0.30  -21.227 £+ 0.22
|A—B| (km s~ kpc™!) 36.522 4+ 6.04 14.912 4+ 3.86  37.737 & 6.14
V, (km s™1) 299.48 + 17.31 122.28 +£ 11.06 309.44 + 17.59

Program I: (591 stars); 0.10 < d(kpc) < 15.40
Program II (87 stars; 0.30 < d (kpc) < 108.64
Program III (519 stars); 0.29 < d(kpc) < 16.44

R, is the star’s radial distance from the galactic center, the cylindrical radius
vector, and it is determined by

R2, =R>+d” —2R,dcosl. (27)

Table 4 lists our three HiVels Investigations for which we computed the Oort
constants A and B. Row 2 least-squares fit of Eq. (26) yields the first Oort
constant (A; km s~ kpc™!), while the third row is the second Oort constant
(B; km s~! kpc™!) calculated using the relation (09/01)? = —B/(A— B) (Bisht
et al., 2020). The ratio (o3/01) is calculated using the computational method
covered in Section 3. The angular velocity is shown in row 4 (|A — B|; km s™*
kpc1), and the rotational velocity V, calculated using the well-known relation
V, = |A — B| R,, where R, = 8.20 & 0.10 kpc, is given in the last row. Our
mean Oort and rotational constants as compared with previous researchers are
presented in Table 5, it’s clear that Oort constants and galactic rotational pa-
rameters were computed for about 304,267 main sequence stars from the Gaia
DR1 using data at a typical heliocentric distance of 230 pc (Bovy, 2017), a
sample of stars within 500 parsecs used the Gaia DR2 data (Li et al., 2019),
using the trigonometric parallaxes and PMs of over 25,000 young stars from
the Gaia DR2 dataset (Krisanova et al., 2020), using a sample of halo red giants
and the radial and spatial velocities of 1,583 red giant stars collected from the
SEGUE-1 and SEGUE-2 surveys (Nouh & Elsanhoury, 2020), a sample of 5,627
A-type stars selected from the LAMOST surveys that were located within 0.60
kpc (Wang et al., 2021), devoted mid to late M-type stars (Elsanhoury et al.,
2021), for a clean sample of stars (130,665) within 100 pc (Guo & Qi, 2023)
computed these constants with a maximum likelihood model by using the Gaia
Catalog of Nearby Stars (GCNS) (Gaia Collaboration et al., 2021), and for high
and low galactic latitudes of K dwarfs (Elsanhoury & Al-Johani, 2023).
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study.

A B |A — B Methods References
(km s™* kpc™') (km s™! kpc™!) (km s™' kpc™!) V,./PMs

11.94 £ 0.29 -17.78 £ 0.24 25.07 £ 5.01 Vi 1]
15.30 + 0.40 -11.90 £ 0.40 27.20 PMs 2]
15.10 £ 0.10 -13.40 £+ 0.40 28.40 PMs [3]
15.73 £ 0.32 -12.67 £ 0.34 28.40 PMs [4]
15.60 + 1.60 -13.90 £ 1.80 29.50 £ 0.20 Vi [5]
16.31 £ 0.89 -11.99 £ 0.79 28.30 PMs [6]
14.69 + 0.61 -16.70 £ 0.67 31.39 V. [7]
15.60 + 1.60 -15.80 £ 1.70 31.40 £ 2.30 Vi 8]
1291 £ 0.16  -13.16 £ 0.27  26.06 v, (9]

[1] Current study, [2] Bovy (2017), [3] Li et al. (2019), [4] Krisanova et al. (2020),
[5] Nouh & Elsanhoury (2020), [6] Wang et al. (2021), [7] Elsanhoury et al. (2021),
[8] Guo & Qi (2023), [9] Elsanhoury & Al-Johani (2023).

5. Discussion and conclusion

The velocity distribution (U, V', W) of stars in three spatial directions (o1, 02, 03)
is known as the velocity ellipsoid in galactic kinematics. The ellipsoid’s shape
reflects the anisotropy in the star motion, and its primary axes relate to the
directions with the largest and smallest velocity dispersion. Velocity ellipsoids
vary among star populations. For instance, thick disk and halo stars exhibit
more isotropic ellipsoids and bigger velocity dispersions than thin disk stars,
which have comparatively small dispersions. In this study, we calculated the
kinematical parameters, convergent point, and the Oort constants A and B
of three Programs (i.e., 591, 87, and 519 stars) of high velocity stars located
0.10 > d(kpc) > 109. The following summarizes the main findings of the
current studies:

e We retrieved high velocities in both mean spatial velocities (U, V, W, and
Vipace; km s71), Program I (56.61 + 7.52, -426.79 + 20.66, 9.88 + 3.14, and
430.641 + 20.75), Program IT (114.88 + 10.72, -422.77 + 20.56, 66.39 + 8.15,
and 443.100 £ 21.05), and Program III (14.46 4+ 3.80, -303.43 + 17.42, 10.98
+ 3.31, an 303.977 £+ 17.43) and the mean velocity dispersion (o1, o2, o3, and
0,5 km s71), Program 1 (489.12 + 22.12, 371.04 4+ 19.26, 196.16 + 14.01, and
644.50 £+ 15.40), Program II (556.46 + 23.59, 475.50 + 21.81, 330.03 + 18.17,
and 802.92 + 28.34), and Program IIT (378.39 + 19.45, 284.16 + 16.86, 186.00
+ 13.64, and 508.45 + 22.55).

e Our obtained results of the l3 are: -0°.9145 + 0°.003 (Program I), -0°.9528
+ 0°.003 (Program II), and -0.9403 + 0°.003 (Program III), these obtained
results are in line with that of Mihalas & Binney (1981) and many authors,
e.g., la = —0°.3454, —0°.6735, and —0°.0264 (Elsanhoury, 2024) and —0°.87 &
—0°.91 (Elsanhoury et al., 2018).
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e We have determined the convergent points (A4,, D,), Program I: 147°.382
+ 0°.08, -52°.973 + 0°.14, Program II: 132°.902 + 0°.09, -31°.600 £ 0°.18, and
Program III: 142°.43 + 0°.08, -49°.21 4+ 0°.14.

e The mean values of Oort’s constants are A = 11.94 + 0.29 and B =
—17.78 £0.24 km s~! kpc™! as listed in Table 5. Therefore, the mean angular
velocity |A — B| = 25.07 = 5.01 km s~! kpc™! and the rotational velocity V, =
243.72 £ 15.61 km s~ 1.

e In regions where stars are to be expected to be quite a way distant on
average like our consideration of HiVels, the measured values of A and B may
contain significant inaccuracies due to both long distances (Lewis, 1990) and the
choice of kinematic model (V. or PM) (Hanson, 1987) as Table 4 makes it clear
with Program II. Lewis (1990) reported that this is due to two effects. First,
the proper motion along declination p;s nearly equal to the ratio of (V,/d), i.e.,
ps ~ (Vy/d) and A ~ ps, thus if d increases, the value of A will decrease, as
clearly seen in Program II of Table 4. But V,, is also dependent on (cos«) and
on distance d (see Eq. 5). Therefore, these two effects should affect both A and
B in a roughly equal manner (Lewis, 1990).
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