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Abstract: Oort constants and local kinematics are vital parameters with which to study the structure
and dynamics of the Milky Way. When GCNS was published, it provided a clean sample of stars in
the solar vicinity, which gives us an ideal tool with which to determine these parameters. Our aim was
to calculate the reliable Oort constants with GCNS. We determined the Oort constants using the GCNS
from Gaia EDR3 with d < 100 pc. The proper motions and radial velocities were fitted with a maximum
likelihood model. The uncertainties were obtained with an MCMC method. The sample was carefully
selected to obtain a reliable result. The result yields the Oort constants A = 15.6± 1.6 km s−1 kpc−1,
B = −15.8± 1.7 km s−1 kpc−1, C = −3.5± 1.6 km s−1 kpc−1, and K = 2.7± 1.5 km s−1 kpc−1. The
non-zero C and K imply that the local disc is in a non-asymmetric potential. With the Oort con-
stants, we derived the local angular velocity Ω0 ≈ A− B = 31.4± 2.3 km s−1 kpc−1. The solar motion
(U�, V�, W�) was calculated as (10.1± 0.1, 22.8± 0.1, 7.8± 0.1) km s−1.

Keywords: galaxy; disk-galaxy; fundamental parameters-galaxy; kinematics-galaxy; solar neighbor-
hood structure

1. Introduction

Calculating the rotation curve of the Milky Way poses a challenging task because
our observations are made from within the solar system. However, the properties of the
galactic disk can be inferred by carefully examining the kinematics of stars in our solar
vicinity. These kinematic parameters, referred to as Oort constants, are vital in the study
of the structure and dynamics of the Milky Way. These constants were first derived and
determined by [1], marking a major milestone in our understanding of the Milky Way.
To compute the Oort constants, Oort utilized the first Taylor expansion of the stellar velocity
in the solar vicinity. This method necessitates that the stars be located in close proximity
to the Sun. Consequently, the kinematics of stars in the solar vicinity play a crucial role
in determining these parameters. They provide us with a unique insight into the galactic
disk’s intricate structure and dynamics. In this context, the Gaia Catalog of Nearby Stars
(GCNS, [2]), released in tandem with the Gaia Early Data Release 3 (EDR3) by the Gaia
mission, is of immense value. The GCNS catalogues stars located within a 100 pc radius
of the Sun, providing us with a rich data set of stars in our immediate solar vicinity. This
comprehensive dataset furnishes an optimal platform for the precise measurement of the
Oort constants, thereby furthering our understanding of the rotation and structure of the
Milky Way.

Typically, Oort constants are determined using the proper motions and radial veloci-
ties of local stars in the vicinity of the Sun. Throughout history, many attempts have been
made to calculate Oort constants. A commonly used set of values for the Oort constants is
A = 14.82± 0.84 km s−1 kpc−1, B = −12.37± 0.64 km s−1 kpc−1, which were derived us-
ing the HIPPRACOS proper motions of Cepheids [3]. Since the release of the Gaia [4] catalog,
many efforts have been made to determine the Oort constants using Gaia data. Bovy [5] deter-
mined the Oort constants to be A = 15.3± 0.4 km s−1 kpc−1, B = −11.9± 0.4 km s−1 kpc−1,
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C = −3.2± 0.4 km s−1 kpc−1, and K = −3.3± 0.6 km s−1 kpc−1 using proper motions from
Gaia data release 1 (DR1) Tycho-Gaia Astrometric Solution (TGAS) main-sequence stars. Li et al. [6]
found the Oort constants to be A = 15.1± 0.1 km s−1 kpc−1, B = −13.4± 0.1 km s−1 kpc−1,
C = −2.7± 0.1 km s−1 kpc−1, and K = −1.7± 0.2 km s−1 kpc−1 with the publication of Gaia
Data Release 2 (DR2). Wang et al. [7] calculated the Oort constants using A-type stars, resulting in
values of A = 16.31± 0.89 km s−1 kpc−1, B = −11.99± 0.79 km s−1 kpc−1,
C = −3.10± 0.48 km s−1 kpc−1, and K = −1.25± 1.04 km s−1 kpc−1. While there are slight
differences in the results of these calculations, they all indicate that C and K are non-zero values,
revealing that the Milky Way is not axisymmetric.

Gaia, developed by the European Space Agency (ESA), is the successor to the astromet-
ric satellite HIPPRACOS. Its mission [4] began in 2006, and the spacecraft was launched in
December 2013. One of Gaia’s primary scientific goals is to map and understand the struc-
ture and dynamics of the Milky Way. The space telescope measures the three-dimensional
spatial and velocity distribution of targets with unparalleled accuracy. ESA has released
three Gaia data releases, which have significantly improved our understanding of the struc-
ture and dynamics of the Milky Way. The third intermediate Gaia data release (Gaia EDR3),
was released on 3 December 2020 and Gaia DR3 was released on 13 June 2022. The astro-
metric parameters and broad-band photometry have been updated between Gaia DR2 and
(E)DR3. Gaia (E)DR3 lists about 1.8 billion sources, including 1.46 billion sources with
parallaxes, proper motions, and the (GBP − GRP) color. The Gaia (E)DR3 has improved
parallax precision by 30% compared to Gaia DR2, and proper motion precision has been
doubled. These unprecedented, high-precision astrometry data provide a new sample for
calculating the Oort constants.

Along with the Gaia EDR3, the GCNS is also published, which is a highly curated col-
lection of celestial objects located within 100 pc of the Sun, derived from data obtained from
Gaia EDR3. The catalogue is a comprehensive, well-characterized record, with each object
having an inferred distance probability density function calculated using parallaxes and a
single distance prior. GCNS is truly an astronomical landmark, representing a substantial
improvement over previous nearby star censuses. With an impressive 331,312 entries, it
marks a tenfold increase in data volume compared to the most complete pre-Gaia mission
census. Moreover, Gaia EDR3 is significantly cleaner than its predecessor, Gaia DR2, and
yet GCNS contains a few percent of real objects that are not included in Gaia EDR3. GCNS
achieves an overall completeness of more than 95% for objects up to M8 spectral type
within 100 pc. The information contained within the GCNS extends beyond mere celestial
coordinates. For all sources, the all-sky maps at HEALpix level 5 of empirical magnitude
limits are provided, which was derived using all Gaia EDR3 entries with a G magnitude
and parallax measurement. The magnitude limit estimator is based on the G magnitude
distribution per HEALpix, advocating a limit between the 80th (conservative) and 90th (op-
timistic) percentiles. This information, combined with the astrometric parameters, distance
PDFs, and derived quantities from the GCNS, provides a rich data source for studying the
structure and dynamics of our Galactic neighborhood.

The GCNS is not just a catalogue but also a tool for investigations into local popula-
tions, structures, and distributions. In various studies, GCNS can be employed in different
ways. Quality cuts can be made to further refine the catalogue using photometric flags and
indicators of binarity. Despite the inherent challenges in creating a complete catalogue,
the GCNS proves to be a substantial resource with practical applications. Even with the
knowledge that the catalogue volume is incomplete, it can offer valuable insights and
constraints. The GCNS is more than a catalogue; it is a testament to the advancement in
our understanding of the universe and serves as a cornerstone for future astronomical
studies. This sample of nearby stars provide us with an excellent tool for determining the
Oort constants. We used the GCNS to derived the Oort constants and local kinematics.
To estimate the uncertainties in our results, we employed the Markov Chain Monte Carlo
(MCMC) method.
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This paper is structured as follows: in Section 2, we provide a description of the
GCNScatalog, while the data selection criteria are presented in Section 3. The data models
are described in Section 4, and Section 5 provides the results. Finally, we present the
discussion and conclusion in Section 6.

2. The GCNS Catalog

In this work, we used the GCNS catalog to calculate the Oort constants. With accurate
positions and proper motions, GCNS can be used to study the local kinematics. In this
section, we give a brief review of GCNS and the classifier to identify the white dwarfs as
we will use it to exclude white dwarfs.

2.1. Data Generation

The GCNS catalog was produced by first selecting sources with Gaia -observed parallax
v > 8 mas. The process involved two steps, starting with the removal of spurious
sources with poor astrometry using a random forest classifier. A training set was carefully
constructed, and 41 astrometric features were used to select predictor variables. The
corresponding receiver operating curve curve (ROC) was used to calculate the optimum
probability of reliable astrometry p, which was determined to be p = 0.38. This threshold
resulted in a true positive rate of 0.9986 and a true negative rate of 0.9991.

The second step involved inferring distances from the measured parallaxes using
a simple Bayesian estimation method. The distance distribution of stars with observed
parallax greater than 8 mas, selected from the GeDR3mock [8], served as the prior. The
posterior probability density function was sampled using MCMC. The GCNS catalog
provides the dist_1, dist_16, dist_50, and dist_84 values, which represent the 1st, 16th, 50th,
and 84th percentiles of the distance PDF, respectively. The dist_1 was used to select GCNS
stars, while the dist_50 denotes the median of the posterior distance, which we used in
our calculations.

The final selection criteria for the GCNS after the above steps is:

p >= 0.38 and dist_1 <= 0.1 kpc,

yielding a sample of 331,321 stars.

2.2. White Dwarf

The GCNS catalog provides the WDprob, which is the probability of each source being
a white dwarf (WD), obtained through a random forest classification algorithm. The dataset
to train the model was sourced from Gaia EDR3 with observed parallax greater than 8 mas,
and includes Gaia (G, GBP, GRP) magnitudes. The WD sample was selected from common
sources among the total dataset and three known WD catalogs, while the non-WD sample
was randomly chosen from the total dataset after excluding the known WDs. The resulting
model achieved a high level of accuracy, correctly identifying 98.1% of the WDs and 99.6%
of the non-WDs.

2.3. Radial Velocities

The GCNS catalog originally incorporated radial velocities from Gaia DR2 [9]; however,
we have updated it to use the newer radial velocities provided in Gaia DR3. Gaia DR3
includes an extensive catalogue of radial velocities based on spectra gathered over the
initial 34 months of the mission [10]. This data release represents a significant improvement
over Gaia DR2, in terms of scope and data quality. The updated data processing pipeline
in Gaia DR3 has expanded the limit of analysis from a GRVS magnitude of 12, as was in
Gaia DR2, to a GRVS magnitude of 14. This enhancement is owed to improved calibrations
that have facilitated a better understanding of the temporal evolution of stray light and
the instrumental Point Spread Function (PSF). Moreover, Gaia DR3 includes functionalities
that address previously overlooked aspects. One such feature is a dedicated module to
handle overlapped spectra, which were largely discarded in Gaia DR2. It also substantially
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mitigates the hot star template mismatch issue, allowing the inclusion of these stars down
to GRVS = 12 mag.

The median formal precision of the velocities is 1.3 km s−1 at GRVS = 12 mag and
increases to 6.4 km s−1 at GRVS = 14 mag. A slight systematic trend in the velocity zero
point begins around GRVS = 11 mag, reaching approximately 400 m s−1 at GRVS = 14 mag.
This data release marks a significant milestone in our quest to map and understand the
stellar velocities in the Milky Way.

3. Data Selection

To obtain a pure sample of main sequence stars, we first removed sources with
WDprob > 0.5 to eliminate sources with a probability greater than 50% of being WDs.
To exclude red giant branch (RGB) stars with a larger velocity dispersion, we inspected
the RGBs through a color and magnitude diagram (CAMD) depicted in Figure 1. We
considered only stars within 100 pc of the Sun, so extinction was not a factor. We used
the G − GRP as the color and avoided the GBP on account of the GBP limits for faint red
objects see ([11], chap. 8). The RGBs were separated from the main sequence by grey lines
in the upper-right corner, and we removed these sources from our sample. We further
constrained the renormalized unit-weight error (ruwe, [12]) to be less than 1.4 to ensure
good astrometric solutions.

Figure 1. CAMD for the GCNS (excluded the WD with WDprob > 0.5). The grey lines in the right
corner separate the main sequence and the red giants branch.

After these selections, we were left with a final sample of 252,280 stars, of which
130,665 had available radial velocity and GRVS magnitudes in Gaia DR3 [10]. In this sample,
we converted the equatorial coordinates of proper motions to galactic coordinates and
considered the associated uncertainties in positions, parallaxes, and proper motions during
the transformation process. Among these 130,665 sources with available proper motions
and radial velocity data, we divided the sources into four samples based on their GRVS
magnitudes as shown in the first column of Table 1.



Universe 2023, 9, 252 5 of 11

Table 1. Measurements of Oort constants in different GRVS volumes.

Range Number A B C K U� V� W�
(Mag) (km s−1 kpc−1) (km s−1 kpc−1) (km s−1 kpc−1) (km s−1 kpc−1) (km s−1) (km s−1) (km s−1)

GRVS <= 13.0 98,672 14.2 ± 1.8 −15.7 ± 2.0 −1.0 ± 1.8 2.7 ± 1.7 10.1± 0.1 22.4± 0.1 7.8 ± 0.1
GRVS <= 13.2 106,486 14.4 ± 1.8 −15.6 ± 1.9 −1.5 ± 1.7 2.9 ± 1.6 10.1± 0.1 22.5± 0.1 7.8 ± 0.1
GRVS <= 13.4 113,914 14.9 ± 1.7 −16.4 ± 1.8 −2.4 ± 1.7 2.3 ± 1.6 10.1± 0.1 22.6± 0.1 7.8 ± 0.1
GRVS <= 13.6 120,836 15.1 ± 1.6 −16.1 ± 1.8 −3.1 ± 1.6 1.7 ± 1.5 10.1± 0.1 22.7± 0.1 7.8 ± 0.1
GRVS <= 13.8 126,895 15.4 ± 1.6 −16.2 ± 1.7 −3.7 ± 1.6 1.8 ± 1.5 10.1± 0.1 22.8± 0.1 7.8 ± 0.1
GRVS <= 14.0 130,245 15.5 ± 1.6 −15.9 ± 1.7 −3.6 ± 1.6 2.6 ± 1.5 10.0± 0.1 22.8± 0.1 7.8 ± 0.1

All 130,665 15.6 ± 1.6 −15.8 ± 1.7 −3.5 ± 1.6 2.7 ± 1.5 10.1± 0.1 22.8± 0.1 7.8 ± 0.1

4. Methods

The Oort constants A and B were first defined by [1] under an axisymmetric Milky
Way model and later generalized to A, B, C, and K in a non-axisymmetric model by [13].
Ref. [14] made a detailed derivation of the equations. In cylinder coordinates (R, ϕ) with the
origin in the galactic center (ϕ increases in the direction of galactic rotation), Oort constants
can be expressed as follows:

A =
1
2

(
Vϕ

R
−

∂Vϕ

∂R
− 1

R
∂VR
∂ϕ

)
(1)

B = −1
2

(
Vϕ

R
+

∂VR
∂R
− 1

R
∂VR
∂ϕ

)
(2)

C = −1
2

(
VR
R
− ∂VR

∂R
+

1
R

∂Vϕ

∂ϕ

)
(3)

K =
1
2

(
VR
R

+
∂VR
∂R

+
1
R

∂Vϕ

∂ϕ

)
, (4)

where VR and Vϕ are the mean streaming velocities with respect to R and ϕ, respectively.
For the local velocity field, Oort constants A and C measure the azimuthal and radial shear,
respectively. B and K measure the local vorticity and divergence, respectively.

If the galactic disk is axisymmetric, the Oort constants C = K = 0, and the A and
B are:

A =
1
2

(
Vϕ

R
−

∂Vϕ

∂R

)
(5)

B = −1
2

(
Vϕ

R
+

∂VR
∂R

)
. (6)

Thus, A− B measure the local angular velocity

Ω0 = A− B, (7)

where Ω0 is the angular velocity of the galactic rotation in the solar vicinity.
In a non-axisymmetric model, the K and C are not zero, and we can get

∂VR
∂R
|R0 = K + C, (8)

where R0 is the galactocentric distance of the Sun.
The primary method for determining the Oort constants utilizes their relations to the

tangential or radial velocities of local stars. In the solar vicinity, the Oort constantscan be
described by the relationship as follows:

Vl = kdµl∗ = (A cos 2l + B− C sin 2l) d cos b
+U� sin l −V� cos l

(9)
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Vb = kdµb = −(A sin 2l + C cos 2l + K) d sin b cos b
+(U� cos l + V� sin l) sin b−W� cos b

(10)

Vr = (A sin 2l + C cos 2l + K) d cos2 b
−(U� cos l + V� sin l) cos b−W� sin b,

(11)

where k is the coefficients to convert the proper motion unit from mas yr−1 to km s−1 kpc−1;
(µl∗ , µb) is the proper motion in galactic coordinates with unit mas yr−1; d is the solar
distance of the star in kpc; the radial velocity Vr is in km s−1; the (U�, V�, W�) is the
solar velocity in km s−1with respect to the LSR. Ref. [14] made a detailed derivation of
the relation.

5. Results

To fit the proper motions and radial velocities obtained from GCNS, we utilized
a maximum likelihood model. The likelihood function was determined by taking the
logarithm and was defined as follows:

lnL = − 1
2 ∑

i

(
[Vi

l −Vl(li ,bi ,vi)]
2

(εi
Vl
)2+σ2

Vl

+ ln
(

2π((εi
Vl
)2 + σ2

Vl
)
)

+
[Vi

b−Vb(li ,bi ,vi)]
2

(εi
Vb
)2+σ2

Vb

+ ln
(

2π((εi
Vb
)2 + σ2

Vb
)
)

+ [Vi
r−Vr(li ,bi ,vi)]

2

(εi
Vr )

2+σ2
Vr

+ ln
(

2π((εi
Vr
)2 + σ2

Vr
)
))

,

(12)

where εi
Vl

, εi
Vb

and εi
Vr

are the uncertainties in Vl , Vb and Vr. We considered the velocity
dispersion for the distributions in Vl , Vb and Vr, demonstrated by σ2

Vl
, σ2

Vb
and σ2

Vr
, respec-

tively. We assumed a constant velocity dispersion, which did not affect the fitting of the
free parameters.

We applied the model to fit proper motions and radial velocities data for each GRVS
bin and the whole data sample. The final results are presented in Table 1. The uncertainties
evaluated by an MCMC method are shown in Figure 2.

The best-fitting result determines the Oort constants to be A = 15.6± 1.6 km s−1 kpc−1,
B = −15.8± 1.7 km s−1 kpc−1, C = −3.5± 1.6 km s−1 kpc−1 and K = 2.7± 1.5 km s−1 kpc−1.
The parameters (U�, V�, W�) are calculated as (10.1± 0.1, 22.8± 0.1, 7.8± 0.1) km s−1.
As illustrated in Figure 2, the MCMC results reveal no significant positive or negative
correlations among the parameter pairs. Figure 3 displays a comparison between the data
and the best-fitting model, indicating a strong alignment between them. The outcomes
from various GRVS ranges are presented in Table 1. As the GRVS range expands, a slight
upward trend is observed in the values of A and C, while the changes in B and K remain
negligible. The values of (U�, V�, W�) are entirely independent of GRVS, and regardless of
how the range of GRVS varies, the values of (U�, V�, W�) consistently remain at (10.1± 0.1,
22.8± 0.1, 7.8± 0.1) km s−1, which equals the negative mean of all the (U, V, W) of all
stars in our sample.

Table 2 shows the Oort constants results from previous works. The best-fitting
value of A aligns with some recent estimates, such as 15.9± 2 km s−1 kpc−1 by [14] and
15.3± 0.4 km s−1 kpc−1 by [5]. Nevertheless, this result is slightly smaller than the Gaia
DR2 results by [7]. The value of B is −15.8± 1.7 km s−1 kpc−1, which, in terms of absolute
value, is considerably greater than recent research findings by [5–7] and marginally less
than [14,15]’s earlier figure of−16.9 km s−1 kpc−1. The value of C at−3.5± 1.6 km s−1 kpc−1,
in terms of absolute value, is slightly larger than recent research findings, which indicates
the slightly larger radial shear in the immediate vicinity of the Sun (within 100 pc). The
value of K obtained in our study is positive, whereas other researchers have reported a
negative value. This discrepancy may be attributed to the local anomaly or the presence of
local velocity streaming, as illustrated in Figure 4. Stellar streams can span vast spatial ex-
tents, potentially exceeding 1 kpc [16]. However, the distribution of these streams in space
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is not uniform, with some areas being densely populated and others sparse. Therefore,
when we select a sample in the immediate vicinity of the Sun, we may only be observing a
portion of a stellar stream. The velocity distribution of a stellar stream may differ from that
of the surrounding stars, which could affect the divergence of the calculated velocity field.
If the velocity distribution of a stellar stream deviates from the average velocity distribution
of the surrounding stars, it could cause a change in the divergence of the velocity field.

Figure 2. The MCMC results for (A, B, C, K, U�, V�, W�) are presented, following the fitting of
proper motion data radial velocities for 130,665 stars. The blue lines in each plot represent the mean
values adopted for the respective parameters. The top panel in each column displays the probability
distribution for each parameter, while the density distribution illustrates the probability density
between every pair of parameters. The blue dashed lines displayed in the top panels indicate the
±1 standard deviations.
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Figure 3. The panels from left to right display the changes of Vl , Vb, and Vr with respect to the galactic
longitude l. The bottom panels demonstrate the residual of the velocity, Vdata–Vmodel . In the top
panels, the grey dots represent the velocities obtained from our samples, while the green lines show
the results obtained from our best-fitting model and the red dots represent the mean in each galactic
longitude bin. In the bottom panels, the blue dots indicate the residual between the data and the
model and the green dashed lines illustrate the zero constant velocities.

Table 2. Comparison of Oort constants measurements with previous studies.

Origin Data A B C K
(km s−1 kpc−1) (km s−1 kpc−1) (km s−1 kpc−1) (km s−1 kpc−1)

[15] O-B stars 12.9 ± 0.7 −16.9 ± 1.1 0.4 ± 0.7 −2.1 ± 0.5
[14] Old red giants 15.9 ± 2 −16.9 ± 2 −9.8 ± 2 -
[5] Gaia DR1 TGAS within 230 pc 15.3 ± 0.4 −11.9 ± 0.4 −3.2 ± 0.4 −3.3 ± 0.6
[6] Gaia DR2 within 500 pc 15.1 ± 0.1 −13.4 ± 0.1 −2.7 ± 0.1 −1.7 ± 0.2
[7] A-type stars within 600 pc 16.31 ± 0.89 −11.99 ± 0.79 −3.10 ± 0.48 −1.25 ± 1.04

This work Gaia GCNS within 100 pc 15.6 ± 1.6 −15.8 ± 1.7 −3.5 ± 1.6 2.7 ± 1.5

The parameters of U� and W� represent the peculiar solar motions with respect to the
stellar populations. Here, the value U� at 10.1± 0.1 km s−1 is larger than the majority of
recent results shown in Table 3 but smaller than the results of [7,17]. The value of W� at
7.8± 0.1 km s−1 is in excellent agreement with estimates by [17,18].

Table 3. Measurements of the solar motion in previous works.

Source Data U� V� W�
(km s−1) (km s−1) (km s−1)

[19] Masers 9.0 20 10
[17] RAVE DR2 12.0 ± 0.6 20.4 ± 0.5 7.8 ± 0.3
[20] Masers 5.5 ± 2.2 11 ± 1.7 8.5 ± 1.2
[21] FGK dwarfs within 600 pc 8.50 ± 0.29 13.38 ± 0.43 6.49 ± 0.26
[22] Young objects 6.0 ± 0.5 10.6 ± 0.8 6.5 ± 0.3
[23] FGK dwarfs 7.01 ± 0.20 10.13 ± 0.12 4.95 ± 0.09
[24] Gaia DR1 OB stars 8.19 ± 0.74 9.28 ± 0.92 8.79 ± 0.74
[18] Gaia DR2 Open clusters 8.53 ± 0.38 11.22 ± 0.46 7.83 ± 0.32
[25] Gaia DR2 main sequence stars 8.63 ± 0.64 4.76 ± 0.49 7.26 ± 0.36
[7] Gaia DR2 A-type stars 11.69 ± 0.68 10.16 ± 0.51 7.67 ± 0.10

This work GCNS stars 10.1 ± 0.1 22.8 ± 0.1 7.8 ± 0.1

The V� value does not represent the peculiar solar motion in the V direction, since
its determination is more intricate and difficult due to the combination of two factors:
solar motion and azimuthal asymmetric drift [26]. The latter represents the average lag
concerning the stellar populations. Moreover, as illustrated in Figure 4, the V component
of stars is significantly influenced by four well-known moving groups [16] located within
close proximity to the Sun (within 100 pc), most notably the Pleiades and/or Hyades
streams. Owing to the asymmetric drift and the moving groups, the V component displays
a subtle asymmetry, with an extended tail toward stars with slower rotation.
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Figure 4. Distribution of the V velocity components for our sample. Four prominent moving groups
are distinctly visible.

The angular velocity Ω0 ≈ A− B = 31.4± 2.3 km s−1 kpc−1, which is consistent with
the results obtained with OB stars by [24] but larger than the results found with open clusters
by [18]. The V0 = |R0Ω0| = 251.2± 19 km s−1, adopting the R0 = 8 kpc± 0.2 kpc [27].

6. Discussion and Conclusions

In this study, we have meticulously derived the Oort constants, using a large stellar
sample in the solar vicinity from GCNS. This catalog provides a clean sample of stars
within 100 pc of the Sun and is founded on data from the Gaia EDR3. Our sample is
substantial, comprising an impressive total of 130,665 stars. We have categorized these
sample stars into different GRVS magnitude bins for a more granular analysis. Utilizing
a maximum likelihood method and a non-axisymmetric model, we computed the Oort
constants for each bin. To determine the uncertainties in our calculations, we employed an
MCMC method.

The results of our calculations yielded A = 15.6± 1.6 km s−1 kpc−1, B = −15.8±
1.7 km s−1 kpc−1, C = −3.5± 1.6 km s−1 kpc−1 and K = 2.7± 1.5 km s−1 kpc−1. As for the
solar velocity, we determined U� to be 10.1± 0.1 km s−1 and W� to be 7.8± 0.1 km s−1. Fur-
thermore, we computed the angular velocity Ω0, which equates A − B to be
31.4± 2.3 km s−1 kpc−1 and the V0 = |R0Ω0| to be 251.2 ± 19 km s−1. We found that
|K + C|was less than 2 km s−1 kpc−1. This indicates that the radial velocity gradient within
our star sample is relatively small. This comprehensive analysis of the Oort constants and
stellar velocities lays a strong foundation for further studies in the field.

The detection of non-zero values for K+C indicates the presence of a non-axisymmetric
distribution within the galactic disk, implying that the distribution of stellar matter is not
uniform in all directions. This non-axisymmetry could be the result of various gravitational
and dynamic factors, contributing to the complexity of the galactic disk’s structure. Addi-
tionally, the computed value of K +C could potentially be influenced by another significant
aspect—the existence of the spiral structure in the Milky Way. This structure, a defining
characteristic of our galaxy, could contribute to the observed stellar motions and distri-
butions. Significantly, our Sun is located roughly 200 pc within the 4 : 1 ultra-harmonic
resonance of this spiral pattern [28]. This location and its dynamical implications are of
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particular interest. As previously discussed by [29], it is plausible that the gradient in radial
velocity, denoted as VR, could be attributed to the influence of these spiral arms. This effect
could cause systematic variations in stellar velocities, an important factor to consider when
interpreting our results.

Given these intriguing findings, the relationship between K + C values, the non-
axisymmetry of the galactic disk, and the influence of the spiral structure warrants deeper
exploration. Further investigations are needed to fully understand these complex dynamics
and their implications for our understanding of the Milky Way.
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