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Determination of the solar limb-darkening coefficient through the analysis of intensity profiles
derived from solar imaging data
Mr. Jirachai Jariya (Grade 11)
[Triam Udom Suksa School, Bangkok, Thailand]

Introduction

The Sun, as the only star in the solar system, plays a crucial role due to its significant influence and numerous
effects on Earth. In studying the Sun, astronomers commonly rely on solar imaging obtained through cameras and
telescopes, which enables the study of key features on the solar atmosphere, such as sunspots. Upon closer examination,
however, solarimages consistently exhibit a gradual darkening toward the edge of the disk, known as solar limb-darkening.
This phenomenon reflects the temperature gradient within the stellar atmosphere, providing valuable information for
studying not only the Sun itself but also the atmospheric structures of other stars.

Motivated by this, the project focuses on analyzing daily solar images to determine the solar limb-darkening
coefficient. The results are intended to serve as a reference and a useful resource for those interested in studying solar
and stellar atmospheric properties.

Method and Result
1) Solar images were captured using a NIKON
D750 camera attached to a 6-inch Dobsonian telescope. A
total of 20 solar images were acquired between April 17, 2025 A
and May 5, 2025, during the period from 14:00 P.M to 15:00 R, (angle = 8) M
P.M. local time. Obtained images can be explained by using Teetmsner et |,
the diagram shown in Figure 1. : e = %ga‘%;
2) The acquired images were analyzed for intensity \ »
values using ImageJ. First, the images were converted to
grayscale, and the oval selection tool was used to draw a circle sight at the center penetrates deeper into
around the Sun. Then, the previously installed plugin “Radial let p=1c0s0 = yI-UJRIZ |\ omiibmmonty o sy haper.
Profile Angle” was applied to extract the intensity data from the
center of the solar disk to its limb as shown in Figure 2.

Front View of the Sun Side View of the Sun

Limb darkening is an optical effect where
the Sun's brightness fades toward the
edges. This happens because the line of

Figure 1. Diagram of a solar limb-darkening

2 Radius_[pixels]| Normalized_|Minima_fMaxima_|Stdev_frc
£ T ] 906.489 1549126 143 167  4.3243
E£160 \ 907.489 1543839 143 166  4.2639
3 || 908.490 153.7120 141 165  4.2621
E 140 | 909.490 1529333 140 165  4.2165
g 910.491 1521500 141 165  4.2147
S0 911.491 151.3418 141 186  4.2158
3 912.492 150.4509 139 164  4.1799
& 100 913.492 149.3501 139 163 4.2934
E i1 014403 148.0831 135 164  4.4423
Z 200 400 00 800 915.494 146.5683 130 161  4.7637

Radius [pixels] 916.494 144.6519 121 162 55619

Figure 2. The image of the Sun converted to grayscale with a circle by using oval selection tool (Left), the intensity graph
(Center) and intensity values (Right) after applying the radial profile angle plugin.

3) The obtained intensity values were analyzed by using Microsoft Excel based on the mathematical model
proposed by Claret (2014) [1], then linear regression was applied to the linear model and nonlinear regression was applied
to the quadratic and logarithmic models based on the least-squares method. The results were then used to generate
comparison graphs, which are shown in Figure 3., and to calculate the solar limb-darkening coefficients.

1(1) I(w) 2 1(w)
=1-u(l- =l u (- -u(1-p) e =1-us(1-p) ~ugpulnp
m -1 ) 6] 3 4
Normalized Intensity vs  (DSC_7058) Normalized Intensity vs 1 (DSC_7058) Normalized Intensity vs p (DSC_7058)
1.2 1.2 1.2
1 , — 1 1
e 0.8 / e 0.8 // 308 /
So. i 206 : S 06 = _
3o y=0.3978x+0.6474 = Y=-0.515%"+ 1.015x+ 0.4886 = (4 y ==0.5576xIn(x) = 0.6335x
= 0 R?=0.8651 = 04 R = 0.9454 = og I + 0.3665
0.2 =4, 0.2 = 0.2 R2=0.9703
0 0 0
0 02 04 06 08 1 12 0 02 04 06 08 1 12 0 02 04 06 08 1 12

p [ [z
Figure 3. Normalized Intensity vs u by linear law (Left), quadratic law (Center) and logarithmic law (Right) (photo code: DSC_7058).
Data analysis and Conclusion

The analysis of the Sun’s light-intensity profile from photographs using ImageJ and Microsoft Excel shows that
the solar limb darkening coefficients can be obtained from regression-based models. The averaged results indicate that,
for the linear model, the coefficient u is approximately 0.44. For the quadratic model, u; and u, average 0.64 and 0.53,
respectively. For the logarithmic model, us averages 0.69 and u, averages 0.67.

These experimental values may be affected by sources of human error, such as measurement or processing
inaccuracies, limitations in the equipment used, or atmospheric and dust interference.
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Interactive Website for Visualizing Habitability in Exoplanetary Systems
Mr. Krit Promsanuwong (Grade 12)
[Thoengwittayakhom School]
Introduction

The habitable zone (HZ) is a general concept in astronomy, yet most modeling tools remain inaccessible to non-
specialist users. To address this, I've developed Exoplanet Visualizer (exoplanetvisualizer.com), a browser-based
platform that computes HZ boundaries using the Kopparapu et al. (2014) climate model, simulates Keplerian orbital
mechanics, and provides stellar context through a Hertzsprung—Russell (HR) diagram. The application sources data via
the NASA Exoplanet Archive APl and enables exploration of thousands of confirmed exoplanetary systems and interactive
investigation of habitability outcomes, lowering technical barriers for both educational and scientific use.

Methodology Result
Stellar and planetary parameters for thousands of The application generates two-dimensional
systems were retrieved from Christiansen et al. (2025) representations of interactive orbital architectures alongside
NASA Exoplanet Archive via API queries and structured habitable zones (Fig 1) and a Hertzsprung-Russell Diagram
into a unified dataset. Each system includes stellar and (Fig 2). Computed HZ distances align with established
planetary parameters such as stellar luminosity, results under identical stellar inputs, confirming validity.
effective temperature, stellar radius, orbital period, and Users may also input custom stellar and planetary
eccentricity. These parameters are processed and parameters to visualize hypothetical or newly reported
rendered client-side using D3.js systems under the same framework. All outputs are
Habitable zone limits are computed using produced as SVGs
polynomial parameterization from Kopparapu et al. T T — JTRAPPIST-1h
(2014) of the effective stellar flux with coefficients 7 )
provided in Table 1, expressed as 7 e ——
. - —~
Serr = Sesro+aT+bT? +cT3+dT* 5 N
Maximum Runaway Runaway Runaway / 7 /// TR;%ISTJ E\
Coeff. | Greenhouse | Greenhouse | Greenhouse | Greenhouse y = N
0.1 Mg 1 Mg 5 Mg . / Vs // S
Setry_| 0.356 0.99 1107 1.188 - AN
A | 6.171e5 1.209e-4 1.332e-4 1.433e-4 / / / ! ) \
B | 1.698e-9 | 1404e-8 | 1.58e-8 1.707¢-8 / / !l TF‘F'F'F'ST 15 \
C_ | -3.198e-12 | -7418e-12 | -8.308e-12 | -8.968e-12 {_Tn(:ppfamg ) | HABI-ﬂABLE
D |[-5575e-16 | -1.713e-15 | -1.931e-15 | -2.084e-15 | TR'F!F’F’IS 1(Class M
Table 1 Coefficients for Polynomial Fitting | \\ \ \ \ TR'FJF'F'ET e / / f
Where T = T,; — 5780 K denotes the ‘ m\quIST 1r - _TRFHT(EI'/{:I ;
stellar effective temperature offset from solar values \' = Y,
and the coefficients are provided by Kopparapu et al. =
(2014). The corresponding orbital distance for a given . \\ \\ /// Z
) ) == ~
HZ boundary is then derived as \\__\ s )
d= L*/LO
Seff

Figure 1 Orbital Diagram of TRAPPIST-1

The outer HZ boundary, defined by the maximum Hertzsprung-Russell diagrarn - TRAPPIST-1

greenhouse limit, is treated as effectively mass-

independent, while the inner boundary is computed for b . e
planetary masses of 0.1, 1.0, and 5.0 Earth masses to e+5 . K E
reflect differing atmospheric heat retention. w -6
Elliptical orbits are simulated by solving Kepler's e i * La
equation each frame using the Newton—Raphson _ e =— 28
iterative method (converging in 2—4 iterations). The 215'2_ * . _D%
eccentric anomaly is used to obtain the true anomaly, > . g
followed by the instantaneous orbital radius, with g & < <
Cartesian coordinates subsequently derived via 'EMD, i T 5
trigonometric relations. 3 . . 5 B g
e- .

E,—esinsinE, — M .
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1—ecoscos E, '

7
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=]

Te-3- e |

Newton—Raphson Update for Kepler's Equation o . o X
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The site is statically deployed via Vercel and can be Spectral Class & Surface Temperature'fK]
freely accessed by any modern browser at URL Figure 2 Hertzsprung-Russell Diagram with Target Star
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Simulation of Contact Binary Star Systems to Study Light Curve Characteristics
Miss Pawarisa Khantikij (Grade 11), Miss Sisunan Pranimitr (Grade 11)
[Prommanusorn Phetchaburi School, Phetchaburi Province, Thailand]

Abstract

We developed a simulation of contact binary star systems using Python to study their orbital dynamics and
photometric characteristics. The model integrates 4th-order Runge-Kutta (RK4) methods for orbital mechanics and
Eggleton’s equation for Roche lobe geometry. Furthermore, we incorporated physical phenomena—gravity darkening,
reflection effects, and eclipses—to generate synthetic light curves. The results demonstrate that the model successfully
reproduces key features of contact binaries, including Roche lobe overfill and asymmetric light curves due to thermal

interactions.

Research Background

Contact binary systems exhibit complex behaviors due to
mass transfer and tidal distortion. Understanding their light
curves requires modeling not just the geometry but also

thermodynamic effects like gravity darkening and reflection.

This project aims to simulate these systems numerically to
visualize Roche geometry and analyze how physical
parameters influence the observed light variations.

Method

We simulated the binary orbit by solving
Newton’s equations of motion using the RK4 integration
scheme. The Roche potential was calculated to define
stellar surfaces, determining the Roche lobe radius via
Eggleton’s approximation (Eggleton, (2006)). To generate
light curves, we synthesized the flux from the stellar
surfaces considering
1. Stefan—-Boltzmann Law: Calculating the luminosity of
each individual star.
2. Gravity Darkening: Modulating temperature based on
the Mass-Temperature relation.
3. Reflection Effect: Accounting for the mutual irradiation,
where the side of the star facing its companion absorbs
and re-emits radiation, increasing the temperature of the
irradiated hemisphere (Wilson, 1990).
4. Eclipse Mapping: Calculating the projected overlapping
area along the line of sight.
The total flux is then synthesized by integrating these local
effects across the visible stellar disks. This integrated
approach, iterated over a full orbital cycle, produces a
comprehensive light curved model that serves as a
theoretical template for determining physical parameters
such as orbital inclination and mass ratio through
comparison with empirical data.

Results and discussion

Figure 1(a) illustrates the potential contours and
the resulting contact configuration. The simulation confirms
that the synthesized model aligns with the fundamental
characteristics of W Ursae Majoris (W UMa) type contact
binary systems. The synthesized light curve (Figure 1(b))
reveals distinct features corresponding to the physical
model:
(1) Unequal Minima: The difference in the depths of the
primary and secondary eclipses originates from the
temperature gradient and the ratio of the stellar radii
between the components.
(2) Continuous Variation: The curve is rounded due to
continuous variation between eclipses. This is a result of
the non-spherical, "teardrop" shape of the stars (Roche
lobe deformation) combined with the gravity darkening
effect (Lara & Rieutord, 2012).
(3) Asymmetry: The reflection effect causes the
hemisphere facing the more luminous companion to be
internally heated, leading to a non-uniform surface
brightness distribution.
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Figure 1: Simulation results based on initial conditions of
1.0Mgand 1.5M, for the stellar masses, an initial distance
of 3.0R, and an inclination of 90°. (a) Geomelric configuration
including Top-Down View, Orbital Side View, and Roche
Equipotential Contours. (b) Synthetic light curve illustrating
phase-dependent luminosity variations.
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Distance Analysis of Supernova Type Ia SN2024unx
Miss Pinyaphat Rungruang (Grade 10), Miss Prim Krisanamis (Grade 10)
[Varee Chiangmai School, Chiang Mai Province, Thailand]

Abstract
The SN2024unx to determine its distance using the Am;s method and to compare the result with the
distance derived from its redshift. Observational data were obtained using the Thai Robotic Telescope. Images were
captured daily using an R filter. The apparent magnitude was measured from the flux using Astrolmaged, and the
light curve was constructed from daily observations. The absolute magnitude was calculated as -19.037. Applying
the distance modulus formula, the distance to SN2024unx was determined to be 246.831 Mpc.

Introduction

A supernova is a powerful stellar explosion that can occur through different physical mechanisms. One
important class is the Type Ia supernova, which originates from a white dwarf in a binary system. This project
focuses on Type Ia supernovae because they exhibit a well-defined and nearly uniform peak luminosity, making
them highly suitable for calculating cosmic distances. Therefore, they are referred to as “standard candles.”

Methodology

Firstly, Supernova Type Ia SN2024unx were observed using the NARIT Thai Robotic Telescope. The
observational data were obtained from the Sierra Remote Observatory in California, USA, with images captured
continuously daily. Second, the images were analyzed using Astrolmaged to determine the apparent magnitude of
the supernova Type la from The Pogson logarithmic magnitude relation. The apparent magnitude of the SN2024unx,
recorded daily, was plotted as a graph showing the relationship between apparent magnitude and Julian date. Third,
the brightest absolute magnitude was calculated from the peak of this light curve using Phillips relation for Type Ia
supernovae. Next, the distance to the SN2024unx was calculated using the information above, based on Distance
Modulus Equation.

Results and Discussion

The SN2024unx (RA 02:27:55.070, Dec +37:26:51.83) [1] was observed using the Thai Robotic Telescope.
The R filter was used during the imaging process, with an exposure time of 200 seconds (see Figure 1). The collected
images were subsequently analyzed using AstrolmagedJ to determine the apparent magnitude of the supernova.
Figure 2 shows the relationship between the apparent magnitude and Julian date, derived from the measured flux.

The brightest absolute magnitude and apparent magnitude of SN2024unx are -19.037 and 17.925. The
apparent magnitude was taken from the peak of the graph shown in Figure 2 Use the brightest absolute magnitude
and apparent magnitude to calculate the distance of SN2024unx and the distance derived from the redshift value
show in Table 1. From Table 1, the parameters of SN2024unx were obtained from the relationship between apparent
magnitude and Julian date. These parameters were used to calculate the distance to SN2024unx, resulting in a
value of 246.831 Mpec. This distance was then compared to the distance calculated from the redshift value, which
was 192.723 Mpc. From this comparison, the percentage difference was found to be 24.616%.

JD UTC

2 ‘u_;u.sru_' 2460570 2460580 2460590 2460600 Table 1 : showing parameter of SN2024unx
; R Parameter Value
S Apparent magnitude, m 17.925

_‘_.‘"‘ ] Decline rate, Am15 0.650
" Constant a -18.920

4, Constant & 0.260

Maximum Absolute magnitude, Mnax | -19.037
Distance from light curve, d (Mpc) 246.831

y=-0.0002x*+ 1234.2x? - JE+09x + 2E+15 T

iz Redshift, z 0.045
Figure 1: showing SN2024unx  Figure 2: showing the relationship between the apparent | Distance from redshift, dz (Mpc) 192.723
and its reference star. magnitude and Julian date of SN2024unx

Conclusion

The analysis of the light curve of the SN2024unx successfully demonstrated the use of the Am;s method
to estimate its distance. The apparent magnitude at peak brightness was measured to be 17.925, and the brightest
absolute magnitude was calculated to be -19.037 using empirical constants. Applying the distance modulus formula,
the resulting distance was 246.831 Mpc. This value was then compared to the distance derived from the redshift (z
=0.045), which yielded a value of 192.723 Mpc. The percentage difference between the two distance estimations was
found to be 24.616%.
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A comparative study of stellar population in the open clusters of the Auriga constellation
Miss Chayada Kulchanapakorn (Grade 12), Miss Navinda Lertpenmetha (Grade 12)
Miss Mingkamol Waiwattana (Grade 12)
[Engineering Science College, Bangkok, Thailand]

Abstract

The study of open clusters currently plays a
vital role in understanding stellar evolution and the
characteristics of open clusters. The objective of this
study is to compare the evolution and distribution of
various types of stars within the open clusters of the
constellation Auriga. Data was extracted from images
of the clusters M36, M37, and M38 using B and V filters
through the Aperture Photometry Tool software.
Subsequently, Hertzsprung-Russell diagrams and
distribution maps for each stellar type were constructed.
While all three clusters share a similar descending
trend in the proportions of A, F, K, and G-type stars, the
relative abundance of B-type with respect to observed
stars varies on the age of the clusters. This corresponds
with the estimated ages from the turn-off points, which
are 26.6 Myrs (M36), 172.6 Myrs (M38), and 403.4 Myrs
(M37). Regarding stellar distribution, M38 has a lower
population density at its core than M36 and M37, which
may be due to differences in the initial gas clouds,
amount of dark matter, and stellar dynamics across
different evolutionary stages.
Methodology
We collected data by wusing planewave CDK700
telescope and analyzed the data using python. The
detailed methodology was presented below (Shown in
Figl.) based on referenced data. [1],[2],[3],[4],[5]

Obsarvation

collecting data : 0.7-m telescope
usging filterJohnson B,V AFT

Astroimage s e o
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Figl. Show the detailed of method.
Results

&

L=

Number of population (%)
o w3z o & 8B 8
.
-
o
%)
>

onctrsal Type

: I I )
| ™ .
6 B A F G K M

Spectral Type

e o - =]
o (=] o (=]

Number of population (%)

55

o
e

=
e

o
=3

M38

9
e

—
=1

Number of population (%)

(=]

(0] B

A F G
Spectral Type
Fig 2. Bar charts showing proportion of each
spectral type in M36, M37, and M38

K M

We found that M36 turn off point is at absolute
magnitude -2.5 implying its age to be the lowest (26.6
Myrs). The next one is M38 with the turn off point
at absolute magnitude - 0.7, implying its age to be 172.6
Myrs. The oldest one is M37, with the turn off point at —
absolute magnitude 0, implying its age to be 403.4 Myrs.
Discussion

M 36 M 38 M 37

8(°)
&(°)

a(hr) a(hr)

athr)

Fig 3. Stellar distribution map (color are based on

spectrum) of M36, M37 and M38 open clusters
While A, F, K and G-type stars proportions show similar
descending trends across all three clusters, B-type stars
proportions depend on the age of the open cluster, as
shown in Fig 2. G and K-type stars in all three clusters,
and M-type stars in M37, appear off the main sequence.
These are likely giants or subgiants, though the stars
with high absolute magnitude are likely background
stars. However, the discrepancy between A-type stars

age and estimated turn-off point age may stem from
lower flux density in Filter B images compared to data
from other observation days.

Considering the stellar distribution map in two dimensions
(Fig.3), M37 is the densest cluster, followed by M38 and M36.
While M36 and M37 have a high density of stars at the
center, M38 lacks a central peak. This might happen due to
two possible reasons: (i) the formation of M38 from several

density peaks gas clouds, and @) the death of B-type stars in

M38 possibly caused by some processes of the stellar
evolution, leaving an empty space at the center. It might
evolve into a cluster similar to M37 because of mass
segregation. Nonetheless, this needs further studies by using
mathematical models and eliminating background stars.
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The Determination of Open and Globular Clusters Age Using Isochrone and Horizontal Branch Morphology
Mr. Alexandre Fatong Charles Jault (Grade 11)
[Varee Chiangmai School, Chiang Mai Province, Thailand]
Abstract
This project explores methods for determining the age of open clusters M35, M37, M67 and globular clusters M3,
M53. The Isochrone method was the most accurate method to study the age of open clusters, and the Horizontal
Branch Morphology for the globular clusters.

Introduction

Star clusters are groups of hundreds of stars closely
bound together. HR diagrams give information about
the life cycle of stars within a cluster. This project
explores methods for determining the age of open
clusters M35, M37, M67 and globular clusters M3, M53.
Isochrones model stars of the same age and metallicity
which helps study the age of clusters. Horizontal
Branch (HB) Morphology can be used to find the age of
clusters using HB population models.

Methodology

Firstly, take photos of the star clusters with B and V
filters using the 1-meter diameter telescope at the Thai
National Observatory. Secondly, Aperture Photometry
Tool is used to measure the apparent magnitude of each
star and create HR diagrams. Thirdly, find the age of the
clusters using the Isochrone method. Isochrone models
are retrieved from MIST database [1]. Another method is
the HB morphology method. The Horizontal Branch Ratio
(HBR) is calculated and compared with HB population
model.

Results and Discussion
The HR diagrams, as well as the Isochrones for the
open clusters are shown in Figure 1. It was found

Figure 1 : HR diagrams and Isochrones open clusters.
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Figure 2 : HR diagrams and HB population globular clusters.
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that clusters M37 and M67 show clear turnoff points.
Whilst M35 doesn’t show a clear turnoff point the age
can still be determined from the Isochrone. Table 1
shows the age calculated from the Isochrone method
for each open cluster.

Table 1 : Age of open clusters.

Cluster | Age(yrs) | Ref. Age (yrs) | Error %
M35 100-200 M 110-150 M 15.38%
M37 400-550 M 420-520 M 1.06%
Me67 4-56 G 3.5-4 G 28.00%

The HR diagrams of the globular clusters are shown
in Table 3. The HR Diagrams don’t show clear
turnoff points; therefore, Isochrones can’t be used to
determine the age. So, the HB morphology method is
used to study the age of globular clusters, since the
Horizontal Branch is clearly shown in the HR
Diagrams. To study the HBR of clusters, blue, red
and RR Lyrae type stars must be studied highlighted
in Figure 2. Table 2 shows the age calculated from

the HB morphology method.
Table 2 : Age of globular clusters.

Cluster | HBR | Age (Gyrs) | Ref. Age (Gyrs) | Error %
M3 -0.36 10.6 11.4 7.02%
M53 0.73 11 12.5 12.00%

Conclusion

From the study of HR diagrams of open clusters
M35, M37, M67 and globular clusters M3, M53. It
was found that the age of open clusters can be
accurately calculated using the Isochrone method.
Whilst for globular clusters, it was found that the HB
Morphology method was the most accurate for
studying the age of globular clusters.
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Dark Matter Distribution and Its Impact on Galaxy Cluster Properties: A Weak Lensing Approach
Mr. Ekkawee Tangsailertkul (Grade 12), Mr. Suphakon Khamfuea (Grade 12)
[Kamnoetvidya Science Academy, Rayong Province, Thailand]

Introduction

This research focuses on studying the relationships between dark matter distributions and its relationship with
physical properties of galaxy clusters, including redshift z luminosity distance 2., and stellar luminosity enclosed within
the core. The dark matter distributions were reconstructed through a combination of weak lensing analysis, gas mass beta
modelling, and mass-to-light ratio stellar mass reconstruction. These distributions were parameterized using 5 selected
dark matter models, from which the best-fitting model was chosen for further analysis. This study has analyzed 56 clusters,
spanning a redshift range of 0.2 to 1.3; However, 6 clusters need to be excluded due to the single-cored assumption of
the models.

Method and Result

1. The data of galaxy clusters were obtained from the SUBARU telescope [1], NASA source catalogs [2], XMM-
Newton [3]. The total mass distribution was constructed using weak lensing analysis, the stellar mass distribution was
derived using the mass-to-light ratio method, and the gas mass distribution was modeled using beta-modeling technique.

2. The dark matter distribution was then obtained by subtracting the stellar and gas mass components from the
total mass distribution. The dark matter distribution was then parameterized using 5 selected dark matter models, and the
best-fitting model, as determined by the R? criterion, was chosen for further statistical and data analysis. These processes
were carried out using custom Python codes developed by the authors together with the XMM-Newton SAS software [4].
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3. The results showed that the beta model provided the best fit (Figure 1a), and the data and statistical analysis
of the relationships between the beta-model parameters and the physical properties of the galaxy clusters are presented
in Figure 1. (b, ¢, and d)

Data analysis and Conclusion
The results (as shown in Figure 2) show that the beta-model parameters, the core radius r, and the slope

parameter ,[)) are strongly correlated, with clear linear statistical evidence, thereby reducing the degeneracy of the model.
Furthermore, a strong exponential correlation is observed between r, and redshift plus one z + 1. This suggests that more
distant (or younger) galaxy clusters exhibit more diffuse dark matter distributions compared to nearer (or older) clusters,
reflecting the evolutionary behavior of dark matter within galaxy clusters. In addition, the analysis indicates a lower limit
for the core radius, with the minimum 7, value of approximately 35 kpc. Based on these two relationships, the traditional

815, ~(0.0154(z+1)°+0.40)
(z+1)w)

number of free parameters from three to two. This modification allows the use of redshift alone to estimate the dark matter
distribution shape directly, avoiding the need for a complex analysis pipeline. Finally, a positive quadratic relationship is
found between the stellar luminosity enclosed within .. and the core radius 7, reflecting galaxy cluster evolution: younger
clusters tend to be more dynamically active and exhibit stronger baryonic feedback than older clusters. Moreover, this
result is consistent with the cosmological principle of large-scale homogeneity.

beta model can be modified into a redshift-based beta model p(r) = (1 + , reducing the
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