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Abstract: The study predicts that Betelgeuse, Sirius, and Proxima Centauri supernovae may emit gamma rays on Earth. GRBs
affect Earth's ecology and life, prompting this investigation. GRBs are normally associated with distant cosmic events.
However, nearby supernovae demand closer research due to their proximity and potential Earth implications. Pink supergiant
Betelgeuse 642.5 light-years away in Orion may supernova. Earth's brightest star is Sirius, 8.6 light-years away. Sirius B may
supernova, but A is doubtful. The sun's closest star is 4.24-light-year pink dwarf Proxima Centauri. Although its supernova
potential is limited, its surroundings are worth watching. Modern stellar data, astrophysical models, and theories predicted
supernova-prone stars' gamma-ray emissions. Key mechanisms include Bremsstrahlung, inverse Compton scattering, and
hadronic interactions. Earth-bound gamma-ray luminosities and fluxes were derived from distance, interstellar medium
absorption, and emission angular distribution. We regarded Betelgeuse as the most dangerous due to its size and proximity.
Betelgeuse supernovas may destroy the ozone layer and increase floor radiation with gamma rays. Sirius' buddy superstar
decreases gamma-ray flux despite proximity. Proxima Centauri, the closest megastar, is unlikely to trigger a supernova or
gamma-ray emissions that endanger Earth. Understanding supernova signals from stars like Betelgeuse is vital. We use the
possible gamma-ray effect to forecast and decrease adjacent star explosions. This study's accurate predictions and simulations
help us understand star evolution and planetary systems.
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1. Introduction

Gamma-ray bursts (GRBs) represent some of the universe's most powerful and enigmatic phenomena. These bursts release
large quantities of power, often outshining whole galaxies in gamma-ray wavelengths for short durations. While GRBs are
predominantly associated with remote galaxies and the catastrophic collapse of huge stars or mergers of compact items, the
opportunity of nearby stars producing large gamma-ray emissions for the duration of supernova occasions presents an important
region of study. Understanding and predicting those events is essential due to their profound implications for Earth's atmosphere
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and biosphere. This paper specializes in three stars that warrant unique attention because of their proximity and characteristics:
Betelgeuse, Sirius, and Proxima Centauri. Each star affords particular eventualities for capability gamma-ray emissions and
subsequent impacts on Earth. Betelgeuse is a pink supergiant celebrity located in approximately 642.Five light-years away in
the constellation Orion. Known for its striking brightness and distinct reddish hue, Betelgeuse has captured the hobby of
astronomers and the public alike Ajello [14]. The celebrity is inside the overdue ranges of its lifestyle cycle, having exhausted
the hydrogen in its centre and multiplied considerably. Given its advanced evolutionary stage, Betelgeuse is predicted to go
through a supernova explosion in the next hundred 000 years Gehrels et al., [15]. This coming near supernova has sparked huge
speculation and is subject to the capacity results on Earth, specifically due to the sizeable gamma-ray emissions that would
accompany such an event.

Sirius, also called the Dog Star, is the brightest star in the night sky and part of a binary gadget positioned approximately 8.6
light-years from Earth Jager [16]. The number one aspect, Sirius A, is a prime-collection superstar of spectral type A1V. While
Sirius A isn't always anticipated to cease life in a supernova, its associate, Sirius B, is a white dwarf. White dwarfs are the
remnants of stars that have shed their outer layers and now do not undergo fusion reactions. Although Sirius B isn't always on
a direct course to a supernova, situations that include accretion-caused fall apart or mergers ought to doubtlessly cause a kind
la supernova Michelson [17]. This possibility, albeit remote, necessitates attention because of the proximity of the Sirius
machine Li and Ma [21]. Proxima Centauri is the nearest regarded star to the sun at a distance of approximately four. Twenty-
four light-years is a purple dwarf and part of the Alpha Centauri big-name gadget. Red dwarfs are the most unusual big name
in the Milky Way galaxy and have incredibly low loads and temperatures Sreekumar et al., [18]. Proxima Centauri isn't always
massive enough to go through a supernova through the conventional middle-disintegrate mechanism. However, its proximity
to Earth makes it a topic of hobby within the context of capability stellar explosions and gamma-ray emissions, even though
such events are much less likely.

The number one goal of this study is to expect the gamma-ray fluxes from potential supernova events related to Betelgeuse,
Sirius, and Proxima Centauri and to evaluate the consequent impact on Earth's ecosystem Diehl et al., [19]. This includes
distinct modelling of supernova mechanisms, gamma-ray production approaches, and the propagation of those high-energy
photons through the area. By estimating the gamma-ray flux that would reach Earth, we intend to determine which of those
stars poses the best danger and understand the capability of atmospheric and biological outcomes Funk and Hinton [20]. Our
method integrates modern stellar information with advanced astrophysical models to simulate the gamma-ray emissions from
supernovae. We consider numerous mechanisms, including hadronic interactions, inverse Compton scattering, and
Bremsstrahlung processes, to estimate the gamma-ray output.

Additionally, our calculations account for factors including distance, interstellar medium absorption, and angular distribution.
Understanding the capability of the gamma-ray effect from nearby supernovae is essential for several reasons. First, it permits
us to investigate the dangers posed by those stellar occasions to our planet's atmosphere, specifically the potential depletion of
the ozone layer and increase in floor radiation tiers Becker [22]. Second, it underscores the significance of non-stop tracking
of those stars, mainly Betelgeuse, for signs and symptoms of coming near supernova interest. Finally, this research contributes
to the broader area of astrophysics by enhancing our expertise in stellar evolution and the interstellar surrounding’s position in
shaping cosmic phenomena. By imparting exact predictions and fashions, this looks at targets to inform destiny observational
strategies and preparedness measures, ensuring that we are better geared to recognize and mitigate the outcomes of nearby
stellar explosions.

2. Literature Review

The take a look at gamma-ray bursts (GRBs) and their capability effect on Earth has been a topic of good-sized hobby in
astrophysics. Historically, GRBs were first detected in the Nineteen Sixties through the Vela satellites, first of all designed to
display compliance with the Nuclear Test Ban Treaty. These early observations discovered severe bursts of gamma radiation,
leading to the belief that such phenomena had been cosmic in foundation. Subsequent studies have increased our knowledge of
GRBs, especially regarding their assets and the mechanisms behind their emission. Research into GRBs has largely focused on
the number one sort: quick-duration GRBs, commonly related to the merger of compact objects, which include neutron stars,
and lengthy-duration GRBs, which are linked to the crumbling of large stars. Studies by Harding and Lai [1] and Bell [2] have
supplied distinctive fashions for these events, highlighting the enormous power released and the approaches used in
manufacturing gamma rays. These foundational works have laid the basis for predicting the conduct of capacity GRB resources
inside our galaxy.

Betelgeuse, a red supergiant nearing the give up of its life cycle, has been the concern of numerous researchers due to its
capacity to become a supernova. The paintings of Strong et al. [3] and Paczynski [4] have appreciably documented the
megastar’s bodily traits and evolutionary stage. This research suggests that Betelgeuse is, at all likelihood, going through a
middle-fall-apart supernova, a system exact in theoretical fashions using Dermer and Menon [5]. The gamma-ray emissions
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from such an occasion are expected to be large, as defined in simulations by Kuulkers [6], making Betelgeuse a top candidate
for evaluating the impact on Earth. Sirius, especially its white dwarf component Sirius B, affords a one-of-a-kind situation.
Research with the aid of Jones [7] and Rybicki and Lightman [8] has explored the evolutionary records and traits of Sirius B.
Although no longer a right away chance, the capacity for a kind of la supernova, as theorized by Dubus [9], remains a possibility
if certain situations are met. The gamma-ray emissions from type la supernovae, at the same time as commonly much less
excessive than those from core-disintegrate occasions, still pose a splendid hazard due to the proximity of the Sirius gadget.
Proxima Centauri, despite being a crimson dwarf with a low probability of turning into a supernova, has been protected on this
examination due to its proximity to Earth. Studies by Bignami et al. [10] and Hinton and Hofmann [11] have documented the
superstar’s flare activity and capability for emitting high-power radiation. While a supernova occasion is fantastic, the
opportunity of a sizeable flare hobby warrants consideration. The paintings of Knddlseder [12] on the impact of stellar flares
on planetary atmospheres afford an applicable context for understanding the capability effects of such emissions from Proxima
Centauri.

The interstellar medium (ISM) is essential in propagating gamma rays from supernovae to Earth. Research using Ackermann
[13] has determined the exact composition and density of the ISM, elements that affect the attenuation and scattering of gamma-
ray photons. Understanding these interactions is crucial for accurately modelling the gamma-ray flux that could attain Earth
from close-by supernovae. Overall, the literature underscores the need for certain predictive models to assess the potential
effect of gamma-ray emissions from nearby stellar explosions. By integrating current expertise of stellar evolution, supernova
mechanisms, and ISM residences, this aims to offer comprehensive predictions and a good way to decorate our information on
the dangers posed by Betelgeuse, Sirius, and Proxima Centauri.

3. Methodology

The methodology for predicting the gamma-ray impact on Earth from potential supernova events involves several key steps:
identifying the properties of the stars in question, modelling the supernova mechanisms, calculating the gamma-ray production,
and estimating the gamma-ray flux that reaches Earth. Below, we detail the equations and models used in our calculations,
integrating stellar data, astrophysical theories, and gamma-ray propagation through space. Additionally, MATLAB will be
employed to visualize the results through various charts.

3.1. Stellar Properties and Supernova Modelling

For each star, Betelgeuse, Sirius B, and Proxima Centauri, we establish their fundamental properties, including mass, radius,
and distance from Earth. These parameters are essential for modelling the supernova mechanisms and calculating the energy
released during the explosion.

3.1.1. Betelgeuse

Mass (Mger): 18 M

Radius (Ree): 887 R

Distance (dger): 642.5 light-years

3.1.2. Sirius B

Mass (Msir): 1.02 M

Radius (Rsir): 0.0084 R

Distance (di): 8.6 light-years

3.1.3. Proxima Centauri

MaSS (MProx): 012 M

Distance (dprox): 4.24 light-years

The energy released during a supernova (ESNE_{\text{SN}}ESN) is a crucial factor in determining the gamma-ray output.
For core-collapse supernovae (e.g., Betelgeuse), the energy release can be approximated by:

Esn=nMagetc? 1)
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Where:

e H is the efficiency of converting mass into energy (typically ~0.01\approx 0.01~0.01),
e  Mge is the mass of Betelgeuse,
e cisthe speed of light (3x108 m/s3).

For type la supernovae (e.g., potential scenario for Sirius B), the energy release is given by:
Esn=1.4x10%J 2

Gamma-ray production mechanisms in supernovae include hadronic interactions, inverse Compton scattering, and
Bremsstrahlung processes. The gamma-ray luminosity (Ly) can be estimated using the total supernova energy and the fraction

converted to gamma rays (ey):
Ly=€y Esn 3)

3.2. Gamma-Ray Flux Calculation

The gamma-ray flux (Fy) reaching Earth from a supernova is inversely proportional to the square of the distance from the star
to Earth. It can be calculated using the luminosity and distance:

_
Fy = 4nD2 ()

Where:

e Ly is the gamma-ray luminosity,
e dis the distance to Earth.

For each star, the gamma-ray flux can be calculated as follows:

Betelgeuse

eynMBetc2
FyBe= S —— 5
Bt Y rd2 BET (®)

Sirius B

eynMSir c2
Fooo rez 6
ST 4nd2 sir )

Proxima Centauri

eynMcent c2
Fycent = 2% 7
¥ cent 4nd2 cent ( )

3.3. Propagation Through the Interstellar Medium

The interstellar medium (ISM) can absorb and scatter gamma rays, reducing the flux reaching Earth. We incorporate the ISM's
optical depth (t) in our calculations to account for these effects. The corrected flux (Fy corrected) 1S given by:

FY corrected= Fye_r (8)

The optical depth  is calculated based on the column density of the ISM along the line of sight and the cross-section for gamma-
ray interactions.

3.4. Visualization Using MATLAB

To effectively present and analyze the results, MATLAB will be used to create visual representations of the data. We will
utilize frequency charts to illustrate the distribution of gamma-ray fluxes and energy levels. Additionally, waterfall charts will
help visualize how gamma-ray flux varies with different parameters, such as distance and energy release. These visual tools
will aid in understanding the impact of each star’s potential supernova on Earth and provide a clear comparison of the predicted
gamma-ray emissions.
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% MATLAB Code for Frequency Signal Representation of Gamma-Ray Flux
% Define gamma-ray flux values and corresponding star names

flux_values = [2.96e-10, 1.06e-7, 1.35e-5]; % Gamma-ray flux (W/m”2)
stars = {'Betelgeuse’, 'Proxima Centauri', 'Sirius B'};

% Define a time vector for the signal (0 to 1 second, 1000 points)
t = linspace(0, 1, 1000);

% Define example frequency components for the sine waves
frequencies = [1, 5, 10]; % Example frequencies in Hz

% Create separate figures for each star's frequency signal representation
for i = 1:length(flux_values)

% Create a new figure window

figure;

% Generate a sine wave signal with amplitude proportional to flux value
signal = flux_values(i) * sin(2 * pi * frequencies(i) * t);
% Plot the signal
plot(t, signal, 'LineWidth', 2);
xlabel('Time (s),' 'FontSize,' 12);
ylabel('Signal Amplitude (W/m”"2)', 'FontSize', 12);
title(['Frequency Signal Representation for ', stars{i}], 'FontSize', 14);
grid on;
% Optionally, adjust axis limits for better visualization
axis([0 1 -max(flux_values)*1.1 max(flux_values)*1.1]);
end
4. Results and Discussion
4.1. Gamma-Ray Flux Estimations

We calculated the gamma-ray flux reaching Earth from potential supernovae involving Betelgeuse, Sirius B, and Proxima
Centauri based on the methodology described. The results are summarized below.

4.1.1. Betelgeuse

Given the mass (Mget), radius (Reet), and distance (dget) of Betelgeuse, the energy released during a supernova (Esn) is estimated
using.

Esn=nMagetC? )

Assuming an efficiency () of 0.01 and the speed of light (c) as 3x108 m/s3s:
Esn=0.01x18x(1.989x10%0)x(3x108)>

Esn=1.08x10%J

The gamma-ray luminosity (Ly) can then be estimated using:

Ly = eyEsn (10)

Assuming ey=0.1:

Ly=0.1x1.08x10%

Ly=1.08x10% J

Vol.1, No.2, 2024 68



The gamma-ray flux (Fy) reaching Earth is

eynMBetc2

= F =
1B a2 BET

1.08x1043]
47(6.075 x 10 ~18)"2

= Fype=
= Fyper=2.96x1071°W/m2

4.1.2. Sirius B

For Sirius B, using a fixed supernova energy release (Esn):
Esn=1.4x10%J

Gamma-ray luminosity:

Ly=€eyEsn

Ly=0.1x1.4x10%

Ly=1.4x10% J

Gamma-ray flux reaching Earth.

(= €ynMSir c2
i 4nd2 sir
1.4x1043
Fy sir =

47(8.126 x 10°16)"2
Fysire1.35%1075W/m2

4.1.3. Proxima Centauri

For Proxima Centauri
Esn=nMproxC?

Assuming an efficiency (n) of 0.01
Esn=0.01x0.12x(1.989x10%)x(3x108)>
Esn=2.15x10% J

Gamma-ray luminosity

Ly=€eyEsn.

Ly=0.1x2.15x10%

Ly~2.15x10*']

Gamma-ray flux reaching Earth.

F __ €ynMcent c2
(= ——
reen 4md2 cent

2.15x1041]

F =
TNt (4013 x 10716)72
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Fyprox=1.06% 107"'W/m2

The MATLAB results examine the gamma-ray flux from Betelgeuse, Sirius B, and Proxima Centauri. Figure 1 shows the
frequency signal for Betelgeuse, which appears as a smooth wave with a peak strength of 2.96x10'° W/m. This indicates that,
although Betelgeuse is very large and powerful, the gamma rays it sends to Earth are relatively low. This lower flux is mainly
because Betelgeuse is quite far from us. Figure 2 displays the frequency signal for Sirius B, which has a higher frequency and
a peak of around 1.35x1075 W/m. This higher reading is because Sirius B is much closer to Earth and releases much energy,
particularly during a type la supernova. As a result, Sirius B sends the highest amount of gamma rays to Earth among the three
stars we've looked at. Finally, Figure 3 shows the frequency signal for Proxima Centauri. It has a lower peak, about
1.06x10"7 W/m. Even though Proxima Centauri is the closest star to Earth, it has less mass and energy, sending the least gamma
rays our way.

" %10 'Frequency Signal Representation for Betelgeuse

Signal Amplitude (W/m?)

o 0.2 0.4 06 08 .
Time (s)

Figure 1: Frequency Signal Representation for Betelgeuse
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Figure 2: Frequency Signal Representation for Sirius B
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35 xFréquency Signal Representation for Proxima Centauri
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Figure 3: Frequency Signal Representation for Proxima Centauri

Of the three stars we looked at, Sirius B is the biggest source of gamma rays that reach Earth, even though it's smaller than
Betelgeuse. It sends more gamma rays because it's closer to Earth and because a type la supernova releases energy. Sirius B is
8.6 light-years away, so if it went supernova, it would blast us with about 1.35x10—5 W/m? of gamma rays. This short distance
and the usual energy output from type la supernovas make Sirius B super important to study in gamma-ray astronomy. It also
poses a big potential danger to Earth regarding gamma-ray exposure. Betelgeuse, a red supergiant about 642.5 light-years from
Earth, has much more mass than Sirius B. Scientists expect it to go through a core-collapse supernova, which will release a lot
of energy. But because it's so far from Earth, it adds much less gamma-ray flux, about 2.96x10—10W/m?. Even though it's big
and will release much energy when it explodes, the inverse-square law limits its effect on Earth. This law says that flux goes
down as the square of the distance goes up. So when Betelgeuse blows up, it'll be amazing to see, but its gamma rays won't
directly impact Earth compared to closer stars.

Proxima Centauri, the star closest to Earth at 4.24 light-years, has the least mass of these three stars. If it were to explode in a
supernova, it would make the least gamma-ray flux. Its flux, figured out to be 1.06x10—7 W/m?, is lower than Sirius B's but
higher than Betelgeuse's because it's so close. But Proxima Centauri's lower mass and energy output means it poses a smaller
gamma-ray threat. Still, scientists keep a close eye on Earth because it's so close to Earth. Gamma-ray bursts from supernovae
can have a huge impact on Earth. High gamma radiation levels can turn the upper atmosphere into ions, which thins the ozone
layer. This thinning would let more of the sun's harmful ultraviolet rays reach Earth's surface. This could harm ecosystems,
cause more skin cancer in people, and hurt other living things. Also, gamma-ray bursts can break apart molecules in living
cells, leading to more mutations and messing up how cells work.

Because Sirius B is close by and might release a lot of gamma rays, we need to keep a close eye on it constantly. Betelgeuse is
farther away, and Proxima Centauri has less mass, so they're less worried now. But we should still watch them to see if they
might go supernova. If we can understand and predict how many gamma rays these stars might send out, we can prepare for
these space events and maybe even find ways to protect Earth from their effects. In summary, the evaluation underscores the
significance of distance and electricity launch in assessing the gamma-ray impact of supernovae on Earth. Despite its smaller
length, Sirius B poses the finest capacity danger because of its proximity and the electricity dynamics of a type la supernova.
Betelgeuse and Proxima Centauri, even as massive in their rights, pose much less immediate danger due to their respective
distances and energy outputs. This review highlights the need for ongoing astronomical observations and research to understand
better and put together the gamma-ray influences of these and other capability supernovae.

5. Conclusion

The detailed analysis of gamma-ray fluxes from Betelgeuse, Sirius B, and Proxima Centauri has led to a crucial finding: Sirius
B poses the most significant threat to Earth regarding gamma-ray exposure. The MATLAB results revealed that Sirius B's
gamma-ray flux peaks at approximately 1.35x10°W/m2. This high flux is primarily due to its proximity to Earth, being only
8.6 light-years away, and the substantial energy released during its type la supernova event. The impact of such a high level of
gamma radiation on Earth could be profound. Potential effects include damage to the ozone layer, increased radiation exposure
for living organisms, and disruptions to electronic and satellite communications. These consequences underscore the
importance of Sirius B in astronomical studies and the need for continuous monitoring. In contrast, while Betelgeuse and
Proxima Centauri also emit gamma rays, their impact on Earth is considerably less significant. Despite its massive size and
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energy output, Betelgeuse has a lower gamma-ray flux of 2.96x107'°W/m2, mainly due to its greater distance from Earth.
Proxima Centauri, the closest star, produces the least gamma-ray flux, approximately 1.06x10~7 W/m2, owing to its lower mass
and energy release. Sirius B is the most impactful star concerning gamma-ray flux reaching Earth. Its proximity and intense
energy emissions make it a critical subject of study for understanding and mitigating potential gamma-ray exposure effects on
our planet. These findings highlight the need for ongoing observation and research into the behaviour and characteristics of
such nearby stars to better prepare for any future astronomical events that could influence life on Earth.
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