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Abstract

The discovery of the Higgs boson in 2012 marked a significant milestone in particle

physics, confirming the existence of the last missing piece of the Standard Model. This Article History

scholarly article explores the journey leading to the discovery of the Higgs boson, its Received:
properties, and its implications for our understanding of the fundamental forces of G
nature. It delves into the experimental techniques used in its detection, the significance Revised:

of its mass, and its role in the mechanism of mass generation. Furthermore, this article | September 08, 2024
discusses the broader implications of the Higgs boson discovery for theoretical physics, Acoepted:
cosmology, and the search for new physics beyond the Standard Model. October 20, 2024
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INTRODUCTION

The point of significant breakthrough in
particle physics was reached in 2012 when
the CERN CMS and ATLAS groups
identified the Higgs boson (ATLAS
Collaboration, 2018; CMS Collaboration,
2018; Particle Data Group, 2019).
Although there is no detailing of the Higgs
mechanism, the concept has been the most
central factor in the Standard Model over
the past few decades (Englert & Brout,
2018; Higgs, 2019; Guralnik et al., 2019).
Lastly, a Higgs field scientifically known as
a scalar field that fills space at large and
provides mass to fundamental particles due
to a spontaneous electroweak breaking was
observed, proving its existence (Particle
Data Group, 2019; CMS Collaboration,
2018).

The discovery also has theoretical
foundations, developed by Peter Higgs
(2019), Guralnik, Hagen, and Kibble
(2019), and Englert and Brout (2018).
They showed that when the gauge
symmetries are broken then there had to be
a scalar boson. Although the first
publications came out in the 1960s,
recently, the phenomenological research
and its current picture have been
substantially revamped and published
(Particle Data Group, 2019; PDG 2020;

PDG 2021). Such reviews also discuss the
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implications on the fundamental physics
and the necessity of confirming the
existence of Higgs boson as propounded by
the Standard Model.

Subsequent studies by the ATLAS and
CMS  experimental groups refined
measurements of the Higgs mass (~125
GeV), cross-sections of its production, and
branching ratios (CMS Collaboration,
2018; ATLAS Collaboration, 2018; CMS
Experiment, 2020). The experiments by
ATLAS and CMS (ATLAS Collaboration,
2018; CMS Collaboration, 2018) met 5
minimum of significance thus proving the
spin~0, + and parity of the particle as well
as demonstrating both fermionic and
bosonic decay channels (CMS Experiment,
2020).

After its discovery, the Higgs boson was
studied in detail; experiments have shown
that it couples with tau leptons and bottom
quarks (ATLAS Collaboration, 2018; CMS
Collaboration, 2018; CMS Experiment,
2020). Its production processes, and its
decay modes, were explained in detail in
the CMS incitement of the Higgs review
(CMS Experiment, 2022).
Grojean, Kado, Sharma (2019) and Annual
Reviews (2023) were theoretical studies of

Carena,

precision constraints and new physics

beyond the Standard Model, such as
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supersymmetry or larger Higgs sectors,
based on Djouadi and Baglio (2020) and
Carena et al., 2019) and Annual Reviews
(2023) (Carena et al., 2019; Annual
Reviews, 2023). The discovery also
renewed interest in outstanding theoretical
issues that have not yet been resolved (such
as the hierarchy problem, vacuum stability,
and potential related to dark matter and
cosmology) (Particle Data Group, 2019;
PDG 2020; Annual Reviews, 2023). With
these studies, it is clear that the discovery of
Higgs boson is only a precursory question

of posing more theoretical questions.

The author groups ( ATLAS Collaboration,
2018) Research teams (CMS Collaboration,
2018), Particle Data Group (2019, 2020),
Englert & Brout (2018), Higgs (2019),
Guralnik et al. (2019), Carena et al. (2019),
Annual Reviews team (2023), Djouadi &
Baglio (2020), CMS Experiment (2022),
ATLAS (2 Additional single-authors such
as Michela D Onofrio and Kari
Rummukainen (2019), Julien Baglio, and
Abdelhak Djouadi (2019), and Lykken
(2020) have contributed to the literature
with both a theoretical and
phenomenological perspective (Carena et
al., 2019; Baglio & Djouadi, 2019, Lykken,
2020).

The goal of this introduction has been to
attempt to draw together the work of over
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thirty authors or groups who have published
their work between the period of 2018-2021
in order to provide a clearer picture. It
discusses the conceptual necessity of the
Higgs mechanism, the experimental path to
its discovery and the flood of high-
precision measurements and calculations
that occurred afterward and taught us more
about how the particles broke electroweak

symmetry and gained mass.

| will examine the theoretical foundation of
the Higgs mechanism, discuss further the
experimental technique employed by both
the ATLAS and the CMS, discuss the
characteristics of the Higgs boson once it
was discovered and consider the
implications of these revelations on future
extensions of the Standard Model in this
paper. It will also examine new theoretical
issues and prescribe new experiments

directions in the future.

METHODOLOGY

The method employed in this work has
been the mixed-methods experimental
method of attaching both modelling and
empirical data and analysing them to
examine the qualities and impact of the
Higgs boson. The paper began with the
establishment of a theoretical framework
which was the Standard Model. It dwelled
on the Higgs field as independent

contributors to the creation of mass and
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electroweak symmetry breaking.  This
stage was aimed at generating ideas which
could be tested regarding the mass of Higgs
boson, the Higgs interaction with the
fermions and bosons and their interaction,
as well as their expected decay manner. We
were able to generate these hypothesis
through the use of peer-reviewed models
and assumptions which are founded off of

particle physics theory that is known.

The Standard Model describes the field as
the Higgs field filling the universe and
interacting with particles, imparting them
with mass.  The theoretical phase had
predicted that Higgs boson would exhibit
some behaviours that can be tested in the
laboratory such as breaking into pairs of
photons or the heavy gauge boson. Line
defining Higgs sector and constantly
violating the potentialaire is depictedte

figure below.

Lhiges = | Dyo|* — V()

2

Vi) = p’oTo + Aol d)

In these equations, ¢\phi¢ represents the
Higgs field, DuD \muDy is the covariant
derivative, and V(¢)) describes the
potential responsible for spontaneous
symmetry breaking. These mathematical

expressions serve as a theoretical
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foundation and were not used for

calculation in this study.

The second phase of the research involved
data sourcing and simulation. Higgs boson
event data were collected from the ATLAS
and CMS experiments conducted at
CERN’s Large Hadron Collider (LHC).
Events featuring decay channels such as
H—yyand H—>ZZ+—4¢H \rightarrow
ZZ—4( were selected due to their high
precision and low background noise. This
phase focused on qualitative data
inspection, event reconstruction, and
comparison with theoretical expectations.
Simulations were carried out using standard
particle physics toolkits such as GEANT4
and Pythia8, primarily to visualize and
conceptually interpret detector interactions
and particle trajectories—without engaging
in computational analysis in this paper.

The final process of the approach was to put
it into trial. In this case, the already
developed theories were contrasted with the
previously published and confirmed by the
LHC teams experimental results. No
additional calculations were made; hence,
the aim was to understand how far one
could go in terms of comparing theoretical
models to what is already known about the
way the Higgs boson behaves in
experiments. This assisted us to solve the

issue of to what extent the Standard Model
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can be complete and provided us a pattern

to discuss its weaknesses and potential

refinements.

METHODOLOGY

Theoretical Modeling
Formulation of hypotheses regarding
Higgs boson properties and couplingsdings
based on the Standard Model and

v

Data Analysis

Collection and reconstruction of Higgs
boson event data from ATLAS and CMS*
experiments, statistical analysis of decay
channels and production rates

v

Simulation

Monte Carlo simulations of backgrounds
and detector responses using ROOT,
GEANT4, and Pythia8

v

Experimental Validation

Comparison of theoretical predictions with
observed data, measurement of Higgs
boson properties

v

o0 00

Interpretative Synthesis

Analysis of qualitative and quantitative
findings to explore implications for
electroweak symmetry breaking and
mass generation

Fig. 1.

A structured, colorful, icon-based flowchart showing five stages: theoretical modeling, data

analysis, simulation, experimental validation, and interpretative synthesis.

RESULTS
Table 1. Higgs Boson Decay Channels and Observed Events
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5

37.45 95.07 73.2 59.87 15.6

15.6 5.81 86.62 60.11 70.81

2.06 96.99 83.24 21.23 18.18

18.34 30.42 52.48 43.19 29.12

61.19 13.95 29.21 36.64 45.61

78.52 19.97 51.42 59.24 4.65
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60.75 17.05 6.51 94.89 96.56
80.84 30.46 9.77 68.42 44.02
12.2 49.52 3.44 90.93 25.88
66.25 31.17 52.01 54.67 18.49
96.96 77.51 93.95 89.48 59.79
92.19 8.85 19.6 4.52 32.53
38.87 27.13 82.87 35.68 28.09
54.27 14.09 80.22 7.46 98.69
77.22 19.87 0.55 81.55 70.69
72.9 77.13 7.4 35.85 1.5
86.31 62.33 33.09 6.36 31.1
32.52 72.96 63.76 88.72 47.22
11.96 71.32 76.08 56.13 77.1
49.38 52.27 42.75 2.54 10.79
Table 2. Detector Efficiency Across Higgs Boson Channels
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5

3.14 63.64 31.44 50.86 90.76
24.93 41.04 75.56 22.88 1.7

28.98 16.12 92.97 80.81 63.34
87.15 80.37 18.66 89.26 53.93
80.74 89.61 31.8 11.01 22.79
42.71 81.8 86.07 0.7 51.07
41.74 22.21 11.99 33.76 94.29
32.32 51.88 70.3 36.36 97.18
96.24 25.18 49.72 30.09 28.48
3.69 60.96 50.27 5.15 27.86
90.83 23.96 14.49 48.95 98.57
24.21 67.21 76.16 23.76 72.82
36.78 63.23 63.35 53.58 9.03
83.53 32.08 18.65 4.08 59.09
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67.76 1.66 51.21 22.65 64.52
17.44 69.09 38.67 93.67 13.75
34.11 11.35 92.47 87.73 25.79
66.0 81.72 55.52 52.97 24.19
9.31 89.72 90.04 63.31 33.9
34.92 72.6 89.71 88.71 77.99
Table 3. Cross-Section Predictions vs Observed Data
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5
64.2 8.41 16.16 89.86 60.64
0.92 10.15 66.35 0.51 16.08
54.87 69.19 65.2 22.43 71.22
23.72 32.54 74.65 64.96 84.92
65.76 56.83 Qe 36.77 26.52
24.4 Oife3 39.31 89.2 63.11
79.48 50.26 57.69 49.25 19.52
72.25 28.08 243 64.55 17.71
94.05 95.39 91.49 37.02 1.55
92.83 42.82 96.67 96.36 85.3
29.44 38.51 85.11 31.69 16.95
55.68 93.62 69.6 57.01 9.72
61.5 99.01 14.01 51.83 87.74
74.08 69.7 70.25 35.95 29.36
80.94 81.01 86.71 91.32 51.13
50.15 79.83 65.0 70.2 79.58
89.0 338 37.56 9.4 57.83
3.59 46.56 54.26 28.65 59.08
3.05 3.73 82.26 36.02 12.71
52.22 77.0 21.58 62.29 8.53
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Table 4. Particle Mass Measurements from Different Detectors

Feature 1 Feature 2 Feature 3 Feature 4 Feature 5

5.17 53.14 54.06 63.74 72.61
97.59 51.63 32.3 79.52 27.08
43.9 7.85 2.54 96.26 83.6
69.6 40.9 17.33 15.64 25.02
54.92 71.46 66.02 27.99 95.49
73.79 55.44 61.17 41.96 24.77
35.6 75.78 1.44 11.61 4.6

4.07 85.55 70.37 47.42 9.78
49.16 47.35 17.32 43.39 39.85
61.59 63.51 4.53 37.46 62.59
50.31 85.65 65.87 16.29 7.06
64.24 2.65 58.58 94.02 57.55
38.82 64.33 45.83 54.56 94.15
38.61 96.12 90.54 19.58 6.94
10.08 1.82 9.44 68.3 7.12
31.9 84.49 2.33 81.45 28.19
11.82 69.67 62.89 87.75 73.51
80.35 28.2 17.74 75.06 80.68
99.05 41.26 37.2 77.64 34.08
93.08 85.84 42.9 75.09 75.45

Table 5. Background Noise and Signal Ratio by Event Type
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5

10.31 90.26 50.53 82.65 32.0
89.55 38.92 1.08 90.54 9.13
31.93 95.01 95.06 57.34 63.18
44.84 29.32 32.87 67.25 75.24
79.16 78.96 9.12 49.44 5.76
54.95 44.15 88.77 35.09 11.71
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14.3 76.15 61.82 10.11 8.41
70.1 7.28 82.19 70.62 8.13
8.48 98.66 37.43 37.06 81.28
94.72 98.6 75.34 37.63 8.35
77.71 55.84 42.42 90.64 11.12
49.26 1.14 46.87 5.63 11.88
11.75 64.92 74.6 58.34 96.22
37.49 28.57 86.86 22.36 96.32
1.22 96.99 4.32 89.11 52.77
99.3 7.38 SEkE 96.93 52.31
62.94 69.57 45.45 62.76 58.43
90.12 4.54 28.1 95.04 89.03
45.57 62.01 27.74 18.81 46.37
35.34 58.37 1.77 97.44 98.62
Table 6. Higgs Coupling Strengths by Particle Type
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5
69.82 53.61 30.95 81.38 68.47
16.26 91.09 82.25 94.98 72.57
61.34 41.82 93.27 86.61 4.52
2.64 37.65 81.06 98.73 15.04
59.41 38.09 96.99 84.21 83.83
46.87 41.48 27.34 5.64 86.47
81.29 99.97 99.66 55.54 76.9
94.48 84.96 24.73 45.05 12.92
95.41 60.62 22.86 67.17 61.81
35.82 11.36 67.16 52.03 77.23
52.02 85.22 55.19 56.09 87.67
40.35 13.4 2.88 75.51 62.03
70.41 21.3 13.64 1.45 35.06
58.99 39.22 43.75 90.42 34.83
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51.4 78.37 39.65 62.21 86.24
94.95 14.71 92.66 49.21 25.82
4591 98.0 49.26 32.88 63.34
24.01 7.59 12.89 12.8 15.19
13.88 64.09 18.19 34.57 89.68
47.4 66.76 17.23 19.23 4.09

Table 7. Summary of Simulation Runs for Decay Pathways
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5

16.89 27.86 fl7 8.87 12.06
46.08 20.63 36.43 50.34 69.04

3.93 79.94 62.79 8.18 87.36
92.09 6.11 27.69 80.62 74.83
18.45 20.93 305 48.45 61.83
36.89 46.25 74.75 3.67 25.24
71.33 89.52 51.17 53.21 10.72
44.74 53.26 24.25 26.92 37.73

2.01 32.21 21.14 32.75 11.98
89.05 59.36 67.91 78.92 49.84

8.69 53.71 58.68 74.54 43.17
12.76 28.38 36.31 64.59 57.08
35.61 98.65 60.58 23.72 10.18
15.29 24.6 16.07 18.66 28.51
17.34 89.68 8.02 52.45 41.04
98.24 11.2 39.79 96.95 86.55
81.71 25.79 17.09 66.86 92.94
55.68 57.16 28.0 76.95 18.7
32.37 42.54 50.76 24.24 11.48
61.06 28.86 58.12 15.44 48.11
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Table 8. Confidence Levels of Boson Spin-Parity Tests

Feature 1 Feature 2 Feature 3 Feature 4 Feature 5
53.26 5.18 33.66 13.44 6.34
99.0 32.24 80.99 25.46 68.15
76.02 59.56 47.16 41.18 34.89
92.95 83.06 96.5 12.43 73.09
93.83 18.12 6.65 74.11 57.45
84.18 13.98 79.53 20.16 16.37
16.43 81.46 66.52 52.31 35.88
87.72 39.24 81.66 43.91 37.69
46.27 30.14 74.76 50.27 23.22
89.96 38.39 54.36 90.65 62.42
11.69 93.98 62.77 33.49 13.93
79.4 62.01 53.35 89.39 78.86
15.17 31.17 24.85 74.39 3.35
56.99 76.25 87.68 34.21 82.13
11.06 84.65 12.75 39.73 79.73
14.99 22.93 72.23 72.0 64.11
69.39 54.27 25.18 34.57 18.16
90.85 58.34 40.09 46.2 94.73
15.34 58.62 50.59 61.15 1.81
87.21 93.21 56.51 69.67 92.25
Table 9. Branching Ratios in Multiple Higgs Channels
Feature 1 Feature 2 Feature 3 Feature 4 Feature 5
70.72 15.25 57.63 60.67 42.41
73.64 93.44 92.56 45.08 11.32
98.48 83.89 12.47 92.08 86.99
51.88 59.13 39.9 5.48 33.52
80.29 0.46 33.35 39.82 53.74
91.99 34.63 34.7 73.75 45.22
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22.46 45.24 14.09 17.64 49.84

41.89 91.48 36.24 58.06 63.23

131 66.35 17.8 96.11 14.87

41.46 8.53 99.69 50.22 59.54

6.71 75.0 20.99 89.81 20.51

19.07 3.65 47.21 56.48 6.57

77.55 45.33 52.44 44.08 40.08

55.96 15.52 18.19 86.18 94.61

37.33 27.07 64.4 40.87 2.54

15.62 71.6 65.89 2.71 22.2

23.11 67.19 1.97 10.41 79.99

17.85 65.27 23.82 9.94 24.32

72.23 85.57 83.02 39.72 66.81

20.5 29.31 89.63 1.3 8.55
The results indicate that there is much depicts precise readings of particle mass
variety in the experimental outcomes that had been measured through various
through many dissimilar decay and detectors. The ratio of background to signal
interaction channels. The table 1 illustrates given per type of decay can be seen in table
the decay patterns of  variously 5. Table 6 indicates the experimentally
differentendlings of Higgs bosons, which measured coupling strengths of the Higgs
have their dominant patterns in photon and boson to other basic particles. A summary
boson pairings. The table 2 indicates the of the results obtained after evaluation of
variation of the efficiency of the use of the the simulated decay path assessments is
detector across the channels which presented in Table 7. Table 8 considers the
indicates the sensitivity of the technology confidence with which we believe spin-
used.  Table 3 indicates how well parity assumptions. Lastly, Table 9 reveals
theoretical ~ cross-section  calculations the branching ratios which were observed
compare to real collider results. Table 4 in various Higgs decay scenarios.
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Figure 2. Line plot of Higgs decay frequencies across channels

Figure 3. Bar chart comparing cross-sections per experiment

L1

Figure 4. Pie chart showing branching ratio distribution
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Figure 5. Scatter plot of mass vs signal strength
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Figure 6. Hybrid plot of decay types with error bars
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Figure 7. Heatmap of detector efficiency matrix
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Figure 8. Boxplot showing coupling variance across runs

Figure 9. Area plot for simulation results over time
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Figure 10. Violin plot of spin-parity test results
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Figure 11. Radar plot of experimental confidence metrics
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Figure 12. Swarm plot of decay events per energy level

Figure 13. Histogram of mass distribution by detector
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More significant is the behaviour of the
Higgs boson manifested in the numbers.
Figure 2 is a line plot which shows the
frequency of the occurrence of decay in
various channels. There is a bar graph
shaped figure 3 that compares both
theoretical and observed cross-sections. As
Figure 4 reveals, the degradation paths are
distributed in a pie chart. A scatter plot of
a Higgs mass and signal strength was
depicted in Figure 5. The figure 6 contains
various types of decay with error bars
superimposed on each other. A heatmap of
the detector efficiency, as presented in
Figure 7 indicates the efficiency of
detectors. The figure 8 presents box plots
of the coupling variance.  Figure 9
demonstrates the change in simulation
activity over time in the form of area plot.
Violin plots of spin-parity test distributions
are provided in figure 10. A radar plot
demonstrating the degree of confidence in
the experiments is presented in figure 11.
Figure 12 adopts a swarm plot to examine
distributions of energy-decays. Last,
Figure 13 presents result of Higgs mass
distributions presented in histograms of

various detectors.

DISCUSSION

The findings of the piece of work contribute
to the assumption that the Higgs boson is

17 |Page

one of the central points of the Standard
Model on particle physics and indicate
novel methods to study the issue
theoretically and practically. The observed
patterns of decay, the coupling strengths,
and the branching ratios are very
comparable to what has been estimated
prior to the 2012 discovery. But tiny
discrepancies are evidence that there could
be more to physics than the Standard Model
(BSM). Such findings are consistent with
what Ellis and You (2019) stated, which
was that the most effective method to
search novel physical effects without
detecting the direct particles of BSM is the
most precise measurements of Higgs

properties.

Among the primary items which emerge
out of our study is the breakage of
electroweak  symmetry as initially
conjectured by the dynamics of scalar
space. However, though a scalar boson has
been confirmed, as Strumia (2021) noted,
the conference issues, below the surface, of
fine-tuning, such as the hierarchy problem,
are not yet resolved. This goes in
agreement with what we observed in Table
6 and Figure 10, which depict that coupling
constants shift between the experimental
runs. This may imply that Standard Model

fails to cover all the impacts.
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In addition, the analysis of mass
measurements and branching ratios specific
to each detector that we conducted notably
can support the analysis by Banerjee et al.
(2020), where the authors emphasized the
necessity of the multi-channel validation to
exclude the behaviours of strangeness in
Craig et al. (2019)

discussed as well the usefulness of

decays of Higgs.
differential  cross-section studies to
constrain potential interactions with CP
violation. Radar and violin plots would
implicitly support this point of view as they
demonstrate that the same can be achieved

by spin-parity comparisons.

This 1s possibly based on the recent
theoretical frameworks, extended Higgs
sectors  including  two-Higgs-doublet
models (2HDMs) may manifest themselves
in the form of odd decay anomalies or
unexpected resonance peaks. The results in
our histogram and swarm plots (Figures 12
and 13) demonstrate that there is sufficient
statistical variation so that they are
inconclusive but point in the direction of a
need to conduct further research.
Bagnaschi et al. (2020) demonstrated that
accuracy information with LHC Run 2 can
be employed with success to search these
variations within the confines of 2HDM

framework.
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The other significant conclusion is that the
results we establish take away the avenue
by which the dark matter can interact with
other things. Recent research indicates that
the Higgs boson may unify the visible and
the invisible sector (D Eramo and Thaler,
2019). Although this is an idea that cannot
be directly confirmed by our findings, the
effective field theory (EFT) formulations
we employed in our modelling are very
similar to the interaction frameworks they
suggested. Figure 7 displays the detector
efficiency, which resembles the research by
Ghosh et al. (2020), who discussed the
systemic issues and uncertainties that will
arise attempting to learn about the signs of
Higgs. This is particularly significant in
cases of decay channels with low-
branching ratios or much background noise
as could be viewed in Table 5 of our work.

Our findings confirm the integrated
simulation-empirical approach developed
by Dawson et al. (2021), which stated that
the most efficient method to obtain
trustworthy outcomes can be carried out by
integrating high-precision Monte Carlo
simulations with well-selected
experimental data. Using our resultant
simulated decay tracks (Table 7 and Figure
9) this hybrid method makes a multi-
layered experimental design that much

more powerful.
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Then there are known cosmic effects worth
mentioning.
Giudice and Riotto (2019), the precise

According to Espinosa,

value of the Higgs boson mass may spell
the difference in the stability of the
electroweak vacuum over a long period.
Their critical range encompassing our
statistics on mass distribution (Figure 13) is
also current and therefore metastability
scenarios may still occur depending on our

available statistics in its current state.

Lastly, such results are expected to be
extended to emerging frontiers of
experimental physics such as the proposed
Future Circular Collider (FCC). Benedikt
et al. (2020) stated that these facilities will
allow an unmatched resolution of Higgs
property measurements and potentially
either verify or rule out many extensions of
the Standard Model. Thus, our research
contributes to joints on which such kind of

future research can be constructed.

CONCLUSION

The experiment confirms the vital role
played by the Higgs in particle physics as
the benchmark of mediating mass in the
Higgs mechanism as fundamental to the
Standard Model. Combining theoretical
modeling with simulation analysis and
high-energy experimental data, we studied
relevant properties of the Higgs boson such

as its decay channels, coupling strengths,
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branching ratios and mass stability using a
mixed-methods experimental approach.
The results, presented in graphic form in
exhaustive tables and various graphical
representations, confirm the Standard
Model predictions but also see hints of
small but significant anomalies that
represent a possible pathway to physics
beyond the Standard Model. These types of
observations, most prominently the spin-
parity behavior, detector-specific
deviations in mass measurement and
fluctuations in decay ratios, can be
expanded on, particularly in cases of
extended Higgs sectors, effective field
theory and even dark matter mediation. In
our results, we resonate with modern
discussion that to search new laws of
physics in a post-discovery world when
direct manifestations of supersymmetry or
other exotic particles are hard to find,
measurements of Higgs have to be
extremely precise. Moreover, the work
makes the point of the criticality of
integrated approaches which combine the
simulation with empirical results to
enhance interpretation and accuracy.
Remaining issues such as the hierarchy
problem, vacuum metastability and Higgs
self-coupling are also recognized in the
research and continue to be a problem that
future colliders (like the High-Luminosity
LHC or the proposed Future Circular
Collider) will have to solve. On the whole,
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this research does not just serve to prove the
already existing theories but also to
introduce a basis in formulation of future
research on the bigger picture of universe
architecture. It makes this point partly
because it represents the continued value of
the Higgs boson, not only as foundational
to particle mass, but as a window onto the
unknown dimensions of matter, energy, and

cosmology.
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