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ABSTRACT

This study investigates the behavior of von Neumann entropy in qubit and qutrit systems, with a particular focus on how entropy evolves during the process of quantum teleportation. After discussing the theoretical background of entropy and

guantum information, the von Neumann entropy was calculated for randomly generated qubit and qutrit states. Numerical simulations using the QuTiP library showed that entropy increases when the probability amplitudes become more balanced.

In the second part of the study, the quantum teleportation protocol was simulated, and entropy was measured at each step. The results demonstrate that although entropy appears to fluctuate during the process, it returns to its original value after

successful teleportation, indicating the preservation of quantum information. These findings provide further insights into the informational structure of quantum systems.

SHANNON ENTROPY

To understand Shannon entropy, we must first introduce the concept of an unknown event. Let us consider a random
variable X as an example. X is a random variable whose value becomes known only upon measurement. The Shannon
entropy of quantifies the amount of uncertainty that exists before the value of is learned.In other words, Shannon
entropy measures the uncertainty present in a physical system prior to any observation.

This idea can be illustrated with a simple analogy involving a six-faced dice. In an ideal case—where the dice is perfectly
balanced—each face has an equal probability of of appearing. Before rolling the dice, attempting to guess the outcome is
highly uncertain, and the probability of correctly guessing the result is very low.Thus, before the measurement, the system
exhibits maximum uncertainty.When the die is rolled and the outcome is observed, the amount of information gained is at
its maximum as well.Both perspectives indicate that the system’s entropy is at its highest value.

This analogy highlights an important point: when all possible outcomes are distributed symmetrically ( each outcome is
equally probable), the entropy reaches its maximum value.

Shannon entropy becomes particularly powerful in real-life applications because it provides a rigorous method to quantify
uncertainty in probabilistic systems.

With this understanding, the Shannon entropy can be mathematically defined as a function of the probability distribution

VON NEUAMANN ENTROPY

Von Neumann entropy is basically the quantum analogue of Shannon entropy, and their mathematical forms are very
similar..To calculate von Neumann entropy, we first introduce the density matrix of the system:

S(p) = —tr(plog p).

Where p is the density oparator: [¥><W|= p.

QUANTUM TEELPORTATION

Quantum teleportation is a technology that enables the transfer of an exact quantum state from one location to another
without any physical connection. While classical communication is still required for transmitting certain information, the
quantum state itself can be transferred without any physical link. This seemingly "spooky" transmission is made possible
through a quantum phenomenon we discussed earlier: entanglement

MATERIAL AND METHODS

In this study, all quantum simulations and von Neumann entropy calculations were performed using the Python
programming language and the open-source QuTiP (Quantum Toolbox in Python) library. Qubit and qutrit systems were
defined, and their corresponding density matrices were obtained. Entropy values were then calculated numerically based on
these density matrices. The quantum teleportation protocol was modeled step by step, and the behavior of entropy was
analyzed throughout the process. All simulations were carried out in the Jupyter Notebook environment.

NUMERICAL ENTROPY ANALYSIS OF QUBITS AND QUTRTIS

QUBITS

In this section, the analysis of qubits begins with the construction of a simple pure qubit state.

¥) = al0) +b[1)

When constructing a qubit, special attention must be given to the coefficients. Since the analysis will be conducted
numerically, these coefficients will be randomly chosen for each simulation. However, it is essential that the sum of the
squares of the absolute values of the coefficients always equals one. Otherwise, the qubit would not be considered well-
defined.And that will directly effect our result.

For this reason, two random variables must be selected from the interval [0,1]. These variables will later be normalized to
ensure that the resulting qubit state is valid.

Let randvarl and randvar2 be the randomly generated values. The normalized coefficients and are then defined as:

With this construction, the qubit is now properly defined and ready for entropy calculations.

When we examined the qubits that genrated the difference between coefficients, we observed a clear pattern: the closer a
and b are to each other, the higher the entropy becomes.

This relation was also visualized in a graph, showing that entropy is directly affected by how balanced the coefficients are.
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When analyzing the behavior of entropy in qutrits, we follow a very similar approach to that used in the analysis of qubits
Our qutrit is constructed as shown below:

After constructing valid qutrit states with normalized .|

[¥) = al0) +b[1) + c|2)

coefficients we analyzed the relationship between
these coefficients and the resulting von Neumann

entropy.The analysis showed that entropy increases
as the coefficients become more balanced. The 1o
corresponding graph for qutrits illustrating this
pattern are presented below.

0.0 +

af2 + [B[2 + [ef2 = 1

Entropy vs. Average Absolute Deviation from 1/sqrt(3) (Sorted)

@® Cross
@ —— Linear Fit

0.1 0.2 0.3 0.4 0.5
Average Absolute Deviation from 1/sqrt(3)

Von Neuamn Entropy For Qubits in Quantum Teleportaion

In this section, we analyze the changes in the von Neumann entropy of qubits at each step of the quantum teleportation
process. Unlike in the previous section where we examined qubits and qutrits with random coefficients, here we will use
fixed coefficients. For the sake of clarity and simplification, we set the entropy to its maximum value by choosing
a=b=1/72. This choice makes the analysis more straightforward.

The qubit system was analyzed through the four main steps of
and entropy was measured at each
stage.The graph below shows that entropy temporarily exceeds its
expected maximum (reaching ) but returns to its original value by 1.2s-
quantum &
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CONCLUSION

By analyzing von Neumann entropy in qubit and qutrit systems, this study provides a clearer understanding
of how entropy behaves in different quantum structures.In the second part, the focus shifts to quantum
teleportation, where entropy is tracked throughout the process. Although temporary increases are observed,
the entropy eventually returns to its original value, confirming that quantum information remains
preserved.Looking at teleportation from the perspective of information entropy may help us better
understand how entropy can be used to influence or guide the teleportation process.
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Abstract

This study explores the use of machine learning (ML) techniques for particle identification (PID) in heavy-ion collisions, focusing on the ALICE Experiment. It presents ML models developed for PID, emphasizing solutions to key
challenges such as missing data and discrepancies between simulation and experimental results. An attention-based mechanism is introduced for handling incomplete data, and domain adaptation methods, including DANN,
are used to address data mismatches. The integration of ML-based PID into the ALICE analysis framework is also discussed. Results demonstrate the potential of ML to enhance the efficiency and accuracy of particle physics

analyses.

An Overview To ALICE

ALICE (A Large lon Collider Experiment) is a detector at CERN designed to study heavy-ion collisions. It aims to
explore the quark-gluon plasma that existed in the early moments of the universe. It is important for particle
identification because it can distinguish a large number of low-momentum particles with high precision. This plays
a critical role in understanding the behavior of the fundamental building blocks of matter. Below is a schematic
view of the ALICE dedector and its particle identification performance. The figure shows dE/dx vs. momentum for
ITS and TPC, B vs. momentum for TOF, and Cherenkov angle vs. momentum for HMPID. Each sub-detector
contributes to particle separation in different momentum ranges [1].
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Figure 2: Schematic view of the ALICE dedector and its
PID performance.

Figure 1: Components of the ALICE detector in
its Run 2 configuration.

Methodology for Particle Identification

The machine learning model developed for particle identification in the ALICE experiment, capable of handling
incomplete detector data and based on the attention mechanism:

*Converts input features (detector signals, momentum, spatial coordinates) into feature—value pairs.

*Transforms these pairs into embedded vectors processed by a Transformer encoder with multi-head self-
attention.

eSummarizes variable-length inputs into a fixed-size vector using attention pooling.

*Applies a binary classifier for each particle type (one-vs-all strategy).

*Trains on both complete and incomplete data, eliminating the need for artificial data imputation or data loss [2].
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Figure 3: The proposed model architecture. The architecture applies stacked layers independently to each
vector in the set, whereas standalone blocks operate on the input as a complete unit [2].
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Model Architecture

Architecture: 3 hidden layers with 64 = 32 = 16 neurons.

Activation: RelLU, dropout rate = 0.1 after each layer.

* Imputation models: input size = 19 (all missing values filled).

* Ensemble: input sizes =19, 17, 17, 15, based on missing values in TOF/TRD (each has 2 features).
 Embedding network: 1 hidden layer (128 - 32)

* Transformer encoder: 2 layers, 2 heads, dropout =0.1

* Self-attention pooling to merge variable-length sets.

* Classifier network: hidden layer with 64 units, output =1

* Trained end-to-end on both complete and incomplete data, without imputation [2].

The Table of Layers and the Number of Neurons in Each Layer [2]

Transtormer Encoder

Embedding Self-Attention Classifier
Encoder Layer
Muiti-Head Attention Neural Network Num Layers
Input Hidden OQutput Dimension Heads Input Hidden Qutput Input Hidden Qutput Input Hidden Qutput
20 128 32 32 2 32 128 32 2 32 64 32 32 64 1
Dataset

* Source: Monte Carlo simulations of Vs = 13 TeV pp collisions (PYTHIA 8 + GEANT, Run 2 detector conditions)
* Size: 2,751,934 tracks
* Features (19 total):
* Detector responses: TPC (1), TOF (2), TRD (2)
* Kinematic info: pr, py, py, Pz, Charge
* Geometry: DCA (d,y, d;), spatial coords (x, y, z, a)
* Track metadata (e.g., track type, cluster count)
* Only ~37% of samples are complete
* ~63% contain at least one missing value
(mainly TOF & TRD) [2].

I No missing values: 37.14%
Il TRD, TOF Signals missing: 36.70%
B TOF Signal missing: 24.78%

TRD Signal missing: 1.38%

Figure 4: Missing values distribution. Over 62.8
of the examples are missing at least one value [2].

Results

All models are evaluated on both complete and incomplete data using standard classification metrics. Attention-

based model consistently achieved high performance across all particle types, even when detector data was partially
missing. To evaluate performance, the model is compared against a traditional PID method based on no cuts [2]:
* For particles with transverse momentum pr < 0.5:
* Ingrpcl <3
* For particles with transverse momentum pr > 0.5:

2 2
¢ \/ Ngrpc T Ngror < 3

Classification results for kaon (on left) and proton (on right) identification using data with missing values [2].

Precision Recall Fy

Model

Model Precision Recall Fy
Standard 92.87 £ 0.01 60.37 £ 0.05 13173 157 Stundbed 99.40 + 0.01 59.72 + 0.03 74.61 + 1.88
Ensemble ~ 91.18 + 02.00  82.72 4+ 01.42  86.74 £ 0.16 Ensemble  97.16 + 0.46  93.74 + 0.30  95.42 + 0.12
Mean 90.83 + 01.71  82.32 £+ 0.96 86.36 + 0.34 Mean 07.85 + 0.41 03.34 + 0.32 05.54 + 0.06
Proposed ~ 91.55 £ 0.71 ~ 83.68 + 0.82 87.44 + 0.14 Proposed  97.80 + 0.44  93.86 + 0.27 95.79 + 0.07
Regression 91.17 + 01.00  81.78 £+ 0.21 86.22 £ 0.46 Regression  97.38 + 0.40 93.67 + 0.38 95.49 £+ 0.15

To complement the numerical results, key performance metrics are visualized through:

* Precision—Recall and PR curves for the classification tasks.
* Metric comparisons across different momentum (pr) intervals,

Performance of different PID methods in kaon selection task as a function of particle momentum and PR curve for
different ML based approaches with missing data [2].

Mean (AUC = 0.933 = 6.28e-04)

Regression (AUC = 0.930 = 1.30e-03)

Ensemble (AUC = 0.935 = 1.77e-04)
—— Proposed (AUC = 0.943 = 5.11e-04)
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Performance of different PID methods in proton selection task as a function of particle momentum and PR curve for
different ML based approaches with missing data [2].
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Future Works

Neural Network Physical Laws

1. Governing Equations

hy = F(hix,£), R (x,0),... R (x,8))
xX€EN cR®
t € (Ta-1, Tl

2. Boundary Conditions
h(=x.t) = h(x,t)
RV (-x, ) = AV (x, 1)
~ (x,t) € I' X (T1,Tu)
3. Initial Condition

h(x) n=1
h(x n-1) = {h(x Tyey) 1> 1

 With Run 4 bringing a tenfold increase in data, Al-based
analysis will become essential [3].

* Physics-Informed Neural Networks (PINNs) offer promising
tools for integrating physical laws into learning [3],

improving robustness and enabling rare event detection [4].

* CNNs and RNNs can support anomaly detection and !
temporal event modeling [4].
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4. Backward Compatibility
h(x,t) = h(x,t)
(x.t) € 2 x[0,Ty]

<
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Figure 5: Physics Informed Neural Networks [4].
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Konvansiyonel MV Foton Lineer Hizlandiricilara Karsi Inverse-Compton (ICS) Kaynakli X/y-Isinlari: Fiziksel Temeller, Klinik Potansiyel ve Gelecek
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OZET

GUnlUmiz radyoterapisinde altin standart kabul edilen 6 MV foton lineer hizlandiricilari (linac) son yillarda kompakt inverse-Compton (ICS) kaynakh X/y-isinlariyla kiyaslanma durumuna gelmistir. Bu calisma, linac ve ICS
sistemlerini enerji spektrumu, doz dagilimi, dozimetrik belirsizlik ve maliyet—altyapi gereksinimi acisindan kapsamli bicimde karsilastirmaktadir. ilk asamada linac’in genis bant bremsstrahlung spektrumu (2—6 MeV) ile BriXS
(60 keV) ve ThomX (90 keV) ICS prototiplerinin dar bant (AE/E = %3) demetleri Monte Carlo yontemiyle modellenmistir. 30x30x30 cm? su fantomunda yapilan simulasyonlar, linac’ta ylizde derinlik-doz egrisinin 10 cm’de %67’ye
dustigunu; ICS'te ise dozun 1 cm’de %65, 10 cm’de yalnizca %2 seviyesine indigini gostermistir. TG-51 protokolu kullanilarak linac kanalinda toplam doz belirsizligi £0,8 %’e indirilirken, < 100 keV su-dozu standardinin eksikligi
nedeniyle ICS kanalinda belirsizlik £1,8 % olarak hesaplanmistir. Kalkan hesaplari, linac odasinda 1,8 m beton gerektirirken ICS icin 0,4 m betonun yeterli oldugunu ortaya koymus; buna ragmen 10 yillik toplam maliyetin ICS icin
linac’in yaklagik 1,4 kati oldugu belirlenmistir. SWOT analizi, ICS'nin digtik kalkan gereksinimi ve faz-kontrast goriintl potansiyelini “firsat”, disk doz-hizi ile belirsiz k degerlerini ise “tehdit” olarak éne ¢ikarmistir. Sonug olarak
ICS kaynaklari ylizeyel lezyon ve goriintii-yénlendirmeli uygulamalar icin umut verici goriinmekte; ancak klinik yayginlik, <100 keV birincil standardin gelistiriimesi ve doz-hizin > 0,5 Gy dk™' esigine cikarilmasina baghdr.

AMACLAR .
- Linac & ICS demet parametrelerini karsilastirmak MATERYAL & YONTEM
- PDD egrilerini st Uste analiz etmek Donanim: 6 MV Elekta Versa HD linac; BriXS-60 keV ve ThomX-90 keV ICS prototip spektrumlari
- kq/ belirsizlik biitgesini ¢ikarmak Dozimetri: PTW 30013 Farmer odasi (NS,OMfO= 5,133 x 107 Gy/C), EBT-XD film, TLD-100 dogrulamasi
- Bunker ve CAPEX farkini hesaplamak Simiulasyon: Geant4 10.7 + G4EmLivermore, 1x10® foton, 30x30x30 cm?® su fantomu
- SWOT ile klinik yayginlik potansiyelini degerlendirmek Maliyet: NCRP-151 kalkan formiilleri & Uretici katalog verileri
k, FAKTORU 10
Q 100 o (b)
ko, bir iyonizasyon odasinin 60Co’da kalibre edilmis mutlak doz katsayisini (NS9°) 6lgtiim 90 \\‘;\\
yapmak istediginiz baska bir 1sin kalitesine (Q) uyarlamak icin kullanilan “isin kalitesi dizeltme 80 ‘\‘\'\\
katsayisidir.” _. 70 \‘\\\
S\O-/ 60 \\\\\\\‘\
=) e
a 50 M ek 15 MV
NY = k. N6OCo E e
20
INVERSE-COMPTON KAYNAKLI X/y-ISINLARI 18
0””'5””11(5”“15”"2'0“I 25
Inverse-Compton sacilmasi, relativistik (= MeV—-GeV) elektronlarin disiik enerijili lazer fotonlarini Depth in water (cm)
(kizil-6tesi veya goriuniir) “ters yonde” sacip foton enerjisini X veya y bandina (10 keV — tens MeV)
yikseltmesidir. Klasik Compton olayinda elektron dinlenim halindedir; “inverse” versiyonunda Sekil 2.1 100 cm SSD ve 10 x 10 cm? alan boyutu icin 6 MV ve 15 MV foton demetleriyle su icinde elde edilen tipik
enerjisi cok yuksek olan elektron, fotondan aslen “enerji calar” — fakat elektron zaten relativistik merkez eksen PDD egrileri.
oldugu icin sonucta foton enerjisi buylik oranda artar.
6 MV LINAC SONUCLAR
6 MV linac, derin yerlesimli timorler icin yuksek doz iletimini ve module edilebilir alanlari
ekonomik zaman diliminde saglayan, klinikte standardize edilmis bir foton kaynagidir; ancak — :
kompakt inverse-Compton sistemlerinin sundugu disiik kalkan gereksinimi ve dar-bant spektrum Olgut Linac 6 MV ICS 60 keV ICS 90 keV
avantajlarini saglamaz. %dd(10) 67 % 2% 4 %
BRIXS (BRIGHT X-RAY SOURCE) PROTOTIPI Toplam belirsizlik | | o o, 189 169
BriXS, “mini-senkrotron” parlakligini laboratuvar él¢ceginde sunmayi hedefleyen dogrusal (linac- (k=1) e e TR
tabanli) bir inverse-Compton (ICS) 1sin kaynagidir.
Beton kalkan 4 g m 0,40 m 0,45 m
kalinhgi
EXPERIMENTALL HALL
10 y CAPEX 7,6 MS 10,3 M S 12,5M S

- ICS, ylzeysel bolgede doz yogunlugunu arttirirken derin dokuda doz %2’nin altina diser.
- <100 keV su-dozu standardi mevcut olmadigindan belirsizlik hedef sinir (+ 1,5 %) asiimistir.
- Beton kalkan %78 azalmasina ragmen toplam maliyet artmistir.

Arc Compressor BUNKER VE KALKAN HESAPLARI

Linac (6 MV): NCRP-151 formiiltyle 100 cm SSD, 1* Gy haftalik is yuka icin 1,8 m beton + 4 mm kursun kaplama gerekir
ICS (60-90 keV): 3 mm Cu HVL, sacilma faktori 0.05; ayni is yikd icin .4 m beton gereklidir. Kalkan kalinligi yaklasik olarak

MariX-access

4.5 kat azalr.
SWOT ANALIZI
Guclu Yanlar Zayif Yanlar
Linac Yiksek doz-hizi; IMRT/VMAT Kalin beton; genis oda; >10

olgun teknoloji MV’de notron riski

; - = - = - " ICS Disuk kalkan; faz-kontrast Distik doz-hizi; <100 keV kg
" ; ) o .m . goruntl; yuzeyel RT belirsizligi
THOMX (THOMSON X-RAY) PROTOTIPI x :
( ) SONUC VE ONERILER

ThomX, depohalkasi tabanh (storage-ring) inverse-Compton kaynagidir; amaci, tip ve endistride

kullanilan 4090 keV monokromatik demet talebini ring mimarisiyle karsilamaktir. - ICS kaynaklari, cilt lezyonlari ve faz-kontrast gortntilemeye yonelik diisuk kalkanli bir secenek sunar.

- Derin timor tedavisi icin doz-hiz > 0,5 Gy dk ! seviyesine cikarilmalidir.
- NPL/PTB < 100 keV su kalorimetresinin devreye girmesiyle belirsizlik + 1,2 % altina dusebilir.
- Teknik olgunlasma sonrasinda ilk klinik nisler: veteriner onkoloji, biyopsi rehberli mikro-CT
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In response to growing global energy demands and environmental concerns, this research focuses on advancing supercapacitor technology by addressing its primary limitation: energy density. To solve this, iron sulfide (FeS)—a material known for its low
cost, natural abundance, and high theoretical pseudocapacitance—was chosen as the active electrode material. The FeS electrodes were fabricated using a hydrothermal synthesis method followed by a uniform deposition onto a copper current collector via

spin coating. The electrochemical performance was then systematically evaluated using cyclic voll

ry (CV) and gal

ic charge-discharge (GCD) techniques in a 1 M KOH electrolyte. The investigation revealed exceptional results, with the

electrode achieving a maximum specific capacitance of 321.74 F/g at a current density of 1 A/g, a value that surpasses many previously reported FeS-based systems. While the capacitance decreased at higher charge-discharge rates, it notably stabilized
around 66 F/g above 3 A/g, demonstrating the material's excellent structural integrity and cyclic reversibility. Ultimately, these compelling findings establish the hydrothermally synthesized FeS electrode as a highly promising and competitive candidate for

developing next-generation, high-performance supercapacitors.

Energy Storage

Here is a condensed version of the text:

Energy storage, the process of saving energy for later use, aims to improve efficiency, reduce environmental impact,
and ensure a stable energy supply. It has become essential due to the limitations and environmental damage of
traditional fossil fuels and the critical need to integrate variable renewable sources like wind and solar into the
modern electricity grid. By reducing power fluctuations, storage systems increase grid stability and flexibility. Major
energy storage technologies are classified into four categories: mechanical (e.g., pumped hydro), electrical
(superconductors), chemical (batteries), and magnetic (supercapacitors).

Supercapasitor

Supercapacitors (SCs) are advanced energy storage devices that store energy electrostatically, offering exceptional
power performance and an extremely long cycle life. They achieve capacitance values thousands of times higher than
traditional capacitors by using advanced electrode materials and two key storage mechanisms: electric double-layer
formation and pseudocapacitive redox reactions. This unique ination allows supert i to bridge the
performance gap between conventional capacitors and batteries, delivering both high power and significant energy
density.

In this prepared sample, our first step involved precisely
cutting our copper plate to dimensions of 2 cm by 3 cm.
This plate then served as the surface onto which our active
FeS material would be deposited. Subsequently, we
prepared the precursor solution for synthesis: we dissolved
0.075 mmol of thiourea and 0.075 mol of iron(III) chloride
in 25 mL of hydrazine hydrate, ensuring a homogeneous
mixture through continuous stirring with a magnetic stirrer.
This solution was critically important for the formation of
the FeS coating on the copper plate.

b

b

In this study, FeS-coated supercapacitor electrodes were fabricated via a hydrothermal synthesis method. A precursor
solution of thiourea, iron(III) chloride, and hydrazine hydrate was used to synthesize FeS, which was subsequently
deposited onto a 2x3 cm copper substrate using spin coating. Each electrode contained approximately 0.001 g of
active FeS material. The electrochemical performance was then evaluated in a 1 M KOH electrolyte using a
potentiostat—galvanostat. Key characteristics were determined through cyclic voltammetry (CV) at scan rates of 20-
200 mV/s and galvanostatic charge-discharge (GCD) tests at current densities of 1-5 A/g to assess the electrode's
specific capacitance and overall performance for comparison with existing literature.

€y = o (F/9) (1)
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0,10
008 ——20 (mV/s)
1 ——50 (mVis)
0.064 —— 100 (mV/s)
—— 150(mV/s)
0044  ——200(mViss)
<
= 0,024
5
5 0,00
O
0,02
-0,04
-0,06 -
T T T T T T

T T
-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 0,6
Voltage(V)

Graph 1. CV graph of FeS active materials
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Graph 1. CV graph of FeS active materials
Table 1 Table 2
Study Scan Rate Specific Electrode Synthesis Electrod Technique Electrolyte | Scan Rate cv
(Vis) Capacitance Material Method e (Vis) Capacitance
(Flg) Material (Flg)
This Study 0.02 91.18 FeS FeS 1M KOH 0.02 91.18
(Thioacetamid MnO:on | Electrodepositio | 1 M NaxSO« | 0.01 275
e+ FeCl3 in CNTs n
hydrazine) Fes04-C | Oolitic templated | 6 M KOH 0.01 178
Zhou et al, 0.02 8 FeS-Graphene Cos04/Ni Solvothermal 2M KOH 0.01 210
Fe:0u4/rGO. 0.02 88 Fe:0u4/rGO. foam
Fe:0:*C 0.02 7 Fe0uC Oolite-filled NiCo:Si- | Hydrothermal | 6M KOH 0.01 395
Hybrid tubular GO
structure Mn;0s Sol-gel 1 M Na:SO« 0.01 160
nanosphe.
res
Table 3
Table 4
Study Current Specific Electrode Synthesis
Elektrot Malzemesi “Akim Yogunlugu (A'g) GCD Kapasitanst (F/g)
Density (A/g) | Capacitance |  Material Method
This Study (FeS) T 32074
(i) This Study (FeS) 2 208
This Study 1 32174 Fes is Study (FeS)
1 “This Study (FeS) 3 66
(Thioacetami NiMnO; on carbon cloth 1 2330
de + FeCl3 in Fe:041GO T 661
hydrazine) Fe0:C T 178
Zhou et al. 1 308 FeS on Ni Hydrotherma FeS-Wis0 Composite 1 558
Foam 1 MoS:—FeS: Core-Shell 1 386
Fe:04/rGO 1 661 Fe;041GO Hydrotherma B-Ni(OH): Nanoplates on 38 1335
1 Graphene (G)
Fe:0s-C 1 178 Mn;0s— Oolite-filled
B-Ni(OH): Nanoplates on G 457 953
Fe;:0+-C tubular
RGO-CNT-WO; 2 6333
structure

Our CV data provides a clear picture of the electrochemical behavior and, specifically, the rate dependency of our FeS-coated
electrode. The highest specific capacitance of 91.175 F/g, achieved at our lowest scan rate of 0.02 V/s, underscores the
electrode's capacitive potential and its efficient interaction with the electrolyte at slower rates. This suggests that all active sites
on and within your material are accessible to ions, allowing optimal charge storage mechanisms to occur. However, a gradual
decrease in specific capacitance is quite evident as the scan rate increases: to 74.775 F/g at 0.05 V/s, 65.832 F/g at 0.1 V/s,
64.099 F/g at 0.15 V/s, and 68.542 F/g at 0.2 V/s. This decline is a common phenomenon in supercapacitor electrodes, primarily
attributed to ion diffusion limitations. At higher scan rates, electrolyte ions simply cannot penetrate the electrode's porous
structure or reach all active sites quickly enough, hindering the full contribution of the active material to the capacitance. This
CV trend is i with the rate dependency observed in our GCD data, where capacitance also decreased with increasing
current density. Both measurements indicate that while your electrode performs excellently at lower rates, there is potential for
optimizing ion transport kinetics or material morphology for high-rate applications, focusing on factors like porosity, surface
area, or electrical conductivity to enhance overall high-rate performance. Our GCD data, presented visually, clearly illustrates the
capacitive behavior and performance of your FeS-coated electrode across different current densities.At your lowest current
density of 1 A/g, you achieved a specific capacitance of 321.7391 F/g. This value strongly indicates the high energy storage
potential of your electrode and suggests that its active sites are efficiently accessed by electrolyte ions, allowing for optimal
charge storage mechanisms at lower charge-discharge rates. However, a noticeable decrease in capacitance is observed as the
current density increases. The capacitance drops to 208 F/g at 2 A/g. This initial sharp decline suggests that your electrode
experiences some limitations when transitioning to higher rates. Subsequently, as the current density is further increased, the
capacitance stabilizes considerably, showing values around 66.10169 F/g at 3 A/g, 66.1157 F/g at 4 A/g, and 66.66667 F/g at 5
A/g. This stabilization implies that while the material maintains its capacity beyond a certain high current density, it can only
utilize a fraction of its maximum potential under such conditions. Overall, this trend highlights rate capability challenges
commonly encountered in supercapacitor electrodes. At high current densities, electrolyte ions face difficulties rapidly
penetrating the electrode's internal porous structure and interacting with all active sites, primarily due to ion diffusion limitations.
Your data strongly suggests that while your FeS-coated electrode is well-suited for low-rate energy storage applications,
optimizing ion transport kinetics and active material utilization through structural modifications (such as enhancing porosity,
surface area, or electrical conductivity) may be necessary for high-power demanding scenarios

[1] Riaz, J., Aslam, F., Arif, M., Huma, T., & Bibi, A. (2025). First investigation  of high-performance FeS-based W 18 O 49 asymmetric supercapacitors operating  at 1.6 V. Nanoscale Advances, 7(1),

231241

[2] Lin, T. W., Dai, C. S., & Hung, K. C. (2014). High energy density asymmetric supercapacitor based on NiOOH/Ni3$2/3D graphene and Fe304/graphene composite electrodes. Scientific reports, 4(1),
274,

72
[3] Ran, J., Liu, Y., Yang, T., Feng, H., Zhan, H., & Shi, H. (2023). MnO2- MoS2/RGO high-p electrode materials. Journal of 64, 107216,
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ABSTRACT

The AdS/CFT correspondence was studied as a tool to understand weakly interacting duals of strongly coupled quantum systems through classical gravity. The Ryu—Takayanagi prescription was applied to compute entanglement en-

tropy for a ball-shaped region in CFT,, reproducing the expected logarithmic behaviour. The quark-gluon plasma was modelled using a black hole in AdSs, and the universal result for shear viscosity to entropy density ratio, n/s =

1/4m, was derived. These applications illustrate how geometric methods offer insights into strongly coupled quantum systems and demonstrate the unlimited potential of the correspondence in distinct fields in physics.

INTRODUCTION

The AdS/CFT correspondence is a revolutionary duality in theoretical physics, relating a gravitational theory in
Anti-de Sitter space to a conformal field theory on its boundary. Initially emerging from string theory with
Maldacena’s argument, it has since evolved into a universal tool for probing quantum gravity and strongly
coupled field theories.

Its impact spans across physics — from high-energy collisions, lattice simulations, and astrophysics, to quantum
information and condensed matter. To this day, it has enjoyed a wide ranging spectrum of interest among
physicists and enjoys a prominent place at the forefront of modern mathematical physics.

THE LARGE-Nc LIMIT OF GAUGE THEORIES

In 1974, t'Hooft formulated a strong relation between quark diagrams and topology. This revealed the first hints

of the duality.
There are three colors in QCD, but in
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the large-Nc gauge theory, one

considers a large number of colors.

There are two parameters in QCD,

the coupling constant g and the
PINg g scales as

2 3
(3) () =
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number of colours Nc. Here, the
t’"Hooft coupling A is defined and

used. Double-line notation is used

for tracking color flow.

theory is simplified. Each diagram forms a discretised 2D surface, with its topology (genus, h) determining its Nc
-scaling. This yields a topological expansion that reorganises the usual perturbative loop expansion of QCD.
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This structure mirrors the genus expansion of the string partition function [2].

MALDACENA’S CONJECTURE

In November 1997, a groundbreaking duality was proposed by Juan Maldacena that has since become
recognised as one of the most profound insights in theoretical physics.

L: AdS radi
Nc = rank of the gauge group, radius

4
number of colours N2 _ EL_B A = (L)

A = The t’"Hooft Coupling

@s: string length

Gs: 5D Newton Constant

These results relate gauge and string theory parameters and are known as the AdS/CFT Dictionary. The
dictionary maps difficult to calculate gauge dynamics to tractable classical gravity in AdS [1].

THE RYU-TAKAYANAGI CONJECTURE

(a) (b) A
g, — Area of v4 t
N A
T4 e
™3 a9 B

In light of AdS/CFT, the conjecture states that the entanglement entropy of a CFT region A is computed by the
codimension-2 bulk surface 74 minimising area, analogous to the Bekenstein-Hawking formula. In the figure,
(a) a boundary region A in CFT, corresponds to a minimal surface in the bulk AdSs, whose area gives the
entanglement entropy. (b) The geodesic’s — here, a semicircle — minimal surface YA is anchored to a spatial
interval A on the boundary and plays the role of a holographic screen for an observer in A [3].

THE QUARK-GLUON PLASMA

The vertical axis represents Tt . * oo While deconfinement suggests

temperature, and the horizontal axis perturbative QCD should work for

represents the baryon chemical QGP, the coupling remains strong

potential. “xSB” (chiral symmetry at experimentally accessible

breaking) region represents the energies (decreasing only as 1/
logE), requiring non-perturbative
approaches like AdS/CFT to study

QGP properties.

hadron phase or confinement, and
“CSC” represents the colour

superconducting phase.

At high temperature, the quarks and gluons are deconfined by the Debye screening, this is the quark-gluon
plasma phase [2].

HYDRODYNAMIC ANALYSIS
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At finite temperature, SAdSs black holes map to N=4 SYM plasma via gauge/gravity duality. This framework
allows computation of various transport coefficients, like viscosity, by analysing how different bulk
perturbations propagate in the AdS spacetime. Most notably, AdS/CFT predicts a universal lower bound for the
shear viscosity to entropy density ratio n/s = 1/4mn [2].

COMPARISON WITH EXPERIMENTS
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The plots show RHIC data vs hydrodynamic simulations with KLN and Glauber initial conditions for different
values of n/s. RHIC data constrain QGP viscosity to the holographic bound [4].
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OPEN QUESTIONS

The AdS/CFT correspondence has profoundly reshaped our understanding of quantum gravity, strongly

(1. < T < 2T,

coupled systems, and holography. Yet, fundamental questions remain unresolved.
. How spacetime geometry emerges from the entanglement structure of the boundary CFT?
. What distinguishes "holographic” CFTs from those without gravitational duals?

. How can holography be extended into flat or de Sitter spacetimes?
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ABSTRACT

This study investigates hypernuclei, nuclear systems in which one or more hyperons (A, 2, =) are bound to ordinary nuclei. These systems allow the investigation of baryon-baryon interactions involving strangeness. Due to
limited scattering data, hypernuclear structure—especially binding energies and decay spectra—offers indirect insight into hyperon—nucleon (YN) and hyperon—hyperon (YY) interactions. Various theoretical models including
meson-exchange theory, chiral effective field theory, and relativistic mean field theory are discussed. This work highlights the multidisciplinary relevance of hypernuclei in nuclear, particle, and astrophysical contexts.

INTRODUCTION

Hypernucleus systems that go beyond conventional nuclei—occupy a significant
position at the intersection of nuclear and particle physics. A hypernucleus is formed
when at least one hyperon (such as A, X, or &, which are baryons containing a strange
quark) 1s bound to an ordinary nucleus. This configuration serves as a unique
laboratory for investigating both the effects of strangeness propagation in nuclear
matter and the fundamental nature of the strong interaction [1].

The field of hypernuclear physics emerged in the early 1950s from the analysis of
unusual nuclear tracks observed in cosmic ray experiments. In 1953, M. Danysz and J.
Pniewski discovered the first hypernucleus by detecting the binding of a A hyperon to a
nucleus. This discovery revealed that nuclear structure is not limited to nucleons alone,
and that heavier baryons can also exist stably within the nuclear environment.
Hypernucleus and the production of strangeness provide an ideal setting for testing key
features of QCD [2].

Hypernucleus also offer indirect insights into hyperon-nucleon (YN) and hyperon-
hyperon (YY) interactions. The short lifetimes of hyperons and the resulting limitations
in direct scattering experiments make it extremely challenging to study these
interactions directly. However, the observation of a hyperon stably bound within a
nucleus provides valuable information about the nature of these interactions. Therefore,
measurements of hypernuclear energy levels, binding energies, and decay products
play a critical role in the development and validation of theoretical models.

Today, hypernuclear physics contributes not only to our understanding of fundamental
particle interactions but also to the study of astrophysical systems—especially in
extreme-density environments such as neutron stars, where hyperonic matter is
expected to exist. The presence of strangeness in dense matter directly influences
various mechanisms and the internal structure of such stars. For this reason,
hypernuclear research is of significant importance in astrophysics as well.
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Figure 1 The spin-1/2 baryon and the spin-2/3 baryon decuplet
A, X, AND Z HYPERNUCLEI

Hypernuclei are classified according to the type of hyperon they contain, most
commonly A, X, or E. Each of these hyperons exhibits distinct interaction
characteristics with nucleons, shaping the formation, stability, and observability of the
corresponding hypernuclear systems.

A-hypernuclei

A-hypernuclei are the most extensively studied class. The A hyperon, being electrically
neutral and carrying zero isospin, interacts attractively with nucleons. This interaction
is relatively weak and spin-independent, which allows A particles to occupy deeply
bound states in a wide variety of nuclei. Importantly, the A hyperon is not subject to the
Pauli exclusion principle within the nucleus, making it an ideal, non-perturbing probe
of the nuclear interior. As such, A-hypernuclei serve as the primary experimental
source for constraining hyperon—nucleon (YN) interaction models.

2-hypernuclei

In contrast, Z-hypernuclei are more elusive. X hyperons carry 1sospin 1 and can have
electric charges of +1, 0, or —1. Their interaction with nucleons is highly sensitive to
spin and isospin channels, and is often repulsive—particularly for ¥~ in dense nuclear
matter. As a result, stable X-hypernuclei are rare. Even when they form, ¥ hyperons
tend to rapidly undergo conversion into A via the strong interaction process XN — AN,
which further limits their lifetime and detectability as bound systems

Strange quark

A Hyperon = Hyperon

Figure 2 Representation of as A and = hyperons with quarks

=-hypernuclei

E-hypernuclel represent a heavier and experimentally less accessible class of strange
nuclear systems. The Z hyperon contains two strange quarks and interacts attractively
with nucleons, although the interaction remains poorly constrained due to the scarcity
of direct data. In particular, the negatively charged &~ may be bound in heavy nuclei
through a combination of strong and Coulomb forces. One of the most important
features of Z=-hypernuclei is their role in producing double-A hypernuclei via the
conversion reaction 2~ + p — A + A. This process enables access to the S = —2 sector
and provides rare observational input for hyperon—hyperon (YY) interactions.

Hyperon ¢T [em] Mean lifetime [s] Mass [GeV/cz] Main decay
and Quark Content and branching fraction
A (uds) 7.89 (2.632+0.020) - 10719 1.116 pr~ (63.9+0.5)%
nr’ (35.8 +0.5%)
£t (uus) 2404  (8.018+0.026) 10" 1.189 prY (51.57+£0.30)%
nnt (48.31+0.30%)
20 (uds) 2.22:107° (7.44+0.7)-1072° 1.193 A (100)%
¥~ (dds) 4434  (1.479+0.011)-10719 1.197 nmt~ (99.848 £0.005)%
=0 (uss) 8.71 (2.90+0.09)-10~10 1.315 An" (99.524 +0.012)%
Z~ (dss) 491 (1.639+0.015)- 10710 1.322 AT~ (99.887 +0.035)%
Q" (sss) 2.461 (8.21+0.11)-10" ! 1.672 AK~ (67.8+0.7)%

=0 (23.6 £0.7)%
=’ (8.6+0.4)%

Table 1 Mean decay length, mean lifetime and mass for the strange ground
statehyperons. The most common decay modes are cited together with the branching
ratio. [2]

BARYON-BARYON INTERACTIONS

Baryon—baryon interactions are fundamental for understanding both ordinary nuclei
(via NN interactions) and hypernuclei (via YN and YY interactions). While the
nucleon—nucleon (NN) interaction is well-constrained through decades of scattering
data, the situation is very different for systems involving hyperons.

YN interactions: Only ~37 data points exist, mostly from old bubble chamber
experiments.

Y'Y interactions: No experimental data are available.[3]

Because hyperons are short-lived, they cannot form intense or stable beams for
standard scattering experiments. As a result, hypernuclear structure becomes the
primary indirect probe for investigating these interactions.

Properties such as binding energies, spin states, and level splittings in light hypernuclei
are used to constrain effective baryon—baryon potentials involving strangeness. This
justifies the need for theoretical modeling.

THEORETICAL FRAMEWORK: YN/YY
INTERACTION MODELS

Due to the short lifetimes of hyperons, direct scattering experiments for hyperon—
nucleon (YN) and hyperon—hyperon (YY) interactions are extremely limited.
Therefore, several theoretical models are used to construct effective interaction
potentials based on symmetry principles and meson exchange mechanism.The main
models are given below:

Nijmegen models (NSC89, NSC97, ESC04/08): Based on one-boson exchange and
SU(3) flavor symmetry, including its explicit breaking.

Bonn-lJiilich models: Include multi-meson exchange and emphasize short-range
interactions.

Chiral Effective Field Theory (EFT): Low-energy expansion based on QCD symmetries,
using Goldstone bosons (m, K, n). Calculations include LO and NLO levels.

These models aim to describe quantities such as scattering lengths, spin dependence,
and binding energies. Due to the absence of YY scattering data, predictions for
double-strangeness systems remain purely theoretical.

STRUCTURE MODELING: HYPERNUCLEAR
APPLICATIONS

Once interaction potentials are constructed, they are applied to study the internal
structure of hypernuclei. These modeling approaches aim to describe how a hyperon
behaves within a nuclear medium and how it modifies the energy levels of the nucleus.

Shell Model: A 1s placed into quantized nuclear orbits, leading to observable single-
particle energy levels. This model helps identify new symmetries in A—nucleus
systems.

Relativistic Mean Field (RMF) Theory: Treats baryons as Dirac spinors interacting
with meson fields (o, o, p). RMF successfully reproduces binding energies and spin-
orbit splittings.

SU3)-SU(6) Symmetry Extensions: The Sakata model combines proton, neutron,
and A ito SU(3) flavor multiplets. When merged with spin SU(2), this yields an
extended SU(6) symmetry for light hypernuclei.

These models are calibrated using hypernuclear observables such as level spacings and
A binding energies. They also allow investigation of three-body ANN forces, which
play a significant role in few-body systems.

YN and YY interactions

meson theory, quark model

‘ (1) Use the (3) Suggest to improve
: interactions the interactions

Accurate calculation of hypemuclear
structure

few-body model, cluster model, shell model

with experimental data

No direct information

l (2) Compare theoretical results

Spectroscopy experiments

high-resolusion gamma-ray experiments,
emulsion experiments

Figure 3 Approach for obtaining insights into YN and YY interactions through the
examination of light hypernuclear structure

CONCLUSION

Hypernuclei—nuclear systems containing one or more hyperons—provide a rare and
essential opportunity to explore the dynamics of baryon—baryon interactions involving
strange quarks. These systems extend nuclear structure beyond nucleons and allow the
study of Quantum Chromodynamics (QCD) in environments where confinement,
symmetry breaking, and many-body effects intersect.

A major theoretical challenge in this field is the lack of reliable experimental data for
hyperon—nucleon (YN) and especially hyperon—hyperon (YY) interactions. Due to the
short lifetimes and neutral nature of hyperons, direct scattering experiments are
severely limited or altogether infeasible. As a result, the few available YN data points
(~37) are insufficient to determine even basic quantities like scattering lengths with
high confidence.

To overcome this, hypernuclear observables—such as binding energies, spin—parity
levels, and decay spectra—are used as indirect probes. These allow for the
construction and refinement of effective interaction models, including:
Meson-exchange models (Nijmegen, Jiilich),

Chiral Effective Field Theory, based on low-energy QCD,

Quark-based approaches using SU(3)/SU(6) symmetries.

However, the interpretation of these models 1s often highly dependent on theoretical
assumptions, especially in the absence of empirical constraints. This makes model-
dependence a central problem in hypernuclear theory.

To mitigate this, interaction models are embedded within nuclear structure frameworks
such as the shell model and relativistic mean field (RMF) theory. These tools allow
hypernuclear properties to be calculated and compared with experimental data from
reactions like (K-, n7), (n*, K¥), and electroproduction. In light hypernuclei, few-body
models are employed to study three-body forces like ANN, which are not captured by
two-body potentials alone.

Beyond nuclear structure, hypernuclear physics has far-reaching implications for
astrophysics. In the high-density cores of neutron stars, the presence of strange
baryons alters the equation of state, influencing stellar stability and maximum mass.
Hypernuclear research thus plays a vital role in bridging microscopic strong
interactions with macroscopic cosmic phenomena.

In conclusion, the study of hypernuclei offers both a solution to the challenge of
inaccessible YN/YY data and a path forward in our understanding of the strong force,
nuclear matter, and the role of strangeness in the universe.
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ABSTRACT

Muon-based cancer therapy presents a novel approach for treating deep-seated and radio-resistant tumors by utilizing the unique physical properties of muons, such as high penetration power and low lateral scattering. This study reviews the current
literature, evaluates simulation data using the Geant4 platform, and analyzes the technical potential of the KEK prototype muon therapy system in Japan. Results suggest that muons offer precise dose delivery with minimal secondary radiation, providing

a promising alternative to conventional hadron therapies for challenging tumor cases.

STANDART MODEL OF ELEMANTARY PARTICLES

This system measures how muons scatter as they pass through matter, providing insight into tissue density and structure.
In this thesis, such imaging platforms were evaluated for their potential use in tumor detection and dose distribution

analysis.

Standard Model of Elementary Particles

Incident muon

three generations of matter three generations of antimatter interactions / force carriers
(elementary fermions) (elementary antifermions) (elementary bosons)
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Fig4. Muon Imaging and Triggering System
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The Standard Model explains the fundamental particles of the universe and their interactions. The muon, a second-

generation lepton in this model, is the focus of this study. S13om
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This detector system enables high-precision muon measurements by minimizing environmental noise. In this thesis, it is
Fig2. KEK Muon Beamline considered as a reference model for accurately detecting and analyzing signals generated as muons pass through deep
tissues.

This diagram shows the KEK muon beamline where muons are produced and directed. At the “production target,” high-
energy protons collide and generate muons. “Collimators™ straighten the direction of particles, while “magnetic
separators” remove unwanted particles, allowing only muons to pass through. “Slits” are narrow openings that control
the shape and width of the beam.

—+-
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Fig7. Muon Detector Module Under Strong Magnetic Field , Fig8. Particle Accelerator Beamline and Collimation System

These two visuals represent synthetic experimental setups used for the production and guidance of muon beams. The first
image shows a detector module operating under a strong magnetic field, designed to separate and steer particles based on
their momenta—an essential component in prototype muon therapy systems such as those developed at the KEK Research
— V Center. The second image illustrates a beamline setup at a particle accelerator facility, where muons are focused and
d H delivered to the target through collimators. Both systems serve as physical counterparts to the Geant4-based simulations

. _ _ — _ _ : _ discussed 1n this thesis.
Fig3. The weak interaction decay of a pion into a muon and a muon neutrino. This process is the basis of laboratory
muon production.
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Ozel Gorelilik ve Zaman Genislemesi

Gililsu Kilic 19022049
Danisman: Prof.Dr. Zeynel YALCIN

OZET

Bu calismanin temel amaci, Albert Einstein’in ortaya sundugu ozel gorelilik teorisi ve bu teorinin en buyuk bulgularindan biri olan zaman genlesmesi
olayini detayli bir sekilde ele almaktir. Bu tez, o6zel goreliligin ortaya cikis nedenini, temel postulatlarini ve sonuclarini, Lorentz dontusumlerinin
detaylandirilarak zaman genlesmesinin nicel ifadesinin ortaya cikisini, ikizler paradoksunu ve eszamanlilik kavramini hem teorik hem deneysel olarak
aciklamayi amaclamaktadir.

Ikizler Paradoksu

OZEL GORELILIK VE ZAMAN GENISLEMESI

Jenny ve Johnny 1kiz kardeslerdir. Uzayda yolculuga ¢ikan astronot ikiz Jenny, yolculugu bitip

Ozel Gorelilik Teorisi Nedir ? Dunye.l ya geri dondqgupde, Diinya’da kalan ikize Jol.mny e gore daha gen¢ olacaktir. Bunun
sebeni 1se hareketli sistemde zamanin, durgun sisteme gore daha yavas akmasindan
kaynaklanmaktadir.

Ozel gorelilik Teorisi, 1905 yilinda Albert Einstein 'in "Hareketli Cisimlerin
Elektrodinamigi Uzerine " adli yazisinda 6ne siiriilmiistiir. Bu teorinin ana
yapist zaman ve uzay kavramlarina dayanir. Yizyillardir fizigin temel olarak
kabul gormis mutlak zaman ve uzay, gorelilik teorisinin one sturdugu
gozlemcinin hareketine dayali zaman ve uzay kavrami ile ¢iiriitilmiis ve bu
teori 1le birlikte bilimde yeni bir ¢agin kapisi aralanmustir.

Ortaya Cikma Nedenleri

* Newton mekaniginin, Maxwell teorisinde One siirtilmiis olan 1s181n dalgalar

halinde ve sabit hizla yayilma varsayimui ile ¢eliski gostermesi. 7ZAMAN GENiSLEMESi UYGULAMALARI ve DENEYSEL
* Michelson-Morley deney1 1ile birlikte 15181m yayildigi ortam olarak
varsayilan eter kavraminin ¢okertilmesi : 1s1k hizinin her yonde ayni olmasi KANITLAR
* Galile1 dontisimlerinin ( hizlar1 toplama kurali ) 1sik hizi sabitliligini
aciklamaktaki yetersizligi Hafele-Keating Deneyi (1971):
Atom saatler1 jet ugaklarina ve Diinya yuizeyine yerlestirildi.
Einstein Postiilatlar: Hareketli saatler, yerdeki saatlere gore nanosaniyeler seviyesinde yavas ¢alisti

(0ngoriilenle uyumlu)
Muon Deneyleri:
Rossi —Hall Deneyi : Ik muon deneyi olarak bilinir. Atmosferde olusan

* Gorelilik 1lkes1: Fizik yasalar (elektromanyetizma da dahil ) tiim eylemsiz
sistemler 1¢in ayn1 sekilde gerceklesir.

«  Tsik hizinin sabitligi: Isik hizi tiim gdzlemciler icin aymdir. miuonlar, Omiurler1 dolayisiyla Newton mekanigine gore yeryiiziine ulasmadan
) bozunmaliydi.
Ozel Goreliligin Sonuclar: Ancak yiiksek hizlar1 nedeniyle zaman genislemesi sayesinde yere ulastiklar
dogrulanda.
« Zaman Genislemesi: Harcket eden saatler, duragan saatlere gore daha Parcacik Hizlandiric1 Verileri:
yavas calisir. - CERN’deki protonlar 1s1k hizinin %99.99°una ulastiginda, bozunma siireleri
 Uzunluk Kisalmasi: Hareket eden cismin boyunda kisalma meydana

binlerce kat uzar.
 Eszamanhhgin Goreliligi: Bir referans sisteminde ayni1 anda olan olaylar, g Hissets h:iZh iall‘gaglklall .(lslk .1.11211n 4 yak(lini{'nO{mlaldeI.ll cok (iahadulzlun SUTE
farkli referans sistemleri 1¢in farkli zamanlarda olabilir. ozunmadan kalir.Ornegin, muonlar yerdeki gozlemcilere gore daha uzun

+ Kiitle-Enerji Esdegerligi (E=mc?): Kiitle ve enerji birbiri ile ilgkilidir. omurludiir.
Kiitle, enerjiye dontisebilir. - N

Hafele and Keating Experiment Elapsed muon Elapsed muon
lifetime lifetime
Zaman Genislemesi Nedir? |

i _ Lo
gelir. (L = ”

Hareketli sistemlerde zaman daha yavas akar. Hareketli saatler,duragan vuon created
saatlere gore daha yavas calisir. Zaman genislemesi, matematiksel olarak
Lorentz dontistimlerinden tiiretilen Lorentz faktori 1le ifade edilir.

Muon created

Yy = = — (gama faktorti) At = At y (t’: harekethi gozlemci i¢in

1-(%)

gecen zaman, t : duragan zaman)

Muon decays Muon decays

(a) Muon’'s reference frame (b) Earth’s reference frame

SONUC

Ozel gorelilik teorisi, zamanin mutlak olmadigini ve gozlemcinin hareketine bagli oldugunu
kamitlamistir. Zaman genislemesi, teorik ve deneysel olarak desteklenmekte ve modern
teknolojide kritik bir rol oynamaktadir. Bu calisma, 0zel goreliligin temel kavramlarini ve
uygulamalarini bir araya getirerek konuya biitiinciil bir bakis sunmaktadir.
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Yeni Nesil Radyasyon Zirhlayicilar

Eylul Yagmur Topal 20022074
Danisman: Dr. Ogr. Uyesi Yasar KARABUL

OZET

GuUnumuzde nukleer teknolojilerin ve radyasyon uygulamalarinin yayginlasmasiyla birlikte, iyonlastirici radyasyona karsi hafif, cevre dostu ve yuksek performansli zirhlama malzemelerine olan talep giderek
artmaktadir. Geleneksel olarak kullanilan kursun bazli koruyucular, agirliklari, toksik etkileri ve islenme zorluklari nedeniyle yerini alternatif malzemelere birakmaktadir. Bu calismada yeni nesil radyasyon zirhlama malzemeleri

incelenmistir. Elde edilen sonuclar, yeni nesil radyasyon zirhlama kompozitlerinin, geleneksel cozimlere kiyasla daha hafif, cevre dostu ve ylksek koruma saglayan bir secenek sundugunu ortaya koymaktadir.

YENI NESIL RADYASYON ZIRHLAYICLAR Yeni Nesil Zirhlayicilarin Genel Ozellikleri

* Kursunsuz ya da dusuk toksisiteye sahiplerdir.
* Hafif ve mekanik olarak glicllerdir.

Radyasyon Nedir? * Gama, notron, X-1sini gibi farkli radyasyon tirlerine karsi etkilidir.
Radyasyon, enerjinin dalgalar veya parcaciklar halinde yayilmasi olarak tanimlanabilir. Modern fizikte « Cevre dostu ve strdurilebilirdir.
elektromanyetik radyasyon ve parcacik radyasyonu olarak iki ana gruba ayrilir. Radyasyonun dogal ve yapay * Polimer matrislerle sekillendirilebilir ve modiiler tiretime uygundur.

kaynaklari bulunur ve tiptan eneriji Uretimine kadar bircok alanda kullanilmaktadir. Bununla birlikte,
kontrolstiz maruziyet canlilar icin ciddi riskler olusturabilir.
Gunluk yasamda kullanilan mikrodalgalar, radyo dalgalari ve X-isinlari gibi cesitli radyasyon tirleri; pisirme,
iletisim ve tibbi incelemeler gibi alanlarda yaygin olarak kullanilmaktadir. Radyasyon, ayni zamanda
radyoaktif maddelerden de kaynaklanir. Bu maddeler dogada kendiliginden bulunabildigi gibi, yapay olarak
da uretilebilir. Radyasyonlari, maddelerde olusturduklari etkilere gore iki ana kategoriye ayirmak
mimkindur: iyonlastirici ve iyonlastirici olmayan radyasyonlar. Ayrica, radyasyon kaynagina bagli olarak . N .
dogal ve yapay radyasyon olarak da siniflandirilabilir. Yaygin Matris Turleri:

* Epoksi Regineler: Sertlesince dayanikli olur, yuksek baglayicilik saglar.
* Poliiliretan: Esnektir, darbe dayanimi yuksektir.
Geleneksel Zirhlama Yontemleri e Silikon: Isi dayanimi iyidir, biyouyumlu ve esnektir.
* Polivinil Alkol (PVA), Polietilen (PE) gibi termoplastikler.
Bu matris tirleri; hafiflik, Gretim kolayligi, esneklik ve kaplanabilirlik saglar.

Yeni Nesil Radyasyon Zirhlarinda Kullanilan Malzemeler ve Yapilar

Yeni nesil zirhlarda, radyasyonu dogrudan soguran katki maddeleri bir matris icinde dagilir. Bu matris;
malzemeye sekil verilebilirlik, esneklik ve hafiflik kazandirir. Ayni zamanda katki maddelerini homojen
dagitarak koruma verimini arttirir.

1. Temel Zirhlama Prensibi

Radyasyon zirhlama, radyasyonun madde ile etkileserek enerjisini kaybetmesini saglar. Amacg: Katki Maddeleri (Radyasyonu Zaylflatan Asil Bilesenler)
* Emilim (absorpsiyon)
e Sacilma (scattering)

Bu prensiplere gore yogunlugu yiksek, atom numarasi biiyiik malzemeler tercih edilir. *  Bizmut Oksit (Bi,O3): Kursuna yakin derecede bir koruma saglar ve toksik degildir.
e  Barit (BaS0O4): Ucuzdur ve yaygin kullanilir. Kiitlece yogun bir yapiya sahiptir.
2. Kursun (Pb) — En Yaygin Geleneksel Malzeme *  Tungsten Oksit (WO3): Yogunlugu ve zayiflatma etkisi ylksektir.

Avantajlari:  Seramik katkilar (ZnO, SnO,, CuO, TiO,): Yardimci koruma ve mekanik glic artisi saglar.

* Yiksek atom numarasina sahiptir (Z=82) ve yliksek yogunluktadir (11.34 g/cm?)

« Gama ve X-isinlarina karsi cok etkilidir. 2. Bor ve Turevleri (NGtronlar Igin)

e Kolay sekil verilebilir, ince levha olarak kullanilabilir. *  Borik Asit (H3BOs): Polimer icinde kolay dagilir.

Dezavantajlari: *  Bor oksit (B203): Cam yapiminda da kullanilr.

* Toksik ve cevreye zararlidir

« Agirdir, tasinabilirlik zayiftir 3. Dogal ve Destekleyici Yapilar

* Mekanik dayanimi dastktar e Jit, Kenevir, Hindistan Ceuvizi Lifi: Epoksi icinde hem dayanim hem surdurulebilirlik saglar.
 Radyasyon gecirgenligi, yiiksek enerijili parcaciklar icin yetersiz kalabilir * Seliiloz Nanoeliyaflari: Hafif ama saglam yapilar icin kullanilir.

Kullanim Alanlari: Réntgen odalari, laboratuvarlar, radyoterapi merkezleri, niikleer santraller * Perlit, Manyetit, Bentonit: Izolasyon, mekanik gli¢ ve radyasyon tutuculuk saglar.
3. Beton 4. Kompozit ve Cok Katmanh Yapilar

Avantajlari: Yeni nesil zirh sistemleri genellikle cok katmanli veya hibrit olarak tasarlanir.

e Ucuzdur ve yaygin bulunabilir. * I¢ katman: No6tron sogurucu (bor katkili polimer)

« Kalin dokiumlerle iyi zayiflatma saglar. * Orta katman: Gama zayiflatici (Bi,Os, BaSO4 vb.)

* Genis alanlarda (nikleer santral, radyasyon siginaklari) kullanilabilir. * Dig katman: Mekanik koruma (sert polimer, celik 6rgii vb.)

Dezavantajlari:

 Kalinlik gerektirir bu da yer ve agirlik sorununa yol acar.

 Gama ve notronlar icin tek basina yetersiz olabilir. , RADYASYONDAN KORUNMA

* Mikroyapisi gozenekli oldugu icin zamanla zayiflayabilir.

» . . . . ) . Mesaf y 4 Zirhlama
Agir betonlara barit, hematit veya manyetit gibi mineraller eklenerek zayiflatma kabiliyeti artirilabilir. o i y
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]
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4. Celik (Paslanmaz Celik, Kursunlu Celik) ‘ml
Ozellikle reaktorler ve konteynerler gibi yiiksek sicakhga ve basinca dayanikli ortamlarda kullanilir. ;
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» Gama ve X isinlar Yeni nesil radyasyon zirhlayici malzemeler, geleneksel kursunlu sistemlerin toksisite, agirlik ve esneklik gibi
sinirlamalarini asarak  daha  glivenli, hafif ve cevre  dostu cozumler  sunmaktadir.
Notron

Bi,Os, barit, bor bilesikleri gibi katkilarla zenginlestirilen polimer matrisli kompozitler, tip, niikleer eneriji,
savunma ve uzay gibi bircok kritik alanda etkili koruma saglamaktadir.

Bu malzemelerin ¢cok yonli yapisi sayesinde; Farkli radyasyon turlerine karsi eszamanli koruma saglanabilir ve
| - tasinabilir, moduler ve sekillendirilebilir zirh sistemleri gelistirilebilir. Yeni nesil radyasyon zirhlamada
'.:, so;?;oa .;2 . kursunsuz, sirdurulebilir ve biyo-uyumlu tasarimlar 6n plana ¢cikmaktadir.
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ABSTRACT

This research articulates the physical principles underlying sensor technologies and highlights how material-level modifications particularly via ZnO doping can drive innovation in sensor functionality, precision, and adaptability.
The conclusions are substantiated through a synthesis of theoretical insights and extensive empirical data, emphasizing the interdependence of fundamental physics and applied material science in the evolution of advanced

sensing systems

The Foundational Role and Operational Principles of Sensors

In the age of automation, intelligent systems, and real-time data environments, sensors constitute the
essential link between the physical world and digital infrastructures. Functioning as transducers, sensors
detect a wide range of physical, chemical, or biological phenomena and convert them into electrical signals
that can be measured, processed, and interpreted by computational systems. This transformation is
structured into three fundamental stages: (1) physical interaction and energy conversion, (2) signal
transduction and conditioning, and (3) output and data transmission. Each stage is underpinned by
specific physical mechanisms such as the Seebeck effect in thermal sensors, the photoelectric effect in
optical sensors, piezoelectricity in mechanical sensors, and capacitive or Hall effects in electronic sensors.
The diversity of sensor types thermal, optical, mechanical, magnetic, chemical, and capacitive is rooted in
classical physics, thermodynamics, quantum mechanics, and solid-state principles. For instance, thermal
sensors exploit temperature-dependent electrical resistance, while chemical sensors utilize redox reactions
and surface adsorption processes to detect gaseous or liquid analytes. Magnetic sensors employ the Hall
effect to detect field variations, and capacitive sensors detect changes in permittivity due to physical
displacement or dielectric variation.

Modern sensors go beyond mere measurement tools; they are embedded within both open-loop and closed-
loop systems, actively contributing to automation, fault detection, and adaptive feedback mechanisms. They
are central to the operation of cyber-physical systems, [oT frameworks, autonomous machines, and
wearable health technologies. Recent advancements in nanotechnology, MEMS/NEMS integration, and
materials science have significantly improved sensor performance in terms of miniaturization, sensitivity,
selectivity, and response speed.

In this context, the physical principles behind sensors are not abstract scientific constructs but practical
engineering tools that enable the continuous and accurate monitoring of complex environments. As societal
reliance on data-driven solutions increases, the development of high-performance sensors becomes
increasingly dependent on the material properties and engineering innovations integrated into their
structure a field in which ZnO has shown remarkable promise. [1]

Table 1: Sensor Applications of Underlying Physics
Sensor Type Underlying Physics Typical Application

Seebeck effect, resistance-temperature .
Thermal . . _ Temperature sensing
relationship (RTD, thermistor)

Automotive
Photoelectric  effect, light absorption,
Optical Technologies, optical
interference
communication [4]

Hooke’s law, piezoelectric effect [6], strain-Industrial Automation

Mechanical . .

resistance correlation and Robotics

Lorentz force, Hall effect, flux densityProximity  detection,
Magnetic o .

variation current sensing

Redox reactions, conductivity change,Gas  sensing, PH
Chemical .

adsorption measurement [ 3]

L . o Touch sensing, pressure
Capacitive Permittivity-based capacitance variation .
detection

Sensors :
definition and principles
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Zinc Oxide (ZnO) as and Advanced Sensing Applications:

Zinc oxide (ZnO) stands out among functional materials for sensing technologies due to its versatile
physical, chemical, and structural characteristics. As a wide-bandgap (~3.37 eV), intrinsically n-type
semiconductor with high exciton binding energy (~60 meV) and a non-centrosymmetric wurtzite structure,
ZnO supports diverse sensing platforms, including chemiresistive gas sensors, UV photodetectors,
piezoelectric pressure sensors, and biosensors.

Its piezoelectric and pyroelectric properties enable self-powered sensor designs, while oxygen vacancies
and zinc interstitials on the surface serve as active sites for gas adsorption. Reducing gases (e.g., CO, H2)
interact with adsorbed oxygen species, altering electrical resistance via electron transfer, which underpins
ZnQO's gas-sensing mechanism. Doping ZnO with elements like Al, Ga, Cu, Pt, or Pd further enhances
sensitivity, selectivity, and stability by tuning conductivity, surface energy, and catalytic activity. For
instance, Pd enhances ethanol detection, Pt enables low-temperature hydrogen sensing, and Sn improves
NO: response.

Nanostructuring into rods, wires, or hierarchical forms boosts surface-to-volume ratio, optimizing analyte
interaction crucial for environmental and biomedical applications. However, excessive doping may induce
lattice distortion and reduce performance, highlighting the need for precise synthesis control to ensure
reproducibility.[2]

Table 2: Application of specific doping strategies in ZnO-based sensors: Dopant roles, Band gap
modulation and Sensing mechanisms

Sensor type Dopant Why this Application Operating Sensor
used dopant? domain band gap mechanism
(Ev)

Ethanol  gas Pd Pd catalyzes Industrial 3.25 Chemiresistive
sensor [4] cthanol Safety
oxidation

Hydrogen gas Pt Pt lowers the Cleanenergy @ 3.1 Chemiresistive
sensor [5] activation

barrier for H2.

Dissociation,

enabling  fast

hydrogen

sensing.

Ammonia gas Cr Cr  enhances Agricultural 3.15 Chemiresistive
sensor [6] charge sensing

separation and

selectivity

toward

ammonia

molecules

PH sensor [7] Ni Ni  modifies Biomedical 3.2 Potentiometric
surface redox clinical
potential and
improves PH
response
linearity.

Pressure Undoped Undoped ZnO Wearable 3.37 Piezoelectric
sensor [8] provides electronics

strong

piezoelectric

output due to

wurtzite

NO2 gas Sn Sn  increases Environmental 3.1 Chemiresistive
sensor [9] oxygen monitoring

vacancy sites

and 1mproves

electron

withdrawal by

NO2
CO gas sensor Cu Cu provides Automotive 3.2 Chemiresistive
[10] catalytic safety

centers and

enhances CO
sensitivity  at
lower
temperature

The table illustrates how doping ZnO with noble (Pd, Pt) or transition metals (Cr, N1, Cu) effectively tunes its
surface reactivity, electronic conductivity, and bandgap to suit specific sensing needs. For example, Pd
enhances ethanol detection via surface catalysis, while Pt enables low-energy hydrogen dissociation. Cr and
Ni improve ammonia and pH sensitivity through modulation of charge separation and redox potential.

These doped systems find applications in industrial safety, environmental monitoring, renewable energy, and
biomedical diagnostics. Undoped ZnO, meanwhile, remains effective as a piezoelectric material for pressure
sensing, underscoring its intrinsic multifunctionality.

The underlying sensing mechanisms chemiresistive, potentiometric, or photoconductive depend on the dopant

and the target analyte [3] REFERENCES
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TRANSPARENT SOLAR CELLS
Seymanur BASAR 19022015

Danisman: Doc.Dr. Fatma Pinar CHOI

OZET

In the thesis, we explained how we produced transparent solar cells in a laboratory environment. In our work, we focused on the cost-effectiveness, environmental friendliness and wide
energy bandwidth of metal oxides.

TRANSPARENT SOLAR CELLS Preparation of titanium dioxide solution Preparation of titanium oxide films
‘: i j , o 475°C 30 dk
Photovoltaic Effect and Solar Cell Working Principles § = ‘f S oo ‘
—_— I e < FTO kapli cam ' i /
The scene of the first emergence of the solar energy began in 1839, when Bequerel discovered in his J —_— e ."

experiments that photovoltage was generated from the light on the electrode in an electrolyte solution. Later, . T
Adams and Day made a similar observation in solid-state selenium after Smith’s discovery of
photoconductivitiy in selenium . Subsequently, the development of photocells based on these materials and
copper oxide was explored. R.Ohl discovered the first silicon solar cell in 1940. He shone a torch on it. He Preparation of nickel oxide solution Growth of nickel oxide on TiO» films
was able to measure a large electrical voltage from the silicon rod . However, the first efficient silicon cell
was announced in 1954. These cells were originally designed in 1958 and initially started to be used as a
power source in spacecraft . Between 1960 and 1970, satellites using solar cells were launched. In the mid- .
1970s, terrestrial solar cells for applications were started and the main reason was the shortage of oil. In the A
1980s, as a result of technological developments, it was determined that the cells were more affordable and Y
thus a new year was opened. In 1914, the effiency of the selenium cell was only 1%. With the developing \
technology, silicon cell efficiency reached 15 per cent in 1980.0f course, these are terrestrial cell batterials. ikl aceta tetrhitrat
The copper sulpher cadmium sulphide heterojunction was the first thin film photovoltaic system to attract .

great interest. This cell was registered in 1954 by Reynolds et al. with an efficiency of %6 . Nowadays, there
are quite a lot of studies on thin film solar cells. Cell efficiency has increased and the cost is decreasing.
Briefly, Photovoltaics (PV) is the direct conversion of photons into electricity using thin layers of materials
known as semiconductors. When the photon reaches the cell surface, photons in the semiconductor
structure displace electrons and form electrone-hole pairs. The electric field inside the cell seperates these
charge and the electrons move in a certain direction. As a result of this movement, a current flows through
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the external circuit. Thus, light energy is directly converted into electrical energy. This photovoltaics effect R
forms the basis of solar cell technology. VOC/mV JSC/mAcm”-2
Zn0 : NiOx 0.0125V 0.0002519947
Giines Isigi Zn0 : CoOx 0.0125V 0.0008959579
N Tipi Yari iletken Negatif Elektrot
P Tipi Yani iletken TIO2 NIOX 00125 00001 128205
d 123808 )
T ¥V VYV S Ti02:CoOx 0.0125 0.0002638180
Pozitif Elektrot -
Elektrik Akimi
FF Pm
Isc x Voc
Metal Oxide Used in Transparent Solar Cells
In transparent solar cells, it transmits some of the light due to its structure. For P
this, conductive and transparent layers are required. Metal oxides meet this r] _ m x1 0 0
requirement. The most widely used indium tin oxide (ITO) layer has high P in
conductivity .It can be used as anode and cathode electrode.The disadvantage is
that indium is expensive.Fluorine alloyed tin oxide(FTO), which is more durable
than ITO, 1s cheaper and more transparent. Aluminium alloyed zinc oxide (AZO)
1s used in large area applications.Titanium dioxide (T102) used as electron carrier Nature offers its naturel riches. If we succeed in utilizing natural resources with
layer 1s used in organic solar cells with perovskite.Nickel Oxide (N10O) 1s used as a maximum efficiency and minimum environmental pollution, we will leave a
vacancy carrier layer livable world for future generation. Due to fact that fossil fuels and non-renewable

energy sources used as energy sources create human health and environmental

pollution, interest in sustainable energy is increasing worldwide. In addition, the

FTO glass cleaning (ultrasonic .
TiO :
= "2 solpreparation low cost of renewable energy and the fact that it is an environmentally clean
Ag Ag source increases efforts in this direction.
TiO, coating . Pre- The sun is a key energy that is unlimited and when used correctly, we can achieve
gy rying(100°Ca
ITO ITO (Spin /Dip) »}e\;gv(min) high yields. Generally, solar energy panels are used for water heating. In fact,
with the right investment and sanction, we can reach a position to meet all the
AV LAV energy needs of the house. In recent years, caravan and prefabricated house
Calcination(450- NiO, systems have been developed for this purpose. We aim to install this method in
500°C, 1 h) preparation the entire city layout and make solar energy a part of our daily lives.
Ag Ag
: : Pre-
NiO, coating : 5
e drying(100°C,
1[0 10 (Spin/Dip) few min ) KAYNAKCA
[1]https://polen.itu.edu.tr:8443/server/api/core/bitstreams/7e6f88a1-371c-42d8-87f5-
CAM CAM v c50b48bee8fd/content
[2] https://www.sciencedirect.com/science/article/abs/pii/S092702482030307X
Annea[mg (300- FTO/TiO,/NiO, [3] https://webrazzi.com/2021/11/29/seffaf-gunes-panelleri-isigin-gecirgenligini-engellemeden-enerji-elde-
400°C1 h) etmeyi-mumkun-hale-getiriyor/



https://webrazzi.com/2021/11/29/seffaf-gunes-panelleri-isigin-gecirgenligini-engellemeden-enerji-elde-etmeyi-mumkun-hale-getiriyor/
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Fundamental Physics of TOKAMAK

Yusuf Tugrul YiGIT 18022602
ADVISOR: Orhan OZDEMIR

Abstract: This presentation mainly focus on an explanatory overview of how Plasma, charged particles—such as electrons and ions—behave in the presence of
electric and magnetic fields. By focusing on single-particle motion, it lays the groundwork for understanding more complex plasma behavior described by fluid

and kinetic theories.

Overview of Plasma Under Magnetic Field and Confinement

Field-Particle Coupling, Gyromotion: .
When a charged particle (like an electron or an ion) enters a magnetic field, it experiences the Lorentz M
(A)

force. This force is always perpendicular to both the particle's velocity and the magnetic field direction. As

a result, the magnetic force does no work on the particle (because work is done only by a force B
component parallel to displacement), meaning it doesn't change the particle's kinetic energy. Instead, it B |
continuously deflects the particle's path, causing it to move in a circular or helical trajectory. M
This circular motion perpendicular to the magnetic field is called gyromotion or cyclotron motion. o T I
~Smax Smax S
Lorentz Force: v, (So) 5 12
Slope-( ::‘ —1)

Respect to time and substitute the second equation and then Rearranging this gives the equation for a
simple harmonic oscillator:

(B)
. (1‘2 U, _ qB ﬁ _ qB (_ ﬁ . ) _ (]2 BQ N (1‘2 Uy ( @ > 2 L O Z:g,;];:net(iﬁ)(;g:zs; r:l:r;ozrn(;ozglgu:;tii:t?;r::d \}v?|)e:;0\5/§: 50;%138‘;[0;;5? from Stacey WM. Fusion: an introduction to the physics and technology
dt? dt m m dt? m S
Result is The TOKAMAK
A similar equation can be derived for y- axis. The solutions describe a circular motion in the
plane perpendicular to B. The characteristic angular frequency of this oscillation is the
cyclotron frequency (or gyrofrequency) Also The radius of this circular orbit, known as the Larmor radius, The idea of the tokamak—a toroidal magnetic confinement device for plasma—originated in the Soviet
is found by balancine the magnetic force with the centrifugal force: Union in the 1950s during the early days of controlled thermonuclear fusion research. The concept was
‘Q‘B vy muv | proposed by two Soviet physicists, Andrei Sakharov and Igor Tamm, in 1950 as a solution to the problem of
L= — rp = — = B plasma confinement using magnetic fields. They theorized that a toroidal (doughnut-shaped) magnetic field,
m We ’(]’ augmented by a poloidal magnetic component generated by a plasma current, could confine plasma more
effectively than previous linear or simple toroidal configurations.
This equations determines the movement of shape of the plasma under magnetism. : T

. 3D EAST Geomet
Magnetic u

field line
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(nucleus)

Z[m]
Z[m)

Lorentz force
F=qvxB
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Fig. 8 Schematic of the orbit of charged particles in a magnetic field line. Reproduced from Yamada H. Fusion energy. In: Chen WY, Seiner J,
Suzuki T, Lackner M, editors. Handbook of climate change mitigation. New York, NY: Springer; 2012. p. 1195-7.

How It Works?
A large toroidal magnetic field is generated by external coils.

Confinement with Magnetic Mirrors:
A plasma current, induced by a central solenoid, creates a poloidal magnetic field.

A magnetic mirror confines plasma using a magnetic field that is strong at the ends and weaker in the Together, these fields produce helical magnetic field lines that twist around the torus and confine the

center of a solenoidal device. plasma in a stable configuration.
Charged particles moving along magnetic field lines reflect at the strong-field ends due to conservation of

energy and magnetic moment, creating a mirror effect. ( B (- (3 ( 4 h
Electrons and ions with high axial velocity can escape, but many particles become trapped in the central
region. l -
Y
Quantity Equation Meaning @) B ) / \ /. J
Voltage magnetic field ion
Total Energy W = %m(vﬁ —+ 'ui) Conserved Fig. 24 Schematic of the basic principle of Z-pinch. Courtesy of WikiHelper2134 at en.wikipedia.
) Energy Extraction
Magnetic Moment p=3g* Adiabatic invariant The high-energy neutrons, being uncharged, escape the magnetic field and strike a blanket surrounding the
plasma chamber.
Mirror Ratio R,, = %’g Magnetic field strength ratio The blanket absorbs neutron energy and converts it into heat, which can then be used to produce steam
and drive turbines—just like in conventional power plants.
Loss Cone Condition sin’ 0y > le Trapping condition
KAYNAKCA
Mirror Force Fj = —p Acts against particle escape [1] https://doi.org/10.1016/B978-0-12-809597-3.00330-8

[2] Bittencourt, J. A. (2004). Fundamentals of Plasma Physics (3rd ed.). Springer.
[3] Chen, F. F. (2016). Introduction to Plasma Physics and Controlled Fusion (3rd ed.).
Springer.
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Tavlama Sicakhiginin Hidrotermal Yéntem ile Sentezlenen Magnezyum Ferritlerin Yapisal ve Dielektrik Ozelliklerine Etkisi

Selen CAMLI 19022060
Danigsman: Dog. Dr. Banu SUNGU MISIRLIOGLU

OZET

Bu calismada, magnezyum ferrit (MgFe,04) nanopargaciklar hidrotermal yontemle sentezlenmis ve farkh tavlama sicakliklarinin (700 °C ve 900 °C) bu yapilarin kristal fazi ve dielektrik 6zellikleri Gzerindeki etkileri arastirilmiStir.Sentez sonrasi
karakterizasyon icin XRD, FTIR ve empedans spektroskopisi teknikleri kullaniimigtir. XRD analizleri her iki sicaklikta da kibik spinel yapinin olustugunu dogrulamig, ancak 900 °C’de tavlanan 6rneklerin daha yiiksek kristal safligi ve daha disik tanecik
boyutu gosterdigi belirlenmistir. FTIR analizleri ile metal-oksijen baglarinin tavlama sicakliina bagli frekans kaymalari gosterdigi gézlemlenmistir.Dielektrik dlglimler sonucunda, 700 °C’de tavlanan orneklerin daha yiksek €' ve € deQerlerine sahip
oldugu; buna kargin 900 °C’de daha belirgin bir Debye gevseme davranigi gosterdigi saptanmistir.Sonuglar, 900 °C tavlama sicakliginin yapisal saflik agisindan optimum deQer oldugunu; 700 °C’'nin ise ylksek dielektrik performans icin avantaj

sundugunu gostermektedir. Bu bulgular, MgFe,04 nanoparcaciklarin enerji depolama ve elektronik uygulamalarda kullanilabilirligini desteklemektedir.

GIRIS BULGULAR ve TARTISMA

spinel ferritler, genel formiilleri MFe,0s (M = Mg?', Ni¥*, Zn%', Co?* vb.) olan, manyetik seramik malzemelerdir. Kristal Bu calismada, hidrotermal yontemle sentezlenen MgFe,0: nanoparcgaciklarin 700 °C ve 900 °C tavlama sicakliklarinda
vapilarindaki esneklik ve iyonik dadiim sayesinde hem elektriksel hem de manyetik ozellikleri sentez ve islem yapisal ve dielektrik ozellikleri kargilastiriimigtir. XRD analizleri her iki 6rnekte de karakteristik kubik spinel yapinin
kosullarina olduk¢a duyarhdir. Bu o6zellikleri nedeniyle ferritler; sensorler, mikrodalga aygitlari, enerji depolama bagariyla olustugunu géstermigtir. Ancak 700 °C’de tavlanan &rnekte yaklagik 33° civarinda Fe-O safsizlik pikine
sistemleri ve biyomedikal cihazlar gibi bircok alanda yaygin olarak kullanilmaktadir. rastlanmisg, buna kargilik 900 °C’de tavlanan orneklerde bu pik ortadan kalkmig ve daha saf bir kristal yapi elde edilmistir.
Magnezyum ferrit (MgFe,0.), disik toksisite, yiksek termal kararlilik ve kimyasal inertlik 6zellikleriyle 6n plana ¢ikan Ayrica, 900 °C tavlama sicakliginda kristalit boyutunun 46.6 nm’ye dustigd, 700 °C érneginde ise 65.3 nm oldugu
karigik spinel yapil ferritlerdendir. Mg?* iyonunun manyetik olmayan dogasi, Fe** iyonlarinin ferrimanyetik katkisini hesaplanmigtir. Piklerin daralmasi ve siddetlerinin artmasi, kristalitenin yikseldigine isaret etmektedir.
kontrol etme olanagi saglayarak, optimize edilebilen bir elektriksel ve manyetik yanit oluSturur. Ayrica yari iletken [ : m—
karakteri sayesinde eddy current (girdap akimi) oluSumunu baskilayarak yuksek frekansl uygulamalarda avantaj sunar. . - .
Ferritlerin fiziksel ve elektriksel 6zellikleri tizerinde en belirleyici parametrelerden biri tavlama sicakligidir. Tavlama, : ° g ¥
kristal yapi kusurlarini azaltarak faz safliini artirmakta; tanecik boyutu, porozite ve mikro gerilmeler gibi yapisal ; 2
ozellikleri dogrudan etkilemektedir. Bu baglamda, literatlirde magnezyum ferritlerin sentezinde hidrotermal yéntem 3 — . . — 5 ] e 591,097

_ : < . . 2 ] = E R ==
gibi cevre dostu, dusik sicaklikta ¢alisan ve homojen yapi saglayan teknikler 6n plana ¢ikmaktadir. i 2 & ]
Bu calismada, MgFe,04 nanopargaciklari hidrotermal yontemle sentezlenmis; ardindan 700 °C ve 900 °C’de tavlanarak , : | 2850 RN %
yapisal ve dielektrik 6zellikleri kargilagtirmali olarak incelenmistir. Elde edilen sonuglar, tavlama sicakliginin hem kristal ] ] 3442 o )
diizen hem de dielektrik performans lizerinde belirgin etkileri oldugunu ortaya koymaktadir. . - - S

20 30 40 50 60 70 80 4000 3500 3000 2500 2000 1500 1000 500

Dalga sayis1 (cm)

DENEYSEL YONTEM

FTIR analizinde, her iki drnekte de 400-700 cm™ araliginda Fe—O ve Mg—-0 baglarina ait titreSim modlari gézlemlenmistir.

: . . 900 °C tavlama sonrasi bu piklerde frekans kaymalari meydana gelmis, bu da sicaklia bagl olarak metal—oksijen bag
Sentez I¢in Kullanilan Kimyasallar P Y Y geimis ga bag J g

Calismada, analitik saflikta magnezyum nitrat hekzahidrat [Mg(NOs),-6H,0], demir(lll) nitrat nonahidrat [Fe(NO;)
3'9H,0], sodyum hidroksit (NaOH), distile su ve etanol kullaniimistir. Kimyasallar hicbir ek saflastirma iglemine tabi

uzunluklarinda deg@isimler yasandigini gostermektedir. Ayrica —OH gruplarina, nitrat kalintilarina ve C-H gerilme
titreSimlerine ait ek bantlar da tespit edilmistir.

tutulmamistir. Empedans spektroskopisi ile elde edilen dielektrik veriler, her iki 6rnekte de disik frekanslarda €' ve €" degerlerinin

yuksek oldugunu, frekans arttikca bu deQerlerin azaldigini ortaya koymustur. Bu durum, tipik bir Maxwell-Wagner tipi
Hidrotermal Sentez Prosediirii araylizey polarizasyonuna isaret etmektedir. 700 °C’de tavlanan drneklerin dielektrik sabitleri daha yiiksek ¢ikarken, 900 °
MgFe,0s nanopargaciklarinin sentezi icin Mg?* ve Fe*" iyonlari arasindaki molar oran 1:2 olacak Sekilde ¢ozeltiler C’de daha belirgin bir Debye tipi gevseme davranisi gdzlenmistir.

hazirlanmigtir. Mg(NOs),-6H,0 ve Fe(NO3)3-9H,0, distile su icerisinde ayri ayri ¢ozlildikten sonra manyetik karigtirici ile
yaklasik 30 dakika boyunca homojen bir karisim elde edilene kadar karigtirilmigtir. Daha sonra ¢ozeltiye damla damla

NaOH ilavesi yapilmis ve pH deg@eri 10—-11 arasinda sabit tutulmustur. Bu bazik ortam, iyonlarin hidroksit formuna o . 7000 o A i} = T00¢
donliserek spinel yapinin olusumunu saglamaktadir. SR .\_ : 1'6“0"‘_ .\

Hazirlanan ¢ozelti, PTFE kaplamali paslanmaz gelik hidrotermal otoklav reaktoriine aktarilmistir. Reaktor, 180°C’de 16 G_OXma__ \\ . \:\

saat slreyle reaksiyona tabi tutulmustur. Bu kapali sistemdeki yliksek sicaklik ve basing kosullari, kristal bliyiimesini ve d 3 .\:\_ &' 3 %

istenilen spinel yapi olusumunu tegvik etmigtir. Reaksiyon tamamlandiktan sonra otoklav oda sicakhgina sogutulmus e | \-i'\_ o | °\g\

ve elde edilen ¢okelti santriflijle ayrilarak distile su ve etanol ile yikanmistir. Yikama iglemi, iyonik kalintilarin il .\°?:f\ AT gtg_

giderilmesi ve aglomerasyonun 6nlenmesi amaciyla gergeklestirilmistir. Sonrasinda Griin 80°C’de 12 saat slreyle _ ’ 0_0__ * o T —

kurutulmusg ve havanda toz haline getirilmigtir.

10° 10 10? 10° 10* 10° 10° 107 10° 10° 10? 10° 10* 10° 10° 107
frekans (Hz) frekans (Hz)

Z' ve 2" parametrelerinin frekansa bagli degisimi incelendiginde ise, dusik frekanslarda ylksek diren¢ ve reaktans
deQerleri elde edilmig, bu deQerlerin frekansla birlikte azaldigi belirlenmigtir. 900 °C tavlama sicakliginda bu
parametrelerin maksimum yaptiQi frekans bolgesi daha net sekilde belirlenmistir.

-1.0x10°

] —=—700C ] —=—700C
2.0x10° . o we I % —e—-900C
. -8.0x10° 1
5 - _ "
1.5x10° .o (€2) l\.\.
Z'(Q2) i ‘.. \.\.\ -6.0x10” \.t:\.
1.0x10° - = % - e,
u % -4.0x10° e
|} .;. ] ..
'-. .0. 1 " ..‘..'°o
x10° .l- [} 5 ™ ®
o --::= 2010 ... l-----:'l
i ol ™ l'
Tavlama Iglemi 0.0- ""'-------------J ™ "---........]
Sentezlenen magnezyum ferrit nanoparcgaciklarin kristal yapisini gelistirmek, safsizliklari azaltmak ve dielektrik 100 0 0t 100 10t 100 108 A0 100 10 10 f103 00 100 100 10
frekans (Hz) rekans (Hz)

ozellikleri optimize etmek amaciyla 1sil iglem uygulanmistir. Ornekler, iki farkh sicaklkta tavlanmistir: Bir grup 700°

C'de, diger grup 900°C'de olmak Uzere her iki gruba 6 saat tavlama iglemi uygulanmigtir. Tavlama sonrasi drnekler Tim veriler bir arada degerlendirildiginde, 900 °C tavlama sicaklifinin kristal yapi safigini artirdi§i, ancak pargacik

yapisal ve dielektrik karakterizasyon icin hazirlanmigtir. boyutundaki azalma ile birlikte dielektrik parametrelerde hafif diistislere yol actigi anlagilmistir. Buna karsilik, 700 °C’'de
tavlanan ornekler daha yiliksek dielektrik sabit degerleri ile enerji depolama uygulamalari agisindan daha avantajli bir

performans sergilemigtir.

SONUC

Bu calismada, MgFe,04 nanoparcgaciklari hidrotermal yontemle sentezlenmig ve 700 °C ile 900 °C tavlama sicakliklarinda
elde edilen 6rneklerin yapisal ve dielektrik 6zellikleri kargilagtiriimigtir. XRD analizleri, her iki sicaklikta da kibik spinel
yapinin basariyla olugtugunu; ancak 900 °C’de safsizlik piklerinin ortadan kalktigini ve kristalitenin arttigini gostermistir.

Buna karsilik parcacik boyutunda ki¢tilme gézlenmistir.

Yapisal ve Dielektrik Ozelliklerin Karakterizasyonu FTIR analizlerinde, metal—oksijen baglarinin titreSim frekanslarinda sicakliga bagli kaymalar saptanmig, bu durum bag

lukl iyonik dagil klikt tkilendigini gostermistir. Dielektrik ol¢limler, 700 °C’de tavl ornekleri
Magnezyum ferrit rneklerinin yapisal ve dielektrik 6zellikleri XRD, FTIR ve empedans spektroskopisi yontemleriyle uzuniuklarinin ve fyonik dagtiimin sicakliktan etkiiendigini gostermistr. Lielektrik olgumier, © tavianan ornexierin

incelenmistir. daha yliksek €' ve €" degerlerine sahip oldugunu; 900 °C’de ise daha belirgin bir Debye gevseme piki gozlemlendigini

. C g e < : . : ortaya koymustur.
XRD analizleri, kristal yapi ve faz bilgisi icin 20°-80° 20 araliJinda, PANalytical EMPYREAN cihazi ile yapilmistir. Elde

edilen pikler, spinel yapiyi dogrulamig; Debye-Scherrer denklemi ile kristalit boyutlari hesaplanmistir. Genel degerlendirmede, 900 °C tavlama sicakliinin daha saf ve diizenli kristal yapi sagladigi, 700 °C’nin ise daha ylksek
FTIR analizleri, 4000-400 cm™ aralijinda Perkin Elmer Spectrum 100 cihazi ile gerceklestirilmistir. 500~700 cm™de dielektrik sabitleri sundugu belirlenmistir. Bu sonuclar, MgFe,04 nanopargaciklarin enerji depolama sistemleri gibi
gozlemlenen Mg—0 ve Fe—O0 titresimleri, spinel yapinin varligini desteklemistir. Pik kaymalari, tavlama sicakligina bagli uygulamalarda sentez ve iglem parametrelerine bagli olarak 6zellegtirilebilecegini géstermektedir.
yapisal degisimleri gostermistir. KAYNAKCA
Empedans SpEkthSkOpISI ile drneklerin frekansa bagl dielektrik ozellikleri (€', €, Z', Z°) dl¢timugtar. Olctimler, 10 [1] Sunglu Misirhoglu, B., Kahya, N. D., & Ozturk, Z. (2024). Enhanced dielectric properties of copper substituted nickel ferrite
Hz—10 MHz araliginda Novocontrol Alpha-AN cihazi ile yapilmistir. Veriler, elektriksel davranigin tavlama sicakligina nanoparticles for energy storage applications. Journal of Physics and Chemistry of Solids, 193, 112195.
badli ol k dedistidini edst isti [2] Mahmood, M. et al., Materials Chemistry and Physics, 2021
agli olarak degistigini gostermistir. [3] Ozturk, A., & Demir, S., Ceramics International, 2020
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GREEN’S FUNCTION METHOD IN SUPERCONDUCTIVITY
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ABSTRACT

The study begins by introducing Green’s functions and demonstrating how they are used to solve differential equations. Then, the fundamental properties of superconductors are introduced, and delves into Green’s functions
in many-body systems, and then we see approximation and construction for a theory for the superconductivity.

GREEN’S FUNCTION METHOD

The Green’s function is a powerful mathematical tool for solving inhomogeneous linear differential
equations, and it is used in many areas in physics. It represents the response of a physical system to a
point source or impulse. The application of Green’s functions is widespread across many areas of physics.
In guantum mechanics and quantum field theory, the Green’s function or propagator describes the
probability amplitude for a particle which moves from one point to another. This powerful tool is also used
to describe the phenomena of superconductivity.

GREEN’S FUNCTION .

Green’s functions can be defined as solutions of inhomogeneous differential equations of the type [1]

|z—L(r)]G(r,v";z) = 6§(r —1")
subject to certain boundary conditions (BCs) for r or r’ lying on the surface S of the domain Qofrand r’.
Here we assume that z is a complex variable and that L(r) is a time-independent, linear, hermitian
differential operator that possesses a complete set of eigenfunctions {¢,(r)}. Equation can be written
more explicitly as

o= A

Knowledge of the Green’s function G (r, r’ ; z) permits us to obtain immediately the solution of the general
inhomogeneous equation

lz — L(M)]u() = f(r)
u(r) satisfies the same BCs as G(r, r’ ; z). the solution of the equations is
u(r) = fG(r,r’;z)f(r’)dr’ ,Z # {A,}

u(r) describes the response of a system to a source f(r), then G(r, r' ) describes the response to a unit point
source at r ' in the same system. The response at r from a source at r ' is the same as the response at r’
from a source at r. The response to the general source f(r) can be expressed as the sum of the responses
to point sources distributed according to f(r)[1].

SUPERCONDUCTIVITY

Superconductivity is a macroscopic quantum phenomenon characterized by zero electrical resistance and
the expulsion of magnetic fields (the Meissner effect) below a critical temperature T,.. The phenomenon
originates from the formation of bound electron pairs, known as Cooper pairs, and is described

microscopically by the Bardeen—Cooper—Schrieffer (BCS) theory.
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GREEN’S FUNCTION IN MANY-BODY SYSTEMS

The single particle Green’s function is defined by the equation [2]

(WolT [Yr,a(xt) YT, 5 (x't)]|%o)
(Wo|¥o)

iGgp(xt,x't) =

Y, is the Heisenberg ground state, and 1/3 ,1/?r are Heisenberg destruction and creation field operators. a,
B indices for spin-1/2 fermions, (a=1/2 or aa = -1/2).

BCS THEORY AND COOPER PAIRS

BCS theory explains superconductivity with Cooper pairs. When an electron moves in a lattice, it distorts
the positively charged ions, the electron pulls surrounding positive ions into itself. This distortion creates
positive charge density then the second electron that is attracted by a positive charge density creates the
formation of the Cooper pair. Cooper pairs can move freely and overlap within the material. Because each
pair consists of two electrons with opposite spins, their total spin is an integer, causing them to behave
like bosons. When electrons form Cooper pairs, they settle into the lowest energy state. Unpaired
individual electrons are more energetic compared to the paired state, which leads to creation of an energy
gap (A) between the paired and unpaired states

GENERAL FORMULATION OF THE BCS THEORY

Grand canonical hamiltonian for an electron gas in a magnetic field is given by [2]

A A A 1 A 1 A A A A
K=Ry+V = j d* x 1hg (x) {% [—mv + ﬁ - u} Pa () = 5 g d*xihg (Y ()P (o ()

We are going to solve this using the Hartree-Fock approximation (V = Vyrz).The single-particle Green’s
function satisfies the equation of motion. Key aspect of the superconductivity is Cooper pair. BCS theory
models this phenomenon by adding two terms representing the pairing amplitude.

A 1 A A X X . . . .
P = Ve = 59 [ & [(BLEDIE) s he) + BLCBF0 i e 00)]

Since the formation of the superconducting state is about the energy gap and the condensation energy, any
term that does not affect this difference can often be ignored for simplicity[2]. Using this approach our
potential only consists of Cooper pairs potential. And total hamiltonian becomes

Rerr = Ko — gJ dx[(] O] Gl (o () + ] ()] () (b1 ()1, ()]
Using Green’s function, we are going to find the evolution of the propagation of the electron at x respect to t

aG(xtx't’ )
ot

A eA(x)

—hs(x —xNS(r —1') — [— ihV + — u] x Glxet, x't") + g (T [PF, (et) Pk, (x'))])

Now, we introduce two new functions. They are called anomalous Green’s functions
Foxt, x'1") = —(Te[hier ()i (x't7)])
Fl(xt,x't") (T [d)m(xt)t/)m(x t’)])

The gap function A(x) is defined by

A(x) = gF(xt,x'1T") = <l/3Kl(Xt)l/3KT(x,t,)>
and equation becomes

[ a 1/ eA(x)\’
—h———(—mv+ - >+u

The functions F and FT also obey the equations of the motion. We obtain

Glxt,x't") — ACO)FT(xt,x't") = hé(x — x)6(z — 1')

[—hi — i( ihV + eA(x) + u]?—"f(xr x't') — A*(x)G(xT,x't') =0

0T 2m

Fourier Transform of Superconductivity Green’s Function
In the usual case, the hamiltonian is time independent, and Green’s functions depend only on T -t
.Therefore, it is useful to switch from time and position space to frequency and momentum space. Fourier
representations of the normal Green’s function and the anomalous Green’s function

Glxt,x'7') = (ﬁfl)_lz: e~on(") G(x, x', wp)

/

Frim,x'e) = (B ) emton ) P, 1, )

n
In this initial analysis, we choose to ignore the magnetic field in order to simplify the problem. It is
impossible to solve both the microscopic Gor’kov equations for electrons and Maxwell’s equations for the
electromagnetic field at the same time. By setting the magnetic field to zero, we can focus on the
fundamental mechanism of superconductivity itself.

G(x, wy) = (2m)3 f 3k % Gk, w,)

FT(x,wy) = (2m)73 rd3k e x Ft(k, w,)

J

When these pair of equations are solved, our normal and anomalous Green’s function becomes

—h(lha)n + fk)
h2wp + & + 1412

g(k: a)n) —

hA*

Ft(k, w,) =
oton) = dr i g+ a2

The poles of these equations tell us the energies of the elementary excitations of the system. To find these
energies, we switch from the imaginary Matsubara frequency ifiw,, to a real energy E. The condition for an
excitation is then

—E?2+ & +A2=0

Ey = \/SC;% + |A]?

This is the BCS quasiparticle dispersion relation.
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Abstract

While the increasing computational demands of artificial intelligence are challenging traditional architectures due to physical limitations such as the slowdown of Moore's Law, this study examines neuromorphic photonic
networks (NPNs) as a revolutionary solution. This thesis investigates the potential and challenges of NPNs, which combine the speed and energy efficiency advantages of light with computation inspired by the structure of the
brain, using the open source Neurophox simulation tool. In this context, an NPN model is created that performs the MNIST handwritten digit recognition task; its performance is evaluated comparatively with a traditional
electronic neural network in terms of classification success and energy efficiency. Finally, this study aims to reveal the performance benefits and practical implementation challenges offered by NPNs and to show how

simulation tools such as Neurophox accelerate the research-development cycle in this field.

Motivation: The Crises of Traditional Computing

Modern artificial intelligence (Al) is pushing traditional computing architectures to their breaking point, creating two
fundamental and interconnected crises that necessitate a new paradigm.

*The Power Wall: The predictable, exponential growth described by Moore's Law has significantly slowed. As
transistors shrink to nanometer scales, fundamental physical limits like quantum tunneling and extreme heat

dissipation have become major obstacles. This "power wall" means we can no longer rely on smaller transistors for
faster and more efficient processors.

*The Data Wall: Compounding this issue is the "von Neumann bottleneck," an architectural flaw inherent in most
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computers where the processor and memory are physically separate. In the age of Al, with models containing billions Epochs ’ oo . :
of parameters, the constant shuttling of data between memory and processing units has become the dominant source Classic Model Confusion Matrix Photonic Model - Confusion Matrix
of energy consumption. This "data wall" means more energy is spent on moving data than on the computation itself, - o : o & 5 3 2 2 El o s o s 5 3 2 2 3
creating an unsustainable energy crisis for scaling Al. B lololalolela]: | lololalolela]:
[ ] J [J N 1 = i 5 : 8 ) ) 3 00 | 1 = i 5 k 8 ) ) 3 700
Proposed Solution: Neuromorphic Photonic Networks (NPNs) -SRI SRR SR R I B AR
SR I & SRR  EIRENII *
Neuromorphic Photonic Networks (NPNs) offer a revolutionary approach that simultaneously addresses both the Eow 2w om0 “ i B I I - R “ S I A
power and data walls by merging two powerful concepts. e T S e L T
*The Neuromorphic Principle: Inspired by the human brain's efficiency, neuromorphic computing co-locates memory o- 0 o s 2 s s w2 [E o- 0 o s 2 s s w2 [E
and processing (in-memory computing), which fundamentally eliminates the von Neumann bottleneck and its iz s ol B - JER RN T R e
associated data movement costs. By emulating the brain's massive parallelism and event-driven, asynchronous R T R VUL A T A B -’ O T R VUL A T A B -’

Predicted Label Predicted Label

communication, these architectures promise extraordinary gains in energy efficiency.

*The Photonic Advantage: Using photons (light) instead of electrons for computation provides a leap in performance. AnalySIS and DISCUSSIO"
Photons travel at the speed of light, offer enormous bandwidth, and can be transmitted through waveguides with
minimal energy loss and heat generation. This allows for computation that is orders of magnitude faster and more
energy-efficient than electronics, directly tackling the power wall's thermal constraints.

While the simulation results are promising, a deeper analysis reveals a significant gap between theoretical potential and
practical reality, highlighting the key challenges facing NPN technology.

This thesis investigates the potential of NPNs, which leverage photonics to perform the core mathematical operation

of Al—matrix-vector multiplication—at the speed of light, creating a powerful synergy that promises to redefine high-
performance computing.

*The Performance Gap: Real-world photonic circuits are subject to imperfections like optical loss, thermal crosstalk
between components, and manufacturing defects. As networks scale in size, these small errors accumulate and can
cause a catastrophic degradation in performance, with some studies reporting accuracy drops of up to 84%. This
underscores the need for noise-robust architectures and advanced training methods.

MEthOd‘)lOgV *The Energy Paradox: A simple "energy per operation" metric is misleading. While the dynamic energy for a single
photonic computation (a MAC operation) is incredibly low (in the femtojoule range) compared to electronics (picojoule
range), the total system energy is dominated by other factors. The primary energy cost comes from the high static power
required by the thermo-optic phase shifters used to hold the network's weights (around 5-20 mW per shifter) and the
energy for opto-electronic conversions in hybrid systems.

Our research employs a systematic framework to compare electronic and photonic neural networks, combining
simulation-based performance evaluation with a theoretical, component-level energy analysis.

*Simulation Tools: We utilize Neurophox, an open-source Python framework designed for simulating optical neural
networks based on unitary mesh architectures. Its seamless integration with TensorFlow allows us to use standard
machine learning workflows, like backpropagation, to directly train the physical parameters of the photonic hardware,
such as the phase shifts in a Mach-Zehnder Interferometer (MZI) network.

* Fundamental Challenges: The primary obstacles for current NPN technology are:
1.High Static Power Consumption: This makes NPNs inefficient for tasks with idle time and drives research toward
non-volatile memory solutions.
2.Efficient Optical Nonlinearity: The lack of a practical, all-optical nonlinear activation function necessitates hybrid
opto-electronic solutions, which reintroduce electronic bottlenecks.

3.Hardware Imperfections and Scalability: Overcoming the effects of physical noise and defects is critical for
building reliable, large-scale systems.

*Network Architecture and Task: To ensure a fair comparison, we use a Multilayer Perceptron (MLP) architecture for
both the electronic and photonic models. The classic model consists of two 64-neuron hidden layers with RelU
activations. In the photonic model, these linear layers are replaced with Neurophox's MZIl-based RMTorch layers for
matrix multiplication and the activations are replaced with ElectroopticNonlinearity layers. The models are trained
and evaluated on the standard MNIST handwritten digit classification task, a benchmark widely used for validating the
fundamental functionality of new hardware paradigms.

Conclusion and Future Perspective
* Comparative Analysis: The two models are compared based on two key criteria:
1.Performance: Functional accuracy is evaluated through classification success on the test dataset.
2.Energy Efficiency: A theoretical energy analysis is conducted, breaking down consumption into its dynamic
components (computation) and static components (maintaining the hardware state).

This thesis concludes that Neuromorphic Photonic Networks are poised to become a powerful complementary

technology, augmenting rather than replacing traditional electronics, especially in hybrid systems designed for specific,
high-throughput tasks.

*Contributions: This work provides a holistic methodological framework for evaluating NPNs by combining simulation
with a realistic, component-level energy analysis. It clearly defines the application domains where current NPNs can
provide the most benefit (e.g., continuous data stream processing) and analyzes the critical role of simulation tools like
Neurophox in bridging the gap between theory and hardware.

Results: Simulation and Performance

Under idealized simulation conditions, which exclude real-world hardware noise and defects, the photonic model

demonstrated functional equivalence to its traditional electronic counterpart. *Future Directions: The future of NPNs depends on overcoming the key challenges identified. The most critical research

directions are:
*Learning Performance: Both the electronic and photonic models showed a rapid and comparable decrease in error * Non-Volatile Photonic Memories: Developing technologies like Phase-Change Materials (PCMs) is essential to
rate and test loss during the 60 training epochs, indicating that both architectures learned the classification task eliminate the high static power consumption of current weight-storage mechanisms.

effectively. * Hardware-Aware Training: Creating advanced training algorithms, such as Physics-Aware Training (PAT) and
Sharpness-Aware Training (SAT), that can make models robust to the inherent noise and imperfections of

physical hardware is crucial for closing the simulation-to-reality gap and unlocking the true potential of photonic
computing.

Classification Accuracy: The confusion matrices generated from the test set results are identical for both models. This
visually confirms that the simulated NPN, under ideal conditions, successfully replicated the high-accuracy
classification performance of the conventional electronic network, achieving results consistent with the >97%
accuracy reported in similar simulation-based studies.

Classic Model Learning Performance

Error Rate (1 - Accuracy) Test Loss
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OZET

This project investigates the application of deep learning techniques for calibrating quark jets in particle physics experiments, particularly in the context of high-energy experiments like the Large Hadron Collider (LHC).
Traditional quark jet calibration viii methods are complex and prone to error, while deep learning algorithms offer a more precise and efficient approach. By training artificial neural networks on jet images, this study aims to
improve the accuracy of energy measurements of quark jets. The project uses convolutional neural networks (CNNs) to extract meaningful features from jet images, thus providing better energy corrections. The results show
that the proposed deep learning model can accurately predict jet energy corrections, demonstrating promise for future applications in particle physics.

PARTICLE PHYSICS

This section outlines the basics of particle physics with a focus on jet formation and calibration in high-
energy collisions.

Matter consists of atoms, which are made of electrons and a nucleus containing protons and neutrons.
Protons and neutrons are composed of quarks—elementary particles that come in six types (flavors) and
interact via the strong nuclear force. These quarks are key elements of the Standard Model, which also
includes leptons and force-carrying bosons (e.g., photons, gluons, W/Z bosons).

Higgs boson

el U T
o, S, &,
Leptons

In proton-proton collisions at the LHC, quarks and gluons cannot be observed directly. Instead, they form
jets, which are sprays of particles detected by systems like the CMS detector. Since the measured jet
energy can differ from the true value, jet energy corrections (JECs) are necessary.

There are different types of jets:

Rawlet: Uncorrected detector-level jet data

Genlet: Simulation-based jets representing true energy values

Jet images are created by simulating collisions and detector responses, then projecting energy deposits in
n-¢ space as 2D heatmaps. These images are used for training deep learning models, particularly
convolutional neural networks (CNNs), to improve energy correction accuracy.

The LHC is a 27 km circular accelerator at CERN that collides protons at near light-speed. The CMS
experiment, a massive and highly precise detector, helps analyze the resulting particle interactions for
insights into fundamental physics.

The Application Areas of Artificial Intelligence in Physics

This section explores how Artificial Intelligence (Al)—particularly Machine Learning (ML) and Deep
Learning (DL)—is transforming physics research, especially in high-energy experiments like those at
CERN.

ML allows systems to learn from data by optimizing predictions using loss functions and feedback loops. At
CERN, ML is used to manage enormous datasets from the LHC, select relevant collision events, predict
equipment failures, and enable autonomous robots to operate in high-radiation zones. Collaborative
platforms like CERN openlab foster innovation in Al applications.

Several ML algorithms are used in physics, such as neural networks, regression, clustering, decision trees,
and random forests, each suited to different problem types.

Deep learning extends ML with multi-layered neural networks capable of learning complex patterns. It
powers tools like CNNs, which are highly effective for analyzing jet images by mimicking the human visual
system’s layered processing. Though often seen as "black boxes," DL models offer unmatched accuracy
and scalability.

fc_3 fc_4
Fully-Connected Fully-Connected
Neural Network Neural Network
Conv_1 Conv_2 RelU activation
Convolution Convolution 1 K—A
(5 x5) kernel Max-Pooling (5x 5) kernel Max-Pooling (with
valid padding (2x2) valid padding (2x2) A drapaiit)

INPUT nl channels nl channels n2 channels n2 channels E ' 9
(28 x 28 x 1) (24 x24 x nl) (12 x12 x nl) (8 x8xn2) (4x4xn2)

OUTPUT

©
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DATASET AND PROCESS

Dataset

The dataset used in this study, JetNTuple_QCD _Runll_13TeV_MLC, originates from CERN's open data
repository. It contains 1,000,000 jets simulated from proton-proton collisions at 13 TeV using Pythia 8 and
reconstructed with the Particle Flow (PF) algorithm and anti-kt jet clustering.

The following key parameters were selected from each jet:

JetPt: Transverse momentum of the jet

GenletPt: True generator-level transverse momentum (reference)

JetRawPt: Raw transverse momentum before energy correction

PF: Particle Flow candidates

Flav: The flavor of the originating particle (e.g., quark or gluon)

These parameters were chosen because they are essential for comparing the reconstructed and true
energies of the jets and for training the deep learning model to predict correction factors. The jet flavor, in
particular, helps the model distinguish between different jet types (e.g., quark vs. gluon jets).

CNDOOEEE  Ooo

Process

The processing pipeline consists of several Python scripts designed to transform raw ROOT files
into usable training data:

1.Reading and Filtering Data: ROOT files are parsed using the uproot library. Only branches
containing the necessary parameters (JetPt, GenletPt, etc.) are selected.

2.Jet Image Generation: For each jet, a 2D histogram is created in the n-@ space using PF object
coordinates and pT values. These serve as input images for CNN models.

3.Data Serialization: The generated jet images and corresponding metadata are saved in pickle
format for efficient loading and reuse.

4.Model Training: A Convolutional Neural Network (CNN) is constructed and trained using
PyTorch to predict GenJetPt from image-based features. Techniques like early stopping and CUDA
acceleration are used to improve performance.

5.Evaluation: The model’s predictions are compared against GenJetPt values to calculate error

metrics and validate its effectiveness.

Jet 9 Parameters:

RESULTS

Jet 5 Parameters: Jet 7 Parameters:

JetPt: 742.5511474609375 jetPt: 170.45286560058594 jetPt: 100.1641845703125

JjetRawPt: 695.25830078125

jetRawPt: 160.9000244140625 JetRawPt: 98.26861572265625

genJetPt: 783.4083251953125 genletPt: 148.7221221923828 genJetPr: 104.32552337646484

Flav: 1 Flav: 1 Flav: 21

Loss vs Epoch (Train & Validation)
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OZET

Bu calisma, Gunes tutulmalarinin orta enlem iyonosferik yapisi Gzerindeki etkilerini, glincel bilimsel ve teknolojik yaklasimlar dogrultusunda degerlendirmeyi amaclamaktadir. Literatlirdeki pek cok arastirma, genellikle tek bir
tutulma olayina ve sinirh bir enlem araligina odaklanmisken, bu calismada 4 Ocak 2011 ve 25 Ekim 2022 tarihlerinde meydana gelen iki farkli kismi Gines tutulmasi 6rnegi Gzerinden enlemsel farkhliklar sistematik olarak analiz
edilmektedir. Tutulma o6ncesi ve sonrasindaki zaman dilimlerinde elde edilen iyonosferik parametrelerin ortalama degerleri kullanilarak, gozlenen anomalilerin jeomanyetik firtinalar, atmosferik dalgalar ya da Glines

tutulmasinin dogrudan etkisiyle mi iliskili oldugu ayrintili sekilde degerlendirilecektir.

Giris
GuUnes tutulmalari, yalnizca gorsel bir astronomik olay olmanin
Otesinde, Gunes-Dinya sisteminin etkilesimlerini anlamak acisindan
essiz dogal laboratuvarlar sunar [1]. Glines’ten gelen ultraviyole (UV)
ve X-1sini radyasyonunun tutulma sirasinda aniden kesintiye ugramasi,
iyonosferin iyonlasma-denge sireclerinde gecici ancak onemli
bozulmalara yol acar [2,3].
Yontem ve Veriler
lyonosferik veriler Global lonosphere Radio Observatory (GIRO) agina

ait iyonosonda istasyonlarindan, uzay havasi verileri (Kp, Dst, AE, Ap,
F10.7 cm) ise NASA OMNIWeb veritabanindan temin edilmistir.
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Sekil 1. 4 Ocak 2011(a) ve 25 Ekim 2022(b) tarihlerinde gerceklesen Giines tutulmalarinin jeomanyetik
indislerinin degisim grafikleridir.

Istasyon Secimi:

Tam istasyonlar 35°-55° enlem bandi icinde ve tutulma hatti ile
uyumlu konumda secilmistir.

e 2011 tutulmasi igin: Athens, Dourbes, Chilton, Roquetes, Elektrougli
e 2022 tutulmasi igin: Athens, Fairford, San Vito, Rome

lyonosferin foF2 (Kritik Frekans), hmF2 (Maksimum Yiikseklik), TEC
(Toplam Elektron icerigi)
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Sekil 4. 4 Ocak 2011 tarihli AT138 istasyonuna ait foF2 (a), hmF2 (b) ve TEC (c) degisimleri gdsterilmektedir.
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Sekil 5. 25 Ekim 2022 tarihli AT138 istasyonuna ait foF2 (a), hmF2 (b) ve TEC (c) degisimleri gosterilmektedir.

Tablol. Secilen iki istasyon icin iyonosferik parametrelerin davranis bilgileridir.

Istasyon Ulke Tarih Tutulma Maksimum | foF2 hmF2 TEC
Biiyukliigii | Evre (LT) Degigimi Degisimi | Degisimi
ATHENS Yunanistan | 04.01.2011 | 0,6747 10:23:33 J N/ BN N2 N2 N
DOURBES Belcika 04.01.2011 | 0,7627 09:14:35 N N/ ™ J J
CHILTON Birlesik 04.01.2011 | 0,748 08:11:45 N N RN ™ J ™
Krallik
ROQUETES ispanya 04.01.2011 | 0,6331 08:57:48 NE N/ I A I A BN N2
ELEKTROUGLI | Rusya 04.01.2011 | 0,8124 10:03:48 NE N/ I A I A N7 NZ
ATHENS Yunanistan | 25.10.2022 | 0,3778 12:43:58 N N N N N
FAIRFORD Birlesik 25.10.2022 | 0,2593 09:59:12 N N N N) N
Krallik
SAN VITO Arnavutluk | 25.10.2022 | 0,3673 12:33:06 N ™ N2 N2 N2
ROME italya 25.10.2022 | 0,265 12:21:44 J N) J J J

Sekil 2. 4 Ocak 2011(a) ve 25 Ekim 2022(b) tarihlerinde gergeklesen Giines tutulmalarinin
https://eclipse.qgsfc.nasa.qgov/ sitesinden alinan haritalaridir.

Giines AyT 4+ Diinya

Tam Golge

Yar1 Golge

Antumbra

Sekil 3. Gunes Tutulmalarinin golge baylkligine gore siniflandiriimasinin temsili bir gorselidir.

Mavi Oklar ({7 ): Tutulma gliniinde, bir giin 6ncesine gore meydana gelen degisimi gostermektedir.
Yesil Oklar ({7 ): Tutulma giinlinde, bir giin sonrasina kiyasla gozlemlenen degisimi temsil etmektedir.

Sonug ve Tartisma
Elde edilen bulgular, Gunes tutulmalarinin iyonosfer uzerindeki etkilerinin yalnizca
geometrik ortilme orani ile degil; ayni zamanda gozlem konumunun enlemi, yerel saat,
glines aktivite donglstinin fazi ve uzay havasi durumu gibi faktorlere de yuksek duyarhlik
gosterdigini ortaya koymaktadir.
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Abstract

This study investigates the production of strange hadrons in pp collisions at /s = 5.02 and 13 TeV using angular correlations in ALICE at the LHC. Correlations between high-momentum trigger particles and

mt

both KJ and Z* show that strange particle yields, especially Z*, increase with event multiplicity. The enhanced transverse-to-leading yields suggest notable underlying event contributions and possible

collective effects in high-multiplicity pp collisions [1].

Introduction

Strangeness enhancement, long viewed as a hallmark of quark-gluon plasma (QGP) in heavy-
lon collisions, has also emerged in high-multiplicity pp collisions, raising questions about its
origin [2, 3]. This study investigates the angular distribution of strange hadrons K?, Z* relative
to high-p; trigger particles to explore possible collective effects and disentangle soft and hard
quantum chromodynamics (QCD) contributions.

Methodology

The study utilizes ALICE pp collision data at center-of-mass energies of /s = 5.02 and 13 TeV.
Strange hadrons, such as K¢ and 2%, are identified through their characteristic decay topologies
and correlated with high-momentum trigger particles (p; > 3 GeV/c). The analysis focuses on
two distinct regions defined by the azimuthal angle difference (A¢) between the trigger and
associated particles:

« Toward-leading region: Aligned with the trigger particle, primarily reflecting jet
fragmentation processes.

« Transverse-to-leading region: Perpendicular to the trigger, dominated by contributions from
the underlying event.

Detector effects, including efficiency and acceptance, are systematically corrected, and particle
yields are examined across various multiplicity classes. Figure 1 demonstrates the angular
correlation analysis steps for K2, while Figure 2 presents the corresponding procedure for
=+ baryons.

ALICE pp, Vs = 13 TeV 3< p:igg< 15 GeV/c

VOM Multiplicity Percentile 0-100 %
1.6 < p3*%*° < 2.0 GeV/c h-Z* correlations

ALICE pp, Vs =13 TeV 3 < p™0 < 15 GeV/c
VOM Multiplicity Percentile 0-100 % i
h-K$ correlations

25< p$55°° < 3.0 GeV/c
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Figure 2. (left) Example of angular correlation
distribution. (center) Acceptance correction of
trigger- =T pairs. (right) Angular correlation

distribution divided by the pair acceptance

Figure 1. (left) Example of angular correlation
distribution. (center) Acceptance correction of
trigger- KSQ pairs. (right) Angular correlation
distribution divided by the pair acceptance.

Results

The transverse-to-leading region shows stronger multiplicity-dependent enhancement than
toward-leading, particularly for multi-strange Z*. The increasing Z*/ K ratio with multiplicity
suggests soft processes dominate multi-strange baryon production [1]. Notably, collision energy

(/s =5.02 vs 13 TeV) shows negligible effect compared to event multiplicity.
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Figure 3. Top panel: full (blue), transverse-to-leading (green), and toward-leading (red) % / 1(8 yield ratios
as a function of the charged-particle multiplicity measured at midrapidity in events with a trigger particle.
Central panel: ratio between the model predictions. Bottom panel: double ratio between the toward-
leading and the transverse-to-leading % / KSO ratios.

Model Comparison

This study compared strangeness enhancement in high-multiplicity pp collisions across three
theoretical models: PYTHIA8 Monash tune, PYTHIA8 color ropes, and EPOS LHC. The standard
PYTHIA8 Monash tune underestimated K and Z* yields by up to 70% across all multiplicity ranges,
while the color rope variant improved predictions but still showed 50% deviation at low multiplicity
and 20% at high multiplicity. EPOS LHC underestimated yields at low multiplicity but overestimated
by 20% at high multiplicities. Crucially, none of the models could explain the observed 40% higher
=% / KQ ratio in transverse regions compared to toward-leading directions [1].

These discrepancies highlight gaps in current theoretical descriptions of strangeness production,
particularly regarding collective effects and multi-parton interactions in small collision systems.
Future models should better incorporate these dynamics to explain the observed enhancement
patterns, which may signal QGP-like behavior even in pp collisions. The comparison between the
theoretical models is presented in Figure 4.

g :] 1] ] 1 I 1 T 1 T I 1 1 I T I T | 1 1 I I 1 1 T I 1 T 1 I ] 1 I 1 1 ] 1 1 T L =
S g FALICE, pi® > 3 GeV/c Toward leading =
<] . - 0 e
3 C 0 K correlation, |7 < 0.8 bj<080, a2l @
2§ 0.08 —— O h-E correlation x 29, In*| < 0.8 O O pp, Vs =13 TeV =
2 007 ) 5o13Tev + stat. » ® pp, 5=502TeV ]
— B PYTHIA8 Monash [_Isyst. =i
0.06 |— E PYTHIAS Ropes .. syst. uncorr. i —
0.05 — b =
0.04 — —]
0.03 — ] —
0.02 — —
— l 1 1 I 1 1 1 1 l 1 | 1 1 I | 1 1 1 I 1 1 1 1 l 1 1 1 1 I | 1 1 1 l 1 1 1 b
===t | I | l I | | | I | | I | l | I | i I I I | I I | | I I ] | I | | l | | | =
© 2.0 —  — PYTHIA8 Monash =
© — = PYTHIA8 Ropes =]
e 15 [ ++«+EPOS LHC =
3 1.0 - =
O I -
= = =
0-5 : 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 ] 1 I 1 | l 1 1 1 ?

0 5 10 15 20 25 30 35 40

(chh/dn)

171<0.5, pT.mgg>3 GeV/e

Figure 4. Upper panel: toward-leading K (magenta) and Z* (light blue) yields per unit AnA¢
area as a function of the charged-particle multiplicity measured in events with a trigger particle.
Bottom panel: ratio between the model predictions.

Conclusion

This analysis demonstrates a clear multiplicity-dependent enhancement in strange hadron
production, with stronger effects observed in regions sensitive to the underlying event. The results
imply that not only hard scattering but also soft QCD processes play a crucial role in strangeness
enhancement. The similarities with phenomena seen in heavy-ion collisions raise the possibility of
collective behavior in pp collisions, challenging the traditional understanding of QGP formation.
These findings underscore the need for precision measurements in small systems to disentangle
the contributions of various QCD mechanisms. High-statistics data, especially with improved particle
identification and differential analyses, will be critical in constraining theoretical models. Moreover,
future studies involving correlations and flow observables could provide deeper insight into potential
collective effects. Cross-comparisons with p—Pb and Pb—Pb systems may also help clarify the onset
of QGP-like behavior. Overall, this analysis highlights the evolving landscape of high-energy
physics, where even the smallest systems reveal unexpectedly rich dynamics [1].
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this galaxy.

during the process.

Digital images are composed of pixels, each ::f — HGB: (186, 104,200)

containing numerical values for red, green, and
blue (RGB) components, typically ranging from Hex: #800080
; A study was conducted to understand 0 to 255. Understanding this pixel-based
thro.ugh a m'f]t”’f structur.e. the concgpt structure is essential for accurate image data - Hlx. #6000FF
of pixels, which is essential for applying extraction, as each pixel encodes color
image processing methods. It was information through RGB intensity values. This ; o 4008000

[sos]| [£s] [moa] [ro] [xos] [moa] [sos] ; examined how all colors are composed
of colgr codes and how an image is
EI = [ 0e 1% 0 essentially formed

numerical representation allows modern
technology to interpret and process colors
effectively. o RGB: (255, 0, 0)

Hex: #FFO000

RGB: (255, 165, 0)
Hex: #FFA500

RGB (x,y, Z) The HSV (Hue, Saturation, Value) model offers a

' more intuitive approach to color representation,
as it aligns more closely with human color
perception. Compared to RGB, HSV simplifies color
selection and object extraction in images. The
transformation involves normalizing RGB values
and converting them to HSV components. This
model enables more precise data extraction by
allowing easier identification of desired colors and
objects.

We focus on red pixels, defined in
HSV as having hue between 0-10 or
350-360, with high saturation and
brightness. A for loop checks all
pixels, and red ones are saved
in data_x and data_y.

Image coordinates start at the top-
left, while graphical coordinates start
at the bottom-left. To match the
mathematical system, we
store height - y instead of y.

This ensures the data is accurate for
analysis.
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suitable model is selected. The MRK348 spectrum
includes both a Gaussian-shaped peak and a linear
background. Therefore, the data contains two separate Gaussian Curve
physical components: | '
eLinear model: Represents  background and
environmental effects

*Gaussian model: Represents the actual signal (such as
light or energy)

Explaining both with a single model leads to incorrect
results. For accurate analysis, these two components
must be modeled separately. This allows for a clearer
understanding of the data.

In this way, a system was formed in which the known
Gaussian equation can be used to determine the
unknowns, mu and sigma. Sigma will directly help in
calculating the FWHM value.

The Gaussian equation is defined using the
parameters x, mu, and sigma. By applying this
known equation together with the spectrum
model, a consistent FWHM value can be
obtained. Here, mu represents the peak
position, while sigma is the standard
deviation. The relationship between FWHM
and sigma is well-established for the Gaussian
distribution:

The known Gaussian equation and the FWHM
formula involving sigma were implemented in
Python. The code automatically executes all
the described steps, processes the function,
and calculates the FWHM value.

FWHM = 2V2In2. o0~ 2.35482.0

In this project, image processing, data modeling, and finally astrophysics were carried out step by step. First,
precise analyses were performed on images received from space to identify the coordinates of red pixels and
convert them into numerical data. Then, meaningful results were obtained by applying appropriate
mathematical models to this data. This entire process represents the fundamental steps to extract knowledge
Linear Background + Gaussian Emission that reveals the secrets of the universe from complex data sets.
Data Astrophysics is the fascinating final stage of this process. Thanks to the given equations, the outputs obtained
Model Fit from the image processing and modeling steps were connected into a consistent conclusion in this study. It
Bkg means deciphering the language of light coming from the depths of space and understanding the mysteries of
Peak (mu): 4629.4 . . . . . .
! M galaxies, stars, and cosmic events. Each peak in a spectrum reflects physical phenomena in the universe;
through this, temperatures, motions, chemical compositions, and much more can be discovered. Astrophysics
is not only about interpreting data; it is also about satisfying humanity’s curiosity about how the universe
works, illuminating the unknown, and embarking on an awe-inspiring journey. This project has thus become a
bridge that opens the doors to that very wonder.
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ABSTRACT

The working principles of solar cells, efficiency parameters and physical mechanisms limiting this efficiency have been examined in detail. Theoretical limits based on the Shockley—Queisser limit have been evaluated, and current approaches such as

tandem structures, quantum dots and perovskite materials to overcome this limit have been discussed. The analyses reveal the potential of new generation photovoltaic technologies that can go beyond classical limits.

RENEWABLE ENERGY SOURCES AND SOLAR ENERGY

The increasing energy demand and environmental damage of fossil fuels have
increased the tendency towards renewable resources. Solar energy reaches the
Earth with the radiation generated by nuclear fusion and is a clean, sustainable
energy source. The Sun acts like a black body and the radiation it emits is
absorbed, scattered and reflected in the atmosphere. This energy can be converted
into electricity with photovoltaic cells and into heat with thermal systems. Using
solar energy effectively plays an important role in combating climate change by

reducing greenhouse gas emissions. .

H ions

convective
heat transfer

: fusion reaction
' 4 _ HtoHe
20 000 000 K

O sun's surface
'H @ o Y (Photosphere)
@ e v 6 000 K
@ Positon

Figure 1: Nuclear Fusion [4] Figure 2: Fusion Reaction in Sun [5]

HISTORY AND FUNDAMENTALS OF SOLAR CELLS

In 1839, Becquerel discovered that electric current was produced by metal plates
illuminated with light, laying the foundation for the photovoltaic effect. Advances
that began with the silicon solar cell developed in 1954 enabled solar energy to
become widespread in daily life from the 1980s onwards.

Working Principle of Solar Cells and Solar Cell Parameters
Solar cells, also known as photovoltaic (PV) cells, convert sunlight directly into
electricity through the photovoltaic effect. When photons from sunlight strike the
surface of a solar cell, they transfer their energy to electrons in the semiconductor
material (typically silicon). This energy excites electrons, freeing them from their
atomic bonds and allowing them to flow through the material. This flow of
electrons constitutes an electric current.

A typical solar cell is composed of a p-n junction diode. The p-type (positive) side
contains an excess of holes (missing electrons), while the n-type (negative) side
contains an excess of free electrons. When sunlight hits the junction, electron-hole
pairs are generated. The built-in electric field at the junction drives electrons to the
n-side and holes to the p-side, creating a voltage difference. When the cell is
connected to an external load, this voltage causes a current to flow, generating
electrical power.

Front contact

e-h pair generatio‘n/‘./hwident photon /

N region

/

Intrinsic layer

Load

&P region
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e-h recombination

Figure 3: Solar Cells Structure [1]
Solar Cell Parameters

It is the maximum current measured when the

terminals of the solar cell are short-circuited
(V = 0). It depends on the amount of incident

Short Circuit light and the surface area. Current density in
lized f :
Current (jsc) generalized form .
Jsc = I

The maximum voltage measured when the
circuit is open (I = 0). It depends on the type of
material and temperature. It is usually between
0.5-0.6 V.

Open Circuit
Current (V)

Indicates the ability of the solar cell to
generate maximum power. It is calculated as
follows:

Fill Factor (FF)

_ Imax: Vmax

FF =
Isc.Voc

SHOCKLEY-QUEISSER LIMIT

The Shockley-Queisser limit defines the maximum theoretical efficiency that single-
pass p-n junction solar cells can achieve. This limit is based on an ideal case where
there is only radiative recombination and the incident light is modeled as a
blackbody. The calculations include fundamental losses such as thermalization,
spectral losses and electron-hole recombinations. According to this approach, the
maximum efficiency of a 1.1 eV bandgap solar cell is about 33%. In real cells, the
efficiency remains below this value, mainly due to non-radiative losses.

Shockley-Queisser theory is based on the detailed balance principle and
determines the maximum efficiency of a single p-n junction solar cell under ideal
conditions. Basic parameters:

Sun temperature:

kTs = qVs

Temperature of the solar cell:

kT, = qV;
Band gap:
Eg = hvy =qlj

Total photon flux from the sun (according to Planck's law):

0. = foo 21 V2

dv

Converted to dimensionless form:

Qs = (Z4LL) [ 2= ax

h3c? Xg e*¥—1

The total energy of all photons coming from the sun is given by the formula:

P = (B920) [ 25 dx

h3.c2 0 ex-1

here the result of the integral is a known constant. Therefore:

p 2 (kTy)*
I = 15h3¢2

it can be defined as.
Each absorbed photon contributes only as much energy as E =hV,. Therefore, we
can calculate the electrical output power as follows:

Pour = Ey. Qs = hvg- Qs

Ultimate efficiency is found by comparing these two power equations (P;, and P, )
to each other.

Converting to dimensionless form:

X oox_de
g o 0«3 o 7'[4 xg ex—1
fo ex_l X

itis expressed as.

As a result of all these calculations, it was seen that the maximum efficiency could
be approximately 44%, as in Figure 3.2. This requires the x, parameter to be
approximately 2.2 and the band gap of the semiconductor to be 1.1 eV.
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Figure 4: Ultimate Efficiency [2]
Geometric factor for planar cells:

fo====218x10""

T
it is associated with.

Recombination rate increases with applied voltage, net current becomes:

qVv

I =q(F—F(W)) =Ly — lerr
Open circuit voltage (Vo():

Voc = %ln(&+ 1)

Jo
is given in the form.

The limit is reached at Eg = 1.34 eV. Crystalline Si cells achieve ~80-85% of the limit
(~¥26%), while GaAs cells reach ~90% (~29%). This limit applies only to single-
junction solar cells; multi-junction devices can surpass it.

RECENT STUDIES TO OVERCOME THE SHOCKLEY-
QUEISSER LIMIT

The Shockley—Queisser limit sets the maximum efficiency of single-junction solar
cells at 33.7%. To surpass this, tandem cells combining materials with different
band gaps have been developed for better spectral utilization. Recent studies also
explore quantum dot and perovskite integrations.

Tandem cells stack sub-cells with different band gaps to absorb a broader spectrum
and reduce losses.

2-Terminal (2T — Monolithic):Cells are connected in series, sharing the same
current. Current matching is mandatory; the lowest current limits the entire
system. Electrical contact is provided by the tunnel junction layer. Efficiency is ~42—
45%. In 2024, LONGi achieved 34.6% efficiency with a perovskite-Si 2T cell.
3-Terminal (3T):One of the three terminals is common. Cells cannot operate
independently but have separate IV characteristics. No current matching is
required. Efficiency is ¥38-42%. 27.1% efficiency was achieved with perovskite—Si—
perovskite structure in Singapore in 2024.

4-Terminal (4T - Mechanically Stacked): Each cell operates separately, has two
independent circuits. No current and voltage matching is required. The highest
theoretical efficiency (~44-46%) is achieved in this structure. Solliance reported
30.1% efficiency in 2022 and 29.36% efficiency in China in 2025.

Two-terminal (2T)

| | | |

Four-terminal (4T) Three-terminal (3T)

| |
Glass/EVA Glass/EVA Glass/EVA |
ITO - ITO
ETL— el ETL— il o ETL— e
oo Perovskite O Perovskite —7 OO Perovskite
HTL— Pe HTL
AN a-Si(n) | ——— EVA / : _
Vel ‘A a-SliIr(\)) N Vrr
o® ¢-Si(n) \ ) 1 Ure>JsiOR  ¢-Si(n)
\ o9 c-Si(n) | —/— J />\J .
\ Vsi Sis.(P‘; ) .
a-Si(n
Ag—p " ﬂ— Ag—= 5:_|VRZ

Figure 5: Tandem Cells Structure [8]

Quantum Dots and Perovskites

Quantum dots (QDs) are nanoscale semiconductors with size-dependent band
gaps, enabling broad light absorption. They offer advantages like flexible design,
easy processing, and multiple exciton generation (MEG). However, stability
issues and toxic materials (Cd, Pb) are major drawbacks. QDs are used
in sensitized, all-QD, and tandem solar cells, reaching up to 18% efficiency with
perovskite combinations.

Quantum Dot Sensitized Solar Cells: QDs replace organic dyes and transfer
electrons to materials like TiO,. MEG allows more than one exciton per photon,
improving efficiency.

(a) Cds QD ( b)
TiO, ] F""‘Tw Platinum

FTO FTO

1]

FTO

E——
Figure 6: (a) Schematic represent:ation of QDSSCs structure (b) Close up of the TiO,
structured semiconductor skeleton [9]
All Quantum Dot Solar Cells (All QD SCs): In All-QD solar cells, both light
absorption and charge transport rely entirely on QDs like PbS or PbSe, which
absorb well in the near-IR region.

Quantum Dot-Based Tandem Cells:Quantum dots (QDs) are integrated into
tandem cells—especially with perovskites—to absorb a broader light spectrum.
Materials like PbS, CdSe, and InP are commonly used. QDs improve efficiency by
enhancing charge transport (ETL/HTL layers), broadening absorption in active
layers, and enabling vertical stacking (visible light by perovskites, NIR by QDs). They
also serve as buffer layers and protective coatings, boosting stability by up to 40%.

RESULTS AND DISCUSSION

This study examines the ~33.7% efficiency limit of single-junction solar cells
(Shockley—Queisser limit) and ways to overcome it. Key losses include radiative
recombination, thermalization, and spectral losses.

Tandem cells, quantum dots, and perovskites offer promising solutions, reaching
up to 42-46% efficiency. Yet, issues like material stability, current matching,
and scalability remain. The Shockley—Queisser limit still serves as a key reference
for future innovations in nanostructured and quantum-enhanced solar
technologies.
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PYTHON DESTEKLI BiR ELEKTRIK ALAN SIMULASYONUNUN HTML/JavaScript ORTAMINDA GELISTIRILMESI VE EGITIMDE
UYGULANABILIRLIGININ INCELENMESI

Sinem DURSUNKAYA - 19022082
Danisman: Prof.Dr.Onder YARGI

OZET

Bu bitirme projesi, elektrik alan kavramini daha anlasilir ve etkilesimli sekilde 6gretmeyi amaclayan bir web tabanli simulasyon gelistirmektedir. Elektrik alanin yoni ve siddeti, kullanici tarafindan belirlenen yik degerleri ve
konumlara gore gercek zamanli olarak hesaplanmakta ve gorsel olarak gosterilmektedir. Python ile olusturulan teorik altyapi, HTML, CSS ve JavaScript ile etkilesimli bir araylize donusturtlmauastur. Kullanicilar yukleri strikleyip
parametrelerini degistirebilir; similasyon buna anlik olarak yanit verir. Acik kaynakli ve kurulum gerektirmeyen bu arag, 6grencilere kavramsal 6grenme destegi sunarken 6gretmenler icin de derslerde kullanilabilecek esnek
bir egitim materyalidir.

1. GIRIS Gelistirilen Simulasyonlar
Elektrik Alan Kavrami ve Amacg Tidayarak Yak Ekle veya Surukle!
H ’ P-4 H H H H H . H YUk thrtind ve buyukligunu seg, tuvale tikla veya surikle.
Elektrik alan, yuklerin birbirine uyguladigi kuvvetleri alan dizeyinde ifade eden, ancak dogrudan Sleklll ?kdeli ogr.en.c.:ll etk|Ie§|m|nE'ag|k ola.1frabk. gdell§t|rllg!} ':(k ® Pozilf Yok O Negati Yok
. eUe o e ) . . . . . Yuk Bu UkIU'U(C):\VZ
gozlemlenemedigi icin 6grenciler agisindan kavranmasi giic bir kavramdir (Griffiths, 2017). Bu alanin e"ek tri kla an.5|mhu ﬁSYomljg'?un "'r_,”e§af' of elpozlltldl | o
buyukliglu ve yonu, yuk miktari ve mesafeye bagl olarak degisir. Temel olarak, birim pozitif test yukine yukexienmiz .a 'T'n Ir gor.L.mtu.sg yer f" |:na"tva[ |r »» agh SIS A e EeE e
etki eden kuvvet su sekilde tanimlanir: Kullanicilar bu similasyonda yuk tipi ve buyuklGgunu N e
7 secerek sahneye yuk ekleyebilmekte ve bu vyiklerin :::::Zi::'::\“\
E=— ..(1.1) konumlari degistikce elektrik alan vektorlerinin yon ve ;;;;;;;;;;§
1 siddetleri anlhk olarak yeniden hesaplanmaktadir. CccieTae
: o : : Hesaplanan bu siddete bagli olarak yuklerin etrafinda ana ::i:ii:::::/f/
Tek bir noktasal yukin elektrik alani ise Coulomb yasasi kullanilarak hesaplanir: P 3 _ & y . S5 Ealimant s e BT G s o o s
kanvasin turkuaz renginden farkl olarak yogunluklarina <agsbs el b idine Sl gl 4 A L
a 1 g9, gore pembe renk degisimleri meydana gelmektedir. Bu L A P S e e
F= Aten 12 .. (1.2) yapi, 6grencilerin elektrik alan kavramini deneyimleyerek P r v b CRERERE L Gt oy e e b
0 vy .. O D I 8 ol s i Rl e
ogrenmesini desteklemektedir. IR
Bu proje kapsaminda, Python ile teorik modeller olusturulmus, ardindan HTML ve JavaScript ile etkilesimli MMM e o
bir simulasyona donusturalmustur. Kullanici, yikleri sahnede surlkleyebilir, baylkliklerini degistirebilir ve ...,

anhk olarak elektrik alan cizgilerini gozlemleyebilir. Similasyon, kavramsal 6grenmeyi destekleyen etkili bir
ogretim aracidir.

2. GENEL BILGI P S — = Sekil 3 ise ikinci bir similasyonun
Sim[]lasyonlarln Eéltlmdekl Yeri gorselidir.  Bu gorsel simulasyona

kullanici  tarafindan  tuval Uzerine
yerlestirilen pozitif (kirmizi) ve negatif

Similasyonlar, dzellikle fizik gibi soyut ve deneysel olarak erisimi zor kavramlarin 6greniminde etkili ® ® (mavi) yUk!grin 0|U§tU.rdU§U e"Iektr.ik
araclardir. Ogrenciler, bu sayede farkli senaryolari diisiik riskli bir ortamda deneyimleme ve neden-sonuc ' alani gostermektedir. Yuklerin
iliskilerini aktif sekilde kesfetme imkani bulurlar (Rutten, van Joolingen & van der Veen, 2012)[2]. baydaklugt, kutuplar  ve konumlari
Etkilesimli 6grenme ortamlari, 6grencilerin bilgiyi pasif sekilde almak yerine, kendi kararlariyla 6grenme manuel olarak ayarlanabilmekte; her
siirecine katilimini tesvik eder (Jonassen, 1999)[3]. Bu projede gelistirilen similasyon, diger 6rneklerden yuk etrafindaki elektrik alan cizgileri
farkli olarak kullaniciya yik tiirti, biyikligu ve konumunu 6zgirce belirleme olanagl sunmakta; alan Coulomb vyasasina gore yonli olarak
cizgilerini gercek zamanh ve yonli olarak cizmektedir. Turkce dil destegi sayesinde yerel egitime daha hesaplanmakta ve gorsel olarak temsil
uygun hale gelmis, erisilebilir ve 6zellestirilebilir bir kaynak ortaya ¢ikmistir; bu da similasyonun farkl Sekil 3 edilmektedir.  Eklenen ilk ki yuk
6gretim senaryolarina kolaylikla uyarlanmasini miimkin kilmaktadir. — T — sayfanin merkezlerine varsayilan olarak
‘ atanmaktadir. Bu iki yuk arasindaki

{ mesafe kullanicinin  yukleri hareket

3. Yontem |
Arastirmanin Yontemi ve Deseni

Bu calisma, tasarim temelli arastirma yaklasimiyla yapilandiriimistir. Amaci, fizik egitimi baglaminda
kavramsal 6grenmeyi destekleyen etkilesimli bir 6gretim materyali gelistirmektir. Tasarim sirecinde:

* Kavramsal dogruluk,

* Kullanici etkilesimi,

e Gorsel anlasilirlik

ilkeleri temel alinmistir. Simulasyon, nitel gézlemler ve kullanici deneyimleri dogrultusunda strekli olarak
gelistirilmis ve 6gretim ortamlarinda uygulanabilirligi test edilmistir.

ettirmesine bagh olarak kutucugun
icinde anlik olarak gozlenebilmektedir.
_ Eklenen diger ylkler ise —pozitif veya
" @ negatif fark etmeksizin kanvasa rastgele
bir sekilde yerlestirilmektedir. Eklenen
\ ‘Temizle’ butonu ile de eklenmis tim
® yikler sayfayr yenilemeye gerek
kalmadan kanvasi varsayilan haline
getirmektedir. ikinci simiilasyonun ayirt
Sekil 4 edici yoni, elektrik alan cizgilerinin
egrisel (‘curve') bicimde cizilebilmesidir.

Gelistirme Surecinde Kullanilan Teknolojiler ", :

Simulasyon iki asamali bir teknoloji mimarisiyle gelistirilmistir: Eh-!_ E-|

¢ 1. Asama - Teorik Modelleme (Python):

Elektrik alanin fiziksel modeli Python ile hesaplanmistir. 4, SOHUQ ve Ta rt|§ma
* NumPy: Vektorel islemler icin
* Matplotlib: Alan cizgilerinin gorsellestirilmesi icin

¢ 2. Asama — Etkilesimli Web Araylizii (HTML/CSS/JavaScript):
Simulasyon, JavaScript’in Canvas API yapisi ile gelistirildi.
* Kullanici, yukleri fareyle surtkleyebilir
e Yuk buyuklugu ve isareti klavyeden degistirilebilir
* Alan cizgileri anlik ve yonlu olarak gorsellestirilebilir.

Bu projede, fiziksel kavramlarin yalnizca teorik dizlemde degil; 6grencinin dogrudan miudahale
edebilecegi dijital ortamlarda da yapilandirilabilecegi gosterilmistir. Elektrik alan gibi soyut ve yonlu bir
kavram, gelistirilen similasyon sayesinde, strliklenebilir yikler ve anlik gorsellestirme yoluyla somut
ve deneyimlenebilir hale getirilmistir. Ogrenciler, yiklerin etkilerini yalnizca sayisal degil, sezgisel
olarak da gozlemleyebilmis, boylece 6grenme slireci daha i¢sel ve kalici bir hal almistir.

Kullanilan Python hesaplama temeli ve web tabanli arayliz, hem bilimsel dogruluk hem de erisim
kolayhgi sunarak, dijital materyallerin egitimdeki rolinu guclendirmistir. Geleneksel 6gretimin
sinirlarini asan bu etkilesimli yapi, 6grencinin pasif alicidan aktif kesfedene dontsmesine olanak

Python ile Pozitif Noktasal Yukun Elektrik Alani tanimistir. Sonug olarak, bu calisma vyalnizca bir simulasyon degil, fizik egitimi icin disundlmus
blutlnsel bir 6grenme ortami 6nerisi sunmaktadir.
Pozitif Noktasal Yiikiin Elektrik Alani Simulasyon temelli bu yaklasim, elektrik potansiyeli, manyetik alan gibi diger konulara da uyarlanabilir.
R e \\\ 1/ // / Gelecekte, similasyonun 6grenme Uzerindeki etkisini degerlendiren deneysel calismalar yapilabilir.
075 / Bu gorselde, yalnizca bir pozitif ylkin olusturdugu Ayrica, dlcme-degerlendirme, sesli anlatim ve rehberlik sistemleriyle donatilarak 6gretim siireci daha
oo | / elektrik ~ alan  cizgileri ~ Python  kullanilarak da zenginlestirilebilir. Farkli yas gruplarina yonelik 6zellestirmelerle, ortadgretimden universiteye
| /% modellenmistir. Yik, koordinat sisteminin merkezine kadar yaygin kullanimi hedeflenmektedir.
0.251 / yerlestirilmis ve cevresindeki elektrik alan yonleri

gorsellestirilmistir. Alan cizgileri yukten disa dogru

~ A
E  0.00- -~ —
) = yonelmekte  olup, siddeti  uzakhkla  birlikte
o ///// \ azalmaktadir. Bu modelleme, similasyonun fiziksel KAYNAKCA
~0.50 / 1 \\\ altyapisini olusturan ilk adimdir ve elektrik alan [1] Griffiths, D. J. (2017). Introduction to Electrodynamics (4th ed.). Cambridge University Press.
e kavraminin sezgisel olarak anlagilmasina katki saglar. [2] Rutten, N., van Joolingen, W. R., & van der Veen, J. T. (2012). The learning effects of computer simulations
//// // /f \ \\\\ in science education. Computers & Education, 58(1), 136—153.
%2000 —075 050 -025 000 025 050 075 L0o [3] Jonassen, D. H. (1999). Designing constructivist learning environments. In C. M. Reigeluth (Ed.),

x (m)

Instructional-design theories and models: A new paradigm of instructional theory (Vol. ll, pp. 215-239).
Sekil 1 Lawrence Erlbaum Associates.
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MARS iYONOSFERINDE GUNES FIRTINASI VE KORONAL KUTLE ATIMI KAYNAKLI BOZULMALAR:

17-18 MAYIS 2024 OLAYINA DAYALI BIR VAKA CALISMASI
Yasmina YEGE 20022072

Danisman: Dog¢. Dr. Zehra CAN

Bu calismada, 17-18 Mayis 2024’te meydana gelen giines riizgarinin Mars atmosferinde olusturdugu etkiler incelenmistir. ilk olarak WSA-ENLIL similasyonlariyla giines riizgarinin Glines’ten Mars’a kadar olan yolculugu ve
Ozellikleri belirlenmistir. Daha sonra, MAVEN uzay aracindan elde edilen elektron yogunlugu, manyetik alan, sicaklik ve riizgar hizi gibi veriler analiz edilerek Mars iyonosferinde meydana gelen degisimler ortaya konulmustur.
Sonugclar, glines riizgarinin Mars atmosferinde fiziksel ve kimyasal degisimlere neden olmus ve bunun uzay hava kosullarinin anlasilmasina katkida bulunacagini gostermistir.

MAVEN Uzay Aracinin Mars Merkezine Olan Toplam Konum BlyuklGga ve Gines Zenit Acisi
MAVEN Uzay Aracinin Mars Merkezine Olan Toplam Konum Buyukiugu, Gunes Zenit Acisi, Toplam Hiz vi

1. GUNES OLAYLARININ MARS IYONOSFERINE ETKISI \/

Mars iyonosferi, yeryltzinden 80-400 km yukseklikleri arasinda bulunan glines i1sinlari tarafindan iyonize olmus dogal
bir plazma tabakasidir. Mars’in Diinya’daki gibi kiiresel manyetik alanindan ziyade yerel manyetik alanlari vardir,

5000

dolayisiyla Mars iyonosferi dogrudan giines aktivitelerine maruz kahlr. Asagidaki Sekil 1.1’de glines aktivitelerinin
Mars’la etkilesimi, Sekil 1.2°de Mars iyonosferi gdsterilmektedir. . N | | e
€ T T g e P T et
vAg : :
Solar < > Energetic particles and & %
photons D Q magnetic field in the T e e prn e vy e e e T
V solar wind Zaman (UTC)
& e ® 0
" + ¢ . a ... e ©

Sekil 3.5 17 Mayis 2024 uydu konum bilgileri[3] Sekil 3.6 18 Mayis 2024 uydu konum bilgileri [3]

400F Boundary with solar wind

Topside

/AUIesa’1ds//:sd1y

== ionosphere lektron Yoguniugu ve Elektron Sicakiigi (Kelvin) Zaman Serisi
= Dosya: mvn_kp_insitu_20240517_v22_r01 (1).csv tes 2024-05-18 Elekiron Yogunlugu ve Sicakiig
— Clektron voguniod
= ‘ _ eleuoz s.(an.a\:lxgmm 80000 —— Eloktron Yoguniudu (cm~?)
-— m - Elektron Sicakhds (K)
S 70000
K M2 layer 0000
100F M1 layer _
Meteoric ion layer 3 - 5
5 2 g
10° 10* & 10° £ e g
Electron density (cm™) N 2 2000
. 10000
N ' o ) ) — ) o
A St & & &
00 709 051712 05-17 15 05-17 18 05-17 21 05-18 00 <
aaaaaaaaaa Zaman (UTC)

Sekil 1.1 Gunes aktivitelerinin Mars’la etkilesimi [1] Sekil 1.2 Mars iyonosferi
Sekil 3.7 17 Mayis 2024 elektron sicakligi ve yogunlugu [3]  Sekil 3.8 18 Mayis 2024 elektron sicakligi ve yogunlugu [3]

2. MATERYAL VE METOD

cinin Toplam lyon Basinci (Pxx, Pyy, Pzz Ortalama) Zaman Serisi

le-8 Dosya: MVN_SWI_L2_ONBOARDSVYMOM_695641.csv 1le-8 MAVEN Uzay Aracinin Toplam lyon Basinci (Pxx, Pyy, Pzz Ortalama) Zaman Serisi
= Toplam Iyon Basinci (Pa) 2.00 —— Toplam lyon Basinci (Pi) (Pa)
12
Python Jupyter Notebook kullanarak 17-18 Mayis 2024 tarihlerine ait glnes riizgari-iyonosfer etkilesmesini
gozlemlemek icin NASA’'nin MAVEN uzay aracinin MAG misyonuna ait manyetik alan verileri, LPW misyonundan
elektron yogunlugu ve sicakligi verileri, SWIA misyonundan toplam iyon basinci ve hizi verileri ve SPICE misyonundan
. . . . . . . o . . . é f:ws
uzay aracinin konum bilgilerine ait veriler alinmistir. Bu veriler CSV formatinda olup ilgili zaman damgalari ile birlikte
islenmistir.
00 - Samana 0.00
05-17 00 05-17 03 05-17 06 05-17 09 0517 12 051715 0517 18 0517 21 05-18 00 051800 051803 051806 051609 z:"f:na(:}c) 051813 051818 051821 051900
Zaman (UTC)
import pandas as pd
import numpy as np # Zamanlart yUVGFLG
e T df_mag[ 'time_rounded'] = df_mag['SAMPLE UTC'].dt.floor('T") i i i i
smport Sesbon as 31 5 Korlasyon mtrist gosetiesirmest i o e i S e Db L i L R Sekil 3.9 17 Mayis 2024 iyon basinci [3] Sekil 3.10 18 Mayis 2024 iyon basinci [3]
ipw_fl]’.e I:O:}'J?:(Stsle‘rfls‘{f)g)g;o)\’gé{sz:cl):\g(i)z,i.(r{mzlz:glim:‘ljg;,y:,:i,\’;\i/:ji;))_;r;;itu_20240518_v22_r01.Csv' # Bir‘l.estlr MAVE’IE‘)oUszyaayI:llr\‘larfl,_nslCvrj’f;igNg%E;sgwgglmggsjSZ:ln“casr\‘/S IIIII MAVEN Uzay Aracinin Toplam Hiz BuyUklugu (MSO) Zaman Serisi
Mag flle @ 0 € \Usera 7000 \OrskEOp DIt Lime. Tacl Josyis: WavI Wog 2 29241 0PELe: 29210018 ¥A. RLCoY) merged_df = pd.merge(df_mag, df_lp, on='time_rounded', how='inner") e — Toplam iz BayuKiaga (450) — Toplam Hiz Bayukiega (450)
swi_file = r'C:\Users\90530\Desktop\bitirme tezi dosyasi\MVN_SWI_L2_ONBOARDSVYMOM_1040919.csv’ = == =5 = 800
Sekil 2.1 Islenen CSV verileri Sekil 2.2 Verilerin uygun zaman formatinda birlestirilmesi
E’ 400 ;;_
7. Korelasyon Matrisini Hesapla ve Gorsellestir
if not combined_df_final.empty:
correlation_matrix = combined_df_final.corr()
print("\n--- Korelasyon Matrisi ---") 051700 051703 051706 051709 051712 051715 051718 051721 °
print (correlationimatrix) aman ( ) 05-18 00 05-18 03 05-18 06 05-18 09 Z;::;‘E(:':c)

plt.figure(figsize=(12, 1)) # Boyut biraz artirildr
tri nnot=

sns.heatmap(correlation_matrix, annot=True, cmap='coolwarm’, fmt=".2f", linewidths=.5, cbar_kws={"label’': 'Korelasyon Katsayi
plt.title('MAVEN Veri Parametreleri Arasi Korelasyon Matrisi')

plt.show()

i : T - - - - - - . . . .
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Sekil 3.1 17 Mayis 2024 CME atilimi [2] Sekil 3.2 18 Mayis 2024 CME atilimi[2] 4. SONUC VE TARTISMA

B, BY ve BZ PAYLOAD DeBeriert Zaman Sers BX.B. B2 PLANETOGENTRIC Zaman srs Bu calismada, 17-18 Mayis 2024’te meydana gelen koronal kutle atiliminin Mars atmosferinde olusturdugu

o S etkiler, similasyonlar ve gozlemlerle incelenmistir. WSA-ENLIL ve MAVEN verileriyle, giines rizgarinin Mars’a

ulasma sireci ve iyonosferde neden oldugu degisimler ortaya konulmaya calisiimistir. Ancak, kisa zaman
ow P araligi ve sinirh veri sebebiyle belirgin korelasyonlar elde edilememistir. Bu sonuclar, daha kapsamli
i calismalarla Mars atmosferinin uzay havasina tepkisinin daha iyi anlasilabilecegine isaret etmektedir.

Sekil 3.3 17 Mayis 2024 manyetik alan bilesenleri [3] Sekil 3.4 18 Mayis 2024 manyetik alan bilesenleri[3] KAYNAKCA

[1] M. G. Kivelson ve F. Bagenal, “Planetary Magnetospheres,” Department of Earth & Space Sciences,
University of California, Los Angeles ve Department of Astrophysical & Planetary Sciences, University of
Colorado, Boulder, 2025.

[2] https://kauai.ccmc.gsfc.nasa.gov/DONKI/search/

[3] https://pds-ppi.igpp.ucla.edu/mission/MAVEN
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ABSTRACT

““What is the mind?” is one of the most important and still unanswered questions in science. Researchers have discovered that the human brain contains about 100 billion neurons, which can
form countless patterns through their connections. Today, studies suggest that the mind can be seen not only as a biological structure, but also as a physical and information-processing
system.In this project, mental processes are modeled using Donald Hebb’s theory of learning, John Hopfield’s energy-based network, and Geoffrey Hinton’s Boltzmann Machine. The
simulation shows that missing information can be completed through an energy-based network, just like how the brain remembers or fills in gaps.This 1dea 1s closely related to the 2024
Nobel Prize in Physics, which also focused on energy-based learning systems for understanding how thinking can emerge from physical processes.

The Significance of Physical Modeling in Understanding the Brain

Until the 2000s, the brain was mainly seen as a control center for bodily functions. This view shifted with
the launch of the Human Brain Project (HBP) in 2012, a European initiative that aimed to simulate and
understand the human brain through advanced computational models.With this Project today, the brain 1s
increasingly seen not just as a biological organ, but as a physical and computational system capable of
generating the mind. This perspective is supported by neuroscience, physics, and systems theory.

In this model, neural activity follows the principle of energy minimization, similar to how physical systems
move toward stable, low-energy states. From a thermodynamic view, the bramn 1s an open, far-from-
equilibrium system that exchanges energy and information with its environment. Neural networks aim to
reduce energy cost while preserving complexity—mirroring physical systems that locally reduce entropy
under global constraints.

Foundational Concepts: Neural and Biological Bases
Donald Hebb(1949): Hebbian Rule

Canadian psychologist Donald Hebb proposed that learning happens when connections between neurons
are strengthened. He summarized this with the phrase:

“Neurons that wire together, fire together”. -Hebb's Rule

This idea formed the basis of artificial neural networks, suggesting that the mind emerges from patterns
of neural activity. Hebb’s concept of a cell assembly explains how thoughts are represented by groups of
co-activating neurons.|[1]

Hopfield Network: Energy-Based Modeling of Mental States

Physicist John Hopfield combined Hebb’s connectionist ideas with physical modeling by developing a
neural network based on energy minimization[2].The Hopfield network represents memory as stable
patterns in an energy landscape.The system recognizes incomplete or noisy input by settling into a low-

energy state, similar to how the brain retrieves memories. The behavior of the Hopfield network is
governed by an energy function:

E= 1

= _EZiij w;s;sj+ 2 0;s;

From Hopfield to Hinton: The Expansion of Energy-Based Learning

In 1985, Geoffrey Hinton developed the Boltzmann Machine, defining learning in terms of energy
minimization and probability distributions. This model showed that mental processes can be simulated
using physical and computational systems. Mental patterns are represented as stable, low-energy states,
and the system’s ability to complete missing information reflects a process similar to thinking. In this view,
the mind operates like a physical system navigating an energy landscape, seeking the most probable and
balanced state.[3]

E(v,h) = =X bjv; — X i by — X, ; vy wihy

What is Boltzmann Machines

Named after physicist Ludwig Boltzmann and developed by Geoffrey Hinton, Boltzmann Machines are
neural network models that combine statistical physics with machine learning to simulate how systems
learn and represent information through probabilistic energy-based processes. (Hinton & Sejnowski, 1986)

These networks represent a system in which different states emerge with different probabilities, depending
on their associated energy levels. There are six main types of Boltzmann Machines in total, and in this
project, a Restricted Boltzmann Machine (RBM) was modeled.

Restricted Boltzmann Machine (RBM)

An RBM is a neural network with two layers — visible and hidden — connected across but not within
layers. This structure enables efficient learning by minimizing energy, allowing the system to store and
reconstruct patterns from incomplete input.

1. Model Selection and Theoretical Foundations

We implemented a Restricted Boltzmann Machine (RBM) with 8x8 visible units and 32 hidden units.
This architecture is inspired by Donald Hebb’s concept of neuronal pattern representation, where each
0/1 activation is viewed as the neural projection of a mental concept.

——— 1. Veri Kumesini Hazirla ——-— # ——— 3. RBM Ogrenme Fonksiyonu ——-
igits = load_digits() def train_rbm(rbm, data, epochs=10, 1r=0.01):
digits.data energy_history = []
Binarizer(threshold=8).fit_transform(X) # Piksel degerlerini 0-1'e cgevir for epoch in range(epochs):
torch.tensor(X, dtype=torch.float32) epoch_error = 0
for v in data:
v = v.view(1, -1)
prob_h, h_sample = rbm.sample_h(v)
prob_v, v_sample = rbm.sample_v(h_sample)
prob_h_rec, _ = rbm.sample_h(v_sample)

——— 2. RBM Model Sinaifi ———

def __ _init__ (self, n_visible, n_hidden):
super(RBM, self).__init__ ()
self.W = nn.Parameter(torch.randn(n_hidden, n_visible) * 0.01)
self.v_bias = nn.Parameter(torch.zeros(n_visible))

self.h_bias = nn.Parameter(torch.zeros(n_hidden)) rbm.W.data += lr * (torch.matmul(prob_h.t(), v) - torch.matmul(prob_h_rec.

rbm.v_bia a += lr x (v - v_sample).sum(0)

s.dat
def sample_h(self, v): rbm.h_bias.data += lr x (prob_h - prob_h_rec).sum(0)

prob = torch.sigmoid(torch.matmul(v, self.wW.t()) + self.h_bias)
n prob, torch.bernoulli(prob) epoch_error += torch.sum((v - v_sample) *x 2).item()

mean_energy = rbm.energy(data).item()
energy_history.append(mean_energy)
print(f"Epoch {epoch+1}, Error: {epoch_error:.4f}, Energy: {mean_energy:.4f}")

def sample_v(self, h):
prob = torch.sigmoid(torch.matmul(h, self.W) + self.v_bias)
return prob, torch.bernoulli(prob)

# Enerji grafigini ¢iz

plt.figure(figsize=(8,4))

plt.plot(range(1, epochs+1), energy_history, marker='o")

plt.title("0grenme Siirecinde Enerji Dedisimi")

return v_sample plt.xlabel("Epoch")

plt.ylabel("Ortalama Enerji")

plt.grid(True)

plt.tight_layout()

plt.show()

def forward(self, v):
h_sample = self.sample_h(v)
v_sample = self.sample_v(h_sample)

— —

def energy(self, v):
h_prob, _ = self.sample_h(v)
terml = torch.matmul(h_prob, self.h_bias)
term2 = torch.matmul(v, self.v_bias)
term3 = torch.sum(torch.matmul(h_prob, self.W) * v, dim=1)

rn —torch.mean(terml + term2 + term3) # === 4. ModeLL Kur ‘VEIBgut: S==

rbm = RBM(n_visible=64, n_hidden=32)
train_rbm(rbm, X, epochs=10, 1r=0.1)

2. Probabilistic Learning and Activation

The network uses sigmoid activation and Bernoulli sampling in its forward and backward passes. This
reflects Geoffrey Hinton’s probabilistic learning paradigm in Boltzmann Machines—Iearning the data’s
structure through energy-based probability distributions.

3. Energy Function and Stability Principle
The network’s energy function 1s given by:

E=—2ibivi = Xjc;hy — X jvi wijhy

This formulation merges Hebb’s concept of pattern representation with John Hopfield’s idea of stable
patterns as energy minima.

4. Training Process and Energy Monitoring

During training, we perform visible-to-hidden (v — h) and hidden-to-visible (h — v) passes to update
weights. At the end of each epoch, we measure the average energy level and observe the system converging
toward a lower, more stable region in the energy landscape.

Energy Change During Learning
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5. Pattern Completion and Cognitive Inference

When presented with incomplete input, the RBM reconstructs the missing parts. This mimics the mind’s
ability to infer a coherent whole from partial information, demonstrating cognitive-like recall
capabilities.

This simulation synthesizes the theoretical foundations of Hebb, Hopfield, and Hinton to successfully
simulate mental representation and retrieval through an energy-based artificial neural network.

Conclusion and Contributions

This project demonstrates that mental processes can be explained through the principles of energy
minimization and probabilistic structuring in physics by using Boltzmann Machines. The simulation
shows that an artificial network can successfully complete missing patterns, mimicking functions like
memory and learning. This supports the idea that the mind is not only a biological system, but also a
system that can be understood through the laws of physics. This approach models mental processes and
neurological disorders through energy imbalances in the brain, opening new possibilities for early diagnosis
and treatment. It also helps decode brain signals more accurately using physical systems, supporting the
development of advanced technologies like brain—computer interfaces.

Related Global Research

AlphaFold (2020)is an Al system developed by DeepMind that predicts the 3D structure of proteins based
only on their amino acid sequence. It solves the long-standing “folding problem™ by combining deep
learning with physical principles, identifying the most stable structure as the one with the lowest energy.
Human Connectome Project (2009-2018), this project mapped the brain’s neural connections, showing
that thoughts and memories arise from specific patterns of connectivity—supporting Hebb’s idea that
mental functions emerge from structured neural networks.
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Abstarct

The primary objective of this study is to analyze and predict the orbital trajectories of asteroids using artificial intelligence techniques. The project specifically addresses the challenge of estimating the future orbit of newly discovered or recently
observed asteroids by utilizing their initial position and velocity vectors. For this purpose, data were collected from NASA’s JPL Horizons API, and a supervised machine learning model—Multi-Layer Perceptron Regressor (MLPRegressor)—was
implemented. The model was trained to learn the nonlinear relationship between state vectors and Keplerian orbital elements, including semi-major axis, eccentricity, inclination, and angular parameters. After training, the system was used to predict
the orbital elements of asteroids not included in the training set. The predicted trajectories were validated through numerical error analysis and 3D visualizations. This approach demonstrates the potential of Al-assisted modeling in orbital prediction

tasks, especially for near-Earth objects where rapid and accurate forecasting is critical for planetary defense.

Data Collection and Preprocessing

Source of Data:

Orbital data were retrieved from the Minor Planet Center (MPC) API, which provides accurate and updated
information for small Solar System bodies. Key orbital parameters collected include:

*Semi-major axis (a)

*Eccentricity (e)

*Inclination (i)

*Longitude of ascending node (Q)

*Argument of perihelion (w)

*Mean anomaly (M)

Additional Metadata:

To support classification and risk analysis, supplementary parameters were also obtained:
*Observation arc duration

*Epoch (converted to Julian dates)

*Minimum Orbit Intersection Distance (MOID)

*Absolute magnitude (H)

Exoplanet

True an\amaly Y,

Argument of

-
L

Reference
direction

Figure 1: Diagram illustrating the primary Keplerian elements that define the size, shape, and orientation
of an orbit in space.

Al Model Development and Implementation Logic

In this study, a supervised machine learning approach was employed to predict the orbital elements of asteroids
based on their position and velocity vectors. The core algorithm used was Multi-Layer Perceptron Regressor
(MLPRegressor)from the scikit-learn library. This model was selected for its ability to capture non-linear relationships
between six-dimensional input vectors —(x, y, z, vx, vy, vz)— and five Keplerian output parameters: semi-major axis
(a), eccentricity (e), inclination (i), longitude of ascending node (Q), and argument of perihelion (w).

Model Training and Validation

*Data for asteroid Ceres was collected via the NASA JPL Horizons APl over a 20-day interval, producing multiple (r, v)
pairs.

*For each state vector, the corresponding Kepler elements were computed using the Orbit.from_vectors() method
from the Poliastro library.

*Inputs and targets were scaled using StandardScaler to improve numerical stability during training.

*The dataset was split into 80% training and 20% testing sets using train_test_split().

Performance Evaluation

Model performance was assessed using:

*Mean Squared Error (MSE) between actual and predicted values,

*Numerical comparison of predicted orbital elements for unseen test samples,

*Visual inspection through 3D orbit plots, showing the spatial match between real and predicted orbits.

Error of training data set

emm= Frror of test data set

Mean squared error

Number of trees

Figure 2: Convergence of training and test error as the number of trees increases, illustrating improved
model performance and generalization.

3D Orbit Visualization

Using matplotlib and poliastro, the first predicted orbit was propagated and plotted in a 3D heliocentric
frame. The Sun was fixed at the center, and orbital paths were displayed with annotations of the predicted
parameters. This step validated the model not only numerically but also geometrically, offering intuitive
insight into model accuracy.

Visualization in Python (matplotlib, poliastro, etc.)

The computed orbits were visualized in 2D and 3D using matplotlib and poliastro, highlighting orbital shape,
orientation, and spatial dynamics in a heliocentric frame.

Identification of Earth-Approaching Asteroids

While Ceres was the focus, the system is adaptable for monitoring Near-Earth Objects (NEOs) by tracking
parameters like MOID and eccentricity.

Tahmini Yoringe
Zaman: A.D. 2024-Jan-01 00:00:00.0000
a=0.3871 AU, e=0.2056, i=7.00°, Q=48.30°, w=29.19°

—— Tahmini Yoringe
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Orbit Simulation

Orbit propagation techniques were applied to simulate future asteroid positions over time, offering a
dynamic understanding of their long-term behavior.

Concluson and Discussion

*Aim: Leverage machine-learning (ML) models—tested here with an MLP—to predict asteroid orbits faster and with less
computational load than traditional N-body simulations.
*Findings: On a Ceres-only dataset, the ML approach reproduced Keplerian elements with good accuracy, confirming the
feasibility of Al-aided orbit prediction for planetary-defense tasks.
Limitations: Prediction quality hinges on input data; wider, more diverse asteroid datasets and sequential models (e.g.,
LSTM, Transformer) are needed for robust, long-term forecasting.
*Future Work:

* Expand training data to multiple asteroid classes (Amor, Apollo, Aten).

* Add physics-based features (Yarkovsky, planetary perturbations, solar radiation).

* Integrate real-time observations for adaptive re-training.

e Pair predictions with 3-D visualizations and impact-risk metrics to aid rapid decision-making.
Overall, combining ML with classical astrodynamics promises faster, scalable orbit prediction—an essential advance for
space-situational awareness and Earth-impact prevention.

Prediction Errors for Orbital Elements (Kepler Parameters)
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Figure 5:Table visualization of absolute error values (A) between predicted and true values for key Keplerian
orbital elements.
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Abstract

This thesis offers an in-depth analysis of muon detection systems, delving into the fundamental physics of muons as well as the diverse technologies developed to detect them. It begins by exploring the unique properties and
production mechanisms of muons, followed by an extensive review of the different types of detectors employed to observe and measure these particles. The study particularly emphasizes the implementation of

WHAT IS MUON ?

The muon is a fundamental subatomic particle belonging to the lepton family, alongside the electron and the
tau. It is symbolized by the Greek letter u and classified as a second generation charged lepton. Like the
electron, it carries an electric charge of —1 elementary charge (-1 €) and has an intrinsic spin of 2 h, making it
a fermion under the Pauli exclusion principle.One of the muon’s most distinctive properties is its mass, which
is approximately 105.66 MeV/c?, or about 206.77 times heavier than the electron.

: North

This image shows the “shadow” of the Moon in muons, as observed by the Soudan 2 detector, located 700 meters
underground in the Soudan Mine, Minnesota.

DISCOVERY

The muon was first discovered in 1936 by Carl D. Anderson and Seth Neddermeyer at the California Institute of
Technology while they were investigating cosmic radiation using cloud chambers. During their experiments,
they observed particles that behaved differently from known particles like electrons or protons when passed
through a magnetic field. These new particles were negatively charged, like electrons, but exhibited less
curvature in the field—suggesting a greater mass than the electron, yet lighter than a proton at the same
velocity.

CARL DAVID ANDERSON

Why Detect Muons?

Detecting muons is essential across a wide range of scientific and practical applications due to their unique
properties, such as high penetration power and predictable behavior. In high-energy particle physics, muon
detection plays a critical role in collision experiments at particle accelerators like the Large Hadron Collider
(LHC), where identifying muons helps reconstruct complex particle interactions and test predictions of the
Standard Model. In cosmic ray research, muon detection provides insight into high-energy processes occurring
in the upper atmosphere and space. Beyond fundamental physics, muons are increasingly valuable in non-
invasive imaging techniques such asmuon tomography, which is used in volcanology to map internal magma
chambers, and in archaeology to reveal hidden chambers in ancient structures like pyramids. Additionally,
muon detectors are employed in nuclear reactor monitoring and security, as muons can penetrate shielding and
help verify the presence or absence of fissile materials without intrusive measures.
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Muon Production Mechanisms

Muons are primarily produced through high-energy particle interactions, rather than typical radioactive decay, due
to their relatively large mass. The most common natural source of muons is cosmic ray interactions in the Earth’s
upper atmosphere. When high- energy cosmic rays—mostly protons—collide with atmospheric nuclei, they
produce pions (1t mesons) and kaons (K mesons). These unstable mesons rapidly decay into muons and
associated neutrinos.

Detector Technologies Overview

Muon detection relies on a variety of specialized detector technologies, each with distinct principles of operation
tailored to muons' deep-penetrating and weakly interacting nature. The main categories of muon detectors
include:

Scintillation Detectors: These detectors use materials that emit light (scintillate) when a charged particle like a
muon passes through.

Gaseous lonization Detectors: This category includes devices like drift tubes, multi-wire proportional chambers,
and resistive plate chambers (RPCs).

Several types of gaseous ionization detectors are used in muon detection:

Drift Tubes: Cylindrical detectors where ionization electrons drift toward a central wire.

Multi-Wire Proportional Chambers (MWPCs): These use a grid of fine wires to collect ionization charges.
Resistive Plate Chambers (RPCs): Made of two resistive plates separated by a gas gap, RPCs produce fast
signals and are commonly used in trigger systems due to their precise timing characteristics.

Visualisation of ion chamber operation . . . .
Creation of discrete avalanches in a proportional counter
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Nuclear Emulsion Detectors: These detectors consist of photographic emulsions that record the tracks of
charged particles

Cherenkov Detectors: These detectors exploit Cherenkov radiation, which occurs when a particle like a muon
travels faster than the speed of light in a given medium (e.g., water or glass).

ATLAS Muon System at CERN

The ATLAS Muon System is a vital component of the ATLAS experiment at the Large Hadron Collider (LHC) at
CERN, specifically designed to detect and measure muons, which often escape the dense inner detector layers
due to their high penetration power. As muons are key signatures of many important physics processes—
including Higgs boson decays, new particle searches, and Standard Model tests—precise muon detection is
essential for accurate event reconstruction.
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TN
_Bu gallsmada minimum eylem ilkesinin tarihcesi ve ona onciiliik eden teorilerin matematiksel altyapilari ara;hnlrm;nr. Eylem 3
llkesi icin 6nemli bir rol oynayan varyasyon analizi ile Euler — Lagrange denklemleri gikartilmigtir. Eylem ilkelerinin skaler bir teori (2
olmasinin, modern uygulamalarmda kazandirdigi kolayhklar gbstenlrm;tlr. Mevcut teoriler kapsaminda problemler tartisiimistir. Seall

-
4L : % A e O

e al )~ o) : ' (- : :
- &Gy - R 4 e O T
EYI.EM iLKESINiN TARIHCESI G e NEDEN §S = 0OLUR? "¢
Pierre De Fermat ) 7B\ Bu durumu agiklamak icin keyfi bir potansiyel alanda hareket eden, bir boyutlu bir sistem 2 358
2 ot +\7s ) diistiniilir. Bbyle bir sistemin eylem integrali P T 5
i ln'blulnh de:hh Pierre De Fermat ile bagladigi sdylenebilir. Fermat, "Bir 2
15tk 11 herhangi iki nokta arasinda lerlerken, izledigi yol en az zamam: gerektiren yoldur:" 3
2 gmmmmwmm énciilerinden biri olmustur [1]. S(x) = f (5 mx? = V(X)) dt
Joham‘i\ajmoulll ile lanir. Sistemin eylemine kiigiik keyfi bir yol eklenerek varyasyona ugramis eylem
w»uas yilinda, bir cismin iki nokta ansmda yergeuml etkisi altinda en kisa siirede 1
: i amaglayan brachi p iizerinde caligirken, Fermat S(x+n)= f(-m(x+ﬁ)2—V(x+n))dt
yergekimi etkisi altindaki clsimerin b ferine de uygulanabilecefini gbstermistic; 2
g tek bir tabaka yerine ¢ok sayida tabakadan oldug yarak yapmustir [2]. seklinde bulunabilir. 7¢ok kiigik bir degisim oldugundan, kendisinin ve tiirevierinin birinci
¥ Plerre Louis Moreau de Maupertms dereceden olmayan terimieri ihmal edilir. Bu sartlar altinda kinetik ve potansiyel enerji
ey RS 1 1 av
Banwlﬂ'nh W&ndsl ohn Pierre Louis Maupertuis 40 yil sonra doganin neden “en az” —m(x' + n)z = -—m(fz + 2x17) V(ix+n) =V(x) + 7) s
’ »flﬂeﬂhe uygun hareket ettigini anlamlandirmaya cahgirken eylem adini verdigi bir biiylikluga a
! S = muvs olacak sekilde elde edilir. Burada potansiyel enerji Taylor serisine agilmistir. Enerjilerin a;rlrms
) 5 hali eylem integraline yazilirsa
olacak sekilde tammlamistir [3]. Ancak, kendi eylem prensibini matematiksel olarak =2, B av
- | ispatlayamamigtir. Maupertuis'in eylem prensibi sadece huzin sabit oldugu sistemlerde S(x +") —I(imxz -V(x)) de +f(rnxr]— n ax )d‘
; WIW. saiidy x s 5 ifadesine ulasilir. Bu denklemde ilk integral orijinal eylem integralidir. Bu integral karsiya atilir y :
ey Leonhard Euler ve eylemin varyasyonu olarak yazil PR
3 N $ ; 3 v =5 '
-uonhlrd Eller, eylem ilkesini aynk sistemlerden siirekli sistemlere genellestirmeyi S(x+n)-S(x)= 85 = f (mx') -n d—x)d!
w Euler, Maupertuis gibi gizgisel yol lzerinden aksiyon hesapl k yerine, aksiy danklevol eli sl Trtegmalin Nk terkriine puccal bnlagmsyort kireli s il
. dlfeflmby!lmrlnkelelmnlan Uzerinden tanimlamistir. Bdylelikle aksiyonu oV
e R S-Imvds oS = —J‘(mx+a )ndt
sekdinde elde ederek ybn defistiren hareketlerin de eylemini hesaplayabilmistir. Euler bu SRl At Pitantazin Jeine akinsa Newtonun el yasesisier v potanshet. 100
| ybntemi kullanarak, kitlegekim alaninda dénen cisimlerin hareketini incelemis ve eylem enerjinin kuvvet bagintisindan yani, . - :
“;,y wmmm yollar iizerinde lopllm’enerﬂ sabit ise geerli olacagini 6ne slirmistir [4]. ik av F 4 A
Joseph-Louis Lagrange dx P A
I T ifadelerinden bu integralin sifira esit oldugu agikga goriilebilmektedir. Bu sekilde eylemin
uls l.urange minimum eylem ilkesine énciiliik edecek saglam bir mnemadksel temel varyasyonunun sifir yaptigr gosterilir. ! i
bagarmustir. Ancak ¢ogunlukla bunu eylem ilkelerini kull veya Uzerind
vlpllI;ur 1788 yiinda yaynladifn “Mécanique analytique” ile Newton mekanigi , 85 | — 0
: mlelev hakkinda yazmigtur [5]. \ S 4 T
d (az, ) oL _.
dt\aq;) dq; % \Y‘) : souuc
- Lagrange denklemleri ile mekanige skaler bir ¢bziim yGnetmi gelistirmigtir. }( e e eI, 2D seneyi KON Ot S
\ T X I 0 yola m olmasi, vmmn analizine dncilik ederek
| AN matematiisel sitysps kazandirmas g3 nitoreun, n i dzerine eylem_
X _/ ilkesinin standart f ve varyasyon analizi kullanarak )
Hamilton, 1834 yilinda yazmis oldugu makalesinde “Belirli iki konfigiirasyon formuna vw::m mﬂ: ﬂ:uh‘& ‘u‘::'mﬂ . wm bﬁ:;: '!""'W
2amands gergeklesen bir mekanik sistemin gergek hareketi, kinetik enerjiile 1 ORI Nz S yiok
g!ﬁhnn Immnnl en m;nk yapan harekettir.” ifadesini kullanmistir ve bu i s : i ned ) s
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Bu calisma, kesirli kalkiiliisiin tarihsel gelisimini aktararak baslar ve Leibniz donemindeki fikirlerden Riemann—Liouville ile Caputo yaklasimlarina uzanan kuramsal temelleri 6zetler; ardindan klasik Newton mekanigini tam say1 mertebeli tiirevlerin
otesine tastyarak sabit kuvvet altinda hareket denklemine kesirli tiirevler uygular ve bu sayede diizglin hiz, ivme ve sarsint1 rejimleri arasinda siireklilik saglayan yeni davranmiglar ortaya koyar. Calismanin ikinci ana boliimiinde, Riesz potansiyeli
kullanilarak kesirli kiitle ¢ekim modeli gelistirilir. Sonuglar, potansiyelin uzak mesafelerde daha yavas zayifladigim1 ve galaktik olgekte gozlenen diiz doniis egrilerini ek karanlik madde varsayimina gerek kalmadan yeniden tiretebilecegini gosterir.

Calisma, kesirli tiirevlerin bellek ve yayilma menzili gibi 6zgiin 6zellikleri sayesinde yalnizca mekanik problemleri degil, ayn1 zamanda viskoelastisite, kaotik sistemler ve astrofizik uygulamalarini da kapsayan esnek ve kapsamli bir fiziksel cerceve

sundugu sonucuna varir.

Kesirli Turev Kavraminin Dogusu

Kesirli tirev fikri 11k kez 1695 yilinda Marquis de L’Hopital ile Gottfried Wilhelm Leibniz arasindaki bir mektuplasmada
giindeme gelmistir. Leibniz, tirevlerin mertebelerinin kesirli olmasimnin ne anlama geldigini soran L’Hopital’e verdigi
yanitta, bu disiincenin ¢eliskili goriinmesine ragmen anlamli olabilecegini belirtmistir. Bu diyalog, kesirli analiz olarak
bilinen alanin dogmasina onciiliik etmistir [1]. Farkli kesirli tiirev tamimlarinin varligi, her fiziksel siirecin bellegi, yerel
purizliligi ve smir kosullart bakimindan kendine 6zgii gereksinimler tasimasindan kaynaklanir; dolayisiyla hangi
yontemin secilecegl, modellenen sistemin deneysel olarak hangi nicelikler1 olculebilir kildigr ve hangi olgek araliginda
etkili bir bellek yapisina ihtiya¢ duyulduguyla dogrudan iliskilidir. 19. yiizyilda Riemann ve Liouville, tam say1 dis1 tirev

i¢cin genel formu
n

d 1 x
a Dif(x) = T (r(n — CI)L (x = )" (B) dt)

denklemini ortaya koyarak tanimlarken Caputo, baslangi¢ kosullarinin klasik tiirevlerle verilebilmesi amaciyla

C _ 1 ¥ _ \n—qg-1¢n
an!f(x)—F(n_q)L(x "I FM(e) de

tanimin1 onerdi. Griinwald—Letnikov 1se limit-fark serisi ile sayisal uygulamalar i¢in giiclii bir ¢cergeve sagladi.
Gottfried Leibniz, 1646 -1716

ﬁ Isaac Newton, 1643-1727
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Gamma Fonksiyonu
Riemann-Liouville ve Caputo varyant1 gibi neredeyse tim kesirli tiirev operatorleri gamma fonksiyonunu igeren integral

ifadeleriyle tanimlanir. Tirev mertebesini q’ya genellestirirken ortaya ¢ikan % ifadesi sayesinde denklem fiziksel boyut

tutarliligin1 korur [2 — 3]. Bu katsay1, integral ¢ekirdek fonksiyonunu alan altinda “birim bellek” haline getirir; yani
gecmise dair agirliklar I'() sayesinde diizgiin ol¢eklenir [1]. Gamma fonksiyonu, kompleks diizlemde ise R(z) > 0
kosuluyla su sekilde tanimlanair:

0 e—)/Z g 7\—1
I'z) = ] tZ le~tdt = 1_[ (1 + —) e?/k y =~ 0.577216.
0 z 11 k
Kesirli Leibniz Carpim Kurali
Klasik diferansiyel analizde, ¢arpimin tiirevi
d dy dy

a(lp)() =a)(+l/1a

ile verilir. Ancak bu yapi, kesirli tiirevlerde

d"(l/))()_i q\ dp dly
dx4q _j—Oj dxa-J dxJ

seklinde g kesirli mertebesine genellestirilerek formiile edilmelidir. Ayni klasik ¢arpim kuralinda oldugu gibi boliim veya
zincir kurallar1 da genellestirilmeden direkt olarak kesirli tiirevler i¢in kullanilamaz [4].

Kesirli Tiirev-Integral Iliskisi

Kesirli kalkiiliiste “ge¢cmise bakan” sol operatorler [ 2_ DZ- ile “gelecege bakan” sag operatorler 12+ DZJ, simetrik tanimhdr.
Tiirev ve integral ¢iftinin gecmise ve gelecege bakan tanimlar i¢in temel bagintilari aynidir. Yani, DfZIz f() = f(t) tam
terslik saglar. o

Newton Mekaniginin Genellestirilmesi

Newton’un ikinci yasasi, zamana gore kesirli mertebeli tirev kullanilarak

dd F
x(t) _F_.

dtd m

Seklinde genellestirilebilir. Kesirli mertebeden bu diferansiyel denklemin ¢6zimu katsayilarin baslangic konum, hiz, ivme
vb. degerler tasidig1 6zel ve homojen ¢ézimlerden meydana gelir. ¢ = 2 i¢gin klasik sabit ivmeli hareket,

q = 1 igin sabit hizli Aristotalesci hareket, g = 3 igin ise sabit jerk’li hareket temsil edilir. Ayrica g’nun kesirli mertebeleri
(ara egriler); tam sayl mertebeli ¢oziimler arasinda makul bir sekilde interpolasyon yapmaktadir; yani kesirli mertebeli ara
¢cozumler, g= 1 ile g= 3 (6zellikle ¢ = 2) durumlari arasinda kalan, beklenebilecek davraniglardir.

d—1 _ _ _ fta _ _ _
2/ q-1 q=2 4 ... q—k — q-1 q-2 4 ... q-k
x(t) ot ot gt D + it ot e t T
12
— q=1.00 """" q=1.75 q=2.50
L S IS q=125 —— q=2.00 q=275

----- q=150 =-=--- q=225 q=3.00

x (m)

1.0 15 2.0 2.5 3.0 35 4.0
t(s)

Gravitasyonel Potansiyel

Riesz potansiyeli, klasik Poisson denkleminden sapma gosteren sistemleri modellemek amaciyla gelistirilmistir. Bu yaklasim,
klasik Laplace operatori V vyerine kesirli mertebeden bir diferansiyel operator olan kesirli Laplace operatori
(—=V)4/2 kullanilarak genellestiriimis Poisson denklemi ile ifade edilir. Bu baglamda, potansiyel fonksiyonu V(r) sabit
yogunluklu kiresel bir dagihm altinda kesirli Poisson denkleminin analitik ¢c6zimuni sunar ve g parametresi araciligiyla
sistemin klasik disi davranislarini temsil edebilme esnekligi saglar.

p(r') d3r’
a Jps (|r — r'|/a)q

G dM G
Vez(r) =V (r) = —ELB G/a) =

Kire yaricapi Ro ve sabit yogunluk po icin i¢c-dis potansiyel su bilesik ifade ile verilir:

21l pg
a1 (-2 @q-3)G-Dr
(r+Rp)*[r—(B—qRy] + (Ry—7)>"r+(B—=qRy], 0<7 <Ry;
(r+Ro)* U r—B—=q@Ry] — r =R)* U [r+B—=qRyl, 7>R,.

V(r) = —

Mertebe g = 2 sinirinda klasik —% potansiyeline geri doner; g < 1 araliginda ise potansiyel uzak mesafede daha yavas

sonerek galaktik 6lcekte diiz donus egrilerini tUretebilecek “uzun kuyruk” davranisi gésterir [5]. Q ara degerler icin
kiitlecekimsel potansiyel, Newton potansiyeline kiyasla daha uzun menzilli bir etki gosterir. Uzak mesafelerde V Newton’a
gore daha buyuk kalir.

0.0 — : ; . ‘ 3.0

2.5

q=0.00 -------- q=0.75 q=1.50
-------- q=0.25 q=1.00 q=1.75
20 i\ |----- q=0.50 ---—- q=1.25 q=2.00

-1.5 el 515]

Vrz

-
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e B q=050 ----- q=1.25 q=2.00
-2.5
-3.0— - .
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Alan — fTRO g(r) dr ifadesinden tiretilir ve buna karsilik dairesel hiz.

|[Frz ()| dVgz(r)
vee(r) = [ RO - [t

ifadesi ile elde edilir. Grafiklere bakildiginda, kesirli mertebenin g = 1 ’den g — 0 araligina inmesiyle dis yoriingelerdeki hiz
profillerinin hizla dizlestigi gorilir; g = 0.25 igin gizilen mavi noktali egri buylk yaricaplarda neredeyse tamamen yataydir.
Bu davranis, galaksilerin Newton kuraminin ongordigiinden yliksek ve hemen hemen sabit kalan gozlemsel dénme
hizlarini andirir. Henliz galaktik veriyle sayisal eslestirme yapilmamis olsa da, distk g degerlerinin — o6zellikle g = 0
sinirinda — karanlik madde varhgini taklit edecek 6lctide diiz hiz profilleri Gretebilecegi kuramsal olarak ortaya konmustur;
dolayisiyla sonuclar, literatirdeki populer alternatif kiitle-cekim yaklasimlarina zemin hazirlar.

MOND Newton ivmesinin altindaki rejime yumusak gecis ekleyerek
galaktik diz donids egrilerini karanlik madde varsayimsiz

aciklamayi hedefler.

TeVeS Skaler-vektor-tensor karisimiyla  MOND’u genel gorelilikle

uyumlu kilar ve 1sik bikiilmesiyle kozmoloji testlerine genisletir.

BIMOND iki etkilesen metrik arasindaki farktan dogan terimlerle hem

Newton hem MOND davranisini tek eylemde birlestirir.

Calcagni’nin Fraktal Kozmolojisi Uzay-zaman boyutunu olcege baglh degisken kabul ederek kesirli
kiitlegekimin kozmolojik genisleme ve kuantum graviteye

yansimasini arastirir.

Bullet Cluster Bu kiimede kiitle lenslemesi ile baryonik gaz ayrismasi, ¢ogu
alternatif modelde hald sinayicidir; kesirli mertebe q = 0,8

secimi lenslemeyi baryonlarla yeniden eslestirme umudu sunar.
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