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ABSTRACT

This work contrasts axion electrodynamics against classical electromagnetism, examining the latter under source-free configurations, with Dirac monopoles, and with a dynamically coupled pseudoscalar axion field. A key contribution of this study is a
novel resolution methodology developed to decouple axion-driven radiation signatures from the conventional electromagnetic profiles of neutron stars and rotating black holes. Based on newly derived power and luminosity equations, the
detectability of this radiation is quantified to match contemporary constraints from Planck satellite observations. Concurrently, the study explores the axion's implications for modified gravity and its viability as a primary cold dark matter component.
This analysis culminates in a detailed investigation of early universe cosmology, tracking the axion's inflationary dynamics and its fundamental characteristics as a pseudo-Nambu-Goldstone boson. Information about axion in cosmology has been

provided.
The role of duality symmetry in electromagnetic and axion theories can be summarized as follows : The mathematical structure of this equation corresponds unambiguously to that of a solitary wave.

The equations provided below illustrate how the EM field radiates and undergoes perturbation when coupled with a
1.  Maxwell’s equations in vacuum: duality symmetry is present and unbroken. scalar field. In the presence of such perturbations, radiative contributions are added to the classical electric and
2. Classical Maxwell equations without magnetic monopoles: duality symmetry is broken. magnetic field configurations.

E=Ey+E, and B=B;, + B

3. Maxwell equations with magnetic monopoles: duality symmetry is restored. . . . 0 r . 0 r . : :

The primary set of equations comprises the Maxwell relations governing the background field configurations, whereas
4. Maxwell equations with an axion term in the standard formulation: duality symmetry is broken. the subsequent set incorporates the dynamical influence of the scalar sector. The plasma effect on the propagation EM
5. Maxwell equations with an axion term included in the duality transformations: duality symmetry is restored waves induces from the terms p,, and J,, can be written as the dispersion relation. The EM radiation related to E; and B,

leading to an enlarged internal and gauge symmetry.

ELECTROMAGNETIC THEORY

Maxwell’s equations constitute the equations of motion for electromagnetism.
The Lagrangian
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Within these equations, Gauss’s laws for electric and magnetic fields serve to identify the sources of these two fields,
both of which vanish in a vacuum. Faraday’s law of induction describes the electric field induced by a time-varying

magnetic field. Concurrently, the Maxwell-Ampere law formulates the magnetic field generated by both an electric
current and a time-varying electric field.
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Electromagnetism with magnetic charge and current:
V.E =t
€0
VXB = g Je+ €oito0: E
V.B = Uopm

VXE =—uog Jm — 0B

AXION ELECTROMAGNETIC THEORY

The axion is a hypothetical pseudoscalar Nambu-Goldstone boson arising from the spontaneous breaking of the global
Peccei-Quinn symmetry, originally introduced to resolve the Strong CP Problem in Quantum Chromodynamics (QCD).
Characterized by a sub-electronvolt mass scale and an exceedingly suppressed coupling to Standard Model particles,
the axion constitutes one of the most compelling theoretical candidates for Cold Dark Matter (CDM) in modern
cosmology. From a field-theoretic perspective, the axion field exhibits non-thermal oscillation dynamics in the early
universe via the misalignment mechanism, evolving into a coherent, non-relativistic condensate. Axions are extremely
light and weakly interacting pseudoscalar fields. Their coupling to the electromagnetic field gives rise to effects
analogous to those produced by magnetic monopoles. Within this framework, axion electrodynamics can be
conceptualized as a topologically extended formulation of Maxwell's theory, inherently giving rise to augmented
internal symmetries.
The Lagrangian
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The intrinsic dynamics of the axion field allow for the propagation of the axion as a wave.
1

L,= E(O“B)(GHH)-U(H)

Equations for the axion electrodynamics with electric and magnetic sources

V.(E — ck0B) = %
gt(E—CKQB)
C

(6 = O(x) is a pseudo-scalar field)

K

V X (¢B + kBE)=
V.(cB + kOE) = cugpm

V x (E - ckB) = KBy g

Adding an axion term breaks classical EM duality. To restore full SO(2) duality invariance, the physical fields are
reconstructed into auxiliary dynamical fields (E, B) via modified gauge potentials (q3, A):

B=B+k0E =VXxA and E=E —x0B=-09,A- Vo
Under a constant magnetic field, the coupled wave equations exhibit an internal rotation symmetry. By Noether’s
theorem, the invariance yields a conserved four-current that physically unifies the axion field and EM gauge sectors
under a conservation law. CP(Charge-Parity) symmetry is governed by the vacuum angle, a non-zero value explicitly
induces CP violation, causing electric charges to act as magnetic dipoles. This issue is naturally resolved via the PQ
(Peccei-Quinn) mechanism, where the spontaneous breaking of a global U(1)py symmetry introduces the axion as a
pseudo-Nambu-Goldstone boson.
Scalar fields remain invariant under parity symmetry, whereas pseudoscalar fields preserve their magnitude but
experience a sign inversion; notable examples include pion and axion-like particles. Consequently, the classification of a
field or a particle as either scalar or pseudoscalar can be determined by analyzing its behavior under parity
transformation. Whether parity symmetry is conserved or violated strictly dictates how a field interacts with other
fundamental forces. Fundamentally, the Lagrangian density must remain invariant under parity transformation. In the
context of the axion field, to maintain this invariance, the electric field must invert its sign under parity(E - —E),
ensuring that the coupling between the electric and magnetic fields behaves as parity-odd(-1). Since the axion field
itself is a pseudoscalar, it is inherently parity-odd. Consequently, the coupling of these two components ensures that
the Lagrangian density(¢@E - B) remains parity invariant (even, +1), thereby strictly preserving the symmetry.
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ELECTROMAGNETIC RADIATION

The following expression describes a spherically symmetric, time-oscillating field configuration originating from either
pure scalar fields in modified gravity or axion-like particles.

dp(x,t) = ¢, sech(%) cos(wt)

determined by the charge density and current of scalar field p; and J; coupled to the background EM fields.

The radiated electric and magnetic fields are written by the corresponding EM field as;

E,(x,t)=-VAy(x,1)- 9;A(x,t) and B,(x,t)=V X A(x,t)

The Poynting flux for the radiated EM field is defined by
S(x,t) = E.(x,t) X B,-(x,t)

Since the radiated power is expressed as
a = 1 (T 27
P =4m|x|?|S| (where S = = [ Sdt and T=—)
T-0 mg

DETECTEBILITIY

The spectral flux density can be written as(L and P are luminosity and B is signal bandwidth)
L P

4md?B 2wd?

Under the regime of time-dependent, alternating magnetic fields coupled with radial oscillations, the resulting radiation
signatures generated by the scalar field fall well within current detectable thresholds; conversely, the corresponding
emissions from the axion sector remain below detectable limits, even when bolstered by resonance effects. Radio
observations can be utilized to distinguish modified gravity theories from standard cosmological models; successfully
detecting this signal would point toward a scalar field that falls well within detectable thresholds, rather than an axion-
like sector.

COMPARISON AND DISCUSSION

In this work, the EM radiation signatures generated by an oscillating scalar field are systematically evaluated and directly
compared to those of an axion field to map out their defining characteristics. We demonstrate that the localized
radiative signatures depend sensitively on the mathematical form of the gauge coupling specifically, the
topological FWFWV term for pseudoscalar axions versus the standard F,,, F*" term for pure scalars. In radially oscillating
setup (characterized by the periodic expansion and contraction of the field envelope surrounding dense compact objects
like neutron stars) the axion field is highly sensitive to these spatiotemporal variations, producing a significantly stronger
EM signal and experiencing a much more intense resonance enhancement than its scalar counterpart. Conversely, the
scalar field remains largely unaffected by these radial deformations. While the scalar field remains highly insensitive to
these dynamic changes, the axion field reacts strongly, undergoing a pronounced resonance enhancement with the
stellar magnetic field. Consequently, detecting these supplementary, highly efficient resonance bursts in the
electromagnetic signals of neutron stars serves as a direct empirical signature indicating the presence of an axion field.

This structural divergence in resonance responses and sideband modulations provides a robust diagnostic tool to
distinguish the two fields. Crucially, when viewed through the lens of modified gravity, pure scalar fields can couple
directly to the local matter density. This matter coupling triggers the chameleon mechanism (a screening feature unique
to scalar-tensor gravity and entirely absent in axion physics) which dynamically modulates the effective scalar mass
according to the surrounding environment. In light of this mechanism, the scalar field's mass range can be explicitly
computed by defining the ambient matter profiles, establishing a well-motivated baseline window (107 eV - 1072 eV)
that remains consistent with current astrophysical constraints. Given the high background noise inherent to deep space,
such as emissions from supernovae and standard pulsars, characterizing the unique frequency profiles and power
distributions of these scalar or axion signals represents a critical milestone. Ultimately, incorporating realistic
astrophysical parameters, alongside future investigations into the long-term stability and lifetimes of these scalar/axion
configurations, will be essential to establish the exact time scales and observability of these unique cosmic signatures.

AXION IN COSMOLOGY

Axions are among the strongest candidates for dark matter today. The chameleon mechanism is of critical importance
for modified gravity theories. This mechanism enables the mass of the scalar field to vary according to the ambient
matter density. Consequently, this phenomenon serves as one of the most robust pieces of evidence for distinguishing
scalar-tensor theories of gravity from axion models. Given the significant amount of "noise" in space, such as supernovae
and pulsars, the necessity of distinguishing the signals originating from scalar or axion stars from these known
astrophysical sources. If the profiles of these signals specifically their frequency and power distribution possess a
distinguishable specificity, it will represent a significant milestone for modified gravity research. The axion does not
interact with the universe it leaves a signature on the cosmic microwave background radiation. In this case, the standard

*
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are defined as parity-violating (odd) and extremely light pseudo-scalar fields, and they are currently recognized as one of

the most compelling structural candidates for cold dark matter (CDM) in modern cosmology. Today, the existence and
mass spectrum of this light dark matter particle are being actively investigated (not only through background
gravitational structures) but also via experimental platforms such as CAST, MADMAX, ABRACADABRA, and KLASH, by
tracking the effective electric currents and chiral electromagnetic radiation signatures it induces under external magnetic
fields. After the universe begins to cool and reaches the QCD scale, the non-perturbative (which cannot be calculated via
Feynman diagrams) quantum effects (instantons) of the strong interaction come into play. These effects impart a
corrugated potential landscape to the axion, thereby causing the axion field to oscillate and behave as cold dark matter.

deviation of the axion field in terms of the decay constant is given by gg= . In the literature of particle physics, axions
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increases.

In this study, how the electrical performance of a crystalline silicon (c-Si) solar cell module is affected by temperature is explored. The current-voltage (I-V) behavior was measured under both dark and illuminated conditions at
six different temperatures ranging from 296.55 K to 367.75 K. To ensure accuracy and block external noise, all tests were conducted inside a Faraday cage. Using the collected data, key metrics like maximum power (Pmax), fill

factor (FF), and power conversion efficiency (PCE) were calculated. Finally, the "Single-Diode Equivalent Circuit Model" was used to understand how the internal electrical parameters of the cell are changed as the temperature

INTRODUCTION & OBIJECTIVE

In real-world conditions, solar cells are often operated at temperatures much higher than the
standard laboratory test conditions of 25°C. The semiconductor's bandgap and carrier
dynamics are directly altered by this increase in heat, leading to a significant drop in
performance. The main goal of this study is for the electrical behavior of a c-Si solar cell
module to be observed at varying temperatures. It is aimed to quantify exactly how the cell's
efficiency is degraded by heat using an equivalent circuit model.

EXPERIMENTAL METHOD

Setup: The experiments were conducted inside a grounded stainless steel Faraday cage to
block out any external electric fields and keep the measurements clean.

Cell and Lighting: A c-Si module made of five series-connected cells, with an active area of
3x3 cm, was used. For consistent lighting, a 50W LED lamp was placed exactly 20 cm above
the module.

Temperature Control: The module was placed on a heating plate with an adjustable
temperature controller. Once the heat stabilized, the |-V sweeps were recorded at six
different temperature points between 296.55 K and 367.75 K using a Keithley 199 multimeter.

Figure 1: Experimental Setup

When the illuminated |-V curves were examined, it was noticed that the short-circuit current
(Isc) stayed mostly the same as the temperature went up. However, a sharp drop was
observed in the open-circuit voltage (Voc) from about 2.95 V down to 1.42 V. It was noted
that this caused the curves to visibly shift to the left along the voltage axis.

[lluminated I-V Gurves at Different Temperatures

P-V Curves at Different Temperature
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Figure 2: 1-V and P-V Curves of solar cell module

2,9455 2,6146 2,42123 2,1253 1,8042 1,4208

0,0017/8 0,00186 0,00172 0,00189 0,00173 0,00173

0,00385 0,00337 0,00277 0,00245 0,00175 0,00147

/3,515 69,3385 66,3533 60,9068 55,8836 59,7095

4,2958 3,7696 3,0917 2,7368 1,9518 1,6422

Table 1: Values of the performance parameters of the solar cell module at different temperatures

SINGLE-DIODE EQUIVALENT CIRCIUT MODEL ANALYSIS

To understand the physical reasons behind these power losses, a curve-fitting technique was applied to
the experimental data using the "Single-Diode Model". In this model, the solar cell is represented as an
equivalent electrical circuit consisting of a current source, a parallel diode, and internal resistances to
calculate power losses.

1 |-V Curve Fit at 296.55 K
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Figure 3 :The single-diode model of a photovoltaic device Figure 4: |-V Curve Fit at 296.55K of solar cell module

It was shown by the analysis that the photocurrent (Iph) is mostly independent of temperature changes.
However, as the cell gets hotter, the thermal energy of the carriers inside the semiconductor is
increased, which drives up the reverse saturation current (/). It was also found that the series
resistance (Rs) goes up, making it harder for the charge carriers to move through the material. These
internal losses are identified as the main physical reason why the efficiency drops so much at higher
temperatures.

CONCLUSION

* As the temperature rises, the short-circuit current remains stable, but the open-circuit voltage (Voc) and
fill factor (FF) are decreased, which directly lowers the overall efficiency (PCE) of the c-Si solar cell.

* The increase in the reverse saturation current () due to the physics of the semiconductor is determined
to be the most critical factor limiting the power output.

* |t is clearly shown by the findings that for photovoltaic power plants built in hot climates, using active or
passive cooling technologies is an absolute necessity to keep the cells at an optimal temperature.

Because of this severe drop in voltage and a decreasing fill factor (FF), the maximum power
(Pmax) that could be generated by the solar cell was also dramatically reduced. The power
conversion efficiency (PCE), which was around 4.30% near room temperature (296.55 K), was
observed to drop all the way down to 1.64% at the highest temperature (367.75 K).
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4 OZET =)

Bu calisma, uzay-zaman kavraminin klasik fizikteki mutlak ve degismez yapisindan, modern fizigin en blylk problemlerinden biri olan Kuantum Mekanigi ile Genel Gorelilik arasindaki
uyumsuzluga uzanan tarihsel ve teorik sureci ele almaktadir. Calismada, bu uyumsuzlugu gidermek amaciyla gelistirilen Kuantum Kutlecekimi yaklasimlari incelenmistir. Bu baglamda; Sicim
Teorisi, Dongusel Kuantum Yercekimi (LQG) ve Beliren (Emergent) Uzay-Zaman modelleri karsilastirmali olarak degerlendirilmistir. Teorik modellerin temel varsayimlari ve uzay-zamanin

TR

\sUreksiz yapisina dair 6ngoruleri analiz edilerek, kuantum kitlecekimi teorilerindeki gtincel ilerlemeler ve fiziksel gercekligin dogasina dair yaklasimlar tartisiimistir. Y
4 3 ) N\ T - Ay
Uzay-Zamanin Dogasi: Klasik ve Kuantum Catismasi 4 _Dongusel Kuantum Kutlegekimi (LQG)_ )
Klasik fizikte uzay-zaman, olaylarin tizerinde gerceklestigi mutlak ve duragan bir arka plan Dongusel KLUJantum .Kijtlegekimi, uzay-zamani pasif bir "sz.:\hn"e" ye.r.iP.e dinamik ve arka
iken; Genel Gérelilik ile madde ve enerjiyle etkilesime giren dinamik bir yapiya plandan bagimsiz bir kuantum alani olarak tanimlar. Klasik strekliligi yikarak uzayi ayrik
déniismistiir. Ancak Planck dlceginde Heisenberg Belirsizlik ilkesi geregi ortaya cikan kuantum digimlerine indirgeyen bu teorinin temel matematiksel iskeletini su iligkiler
kuantum dalgalanmalari, bu purizsiz yapiyi kesikli bir "kuantum képigine" olusturur:
donusturerek surekli uzay varsayimini gecersiz kilar. Bu durum, klasik geometrik egrilik ile
kuantum diinyasi arasindaki temel catismayi ortaya koyar Aiz — ril Ky YKZ , PS(A) = (4|S) , HY =0
P lR T A o 81tG T Ax - Abo> E Bu yapida, Ashtekar-Barbero baglantisi geometrik degiskenleri kuantize ederken, donu agi
nv 2 gﬂV gMV o ct nv X-4p = 2 durumlari uzayin alan ve hacim piksellerini tanimlar; Wheeler-DeWitt denklemi ise tim
\_ Einstein Alan Denklemleri Heisenberg Belirsizlik ilkesi evrenin kuantum geometrisini bir "durum" olarak sabitler. Sonuc¢ olarak, Planck 6lcegindeki
bu kesikli doku, klasik tekillikleri engelleyerek "Big Bang"in yerini alan bir "Big Bounce"
/ . \ (BUyuk Sicrama) mekanizmasini fiziksel bir zorunluluk haline getirir.
Kuantum Alan Teorisi (QFT)
QFT, uzay-zamani 'noktasal parcaciklarin' hareket ettigi bos bir sahne olmaktan cikarip, S _
tim evreni kaplayan sirekli kuantum alanlari bitiiniine dénistirmistir. Burada /. | oS
] S ~ . -~ : . Iki s-knot durumu (s7ve sf) arasinda uzay-zaman
evrendeki her temel parcacik, ilgili oldugu alanin yerel bir titresimidir. Bu dinamik yapiyi 1= evrimini temsil eden bir dénii képiigi (spin foam)
tanimlayan temel ifade ise Standart Model Lagrangian'idir (‘{ f/ "\\ yiizeyi érnedi. [4]
math VL :
L= —ZFWF” + ip—DYP + P y;;Pr® + [D,®| - V(D) / . ~N
_Beliren (Emergent) Uzay-Zaman_
Ancak QFT'nin uzay-zamana yukledigi bu matematiksel stireklilik varsayimi, kiitlecekimiyle Uzay-zaman, .tem.el ve mutlak bir varllk. olmaktan .ziyac?l.e, ku?ntum .d0|a”'k|'k sUre'gIerind(.en
birlestirildiginde renormalizasyon siirecinde giderilemeyen matematiksel sonsuzluklara dogan "efektif" bir yapidir. Bu holografik perspektife gore, kutlecekimsel geometri (g,,,) ile
(iraksamalara) yol acarak, makroskobik gorelilik ile mikroskobik kuantum duinyasi arasinda sinir teorisindeki enerji-momentum tensori (TﬁﬂT)arasmda kurulan TntfT < gy eslesmesi,
yapisal bir tikaniklik yaratir. T S vercekiminin temel bir kuvvet degil, kuantum bilgisinin geometrik bir projeksiyonu oldugunu

4 )
A

]
A
L

v [l . e \J e A v . (V) efe U e .
kanitlar.Bu dogrultuda,kara delik termodinamigi § = 1c8 bagintisi ile uzay-zaman egriligini
N

bir durum denklemine donustirirken;

1 4
S(A) = 4—GNArea(A)

formdalu, ic kisimdaki geometrinin sinir teorisindeki dolaniklik miktariyla Uretildigini
(emergence) ortaya koyar. Sonuc¢ olarak uzay-zaman; kuantum operatorlerinin bir araya
gelerek olusturdugu, dolaniklik temelli holografik bir yapidir.

Nele AdS/CFT Correspondence
Sekil-2 Sekil-1
Sekil-4
’..

Elektron-pozitron ve kuark-antikuark ciftleri arasindaki Kuantum vakumundaki sanal parcacik etkilesimleri, Ads/CFT yalomasimn gorsellestifimesi: Sol

etki/eﬂ”?j yosteren fgynman d'iag( apl Kay nak: inse:; D. siirekli olusan ve yok olan ciftler araciligiyla elektronun Gravity in Bulk T tarafta holografik ilke
(2005). "Physics and Feynman's Diagrams". American 6z-enerjisine (self-energy) temel diizeltmeler getirir. [2] Y P » :

ienti ] | [P tizerinden kiitlecekim ve kuantum alanlari
Scientist. Holographic | [ T e t . . . ’ .

< piREE—3 [i \1 \\ /// %//////;%7 arasindaki esdegerlik, sag tarafta ise
’l \\ \\ N AdS silindiri tizerinde 'Bulk' ve 'Boundary’
\ / """"""""" ¥ iliskisi gosterilmektedir.
CFT QFT an Boundary— Kaynak: Maldacena, J. (1998). "The Large N

Gravity

[ ——
- -
o "-q.._‘
.f l‘
- -

5D curved Quantum ~. Limit of Superconformal Field Theories and
fields . ; .
.o - . spacetime v Supergravity". Advances in Theoretical and
Kuantum Kutlecekiminde Kuramsal Yaklagimlar: \_ Mathematical Physics. )
& 2
» A SONUC
_SiCim TeoriSi_ Bu calisma, uzay-zaman kavraminin gelisim surecini incelemektedir. Klasik fizikteki mutlak kabuliinden, Genel

Gorelilik ile birleserek bir doku haline gelmesine; ardindan kuantum mekanigi ve Kuantum Alan Teorisi ile
kokll bir degisime ugramasina odaklanmistir. Bu sirecte ortaya cikan kuantum kutlecekimi problemleri, Sicim
Teorisi ve Donglisel Kuantum Kutlecekimi gibi yaklasimlarla ele alinmistir. En dikkat cekici yaklasimlardan biri
olan "emergent spacetime" kavrami ise kuantum ile kitlecekim geometrisi arasinda onemli bir kopri
kurmustur. Ancak giinimuzde bu teorileri dogrulayan kesin deneysel bir kanit bulunmamaktadir ve uzay-
zamanin temel yapisina dair bu konu, fizikteki en 6nemli acik problemlerden biri olarak kalmaya devam

Sicim Teorisi, evrenin temel dokusunu noktasal parcaciklardan, tek boyutlu titresen sicimlere (L
~ 10733cm) indirgeyerek uzay-zamanin kuantum yapisini yeniden tanimlar. Bu modelde uzay-zaman, pasif
bir sahne degil; sicimlerin graviton modundaki kolektif titresimleriyle ortaya ¢ikan 'beliren' (emergent) bir
geometridir

Kuramsal tutarlilik (Weyl simetrisi), uzay-zamanin 26 boyuta sahip olmasini zorunlu kilar. iki boyutlu diinya
yuzeyi (worldsheet) geometrisini betimleyen Polyakov Aksiyonu, sicim dinamigini dogrusal bir alana

e etmektedir.
\_ Y,
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turetilmesiyle, teorik bir krizden purizsiiz ve geometrik bir c6zime kavusturulur.

\_

/ \[5] Gupta, U. (2018). Emergent spacetime (Physics 569, University of California, SanDiego).
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Puls Manyetik Alanlarin Hizlandirici ve Lineer Reaktor Tasarisi

Ogrenci Ramazan Bilal Tasdemir 22022004

Danisman: Dog. Dr. Huseyin Birtan Kavanoz

OZET

Bu calismada, pulsed manyetik alanlarin hizlandirici icerisinde kullanimi degerlendirilmistir. Lineer bir fuzyon reaktord tasarimi onerilmistir. Torus tipi reaktorlerdeki homojen notron hasari sorununa karsi lineer geometrili bir alternatif sunulmustur.
Pulsed dipol senkronizasyonu icin "Tur Sarti" ve "Guven Sabiti" gibi kavramlari tanimlanmis olup; RL ve RLC devre yaklasimlariyla analiz edilmistir. D-T flizyonu yakit olarak secilmis, 80 dipol ve 164 dort kutuplu miknatis iceren iki dairesel hizlandiricidan
olusan kurgusal bir sistem icin sayisal hesaplamalar yapilmistir. Secilen kurgusal parametrelerle hesaplanan Q degeri = 5,07x107° olarak bulunmus; Q > 1 esigine ulasabilmek icin demet yogunlugunun 10"'den 10" m~2 mertebesine cikarilmasi ve dort

kutuplu miknatislarin enerji tiketiminin azaltilabilecegi sonucuna varilmistir.

RLC Devreler Yaklasimi

Darbell ManVEtlk Alanlar ve HIZIandIrICIIar Her zaman uygun degerli dipol miknatislarin yapilmasi RL | o ,
devrelerle mimkiin degildir. Dolayisiyla saf indiiktans rezistans | apisd | W
Darbeli Manyetlk Alanlar devrelerini takip ederek zaman sabitinin yarattigi engellerin
Bu calisma oncelikli olarak yliiksek manyetik alan gerekliligi gosteren manyeto-optik (zeeman etkisi-faraday rotasyonu ) arkasinda kalmamak i¢in RLC d"evr?ler!n.osnasyon pe_rl-yotlarlndir!
L L . : .. faydalanarak acilip kapanma dongdlerini RL devrelerinin el verdigi
gibi deneylerde ve plazma sikistirma teknolojilerinde kullanilan darbeli manyetik alanlarin hizlandirici fizigi konusunda L T e e . . € 0 v
. .. . sirenin altina indirmek olduk¢ca mumkutnduar. Akim degeri, acgisal
nasil yer edebilecegini konu alir. _ L EEeE L AEAl
frekansi ve periyodu; dolayisiyla acilip kapanma donglleri sonim |,
H|z|and|r|C||ar katsayisi disik bir osilator icin denklem (4) seklini alir.
Bircok miknatis ve kavitenin cesitli at _ ‘
geometrilerle bir araya getirilmesiyle I(t) = e”%[Bsin(wot)] (4) ! !
. Dl Ole olusturulan hizlandiricilar, parcaciklarin
D yuksek enerjiler cikmasini saglamak icin Bu durumda periyot ve acisal frekans denklem (5) ve (6) da sekil-3 Akimin RLC sistemindeki grafigi
Uretilmis cihazlardir. Bir masaya sigacak belirtildigi gibi olur.
kadar kiictk olabilecekleri gibi amaglari _ 1 .
dogrultusunda kilometrelerce bile W= Wo = VIC (5)
. RF Cﬂ“"es olabilirler. Bu ¢calisma icerisindeki
hizlandiricilar Sekil-1 itibariyle gosterilen
. >ex vieg T = 2nVIC (6)
dairesel geometriye ve aygit
dagilimlarina sahiptir, hem parcacigi — — — — — — — c—
. Aper"re & . . : P , parcactg Akim degerlerindeki negatif alternansinin ters manyetik alan
reaksiyon oncesi gerekli hizlara j , - . AR o X .
uretmemesi adina T/2 aninda akim kesilir ve bir sonraki dongtiye Sekil-4 Lineerlestirmeye dair gorsel

ulastirmak hem de senkronizasyon ve
| yakit donglist amaclariyla
1 1 kullanilacaktir.

kadar kapali kalir ve tekrardan diger dongliye pozitif alternansla
baslar ve T/2 aninda 0 degerini alir. Bu durumda akimi ifade eden
yeni fonksiyonun ifadesi denklem (7)’deki gibi ve grafigi sekil-3

Lineerlestirilmis Yol
Parcacigin aldigi yolun standart bir sekilde halka

Sekil-1 Hizlandiricidaki dipol, dort kutuplu miknatis ve RF kavite dagilimi deki gibidir. Uzerinden ifade etmek her tur degisen momentum
_ . ji degerlerinde parcacigin konumunu takip
I(t) = e % [Bsin(wyt)] t <T/2 (7.1 ve enerl )
Hizlandirici Larmor Kaybl (t) [ (wot)] /2 (7.1) etmeyi zorlastirmaktadir. Dolayisiyla pargacigin
. .. .. YuklG parcaciklarin  ivmeli harekerinden kaynaklanacak olan I(t) =0 t=T/2 (7.2) takip ettigi yolun lineerlestirilmis hali tipki
|§erISInde Darbeli Dlp0||er elektromanyetik enerji kaybi denklem (2) ile ifade edilebilir. X yuvarlanan bir diskin yolunun (bknz. Sekil-4)
p— q*a’ ) lineerlestirildigi gibi lineerlestirilerek bir ifade elde
Saptirict  dipol  miknatislarin - manyetik ~ 6meyc3 R edilebilir. Turlara bagli konum denklemi denklem (8)
alaninin hizlandirici boyunca adeta bir - de verildigi gibidir.
atma gibi ilerleyerek parcaciga yon 099.99) -
vermesi hec?leflerfm.elftedlr. Anc§k bunun - € > x(T,t) = xo + |— xMTt (8)
gerceklesebilmesi icin manyetik alanin . s EI m
senkronizasyonu  oldukga  dnemlidir. sekil-5 Reaktor ve hizlandirici semasi Burada x, parcacigin ilk konumu, E parcacigin o anki
Senkromzasy{o.nun ~ve  yorungenin Sekil-2 Darbeli sistemde parcacigin segmentlerden Reaktor ve Yakit Seglml enerjisi, m parcacigin  kutlesi, T igerisinde
korunmasi icin birkag qngmh kavram gegisinin temsili goriintisi Pik reaksiyon tesir kesiti D-D reaksiyonuna gore daha kiicik bulundugu tur ve t de zamandrr.
tamimlanmigtir Bunlf]rdan '_!k!f turslgr-’.cldm .. . enerjilerde ortaya c¢ikan D-T reaksiyonu secilmistir. Kuitle
Eur sart, pzrgaugm batin Yclzrulnge Darbeli Sistem ve Gliven merkezi enerjisi olarak 60 keV’de vyaklasik 5 barnlik tepe
-(-)yunccjad.nereB ey(sje ayt/)m {nanyetl d ?n' Sabiti degerine ulasmaktadir. Bu deger Lineer bir hizlandirici da bile
g?”“_?s' . bu - da ) a5|_g-e pa.rgaug!n _ , . ulasilabilecek kadar kicuk degerlerdedir. Dolayisiyla trityum
dipolui terk etme sliresinin dipollerin Dipollerin  tur sartini  saglayan acilip eldesinin zorluguna ragmen D-T reaksiyonu secilmistir — 00 _—
acilma veya kapanma sirelerinden kapanma surelerine sahip olmalari hep '
ortalamada daha uzun olmasi anlamina dogru zamanda acilip kapanabilecekleri ya Reaktdr tipi olarak lineer reaktérlerin secilmesinin en biiyiik Ll
gelmektedir. da partgiukl dem__et(;r,‘_'un__ herl daim no:mnal sebebi notron hasarindan olabildigince kacinmaktir. Ayni — iy
Pargacigin Bulundugu Dipol Agilan Dipoller Agik Dipol Kapanan manyetik alan gordugu anfamina ge mez. zamanda reaksiyonun “impact Region” olarak adlandirilan = g
Dipotier DoIay|5|YIa tur sartina eI.< 'ola.cak sekilde kismin bir reaktérin tamami olmak yerine ufak bir bélge de sekil-6 Déteryum demetinin izleyebilecegi
(2)-(12) 1 (M-2)-(M) sgr;kronlliaszon;nvl da belirli Icl>(|.r Igowkl vel toplanmasi reaktorden enerji eldesinin daha yodnetilebilir hale yollar ve saptirici dipoller
“ (3)1(12) ) (M-8)-(1) >Istem @ mt?:l agca;?maﬂ geret |r.d.u ”059 gelmesini saglamaktadir. Reaktoérin hizlandiricilarla olan | Pammewe | Sembol | Deger |
guven . §ar”| ',f uven §ar ' dipofierin baglantisi Sekil-5’te gosterildigi gibidir. X baglanti mesafesinin Re (m) 2
B - : wael  pargacigin “M” numarali dipole varmadan uzunlugu denklem (9) ile ifade edilir
(5)-(14) 4 (M-6)-(3) kac dipol Oncesinde acilacaginin da bir X (m) 509,901
Olcusudir. Bu dipollerin aciip kapanma 5 D (m) 200,00
(6)-(15) 5 (M-5)-(4) — — D)2 = ,
“ surecleri ve dongileri tablo-1 ile belirtilen X (2R —D)* + (2R2> ) C(m) 1256,63
e ° e istemi takip eder. Giiven sabiti, demetin :
Z'_S e” ; P k- de b ’ tind Déteryum demetinin her iki hizlandirici icin de takip edecegi N 80 adet
_ IPOTIETden gecerken yuzae birveya a tinda yollar Sekil-6’da verildigi gibi 1-2-3 ve 4-5-6 yollandir. Bu yon ) e
- e w2 bir hata ile  nominal manyetik alani secimi tamamen reaktorin Ustlinden ya da altindan trityum ya 8 (m) 059
m (1+(10 M mioywy  BOrmesini saglar. Bu yaklasik 50 sapmanin da déteryumun génderilecegine dayanarak yapilir. Suan ki e e
hata karsihgidir. Bu sartin matematiksel : ) . ) L r 164 adet
Tablo-1 Dipol miknatislarin darbeli sistem icerisinde nasil ailip kapanacagini ifade  jfadesi giiven sabitidir. Sembolii 1 olarak i?sgr;r?nddear:j(e):\e'gyk:emedrﬁ?nk;ck)tr;giralt Kismindan trityum ise Ust o et
eden tablo gosterimi (M: Segment sayisi/Dipol sayisi) secilmis olup basit bir RL devresinden J ' N 1/100-1/8T

olusan dipol miknatisi icin bu sabit denklem v .
(3.1) ile belirtilir. Q Degerl Tablo-2 Secilen kurgusal degerleri gosteren tablo
1 Tablo-2 de verilen degerlerle hesaplanan Q degeri
n=——(31) 5,07x107° cikmaktadir. Bu deger herhangi bir enerji
Sikl keti 107 .. et
Iklotron Hareketi ve Tur Sartl ciktisi olusturmak icin son derece kicuktur.
Pargaciklarin manyetik alan yoluyla g¢embersel hareket yaptig olarak secilebilir (~ 100). Giiven sabiti Sonuglar
hareket tipidir. Bu hareketi veren denkleme siklotron denklemi de olan bir sistem icin dipollerin acilip Elektronik devreler icin ylksek gli¢c dayanimh devre elemanlari kullanilmalidir. Halka ebatlari buytdikce zaman sabiti gibi
denir ve denklem (1.1)" deki gibidir. 10ton—off o _ kisitlamalar kaybolmaya baslar. Pulsed sistemin olusturdugu voltaj degisimleri nedeniyle siricu ve kontrol devrelerinin
v? kapanmaf . fjong-t-Jsu ttal_<|!o eder. UleC birbirinden izole edilmesi sarttir. Kapasitdrlerin darbe dayaniml olarak secilmesi gerekmektedir. Hava cekirdekli dipol

QuB = R (1.1) Devreleri sin guven sabiti tepe degerin se¢imi manyetik difizyon ve histerezis kayiplarini ortadan kaldirmaktadr.
Tur sarti darbeli dipollerin bir sarti olup parcacigin segment etraf|.nda A,Ol lik degisim icin denklem Q = 1 icin demet yogunlugunun 10"'den 10" m™'e cikarilmasi gerekmektedir; bu deger farkli deneysel siireclerde
icerisinde gecirdigi stirenin dipoliin acilip kapanma siiresine esit ya (3.2) ifadesidir. yaklasilabilir ama flizyon reaktoriinde uygulanabilirligi belirsizdir. Daha glcli odaklamanin sonucu olarak carpisma icin
da daha biyiik olmasi sartidir. Tur sartinin ifadesi denklem (1.2) ile gerekli hassasiyetinin arttirilmasi gerekir. Alternatif geometriler, licgensel ve besgensel, gerekli dipol sayisini azaltacaktir.

. .. [I(t + At) — I(t)| = Bln| : ) S3_ 18 Af e - : ..

gosterilmistir Ancak dipol kayiplari azaltilsa da odaklama kayiplari tek basina Q’'yu 10™°-107* duzeyine dusurecektir. Dolayisiyla dort

21 kutuplu miknatilarin enerji tiketiminin dusiridlmesi Q degerinde kayda deger bir sicrama yaratacaktir.

TR > tpp (1.2) |Bsin(wyt + woAt) — Bsin(wyt) = B|n|

- ’) T . . . . . . . a)oAt i (,()0At

Burada belirtilen “tpp” ifadesi dipol goérev siresi olup ifadesi ‘2 COS (a)ot + ; )sm( > )‘ = |n| KAYNAKCA

denklem (1.3) ile belirtildigi gibidir.
(1.3) &6 [1] Bryant, P. J., & Johnsen, K. (1993). The principles of circular accelerators and storage rings. Cambridge University

l
tpp = ?D 0184 1 Press.
Burada Ip dipol uzunlugunu, v demet hizini ifade ewtmektedir. 7= top  Stpp [2] Edwards, D. A., & Syphers, M. J. (1993). An introduction to the physics of high energy accelerators. Wiley.
[3] Purcell, E. M., & Morin, D. J. (2013). Electricity and magnetism (3rd ed.). Cambridge University Press.
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FIZIK BOLUMU

RADYASYON DEDEKTORLERI:
CALISMA PRENSIPLERI VE KULLANIM SEKILLERI

Elif TOMRUK 21022073
Danisman: Dr. Ogr. Uyesi Yasar KARABUL

OZET

Radyasyon dedektorleri, iyonlastirici radyasyonun madde ile etkilesiminden dogan enerjiyi dlcilebilir bir elektriksel sinyale donustiiren cihazlardir. Bu calismada gazli, sintilasyon ve yariiletken dedektorler ile dozimetri
sistemleri; fiziksel calisma prensipleri ve kullanim sekilleri ekseninde sistematik olarak incelenmistir. Tum dedektor ailelerinin ortak mekanizmasi, sogurulan enerjinin iyonlasma veya uyarilma yoluyla sinyale
cevrilmesidir. Bir yiUk cifti olusturmak icin harcanan ortalama enerji (W degeri) dedektor ailelerini ayiran en belirleyici parametre olup gaz ortamlarinda ~25-35 eV, silisyumda ~3,62 eV ve germanyumda ~2,96 eV

duzeyindedir; bu fark yariiletken dedektorlerin Gstiin enerji ayirma glicini dogrudan aciklar. Calismada ayrica tip, nukleer enerji, endustri, cevre izleme ve givenlik alanlarindaki uygulamalar ele alinmaktadir.

RADYASYON IYONLASMA / ELEKTRIKSEL

UYARILMA SINYAL

RADYASYON DEDEKTORLERI

lyonlastirici radyasyonun tip, enerji ve endistrideki giivenli kullanimi dogru &lciilmesine baglidir. Radyasyon
dedektorleri, ortama birakilan enerjiyi iyonlasma veya uyarilma yoluyla algilayip 6lculebilir bir elektriksel sinyale
donusturur. Dogrudan iyonlastirici yukli parcaciklar ile dolayl iyonlastirict foton ve notronlar farkl
mekanizmalarla olcilir; pratik iyonlasma esigi ~10 eV’tur. Dedektorler akim modunda (doz hizi) veya darbe
modunda (tek olay / spektroskopi) calisir.

RADYASYON - MADDE ETKILESIMI

Fotonlar madde icinde li¢c temel mekanizmayla etkilesir: dusik enerjide fotoelektrik olay, orta enerjide Compton
saciimasi ve 1,022 MeV lzerinde ¢ift olusumu. Foton demetinin siddeti kalinlikla Gstel azalir; yari deger kalinhgi
(HVL) siddeti yariya indirir. YUklG parcaciklar Coulomb etkilesimleriyle sonlu bir menzilde durdurulurken, yliksiz
notronlar ancak ¢ekirdek tepkimeleriyle (°B(n,a), *He(n,p)) dolayli olarak algilanir.

[ =1ge M

—In
X12 =

2mec?=1,022 MeV

Enerji/Z bagimhhg: Baskin bolge

Fotoelektrik o« ZYE3 Duslik E, yuksek Z
Compton xZ 0,1-1MeV
Cift olusumu x 72 E>1,022 MeV

Tablo 1. Fotonlarin madde ile etkilesim mekanizmalari

GAZLI DEDEKTORLER

Gaz hacminde olusan iyon ciftleri, elektrik alani altinda elektrotlarda toplanir; bir yuk cifti icin W = 25-35 eV
gerekir. Toplanan yiik uygulanan gerilime giicli bicimde baglidir (Sekil 1). iyon odalari doz hizi élciimiinde; orantili
sayaclar enerji spektroskopisi ve nétron sayiminda; Geiger—Miller sayaclari ise basit, duyarli ve ucuz sayim

uygulamalarinda kullanilir. | | | | |
o m v ' "/

log (toplanan yuk / darbe genligi) —»

Uygulanan gerilim —

Sekil 1. Gazli dedektérde uygulanan gerilime gére ¢alisma bélgeleri: | Rekombinasyon, Il iyon odasi, Il Orantili, IV Sinirli orant., V Geiger—Miiller, VI
Siirekli bosalma.

=AeE
w

M =10°-10°

SINTILASYON DEDEKTORLERI

Sintilatorde sogurulan enerji 6nce gorunur 1siga, ardindan foto cogaltici tip (PMT) veya SiPM ile elektriksel
sinyale doéntsur. Inorganik kristaller (Nal(Tl), Csl(Tl), LaBrs:Ce) yiiksek 1sik verimiyle gama spektroskopisinde;
organik sintilatorler hizli zamanlama ve notron/gama ayriminda tercih edilir. Nal(Tl) ~38 foton/keV isik verir;
LaBrs:Ce %2-3 FWHM ile yuksek ¢ozunurlik sunar.

YARIILETKEN DEDEKTORLER

Yariiletken dedektorler ters polarmali bir p—n eklemi olarak calisir; tiketim bolgesine giren radyasyon elektron—
bosluk ciftleri olusturur ve toplanan yuk sinyale donusur. Cift olusturma enerjisi gaz dedektorlerinden cok
kGicUktlr (Si: € = 3,62 eV, Ge: € = 2,96 eV); daha fazla tasiyici ve disiik Fano faktori Gstin cozintrlik demektir.
Yiksek saflikli germanyum (HPGe), Nal(Tl)’ye gore onlarca kat keskin pikler verir (Sekil 2) ama kriyojenik sogutma

(77 K) gerektirir. i}
N =

™|

AEfan, =2,355VFeE

— Nal(Tl) ~%7 FWHM 662 keV
—— HPGe ~%0,2 FWHM : HPGe
~1,3 keV

=a
I Nal(Tl) o
g ~46 keV genislik
9
: /
> §
3
=
T
m
600 620 640 660 680 700 720

Enerji (keV)

Sekil 2. ¥7Cs’nin 662 keV gama pikinde Nal(Tl) ile HPGe enerji ¢oziiniirliigiinin karsilastirmasi.

Gazli 25-35 eV Orta
Sintilasyon ~38 fot/keV %6—8
Yariiletken 3,62 /2,96 eV Cok yuksek

Tablo 2. Dedektor ailelerinin karsilastirmasi

DOZIMETRI

Dozimetri, sogurulan ve etkin dozu 6lcerek radyasyondan korunmayi saglar. Pasif sistemler (TLD, OSL, film) dozu
biriktirip sonradan okurken; aktif elektronik kisisel dozimetreler (EPD) anlik doz ve doz hizi gosterir. Temel
bayuklikler aktivite (Bq), sogurulan doz (Gy), esdeger ve etkin dozdur (Sv).

A=AN =

— dm

Hr = ZWR DT' R E= ZWTHT
R T

RADYASYONDAN KORUNMA

Korunmanin Uc¢ temel ilkesi siire, mesafe ve zirhlamadir; tim uygulamalar ALARA ilkesine dayanir. Gama
zirhlamasinda foton siddeti Ustel azalir; sacilan fotonlarin katkisi birikim (buildup) faktéri B ile, malzemeden
bagimsiz karsilastirma ise kitle zayiflama katsayisi pu/p ile yapilir.

|=Blye

Hm =% (cm?/g)

UYGULAMA ALANLARI

Tipta tanisal gortntlileme (BT, SPECT, PET) ve radyoterapi dozimetrisinde; nikleer santrallerde (6r. Akkuyu NGS)
reaktor izleme ve glvenlikte; endustride tahribatsiz muayene, kalinlik ve seviye dlciumunde; cevre izleme aglari
(RESA/RADISA) ve sinir kapilarinda niikleer giivenlik denetiminde yaygin kullanilir.

SONUC

Tum aileler ortak prensibe dayansa da performansi, bir yiik/isik cifti Gretmek icin gereken enerji belirler. Dedektor
secimi; radyasyon turu, enerji araligi, gereken c¢ozinirluk ve calisma kosullarina goére yapilir; en ylksek
cozunurluk yariiletkenlerde elde edilir. Gelecekte oda sicakliginda calisan CdZnTe (CZT) ve perovskit malzemeler
one ¢cikmaktadir.

KAYNAKCA

[1] G.F. Knoll, Radiation Detection and Measurement, 4. baski, Wiley, 2010.

[2] N. Tsoulfanidis, S. Landsberger, Measurement and Detection of Radiation, 4. baski, CRC Press, 2015.
[3] ICRP, “2007 Recommendations of the ICRP”, ICRP Publication 103, 2007.

[4] IAEA, International Basic Safety Standards, GSR Part 3, Viyana, 2014.
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GNSS GOZLEMLERINDEN TEC VE foF2 PARAMETRELERININ TAHMINI

Alparslan YILDIZ 21022032

Danisman: Dog¢. Dr. Zehra CAN

OZET

Bu calismada cift frekansli GPS(Global Positioning System / Kiiresel Konumlama Sistemi) gdzlemlerinden iyonosferik Egik Toplam Elektron icerigi (STEC) hesaplanmis; esleme fonksiyonu araciligiyla Diisey TEC’e (VTEC)
donusturtlmis ve F2 tabakasi kritik frekansi (foF2) tahmin edilmistir. STEC>VTEC dontsimi icin Tek Katmanli (SLM), Cift Katmanli (DLM) ve Genisletilmis (ESM) modeller; foF2 kestirimi icin etkili kalinlik ve Kalman filtresi
yaklasimlari karsilastirmali olarak uygulanmistir. IGS agindan alinan RINEX 3.x verileri (MAT100ITA, italya) tizerinde VTEC giindiiz 15-30 TECU, gece =5 TECU bulunmus; Kalman filtresi girtltili kosullarda etkili kalinliga kiyasla

daha dusiuk foF2 RMSE’si Uretmis ve iyonosonda referansiyla yiksek uyum saglamistir.

GiRIS

Kiresel Navigasyon Uydu Sistemleri (GNSS), glinimiizde konumlama, zamanlama ve atmosfer izleme gibi
kritik uygulamalarda temel altyapi gorevi ustlenmektedir. Atmosferin iyonlasmis Ust tabakasi olan
iyonosfer, GNSS sinyallerini yavaslatan ve kiran temel hata kaynaklarindan birini olusturmaktadir. Uydu ile
alici arasindaki Toplam Elektron icerigi (TEC), iyonosferik etkilerin dogru bicimde modellenmesinde kritik
oneme sahiptir. TEC degerinin bilinmesi, iyonosferik modellemenin yani sira radyo dalgalarinin yayilim
hatalarinin belirlenmesine ve glines firtinalari gibi uzay hava olaylarinin tahmin edilmesine de olanak
tanimaktadir.

IYONOSFER & GPS SINYALI

lyonosfer (x60—1000 km), GNSS sinyallerini yavaslatip kiran kismen iyonlasmis bir plazmadir. Elektron
yogunlugunun zirveye ulastigi F2 bdlgesi bulunur, GNSS sinyallerinin iyonosferde ugradigi gecikmenin
blylk bélimunden sorumludur. Birinci mertebe etki, frekansin karesiyle ters orantili ve toplam elektron
icerigi (TEC) ile dogrudan iliskilidir.
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Sekil 1: GPS sinyalinin iyonosfer katmanlarindan gegisi, IPP ve hata kaynaklari. Sekil 2: J;_!.-'Iljﬂlﬂﬁ_fe.r katmanlar: ve elektron yodunlugu profili.

Burada Ne(s), s sinyal yolu boyunca [el/m3 ] cinsinden elektron yogunlugunu ifade etmekte; TEC ise
genellikle TECU (1 TECU = 10716 el/m2 ) birimiyle olctilmektedir. Delta | denkleminde iyonosferik faz
gecikmesi (negatif isaretli) ve grup gecikmesi (pozitif isaretli) sirasiyla ifade edilmektedir.

uydu _
TEC= [  N.(s)ds A= 15 FOSTEC

alici f2

IPP & STEC HESABI

lyonosfer, yeryiziinden hl kadar yukarida bulunan, kalinhig ihmal edilebilir kiiresel bir tabaka olarak
modellenir. Uydudan aliciya uzanan sinyal dogrusunun bu kabugu deldigi nokta, iyonosferik delme noktasi
(IPP, lonospheric Pierce Point) olarak adlandiriilmaktadir.

I L]
7 = arcsin CoSE
(RE—I—.&; )

Sekil 3: IPP geometrisi — RE, hl, E, z" acilari

L1/L2 kod olcllerinin geometri-serbest kombinasyonundan STEC(Egik TEC) elde edilir; DCB (Differential
Coe Bias, Diferansiyel Kod Yanliligi), IGS (International GNSS Service) trtnleriyle duzeltilir:

1B

STEC, bolgesel ya da kiresel harita uygulamalari icin diseye esdegeri olan VTEC’e (Vertical Total Electron
Content) dondstiridlmelidir. Bu dontsim, IPP tanimlanan bir esleme fonksiyonu araciligiyla
gerceklestirilmektedir. STEC - VTEC donusumu bize farkh acilardaki uydu konumlarini tek noktada
kiyaslama imkani saglama, geometrik bagimliligi ortadan kaldirma ve verileri standartlastirma imkani
vermektedir.

STEC) (P, — P;) — DCB

2
R
VTEC = STEC-Cu[:'-&;f,’F = STEC- -4/ 1 — E cos? E
Rg + hy

STEC -> VTEC DONUSUMU

Egik STEC, esleme fonksiyonu ile diisey esdegeri VTEC’e dénustiriliur. Uc model karsilastiriimistir: SLM (sabit
450 km), DLM (iki katman), ESM (degisken kabuk).

"
\\,"A’:""'f&" N
//' M, 'Nﬂ,"-*“ﬂ‘ N Sira Model RMSE R MAE
| '(‘.h‘ ‘;b .|“\‘ ‘_“’\f-”’”v " By . ST
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AR N AL LT
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Sekil 4: Secilen uydu-alici ciftlerine ait STEC zaman serileri (TECU) ﬂ DLM .49 0.85 6,15
S
13,14
' Tomografi-SART =0,15 10,49
]

Tablo 1: VTEC tahmin modelleri performansi {TECU) .

Sekil 5: SLM/DLM/ESM ile VTEC zaman serileri (TECU).

Yuksek elevasyonda lic model yakinsar; disik elevasyonda farklar acilir ve DLM daha diisuk doruk Uretir.

IYONOSFERIK TOMOGRAFI

Cok yonli STEC gozlemleri ters problem (y=Ax+e) olarak c¢ozilerek 2B elektron yogunlugu dagilimi

olusturulur; bilinmeyen sayisinin denklem sayisindan fazla oldugu dogrusal denklem sistemi Tikhonov
(MART/SART) ile kararlilastirilir.

Sekil 6: Tomografik / Kalman giincellemeli kesit.

VTEC->foF2 DONUSUMU

VTEC ile NmF2 arasinda kopru kuran degisken, etkili (esdeger) kalinlik tdur. foF2, F2 tabakasi tepe yogunlugu
NmF2 ile belirlenir. Vtec GPS verisinden NmF2 iyonosondadan elde edilir. Iki farkli olcum sistemi ile belirlenir,
biri yer tabanl digeri uydu tabanli tau yer ve uydu tabanl iki farkli sistemden elde edilir.

~ VTEC

fr JE—
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Sekil 8:Tahmini foF2 ve lyonosonda verisi karsilastirma.

A
UTC Zaman

Sekil 7: GPS/VTEC ten foF2 tahmini ve iyonosonda (15 Mayis 2023).

Tahmini foF2, iyonosondadan olcgilen foF2 ile ayni ginluk seyri (gece dusuk, gindiz yiksek) izler; ancak
modeller kritik frekansi genellikle 6lcimin biraz altinda tahmin eder. Uyum glindiz saatlerinde en iyi, gece
ise en zayiftir Model tahminleri, foF2 parametresinin gunlik degisim seyrini ylksek dogrulukla yeniden
uretmekte; gozlemlenen yukselis ve azalis egilimleriyle glicli bir uyum sergilemektedir.
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Abstract

The search for physics beyond the Standard Model at the Large Hadron Collider is complicated by the fact that the form of any new signal is unknown in advance. An unsupervised approach avoids committing to a signal hypothesis by training only on the
known background and flagging anything that differs from it. In this study we train autoencoders only on Standard Model background jets and treat the per-jet reconstruction error as the anomaly score, with boosted hadronic top quark jets used as an anomaly
signal. Four autoencoder architectures are compared under a common training protocol: a dense network, a one-dimensional convolutional network on pT-sorted constituents, a two-dimensional convolutional network on jet images, and a graph neural
network on the particle cloud. The image-based network gives the strongest signal-background separation and the graph network the weakest, but a permutation experiment that randomizes constituent order reveals that the dense and one-dimensional
convolutional networks rely heavily on the pT-ordering convention; the latter collapses to below-random performance, while the image-based and graph networks are unaffected by construction. Raw performance against a single signal hypothesis can

therefore misrepresent how well an unsupervised method generalizes to genuinely unknown new physics.

Introduction
The Standard Model is highly successful but incomplete: it does not account for dark matter or the matter- Anomaly Score Distribution — Dense Z=24 Anomaly Score Distribution — 10 CNN Z=24
antimatter asymmetry of the universe, so new physics is expected. Its form is unknown, however, which motivates 30 QCD (Background) | Separation = 1.150 25 QCD (Background) | Separation = 1.350
searches that do not commit to a specific signal in advance and instead look for anything anomalous in the data. T Quitwk (Signa) Skl Top Quark (Signal) | AUE = 55090
=== M. mean = & 05e-01 i === Q.Dmean = 9.1 7e-0.2 i
Autoencoders trained only on background offer a natural way to do this, but they have so far been studied 25 --- Top mean = 4.27e-01 : Lo | 777 Topmean = 2.28e.01 :
separately for each architecture choice, with no systematic comparison under a common protocol. The goal of this : i
study 1is to fill that gap by comparing four fundamentally different autoencoder architectures on the same dataset, z.0- : Z ;
. . . . . . ] = -
and to test whether their apparent performance survives the removal of the pT-ordering convention imposed in : E 151 :
preprocessing. 154 : E :
i = :
Dataset i £ 101 |
. . . . . ll:l 1 : 2 :
We use the Top Quark Tagging Reference Dataset [ 1], a public benchmark of simulated proton-proton collisions at : :
14 TeV. The background is QCD jets, which arise from ordinary strong-interaction processes and dominate at the __| 0.5 E
LHC. The signal is boosted hadronic top quark jets, whose three-quark decay produces a distinctive three-prong E
substructure in 1n-¢ space (see Figure 1). For each jet we keep the 20 highest-pT constituents and use their 00 e o 00 e o
(log pT, n, d)’ log E) as input features. Reconstruction Error (Masked MSE) Reconstruction Error (Masked MSE)
Jet Images — 33x33 Anomaly Score Distribution — 2D CNN_Z=24 Anomaly Score Distribution — GNN v6 Z=24
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an an Figure 2. Reconstruction error distributions of QCD (blue) and top quark (red) jets for all four architectures at z=24, shown on a logarithmic scale.
Figure 1. Representative QCD (left) and top quark (right) jets in n-$ space after per-image normalization. Results
On the standard pT-sorted test set, all four architectures successfully separate QCD from top quark jets, confirming that reconstruction error
Method works as an anomaly score regardless of input representation. The two-dimensional convolutional network achieves the strongest separation
An autoencoder is a neural network that compresses its input through a narrow bottleneck and then reconstructs it. and the highest background rejection, followed by the one-dimensional convolutional network, the dense network, and the graph network, in

Trained only on QCD jets, it reproduces them accurately but fails on jets with different structure, producing the that order. Under the permutation test, this ranking breaks down. The two-dimensional convolutional and graph networks are invariant by

: : : construction: pixel binning depends only on n-¢ position, and the graph is built from k-nearest neighbors in n-¢ space, so neither uses the
higher reconstruction error that flags them as anomalous. Four architectures are compared as fundamentally , , , , , )
input order. The dense and one-dimensional convolutional networks lose performance, with the latter collapsing to below-random AUC

different ways of representing the same jet. The dense network flattens the constituents into a single vector and because its kernels keyed on the steep pT hierarchy of QCD and the score ordering inverts under shuffling. The full numerical results are
treats each input position independently. The one-dimensional convolutional network keeps the constituents as a reported in Table 1.
pT-sorted sequence and applies local kernels along it, similar to how a 1D signal is processed. The two-

dimensional convolutional network operates on the 33x33 n-¢ jet image shown in Figure 1, applying spatial Table 1. Summary of results for all four architectures at z=24.

kernels as in standard image processing. The graph neural network treats the constituents as a point cloud in n-¢ g tEeson ey | I e AWE “ MR

space, building edges between each particle and its k nearest neighbors and updating each node from its local Dense 0.843 10.6 0.698 -17.5% 17,848 0.034

geometric neighborhood. All four share the same training protocol and bottleneck sweep. 1D-CNN 0.869 13.7 0.392 -54.9% 28,924 0.105
Evaluation Metrics GNN 0.834 10.3 0.834 0.0% 38,696 4.069

Each architecture is trained at six bottleneck sizes, z € {4, 6, 8, 12, 16, 24}, so performance can be tracked as a ID-CNN 0.891 21.9 0.891 0.0% 1.905 370 17.210

function of how much compression the network must perform. The comparisons shown here are at z=24, where all

Conclusions

four architectures reach or approach their peak performance. Three metrics are reported. The first is the separation . . . o _ _ . _ .
No single architecture wins on every criterion. The two-dimensional convolutional network gives the strongest signal-background

in o between the QCD and top reconstruction error distributions, measured in QCD standard deviations. The , , , , _ _
Q P Q separation on the standard benchmark but 1s by far the most computationally expensive. The graph network gives the lowest separation but

second 1s the area under the ROC curve, where 0.5 corresponds to random guessing and 1.0 to perfect 1s, together with the image-based network, the only one robust to the pT-ordering convention. The dense and one-dimensional

classification. The third is the background rejection at signal efficiency 0.3, defined as the inverse of the QCD convolutional networks owe much of their apparent performance to that convention, with the one-dimensional convolutional network
fraction passing the same threshold; a value of 20 means 19 out of 20 QCD jets are rejected when 30% of top jets collapsing to below-random AUC when it is removed. For a model-agnostic search, the signal hypothesis is unknown by design.
are kept. Architectures that are robust by construction could be more trustworthy than those that perform well on a single benchmark.

An Omaly Detection Mechanism Several extensions are natural directions for further study. Testing the trained models on additional signals, particularly ones without the

. . . . . . steep pT hierarchy of boosted top quark jets, would directly test how well each architecture generalizes beyond the specific benchmark
Because every autoencoder is trained only on QCD jets, it learns to reconstruct them with low error. Top quark jets, e q here; the permutation experiment already provides an indirect prediction for which models would fail. Incorporating infrared-collinear
with their different three-prong substructure, fall outside the learned QCD distribution and are reconstructed poorly.  safety into the GNN would close part of the performance gap while preserving the architectural robustness that makes the GNN attractive

The two populations therefore separate in reconstruction error, with QCD concentrated at low values and top jets in the first place. Finally, applying the framework to real collision data from CMS or ATLAS would represent the natural extension of this
shifted toward higher values. Figure 2 shows this separation for all four architectures at z=24. The QCD distributions comparison toward a deployable BSM search tool.
are broad and asymmetric with a long high-error tail, reflecting the natural variety of QCD jet topologies. The top References
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across the four architectures because each one reconstructs a different object — particle features for the dense, 1D- 2020

CNN, and GNN, and pixel intensities for the 2D-CNN network — so only the within-plot gap between QCD and top ~ [3]K. Fraser, S. Homiller, R. K. Mishra, B. Ostdiek and M. D. Schwartz, “Challenges for Unsupervised Anomaly Detection in Particle
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substructure and the network fails to reconstruct them in a similar way. The absolute reconstruction error scales differ
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