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Kuantum Teorisinin Kesfi

INTERNATIONAL YEAR OF
Quantum Science
and Technology

The United Nations
Proclaims 2025 as the
International Year of
Quantum Science and
Technology

The declaration recognizes the potential of quantum
science to drive innovations in sustainable development
and global communications.




ULTRACOLD ATOMS
QUANTUM PHYSICS

‘Quantum physics is the branch of physics that studies the

‘Quantum theory was born a the beginning of the XX century.
quantum mechanics.
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Kuantumun Kesfine Sebep olan
Donum Noktalar

» Siyah Cisim Istmast ve Max Plank (1900)

» Albert Einstein ve Fotoelektrik Etki (1905)

» Ernest Rutherford ve Atomun Niikleer Model onerisi (1911)
» Niels Bohr ve Hidrojen Atomonun Modeli (1913)

»James Frank ve Gustov Hertz, Elektron sagilma deneyi ile Duragan Durumlarin
varhiklarmin gosterilmesi (1914)

» Arthur Compton ve Isigin Parcactk Dogasinin gésterilmesi (1924)
» Louis de Broglie ve Maddesel Par¢aciklarin Dalgasal Karaktere sahip olmasi (1924)

» Satyendra Nath Bose ve Albert Einstein, Bose-Einsterin Yogusmasi (1924)
(Asirt soguk atomlarin, tek bir kuantum durumuna yogusmasi)

» Wolfgang Pauli ve Dislama prensibi (1925)
» Erwin Schrédinger ve Dalga Mekanigi yorumu (Kuantumun Ikinci Yorumu) (1926)
» Albert Einstein ve Isigin Foton adi verilen kuantize yapilardan olusmasi (1926)

» Enrico Fermi ve P.A.M. Dirac, Katihal Fiziginin olusmasina sebep olan Fermi-Dirac
istatistigi (1926)



Kuantumun Kesfine Sebep olan
Donum Noktalar:

» Schrodinger, Heisenberg ve Kuantum Mekaniginin Dogusu (1925-1926)

» Niels Bohr ve Werner Heisenberg, Kuantum Mekaniginin Kopenhag Yorumlamasi (1927)

» Kauntum Devrimi ve Kuantum Mekanigi Bugiin:

Kuantum Mekaniginin Temel Kavramlar:

» Dalga-Parcactk Dualitesi
= Enerjinin Kuantize olmasti
» Belirsizlik ilkesi

= Siiperpozisyon



Kuantumun Devriminden Sonra
Yasanan Gelismeler

» Kuantum Alan Teorisinin (QFT) Gelisimi: Kuantum mekaniginin alanlara uygulanmasi
» Kuantum Elektrodinamigi (OQED)
» Kuantum Kromodinamigi (QCD)

» Parcacik Fizigi Ve Standart Modelin Dogusu: Elektromanyetik, zayif ve giiclii kuvvetler

arasindaki etkilegimler aciklanarak kuantum mekanigi ile ozel gorelilik birlestirildi.
Kuarklar, leptonlar ve bozondan olugan temel pargaciklarin varligini 6ngoriir.

» Kuantum Hesaplama ve Bilgi Teorisi: Kuantum mekaniginin siiperpozisyon ve dolaniklik
gibi ozelliklerini kullanarak kuantum bilgisayarlarinin varligint 6ngériir. Bunun icin
kuantum iglemcilerin yapilabilecegi diisiimiliiyor (IBM, Google, etc.)

» Kuantum Mekaniginin Teknolojik Uygulamalan :

* Yari Iletkenler ve transistérler
* Lazerler
* Manyetik Rezonans Goriintiileme (MRI)
» Kuantum Kriptografisi: Kuantum anahtar dagilim modelleri ile neredeyse kirilmasi

imkansiz sifreleme sistemlerinin olugturulmasi. Kuantum gifreleme, belirsizlik ve kuantum
dolaniklik prensipleri kullamhr. (Siber tehdit ve giivenli iletisim aglari)



Kuantumun Devriminden Sonra
Yasanan Gelismeler

» Kuantum Metrolojisi: Cok hassas él¢giim yapilmasi saglanir.

» Atomik Saatler: GPA sistemleri, telekomiinikasyon ve bsilimsel arastirmalar icin
son derece hassas atomik saatlerin dizaynu.

* Gravitasyonel Dalga Tesbiti: LIGO dedektorleri ile hassas ol¢iim yapilarak GR
dalgalarinin kesfi.

» Felsefi ve Kavramsal Etkiler:
* Kopenhag Yorumu
* Coklu Evren Yorumlar:
* Pilot Dalga Teorisi

» Kuantumun Gelecegi:
* Kuantum Yapay Zeka: Kuantum bilgisayarlari ile gii¢chi yapay zeka sistemleri.
» Kuantum Biyolojisi: Siiperpozisyon ve dolanikiik gibi ozelliklerin biyolojik
sistemlerdeki onemi.
* Kuantum Gravitasyon: Genel gorelilik ve Kuantum mekaniginin birlestirilmesi.



Kuantumun Devriminin Teknolojiye

Yansimasi: Kuantum Teknolojileri

e e ———— eSS
» Yari lletkenler ve Elektronik: Modern elektronigin ortaya ¢cikmasi (Transistorler ve entegre
devreler gibi teknolojilerin olusmast.)

* Transistorler, modern elektronigin yap: taslaridir. Yari iletkenler iizerinden elektrik akisini
kontrol ederek bilgisayarlardan mobil telefonlara kadar herseyin calismasnt saglar.

* Mikrogipler: milyonlarca hatta milyarlarca transistor iceren entegre devrelerdir. Bu ¢ipler,
modern bilgisayarlar, iletisim aracglar ve sayisiz cihazin kalbinde yer alir:

» Lazerler ve Lazer teknolojisi: Savunma, iletisim, tip, eglence (lazer 151k gosterileri ve barkod
okuyuculary) gibi bircok alanda etkindir:

» Tibbi Gériintiileme: Kuantum mekanigi, manyetik rezonans goriintiileme (MRI) ve Pozitron
Emisyon Tomografisi (PET) gibi tibbi teknolojilerin gelismesinde rol oynamugstir.

» Kuantum Kriptografisi: Son yillarm devrimsel alanlarindan birisidir. Kuantum anahtar
dagilimi ile kirilmasi zor gifreler olusturarak giivenli iletisim araclarinin olusmasini saglar.

» Kuantum Hesaplama ve Kuantum Bilgisayarlari: Heniiz gelisme asamasinda olan ve
Kuantum hesaplama prensipleriyle isleyen bir alandir. Siiperpozisyon ve dolaniklik
prensipleriyle kuantum bitleri insa edilir. Klasik bilgisayarlara gére ¢oziilmesi zor
problemlere ¢ok daha hizli ¢oziim iiretir.



Kuantumun Devriminin Teknolojiye

Yansimasi: Kuantum Teknolojileri

» GPS ve Atomik Saatler: GPS'’ler biiyiik élciide atomik saatlere dayamirlar. Genellikle Sezyum
ve Riibidyum gibi atomlarn titregsimlerini kullanarak hassas zaman ol¢iimii yapilir.

» Kuantum Sensorler: Olaganiistii hassasiyetle 6l¢iim yapabilen cihazlardir. Ozellikle
gravitasyonel dalga tespiti ve manyetik alan algilama gibi uygulamalarda kullanitlir (LIGO)

» Malzeme Bilimi Alamindaki Ilerlemeler: Kuantum mekanigi malzeme bilimi alanim da devrim
niteliginde etkilemistir. Atom ve molekiillerdeki elektronlarin ozelliklerini anlayarak belirli
ozelliklere sahip yeni malzemelerin tasarlanmasina olanak saglanmustir.

* Siiperiletkenler: Bazi malzemelerin, ¢ok diisiik sicakliklarda elektriksel diren¢ gostermemesi
durumu. MRI cihazlari, parc¢acik hizlandiricilar: ve enerji iletimi gibi teknolojilerde kullanilir:

» Nanoteknoloji: Yeni elektronik, enerji depolama ve sensérler gibi alanlardaki yeni
malzemelerin tasarima.

» Telekomiinikasyon: Fiber Optik iletisimde Kuantum mekanigi oldukca énemlidir. Fiber optik
kablolar, 151k yayilma prensiplerine dayanirilar, verilerin uzun mesafede minimum kayipla
iletilmesini saglarlar.

» Enerji ve Giines Hiicreleri: Kuantum mekanigi ile daha verimli enerji sistemleri
gelistirilmektedir.

* Giineg Hiicreleri: Fotoelektrik etki ile Modern fotovoltaik hiiclerin olusmasi saglanmigtir.



Kuantum Mekaniginin Yapisi ve
Kuantum Teorisinin Simetrileri

Necessary and Sufficient Conditions
(Gerek ve Yeter Kosullar)

Hermitsellik, Kuantum Teorisinin yeter kosulu olarak ortaya
ctkmistir:

Ancak gerekli midir?



Hermitsel Sistemler

» Geleneksel Kuantum Mekanigine gore Gozlenebilirler (Observable) reel
spektruma sahip, diyagonallestirilebilen operatorlerden olusur.

»Buna gore Dirac Hermitselligine sahip bir Hamiltonian
H = H' (1 =transpoz + karmasik eslenik ) olarak verilir.

»Bu ise enerjinin reel olmasini ve olasilik koruyan bir zaman evrilmesini
saglar.

> Hermitsel sistemler Uniterdir ve izole edilmis kapal sistemlerde goriiliirler.

» Ancak, fiziksel sistemler Hilbert uzayinin disindaki serbestlik derecelerine
dogru enerji, parcacik ve bilgi akisindan dolayi olasiligin korunmadigi
durumlari icermektedir. Bu durumlarda hermitsellik bozulur.



Hermitsel Olmayan
(non-Hermitian) Sistemler

» Bu tir sistemler genellikle acik kuantum sistemleridir ve bu sistemlerde tiniterlik
ozelligi bulunmaz.

» Hermitsel olmayan bir Hamiltonian
H + H' olarak verilir.

» Bu ylizden enerji reel olmayabilir ve korunmasi beklenmez. Bu nedenle de sistemde
bir kay1p s6z konusudur ve olasilik korunmayacaktir.

» Hermitsel olmayan sistemler bazen reel 6zedegerlere sahip olabilmektedirler.

> Mesela, H = p? + ix3seklindeki bir hamiltonian hermitsel olmasa da reel spektruma
sahiptir. Bu hamiltonian PT-simetriktir [Bender & Boettcher, PRL 80, 5243 (1998)].

» Dolayisiyla, yukaridaki aksiyom, PT simetrik Kuantum Mekanigine genellestirilmelidir.



PT-Simetrik Kuantum Mekanigi

 Dirac Hermitselligini, daha zayif bir kosul olarak PT-Simetri ile yer degistiriyoruz:
* P = Parity (Eslem, Yansima simetrisi)
 T= Zamanda tersinme simetrisi

Py (x): =1 (—x)
Ty (x): =9 (0)*

A p——p
P={?2_’ P p2_1 T:={ 5% T?=]I
x> —x . .
i > —i
p—-p
PT operatorii: PT:={ % — —% P =T? = (PT)*=1, [P,T|=0
[ > —1

. Ar%cak butin PT-simetrik operatorler bize reel spektrum vermemektedir, Mesela: H =
ix® hamiltonian1 PT-simetrik olmasina ragmen, spektrumu sanaldir.

e Bununla beraber PT-simetrik olmasa da reel spektruma sahip operatorler de vardir:
H = (p + {x)*+x% veya H = p? + {8(x), {e C gibi.

* O halde, hangi operatorleri diistinmeliyiz?

o  Bubize Dirac Hermitselligine sahip Kuantum mekaniginden Hermisyensi (Pseudo-
Hermitian) Kuantum mekanigine gotirur.



* PT-Simetrik Potansiyel:
2 2
Schrodinger Denklemi ik al/);:’t) = [—h—a— + V(x)] Y(x,t)

2m d0x?2

Bunun PT simetrik olabilmesi kosulu nedir?

i 2D = [ 2y ()| e, )

2m 0x2

U PT

i 2220 [y e ()] oyt (—x, —0)

ot 2m axz

»Egery(x,t) Schrédinger denklemini sagliyorsa, PTy(x,t) =
Y*(—x, —t)’te saglayacaktir. Bu durumda V(x) = V*(—x) olmalidr.



e Optikte PT Simetri:

Schrodinger denklemi Paraksiyal Kirinim Denklemi
. 0P(x,t) n? 0% .0E .= 1 0%E
i e = |- =2y )|y, ) (24 =22 4 kon(x)E = 0

PT-Simetrik Potansiyel: V(x) = V*(—x) = n*(x) = n(—x)

( ¢ = 0 ise hermitsel hamiltonyan
n(x) =np(x) + ién;(x) = < &< &, isereel 6zdegerler
\(’t > &, ise karmastk 6zdegerler

£ kaywp, > ise
“|kazang, < ise



e Optikte PT Simetriyi Nasil Gerceklestirebiliriz?

m(x)=m(-x) 1+ L

n,(x)=-n,(-x) — X

1. Ayarlanabilir, uzaysal olarak modile edilmis bir dielektrik

fonksiyona sahip bir sistem hazirlanarak
2. Birbirini dengeleyecek sekilde birisi kayip, digeri kazancg

ortamindan olusan kuple olmus iki optik sistem hazirlayarak.

Burada kuplaj glict kontrol edilebilmelidir.



 PT Simetrinin anlami nedir?

» PT simetri: Parite ve zamanda tersinme altinda degismezliktir.
|H,PT] =0

« == -
P = 'If e ( ' sistemi degistir
X — =X \J
P> P - T
T=! £ % ‘\\/) e ‘ kazang kayip olur,
i— —j kayipta kazanc olur.

o — OC=>QO
0000




* Fiziksel Sistemlerde Kazang ve Kayip:

» Fotonik Kuplaj Surekli degisimindeki yapilar
» Akustik

» Mekanik
» Elektronik
» Plazmonik

» Biyolojik Sistemler

Kazang Kayip
Lazerler: Hi¢ kayip olmadigi zaman Sogurucular: Dogada heryerde

bulunan dagilma durumlari: zararl



Yeni Yapilara Giden Yollar

Photonic crystals Metamaterials

Metamaterial with negative
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» Hermitsel olmayan sistemler, bilinen yapilardan daha (istiin
ozelliklere sahip yeni yapilarin olusmasina neden olabilir mi?



Exploring Spectral Singularities and Topological Lasers in P7-Symmetric Weyl

Semimetals

Arda Sevin
Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Tirkiye

Rama Alassadi]
Institute of Graduate Studies in Science, Istanbul University, Istanbul 34134, Tirkiye

Mustafa Sarisamanf]
Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkiye and
National Intelligence Academy, Institute of Engineering and Science, Ankara, Tirkiye

This paper investigates the unique properties of PT-symmetric Topological Weyl Semimetals
(TWS) within the framework of non-Hermitian physics, focusing on their potential for gencrating
topological lasers. By exploring the role of spectral singularities and their relationship to exceptional
points, we examine how these materials, characterized by Weyl nodes and topologically protected
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Topological Behavior of Spectral Singularities in Topological Weyl Semimetals

! Department of Physics, Istanbul Unwversity, 34134, Vezneciler, Istanbul, Turkey
2Department of Pyhsics Kocaeli University, Izmit, Turkey
I Laboratoire de Physique des Solides, Université Paris Saclay, CNRS UMR 8502, 91405 Orsay Ced,

and Saber Rostamzadeh!:*

Mustafa Sarisaman,![f] Sevval Tasdemir,?

t, France

In this study, we examine the topological character of spectral singularities by using TM mode
configuration in a Topological Weyl Semimetal (TWSM). TM mode configuration restrains the effect
of Kerr/Faraday rotations and therefore does not allow an extra degree of freedom to occur. We find
out that surface currents arise due to topological terms on the surface of TWSM slab where no Fermi
arcs are localized. We also investigate the contribution of the ©-term, which is the origin of axions
in topological materials, and especially the b-term, to the topological properties. As a result of our
study, we clearly reveal the topological character of b-term for the first time and we demonstrate

Coherent Perfect Absorption in Weyl Semimetals: A Path to Topologically Enhanced

Light-Matter Interactions

This study explores the unique intersection of Topological Weyl Semimetals (TWS) and non-
Hermitian physics, focusing on the potential of Coherent Perfect Absorbers (CPAs) in such ma-
terials, with the investigation based on the fact that CPA is viewed as time-reversed lasers. We
introduce a theoretical model for TWS CPAs based on the transfer matrix method, demonstrating
that topologically protected surface states lead to 12 distinct feasible CPA configurations character-
ized by quantized loss values. This study offers a novel approach to understanding self-dual spectral
singularities in the context of TWS and examines the impact of the axion term on the system’s
scattering behavior. Our findings reveal how the ©-term significantly affects the loss value and its

PT-Symmetric Metamaterial: A Non-Hermitian Approach

Ozge Beyza Vardar,lvlil Mohammad Mehdi Sadcghi,l'lﬂ and Mustafa Sarlsamanl*lﬂ
! Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkey

This study delves into the intriguing properties of metamaterials and investigates their novel and
complex applications through scattering formalism, a key area of recent research in Non-Hermitian
physics. By analyzing the scattering solutions within a negative index metamaterial (NIM) medium,
we derived the relevant transfer matrix. We also pinpointed the essential conditions for the appear-

Circular Dichroism in Nonlinear Topological Weyl
Semimetals

Helda Alomeare!
Hnstitute of Graduate Studies in Science, Istanbul University, Vezneciler, Istanbul,
34134, Turkey

Ferhat Nutku? and Mustafa Sarisaman?
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Abstract. In recent years, the field of topological photonics has emerged as a
promising area of research due to its potential for developing new photonic devices
with unique properties. Topological Weyl semimetals (TWS), which are characterized
bv the presence of Wevl points in their electronic band structure. are one such examole

Exploring Metamaterial Lasers through Non-Hermitian Scattering

Formalism

Ozge Beyza Vardar,® Ugur Tamer,> Mohammad Mehdi Sadeghi,®3 and Mustafa Sarisaman®*
D Institute of Graduate Studies in Science, Istanbul University, Istanbul 34134, Tiirkiye
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(Dated: 11 March 2025)

This study explores the exciting properties of metamaterials and their innovative applications in non-Hermitian physics,
with particular emphasis on the scattering formalism, a key topic of recent research. We have analyzed how light
behaves in a negative index metamaterial (NIM), allowing us to develop a transfer matrix and identify the essential
conditions for the occurrence of spectral singularities. These findings are crucial for fine-tuning system parameters
that will drive the development of metamaterial slab lasers and coherent perfect absorber (CPA) systems. Overall, our

Exploring Spectral Singularities in Dirac Semimetals: The Role of Non-Hermitian
Physics and Dichroism

2

Mustafa Sarisaman,® Enes Talha Kirca,!
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Istanbul University, 34134, Vezneciler, Istanbul, Turkey

?National Intelligence Academy, Institute of Engineering and Science, Ankara, Turkey

I Department of Physic

s, Gebze Technical University, 41400 Kocaeli, Tiurkiye

In this study, motivated by recent advancements in non-Hermitian physics, we explore the new
characteristics of Dirac semimetals (DSMs) using scattering techniques, with the goal of uncovering
additional unique properties. To achieve this, we investigate how the axion texture of the material
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 Biitiin PT-simetrik operatorler bize reel spektrum vermemektedir,
Mesela: H = ix3 hamiltonian1 PT-simetrik olmasina ragmen,
spektrumu sanaldar.

* Bununla beraber PT-simetrik olmasa da reel spektruma sahip
operatdrler de vardir: H = (p + {x)*+x* veya H = p? + {8(x),
(e C gibi.

* O halde, hangi operatorleri dusiinmeliyiz?

o Bu bize Dirac Hermitselligine sahip Kuantum mekaniginden
Hermisyensi (Pseudo-Hermitian) Kuantum mekanigine goturir.



Pseudo-Hermitian (Hermisyensi)-Kuantum Mekanigi

e H’'nin diyagonallestirilebilmesi bize tam ve cift-ortogonallige
(biortogonal) sahip bir eigenstate’lerin varhgini gosterir: {(¢,,, ¥,,)}

Hy,=E Yy, qubn:E;;d)na <¢m|lpm> = Omn, Zn|lpn> (Pl =1

* Buna gore, bir operatoriin diyagonellesmesi ve reel spektuma sahip

olabilmesi i1¢in

HT= n,Hnt, Ny = Zn|Pn) (Dnl

gerekli ve yeter kosulunu saglamalidir.

* Bu durumda mner product,
Wlp)y  — Wld)y, = WIn )
sekline donusiir.
A. Mostafazadeh, JMP 43, 205, 2814, 3944 (2002).
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Hermitsel olmayan Kuantum Mekanigi

»Hermitsel olmayan Kuantum Mekaniginin sinirlari ise cok daha
genistir. Bunun en iyi bilinen sekli, acik bir sistem olan Kuantum
sacllma teorisinde gérulmektedir.

» Hermitsel olmayan Kuantum mekaniginde tipik olarak istisnai
noktalarin varligi gozlemlenebilir.

o Hermitsel olmayan basit bir sistemi su sekilde alabiliriz:

1= K w—iﬁ
)

Ozdegerler: |[H — wl|=0 = w; = wy—iy+ VK2 —T?
X =01+v2)/4 T=0—v1)/4 ve B:=Vk?—-T?ise




.

\

reel, k% >T?%ise = wy = (wetP) — iy ayrifrekanslar
w; —w_ =2 aynisonimleme
sifir, k*=T? ise = w, = w_ = wy — iy birlesik frekans
Istisnai Nokta
imajiner, k* < I'?ise = w; = w, — i(y £ B) reel kisimlar birlesik
farkli soniimleme

o Ozdegerlerin ¢akismasi durumunda istisnai nokta elde edilmektedir.

o Reel 6zdegerlere sahip hermitsel olmayan sistemler 1lgi konusudur.



Hermitsel Olmayan Sistemlerdeki Istisnai Noktalar

»Bunlar hermitsel olmayan matrislerin cok 6zel bir durumudur.

»Bu noktalarda operatér/matris kusurlu hale gelir. Bu ylizden matris
kdsegenlestirilemez.

> Ozdegerler ve dzdurumlar birlesirler (6zdurumlar paralel hale
gelirler).

»Bu tir istisnai noktalarin bulunabildigi basit bir 6rnek yukarida
verilmistir.



Hermitsel olmayan Kuantum Mekanigi ve Sac¢ilma Teorisi

»Hermisyen olmayan Kuantum Mekaniginin sinirlari ise cok daha
genistir. Bunun en iyi bilinen sekli Kuantum sacilma teorisinde
gorulmektedir.

©)

Bu durumun, fizigin hemen her alaninda bir uygulamasi var olmasimna
karsin, en 1y1 bilinen 6rneklert Kuantum Optik ve Yogun Madde Fiziginde
karsilasilmaktadir.

Bir boyutlu sacilma olayinda, zamandan bagimsiz Schrodinger denklemi:
()" + v()P(x) = k*P(x)

ile verilir. v: R = € k‘ya bagli bir karmasik bir potansiyel ve

x — too giderken v(x) — 0 olur.

Bu denklemin asimtotik ¢coziimii:

x > t+oo giderken Y(x) = A e™* + B e ** geklindedir.

M1 (k) Mz (k)

A
Transfer Matrisi: +] — [
B, My, (k) My,(k)

A_
[B_]’ det M = 1.



Bir Boyutta Sacilma Teorisi

o Sol ve Sag taraftan sa¢ilma

Yt () = etk + Rle~tx  x - —oo giderken
| Tleikx x — +oo giderken
Yrisht () = TTe~thx, x - —oo giderken
eTlkx 4 RTelkX, x — +oo giderken

oResiprokal olmasi durumunda T" = T =:T ve transfer matrisinin bilesenleri
cinsinden

M M 1
Rl =—-—2 RT =12 T = — olur.

Myy’ Myy’ M3,

» Spektral Tekillikler, M., ‘nin reel sifir degerleri ile verilirler.

» Spektral tekillik noktalarinda yansima ve iletim genlikleri 1raksar, yani
gelen dalgalarin genlikler1 sonsuza gider.

» Fiziksel olarak bu noktalar, rezonans benzeri davranis sergileyen sagilma
durumlarma karsilik gelirler. /4. Mostafazadeh, PRL 102, 220402 (2009)].



Fiziksel Bir Uygulama-Sonsuz diizlem levha kazang¢ ortama:

* n292F — ¢202E = 0 %//
7

¢ E(z,t) = Ee 1 @ty(2)é,

%f//
1se Schrodinger denklemi; = %

(@) + v@DP(2) = k2p(2) i

Buradaki karmasik bariyer potansiyeli:

_ |3 z| < L/2
v(2) = {o, 2] = L/2

3 =k*(1-n*) eC, k =wlc
n =1n+ ik, kirilma indisidir.



02
»K < 0ise |E | genligi lstel olarak artar. Bu durumda k katsayisi

kazan¢ ortami olusturur ve kazang katsayisi su sekilde tanimlanir:
2WK

g=——"

Cc

» Kk > 0 ise, dalganin genligi ortam i¢erisinde sogrulur ve k bir
kayip ortami olusturmus olur.

»Kazang ortami durumunda spektral tekillikler:

M,, =0 ise g ~2inlk — ( )2 bulunur.

Buradaki R := (—)2 ifadesi optikte reflektivite (reflectivity) olarak

isimlendirilir ve lazer esik kosulunu verir. Esik degere sahip kazang

miktari:

g = 2— In # olarak bulunur. (Lazer esik kosulu)



CPA (Uyumlu Miikemmel Sogurucu) Lazer/AntiLazer

» Eger transfer matrisinin zamanda tersi alinirsa bu durumda:

T
M,,<—— M, bulunur,

»Dolayisiyla M{,’in reel sifirlari da bize kendine-dual spektral tekillik
noktalarini verecektir ve bu ise CPA kosulunu ortaya cikartacaktir.

» CPA lazerleri, ortamdaki kazan¢ miktarinin kayip miktari ile yer
degistirmesi ile elde edilirler ve gelen dalganin tamamen ortam
icerisinde sogrulmasini saglarlar.

»Bu durumda zamanda tersinen optik spektral tekillikler meydana
gelirler.

[Wan et al, Science 2010]



Oblik TE ve TM Modlu Lazer ve CPA

PHYSICAL REVIEW A 91, 043804 (2015)

Lasing-threshold condition for oblique TE and TM modes, spectral singularities, and coherent
perfect absorption

Ali Mostafazadeh” and Mustafa Sarisaman
Departments of Mathematics and Physics, Ko¢ University, Sartyer 34450, Istanbul, Turkey
(Received 12 January 2015; published 3 April 2015)

We study spectral singularities and their application in determining the threshold gain coefficient g/’ for
oblique transverse electric or magnetic (TE/TM) modes of an infinite planar slab of homogenous optically active
material. We show that g is a monotonically decreasing function of the incidence angle 6 (measured with

Ortamin kirllma indisi karmasik, etkin bir deger alarak aciya bagli degisim

gosterir: 2 —sin20
n:.=

cosd

Bu durumda, sistemdeki kazang ve dalga boyu degerleri: °7

(E/M) _ 2 Im(n) . n —nfcosé
LIm(w') |n +nfcosh

250

g (cm

S (E/M) _ 2w L Re(n')
T m — @E/M)

40

0 30° 60°
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Whispering Gallery ve Singular Gallery Modlar

PHYSICAL REVIEW A 87, 063834 (2013)

Spectral singularities and whispering gallery modes of a cylindrical gain medium

Ali Mostafazadeh” and Mustafa Sarisaman
Department of Mathematics, Ko¢ University, Sartyer 34450, Istanbul, Turkey
(Received 11 February 2013; published 20 June 2013)

Complex scattering potentials can admit scattering states that behave exactly like a zero-width resonance.
Their energy is what mathematicians call a spectral singularity. This phenomenon admits optical realizations in
the form of lasing at the threshold gain, and its time-reversal is responsible for antilasing. We study spectral

PHYSICAL REVIEW A 88, 033810 (2013)

Spectral singularities in the surface modes of a spherical gain medium

Ali Mostafazadeh” and Mustafa Sarisaman
Department of Mathematics, Ko¢ University, Sartyer 34450, Istanbul, Turkey
(Received 23 July 2013; published 5 September 2013)

We study the surface modes of a homogenous spherical gain medium and provide a comprehensive analytic
treatment of a special class of these modes that supports spectral singularities. Because the latter have a divergent

1. e 11 a . 1 " 1 xxr o1 AL a 1 EPREE | . 1 -1 11



Whispering Gallery Modlar, silindirik veya kiiresel bir ortamin kenarlari etrafinda
dolanan dalga konfiglirasyonlandir. Bu modlar, ortam icerisindeki ortalama ener;ji
maksimum degerini alirken Poynting vektoru ylzeye en yakin oldugu durumlarda

gorulir.
2}

|b1-]v(nk/0)|2 2 2 Vz apJv(nkp)

= k*R — |

) 4ppck? ) p> - Jy(nkp)
by J,(nkp)|* [v d,J,(nk

=|1 (nkp)| { @Hm[p ( p)}ﬁ}.

2uock | p J,(nkp)

(S)

0 = —tan"! {Blm [M“ .
Jy(nkp)



* Literaturde kullanilan WGM’lar Lord Rayleigh’in 1905 yilinda ortaya
koydugu fikre dayanir ve maksimum enerjinin Bessel fonksiyonlarinin
sifirlarinda oldugu durumlarda olusur:

Joa = [l +1.856 v™3 L O~y

* Ancak bizim buldugumuz konfigiirasyonda ise bunlar Bessel
fonksiyonlarin tirevlerinin sifirlarinda meydana gelirler:

ji1 = v[1+0.809v"% + O,

TABLE II. Values of ¢uax> Amin> Amax>» and gmin for various v,
n=1.479,and a =75 um.

% gmax )\min (nm) )\'max (nm) &min (Cmil)

850 70 555.275 804.615 1.536 x 107140
900 74 524.647 760.428 2.693 x 1071%
950 78 497.222 720.851 4.632 x 10718
1000 83 472.522 685.196 7.836 x 10~1¢7
1050 87 448.938 652.909 1.305 x 10775
1100 92 428.703 623.533 2.144 x 107184

1150 95 410.214 596.691 3.477 x 10713
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Topolojik Weyl Semimetal ve Sacilma Teorisi

»Yeni ortaya ¢ikan madde fazlarindan olan Topolojik malzemeler,
Ozellikle son zamanlarda olduk¢a yogun calisma alani olusturmustur.
Topolojik yalitkanlar, Topolojik Weyl ve Dirac yarimetalleri en iyi
bilinen 6rnekleridir.

» Topolojik malzemelerin fotonik uygulamalari topolojik fotonik ismiyle
cok yeni bir alandir. Ozellikle non-Hermitian uygulamalari dikkat
cekicidir.

»Bu malzemelerin temel 6zelligi, topolojik yalitkandan farkli olarak
malzeme icerisinde kismen iletken ve ylzeylerinde ise iletken ve
deformasyonlara karsi oldukga gucluddrler.

» Topolojik Weyl yarimetali ilk defa 2011 yilinda 6ngorilmis [Wan et
all, PRB 83, 205101 (2011); Xu et al, PRL. 107, 186806 (2011),; Burkov
etal. PRL. 107, 127205 (2011); Lu et al, Nat. Photon. 7, 294 (2013),
Huang et al, Nat. Commun. 6, 7373 (2014).] ve ilk defa 2014 yilinda
TaAs malzemesi ile deneysel olarak gozlenmistir [Xu et all, Science
349, 613 (2015); Lv et al, Phys. Rev. X5, 031013 (2015)]



»Bu fazin belli yogun madde sistemlerinde gerceklestiriime
olasiligindan dolayi 6zellikle buyulk ilgi gormektedir.

» Teorik olarak potansiyel topolojik Weyl yarimetali olabilecek HgTe
sinifi malzemeler, Praseodymium and Plutonium gibi malzemeler 6ne
surulmektedir.

» Bir Weyl yarimetali, disiik enerji uyarilmalarinin Weyl denklemini
sagladigi bir bulk kristaldir.

>l1letim ve valans bantlari, Weyl digimiinden uzaklasan butiin
momentum uzayi yonlerinde dogrusal dagilim (dispersion) iliskisi
gosteren ayrik noktalarda (Weyl duglimleri) birbirine degerler.

»Weyl yarimetalin topolojik dogasi, farkh kirallige sahip Wey!
fermiyonlarinin momentum uzayinda ayrismasini saglar. Bu ise
momentum uzayinda Berry akisinin (flux) bir monopole bir de
antimonopole olarak bulunmasini saglar.

»Bu iki dugim arasindaki mesafenin varligi, Weyl yarimetalin
yluzeyinde Fermi Arc adini verdigimiz ylizey durumlari olustururlar.



Band inversion

&

T

Dirac point




» Topolojik Weyl Yarimetali icin Aksiyon: S = Sy + Sg

1
o o " F i F :Pll'..l.i-" M g3

cx s 73 ..
Se = . [{H (1, 1)t “’jFP”F }tf T dt,

(F. Wilczek, Phys. Rev. Lett. 58, 1799 1987; E. M. Murchikova, J. Phys. A: Math.
Theor. 44, 045401 2011)

» PHY tensori, elektrik polarizasyonunu ve magnetizasyonunu simgeler
ve :D[H — {J'_Pi :D!-j = —Eijkﬂ_{k
aksiyon terimi ise

O(F,t) = 2b- 7 — 2bgt

S aksiyonunun A,,’ye gbre varyasyonunu alirsak

_ Lo pr g, prr O ey (OF,,) = J¢
[0 ?*ﬁiu



> Buradan Maxwell denklemleri:

VD =p(z)+Bb-B. V.B=0
V x ?—E 0D =7T(z)—BbxE, B+V xE=0.
B = 2a/7Z, a = e?/dreghe
D:=:E, B:= iH.
£ 1= g9 [L = g/t

£(2) = ¢ Ep + E:ff for =z € [U,L],
1 otherwise

2

1+ xm for ze€l0,L].
1 otherwise

[
—
|
A

i




 Sacilma konfigurasyonu: z




>Levha icerisinde n? := ;1 iken n 1= 1 + 1k olarak yazilir.

» Elektromanyetik dalganin gonderildigi ylizey (izerinde serbest yiik ve
akim yogunluklari bulunacaktir. Akim yogunlugu ise ylzey
iletkenliklerinden hesaplanabilir:

p%(2) = pWé(2) + pPé(z — L),
o%(z) = oWs(z) + e@d(z — L),

»Bu ylzey yik ve akimlari, streklilik denklemini saglarlar:

V-T+ Dip*(z) =0

TS = JS(,:)g.
> Yuzey akim degerini tensdrel olarakta yazabiliriz: j;f = JgﬁE:.g
ek,
[~
opy 1 —i |02 +1n |l —&?
yy — 3mho, { [ } H }
2 |
s _ b ac ~ 2 T, Y R 2
O--y-r. — — - I - lll}l—w | We . — Zw-c/w.wg .—IFAC



>Burada ¢+ , potansiyelleri v+(z) = 823+(z) olarak verilen
su sekildeki Schrodinger denklemlerinin ¢oziimleridirler:

—U +ve(2)e = K2y

»Buradaki 3, ()
L 2aLb(z)

Z :: - Z -
3+(2) 5(z) TRcosH

»Dolayst ile efektif kirilma indisleri 7, olan birefringence
(¢ifte kirillim) olayina sebep olacaktir ve

Ny = y/n? + 2abL /78R cos b




* Dolayisi i1le Topolojik Weyl yarimetalin i¢erisinde ve
disarisindaki elektromanyetik alanlar:

Components of E-field

Components of H-field

_ ig‘%s[.jﬁ' [\/j—_'__@*_ . \/T@?_} Ei.ﬁx tan £

Ex _ {fﬁ'+—2|-9_(y’+) eiﬁxtanﬂ Hm
Ey o —E(J‘T_; ‘Zg—l—) zhxtanﬁ Hy _ ;;Zi [\/,J_-i—@.— 4 3¢ _} 1f8x tan @
Ez —0 Hz:_tés;loﬁ [33_'__(; ] ifx tan 6
( fl( ) E.RZ j:(f( ) _—i.ﬁz for z < 0.
Ty =4 BW 1842 B”) —iRez for )<z <1,
\ 4(4‘) 1RZ + (,(—I—) . —iRz for =z > 1.
( 4( ) “JL.H,Z + Cf( ) E__—ij'iz for =z < 0
Gy = < Bi‘) iR ZiB( VemiR-2 for 0 <z <1,
_1(‘” iRz | (,(—i—) —ifz for z > 1.

R = Rn,



» Topolojik malzemenin sinir degerleri hesaplanirsa:

2 -

Z [Ai—u +C";‘_J] _ z [Bu:lJFBén},

=1 =

[;—1{ ) ] i [BF)JFBE)],

=1 _
z=10 5 )
n2 o+ 2m) A7 = (o, —2m) €7 ] = 37 g% B - 8]
=1 =
2 -
" [A C{ }] Z i [Biﬂ B Bé”] _
=1 4=
2 +
Z [A{+} P8 —|—C'+} - Jf] Z [B}:}Eufj +B£‘”e‘”5‘] !
=1 =
2 +
g [ADeR 4 O] = 37 (B 4 Y],
1=1 f—
z=1
2

-
n3 [0+ 2h,) AT — (0, = 2h,) O] = 3 g, [BY e - BYe ]
a=1
23

+
,U-Z |:AE+JE;!_'1 o C§+Je—z_'l:| _ Z ﬁ'_;l [B;J}Etﬁj . B.—L';'”E_“i}] )
1=1 —

g; = + for j=1, B o— ) O+ for j=1,
. — for j=2 7 ° —o_ for j=2




»Buradan transfer matrisi su sekilde yazabiliriz:
AlF) ) Al

A'T) ve =) sirasiyla malzemenin disinda saga ve sola dogru
giden dalgalari temsil eder ve

(+) (+)

N o _ [ ¢

A= @ ) A P ES
<2 2

» Dolayisiyla, transfer matrisi

o T —_RIR"T ™ RTT"
mm):( R e )

T =T =T



»Elde edilen transfer matrisi ile lazer ve CPA kosullari bulunabilir.

Type of CPAH Identification of CPA H Left Side ‘Right Side H Self — Dual SS Condition

—+ None M =Mz =Mz =My =0

Unidirectional CPA from Left [— Mode] - None M2 = Moz = Mas =My =0

M1 =Mz = Mz =My =0
Unidirectional CPA from Left [Bimodal] + & — None
Mz =M = My = My =0

+ + Mi1 = M2 = Mg =0
Type 5 Bidirectional CPA [+ from Left, — from Right] + - M =Mz =Mz =0
- + Miz = M2z = M2 =0

- - M2 = M2 = M3z =0

+ + & — M1 =Mz =0

Type 9 Bidirectional CPA [— from Left, +&— from Right] — + & — Miz = Mo =0

M1 =Mz =0
Type 10 Bidirectional CPA [+&— from Left, + from Right + & — + Moy =My =0
My =My =0
Mii =M =0
Type 11 Bidirectional CPA [+&— from Left, — from Right| + & — - Mz = Mz =0
M1 =Mz =0

Type 12 Bidirectional CPA [Bimodal] + & — + & — M1 =M =My =M =0
None Unidirectional CPA from Right [+ Mode] None + NOT allowed
None Unidirectional CPA from Right [— Mode] None - NOT allowed
None Unidirectional CPA from Right [Bimodal] None + & - NOT allowed

None non-CPA Action None None NOT allowed




Cift Modlu Topolojik Weyl Semimetal CPA

2R, ¢ [ o0 ml =14 8”07
e — mT -+ Z mT — 1, T [ﬁ? —M2(06+1>2]2.

Ortaya cikan topolojik CPA’de, arti ve eksi modlarda ilgili efektif kirilma
indislerinden ¢ift yonli CPA olur.

Benzer sekilde ¢ift modta, arti ve eksi modlarin her ikisinden de c¢ift yonlt CPA
gozlemlenir.

Plus-Mode CPA Minus-Mode CPA Bimodal CPA

TWS Slab TWS Slab TWS Slab
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e Aksiyon tarafindan induklenen akimlarin varhgi:

TiE) = _pBAE) giRixtan 0= f(H) { B cos[R+(z — 1)) + ay sin[Ry (z — 1)]] () +iéy) — ';i sin[R+(z — 1)](éy T z’ém)} ,
:F

(b) Imaginary Part of 7,/|.7%I
(a) Real;:(a)rt of T/l Tl 0 1T x

y (nm)

5000¢
L -11.28 ‘ L -10.61
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500 500
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PT-Simetrik Topolojik Weyl Semimetal ve
Topolojik Lazerler

Exploring Spectral Singularities and Topological Lasers in P7-Symmetric Weyl
Semimetals

Arda Sevind*]
Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Tirkiye

Rama Alassadi]
Institute of Graduate Studies in Science, Istanbul University, Istanbul 34134, Tirkiye

Mustafa Sarisamarf]
Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Tirkiye and
National Intelligence Academy, Institute of Engineering and Science, Ankara, Tirkiye
This paper investigates the unique properties of P7T-symmetric Topological Weyl Semimetals

(TWS) within the framework of non-Hermitian physics, focusing on their potential for generating
topological lasers. By exploring the role of spectral singularities and their relationship to exceptional

natnta wra avamnina haor thaca smataniala ahavantaricad her Wao]l nadac and fanalacicaaller mvndnntad
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Type of Laser Left Side |Right Side|Spectral Singularity Condition

+ None Miz = Moz = M3z = My3 =0

— None Mg = Moy = M3zs = Myy =0

M3 = M3 = Mgz = My3 =0

Unidirectional Laser from Left (Bimodal) + & — None
Mg = Moy = M3zq = My =0
Unidirectional Laser from Right (+ Mode) None + NOT allowed
Unidirectional Laser from Right (— Mode) None - NOT allowed
Unidirectional Laser from Right (Bimodal) None + & — NOT allowed
Bidirectional Laser (+ Mode) + + Moz = Mgz = Maz =0
+ - M3 = M35 = Mys =0
- + Maq = Mzq = Mg =0

- - Mig = M3zq = Myq =0

+ + & — M3z = M43 =0
— + & — Msy = Myy =0
Moz = M2y =0

+ & — + M3z =M34 =0
Mys =My =0

Mz =My =0

+ & — — M3z =Mss =0
Myz =Mys =0

+ & — + & — Mszz = Mgy = M3 =My =0
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J%:

2

Ib£C1+ e('thane {

[icos(K{ z) + &% sin(K{ z)] (&, + i&) + sin(K%z)b(g, —i&y)

for 0<z<1,

[i codK? (z —2)] —af sin[K] (z —2)]] M13€” X (& + i&) + sin[K% (z —=2)IM13b’e? (8, —i&,) for 1<z< 2

(a) RealPartof 7,/|7

y (nm)

0 Gain

___Loss

/

(c) RealPartof 7,/7,|

500
y (nm) -

Gain

-~ Loss

m-1.447
L. -0.004
m 1.439

L -11.33
L. -0.88
L 9.56

m -0.5035
1 -0.0070
m 0.4895

L -10.89
L 0.02
u 10.93

(b) Imaginary Part of 7,/|.7|

500 &g
y(nm) i Ga",‘,,

D
e
@&

L9

y
z (nm) B
(d) Imaginary Part of 7,/.7,|
00 Gain

ga . Loss

y (nm)

__Loss

m-1.469
L. -0.004
m 1.462

L -10.68
L 0.02
u 10.72

m -0.4904
1 0.0013
m 0.4930

L -9.509
L 1.055
L 11618



SCIENTIFIC
REPORTS

natureresearch

Spectral Singularities and Lasers in Motion

Mehmet Akbas,'** Sencer Kaya,"* and Mustafa Sarisaman®:
La Sing With TOpOIOgicaI Weyl !Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkey

S = I We reveal the spectral singularities for a moving medium and examine the prospect of realizing :
emi meta laser in case of motion. We focus on relativistic limits in various directions. nvestigate the quantun

Gines Oktay?, Mustafa Sansaman'” & Murat Tas?

Lasing behavior of optically active planar topological Weyl semimetal (TWS) is investigated in view of the
Kerr and Faraday rotations. Robust topological character of TWS is revealed by the presence of Weyl nodes
and relevant surface conductivities. We focus our attention on the surfaces where no Fermi arcs are formed,
and thus Maxwell equations contain topological terms. We explicitly demonstrate that two distinct

lasing modes arise because of the presence of effective refractive indices which lead to the birefringence
phenomena. Transfer matrix is constructed in such a way that reflection and transmission amplitudes
involve 2 x 2 matrix-valued components describing the bimodal character of the TWS laser. We provide
associated parameters of the topological laser system yielding the optimal impacts. We reveal that gain
values corresponding to the lasing threshold display a quantized behavior, which occurs due to topological
character of the system. Our proposal is supported by the corresponding graphical demonstrations. Our
observations and predictions suggest a concrete way of forming TWS laser and coherent perfect absorber;
and are awaited to be confirmed by an experimental realization based on our computations.
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Unitary structure of palindromes in DNA

Mehmet Ali Tibatan **', Mustafa Sarisaman !

2 Department of Biotechnology, Istanbul University, 34134, Vezneciler, Istanbul, Turkey
® Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkey

Coherent Perfect Absorption in Weyl Semimetals: A Path to Topologically Enhanced

Light-Matter Interactions ARTICLE INFO ABSTRACT
H Th‘i ““d\h F‘Xp_lmf“ the ""'q‘:; m'e:;@c?'“;" ff( TEPOI(’:‘;‘I f“ 9‘“\:?'"‘:"5‘?;;”/{“'9 and non- Keywords: We investigate the quantum behavior encountered in palindromes within DNA structure. In particular, we
tcnmf ll‘:“r: t)h(. i ~(:(;‘|l:1‘:i:nb h: dp:n(:]hcl f;i + t}(n))t( r(( ‘F)’ A is viewed Sir t;:C rov Quantum biology reveal the unitary structure of usual palindromic sequences found in genomic DNAs of all living organisms,
" - - DNA
introduce a theoretical model for TWS CPAs based on the transfer matrix method, demonstrating Palindromic sequences using the Schwinger's approach. We clearly demonsirate the role played by palindromic configurations with
cnarial ammnhacic an nhusica in ~F nitars o vnwail tha

that topologically protected surface states lead to 12 distinct feasible CPA configurations character-
ized by quantized loss values. This study offers a novel approach to understanding self-dual spectral
singularities in the context of TWS and examines the impact of the axion term on the system’s
scattering behavior. Our findings reveal how the ©-term significantly affects the loss value and its

Optical Evidence of Topological Quantization in Weyl Semimetals

Helda Alomeare

oy . . . 4
Non-Hermitian Gravitational Wave Scatterlng Institute of Graduate Studies in Science, Istanbul University, Vezneciler, [stanbul 34134, Turkey

* T
1 1,2, 1,3, Ferhat Nutku® and Mustafa Sarisaman )
Burak Pekduran, Mustafa Sarisaman, and Ekrem Aydmer Department of Physics, Faculty of Science, Istanbul University, Vezneciler, Istanbul, 34134, Turkey
! Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Tirkiye (Dated: January 20, 2025)
?National Intelligence Academy, Institute of Engineering and Science, Ankara, Tiirkiye

3 Department of Physics, College of Sciences, Kog University, Saryer, 34450, Istanbul, Tirkiye This study investigates the interaction of nonlinear topological materials with electromagnetic

waves to reveal applications for lasers. An optically active laser system can be obtained with spec-
In this study, the non-Hermitian scattering of gravitational waves is examined and their behavior tral singularities. We provide the parameters associated with the topological laser system that vield

at spectral singularities is discussed. We investigate the non-Hermitian properties of gravitational

waves through the construction of a transfer matrix. By examining spectral singularity points

obtained from transfer matrix, we explore the behavior of gravitational waves at these spectral



Exploring Spectral Singularities in Dirac Semimetals: The Role of Non-Hermitian
Physics and Dichroism

Mustafa Sarisaman,™2[f| Enes Talha Kirca, > [[] and Murat Tag®:[f]

! Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkey
?National Intelligence Academy, Institute of Engineering and Science, Ankara, Turkey

?Department of Physics, Gebze Technical University, 41400 Kocaeli, Tiirkiye Circular Dichroism in Nonlinear Topological Weyl
In this study, motivated by recent advancements in non-Hermitian physics, we explore the new Semimetals
characteristics of Dirac semimetals (DSMs) using scattering techniques, with the goal of uncovering
additional unique properties. To achieve this, we investigate how the axion texture of the material Helda Alomeare!
afforte ite tannlnoical nranartice hv analvzing ite interaction with alortramaonotic wavee Wa ove Unstitute of Graduate Studies in Science, fstanbul University, Vezneciler, fstanbul,
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Exploring Metamaterial Lasers through Non-Hermitian Scattering Eomail: frutku@istanbul . edu. tr
Form?llsm March 2023
Ozge Beyza Vardar,! Ugur Tamer,? Mohammad Mehdi Sadeghi,? 3 and Mustafa Sarisaman?#
Dinstitute of Graduate Studies in Science, Istanbul University, Istanbul 34134, Tiirkiye Abstract. In recent years, the field of topological photonics has emerged as a
2) e ic: iversii ezneci iirkiye ! . ! A -
Department ’UCP/U’”_L& Istanbul U”{‘thf’Yr 34134, Vezneciler, Istanbul, Tiirkiye promising area of research due to its potential for developing new photonic devices
3 Department of Physics , Jahrom University, Jahrom 74137-66171, Iran
» P Fhy. I ' Y, Jafrom 7219 /4 o with unique properties. Topological Weyl semimetals (TWS), which are characterized
National Intelligence Academy, Institute of Engineering and Science, Ankara, Tiirkiye bv the presence of Wevl points in their electronic band structure. are one such examole

(*Electronic mail: mustafa.sarisaman @istanbul.edu.tr)
(Dated: 11 March 2025)

This study explores the exciting properties of metamaterials and their innovative applications in non-Hermitian physics,
with particular emphasis on the scattering formalism, a key topic of recent research. We have analyzed how light
behaves in a negative index metamaterial (NIM), allowing us to develop a transfer matrix and identify the essential
conditions for the occurrence of spectral singularities. These findings are crucial for fine-tuning system parameters
that will drive the development of metamaterial slab lasers and coherent perfect absorber (CPA) systems. Overall, our

PT-Symmetric Metamaterial: A Non-Hermitian Approach

()zgc Beyza Vardar,l*lil Mohammad Mehdi Sadcghi,l’lﬂ and Mustafa Samsamanl'lﬂ
! Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkey

TUNABLE NON-LINEAR METAMATERIAL I.LASERS This study delves into the intriguing properties of metamaterials and investigates their novel and

complex applications through scattering formalism, a key area of recent research in Non-Hermitian
physics. By analyzing the scattering solutions within a negative index metamaterial (NIM) medium,

Mustafa Sarisaman?, Seval Uzunal ? - - - - R - - - - -
mustafa.sarisaman@istanbul.edu.tr/mailto:seval,zunal @ yahoo.com

ADepartment of Physics. Istanbul University. Ordu Cad. Fatih 34034 Turkey

Abstract

This study provides a solution to the necessary non-linear differential equation for the production of metamaterials in a
laharatorv environment.



Topological Behavior of Spectral Singularities in Topological Weyl Semimetals

Mustafa Sarlsaman,l* Sevval Tasdemir,2’ and Saber Rostamzadeh1*3’

! Department of Physics, Istanbul University, 34134, Vezneciler, Istanbul, Turkey
?Department of Pyhsics Kocaeli University, Izmit, Turkey
I Laboratoire de Physique des Solides, Université Paris Saclay, CNRS UMR 8502, 91405 Orsay Cedex, France

In this study, we examine the topological character of spectral singularities by using TM mode
configuration in a Topological Weyl Semimetal (TWSM). TM mode configuration restrains the effect
of Kerr/Faraday rotations and therefore does not allow an extra degree of freedom to occur. We find
out that surface currents arise due to topological terms on the surface of TWSM slab where no Fermi
arcs are localized. We also investigate the contribution of the ©-term, which is the origin of axions
in topological materials, and especially the b-term, to the topological properties. As a result of our
study, we clearly reveal the topological character of b-term for the first time and we demonstrate
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Exploring DNA Mutation Dynamics through a Novel Perspective

Mustafa Sarisaman?®, Mehmet Ali Tibatan®, Seval Uzunal *
[mustafa.sansaman@_istanbul.edu.trlmehmet@arel_(ggﬂug.comEeval.uzunal@ogz.iu.edu.tr

“Department of Physics. Istanbul University. Ordu Cad. Fatih 34034 Turkey
bAreka Nanofiber Tech. Biomedical Research Group. Istanbul Technical University. Maslak. 34469 Istanbul Turkey

Abstract

We propose a novel mutation mechanism for points and ordinary or palindromic sequences of DNA and RNA. We adopted
non-Hermitian approaches based on quantum mechanics. Hermiticity is in the limelight of any physical structure with

Anantum charastar lilba NNA Ar RNTA  ac it rraatac anantum ctahility in that it vialde raal aicanwvaliiac and arthanarmal

« Nucleotides (ignored)
® Nucleotide (evaluated)
“* DNA backbone

k=12345

Basis of Hilbert Space
at point mutation in DNA
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Mutasyonun Kararlligi

THEOREM 1 (Stability of singular value spectra) Fortwo
arbitrary nxnmatrices U and P, denoting for the ;™
largest singular value of U and that of U+P as

y; and Y respectively, we have

Y, =y < IPI; V)= 1,23, .n.

(c)

[1] ACCAG ACCAG
¥ W
GCCAG ATTGA
(a) (b)
CAGCTG CAI?CTG
é AGCTG CAGCTG

(d)

] (CAG) CAA CAG CCG CCA ... (CCG),

|

(CAG), CAG CAG CCG CCG ... (CCG),

THEOREM 2 (Stability against general perturbations)
Foran arbitrary (nxn) Hermitian matrix U and an arbi-
trary (nxn) matrix P, denoting the largest eigenvalue in
A(U) as Aj, we have

min; A" — 4| < ||P|l, VA e AU +P), j=1,2,3,...,n.

Figure 5: [I] Point mutations in RAPSN gene promoter region ; [II] Nu-
cleotide replacement cause CAG repeats directly associated with genomic
stability and mutational switchover of the DNA transcriptional system.



5!

3 (s+3) (s+3)
A — [G) then [X;) — [Xy)

Figure 6: (Color Online) Ball and stick representation of the point muta-
tion causes CAG repeats which leads to genetic instability (s + 3)" [16].
Notice that |A) is mutated to |G).

Bilinen Nukleotitlere yapilan herhangi bir mutasyon kararlidir

Bu sonu¢ mutasyonun laboratuvar ortaminda kontrolli bir sey sekilde
yapilabilecegini ispatlamaktadir.



Rastgele Mutasyonla Kararllik?

* Weyl Perturbasyon Teoremi bize Herhangi bir ntkleotit etrafinda
rastgele mutasyon yapilmasinin sinirlarini vermektedir.

* Hermitsel olmayan Fizikle, rastgele bir mutasyon gerceklestirip bunun
kararhlik sinirlari belirlenebilir.

Mutation to Deformed Nucleotides: A Novel Approach

Mustafa Sarisaman?, Halil Ibrahim Cetin®, Mehmet Ali Tibatan ¢
mustafa.sarisaman@istanbul.edu.tr halil.cetin@std.bogazici.edu.tr mehmet@arekagroup.com

9Department of Physics. Istanbul University. Ordu Cad. Fatih 34034 Turkiye
bDepartment of Physics. Bogazici University. Besiktas. 34342. Istanbul Turkiye
Areka Nanofiber Tech. Biomedical Research Group. Istanbul Technical University. Maslak. 34469 Istanbul Turkiye
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Sonuclar

2018 yilinda ilk defa yapilan topolojik yalitkan lazerine karsin yapmis oldugumuz (PT-
Simetrik) topolojik Weyl yarimetal lazeri, topolojik lazerlerin daha iyi anlasiimasini
saglayacaktir. Benzer sekilde Topolojik CPA yapilabilmektedir.

insa edilen topolojik lazer cift modlu bir karakterdedir ve parametrelere bagh bir lazer
cikisi gerceklestirir. Bu lazer 12 farkl sekilde yapilabilir. Bu ise 12 farkh ve cift modlu
Topolojik CPA yapimina katki saglar.

Topolojik CPA henlz teorik veya deneysel olarak yapiimamistir, yapilmasindaki zorluk
ta dalgalarin gelis acilari, genlikleri, fazlari ve polarizasyon yonlerinin tam olarak
bilinmesi gerekliligidir. Onermis oldugumuz modelle bu probleme bir ¢c6ziim
getirmekteyiz.

Benzer sekilde PT-simetri uygulamasiicin de Kerr ve Faraday acilarinin tam olarak
hesaplanmasi gerekmektedir, elde ettigimiz sonuclar bu probleme de bir ¢6zim
getirmektedir.




Aksiyon terimleri, Topolojik karakter saglar. Bu terim, elektromanyetik dalgalarla
etkilestiginde malzeme lazer etkisi gostterdiginde malzeme icerisinde topolojik
olarak dayanikli dairesel akimlarin olusmasina sebep olmaktadir.

Biyolojik sistemlerde de PT simetrik ve hermitsel olmayan
kuantum mekaniginin ¢ok ilging ve 6nemli uygulama alanlari

vardir. Bunun en tipik 6rneklerinden birisi DNA da gerceklesen
mutasyon mekanizmasidir.

Hermitsel olmayan yontemlerle mutasyon mekanizmasinin
dogasinin daha iyi anlasiilmasi ve kontrollu sekilde
gerceklestirilerek genetik hastaliklar ve kanser gibi tedavisi zor
hastaliklarin tedavi umutlari olusabilecektir.
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