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DERSIN AMACI

Bu ders, 6grencilerin pargacik fizigi, astrofizik ve kozmolojinin kesisiminde yer alan disiplinlerarasi
alan1 kesfetmelerini ve evreni yoneten temel pargaciklar ile kuvvetler hakkinda derinlemesine bilgi
edinmelerini amaglamaktadir. Ders, 6grencilerin kozmik 1ginlar, fotonlar, nétrinolar ve kiitlegekim
dalgalan gibi astrofiziksel habercilerin iiretim, etkilesim ve tespit mekanizmalarini incelemelerini;
geligsmis yer ve uzay tabanli teleskoplar, dedektor sistemleri ve ¢ok habercili astrofizik tekniklerini
tanimalarin1 ve kullanmalarini hedeflemektedir. Ayrica, dgrencilerin karanlik madde ve karanlik
enerjiye iligskin kanitlari, parcacik adaylarini ve arama yontemlerini degerlendirmeleri; siipernovalar,
nodtron yildizlari, aktif galaktik cekirdekler ve gama 1sm1 patlamalart gibi asirt astrofiziksel olaylart
yorumlamalari amaglanmaktadir. Ders siiresince dgrencilerin modern deneysel teknikleri kullanarak
verileri analiz etmeleri, farkli habercileri birlestirerek evrenin dinamiklerini anlamlandirmalart ve
astroparcacik fiziginin ¢oziilmemis problemlerini tartisarak disiplinlerarast bir bakis acisi
gelistirmeleri hedeflenmektedir.

DERSIN iCERIGi

Elektromanyetik 1simnmm: Gama 1sinlari, X-1simlari, gériiniir ve radyo dalgalari; {iretim ve madde ile
etkilesim; yer ve uzay tabanl teleskoplar; kozmik isinlar: protonlar ve agir ¢ekirdekler; enerji
spektrumu, sok ivmelenmeleri; galaktik ve ekstra-galaktik kaynaklar; noétrinolar ve kiitlegekim
dalgalari: nétrino tretimi ve salimimi; astrofiziksel kaynaklar; IceCube, Super-Kamiokande,
KM3NeT; kompakt ikili birlesmeler ve sinyal analizi; karanlik madde: galaksi doéniis egrileri,
merceklenme, CMB; WIMP’ler ve diger adaylar; dogrudan ve dolayl: tespit; karanlik enerji: hizlanan
evren; siipernova gozlemleri; durum denklemi (w = P/p); kozmolojik sabit (A) ve etkileri.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitabu:

Grupen, Claus. Astroparticle Physics. 2nd Edition, Springer, 2020.

Onerilen Kaynaklar:

[1] De Angelis, Alessandro ve Pimenta, Mario. Introduction to Particle and Astroparticle Physics:

Multimessenger Astronomy and its Particle Physics Foundations (Undergraduate Lecture Notes in
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Physics. 2nd Edition, Springer, 2018.
[2] Giunti, Carlo ve Kim, Chung, W. Essentials of Neutrino Physics. Oxford Press, 2007.
Bu dersi basartyla tamamlayan 6grenciler,

1. Astropargactk fiziginin temel kavramlarmi ve evreni anlamadaki  6nemini
aciklayabileceklerdir.

Evrenden gelen farkli sinyalleri (1s1n1m, kozmik 1sinlar, nétrinolar, kiitlegekim dalgalari) ve
bunlari nasil algiladigimiz: ifade edebileceklerdir.

Gozlemsel kanitlardan yola ¢ikarak karanlik madde ve karanlik enerji gibi kavramlari
aciklayabileceklerdir.

. Coklu haberci astronomisinin, modern kozmoloji ve astrofizik ¢alismalarina biitiinsel bir
Ders Ogrenim Ciktilari bakis kazandirdigini ifade edebileceklerdir.

Temel pargacik fizigi ilkeleri ile yildizlar, siipernovalar, aktif galaktik gekirdekler gibi
astrofiziksel olaylarin baglantisini ifade edebileceklerdir.

Giiniimiizdeki 6nemli arastirma projelerini ve bu projelerin evrenle ilgili temel sorulara
verdigi yanitlart belirtebileceklerdir.

Kozmik olaylart fizigin farkli disiplinlerinin  perspektiflerini  kullanarak ifade
edebileceklerdir.

Evrenin en wug¢ kosullarinda isleyen fizik yasalari hakkinda diisiincelerini ifade
edebileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1

Devam/Katihhm

‘ Laboratuvar H H

‘ Uygulama (Soézlii Sinav) H H

‘ Arazi Calismasi H H

Derse Ozgii Staj

‘ Kisa Simavlar/Stiidyo Kritigi: H 1 H %5

e lcerik: Deneysel ve gozlemsel astropargacik giincel konularindan bir
6dev hazirlanmasi

e Format: A4 kagida rapor PDF formatinda 1 0625

e Detayh Degerlendirme Kriterleri:

-1lgili kaynakgalar1 agikca belirten 6zgiin bir 6dev
-Genel olarak formata uygunluk (font, kenar bosluklar)

‘ Sunum/Jiiri H H

Proje | |

‘ Seminer/Workshop H H

Ara Sinavlar:
e igerik: Sinav haftasina kadar islenen konularn tiimiinii kapsayan
kapsamlt sorular 1 %30

e  Format: Yiiz yiize. Smav (90 dakika)

Odev:
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e  Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢6ziilebilmesi
-Teorik diisiinme siireclerinin yiiriitilmesi

Final:

e igerik: Dersin tiim igerigini kapsayan kapsamli sorular
e Format: Yiiz yiize. Sinav (90 dakika)

e  Detayh Degerlendirme Kriterleri:

1 %40

-Derste islenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
Dénem i¢i Cahsmalarin Basar1 Notuna Katkisi H %60
Final Sinavimin Basari Notuna Katkisi H %40
TOPLAM H %100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhik

Konu Anlatimi: Astropargacik Fizigi Nedir? Sonsuz kiigiikliikteki
(parcacik fizigi) ve muazzam biiyiikliikteki (kozmoloji ve astrofizik)

Pargacik Fiziginin Standart Modeli,
Kozmolojinin Standart Modeli (ACDM), temel

1 LT . L . . kuvvetler kavramlarinin arastirilmasi. Kaynak:
arzismdakl baglant1. Kisa bir tarihge: Kozmik 1sinlardan ¢oklu haberci Ders Kitaby, Boliim 1 ve Boliim 2.
cagina.
Konu Anlatimi: Fotonlar; Elektromanyetik spektrumun bir haberci
olarak roli. Gama 1511 astrofizigi: liretim mekanizmalari
(bremsstrahvlung,_ “ters. .Comp fon,  piyon  bozunmasi),  sogurma Isil olmayan radyasyon mekanizmalarinin ve y-
(EBL/CMB'de ¢ift iiretimi). S
2 151 algilama  tekniklerinin  aragtirilmasi.
Simif-i¢i Uygulama (5 dk.): Yer tabanli (IACT'ler: H.E.S.S., MAGIC, Kaynak: Ders Kitab1, Bolim 3.
\VERITAS) ve uzay tabanli (Fermi-LAT, Swift) teleskoplar.
Konu Anlatimi: Kozmik Ismlar; Kozmik isinlarin kesfi ve bilesimi. Hillas kriteri, galaktik/galaktik digi manyetik
. o e . . . alanlarda yayllma ve sapma konularmin|
3 Enerji spektrumu ve "diz" ve "ayak bilegi". Ivme mekanizmalari: Fermi . s
e : . okunmasi. Kaynak: Ders Kitabi, Boliim 4.
1. ve 2. mertebe (diflizyon soku ivmesi).
Konu Anlatimi: Noétrinolar; Notrino 6zellikleri: dretim, salinim ve Notrino kesiti, optik Cerenkov tespiti, ndtrino
4 tespit. Astrofiziksel kaynaklar: atmosfer, giines, siipernovalar, AGN, astronomisinin dogusu kavramlarinin|
GRB’ler. Deneyler: IceCube, Siiper-Kamiokande, KM3NeT. aragtirtlmasi. Kaynak: Ders Kitabi, B6liim 5.
Konu Anlatimi: Kiitlegekim Dalgalari; Genel Gorelilik'e genel bakais.
IKiitlegekim Dalgalarinin tiretimi: kompakt ikili sarmallar (BNS, BBH), Gerilim, kaynaklarin  frekans aralhigi, ilk
5 birlesmeler ve ¢inlama azalmasi. GW sinyallerinin tasidig1 bilgiler| dogrudan tespit (GW150914) konularinin
(kiitleler, spinler, mesafe). aragtirtlmasi. Kaynak: Ders Kitabi, Bolim 6.
Konu Anlatimi: Cok Habercili Astrofizik; Habercileri birlestirerek tam Zaman alani astronomisi, koordineli gdzlem
6 bir resim elde etmek. "Altin" ikili ndtron yildiz1 birlesmesi GW170817, calismalari, ¢ok  habercili  korelasyonlar
ve elektromanyetik karsiligi (kilonova). Blazar nétrinolart (TXS araciligryla pargacik tanimlama kavramlarinin|
0506+056). incelenmesi. Kaynak: Ders Kitabi, Boliim 7.
Konu Anlatimi: Kozmik Mikrodalga Arkaplani; Sicak Biiyiik Patlama
. . Lo S Kirmiziya Kayma, Thomson sagilmasi, bebe
modeli. Rekombinasyon ve son sagilmanin yiizeyi. CMB'nin 6zellikleri: . AP
7 kara cisim spektrumu ve kiigiik anizotropiler evrenin anlik goriintiisii olarak CMB konularinin
' okunmasi. Kaynak: Ders Kitab1, Bolim 8.
8 Ara S 1 Sinav haftasina kadar islenen konularin tiimiiniin
rasmav tekrar edilmesi.
Konu Anlatimi: Karanlik Maddeye Dair Kanitlar; Tarihsel kanitlar: Kiitle-istk  oranlar1, kiitlecekim potansiyeli,)
9 galaksi donts egrileri (Vera Rubin), galaksi kiimesi dinamikleri] baryonik olmayan, soguk, ¢arpismasiz maddenin
(Zwicky), kiitlecekimsel merceklenme. Modern kanitlar: Mermi kanit1 konularinin okunmasi. Kaynak: Ders
IKiimesi, CMB gii¢ spektrumu. Kitabi, Boliim 9.
10 Konu Anlatimi: Karanlik Madde Igin Parcactk Adaylar; Karanlk Kalint1 yogunlugu, yok olma kesiti, parametre

Madde Ne Degildir? (MACHO'lar). Pargacik adaylari: WIMP'ler (Zay1f]

uzayl kavramlarinin incelenmesi. Kaynak: Ders
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Etkilesen Biiyiik Parcaciklar), aksiyonlar, steril ndotrinolar. WIMP Kitabi, Boliim 10.
""'mucizesi” ve termal donma.
Konu Anlatimi: Karanlik Madde Arayisi;
. Dogrufian Tespit: WIMP sagilmasindan kaynaklanan niikleer geri Diizlem sagilma kesitleri, sondiirme faktorleri,
tepmelerin aranmasi1 (XENONnT, LZ, PandaX). .
11 . PP . sinyal ve arka plan ayrimi konularmn
* Dolayli Tespit: DM yok olma iiriinlerinin aranmast (Fermi-LAT, K K «: Ders Kitabt. Bliim 11
AMS-02, IceCube). okunmasi. Kaynak: Ders Kitabi, Bélim 11.
» Carpistirict Aramalari: LHC hizlandiricilarinda DM iiretimi.
Konu Anlatimi: Karanlik Enerji; Hizlanan evrenin kesfi (Siipernoval Hubble dlyagrfml, standart mumlar (Tip .Ia
" T i . i SNe), gelecegin sondalart1 (LSST, Oklid)
12 IKozmoloji Projesi, Yiiksek-z Ekibi). Durum denklemi (w = P/p). .
.. . .. . e kavramlarinin okunmasi. Kaynak: Ders Kitabi,
IKaranlik Enerji nedir? Kozmolojik sabit (A), 6z. et
Boliim 12.
Konu Anlatimi: Siipernovalar ve Nétron Yildizlari; Cekirdek ¢okmeli Notrino glidiimlii patlama mekanizmast, r-siireci
13 siipernovalar: mekanizma ve ndtrino patlamasi. Siipernova kalintilarinin| niikleosentezi, senkrotron radyasyonu
kozmik 151n hizlandiricilar olarak kullanimi. N6tron yildizlari: pulsarlar kavramlarinin  incelenmesi. Kaynak: Ders
\ve magnetarlar. Kitabi, Boliim 12.
Konu Anlatimi: Aktif Galaktik Cekirdekler ve Gama Isin1 Patlamalart;| . . - .
AGN birlesme modeli. Siiper kiitleli kara delikler, birikim diskleri vel Herhangi Eddington parlakhig, jet fizigi, ates
14 . o el . topu modeli kavramlarmm okunmasi. Kaynak:
goreli jetler. GRB'ler: onciiller (¢okiisler ve birlesmeler), art pariltilar ve| . sopee
.. i . Ders Kitabi, Bolim 12.
ultra yiiksek enerjili kozmik 1sinlar.
Konu Anlatimi: Karanlik madde/karanlik enerjinin dogasi, madde-
antimadde asimetrisi, ultra yiliksek enerjili kozmik isinlarin kdkeni,
15 ndtrinolarin fizigi. Coklu haberci ¢aginda ileriye giden yol. Coklu haberci ¢aginda ileriye giden yol
hakkinda aragtirma yapilmasi.
Smif i¢i tartisma (15dk): Acgik sorular ve astropargacik fiziginin|
gelecegi; ders tekrari. Baslica ¢6ziilmemis problemler.
16 Final Islenen konularin tiimiiniin tekrar edilmesi.
AKTS iISYUKU TABLOSU
——————————————————
Etkinlikler H Sayl H Siiresi (Saat) H Toplam Isyiikii
Ders Saati H 14 H 3 H 42
Laboratuar H H H
Uygulama (s6zlii Sinav) H H H
Arazi Calismasi H ‘ ‘ ‘ ‘
Sinif Dis1 Ders Calismasi H 14 H 2 H 28
Derse Ozgii Staj H H H
Oder T | = | m
Kiiciik Smavlar/Stiidyo Kritigi H 1 H 5 H 5
Projeler H H H
Sunum / Seminer H H H
Ara Simavlar (Simav Siiresi + Sinav
Hazirhk Siiresi) 1 20 20
F}.nal .(Smav Siiresi + Sinav Hazirhk 1 o5 25
Siiresi)
Toplam is yiikii: H 140
Toplam Ts yiikii / 30(s): H 4.67
AKTS Kredisi: 5
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DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Astroparticle Physics

CODE

Fl1Z1124

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Selective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Murat HUDAVERDI

ASSISTANT(S)

This course aims to enable students to explore the interdisciplinary field at the intersection of
particle physics, astrophysics, and cosmology, and to gain in-depth knowledge about the
fundamental particles and forces that govern the universe. It seeks to provide students with
the ability to examine the production, interaction, and detection mechanisms of astrophysical
messengers such as cosmic rays, photons, neutrinos, and gravitational waves, as well as to
recognize and utilize advanced ground- and space-based telescopes, detector systems, and
multi-messenger astrophysics techniques. Furthermore, the course aims for students to
evaluate the evidence for dark matter and dark energy, consider possible particle candidates
and search methods, and interpret extreme astrophysical events such as supernovae, neutron
stars, active galactic nuclei, and gamma-ray bursts. Throughout the course, students are
expected to analyze data using modern experimental techniques, integrate different
messengers to understand the dynamics of the universe, and develop an interdisciplinary
perspective by discussing the unresolved problems of astroparticle physics.

Electromagnetic radiation: gamma rays, X-rays, visible and radio waves; production and
interaction with matter; ground- and space-based telescopes; cosmic rays: protons and heavy
nuclei; energy spectrum, shock acceleration; galactic and extragalactic sources; neutrinos and
gravitational waves: neutrino production and oscillation; astrophysical sources; IceCube,
Super-Kamiokande, KM3NeT; compact binary mergers and signal analysis; dark matter:
galaxy rotation curves, lensing, CMB; WIMPs and other candidates; direct and indirect
detection; dark energy: accelerating universe; supernova observations; equation of state (w =
P/p); cosmological constant (A) and its effects.

Coursebook:

COURSE OBJECTIVES

COURSE CONTENT

RECOMMENDED OR REQUIRED Grupen, Claus. Astroparticle Physics. 2nd Edition, Springer, 2020.

READINGS Recommended Readings:

[1] De Angelis, Alessandro and Pimenta, Mario. Introduction to Particle and Astroparticle
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Physics: Multimessenger Astronomy and its Particle Physics Foundations (Undergraduate
Lecture Notes in Physics. 2nd Edition, Springer, 2018.
[2] Giunti, Carlo and Kim, Chung, W. Essentials of Neutrino Physics. Oxford Press, 2007.

Upon successful completion of the course, students will be able to

1. Explain the fundamental concepts of astroparticle physics and their importance in
understanding the universe.

Describe the different signals coming from the universe (radiation, cosmic rays,
neutrinos, gravitational waves) and how they are detected.

Explain concepts such as dark matter and dark energy based on observational
evidence.

Course Learning Outcomes . Express how multi-messenger astronomy provides a holistic perspective on modern
cosmology and astrophysics.

Describe the connection between the principles of elementary particle physics and
astrophysical phenomena such as stars, supernovae, and active galactic nuclei.

Identify major current research projects and the answers these projects provide to
fundamental questions about the universe.

Describe cosmic events by using perspectives from different disciplines of physics.

Express ideas about the physical laws operating under the extreme conditions of the
universe.

EVALUATION SYSTEM

Activities Number Percentage of Grade

‘ Attendance/Participation H H

‘ Laboratory H H

‘ Application (Oral Examination) H H

| Field Work | [

Special Course Internship (Work Placement)

‘ Quizzes/Studio Critics: H 1 H %5

e Content: An assignment on current experimental and observational
astroparticle topics.

e  Format: Report on A4 paper in PDF format. 1 0625

e  Detailed Assessment Criteria:

-An original assignment clearly indicating relevant references.
-General formatting (font, margins)

‘ Presentations/Jury H H

‘ Project H H

‘ Seminar/Workshop H H

Midterms:
e  Content: Comprehensive questions covering all topics covered up to the
exam week.

. 1 %30
e  Format: Face-to-face. Exam. (90 minutes).

Homework Assignments:
e  Detailed Assessment Criteria:
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- Demonstration of understanding of the course's fundamental concepts.

- Ability to solve problems related to theoretical topics.
- Conducting theoretical thinking processes.

Content: Comprehensive questions covering all topics covered up to the

exam week.

Format: Face-to-face. Exam (90 minutes).

Detailed

- Demonstrate a deep understanding of all topics covered in the course.

Assessment Criteria:

-Ability to use advanced problem-solving skills.

Percentage of In-Term Studies

Percentage of Final Examination

TOTAL

WEEKS COURSE OUTLINE Related Preparation
Recollection and activation of prior knowledge on the
concepts of vector space and subspace, and the definitions
Lecture: What is Astroparticle Physics? The connection of one-to-one and onto functions. Source: Coursebook,
1 between the infinitesimally small (particle physics) and 26-34; 38-40.
the immensely large (cosmology & astrophysics). A briefi Investigation of the Standard Model of Particle Physics,
history: from cosmic rays to the multi-messenger era. the Standard Model of Cosmology (ACDM), and the
concepts of fundamental forces. Source: Coursebook,
Chapter 1 and Chapter 2.
Lecture: Photons; The electromagnetic spectrum as a
messenger.  Gamma-ray  astrophysics:  production
mechanisms (bremsstrahlung, inverse Compton, pion|
decay), absorption (pair production on EBL/CMB). Investigation of non-thermal radiation mechanisms and -
2 ray detection techniques. Source: Coursebook, Chapter 3.
In-Class Discussion (5 minutes): Ground-based (IACTs:
H.E.S.S., MAGIC, VERITAS) and space-based (Fermi-
LAT, Swift) telescopes.
Lecture: Cosmic Rays; Discovery and composition of] . . I . .
s cosmic rays. Energy spectrum and the "knee” and Readlngl; OI_tr)e I;hllasicrtl_terlon, propta_\gatl(;p ﬁjnd degectloq
"ankle". Acceleration mechanisms: Fermi 1st and 2nd g gabac ll(Cé);]ra?a ic Ic magnetic  helds. ource.
order (diffusive shock acceleration). OUTSEDOOK, Lhapler 4.
Lecture: Neutrinos; Neutrino properties: production,
oscillation, and detection. Astrophysical sources: Investigation of the concepts of neutrino cross section,
4 atmosphere, sun, supernovae, AGN, GRBs. Experiments: optical Cherenkov detection, and the birth of neutrino
IceCube, Super-Kamiokande, KM3NeT. astronomy. Source: Coursebook, Chapter 5.
Lecture: Gravitational Waves; General Relativit I .
. ] ; . A Investigation of the concepts of strain, frequency range of
overview. Production of GWSs: compact binary inspiralg - : -
5 : - - sources, and the first direct detection (GW150914).
(BNS, BBH), mergers, and ringdown. The information .
. . ] . Source: Coursebook, Chapter 6.
carried by GW signals (masses, spins, distance).
Lecture: Multi-Messenger _Astrophy3|c|;' Co'rlnb!nmg Investigation of the concepts of time-domain astronomy,
messengers for a complete picture. The "golden™ binar . - . -
. - coordinated observation campaigns, and particle
6 neutron star merger GW170817 and its electromagnetic - T . -
: . identification through multi-messenger correlations.
counterpart  (kilonova).  Blazar  neutrinos  (TXS Source: Coursebook. Chanter 7
0506+056). : » CNapLer /.
Lecture: Cosmic Microwave Background; The Hot Big . . . .
N Reading on redshift, Thomson scattering, and the Cosmic
7 Bang model. Recombination and the surface of last Microwave Background (CMB) as a snapshot of the

scattering. Properties of the CMB: blackbody spectrum|

and tiny anisotropies.

infant universe. Source: Coursebook, Chapter 8.
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8 Midterm 1 Review of all topics covered up to the exam week.

Lecture: Evidence for Dark Matter; Historical evidence:

galaxy rotation curves (Vera Rubin), galaxy -cluster] Reading on mass-to-light ratios, gravitational potential,
9 dynamics (Zwicky), gravitational lensing. Modern| and evidence for non-baryonic, cold, collisionless matter.

evidence: Bullet Cluster, CMB power spectrum. Source: Coursebook, Chapter 9.

Lecture: Particle Candidates for Dark Matter; What is

Dark Matter not? (MACHOs). Particle candidates: S . . I

WIMPs (Weakly Interacting Massive Particles), axions, Investlgatl_on of the concepts of relic densny, annihilation
10 - - - " cross-section, and parameter space. Source: Coursebook,

sterile neutrinos. The WIMP "miracle" and thermal

freeze-out. Chapter 10.

Lecture: Searching for Dark Matter;

» Direct Detection: Searching for nuclear recoils from Reading on scattering cross-sections. auenching factors
11 WIMP scattering (XENONNT, LZ, Pandax). and s? nal vs ba%k round discr’irﬂination ’ Source:

* Indirect Detection: Looking for DM annihilation Courset?ook Ché ter 119 ' )

products (Fermi-LAT, AMS-02, IceCube). ' P :

» Collider Searches: Producing DM at LHC accelerators.

lIII’?iCVt:I’I;ee. (Eua;;rnlcz)cgr%gsrrl?(;&lzggyelg’);oj%fct,thlii ;r(]:cze I.?:;tmﬁ Reading on the concepts of the Hubble diagram, stand_ard
12 Equati _ . o candles (Type la SNe), and future probes (LSST, Euclid).

quation of state (w = P/p). What is Dark Energy? i
(Cosmological constant (A), quintessence. Source: Coursebook, Chapter 12.
g q

Lecture: Supernovae and Neutron Stars; Core-collaps Reading on the concepts of the neutrino-driven explosion
13 supernovae: mechanism and neutrino burst. Supernov h g y P | thesi q E i

remnants as cosmic ray accelerators. Neutron stars: mechanism, rer)cess nucleosyntnesis, and synchrotron

oulsars and magnetars. radiation. Source: Coursebook, Chapter 12.

Lecture: Active Galactic Nuclei & Gamma-Ray Bursts;

IAGN unification model. Supermassive black holes, Reading on the concepts of Eddington luminosity, jet
14 accretion disks, and relativistic jets. GRBs: progenitors| physics, and the fireball model. Source: Coursebook,

(collapsars vs. mergers), afterglows, and ultra-high Chapter 12.

lenergy cosmic rays.

Lecture: Nature of dark matter/dark energy, matter-

antimatter asymmetry, origin of ultra-high-energy cosmic

rays, physics of neutrinos. The way forward in the era o
15 multi-messenger astronomy. Research on the way forward in the era of multi-

messenger astronomy.

In-Class Discussion (15 minutes): Open questions and

the future of astroparticle physics; course review. Major]

unsolved problems.
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Number Duration (Hour)

Course Hours 14 3 42

Activities Total Workload

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration)

Final (Examination Duration + Examination Prep. Duration)
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Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PC-1 Temel bilimler ve fizik

alanindaki  kuramsal  bilgilerini
akademik diizeyde analiz, yorum
ve problem ¢oziimiinde
kullanabileceklerdir. / Use their
comprehensive theoretical
knowledge in fundamental sciences
and  physics  for  analysis,
interpretation, and problem-solving
at an academic level.

I~
I~
I~
I~
I~
I~
I~
I~

PC-2 Uygulamal: bilgilerini
fiziksel siireglerin modellenmesi,
deneysel tasarim ve problem
¢oziimiinde etkili ve amaca yonelik
bicimde kullanabileceklerdir. /
Apply their practical knowledge
effectively and strategically in
modelling  physical  processes,
experimental design, and problem-
solving.

I~
I~
I~
I~
I~
I~
I~
I~

PC-3 Kuramsal ~ ve/veya
deneysel bilgilerini karmagik fizik
problemlerinin  ¢oziimiinde etkili
bi¢imde kullanarak, bu problemlere
yonelik uygun analiz ve modelleme
yontemlerini secip
uygulayabileceklerdir. / Use their
theoretical and/or experimental
knowledge effectively in solving
complex physics problems by
selecting and applying appropriate
analysis and modelling methods for
these problems.

[98)
lw
I~
lw
I~
lw
lw
lw

PS ‘-4 Disiplinlerarast  bir

yaklagimla, farkli alanlarda
edinmis olduklart bilgileri
sentezleyebileceklerdir. / - - - - - - - -
Synthesise  knowledge acquired
from different disciplines through
an interdisciplinary approach.
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PC-5 Fizik biliminin temel ve
uygulamali alanlarinda edindikleri
bilgi birikimlerini ve kuramsal
analiz, deneysel uygulama ve
sayisal modelleme ve hesaplamali
fizik araglarmi  kullanma  ve
gelistirme becerilerini, kuramsal
fizik, niikleer fizik, yogun madde
fizigi, yiksek enerji  fizigi,
nanoteknoloji,

yenilenebilir/alternatif enerji
teknolojileri, ileri malzeme
tasarimu, niikleer teknoloji ve
kuantum teknolojileri gibi disiplin-
ici ve disiplinlerarasi uzmanlk
alanlarinda gelistirebileceklerdir. /
Advance their acquired knowledge - . - - . .
in the fundamental and applied
fields of physics and their skills in
theoretical analysis, experimental
application, numerical modelling
and using and developing
computational physics tools in both
disciplinary and interdisciplinary
areas of specialisation such as
theoretical physics, nuclear
physics, condensed matter physics,

high energy physics,
nanotechnology,
renewable/alternative energy

technologies, advanced materials
design, nuclear technology and
quantum Technologies.

PS:-6 Fizik alaninda yaygmn

olarak kullanilan en az bir
programlama dili ile bilgisayar ve
yapay zeka teknolojilerini,
problemleri ¢6zmek, veri analizi
yapmak ve simiilasyonlar
gergeklestirmek icin etkin bigimde - - - - - -
kullanabileceklerdir. / Use at least
one programming language and
computer and artificial intelligence
technologies widely employed in
physics for problem-solving, data
analysis, and simulations.

PS;-? Fizik ve ilgili alanlardaki

bilimsel ve teknolojik gelismeleri
izleyebilecek, kariyer firsatlarini
degerlendirerek kigisel ve mesleki
geligim hedeflerini belirleyebilecek
ve bu hedeflere ulasmak igin hayat
boyu ogrenme stratejilerini
kullanabileceklerdir. / Follow . - - - - -
scientific and technological
developments in  physics and
related fields, assess career
opportunities, identify personal and
professional development goals,
and adopt lifelong learning
strategies to achieve these goals.
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P g-8 Bilimsel arasgtirmalarini

ve mesleki faaliyetlerini yiriitiirken
dogabilecek hukuksal sonuglar1 ve
toplumsal etkileri dikkate alarak
mesleki  etik  ilkeler, kalite
standartlar1 ile evrensel degerler

dogrultusunda ve sosyal
sorumluluk  bilinci ve adalet
duygusuyla hareket _ _ _ _ _ _ _

edebileceklerdir. / Act with a sense - - - - - - -
of social responsibility and justice
and in accordance with
professional ethical principles,
quality standards, and universal
values by taking into account
potential legal and societal
consequences of their scientific
research and professional activities.

PC-9 Bireysel olarak ya da

takimlarda etkin bigimde
calisabileceklerdir. / Work - . - . - - -
effectively both independently and
as part of a team.

PQ-lO Fizik alaninda giivenilir

bilgi kaynaklarina ulagarak literatiir
taramasi1 yapabilecek ve akademik
aragtirma tasarlayip
yuriitebileceklerdir. / Access - . - - - - -
reliable sources of information,
conduct literature reviews, and
design and carry out academic
research in the field of physics.

PS ;-11 Fizik  konularini,

teorileri, arastirmalar1 ve problem
¢oztimlerini, fizik terminolojisi
kullanarak tiim paydaslara Tiirkge
ve Ingilizcede sozli ve yazih
olarak etkili bigimde
aktarabileceklerdir. /  Effectively . . . - . . .
communicate  topics, theories,
research, and problem solutions in
physics to all relevant stakeholders
using appropriate physics
terminology, both orally and in
writing, in Turkish and in English.

PC-12 Laboratuvar

¢aligmalarinda bilimsel veri
toplayarak teknik ve/veya bilimsel
raporlar  hazirlayabilecek  ve
mevcut raporlari
yorumlayabileceklerdir.aktarabilec - - - - - - -
eklerdir. / Collect scientific data
during laboratory work, prepare
technical and/or scientific reports
and interpret existing reports.
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