FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM / ANABILIM
DALI ADI

Fizik

DERSIN ADI

Parcacik Madde Etkilesmesi

DERSIN KODU

FIZ1113

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Secmeli @ Fizik Lisans Programi

DERSIN KATEGORISI

Uzmanlik Alan Dersleri

DERSIN VERILIiS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Salim CERCI

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, yiiklii pargaciklarin madde ile etkilesimini anlamak ve bu etkilesimlerin ¢esitli
yonlerini kapsayan temel bir cerceve sunmaktir. Ders, pargaciklarin elektronlar ve atom cekirdekleri
ile etkilesimini, enerji kaybin1 modellemeyi ve g¢esitli dedektérlerin kullanimimni igermektedir.
Ogrenciler, pargaciklarin madde ile etkilesimini anlamak igin kullanilan temel denklemleri
ogrenecek, dedektdr teknolojilerini inceleyecek ve radyasyon dedektorlerinin simiilasyonlarimi
gerceklestirebilecektir. Bu konular, pargacik fizikgileri, niikleer fizikgiler ve radyasyon
dedektorlerinin tasarimi ve kullanimiyla ilgilenen diger arastirmacilar i¢in temel bir bilgi saglamay1
amaglamaktadir.

DERSIN ICERIGi

Yiiklii parcaciklarin maddedeki etkilesimleri; elektronlar ve atom gekirdekleriyle sacilma olaylari;
Bohr yaklagimidaki dE/dx denklemi; Bethe-Bloch denklemi; bilesik malzemelerde enerji kaybr;
pargaciklarin menzili; Bragg egrisi; enerji kaybindaki istatistiksel dalgalanmalar; straggling; ince
tabakalarda enerji birikimi; Landau dagilimi; elektronlar, pozitronlar ve fotonlarla etkilesim;
fotoelektrik etki; Compton etkisi; Bremsstrahlung; ¢ift iiretim; noétronlarla etkilesim; gazli
dedektorler; yart iletken dedektorler; sivi, organik, inorganik ve kriyojenik dedektorler; radyasyon
dedektorlerinde sinyal olugturma siiregleri; enerji ve pozisyon ¢oziiniirliigii.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitabi:

Knoll, Glenn F. Radiation Detection and Measurement. 4th ed., John Wiley & Sons, 2010.

Zorunlu Kaynaklar:

[1] Grupen, Claus. The Physics of Particle Detectors. Cambridge University Press, 2008.

[2] Perkins, Donald H. Introduction to High Energy Physics. 4th ed., Cambridge University Press,
2000.

Onerilen Kaynaklar:

[1] Leroy, Claude, and Pier-Giorgio Rancoita. Principles of Radiation Interaction in Matter and
Detection. World Scientific, 2004.

[2] Griffiths, David. Introduction to Elementary Particles. 2nd ed., Wiley-VCH, 2008.
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Bu dersi basartyla tamamlayan 6grenciler,
1. Yiikli pargaciklarin madde ile etkilesim mekanizmalarini agiklayabileceklerdir.

2. Gaz detektorlerinin ¢caligma prensiplerini kavrayabileceklerdir.

Yariiletken detektorlerin ¢aligma prensiplerini kavrayabileceklerdir.

S1vi, organik ve inorganik detektorlerin temel prensiplerini agiklayabileceklerdir.

Ders Ogrenim Ciktilar1 . Kriyogenik detektorlerin 6zelliklerini ve ¢calisma mekanizmalarini tanimlayabileceklerdir.

Enerji kaybinin matematiksel modellerini ve buna iligkin istatistiksel dalgalanmalari
yorumlayabileceklerdir.

Parcaciklarin menzil (range) kavramini ve hesaplanma yontemlerini agiklayabileceklerdir.

Elektron, pozitron ve fotonlarin madde ile etkilesimlerini analiz edebileceklerdir.

Notronlarin madde ile etkilesim mekanizmalarini agiklayabileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1

Devam/Katihm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalari

e  Detayh Degerlendirme Kriterleri: 14 %5

- Derse aktif katilim ve soru sorma
- Smif-i¢i tartigmalara ve problem ¢ézme siireclerine katki saglayabilme

‘ Laboratuvar H H

| Uygulama (Sézlii Sinav) H H

‘ Arazi Calismasi H H

Derse Ozgii Staj

1. igerik: Sinav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi

_— . 2 %10
e  Format: Yazli ya da sozIi smav (5-10 dakika)
e  Detayh Degerlendirme Kriterleri:
-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme
Odev:
e Icerik: Derste islenen temel kavramlarin elestirel bigimde
yorumlanmasini ve ilgili kavramlarin disiplin-i¢i ve disiplinlerarasi
alanlarda 6rneklerinin bulunmasini igeren ddevlerin verilmesi
2 %10

e  Format: Yazili raporlar

e  Detayh Degerlendirme Kriterleri:

- Kann kancaminin dagmindn literatiire nvonnlnk lkavrameal derinlile

Kisa Sinavlar/Stiidyo Kritigi:

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 2/16



\\Ip;[‘l.

- Konuyu analiz etme, farkli hizlandirici tiplerini karsilastirma, teoriyi
uygulamalarla iliskilendirme

-Raporun yapisi, yazim kurallaria uygunluk, gorsel/semalarin
kullanimi, kaynak gosterme.

Sunum/Jiiri:
e icerik: Ogrencilerin kendi 6grenme siireclerini degerlendirmelerinin ve
sunumlar1 yapmalarinin istenmesi

e  Format: Bireysel sunumlar

1 %15
e Detayh Degerlendirme Kriterleri:
-Ogrenilen konularm dogru bir sekilde aciklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi
| Proje: | | |
| Seminer/Workshop H H ‘
Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularm tiimiinii kapsayan
pargacik  hizlandiricilarinin -~ temel ~ parametreleri,  hizlandirma
elektrodinamigi, hizlandiricn tipleri ve uygulamalarina yonelik kavramsal
ve problem ¢6zme sorulari.
e  Format: Yazili Smav (60 dakika)
1 %2
e  Detayh Degerlendirme Kriterleri: %20
-Tiim ders kapsamindaki temel tanim, kavram ve ilkeleri hatirlama.
-Kavramlar arast iligki kurma, hizlandiricilarin
avantajlarini/dezavantajlarim1  analiz  etme, teoriyi uygulamalarla
bagdastirma.
-Matematiksel modelleme ve problem ¢dzme becerisi, hesaplamalarin
dogrulugu, sonuglarm fiziksel yorumlanmasi
Final:
e icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yazili Smav (90 dakika)
e Detayh Degerlendirme Kriterleri:
1 %40
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
‘ Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60 ‘
| Final Siavinin Basar1 Notuna Katkisi H %40 ‘
| TOPLAM H %100 ‘

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhk

IKonu Anlatimi: Yiikli parcaciklarin madde ile etkilesimine giris.

1. Temel parcacik tablosunun incelenmesi. Kaynak:
Griffiths, Introduction to Elementary Particles,
Bolim 1, Ek Kaynak: PDG Particle Review
(Giris bolimii).

Smmif-ici Uygulama (5 dk): Parcaciklarin elektronlar ve atom|
cekirdekleri tarafindan sagilmasinin agiklanmasi.

Siif-i¢i Tartisma (5 dk): Parcaciklarin rolii ve dneminin kavranmasi.
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Sagilma olaylarma giinlik yasamdan ornekleri
arastirilmast. Kaynak: Griffiths, Introduction to
Elementary Particles, Bolim 1, Ek Kaynak: PD
Particle Review (Giris bolimi).

hesaplamalarinin yapilmast

1. Bohr atom modeli ve enerji kayb1 kavramini
gbzden gecirilmesi. Kaynak: Leo, Techniques
IKonu Anlatimi: Bohr yaklagimi kapsaminda dE/dx denklemi, Bethe- for Nuclear and Particle Physics Experiments,
Bloch denklemi. Boliim 2, Ders Kitabi, Bolim 2, Ek Kaynak:
PDG — Passage of particles through matter.
Simif-i¢i Uygulama (5 dk): Bethe-Bloch denkleminin uygulamalarinin
lyapilmasi. 2. Bethe-Bloch  formiiliiniin  parametrelerinin
incelenmesi. Kaynak: Leo, Techniques fo
Siif-i¢i Tartisma (5 dk): Bethe-Bloch denkleminin tartigilmasi. Nuclear and Particle Physics Experiments,
Bolim 2, Ders Kitabi, Boliim 2, Ek Kaynak:
PDG — Passage of particles through matter.
1. Bragg egrisinin arastirilmasi ve medikal fizikte]
Konu Anlatimi: Kompozit malzemeler i¢in dE/dx, pargactk menzili, kullaniminin incelenmesi. Kaynak: Ders Kitabu,|
Bragg egrisi, Enerji kaybindaki istatistiksel dalgalanmalar (straggling), Bolim 2, Ek Kaynak: Leo, W.R. — Techniques
ince tabakalarda enerji birikimi,| for Nuclear and Particle Physics Experiments,|
2nd Edition, Boliim 4.
Smif-i¢ci Uygulama (5 dKk): Enerji kaybindaki 6rneklerinin ¢oziilmesi, 2. Ince tabakalarda enerji kaybi &rneklerini
. ] o gozden gecirilmesi. Kaynak: Ders Kitabi,
Smif-ici Tartisma (5 dk): Kompozit malzemeler i¢in dE/dx Boliim 2, Ek Kaynak: Leo, W.R. — Techniques
hesaplanmast. for Nuclear and Particle Physics Experiments,|
2nd Edition, Boliim 4.
Konu Anlatimi: Landau dagilimi, Elektronlar ve pozitronlar igin 1. Landau dagiliminin ozelliklerin
dE/dx. arastirilmast. Kaynak: Leo, Bolim 4, E
Kaynak: Leo, W.R. — Techniques for Nuclea
Simif-i¢i Uygulama (5 dk): Elektronlar ve pozitronlar igin dE/dx and Particle Physics Experiments, 2nd Edition,
Orneginin ¢dzlilmesi. Bolim 4.
2. Elektron ve pozitronlarin enerji  kaybi
Sinif-i¢ci Tartisma (5 dk): Landau dagiliminin agiklanmasi. farklarinmn incelenmesi. Kaynak: Leo, Bliim 4,
. ) ) Ek Kaynak: Leo, W.R. - Techniques fo
Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konular igeren bir] Nuclear and Particle Physics Experiments, 2n
kisa smavin yapilmasi. Edition, Boliim 4.
1. Fotonlarin sogrulma ve sag1lmal
Konu Anlatimi: Fotonlarin madde ile etkilesimi, mekanizmalarnmn  incelenmesi. Kaynak: Ders
Kitabi, Bolim 2, Ek Kaynak: Grupen, C.
Smmif-ici Uygulama (5 dk): Fotonlarm madde ile etkilesimi Particle Detectors, 2nd Edition.
hesaplamalarinin yapilmast. 2. X-gmlarmin malzemelerde davranisinin
- . arastirilmasi. Kaynak: Ders Kitabi, B6liim 2, Ek
Simif-i¢i Tartisma (5 dk): Fotonlarin tanitilmasi. Kaynak: Grupen, C Particle Detectors, 2n
Edition.
1. Coklu sagilma deneylerinden &rnek bulunmasi,|
Kaynak: Ders Kitabi, Boliim 2, Ek Kaynak]
IKonu Anlatimi: Pargaciklarin ¢oklu sagilmasi, Moli¢re dagilimi, delta| Leo, W.R. - Techniques for Nuclear an
i1sinlarinin tiretimi. Particle Physics Experiments, 2nd Edition,)
Boliim 5.
Sinif-i¢i Uygulama (5 dk): Moli¢re dagilimi 6rneklerinin gosterilmesi. 2. Delta isinlarinin  olusum  mekanizmasminj
incelenmesi.
Slmf-ig:i Tartlsma (5 dk): Moliére dagihmmm  6rneklerinin Kaynak: Ders Kitabi, Bolim 2, Ek Kaynak|
incelenmesi. Leo, W.R. - Techniques for Nuclear an
Particle Physics Experiments, 2nd Edition,
Bolim 5.
Konu Anlatimi: Fotoelektrik etki, tesir kesiti,
Smif-ici Uygulama (5 dk): Fotoelektrik  etki, tesir kesit 1. Fotoclektrik etki deneyi (Einstein) lizerine kisa

bir 6zetin hazirlanmasi. Kaynak: Ders Kitabi,
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Simif-i¢i Tartisma (5 dk): Tesir Kesiti hesplanmasi.

Boliim 3, Ek Kaynak: PDG — Cross sections.
Tesir kesiti taniminin arastirilmast

Kaynak: Ders Kitabi, Boliim 3, Ek Kaynak;
PDG — Cross sections.

Sinav haftasina kadar islenen konularin tiimiiniin|

8 Ara Smav tekrar edilmesi.
IKonu Anlatimi: Compton etkisi, Klein-Nishina tesir kesiti, Compton| . L. .
ity Compton etkisi deneyinin incelenmesi. Kaynak:
Griffiths, Boliim 2, Ek Kaynak: Ders Kitabi,
9 Simif-i¢i Uygulama (5 dk): Compton etkisi, Klein-Nishina érneklerinin| Bolim 2. o
verilmesi. Klein—Nishina formiiliiniin aragtirtlmasi.
Kaynak: Griffiths, Boliim 2, Ek Kaynak: Ders
Smif-i¢i Tartisma (5 dk): Uygulama alanlar tartigilmasi. Kitabi, Bolim 2.
Bremsstrahlung radyasyonunun aragtirilmasi
IKonu Anlatimi: Bremsstrahlung radyasyonu ve ¢ift {iretimi igin tesir| (tibbi uygulamalar dahil). Kaynak: Leo, W.R.
kesiti. Techniques for Nuclear and Particle Physics
. o Experiments, 2nd Edition, Bolim6, E
.Sl.l‘llf-l(;l Uygul?lma (5 dk): Br.emsstrahluung radygsyonu ve glft 1...1ret1m.1 Kaynak: PDG — Bremsstrahlung and pai
10 icin tesir kesiti orneklerinin ¢Oziilmesi, production.
Smif-ici Tartisma (5 dk): Bremsstrahlung  radyasyonunun| Cift {iretimi mekanlzmasn}m incelenmesi.
srneklendirilmesi. Kaynak: Leo, W.R. — Techniques for Nu.cl.ea
and Particle Physics Experiments, 2nd Edition,|
Kisa Smav 2 (15 dk.): Ders basinda, 6grenciye verilen 6n hazirlik Bolim 6, Ek Kaynak: PDG — Bremsstrahlung]
gorevinde yer alan konular1 igeren bir kisa siavin yapilmasi. and pair production.
Konu Anlatimi: Gazli, yart iletken, sivi, organik, inorganik ve .
kriyojenik dedektorler. Farkli dedektdr tiirlerinin  smiflandirtlmas,
Kaynak: Ders Kitabi, Boliim 5-7, Ek Kaynak|
Simif-i¢i Uygulama (S dk): Farkli elemenler ile yapilan detektorlerinin PDG - Particle Detectors Knoll Bolim 4-7.
11 sinifa tanitilmasi. Yar1 iletken dedektorlerin  avantajlarini
. } o incelenmesi. Kaynak: Ders Kitab1, Bolim 5-7,
Smif-i¢ci Tartisma (5 dk): Detektorler sekillerinin farkliliklarinin| Ek Kaynak: PDG — Particle Detectors Knol]
tartigiimasi. Boliim 4-7.
Noétronlarin sogrulma ve sacilmal
mekanizmalarinin incelenmesi. Kaynak:
Konu Anlatimi: Notronlarin madde ile etkilegimi. Krane, Introductory Nuclear Physics, Bolim 9,
Ek Kaynak: PDG — Neutron interactions Knoll
12 Sinif-ici Uygulama (5 dk): Notronlarin madde ile etkilesimi ile ilgili Bolim-10.
problemlerin ¢oOziilmesi. Notronlarin radyasyon giivenligindeki
6neminin arastirilmasi. Kaynak:
Simif-i¢i Tartisma (5 dk): Notronlarin 6zeliklerinin tartigilmasi. Krane, Introductory Nuclear Physics, Bolim 9,
Ek Kaynak: PDG — Neutron interactions Knoll
Bolim-10.
IKonu Anlatimi: N6tron dedektorleri. N.(.)tron d edektorlermde kullanilan tgmel
yontemlerin incelenmesi. Kaynak: Ders Kitabi,
Simif-i¢i Uygulama (5 dk): Diinyadaki Notron dedektorlerinin Bolum 12, Ek . I?aynak: PDG — Neutron
13 anitilmast detection Knoll Bolim-10.
LHC’deki  nétron  dedektdrlerine  6rne
. . . - L bulunmasi. Kaynak: Ders Kitabi, Bolim 12, E
Slnlf-.lgl "ljartlsma (5 dk): LHC deki Notron dedektorlerin ¢alima Kaynak: PDG — Neutron detection Knoll
prensiplerinin tartigilmast. lee
Bo6liim-10.
IKonu Anlatimi: Radyasyon dedektdrlerinde sinyal olusturma, enerji ve
konum ¢oziintirligy. Dedektdrlerde  sinyal — olusum  siirecini
14 Simif-i¢i Uygulama (5 dk): Enerji ve konum ¢dziiniirliigii ile ilgili incelenmesi. Kaynak: Ders Kitabit, Bolim 8-9,

6rneklerin ¢oziilmesi.

Smif-i¢i Tartisma (5 dk): Radyasyon dedektorlerinin tanitilmasi.

Ek Kaynak: Grupen, C. — Particle Detectors,
2nd Edition, Boliim 6.
Enerji ¢Oziiniirliigiinii  etkileyen faktorleri
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aragtirilmast. Kaynak: Ders Kitabiz, Bolim 8-9,)
Ek Kaynak: Grupen, C. — Particle Detectors,
2nd Edition, Boliim 6.

Ogrenci sunumlarinin dinlenmesi.
15

Sunum  konularmin  hazirlanmasi, sunu
provasin yapilmasi.

Segilen  konular  iizerine (6r. dogrusal
hizlandiricilar, dairesel hizlandiricilar, huzme
dinamigi, sinkrotron 1smimi, Tirkiye’deki
hizlandirict  tesisleri, tipta ve endiistride]
uygulamalar) sunum slaytlarinin hazirlanmasi
ve tamamlanmasi.

Sunumlarin gerekli siire ve yapiya uygunlugunu
saglamak icin prova yapilmasi.

Secilen konuyla ilgili ders kitab1 ve Onerilen|
kaynaklarinin gézden gegirilmesi.

16 [Final

Islenen konularin tiimiiniin tekrar edilmesi.

Etkinlikler

AKTS iSYUKU TABLOSU

Siiresi (Saat)

Toplam Isyiikii

Ders Saati

42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Siavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smav
Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav Hazirhk
Siiresi)

Toplam I yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Particle Matter Interaction

CODE

FIZ1113

LOCAL CREDIT

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

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Salim CERCI

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to understand the interaction of charged particles with matter and to
provide a fundamental framework covering various aspects of these interactions. The
course includes the interaction of particles with electrons and atomic nuclei, modeling their
energy loss, and the use of various detectors. Students will learn the basic equations used to
understand the interaction of particles with matter, explore detector technologies, and carry
out simulations of radiation detectors. These topics are intended to provide essential
knowledge for particle physicists, nuclear physicists, and other researchers interested in the
design and use of radiation detectors.

COURSE CONTENT

Interactions of charged particles with matter; scattering by electrons and atomic nuclei;
dE/dx equation in the Bohr approximation; Bethe-Bloch equation; energy loss in composite
materials; particle range; Bragg curve; statistical fluctuations in energy loss; straggling;
energy deposition in thin layers; Landau distribution; interactions with electrons, positrons,
and photons; photoelectric effect; Compton effect; Bremsstrahlung; pair production;
interactions with neutrons; gaseous detectors; semiconductor detectors; liquid, organic,
inorganic, and cryogenic detectors; signal formation processes in radiation detectors;
energy and position resolution.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Knoll, Glenn F. Radiation Detection and Measurement. 4th ed., John Wiley & Sons, 2010.
Required Readings:

[1] Grupen, Claus. The Physics of Particle Detectors. Cambridge University Press, 2008.
[2] Perkins, Donald H. Introduction to High Energy Physics. 4th ed., Cambridge University
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Press, 2000.

Recommended Readings:

[1] Leroy, Claude, and Pier-Giorgio Rancoita. Principles of Radiation Interaction in Matter
and Detection. World Scientific, 2004.

[2] Griffiths, David. Introduction to Elementary Particles. 2nd ed., Wiley-VCH, 2008.

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

1.  Explain the interaction mechanisms of charged particles with matter.
2. Understand the working principles of gaseous detectors.

Understand the working principles of semiconductor detectors.

Explain the fundamental principles of liquid, organic, and inorganic detectors.
Course Learning Outcomes
Identify the characteristics and working mechanisms of cryogenic detectors.
Interpret mathematical models of energy loss and related statistical fluctuations.
Explain the concept of particle range and methods of its determination.

Analyze the interactions of electrons, positrons, and photons with matter.

Explain the interaction mechanisms of neutrons with matter.

EVALUATION SYSTEM

Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.

e  Detailed Assessment Criteria:

14 %5
-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes
‘ Laboratory H H ‘
‘ Application (Oral Examination) H H ‘
‘ Field Work H H ‘
‘ Special Course Internship (Work Placement) H H ‘
Quizzes/Studio Critics:
2. Content: Comprehensive questions covering all topics addressed up to
the exam week
e  Format: Written or Oral Exam(5-10 minutes) 2 %10
e Detailed Assessment Criteria:
-Ability to solve problems related to the theoretical topics covered in
the course
Homework Assignments:
e  Content: Weekly assignments requiring critical analysis of fundamental
concepts covered in class and identification of examples of these
concepts within both intra-disciplinary and interdisciplinary contexts
2 %10
e  Format: Written reports
e Detailed Assessment Criteria:
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- Accuracy of the subject coverage, compliance with the literature,
conceptual depth

- Ability to analyze the subject, compare different types of accelerators,
and relate theory to applications

- Structure of the report, adherence to writing conventions, use of
visuals/diagrams, proper citation of references

Presentations/Jury:
e Content: Students will be asked to evaluate their own learning
processes and deliver group presentations

Format: Individual presentations
Detailed Assessment Criteria:

-Ability to accurately explain the topics learned
-Proper use of presentation techniques

‘ Project:

‘ Seminar/Workshop

e Content: Conceptual and problem-solving questions covering all topics
studied up to the exam week, including the fundamental parameters of
particle accelerators, acceleration electrodynamics, accelerator types,
and their applications.

Format: written exam. (60 minutes).

Detailed Assessment Criteria:

- Recall of the fundamental definitions, concepts, and principles

covered in the entire course.
- Establishing relationships between concepts, analyzing the advantages
and disadvantages of accelerators, and connecting theory with
applications.
- Skills in mathematical modeling and problem solving, accuracy of
calculations, and physical interpretation of results.

course
Format: written exam. (90 minutes).
Detailed Assessment Criteria:

-Demonstration of a thorough understanding of all topics
covered in the course

-Ability to apply advanced problem-solving skills

Percentage of In-Term Studies H %60

Midterms:

Content: Comprehensive questions covering the entire content of the

Percentage of Final Examination H %40

TOTAL %100

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation

Lecture Topic: Introduction to interactions of charged
particles with matter

1. Examination of the fundamental particle table.
In-class Activity (5 min): Explanation of particle Source: Griffiths, Introduction to Elementary Particles,
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scattering by electrons and atomic nuclei

In-class Discussion (5 min): Understanding the role and|
importance of particles

Chapter 1
Additional Source: PDG Particle Review (Introduction
section).

2. Research on examples of scattering events from daily

life.
Source: Griffiths, Introduction to Elementary Particles,
Chapter 1

Additional Source: PDG Particle Review (Introduction
section).

Lecture Topic: The dE/dx equation within the Bohr
approach, Bethe—Bloch equation

In-class Activity (5 min): Applications of the Bethe—
Bloch equation

In-class Discussion (5 min): Discussion of the Bethe—
Bloch equation

1.

Review of the Bohr atomic model and the concept of

energy loss.
Source: Leo, Techniques for Nuclear and Particle
Physics Experiments, Chapter 2
Textbook, Chapter 2

Additional Source: PDG — Passage of Particles
Through Matter.

2. Examination of the parameters of the Bethe-Bloch

formula.

Source: Leo, Techniques for Nuclear and Particle
Physics Experiments, Chapter 2
Textbook, Chapter 2

Additional Source: PDG — Passage of Particles
Through Matter.

In-class Activity (5 min): Performing calculations of
photon interactions with matter

Lecture Topic: dE/dx for composite materials, particle 1. Investigation of the Bragg curve and its applications in
B istical fl ions i 1 . .
range, Bragg curve, statlch.a .uctu.atlons n energy loss medical physics. Source: Textbook, Chapter 2.
(straggling), energy deposition in thin layers
Additional Source: Leo, W.R. — Techniques for Nuclear
In-class Activity (5 min): Solving examples of energy and Particle Physics Experiments, 2nd Edition, Chapter
loss
4.
In-class Discussion (5 min): Calculation of dE/dx for 2. Review of energy loss examples in thin layers. Source:
composite materials Textbook, Chapter 2. Additional Source: Leo, W.R. —
Techniques for Nuclear and Particle Physics
Experiments, 2nd Edition, Chapter 4.
Lecture Topic: Landau distribution, dE/dx for electrons 1. Investigation of the properties of the Landau
and positrons distribution. Source: Leo, Chapter 4. Additional Source:
In-class Activity (5 min): Solving an example of dE/dx Leo, W.R. — Techniques for Nuclear and Particle
for electrons and positrons Physics Experiments, 2nd Edition, Chapter 4.
. . . . 2. Examination of the differences in energy loss between
In-class Discussion (5 min): Explanation of the Landau
distribution electrons and positrons. Source: Leo, Chapter 4.
Additional Source: Leo, W.R. — Techniques for Nuclear
Shp rt Qu{z 1ds m!n): At the end of the class, a short and Particle Physics Experiments, 2nd Edition, Chapter
quiz covering the topics discussed
4.
Lecture Topic: Interaction of photons with matter
1. Examination of the absorption and scattering

mechanisms of photons. Source: Textbook, Chapter 2.

Additional Source: Grupen, C. — Particle Detectors, 2nd
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In-class Discussion (5 min): Introduction to photons

Edition.

Investigation of the behavior of X-rays in materials.
Source: Textbook, Chapter 2. Additional Source:
Grupen, C. — Particle Detectors, 2nd Edition.

Lecture Topic: Multiple scattering of particles, Moliere
distribution, production of delta rays

In-class Activity (5 min): Demonstration of examples
of the Moliére distribution

In-class Discussion (5 min): Examination of examples
of the Moliére distribution

Find examples of multiple scattering experiments.
Source: Knoll, G.F. — Radiation Detection and
Measurement, 4th Edition, Chapter 2. Additional
Source: Leo, W.R. — Techniques for Nuclear and
Particle Physics Experiments, 2nd Edition, Chapter 5.

Examine the production mechanism of delta rays.
Source: Knoll, G.F. — Radiation Detection and
Measurement, 4th Edition, Chapter 2. Additional
Source: Leo, W.R. — Techniques for Nuclear and
Particle Physics Experiments, 2nd Edition, Chapter 5.

Lecture Topic: Photoelectric effect, cross section

In-class Activity (5 min): Performing calculations of
the photoelectric effect and cross section

In-class Discussion (5 min): Calculation of the cross
section

Prepare a short summary of the photoelectric effect
experiment (Einstein). Source: Knoll, G.F. — Radiation
Detection and Measurement, 4th Edition, Chapter 3.
Additional Source: PDG — Cross Sections.

Study the definition of cross section. Source: Knoll, G.F.
— Radiation Detection and Measurement, 4th Edition,

Chapter 3. Additional Source: PDG — Cross Sections.

8 Midterm

Review of all topics covered up to the exam week.

Lecture Topic: Compton effect, Klein—Nishina cross
section, Compton edge

In-class Activity (5 min): Presentation of examples of
the Compton effect and Klein—Nishina formula

In-class Discussion (5 min): Discussion of application
areas

Examination of the Compton effect experiment. Source:
Griffiths, Chapter 2. Additional Source: Textbook,
Chapter 2.
Investigation of the Klein—Nishina formula. Source:
Griffiths, Chapter 2. Additional Source: Textbook,
Chapter 2.

Lecture Topic: Bremsstrahlung radiation and cross
section for pair production

In-class Activity (5 min): Solving examples of cross
sections for Bremsstrahlung radiation and pair
[production

10 In-class Discussion (5 min): Illustration of

Bremsstrahlung radiation

Short Quiz 2 (15 min): At the beginning of the class, a
short quiz covering the preparatory topics assigned to

Investigation of bremsstrahlung radiation (including
medical applications). Source: Leo, W.R. — Techniques
for Nuclear and Particle Physics Experiments, 2nd
Edition, Chapter 6. Additional Source: PDG -
Bremsstrahlung and Pair Production.

Examination of the pair production mechanism. Source:
Leo, W.R. — Techniques for Nuclear and Particle
Physics Experiments, 2nd Edition, Chapter 6. Additional
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students

Source: PDG — Bremsstrahlung and Pair Production.

11

Lecture Topic: Gaseous, semiconductor, liquid,
organic, inorganic, and cryogenic detectors

In-class Activity (5 min): Introduction of detectors
made with different elements to the class

In-class Discussion (5 min): Discussion on the
differences in detector shapes

Classification of different types of detectors. Source:
Textbook, Chapters 5-7. Additional Source: PDG —
Particle Detectors, Knoll, Chapters 4—7.

Examination of the advantages of semiconductor
detectors. Source: Textbook, Chapters 5—7. Additional
Source: PDG — Particle Detectors, Knoll, Chapters 4-7.

12

Lecture Topic: Interaction of neutrons with matter

In-class Activity (5 min): Solving problems related to
neutron interactions with matter

In-class Discussion (5 min): Discussion of the
properties of neutrons

Examination of the absorption and scattering
mechanisms of neutrons. Source: Krane, Introductory
Nuclear Physics, Chapter 9. Additional Source: PDG —
Neutron Interactions, Knoll, Chapter 10.

Investigation of the importance of neutrons in radiation
safety. Source: Krane, Introductory Nuclear Physics,
Chapter 9. Additional Source: PDG - Neutron
Interactions, Knoll, Chapter 10.

13

Lecture Topic: Neutron detectors

In-class Activity (5 min): Introduction to neutron
detectors around the world

In-class Discussion (5 min): Discussion of the working
principles of neutron detectors at the LHC

Examination of the basic methods used in neutron
detectors. Source: Textbook, Chapter 12. Additional
Source: PDG — Neutron Detection, Knoll, Chapter 10.
Finding examples of neutron detectors at the LHC.
Source: Textbook, Chapter 12. Additional Source: PDG
— Neutron Detection, Knoll, Chapter 10.

14

Lecture Topic: Signal generation in radiation detectors,
lenergy and position resolution

In-class Activity (5 min): Solving examples related to
lenergy and position resolution

In-class Discussion (5 min): Introduction to radiation
detectors

Examination of the signal formation process in
detectors. Source: Textbook, Chapters 8-9. Additional
Source: Grupen, C. — Particle Detectors, 2nd Edition,
Chapter 6.

Investigation of the factors affecting energy resolution.
Source: Textbook, Chapters 8-9. Additional Source:
Grupen, C. — Particle Detectors, 2nd Edition, Chapter 6.

15

Student Presentations.

Prepare presentation topics and rehearse.

Prepare and finalize presentation slides on selected
topics (e.g., linear accelerators, circular accelerators,
beam dynamics, synchrotron radiation, accelerator
facilities in Turkey, applications in medicine and
industry).

Rehearse presentations to meet the required duration and
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structure.
4. Review relevant references  (coursebook  and

recommended readings).

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities ‘ Number Duration (Hour) Total Workload
T

[ 2

Course Hours

Laboratory H H H

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) 15

Final (Examination Duration + Examination Prep. Duration) 20

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

P g-l Temel bilimler ve fizik

alaninda kapsamli bir kuramsal
bilgi altyapis1 edinerek, bu
bilgileri akademik diizeyde
analiz, yorum ve problem
¢Oziimiinde  etkin  bigimde
kullanabileceklerdir. /
Use  their  comprehensive
theoretical ~ knowledge  in
fundamental  sciences  and
physics for analysis,
interpretation, and problem-
solving at an academic-level.

1
19}
19}
1
19}
19}
I
19}
F°N

P Q-Z Uygulamal1 bilgilerini
fiziksel siireglerin
modellenmesi, deneysel tasarim
ve problem ¢dziimiinde etkili ve
amaca yonelik bicimde
kullanabileceklerdir. / Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental  design, and
problem-solving.

Pg ;-3 Kuramsal ve/veya

deneysel bilgilerini karmasik
fizik problemlerinin ¢ziimiinde
etkili bigimde kullanarak, bu
problemlere yonelik uygun
analiz ve modelleme
yontemlerini se¢ip
uygulayabileceklerdir..

/ Use their theoretical and/or
experimental knowledge
effectively in solving complex
physics problems by selecting
and  applying  appropriate
analysis and midelling methods
fo these problems.

PS ‘-4 Disiplinlerarasi bir

yaklasimla, farkli alanlarda
edinmis olduklar bilgileri
sentezleyebileceklerdir

/ Synthesise knowledge
acquired from different
disciplines through an
interdisciplinary approach.

1)
1
1
1)
1
I
1
1
1

1
I
I
I~
I~
I
19
I
1w

1
1w
1w
1w
1w
I
1
1w
1w

P C-5 Fizik biliminin temel ve
uygulamali alanlarinda
edindikleri bilgi birikimlerini
ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme
ve hesaplamali fizik

araglarini kullanma ve
geligtirme becerilerini,
kuramsal fizik, niikleer fizik,
yogun madde fizigi, yliksek
enerji  fizigi, nanoteknoloji,
yenilenebilir/alternatif ~ enerji
teknolojileri,

1
19}
19}
1
I
19}
19}
19}
19}
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ileri malzeme tasarimi, niikleer

teknoloji ve kuantum
teknolojileri gibi disiplin-i¢i ve
disiplinlerarast uzmanlik
alanlarinda

gelistirebileceklerdir. / Advance
their acquired knowledge in the
fundamental and applied fields
of physics and their skills in
theoretical ajalysis,
experimental application’
numerical modelling and using
and developing computational
physics tools in both

disciplinary and
interdisciplinary ~ areas  of
specialisation such as
theoretical ~ phycis, nucleart
physics, condensed  matter
physics, high energy physics,
nanotechnology,
renewable/alternative  energy
technologies, advanced
materials design, nuclear
technology, and  quantum
technologies.

PQ-6 Fizik alaninda yaygin

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri ¢6zmek, veri
analizi yapmak ve
simiilasyonlar ger¢eklestirmek
i¢in 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.

I~

I

I

I~

I~

F°N

F°N
F°N

IS

PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek kisisel ve
mesleki gelisim hedeflerini
belirleyebilecekler ve bu
hedeflere ulagsmak igin hayat
boyu 6grenme

stratejilerini
kullanabileceklerdir.

/ Follow scientific  and
technological developments in
mathematics and related fields,

assess career opportunities,
identify personal and
professional development

goals, and adopt lifelong
learning strategies to achieve
these goals.

1

I

1

1w

1

1

1
1

1

PC-8 Bilimsel
aragtirmalarimi~ ve  mesleki
faaliyetlerini yiiriitiirken

dogabilecek hukuksal sonuglart
ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
kalite standartlar1 ile evrensel
degerler  dogrultusunda  ve

1w

[98]

|98]

1w

193]

19

19
19

[98)
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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.

P g-9 Bireysel olarak ya da

takimlarda  etkin  bigimde

calisabileceklerdir. /  Work § § § § § § § § §
effectively both independently

and as part of a team.

PS ‘-10 Fizik alaninda

gilivenilir  bilgi kaynaklarina

ulagarak  literatiir  taramasi

yapabilecek  ve  akademik

arastirma tasarlayip

yiiriitebileceklerdir. § § § § § 5 5 5 §
/ Access reliable sources of

information, conduct literature

reviews, and design and carry

out academic research in the

field of physics.

PC-11 ileri diizey fizik

konularini, teorileri,

aragtrmalart  ve  problem

¢Oztimlerini, fizik terminolojisi

kullanarak Tiirkge ve

Ingilizcede tiim  paydaslara

s0zlii ve yazili olarak

ktarabileceklerdir.

aktarabileceklerd ﬂ ﬂ ﬂ ﬂ i ﬂ ﬂ ﬂ ﬂ

/  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.

P_C_—12 Laboratuvar

¢aligmalarinda, bilimsel veri
toplayarak teknik ve/veya
bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari
yorumlayabileceklerdir.

/ Collect scientific data during
laboratory =~ work,  prepare
technical and/or  scientific
reports and interpret existing
reports.

1w

19

19

1w

|98]

19

19
19

19
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