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DERSIN AMACI

Bu dersin amaci, 6grencilerin niikleer ve yiiksek enerji fizigi deneylerinde kullanilan modern dedektor
sistemlerini kapsamli bir sekilde anlamalarini ve uygulayabilmelerini saglamaktir. Ders, 6grencilerin
dedektorlerin tarihgesini, temel fiziksel etkilesimleri ve dedektor tiplerini tanimlamalarini; tasarim ve
calisma prensiplerini agiklamalarini; 6lglim ve veri toplama yontemlerini uygulamalarini ve elde
edilen verileri analiz ederek yorumlayabilmelerini amaglamaktadir. Ayrica ders, 6grencilerin dedektor
sistemlerinin deneysel arastirmalardaki rollerini degerlendirmelerini, biiyiik olgekli sistemlerin
¢aligma prensiplerini kavramalarin1 ve gelecekteki dedektor teknolojileri ile ilgili yaratict ¢oziimler
onerebilme yetkinligi kazanmalarini hedeflemektedir.

DERSIN iCERIGI

Pargaciklarin ve radyasyonun madde ile etkilesimleri; yiik tasiyicilarinin elektrik ve manyetik
alanlarda hareketi; hareketli yiiklerle sinyal olusumu; gaz ve kati dedektorlerin ¢alisma prensipleri;
cok katmanli detektdr sistemleri ve bunlarin uygulamalari.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitaplari:

[1] Grupen, C. ve Shwartz, B. Particle Detectors. 2nd Ed., Cambridge University Press, ISBN-13:
978-0-521-84006-4.

[2] Fernow, Richard. Introduction to Experimental Particle Physics. ISBN: 9780521379403.
Zorunlu Kaynaklar:

[1] Leo, William R. Techniques for Nuclear and Particle Physics Experiments. ISBN:
9783540572800.

[2] Zuber, Kai. Neutrino Physics. ISBN: 9780367093225.

Onerilen Kaynaklar:

[1] Kolanoski, Hermann ve Wermes, Norbert. Particle Detectors: Fundamentals and Applications.
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Ders Ogrenim Ciktilari

1st Edition, Oxford University Press, ISBN-13: 978-0198858362.

[2] Perkins, Donald H. Introduction to High Energy Physics. ISBN: 9780521621960.

[3] Knoll, Glenn F. Radiation Detection and Measurement. ISBN: 9780470131480.

[4] Lutz, Gerhard. Semiconductor Radiation Detectors. ISBN: 9783540766834.

[5] Lee, T.D. Particle Physics and Introduction to Field Theory. ISBN: 9783718600229.

[6] Friedman, Jerome H. Data Analysis Techniques for High-Energy Physics. SLAC, Stanford
University.

[7] Tavernier, Stefaan. Experimental Techniques in Nuclear and Particle Physics. ISBN:
9783642420191.

[8] Green, Dan. The Physics of Particle Detectors. ISBN: 9780521519168.

Bu dersi basartyla tamamlayan 6grenciler,
1. Niikleer ve yiiksek enertji fiziginde kullanilan gesitli dedektor tiplerini agiklayabileceklerdir.

2. Verimlilik, ¢6ziiniirliik, hassasiyet gibi dedektor tepkileri ve performans olgiimleri gibi
kavramlari agiklayabileceklerdir.

Belirli bir deneysel gereksinime gore uyarlanmig bir dedektor sistemi tasarlayabileceklerdir.
Dedektor ¢iktist i¢in veri analizi siireglerini uygulayabileceklerdir.

Dedektor sistemlerindeki yeni teknolojileri ve bunlarin potansiyel uygulamalarini ifade
edebileceklerdir.

Dedektor tasarimlarini ve deneysel sonuglari bilimsel bir formatta sunabileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1
Devam/Katilim:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalari
e  Detayh Degerlendirme Kriterleri: 14 %5
- Derse aktif katilim ve soru sorma
- Sinif-i¢i tartigmalara ve problem ¢ézme siireclerine katki saglayabilme
‘ Laboratuvar: H H ‘
‘ Uygulama (So6zlii Sinav): H H ‘
‘ Arazi Caliymasi: H H ‘
‘ Derse Ozgii Staj: H H ‘
Kisa Sinavlar/Stiidyo Kritigi:
e Igerik: Sinav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast
e  Format: Yiiz yiize. Coktan segmeli kisa sinav (5-10 dakika) 6 0620
e Detayh Degerlendirme Kriterleri:
-Derste iglenen teorik konular ile ilgili problemleri ¢6zebilme
Odev: H H
Sunum/Jiiri:
e icerik: Ogrencilerin kendi 6grenme siireclerini degerlendirmelerinin ve
grup sunumlari yapmalarinin istenmesi 1 %15
e  Format: Grup sunumlari
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e Detayh Degerlendirme Kriterleri:
-Ogrenilen konularin dogru bir sekilde aciklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi
‘ Proje: H H

‘ Seminer/Workshop:

Ara Sinavlar:
e icerik: Smav haftasina kadar islenen konularm tiimiinii kapsayan
kapsamli sorular
e Format: Yiiz yiize. Yazili Sinav (90 dakika)
1 %20
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitilmesi
Final:
e lcerik: Dersin tiim igerigini kapsayan kapsamli sorular
e Format: Yiiz ylize. Yazili Smav (90 dakika)
e Detayh Degerlendirme Kriterleri: 1 %40
-Derste iglenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
‘ Dénem f¢i Cahismalarin Basari Notuna Katkist H %60
‘ Final Sinavimin Basari Notuna Katkisi H %40
TOPLAM %100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR |[KONULAR On Hazirhik
1. 1lgili internet sitelerinin  incelenmesi.
Konu Anlatinn: Dedektor Sistemlerine Giris: * Niikleer ve yiiksek enerji Kaynak:
fiziginde dedektorlerin tarihi « Modern dedektor teknolojilerine genel bakis https://tarla-fel.org/
1 » Temel deneyler ve dedektor sistemleri. https://home.cern/
https://www.fnal.gov/
Simf-i¢i Tartisma (15 dk.): Deney merkezleri. https://www.gsi.de/en/researchaccelerators
Konu Anlatini: Radyasyonun Madde ile Etkilesimi: Yiiklii par¢aciklarin
etkilesimleri, Fotonlarin etkilesimleri, Hadronlarin giiglii etkilesimleri.
.. . - e 1. lgili kisimlarin okunmasi. Kaynak: Ders|
2 Simif-i¢i Uygulama (15 dk.): Gazlarda Siiriiklenme ve Difiizyon. Kitabi 1, Boliim 1.
Siif-ici Tartisma (5 dk.): Temel etkilesim mekanizmalari
Kisa Sinav 1: Radyasyonun Madde ile Etkilesimi.
Konu Anlatimi: Dedektorlerin karakteristik 6zellikleri: Coziiniirlikkler ve
temel istatistikler, Karakteristik zamanlar, Olii zaman diizeltmeleri,
Rastgele tesadiifler, Verimlilikler.
3 1. llgili kisimlarm okunmasi. Kaynak: Ders|
Simif-i¢ci Uygulama (15 dk.): Radyasyon 6l¢iim birimleri ve radyasyon Kitab1 1, Bolim 2 ve Boliim 3.
kaynaklari.
Simif-i¢i Tartisma (15 dk.): Hizlandiricilar.
Konu Anlatimi: Pargacik algilamada kullanilan baslica fiziksel olaylar ve
temel sayag t{plerl: Iyonizasyon s'ay'a(;larl, S1v1 iyonizasyon ({edektorlerl, 1. flgili kismlarm okunmasi. Kaynak: Ders
4 IKat1 hal iyonizasyon sayaclari, Sintilasyon sayagclari, Fotogogalticilar ve

fotodiyotlar, Cerenkov sayaglar1, Gegis radyasyon dedektorleri (TRD)).

Kitab1 1, Boliim 5.
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Simif-ici Uygulama (15 dk.): Transimpedans amplifikatorleri.

Smif-i¢ci Tartisma (5 dk.): Belirli bir dedektor tipinin yalnizca bir tiir
6l¢lim yapmas1 gerekmez.

Kisa Sinav 2: Parcacik algilamada kullanilan baslica fiziksel olaylar.

Konu Anlatim: Tarihsel iz dedektorleri: Bulut odalari, Kabarcik odalari,
IAkis odalari, Neon flag tiip odasi, Kivileim odalari, Niikleer emiilsiyonlar,
Gimiis halojeniir  kristalleri, X-i1sm1  filmleri, Termoliiminesans
dedektorleri, Radyofotoliiminesans dedektorleri, Plastik dedektorleri.

Simif-i¢i Uygulama (5 dk.): Alkol buharinda alfa parcacigi gozlemi.

flgili kisimlarin okunmasi. Kaynak: Ders|
Kitabi 1, Boliim 6.

Konu Anlatimn: iz dedektorleri: Cok telli orantili odalar, Diizlemsel
siiriiklenme odalari, Silindirik telli odalar, Silindirik orantili ve siiriiklenme
odalar1, Jet siiriklenme odalari, Zaman projeksiyon odalari (TPC'ler),
IMikro desen gaz dedektorleri, Yar iletken iz dedektorleri, Parildayan fiber
izleyiciler.

Smif-ici Uygulama (5 dk.): Siiriiklenen elektronlarin  Larmor
iyarigaplarinin uzaysal ¢oziliniirliigiin olduke¢a altinda tutulmasi igin gerekli
B alan1 hesaplanmasi.

Sinif-i¢i Tartisma (5 dk.): Parcacik yoriingelerinin belirlemenin 6nemi.

Kisa Sinav 3: Orantisal sayici.

flgili kisimlarin okunmasi. Kaynak: Ders|
Kitabi 1, Boliim 7.

Konu Anlatimi: Kalorimetri: Elektromanyetik kalorimetreler, Elektron-
foton kaskadlar;i, Homojen kalorimetreler, Ornekleme kalorimetreleri,
Hadron kalorimetreleri, Kalorimetrelerin kalibrasyonu ve izlenmesi,
Kriyojenik kalorimetreler.

Sinif-i¢ci Uygulama (5 dk.): Enerji ¢oziiniirliigli hesaplamalari.

Smif-ici Tartisma (5 dk.): Modern yiiksek enerjili sistemlerde pargacik
enerjisi 6l¢iim yontemleri.

ilgili kistmlarin okunmasi. Kaynak: Ders
Kitabi 1, Boliim 8.

IAra Simav

Smav haftasina kadar islenen konularin
tiimiiniin tekrar edilmesi.

Konu Anlatimi: Pargacik tanimlama: Yikli pargacik tanimlama, Ugus
siiresi  sayaglar;, Iyonizasyon kayiplariyla tanimlama, Cerenkov
radyasyonu kullanilarak tanimlama, Gegis radyasyonu dedektorleri,
Kalorimetrelerle pargacik tanimlama, N6tron tespiti.

Sinif-i¢ci Uygulama (5 dk.): Pionlarin Cerenkov agilari.

Siif-ici Tartisma (5 dk.): Kanisik parcacik demetinde enerji kaybi
Gl¢timleri.

Kisa Sinav 4: Havadaki goreli pargaciklarin Cerenkov agisi.

flgili kisimlarin okunmasi. Kaynak: Ders|
Kitab1 1, B6liim 9.

10

Konu Anlatimi: Notrino dedektorleri: Notrino kaynaklari, Notrino
reaksiyonlari, Notrino tespiti hakkinda bazi tarihsel agiklamalar, Notrino
dedektorleri.

Simf-i¢i Uygulama (5 dk.): Diinya'ya kag tane giines notrinosu ulagir?

Sinif-i¢i Tartisma (5 dk.): Neredeyse hi¢ etkilesmeyen bir pargacik nasil
Olciiliir.

flgili kisimlarin okunmasi. Kaynak: Ders|
Kitab1 1, Boliim 10.

11

Konu Anlattimi: Momentum &l¢iimii ve miion tespiti: Sabit hedefli
deneyler igin manyetik spektrometreler, Ozel uygulamalar i¢in manyetik
spektrometreler.

Smmf-i¢i Uygulama (5 dk.): Kat1 demir i¢inde miionlarin enerji kaybi.

Sinif-i¢ci Tartisma (5 dk.): Parcacik fiziginde miion tespitinin dnemi.

Kisa Smav 5: miion momentum Sl¢iimii.

flgili kisimlarm okunmasi. Kaynak: Ders
Kitab1 1, Boliim 11.

12

Konu Anlatimi: Yaglanma ve radyasyon etkileri: Gaz dedektdrlerinde
yaslanma etkileri, Sintilatérlerin radyasyon sertligi, Cerenkov sayaglarmnin
radyasyon sertligi, Silisyum dedektorlerinin radyasyon sertligi.

Simif-i¢i Uygulama (5 dk.): Isinlama sonucu olusan kusurlar.

Ilgili kisimlarin okunmasi. Kaynak: Ders
Kitab1 1, Boliim 12.
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Simif-i¢i Tartisma (5 dk.): Radyasyondan korunma.
Konu Anlatimi: Dedektor Elektronik: Ornek sistemler, Algilama sinirlari,
Sensor sinyalinin edinilmesi, Sinyal entegrasyonu, Sinyal isleme,
Elektronik giiriiltii, Termal (Johnson) giirliltii, Atig giiriiltiisii, Sinyal-
giirtiltii oran1 ve sensor kapasitansi, Darbe sekillendirme, Bir dedektor ve
6n uc¢ amplifikatoriiniin giiriiltii analizi, Zamanlama Ol¢iimleri, Dijital
elektronik, Mantik elemanlari, Yayilma gecikmeleri ve gii¢ dagilimi,
Mantik dizileri, Analogdan dijitale doniistiirme, Zamandan dijitale S )
13 doniistiiriiciiler (TDC'ler), Sinyal iletimi, Girisim ve alma, Alma 1. llgili lisimlarin okunmast. Kaynak: Ders
. . . : Kitab1 1, Boliim 14.
imekanizmalari, Coziim teknikleri.
Simif-ici Uygulama (5 dk.): Sinyal sekli 6lgiimleri.
Sinif-i¢ci Tartisma (5 dk.): Sinyal analizinin 6nemi.
Kisa Sinav 6: sayisal elektronik.
Konu Anlatimi: Veri analizi: Ham dedektér verilerinin yeniden
olusturulmasi, Analiz zorluklari, Analiz yapi taslari, Analiz bilesenleri,
Eylem halinde analiz
" bDelziek)tor Simiilasyonu: < Monte Carlo simiilasyonlar1 (GEANT4 genel 1. flgili kisimlarm okunmasi. Kaynak: Ders
axisy. Kitabi 1, Bliim 15.
Simif-i¢i Uygulama (5 dk.): Bir degiskenin iistel olasilik yogunlugu.
Sinif-i¢i Tartisma (5 dk.): Monte Carlo simiilasyon kodlari.
Konu Anlatimi: Biiyiik Olgekli Dedektdr Sistemleri: + CERN'in LHC
dedektorleri (ATLAS, CMS, ALICE, LHCb) ¢ Nétrino ve karanlik madde
deneylerindeki  dedektorlerGelecekteki Trendler ve Ortaya Cikan 1. lgili internet sitesinin incelenmesi. Kaynak:
15 Teknolojiler: « Gelecekteki carpistirict projeleri ve dedektor tasarimlart ¢ https://home.cern/science/experiments
IDedektor gelistirmede kuantum sensorleri ve yapay zeka.
Simif-ici Tartisma (45 dk.): Ogrenci Sunumlar1.
16 Final Islenen konularm tiimiiniin tekrar edilmesi.
AKTS iSYUKU TABLOSU
Etkinlikler Say1 Siiresi (Saat) Toplam Isyiikii
Ders Saati H 14 H 3 H 42
Laboratuar H H H
Uygulama H H H
Arazi Calismasi H H H
Sinif Dig1 Ders Calismasi H 14 H 2 H 28
Derse Ozgii Staj H H H
Oder | | |
Kiiciik Sinavlar/Stiidyo Kritigi H 6 H 1 H 6
Projeler H H H
Sunum / Seminer H 1 H 25 H 25
Ara Smavlar (Smav Siiresi + Sinav Hazirlik Siiresi) H 1 H 25 H 25
Final (Sinav Siiresi + Sinav Hazirhik Siiresi) H 1 H 25 H 25
Toplam isyiikii : H 151
Toplam lsyiikii / 30(s) : H 5
AKTS Kredisi : 5
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Modern Detector Systems

CODE

FI1Z1119

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

Turkish, English

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

Ozgiir AKCALI

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to enable students to comprehensively understand and apply modern detector
systems used in nuclear and high-energy physics experiments. It also aims to allow students to
describe the history of detectors, the fundamental physical interactions, and the types of
detectors; explain their design and operational principles; implement measurement and data
collection methods; and analyze and interpret the resulting data. Furthermore, the course seeks
to develop students’ ability to evaluate the roles of detector systems in experimental research,
understand the operational principles of large-scale systems, and propose creative solutions for
future detector technologies.

COURSE CONTENT

Interactions of particles and radiation with matter; movement of charge carriers in electric and
magnetic fields; signal formation with moving charges; working principles of gas and solid
detectors; hermitic detector systems and their applications.

RECOMMENDED OR REQUIRED
READING

Coursebooks:

[1] Grupen, C. and Shwartz, B. Particle Detectors. 2nd Ed., Cambridge University Press,
ISBN-13: 978-0-521-84006-4.

[2] Fernow, Richard. Introduction to Experimental Particle Physics. ISBN: 9780521379403.
Required Readings:

[1] Leo, William R. Techniques for Nuclear and Particle Physics Experiments. ISBN:
9783540572800.

[2] Zuber, Kai. Neutrino Physics. ISBN: 9780367093225.

Recommended Readings:

[1] Kolanoski, Hermann and Wermes, Norbert. Particle Detectors: Fundamentals and
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Applications. 1st Edition, Oxford University Press, ISBN-13: 978-0198858362.

[2] Perkins, Donald H. Introduction to High Energy Physics. ISBN: 9780521621960.

[3] Knoll, Glenn F. Radiation Detection and Measurement. ISBN: 9780470131480.

[4] Lutz, Gerhard. Semiconductor Radiation Detectors. ISBN: 9783540766834.

[5] Lee, T.D. Particle Physics and Introduction to Field Theory. ISBN: 9783718600229.

[6] Friedman, Jerome H. Data Analysis Techniques for High-Energy Physics. SLAC, Stanford
University.

[7] Tavernier, Stefaan. Experimental Techniques in Nuclear and Particle Physics. ISBN:
9783642420191.

[8] Green, Dan. The Physics of Particle Detectors. ISBN: 9780521519168.

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

1. Explain the various types of detectors used in nuclear and high-energy physics.

2. Explain concepts such as detector responses and performance measurements,
including efficiency, resolution, and sensitivity.

Course Learning Outcomes
Design a detector system tailored to a specific experimental requirement.

Apply data analysis procedures to detector output.

Describe new technologies in detector systems and their potential applications.

Present detector designs and experimental results in a scientific format.
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:
e  Content: Comprehensive questions covering all topics addressed up to the
exam week
e  Format: Face-to-face multiple-choice quiz (5-10 minutes) 6 %20
e  Detailed Assessment Criteria:
-Ability to solve problems related to the theoretical topics covered in
the course
Homework Assignments: H H
Presentations/Jury:
e  Content: Students will be asked to evaluate their own learning processes
and deliver group presentations
. 1 15%
e  Format: Group presentations
e Detailed Assessment Criteria:
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-Ability to accurately explain the topics learned
-Proper use of presentation techniques

| Project:

| Seminar/Workshop:

Midterms:

Content: Comprehensive questions covering all topics addressed up to the
exam week

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics
-Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics

covered in the course

Percentage of In-Term Studies

[ 60%

Percentage of Final Examination H

40%

TOTAL 100%

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

EEKS |COURSE OUTLINE Related Preparation
Lecture: Introduction to Detector Systems: ¢ History of detectors in L Rewgwmg the relevant websites. Source:
- . . https://tarla-fel.org/
nuclear and high-energy physics ¢ Overview of modern detector https://home.cern/
1 technologies * Key experiments and their detector systems. https://www.fnal.gov/
In-Class Discussion (15 minutes): Experimental centers. https://www.gsi.de/en/researchaccelerators
Lecture: Interaction of Radiation with Matter: Interactions of charged
particles, Interactions of photons, Strong interactions of hadrons.
2 Quick Practice (15 minutes): Drift and diffusion in gases. 1. Reading of the relevant sections. Source:
Coursebook 1, Chapter 1.
In-Class Discussion (5 minutes): Fundamental interaction mechanisms.
Quiz 1: Interaction of Radiation with Matter.
Lecture: Gas-Based Detectors: ¢ Characteristic properties of detectors:
Resolutions and basic statistics, Characteristic times, Dead-time
corrections, Random coincidences, Efficiencies.

3 1. Reading of the relevant sections. Source:
Quick Practice (15 minutes): Units of radiation measurements and Coursebook 1, Chapter 2 and Chapter 3.
radiation sources.

In-Class Discussion (15 minutes): Accelerators.
Lecture: Mal-n ph_y3|_cal phenomena u_sed_ for particle de_tectl_on_and ba_5|c 1. Reading of the relevant sections. Source:

4 counter types: lonisation counters, lonisation detectors with liquids, Solid-

state ionisation counters, Scintillation counters, Photomultipliers and

Coursebook 1, Chapter 5.
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photodiodes, Cherenkov counters, Transition-radiation detectors (TRD).
Quick Practice (15 minutes): Tansimpedance amplifiers.

In-Class Discussion (5 minutes): A particular type of detector does not
necessarily make only one sort of measurement.

Quiz 2: Main physical phenomena used for particle detection.

Lecture: Historical track detectors: Cloud chambers, Bubble chambers,
Streamer chambers, Neon-flash-tube chamber, Spark chambers, Nuclear
emulsions, Silver-halide crystals, X-ray films, Thermoluminescence
detectors, Radiophotoluminescence detectors, Plastic detectors.

Quick Practice (5 minutes): Alpha particle observation in alcohol vapor.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 6.

Lecture: Track detectors: Multiwire proportional chambers, Planar drift
chambers, Cylindrical wire chambers, Cylindrical proportional and drift
chambers, Jet drift chambers, Time-projection chambers (TPCs),
Micropattern  gaseous detectors, Semiconductor track detectors,
Scintillating fibre trackers.

Quick Practice (5 minutes): B field is calculation to keep the Larmor
radii of the drifting electrons well below the spatial resolution.

In-Class Discussion (5 minutes): The importance of determining particle
trajectories.

Quiz 3: proportional counter.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 7.

Lecture: Calorimetry: Electromagnetic calorimeters, Electron—photon
cascades, Homogeneous calorimeters, Sampling calorimeters, Hadron
calorimeters, Calibration and monitoring of calorimeters, Cryogenic
calorimeters.

Quick Practice (5 minutes): Energy resolution calculations.

In-Class Discussion (5 minutes): Methods of particle energy
measurement in modern high energy.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 8.

Midterm Exam

Review of all topics covered up to the exam week.

Lecture: Particle identification: Charged-particle identification, Time-of-
flight counters, Identification by ionisation losses, lIdentification using
Cherenkov radiation, Transition-radiation detectors, Particle identification
with calorimeters, Neutron detection.

Quick Practice (5 minutes): Cherenkov angles of pions.

In-Class Discussion (5 minutes): Energy-loss measurements in a mixed
particle beam.

Quiz 4: The Cherenkov angle of relativistic particles in air.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 9.

10

Lecture: Neutrino detectors: Neutrino sources, Neutrino reactions, Some
historical remarks on neutrino detection, Neutrino detectors.

Quick Practice (5 minutes): How many solar neutrinos arrive at Earth?

In-Class Discussion (5 minutes): How to measure a particle that hardly
interacts.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 10.

11

Lecture: Momentum measurement and muon detection: Magnetic
spectrometers for fixed-target experiments , Magnetic spectrometers for
special applications.

Quick Practice (5 minutes): Energy loss of muons in a solid-iron.

In-Class Discussion (5 minutes): Importantance muon detection in
particle physics.

Quiz 5: Momentum measurement of muon.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 11.

12

Lecture: Ageing and radiation effects: Ageing effects in gaseous detectors,
Radiation hardness of scintillators, Radiation hardness of Cherenkov

counters, Radiation hardness of silicon detectors.

Reading of the relevant sections. Source:
Coursebook 1, Chapter 12.
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Quick Practice (5 minutes): Defects produced by irradiation.
In-Class Discussion (5 minutes): Radiation protection.
Lecture: Electronics: Example systems, Detection limits, Acquiring the
sensor signal, Signal integration, Signal processing, Electronic noise,
Thermal (Johnson) noise, Shot noise, Signal-to-noise ratio versus sensor
capacitance, Pulse shaping, Noise analysis of a detector and front-end
amplifier, Timing measurements, Digital electronics, Logic elements,
Propagation delays and power dissipation, Logic arrays, Analogue-to-
13 digital conversion, Time-to-digital converters (TDCs), Signal transmission, 1. Reading of the relevant sections. Source:
Interference and pickup, Pickup mechanisms, Remedial techniques. Coursebook 1, Chapter 14.
Quick Practice (5 minutes): Signal shape measurements.
In-Class Discussion (5 minutes): The importance of signal analysis.
Quiz 6: digital electronics.
Lecture: Data analysis: Reconstruction of raw detector data, Analysis
challenges, Analysis building blocks, Analysis components, Analysis in
action Detector Simulation: ¢ Monte Carlo simulations (GEANT4
overview). . . .
14 1. Reading of the relevant sections. Source:
Quick Practice (5 minutes): The exponential probability density of the a Coursebook 1, Chapter 15.
\variable.
In-Class Discussion (5 minutes): Monte Carlo simulation codes.
Lecture: Large-Scale Detector Systems: ¢ CERN’s LHC detectors
(ATLAS, CMS, ALICE, LHCb) - Det.ectors in neutr.1n$) and dark mgtter 1. Reviewing the relevant website. Source:
15 experiments Future Trends and Emerging Technologies: * Future collider https://home.cern/science/experiments
projects and detector designs * Quantum sensors and Al in detector. ps: ' P
In-Class Discussion (45 minutes): Student Presentations.
16 Final Review of all topics covered.
ECTS WORKLOAD TABLE
Activities Number Duration Total Workload
(Hour)
Course Hours H 14 H 3 H 42
Laboratory ‘ ‘ ‘ ‘ ‘ ‘
Application H H H
Field Work [ [ [
Study Hours Out of Class H 14 H 2 H 28
Special Course Internship (Work Placement) H H H
Homework Assignments H H H
Quizzes/Studio Critics H 6 H 1 H 6
[ H
Presentations / Seminar H 1 H 25 H 25
Mid-Terms (Examination Duration + Examination Prep. Duration) H 1 H 25 H 25
Final (Examination Duration + Examination Prep. Duration) H 1 H 25 H 25
Total Workload : H 151
Total Workload / 30(h) : | 5
ECTS Credit : 5
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

Pg-l Temel bilimler ve fizik alanindaki kuramsal bilgilerini
akademik diizeyde analiz, yorum ve problem ¢6ziimiinde
kullanabileceklerdir. / Use their comprehensive theoretical .
knowledge in fundamental sciences and physics for analysis,
interpretation, and problem-solving at an academic level.

PS ‘-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.

Pg;-3 Kuramsal vel/veya deneysel bilgilerini karmagik fizik
problemlerinin  ¢dzliimiinde 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
modelling methods for these problems.

P£2-4 Disiplinlerarast bir yaklasimla, farkli alanlarda edinmis
olduklar1  bilgileri  sentezleyebileceklerdir. /  Synthesise
knowledge acquired from different disciplines through an
interdisciplinary approach.

PS:-S Fizik biliminin temel ve uygulamali alanlarinda
edindikleri bilgi birikimlerini ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme ve hesaplamali fizik araglarini
kullanma ve gelistirme becerilerini, kuramsal fizik, niikleer fizik,
yogun madde fizigi, yiiksek enerji fizigi, nanoteknoloji,
yenilenebilir/alternatif enerji teknolojileri, ileri malzeme tasarimi,
niikleer teknoloji ve kuantum teknolojileri gibi disiplin-i¢i ve
disiplinleraras1 uzmanlik 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.

P g;-6 Fizik alaninda yaygin olarak kullanilan en az bir
programlama dili ile bilgisayar ve yapay zeka teknolojilerini,
problemleri ¢dzmek, veri analizi yapmak ve simiilasyonlar
gerceklestirmek igin etkin bi¢imde kullanabileceklerdir. / Use at . . . é . .
least one programming language and computer and artificial
intelligence Technologies widely employed in physics for
problem-solving data analysis, and simulations.

PS;-7 Fizik wve ilgili alanlardaki bilimsel ve teknolojik
geligmeleri izleyebilecek, kariyer firsatlarin1 degerlendirerek
kisisel ve mesleki gelisim hedeflerini belirleyebilecek ve bu
hedeflere ulagsmak 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.

Pg;-8 Bilimsel arastirmalarint ve mesleki faaliyetlerini
yuriitiirken dogabilecek hukuksal sonuglart ve toplumsal etkileri
dikkate alarak mesleki etik ilkeler, kalite standartlari ile evrensel
degerler dogrultusunda ve sosyal sorumluluk bilinci ve adalet - - - - é -
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
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taking into account potential legal and societal consequences of
their scientific research and professional activities.

P Q-g Bireysel olarak ya da takimlarda etkin bi¢imde
calisabileceklerdir. / Work effectively both independently and as
part of a team.

I~

I~

I~

I~

(7]

o

P g‘-lO Fizik alaninda giivenilir bilgi kaynaklarina ulasarak
literatiir taramasi yapabilecek ve akademik aragtirma tasarlayip
yiiriitebileceklerdir. / Access reliable sources of information,
conduct literature reviews, and design and carry out academic
research in the field of physics.

o1

I~

I~

Pg;-ll Fizik konularimi, teorileri, aragtirmalar1 ve problem
¢ozlimlerini, fizik terminolojisi kullanarak tiim paydaslara Tiirkge
ve Ingilizcede sozlii ve yazilh olarak etkili bicimde
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.

[98)

I~

o

Pg;-12 Laboratuvar caligsmalarinda bilimsel veri toplayarak
teknik ve/veya bilimsel raporlar hazirlayabilecek ve mevcut
raporlar1 yorumlayabileceklerdir. / Collect scientific data during
laboratory work, prepare technical and/or scientific reports and
interpret existing reports.
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