FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

B(")Li'JM / PROGRAM /
ANABILIM DALI ADI

Fizik Boliimii

DERSIN ADI

Parcacik Fiziginde Programlama

DERSIN KODU

F171117

YEREL KREDIiSi

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 Program

DERSIN KATEGORISi

Uzmanlik Alan Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Bora ISILDAK

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilere deneysel pargacik fiziginde kullanilan temel ve ileri seviye
paket programlarini tanitmak, bu programlarin kurulumu ve etkin bigimde kullanimi
konusunda uygulamali deneyim kazandirmaktir. Ayrica Ogrencilerin parcacik fiziginde
siklikla karsilasilan biiyiik veri kiimelerini yonetme, temizleme ve gorsellestirme tekniklerini
ogrenmeleri hedeflenmektedir. Modern veri analiz yontemlerini, istatistiksel modelleme ve
hata hesaplama tekniklerini ayrintili bigcimde ele almaktir.

DERSIN iCERIGI

ROOT paket programinin kullanim teknikleri; deneysel pargacik fiziginde kullanilan ROOT
yazilim paketlerinin detayli incelenmesi; ¢esitli uygulamalarla pekistirme.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar
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Ders Kitaplari:

[1] ROOT Team. ROOT Data Analysis Framework User’s Guide. CERN. Retrieved from
https://root.cern/manual, 2025.

[2] Bevington, P. R., & Robinson, D. K. Data Reduction and Error Analysis for the Physical
Sciences. McGraw-Hill, 2003.

Zorunlu Kaynaklar:

[1] Lyons, L. Data Analysis Techniques for High-Energy Physics. Cambridge University
Press, 1986.

[2] https:/numpy.org

[3] https://pandas.pydata.org

Onerilen Kaynaklar:

[1] https://matplotlib.org

[2] https://scipython.com

Bu dersi basariyla tamamlayan 6grenciler,

1. Deneysel yiiksek enerji fiziginde kullanilan temel istatistiksel kavramlar (olasilik
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dagilimlari, histogram, hata analizi vb.) aciklayabileceklerdir.

Deneysel veri analizlerinde kullanilan paket programlarini ve yontemlerini
tanimlayabileceklerdir.

ROOT yazilim paketini ¢alistirabileceklerdir.

ROOT iizerinde histogram, grafik ve fonksiyon uydurma (fit) tekniklerini
uygulayabileceklerdir.

Hata gubuklari, belirsizlikler ve sistematik etkileri hesaplayabileceklerdir.

ROOT veri yapilarindan agag (Tree) yapisini ve matematik kiitiiphanelerini
kullanarak veri isleme 6rnekleri yapabileceklerdir.

Python ile C++ arasinda PyROOT araciligtyla dinamik baglantilar kurarak
algoritmalar gelistirebileceklerdir.

Deneysel parcacik fizigi verilerinin analizi i¢in gerekli programlama ve problem
¢ozme becerilerini uygulayabileceklerdir.

Aragstirma ve gelistirme ortamlarinda kullanilan yazilim ve veri analizi altyapisini
kullanarak 6rnek projeler yiiriitebileceklerdir.

DEGERLENDIRME SiSTEMIi

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
- Sinif-i¢i tartigmalara ve problem ¢6zme siireclerine katki
saglayabilme
| Laboratuvar H H ‘
| Uygulama (So6zlii Sinav) H H ‘
‘ Arazi Caligsmasi H H ‘
Derse Ozgii Staj ‘
Kisa Sinavlar/Stiidyo Kritigi:
e  icerik: Smav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi
. 2 %10
e  Format: Yazili ya da s6zli siav (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-igi ve
disiplinlerarasi alanlarda drneklerinin bulunmasini igeren
ddevlerin verilmesi
e  Format: Yazili raporlar
e  Detayh Degerlendirme Kriterleri:
2 %10
- Teknik dogruluk ve kapsam: Veri analiz tekniklerinin,
istatistiksel kavramlarin ve ROOT komutlarinin dogru
kullanilmasi, konu kapsaminin ders igerigine uygunlugu.
- Analiz becerisi ve uygulama: Deneysel pargacik fizigi verilerinin
analizinde uygun yontemlerin se¢ilmesi, elde edilen sonuglarin
yorumlanmasi, hata analizi ve belirsizliklerin degerlendirilmesi.
- Sunum ve raporlama: Raporun/¢alismanin agik ve diizenli yapida
olmasi, yazim kurallarina uygunluk, grafik ve gorsellerin dogru
kullanimi, kaynaklarin akademik bicimde gosterilmesi.
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Sunum/Jiiri:
e icerik: Ogrencilerin kendi Ogrenme siireglerini
degerlendirmelerinin ve sunumlart yapmalarinin istenmesi

e  Format: Bireysel sunumlar
1 %15

e Detayh Degerlendirme Kriterleri:

-Ogrenilen konularin dogru bir sekilde agiklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi

[eai H |

| Seminer/Workshop H H

Ara Smavlar:
e icerik: Sinav haftasina kadar islenen konularin tiimiinii kapsayan
olasilik dagilimlari, hata analizi, histogram ve grafik olusturma,
ROOT paket programinin temel komutlari, veri gorsellestirme ve
fonksiyon uydurma (fit) teknikleri ile ilgili kavramsal ve
uygulamali sorular.

e  Format: Yazili sinav ve bilgisayar uygulamasi (60 dakika)

e Detayh Degerlendirme Kriterleri: 1 %20

- Temel kavramlarin ve ROOT komutlarinin hatirlanmasi ve dogru
kullanilmast.

- Veri analizi adimlarinin kavranmasi ve kavramlar arasi iligki
kurma.

- Histogram, grafik ve fit islemlerinin dogru uygulanmasi, elde
edilen sonuglarin yorumlanmasi.

- Problem ¢6zme becerisi, kodlama adimlarinin dogrulugu ve
sonuglarin fiziksel anlamla iliskilendirilmesi.

Final:

e lcerik: Dersin tiimiinii kapsayan kapsamli sorular; istatistiksel
kavramlar, hata analizi, histogram ve grafik olusturma, ROOT
paket programinin ileri fonksiyonlari, Tree yapilari, matematik
kiitiiphaneleri, PYROOT baglantilar1 ve uygulamali veri analizi
senaryolari.

e  Format: Yazili sinav ve bilgisayar uygulamasi (90 dakika)

Detayl Degerlendirme Kriterleri: 1 %40

- Dersin tiim konularinin derinlemesine kavranmis oldugunun
gosterilmesi. —

- ROOT paket programi ve PyROOT kullanilarak ileri diizey veri
analizi ve problem ¢6zme becerilerinin sergilenmesi.

- Elde edilen sonuglarmn bilimsel olarak dogru yorumlanmasi ve
sunulmasi.

Dénem i¢i Calismalarin Basar1 Notuna Katkis H %60

‘ Final Sinavinin Basar1 Notuna Katkisi H %40
‘ TOPLAM %100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR On Hazirhk
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Konu Anlatimi: Istatistiksel kavramlara giris (olasilik,
dagilimlar, ortalama, sapma).

Smif-i¢ci Uygulama (5 dk): Basit histogram ¢izimi.

Olasilik dagilimlarmin gézden gegirmek|
Data Analysis Techniques for High-Energ

1 Physics — L. Lyons, Bolim 1-2 3. E
Smif-ici Tartiyjma (5 dk): Veri analizinde istatistiksel Kaynak: ROOT resmi dokiimantasyonu.
kavramlarin roli.

IKonu Anlatimi: Hata analizi (rastgele ve sistematik hatalar).
Simif-i¢i Uygulama (5 dk): Olgiim sonuclarmin hata ¢ubuklari ile Olgiim hatalar1  {izerine kisa notlarm|

2 igosterilmesi. okunmasi. Kaynak: Data Reduction and

Error Analysis — P.R. Bevington, Bolim 2.
Smif-i¢ci Tartisma (5 dk): Sistematik hatalar neden kritiktir?
Konu Anlatimi: ROOT’a giris ve kurulumu.
Smif-ici Uygulama (5 dk): ROOT acilis komutlarinin| ROOTun kurulum rehberinin incelenmesi.

3 denenmesi. Kaynak: ROOT User’s Guide — CER

(cevrimigi).
Simif-i¢ci Tartisma (5 dk): ROOT neden pargacik fizigi icin|
standarttir?
Konu Anlatimi: ROOT histogram smiflar. ROOT histogram tutorial’min incelenmesi.
- i Kaynak: ROOT User’s Guide — Boliim:
4 Simif-i¢i Uygulama (5 dk): Histogram olusturma. Histogramlar.
Sinif-i¢ci Tartisma (5 dk): Histogramlar hangi bilgiyi 6zetler?
IKonu Anlatimi: Grafikler, hata ¢ubuklari, gorsellestirme.
Sil;iinf-ilcl Uygulama (5 dk): Veri noktalarinin hata ¢ubuklar ile ROOT grafik kitiiphanesi &rneklerinin

5 d ’ incelenmesi. Kaynak: ROOT User’s Guide
Smif-ici Tartisma (5 dk): Gorsellestirme bilimselligi nasil ~ Bolim: Grafikler.
destekler?

IKonu Anlatimi: Fonksiyon uydurma (fit) teknikleri.
ROOT Fit fonksiyonlarmm kullaniminin|

6 Simif-i¢i Uygulama (5 dk): Gauss fit uygulamasi. incelenmesi. Kaynak: ROOT User’s Guide

— Boliim: Fit Fonksiyonlari.
Siif-i¢i Tartisma (5 dk): Fit sonuglarinin fiziksel yorumu.
IKonu Anlatimi: ROOT Tree yapist.
ROOT Tree oOrneklerinin galistirilmasi.
- Smif-i¢i Uygulama (5 dk): Basit bir Tree olusturma. Kaynak: ROOT User’s Guide — Boliim;
Trees Aligtirmalari.
Sinif-i¢ci Tartisma (5 dk): Tree veri yapilart neden gereklidir?
3 Ara Snav 1 Smav "haftasma ].<adar. islenen konularin
tiimiiniin tekrar edilmesi
Konu Anlatimi: ROOT matematik kiitiiphaneleri. ROOT Matematik  Kiitiiphanelerinin
- e PN incelenmesi.
Simif-i¢i Uygulama (5 dk): Istatistiksel hesaplama 6rnegi. Kaynak: ROOT User’s Guide — Bliim:

? Matematik Kiitiiphaneleri
Smmif-i¢ci Tartisma (5 dk): Kiitiiphane kullanimi analiz siirecini p ’
nasil hizlandirir?

Konu Anlatimi: PyROOT’a giris.

Simif-i¢i Uygulama (5 dk): Python—ROOT entegrasyonu.

Siif-ici Tartiyma (5 dk): Python’un esnekligi analiz siirecine ne PyROOT tutorial’wnmn . incelenmesi.
10 katar? Kaynak: ROOT Python Arayiiz Rehberi.

Kisa Smav 2 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi g¢ergevesinde, ders basinda, 6grenciye verilen
6n hazirhik gorevinde yer alan konulari igeren bir kisa sinavin|

apilmasi.
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IKonu Anlatimi: PyROOT ile uygulamalar.

Simif-i¢i Uygulama (5 dk): Basit analiz algoritmasi yazma.

PyROOT
Kaynak: ROOT Python Arayiiz Rehberi.

uygulamalarinin  incelenmesi.

11
Smif-ici Tartisma (5 dk): Python—C++ etkilesimi neden
onemlidir?
Konu Anlatimi: Veri analizi 6rnek ¢alismalari. CMS veri srnekleri (OpenData)
.. - e . incelenmesi. Kaynak: CERN Open Data
1 Simif-i¢i Uygulama (5 dk): Simiilasyon verisi iizerinde analiz. Portal. (n.d.). CMS Open Data. Retrieved
Smif-ici Tartisma (5 dk): Gergek deneysel veriye gegiste from http://opendata.cern.ch
zorluklar.
Konu Anlatimi: ROOT ile ileri diizey grafikleme. ROOT grafik kilavuzunun incelenmesi.
- X s Kaynak: ROOT User’s Guide — Boliim:
13 Simif-i¢i Uygulama (5 dk): 2D/3D grafik ¢izimi. Grafikler.
Siif-i¢ci Tartisma (5 dk): Gorsellestirmede modern yontemler.
IKonu Anlatimi: Final projesi i¢in yonlendirme, giincel yazilim|
trendleri.
Segilen proje konusunun arastirilmasi.
14 Sinif-ici Uygulama (S dk): Proje konularinin belirlenmesi.
Sinif-i¢ci Tartisma (5 dk): Acik veri ile aragtirma yapilabilir mi?
Sunum konularinin hazirlanmasi ve sunum
provasinin yapilmast.
Secilen konular iizerine (6r. dogrusal
hizlandiricilar,  dairesel  hizlandiricilar,
huzme dinamigi, sinkrotron 151n1mM1,
) Tiirkiye’deki hizlandirici tesisleri, tipta ve
15 Ogrenci sunumlarinin dinlenmesi. endiistride uygulamalar) sunum slaytlarinim|
hazirlanmasi ve tamamlanmasi.
Sunumlarin  gerekli siire ve yapiya
uygunlugunu  saglamak igin  prova
yapilmasi.
Segilen konuyla ilgili ders kitab1 ve]
oOnerilen kaynaklarin gdzden gecirilmesi.
16 Final Islenen konularin tiimiiniin tekrar edilmesi.

AKTS iSYUKU TABLOSU

Etkinlikler

Toplam s yiikii

Ders Saati

42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
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Hazirhk Siiresi)

Toplam s 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

Department of Physics

TITLE OF COURSE

Programming in Particle Physics

CODE

F171117

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

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Bora ISILDAK

ASSISTANT(S)

COURSE OBJECTIVES

The aim of this course is to introduce students to the basic and advanced software
packages used in experimental particle physics and to provide them with hands-on
experience in installing and effectively using these programs. In addition, students are
expected to gain skills in managing, cleaning, and visualizing large data sets that are
frequently encountered in particle physics. Covering modern data analysis methods,
statistical modeling, and error estimation techniques in detail.

COURSE CONTENT

Usage techniques of the ROOT software package; detailed study of ROOT software
packages used in experimental particle physics; reinforcement through various
applications.

RECOMMENDED OR REQUIRED
READINGS

Coursebooks:

[1] ROOT Team. ROOT Data Analysis Framework User’s Guide. CERN. Retrieved from
https://root.cern/manual, 2025.

[2] Bevington, P. R., & Robinson, D. K. Data Reduction and Error Analysis for the
Physical Sciences. McGraw-Hill, 2003.

Required Readings:

[1] Lyons, L. Data Analysis Techniques for High-Energy Physics. Cambridge University
Press, 1986.

[2] https:/numpy.org

[3] https://pandas.pydata.org

Recommended Readings:

[1] https://matplotlib.org

[2] https://scipython.com

Course Learning Outcomes

Upon successful completion of the course, students will be able to
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Explain the fundamental statistical concepts used in experimental high-energy
physics (e.g., probability distributions, histograms, error analysis) in sample
problems.

Identify appropriate software packages and methods used in experimental data
analysis for given scenarios.

Operate the ROOT software package.

Apply histogramming, graphing, and function-fitting techniques using ROOT.

Calculate error bars, uncertainties, and systematic effects in the data analysis
process.

Use ROOT data structures such as Trees and mathematical libraries to perform
data-processing tasks.

Establish dynamic connections between Python and C++ through PyROOT and
implement example algorithms.

Apply programming and problem-solving skills to analyze experimental
particle physics data.

Utilize the software and data-analysis infrastructure common in research and
development environments by carrying out example projects.

EVALUATION SYSTEM

Activities Number Percentage of Grade

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

o  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: 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
e  Format: Written reports
e  Detailed Assessment Criteria:
2 %10
- Technical accuracy and scope: Correct use of data analysis
techniques, statistical concepts, and ROOT commands, as well as the
appropriateness of the topic coverage to the course content.
- Analytical skills and application: Selection of appropriate methods
in the analysis of experimental particle physics data, interpretation of
the obtained results, and evaluation of error analysis and
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uncertainties.
- Structure of the report, adherence to writing conventions, use of

visuals/diagrams, proper citation of references

Presentations/Jury:

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

Midterms:

e  Content: Conceptual and applied questions covering all topics
studied up to the exam week, including probability distributions, error
analysis, histogram and graph creation, basic ROOT commands, data
visualization, and function fitting techniques

Format: Written exam. (60 minutes).

Detailed Assessment Criteria:

- Recall and correct use of fundamental concepts and ROOT
commands.

- Understanding the steps of data analysis and establishing
relationships between concepts.

- Accurate application of histogramming, graphing, and fitting
procedures, and interpretation of the obtained results.

- Problem-solving skills, correctness of coding steps, and relating the
results to their physical meaning.

Content: Comprehensive questions covering the entire content of the
course

Format: Written exam.(90 minutes).
Detailed Assessment Criteria:

- Comprehensive questions covering the entire course, including
statistical concepts, error analysis, histogram and graph creation,
advanced functionalities of the ROOT framework, Tree structures,
mathematical libraries, PyROOT integration, and applied data
analysis scenarios.”

- Ability to apply advanced problem-solving skills

‘ Percentage of In-Term Studies H %60 ‘

| Percentage of Final Examination H %40 ‘

TOTAL %100
WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation
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1 Lecture: Introduction and statistical concepts
(probability, distributions, mean, standard deviation). Reviewing probability distributions. Source: Data
. R . . Analysis Techniques for High-Energy Physics — L.
In-class Practice (5 min): Simple histogram plotting. Lyons, Ch. 1-2 3. Extra Source: ROOT official
In-class Discussion (5 min): The role of statistics i documentation.
data analysis.
2 Lecture: Error analysis (random and systematic
errors).
In-class Practice (5 min): Plotting measuremen Reading about measurement errors. Source: Data
results with error bars. Reduction and Error Analysis — P.R. Bevington, Ch. 2.
In-class Discussion (5 min): Why are systematic]
errors critical?
3 Lecture: Introduction to ROOT and installation.
ig;rcl:z:l(fsractlce (5 min): Trying basic ROOT startup Reviewing ROOT installation guide. Source: ROOT
’ User’s Guide — CERN (online).
In-class Discussion (5 min): Why is ROOT th
standard in particle physics?
4 Lecture: ROOT histogram classes.
In-class Practice (5 min): Creating histograms. Exploring ROOT histogram tutorials. Source: ROOT
User’s Guide — Histograms section.
In-class Discussion (5 min): What information do}
histograms summarize?
5 Lecture: Graphs, error bars, and visualization.
In-class Practice (5 min): Plotting data points wit Reviewing ROOT graphics library examples. Source:
error bars. ROOT User’s Guide — Graphs section.
In-class Discussion (5 min): How does visualization|
support scientific communication?
6 Lecture: Fitting techniques. Reviewing fit functions. Source: ROOT User’s Guide —
Fit Functions.
In-class Practice (5 min): Gaussian fit application.
In-class Discussion (5 min): Physical interpretation o
fit results.
7 Lecture: ROOT Trees. Reviewing Tree tutorials. Source: ROOT Trees
Tutorial.
In-class Practice (5 min): Creating a simple Tree.
In-class Discussion (5 min): Why are Tree dat
structures necessary?
8 Midterm Exam 1 Review all topics covered until midterm.
9 Lecture: ROOT mathematical libraries.
In-class Practice (5 min): Statistical calculatio . . .
example Exploring ROOT Math Libraries. Source: ROOT Math
' Libraries Tutorial.
In-class Discussion (5 min): How do libraries|
accelerate the analysis process?
10 Lecture: Introduction to PyROOT.

In-class Practice (5 min): Python—-ROOT integration.

Reviewing PyROOT tutorial. Source: ROOT Python
Interface Guide.
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In-class Discussion (5 min): How does Pytho
flexibility enhance analysis?

11 Lecture: Applications with PyROOT.

In-class Practice (5 min): Writing a simple analysis|
algorithm. 1. Exploring PyROOT application examples. Source:

ROOT Python Interface Guide.
In-class Discussion (5 min): Why is Python—C+
interoperability important?

12 Lecture: Example case studies in data analysis.

1. Reviewing CMS Open Data examples. Source: CERN
Open Data Portal. (n.d.). CMS Open Data. Retrieved
from http://opendata.cern.ch.

In-class Practice (5 min): Analyzing simulation data,

In-class Discussion (5 min): What are the challenges
of moving to real experimental data?

13 Lecture: Advanced ROOT graphics.

1. Reviewing ROOT graphics documentation. Source:

In-class Practice (5 min): 2D/3D plotting. ROOT User’s Guide — Graphs section.

In-class Discussion (5 min): Modern approaches i
visualization.

14 Lecture: Final project guidance and current software
trends.

In-class Practice (5 min): Defining project topics. 1. Researching selected project topics.

In-class Discussion (5 min): Can research be]
conducted with open data?

15 Student Presentations. 1. Preparation of project presentations.

2. Preparation of slides on chosen topics (e.g. linear
accelerators, circular accelerators, beam dynamics,
synchrotron radiation, accelerator facilities in Turkey,
medical and industrial applications).

3. Rebhearsal to ensure appropriate timing and structure.

4. Reviewing of the coursebook and recommended
references related to the selected topic.

16 Final Exam Review all course topics.

ECTS WORKLOAD TABLE

Number Duration Total Workload
(Hour)
14

H 3 42

Activities

Course Hours H

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

Pg;-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.
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P Q-Z Uygulamal1 bilgilerini
fiziksel siireglerin
modellenmesi, deneysel tasarim
ve problem ¢6ziimiinde etkili ve
amaca yonelik bicimde
kullanabileceklerdir. / Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental  design, and
problem-solving.

P S ‘-3 Kuramsal ve/veya

deneysel bilgilerini karmagsik
fizik problemlerinin ¢dzlimiinde
etkili bigimde 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 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.
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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

araglarini kullanma ve
gelistirme becerilerini,
kuramsal fizik, niikleer fizik,
yogun madde fizigi, yliksek
enerji  fizigi, nanoteknoloji,
yenilenebilir/alternatif  enerji
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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 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.
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PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek kisisel ve
mesleki gelisim hedeflerini
belirleyebilecekler ve bu
hedeflere ulagmak 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.
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PC-8 Bilimsel
aragtirmalarimi ve  mesleki
faaliyetlerini yiiriitirken

dogabilecek hukuksal sonuglart
ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
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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.

Pg:-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
calisabileceklerdir. / Work
effectively both independently
and as part of a team.
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PS :- 10 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
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field of physics.
PS ‘-1 1 iler diizey fizik
konularimi, teorileri,

arastirmalari ve problem
¢Oztimlerini, fizik terminolojisi
kullanarak Tiirkge ve
ingilizcede tim paydaslara
s0zlii ve yazili olarak
aktarabileceklerdir.
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/ 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_(::l 2 Laboratuvar

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