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Hadron c¢arpistiricilarinda gergeklesen deneysel c¢alismalarin temelinde yatan
parcacik fizigi konseptlerini ifade edebileceklerdir.

Hadron c¢arpistiricilarinda  kullanilan dedektor sistemlerini ve veri analizi
tekniklerini kullanabileceklerdir.

Hadron carpigtiricilarinin  teknik isleyisi, parcacik hizlandiricilart ve Onemli
dedektor sistemlerini agiklayabileceklerdir.

Hadron c¢arpistiricilarindan elde edilen verilerin medikal ve endiistriyel
uygulamalara entegrasyonunu agiklayabileceklerdir.

Hadron carpistiricilarindan elde edilen deneysel verileri kullanarak karmagik
problemlerin  ¢6zlimiinde bilimsel analiz ve degerlendirme yontemlerini
uygulayabileceklerdir.

DEGERLENDIRME SiSTEMI

| Etkinlikler Say1 Katki Payr

| Devam/Katilhim

| Laboratuvar: H H

| Uygulama (Sozlii Sinav): H H

| Arazi Calismasi H H

| Derse Ozgii Staj H H

e  Icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

e  Format: Yiiz ylize. Coktan se¢meli kisa sinav (5-10 dakika) 6 -

e Detayh Degerlendirme Kriterleri:

Kisa Simavlar/Stiidyo Kritigi:
-Derste iglenen teorik konular ile ilgili problemleri ¢6zebilme

Odev: ‘ ‘ ‘ ‘
Sunum/Jiiri:
e icerik: Ogrencilerin kendi 6grenme stireglerini

degerlendirmelerinin ve sunum yapmalarinin istenmesi

e  Format: Ogrenci sunumlar

1 %30
e Detayh Degerlendirme Kriterleri:
-Ogrenilen konularin dogru bir sekilde agiklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi
i | |
Ara Smavlar:
e icerik: Sinav haftasina kadar islenen konularmn timiinii kapsayan
kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
1 %30

e  Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi

| Seminer/Workshop H H ‘
-Teorik diisiinme siireclerinin yiiriitiilmesi
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Final:

e Icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri: %40
-Derste islenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
| Dénem i¢ci Cahsmalarin Basari Notuna Katkis: H %60 ‘
| Final Sinavinin Basar1 Notuna Katkisi H %40 ‘
| TOPLAM H %100 ‘

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

Konu Anlatimi: Giris ve Parcacik Fizigi Temelleri. Pargacik]
fizigi temel kavramlari. Hadron ¢arpistiricilarina genel giris.

Simif-i¢i Uygulama (5 dk.): Temel parcacik tiirleri (lepton, kuark,
bozon) ve bunlarin temel oOzelliklerine iligkin kisa tanitimlar

Parcacik fiziginin tarihsel gelisimi, temel
pargacik tiirleri ve etkilesimlerin
smiflandirilmas1  konularma ydnelik 6n)

1 Yaplﬁlktan sonrai yiik, spin ve kiitle bakimindan karsilagtirmali bilgilerin hatirlanmasi ve kavramlarin)
ornekieme yaptirimast. etkinlestirilmesi. Kaynak: Ders Kitabi, 1-
Smif-ici Tartiyjma (5 dk.): Pargacik fiziginin temel 27.
kavramlarinin, doga yasalarinin anlasilmasindaki rolii tizerine kisal
bir tartisma yapilmasi.

Konu Anlatimi: Hadron carpigmalarinda kullanilan temel]

dedektor bilesenlerinin (iz dedektorleri, kalorimetreler, miion|

sistemleri) calisma prensipleri, LHC'de yer alan CMS, ATLAS ve

IALICE deneylerinin genel yapist ve amaglart ile birlikte Dedektor sistemlerinin  temel calisma

tanitilmasi. Farkli carpisma senaryolarinin dedektor sinyallerine prensiplerine (iz dedektorleri,

etkisinin degerlendirilmesi. kalorimetreler, miion sistemleri) iliskin on|
bilgilerin hatirlanmas1 ve etkinlestirilmesi.

Sinif-ici Uygulama (5 dk.): Dedektor sistemlerinde parcacik| Kaynak: Ders Kitabi, 29-45.

izleme, enerji Ol¢limii ve tiir tayini siireglerine yonelik Ornek LHC’deki  biiyilk  deneylerin  (CMS,

2 olaylar iizerinden dedektdr bilesenlerinin islevlerine iliskin| ATLAS, ALICE) genel yapilart vel

orneklemeler yaptirilmasi. amacglarma dair boliimlerin - okunmast.
Kaynak: Ders Kitabi, 45-52.

Smmif-i¢ci Tartisma (5 dk.): LHC’deki biiyiik deneylerin (CMS, Kisa Smav 1 i¢in 6n hazirlik: (Dedektd

IATLAS, ALICE) farkli bilimsel hedeflerinin karsilastirilmasi ve bilesenleri ve LHC deneylerinin yapisi)

bu farkliliklarin dedektér tasarimlarina nasil yansidigma iliskin Kaynak: Ders Kitabi, 29-52.

kisa bir tartisma yapilmasi.

Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari

iceren bir kisa sinavin yapilmasi.

Konu Anlatimi: Hizlandiricilar ve Carpisma  Sistemleri.

Hizlandiric1  teknolojileri ve ¢arpisma sistemleri. Hadron|

carpistiricilarinin temel bilesenleri. Hizlandirict sistemlerinin temel bilesenleri
(dipol/kuadrupol miknatislar, RF|

Smif-ici Uygulama (5 dk): Carpistirict sistemlerde kullanilan| bosluklari, vakum sistemleri) ile ilgili 6

bilesenlerin (6rnegin dipol ve kuadrupol miknatislar) gorevlerine bilgilerin hatirlanmasi ve etkinlestirilmesi.

3 iliskin kisa tanimlamalar verilerek, bir hizlandiric1 semasinda byl Kaynak: Ders Kitabi, 53-61.
bilesenlerin drnekleme yoluyla yerlerinin gésterilmesi saglanir. Lineer hizlandiricilar, dairesel

hizlandiricilar ve carpisma  sistemlerinin|
Sinif-ici Tartisma (5 dk.): Lineer ve dairesel hizlandiricilarin| yapisina iligkin  boliimlerin  okunmasi.
avantaj ve dezavantajlari, LHC gibi yiiksek enerjilj Kaynak: Ders Kitabi, 61-72.
carpistiricilarin neden dairesel yapida insa edildigi {izerine kisa bir]
tartisma yapilmasi.
Konu Anlatimi: Kuark Modeli ve Hadronlar. Kuark modelinin Temel kuark tiirleri (u, d, s) ve bunlarin|
temel ilkeleri. Hadronlarin yapisi ve dzellikleri. ozelliklerine iligkin on bilgileri
hatirlanmas1 ve etkinlestirilmesi. Kaynak:
4 Simif-i¢ci Uygulama (5 dk): Farkli baryon ve mezonlarin kuark Ders Kitabi, 75-82.

iceriklerine yonelik Orneklemeler yaptirilmasi, kuarklarin yiik

Kuark modelinin hadronlarin  yapisina

toplami iizerinden hadronlarin elektrik yiiklerinin bulunmasinal uygulanmasi ve temel baryon/mezon
iliskin basit uygulamalarin yapilmasi. smiflamalarina iligkin boliimlerin|
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Simif-i¢i Tartisma (5 dk.): Kuark modelinin hadronlarin yapisini
aciklamadaki basarisi ve smurliliklar {izerine, 6zellikle egzotik]
hadronlar (tetraquark, pentaquark) baglaminda kisa bir tartismal
lyapilmasi.

Kisa Smav 2 (15 dk.): Ders sonunda, derste islenen konulari
liceren bir kisa sinavin yapilmasi.

okunmasi. Kaynak: Ders Kitabi, 82-90.
Kisa Smav 2 igin 6n hazirhk: (kuar
modeli ve hadronlar) Kaynak: Ders Kitab,|
75-90.

Konu Anlatimi: Renk Yiikii ve Renk Kuvveti. Renk yiikij
kavrami. Renk kuvvetinin hadron fizigindeki roli.

Simif-ici Uygulama (5 dk.): Farkli kuark kombinasyonlarinin|
renk yiikii bakimindan degerlendirilmesine yonelik 6rneklemeler
lyaptirtlmasi; renk yiiklerinin nasil birleserek renk notr hadronlari
olusturduguna dair temel uygulamalarin yapilmasi.

Smif-ici Tartisma (5 dk.): Renk kuvvetinin elektromanyetik|
kuvvetten farklar: iizerine kisa bir tartisma yapilmasi; dzellikle
gluonlarm birbirleriyle de etkilesmesi ve bunun hadron fizigine|
etkileri iizerinde durulmasi.

Renk yiikii ve renk kuvveti kavramlarimn;
iliskin temel bilgilerin hatirlanmasi ve ren
etkilesimlerinin klasik kuvvetlerle]
farklarmin etkinlestirilmesi. Kaynak: Ders
Kitabi, 90-96.

Renk yiikii tasiyan pargaciklar arasindaki
kuvvetlerin  zellikleri, renk hapsi ve
asimptotik ozgiirlik gibi QCD|
kavramlarina yonelik boliimlerin okunmasi.
Kaynak: Ders Kitabi, 96-102.

IKonu Anlatimi: Elektro Zayif Bozunumlar ve Zayif Etkilesimler.
Elektromanyetik ve zayif kuvvetlerin birlestirilmesi. Zayif
bozunumlar ve hadron fizigindeki 6nemi.

Sinif-ici Uygulama (5 dk.): Farkli pargaciklarin (6rn. nétron,
pion) zayif bozunum kanallarma iliskin 6rneklemeler yaptirilmasi
Ive bozunum semalariin temel seviyede ¢oziimlenmesi.

Smif-i¢ci Tartisma (5 dk.): Zayif etkilesimlerin elektromanyetik|
kuvvetten farklari {izerine tartigma yapilmasi; oOzellikle kisal
menzil, yik degisimi ve bozunma zamanlar1 iizerinden|
karsilastirma yapilmasi.

Kisa Smav 3 (15 dk.): Ters yiiz edilmis 6grenme (flipped|
learning) yontemi ¢ergevesinde, ders baginda 6grenciye verilen 6n
hazirhik gorevinde yer alan konular (W ve Z bozonlari, zayif]
etkilesim siirecleri, bozunma kanallar1) kapsaminda kisa cevaply
ve kavram temelli sorulardan olusan bir kisa sinavin yapilmasi.

Elektrozayif kuramim temel bilesenlerine]
(W ve Z bozonlari, notr ve yiikli akimlar)
iligkin On bilgilerin hatirlanmas1 ve zay1
bozunumlara dair kavramlarin
etkinlestirilmesi. Kaynak: Ders Kitab1, 105-
112.

Zayif etkilesimlerin hadronlar iizerindeki
etkisi, bozunma siiregleri ve deneysel
gozlemlerle iliskisine dair bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 112-120.
Kisa Sinav 3 i¢in 6n hazirlik: (Elektrozay1
kuram, W ve Z bozonlari, zayif bozunu
stirecleri) Kaynak: Ders Kitabi, 105-120.

Konu Anlatimi: Parcacitk  Analizi. Karmasik  hadron|
carpigmalarinin analizi. Pargacik gruplandirma teknikleri.

Smif-i¢i Uygulama (5 dk.): Basit ¢arpisma senaryolar {izerinden
parcacik akig yonii, yogunluk ve momentuma gore gruplandirma
(6rnegin jet benzeri yapilarin belirlenmesi) uygulamalarinal
yonelik 6rneklemeler yaptirilmast.

Siif-ici Tartisma (5 dk.): Parcacik gruplandirma tekniklerinin|

carpigsma fiziginde neden gerekli oldugu ve hangi fiziksel bilgileri

sagladif1 iizerine kisa bir tartigma yapilmast; oOzellikle c¢ok|
arcacikli sistemlerde diizenliligin nasil tespit edildigi tartigilir.

Hadron ¢arpismalarinda ¢ok parcacikli
final durumlarin yapisma iligkin &
bilgilerin hatirlanmas1 ve pargacik izleme]
yontemlerinin  etkinlestirilmesi. Kaynak|
Ders Kitabi, 123-132.

Parcacik gruplandirma, olay yapist analizi
ve kolektif davranig kavramlarma dai
temel boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 132-140.

IAra Smav 1

Smav haftasina kadar islenen konularn
tiimiiniin tekrar edilmesi.

Konu Anlatimi: Carpistiricilart ve  Astrofizik. Hadron
carpismalarinin kozmik 1sinlar ve evrenin anlagilmasindaki roli.
Biiyiik Hadron Carpistiricist (LHC) ve 6nemi.

Smmif-i¢ci  Uygulama (5§ dk.): LHC’de iiretilen enerji
lyogunluklarinin evrenin ilk anlarindaki kosullarlal
karsilastirilmasina  yonelik sayisal  biiyiikliikler iizerinden|
6rneklemeler yaptirilmasi.

Simif-i¢i Tartisma (5 dk.): Kozmik 1sinlardan elde edilen bilgiler
ile carpistiricilarda elde edilen verilerin karsilastirilmasi; deneysel
kontroliin 6nemi ve sinirliliklarin tartisilmasi.

Kozmik 1sinlarin temel Ozelliklerine vel
yiiksek enerjili carpismalara dair fiziksel
karsiliklarma  iliskin @~ 6n  bilgileri
hatirlanmas1 ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 143-152.

LHC c¢arpigmalarinin  evrenin  erke
donemlerine  dair  sagladigi  bilgiler,
astrofiziksel ~ ¢ikarimlar  ve  deneysel
zorluklara yonelik boliimlerin okunmast.
Kaynak: Ders Kitabi, 152-160.

10

Konu Anlatimi: Hadronlarin Yiiksek Enerji Fizigindeki Roli.
'Yiiksek enerjili hadron ¢arpismalarmin fiziksel sonuglart. Onemli
hadron fizigi deneyleri ve kesifler.

Smmf-ici  Uygulama (5 dk.): Yiksek enerjili hadron|

carpismalarinda dlgiilen parcacik spektrumlari ve olay yapilarinin|

Yiiksek enerjili carpismalarla aciga cikan|
kuark-gluon plazmasi, jetler Ve
hadronizasyon siireglerine iligkin  6n|
bilgilerin hatirlanmas1 ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 163-173.

Deneysel olarak gozlenen &nemli hadro
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yorumlanmasina yonelik 6rneklemeler yaptirilmasi.

Smif-i¢ci Tartisma (5 dk.): Hadron ¢arpismalarindan elde edilen|
deneysel bulgularin, temel kuvvetlerin dogasini anlamaya katkilary
ive bu katkilarin teorik modellerle olan iligkisi {izerine kisa bir
tartisma yapilmasi.

Kisa Smav 4 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi gercevesinde, ders basinda, 6grenciye verilen|
6n hazirlik gorevinde yer alan konulari igeren bir kisa sinavin|
lyapilmasi.

fizigi olaylarma (6rnegin J/y baskilanmast,|
¢oklu hadron iretimi) dair bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 173-182.

Kisa Smav 4 i¢cin 6n hazirlik: (Yikse
enerjili hadron ¢arpigsmalarinda pargact
dretimi, jet olusumu ve kuark-gluo
plazmasi gozlemleri) Kaynak: Ders Kitab,|
163-182.

11

Konu Anlatimi: Parcacik Hizlandiricillart  ve  Teknolojik
Gelismeler. Parcacik hizlandiricilarinin  teknolojik yenilikleri.
'Yeni nesil hadron garpistiricilari.

Smif-i¢i Uygulama (5 dk.): LHC ve FCC gibi farkli 6l¢eklerdeki
hizlandirict projelerinde kullanilan teknolojilerin karsilastirmaly
Orneklemelerle degerlendirilmesi; siiperiletken —miknatislarin|
manyetik alan kapasiteleri iizerinden basit hesaplamalarin|
lyapilmasi.

Simif-ici Tartisma (5 dk.): Pargacik hizlandiricilarinin bilim disi
alanlarda (tip, malzeme bilimi, endiistri) kullanimina yodnelik kisal
bir tartigma yapilmasi; temel arastirmalarin teknolojik doniisiime
katkisi tizerinde durulmasi.

Pargacik hizlandiricilarinda kullanilan ileri
teknolojilere (6rnegin stiperiletke
miknatislar, kriyojenik sistemler) iligki
temel bilgilerin hatirlanmast ve
etkinlestirilmesi. Kaynaklar: Ders Kitab,
185-192.

Yeni nesil hadron ¢arpistirict projeleri ve
bu projelerin bilimsel hedeflerine dai
bolimlerin okunmasi. Kaynak: Ders Kitabu,)
192-198.

12

Konu Anlatimi: Kuantum Renk Dinamigi (QCD). Renk]
kuvvetinin kuantum mekanigi. QCD ve hadron fizigindeki rolii.

Simif-i¢ci Uygulama (5 dk.): Feynman diyagramlari iizerinden|
kuark ve gluon etkilesimlerinin  gosterilmesine  ydnelik
orneklemeler yaptirilmas;; QCD  vertex yapist ile QED|
kargilagtirmasinin yapilmasi.

Smif-ici Tartisma (5 dk.): QCD’nin perturbatif ve non-
perturbatif rejimlerinin hadron fizigine etkileri iizerine kisa bir
tartisma yapilmast; ozellikle baglanmis durumlarin|
imodellenmesindeki zorluklar tartigilir.

Kisa Smav 5 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi.

QCD Lagranjiyeni, renk yiikii tasiya
alanlar ve gluon etkilesimlerine dair temel|
kavramlarin hatirlanmasi v
etkinlestirilmesi. Kaynak: Ders Kitabi, 2014
210.

QCD’nin  hadronlarin ic  yapisin
agiklamadaki  rolii, renk kuvvetinin
kuantum mekaniksel 6zellikleri ve deneysell
dogrulamalarma  yonelik  bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 210-218.
Kisa Smav 5 i¢in 6n hazirlik: (QCD’ni
temel ilkeleri, gluon etkilesimleri ve ren
kuvvetinin  ozellikleri) Kaynak: Ders
Kitabi, 201-218.

13

Konu Anlatimi: Yukawa Etkilesimi ve Higgs Bozonu. Yukawal
etkilesimi ve hadronlarm kiitlesinin kokeni. Higgs bozonunun
kesfi ve onemi.

Sinif-ici Uygulama: (5 dk) Yukawa etkilesimi {izerinden farkli
kuarklarm kiitleleriyle etkilesim sabitleri arasindaki iligkinin|
orneklerle gosterilmesi ve Higgs alaniyla etkilesimin temel
matematiksel ifadesinin sunulmasi.

Smif-i¢ci Tartisma: (5 dk.) Higgs bozonunun kesfinin pargacik
fizigindeki yeri ve bu kesfin  Standart Model’in
tamamlanmasindaki rolii lizerine kisa bir tartigma yapilmasi.

Yukawa etkilesimi ve pargaciklarin kiitle
kazanimi siirecine dair temel kavramlarin|
hatirlanmasi ve etkinlestirilmesi. Kaynak!|
Ders Kitab1, 221-228.

Higgs alani, Higgs bozonunun deneysel
gozlemleri ve bu bulgunun pargact
fizigine etkisine dair boliimlerin okunmasi.
Kaynak: Ders Kitabi, 228-234.

14

Konu Anlatimi: Hadron Fiziginde Yeni Yontemler ve Arastirmal
Alanlari. Hadron fizigi alanindaki giincel arastirma konulari.
Yenilik¢i deney tasarimlari.

Simif-i¢ci Uygulama: (5 dk) Makine dgrenmesi uygulamalarinin|
parcacik tanimlama veya olay secimi siire¢lerinde kullanimiylal
ilgili Ornek senaryolar {izerinden gilincel veri analiz
lyaklasimlarinin tartigmali 6rneklemelerle tanitilmasi.

Smmif-i¢ci Tartisma: (5 dk.) Geleneksel ve yenilik¢i deneysel
yontemlerin  karsilastirilmasi,  gelecekteki  hadron  fizigi
aragtirmalarinin  yoniinii belirleyen teknolojik ve kuramsal
gelismeler tizerine kisa bir tartisma yapilmasi.

Kisa Smav 6 (15 dk.) Ders sonunda, derste islenen konulari

iceren bir kisa sinavin yapilmasi.

Hadron fiziginde one ¢ikan giincel deneysel
konularin (egzotik hadronlar, agir iyon
fizigi, yogun madde arastirmalari)
taninmast ve ilgili temel kavramlarin]
etkinlestirilmesi. Kaynak: Ders Kitabi, 2374
244.

Yeni nesil analiz teknikleri (6zellikle yapa:
zekd ve veri madenciligi yaklagimlari) ile
deney tasarimlarma dair bdliimlerin
okunmast. Kaynak: Ders Kitabi, 244-250.
Kisa Smav 6 icin 6n hazirlik: (Hadron|
fiziginde giincel arastirma konulari, egzoti!
hadronlar, ileri veri analiz yOntemleri)
Kaynak: Ders Kitabi, 237-250.
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Ogrenci sunumlarinin dinlenmesi.

Smif-ici Uygulama (15 dk.): Her sunumun ardindan, sunum|
lyapan Ogrenciye kisa bir geri bildirim verilmesi ve temel
kavramlara dair kisa bir hatirlatma yapilmasi.

1. Ogrencilerin sunacaklar1 konulara iliski
literatiir taramasi1 yapmalar1 ve igeri
gergevesini netlestirmeleri.

15 ..
Sinif-ici Tartisma (5 dk.): Sunum konusuyla iligkili olarak sinif| 2. sgr;u;r; Zﬁ?;ﬁgggftgiﬁa(sla}éze‘%ir;?l;’esznll
genelinde kisa bir tartigma yapilmasi; sunumun ele aldig it K d’ y ) ¢
problemin alternatif ¢6ziim yollar1 veya deneysel dogrulama anfatim konusunda prova yaptimast.
yontemleri iizerine diisiiniilmesi.

16 Final Islenen konularin tiimiiniin tekrar edilmesi.

AKTS iISYUKU TABLOSU

Etkinlikler Toplam Isyiikii

Ders Saati 42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Siavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Toplam s yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

Department of Physics

Experimental Physics in Hadron Colliders

FI171115

3

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

Ayben KARASU UYSAL

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to teach students the fundamental concepts of particle physics, the
operation of hadron colliders, and the basic principles of experimental studies conducted
in these colliders. The course aims to provide students with a comprehensive
understanding of topics such as particle accelerators, detector systems, hadrons, and color
force, thereby enhancing their skills in analyzing and interpreting data obtained from
hadron collisions. Additionally, by examining the applications of hadron colliders, the
course aims to inform students about potential future applications in these fields.

COURSE CONTENT

Introduction to particle physics and fundamental concepts; general introduction to hadron
colliders; important experiments and detectors; detector systems and interaction
scenarios; accelerator technologies; quark model and hadrons; color charge and color
force; electroweak theory and decays; collective particle analysis; hadron colliders and
astrophysics; high-energy hadron physics; technological developments in particle
accelerators; Quantum Chromodynamics (QCD); Yukawa interaction and Higgs boson;
new methods and research areas in hadron physics.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

[1] Wong, Cheuk-Yin. Introduction to High-Energy Heavy-lon Collisions. 1st edition,
Cambridge University Press, 2010.

Required Readings:

[1] Close, Frank. Particle Physics: A Very Short Introduction. 1st edition, Oxford
University Press, 2004.

[2] Halzen, Francis, and Alan D. Martin. Quarks and Leptons: An Introductory Course in
Modern Particle Physics. 1. baski, Wiley, 1984.

Recommended Readings:

[1] Halpern, Paul. Collider: The Search for the World's Smallest Particles. 1st edition,
Wiley, 2009.

Course Learning Outcomes

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

1.  Explain the particle physics concepts underlying experimental studies
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conducted at hadron colliders.

Use detector systems and data analysis techniques employed in hadron
colliders.

Explain the technical operation of hadron colliders, particle accelerators, and
major detector systems.

Explain the integration of data obtained from hadron colliders into medical and
industrial applications.

Apply scientific analysis and evaluation methods in solving complex problems
using experimental data from hadron colliders.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation: H H

| Laboratory H H

| Field Work H H

| Application (Oral Examination): 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
e Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

Homework Assignments: H

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

e  Format: Group presentations

1 %30
e Detailed Assessment Criteria:
-Ability to accurately explain the topics learned
-Proper use of presentation techniques
‘ Project: H H ‘
| Seminar/Workshop H H ‘
Midterms:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week
e  Format: Face-to-face written exam. (90 minutes).
e Detailed Assessment Criteria: 1 %30
-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
| Kinale. || 1 || 0L AN
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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

Percentage of Final Examination

TOTAL

WEEKS COURSE OUTLINE

Related Preparation

Lecture: Introduction and Fundamentals of Particle]
Physics — core concepts of particle physics and a
overview of hadron colliders.

Quick Practice (5 minutes): After brief introductions|
to the main particle species (leptons, quarks, bosons),
1 students work through quick comparisons of thei
charge, spin and mass.

In-Class Discussion (5 minutes): A short discussio
on the role of particle physics concepts i
understanding the laws of nature.

Review prior knowledge of the historical development
of particle physics, basic particle types, and the
classification of interactions to activate key concepts.
Source: Coursebook, 1-27.

[Lecture: Introduction of the basic detector components|
used in hadron collisions (tracking detectors,
calorimeters, muon systems), including their working]
principles, and an overview of the structure and
objectives of major experiments at the LHC (CMS,|
IATLAS, and ALICE). Evaluation of how differen
collision scenarios affect detector signals.

Quick Practice (5 minutes): Case-based exercises o
the functions of detector components in particle]
2 tracking, energy measurement, and particle]
identification processes.

In-Class Discussion (5 minutes): A brief discussion|
comparing the scientific goals of major LHC
experiments (CMS, ATLAS, ALICE) and how these
differences influence detector design.

Quiz 1 (15 minutes): A quiz at the end of the class|
covering the topics taught during the session.

Review and activate prior knowledge of the basic
operating principles of detector systems (tracking
detectors, calorimeters, muon systems). Source:
Coursebook, 29-45.

Read the sections on the structure and objectives of
major LHC experiments (CMS, ATLAS, ALICE).
Source: Coursebook, 45-52.

Quiz 1: (Detector components and the structure of
LHC experiments) Source: Coursebook, 29-52.

Lecture: Accelerators and Collision Systems.
|Accelerator technologies and collision systems.
[Fundamental components of hadron colliders.

Quick Practice (5 minutes): Short definitions of the
functions of components used in collider systems (e.g.,
dipole and quadrupole magnets) followed by exercises
locating these components within a schematic diagram
of an accelerator.

In-Class Discussion (5 minutes): A brief discussio:
on the advantages and disadvantages of linear and]
circular accelerators, including why high-energ
colliders such as the LHC are built with a circula

Review and activate prior knowledge of the
fundamental components of accelerator systems
(dipole/quadrupole magnets, RF cavities, vacuum
systems). Source: Coursebook, 53—61.

Read the sections on the structure of linear
accelerators, circular accelerators, and collision
systems. Source: Coursebook, 61-72.
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structure.

Lecture: Quark Model and Hadrons. Fundamentall
principles of the quark model. Structure and properties
of hadrons.

Quick Practice (5 minutes): Exercises on the quarl
content of various baryons and mesons, along with
simple applications to determine hadron electric
charges based on the total charge of quarks.

In-Class Discussion (5 min): A brief discussion on the]
success and limitations of the quark model in)
explaining hadron structure, with a focus on exotic
hadrons (tetraquark, pentaquark).

Quiz 2 (15 min): A quiz at the end of the class
covering the topics taught during the session.

Recall and activate prior knowledge on the
fundamental quark types (u, d, s) and their properties.
Source: Coursebook, 75-82.

Read sections on the application of the quark model to
hadron structure and the classification of basic baryons
and mesons. Source: Coursebook, 82-90.

Quiz 2: (quark model and hadrons) Source:
Coursebook, 75-90.

Lecture: Color Charge and Color Force. The concep
of color charge. The role of color force in hadron|
physics.

Quick Practice (5 minutes): Exercises evaluatin
different quark combinations in terms of their colo
charges; basic applications showing how color charges
combine to form color-neutral hadrons.

In-Class Discussion (5 minutes): A brief discussio:
on the differences between color force an
electromagnetic force; with a focus on gluon self
interactions and their implications for hadron physics.

Recall fundamental concepts of color charge and color
force and activate understanding of how color
interactions differ from classical forces. Source:
Coursebook, 90-96.

Read sections on the properties of forces between
color-charged particles, focusing on QCD concepts
such as color confinement and asymptotic freedom.
Source: Coursebook, 96-102.

[Lecture: Electroweak Decays and Weak Interactions,
[Unification of electromagnetic and weak forces. Weakl
decays and their significance in hadron physics.

Quick Practice (5 minutes): Exercises on weak deca
channels of different particles (e.g., neutron, pion), and|
basic-level analysis of decay diagrams.

In-Class Discussion (5 minutes): A discussion on the]
differences between weak interactions and thel
electromagnetic force; with comparisons in terms o
range, charge change, and decay lifetimes.

Quiz 3 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class|
reparation within the flipped learning framework.

Recall of prior knowledge on the fundamental
components of the electroweak theory (W and Z
bosons, neutral and charged currents), and activation of
concepts related to weak decays. Source: Coursebook,
105-112.

Read sections on the effect of weak interactions on
hadrons, decay processes, and their connection with
experimental observations. Source: Coursebook, 112—
120.

Preparation for Quiz 3: (Electroweak theory, W and
Z bosons, weak decay processes) Source: Coursebook,
105-120.

Lecture: Particle Analysis. Analysis of complex]
hadron collisions. Particle clustering techniques.

Qucik Practice (5 minutes): Exercises on groupin
particles based on flow direction, density, an
momentum using simple collision scenarios (e.g.,
identifying jet-like structures).

In-Class Discussion (5 minutes): A brief discussio:
on why particle clustering techniques are necessary in|
collision physics and what physical information theyj
provide; focusing particularly on how regularities are]
identified in multiparticle systems.

Recall of prior knowledge regarding the structure of
multiparticle final states in hadron collisions and
activation of particle tracking methods. Source:
Coursebook, 123—-132.

Readings on basic concepts such as particle clustering,
event structure analysis, and collective behavior.
Source: Coursebook, 132—-140.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Colliders and Astrophysics. The role o
hadron collisions in understanding cosmic rays and the
universe. The Large Hadron Collider (LHC) and its
significance.

Quick Practice (5 minutes): Exercises involvin

comparisons between the energy densities produced a
the LHC and the conditions in the early universe using
numerical quantities.

Recall and activation of prior knowledge about the
basic properties of cosmic rays and their physical
correspondence to high-energy collisions. Source:
Coursebook, 143—152.

Readings on the information provided by LHC
collisions regarding the early universe, astrophysical
implications, and experimental challenges. Source:
Coursebook, 152—-160.
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In-Class Discussion (5 minutes): A discussion on th
comparison of data obtained from cosmic rays an
collider experiments; focusing on the importance o
lexperimental control and its limitations.

10

Lecture: The Role of Hadrons in High-Energ
Physics. Physical outcomes of high-energy hadro
collisions. Key experiments and discoveries in hadron
[physics.

Quick Practice (5 minutes): Sample exercises on]
interpreting particle spectra and event structures
measured in high-energy hadron collisions.

In-Class Discussion (5 minutes): A short discussio
on how experimental findings from hadron collisions
contribute to understanding the nature of fundamental
forces and their connection with theoretical models.

Quiz 4 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class|
preparation within the flipped learning framework.

Recall and reinforcement of prior knowledge regarding
quark-gluon plasma, jets, and hadronization processes
arising from  high-energy collisions.  Source:
Coursebook, 163—-173.

Readings on key experimental findings in hadron
physics (e.g., JAy suppression, multiple hadron
production). Source: Coursebook, 173—182.
Preparation for Quiz 4: (Particle production in high-
energy hadron collisions, jet formation, and quark-
gluon plasma observations). Source: Coursebook, 163—
182.

11

Lecture: Particle Accelerators and Technological
Advancements. Technological innovations in particle
accelerators. Next-generation hadron colliders.

In-Class Practice (5 minutes): Comparativ
evaluation of technologies used in accelerator projects|
of different scales, such as the LHC and FCC; simple]
calculations based on the magnetic field capacities o
superconducting magnets.

In-Class Discussion (5 minutes): A brief discussio:
on the use of particle accelerators in non-scientific]
fields (medicine, materials science, industry); emphasis|
on the contribution of fundamental research to|
technological transformation.

Recall and reinforcement of basic knowledge related to
advanced technologies used in particle accelerators
(e.g., superconducting magnets, cryogenic systems).
Source: Coursebook, 185-192.

Reading sections on new generation hadron collider
projects and their scientific objectives. Source:
Coursebook, 192—-198.

12

Lecture: Quantum Chromodynamics (QCD). Quantum
mechanics of the color force. The role of QCD in
hadron physics.

Quick Practice (5 minutes): Exercises on representin
quark and gluon interactions through Feynman|
diagrams; comparison of QCD vertex structure with|
QED.

In-Class Discussion (5 minutes): A short discussion|
on the effects of perturbative and non-perturbativ
regimes of QCD on hadron physics; focusing
especially on the challenges in modeling bound states.

Quiz 5 (15 minutes): A quiz at the end of the class|
covering the topics taught during the session.

Recalling and activating basic concepts related to the
QCD Lagrangian, color-charged fields, and gluon
interactions. Source: Coursebook, 201-210.

Reading sections on the role of QCD in explaining the
internal structure of hadrons, quantum mechanical
properties of the color force, and experimental
confirmations. Source: Coursebook, 210-218.
Preparation for Quiz 5: (Basic principles of QCD,
gluon interactions, and properties of the color force)
Source: Coursebook, 201-218.

13

Lecture: Yukawa Interaction and the Higgs Boson.
The Yukawa interaction and the origin of hadron mass.
The discovery and significance of the Higgs boson.

Quick Practice (5 minutes): Demonstrating th
relationship between the masses of different quarks an
their coupling constants via the Yukawa interaction,
and presenting the basic mathematical expression o
interaction with the Higgs field.

In-Class Discussion (5 minutes): A brief discussio:
on the role of the discovery of the Higgs boson in
particle physics and its contribution to the completion

of the Standard Model.

Recalling and activating the basic concepts related to
the Yukawa interaction and the mass acquisition
process of particles. Source: Coursebook, 221-228.
Reading sections on the Higgs field, experimental
observations of the Higgs boson, and the impact of this
discovery on particle physics. Source: Coursebook,
228-234.

14

Lecture: New Methods and Research Areas in Hadron
Physics. Current research topics in the field of hadron
physics. Innovative experimental designs.

Identifying current prominent experimental topics in
hadron physics (exotic hadrons, heavy ion physics,
dense matter research) and activating related
fundamental concepts. Source: Coursebook, 237-244.
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Quick  Practice (5  minutes): Introducin,
contemporary data analysis approaches through
example scenarios on the use of machine learning
applications in particle identification or event selection,
using guided sample discussions.

In-Class Discussion (5 minutes): A brief discussio;
comparing traditional and innovative experimental
methods, and addressing the technological and
theoretical developments shaping the future direction
of hadron physics research.

Quiz 6 (15 minutes) A quiz at the end of the class|
covering the topics taught during the session.

Reading sections on new-generation analysis
techniques (especially artificial intelligence and data
mining approaches) and experimental designs. Source:
Coursebook, 244-250.

Preparation for Quiz 6: (Current research topics in
hadron physics, exotic hadrons, advanced data analysis
methods) Source: Coursebook, 237-250.

Student Presentations.

Quick Practice (15 minutes): After each presentation,
brief feedback will be given to the presenting studen
along with a short reminder of fundamental concepts.

Conduct a literature review on their presentation topics
and clarify the content framework.

15 Preparation of presentation materials (slides, graphics,
. . . . iagrams, etc.), rehearsal on time management an
In-Class Discussion (5 minutes): A short class-wide] diagrams, ¢ C.)’ rencarsat o ¢ management and
. . . . S clear communication.
discussion related to the presentation topic; considering]
alternative solutions or experimental verificatio
methods for the problem addressed in the presentation.
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

‘ Number ‘ Duration

Total Workload
(Hour)

Course Hours

42

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)

Total Workload:

Total Workload / 30(h):
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PC-1 Temel bilimler ve

fizik alanindaki kuramsal

bilgilerini akademik
diizeyde analiz, yorum ve
problem ¢ozlimiinde

kullanabileceklerdir./  Use
their comprehensive theoretical
knowledge in fundamental
sciences and physics for
analysis, interpretation, and
problem-solving at an academic
level.

1
I~
19
19
19

PS:-Z Uygulamali bilgilerini
fiziksel stireclerin
modellenmesi, deneysel tasanm
ve problem

¢Oziimiinde etkili ve amaca
yonelik bicimde
kullanabileceklerdir./ Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental design, and
problem-solving.

I~
[93)
[N
[N
[N

PC-3 Kuramsal ve/veya
deneysel bilgilerini karmasik
fizik problemlerinin
¢Oziimiinde 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 modelling
methods for these problems.

Pg-4 Disiplinleraras1  bir

yaklagimla, farkli alanlarda
edinmis  olduklar1  bilgileri
sentezleyebileceklerdir./
Synthesise knowledge acquired
from  different  disciplines
through an interdisciplinary
approach.

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, yiiksek enerji fizigi,
nanoteknoloji,

yenilenebilir/alternatif ~ enerji
teknolojileri, ileri malzeme
tasarimi, niikleer teknoloji ve

1
I~
I
I
I

1
(9%}
|98)
|98)
|98)

1
I~
I
I
I
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kuantum  teknolojileri  gibi
disiplin-i¢i ve disiplinlerarasi

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 wusing 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.

Pg-6 Fizik alaninda yaygin

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri  ¢dzmek,  veri

analizi yapmak ve
simiilasyonlar gergeklestirmek
icin etkin bicimde | 4 4 4 5 4
kullanabileceklerdir./  Use at
least one programming
language and computer and
artificial intelligence

technologies widely employed
in physics for problem-solving,
data analysis, and simulations.

PC-7  Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek  kisisel  ve
mesleki  gelisim  hedeflerini
belirleyebilecekler ~ ve  bu
hedeflere ulagmak 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.

PC-8 Bilimsel
aragtirmalarint =~ ve  mesleki
faaliyetlerini yiriitiirken
dogabilecek hukuksal sonuglart
ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
kalite standartlar1 ile evrensel
degerler  dogrultusunda ve
sosyal sorumluluk bilinci ve
adalet  duygusuyla hareket
edebileceklerdir./ Act with a
sense of social responsibility

1
I~
[°N
[°N
[°N

N
[
N
N
N
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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.

PS:-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
caligabileceklerdir./ Work
effectively both independently
and as part of a team.

PS:-IG Fizik  alaninda,

giivenilir  bilgi kaynaklarina
ulagarak  literatiir =~ taramasi
yapabilecekler ve akademik
aragtirma tasarlayip
ylriitebileceklerdir./ Access
reliable sources of information,
conduct literature reviews, and
design and carry out academic
research in the field of physics.

PS ‘-11 Ileri diizey fizik
konularimni, teorileri,
aragtirmalart ve problem
¢ozlimlerini, fizik terminolojisi
kullanarak Tiirkce ve
Ingilizcede tiim paydaslara
sozli ve  yazili  olarak
aktarabileceklerdir. /
Effectively communicate
topics, theories, research, and
problem solutions in physics to
all relevant stakcholders using
appropriate physics
terminology, both orally and in
writing, in Turkish and in
English.

P_(;_— 12 Laboratuvar

calismalarinda, bilimsel veri
toplayarak  teknik  ve/veya

1%
1w
19
19
19

1)
[9)]
1
I
I

I~
I~
[N
[N
[N

bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari 3 3 3 3 3

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