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Briefly about me…
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E-mail addresses 

Panos.Christakoglou@nikhef.nl 

Panos.Christakoglou@cern.ch 

p.christakoglou@uu.nl

Where can you find me? 

Nikhef, Office N327, Science 
Park 105 Amsterdam 

S. Ornsteinlaboratorium 
Princetonplein 1, Office 259, 
3584 CC Utrecht

Working at CERN from 2003 until 2010 

Senior scientist at Nikhef, Amsterdam,  

Assistant professor at UU, Institute of 
gravitational and subatomic physics 
(GRASP)

mailto:Panos.Christakoglou@nikhef.nl
mailto:panos.Christakoglou@cern.ch
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Briefly about me…
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Research interests 

Quantum chromodynamics 

Heavy-ion physics 

Alice @ LHC

Teaching 

Subatomic physics (3rd year 
bachelor) 

Particle physics 2: QCD 
(MSc)
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Briefly about me…
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my web siteFeel free to visit 

http://pchrist.web.cern.ch/
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but before going to the lecture… 

let’s fix the (not so) important things first…
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Grading scheme

You pass the course if you score 5.5 (rounded to 6) and above in your final grade 

If your final grade is 5.49 and below that means you have failed 

The final grade is calculated considering the grade of the  

Homework (HW_Grade in the next slides)  

Exams (Exam_Grade in the next slides) 

Mid-term exam 

Final or retake exam
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Final grade 

if(Exam_Grade >= 5.5) 

grade = max[Exam_Grade ,  
                    (Exam_Grade*0.8 + HW_Grade*0.2)]
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Homework

This is a homework motivating scheme! 

No matter how many sets you handed in, the part of the grade related to homework is an average 
over all sets  

You get rewarded if you hand in all your homework sets 

Homework can be handed in no later than one week from the relevant lecture i.e. today’s 
homework set can be handed in no later than next Wednesday 

Homework and questions about exercises can be sent to the SAP TAs 

The TAs this semester are Iris Keizer (i.j.keizer@uu.nl), Edoardo Bellincioni (e.bellincioni@uu.nl) and Christos 
Pliatskas (c.pliatskasstylianidis@uu.nl) 

Homework can account for 20% of the final grade 

You can get up to 2 bonus points  

This homework grade can work only in your favour!!!
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Mid-term exam: Friday 8th of March 

The course has a mid-term exam scheduled on the 10th week 

Friday 12.03.2021 between 14:00 and 17:00 on campus 

That Friday there is neither Hoorcollege nor Werkcollege 

The mid-term is compulsory and accounts for 40% of the grade of the exam
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On campus!!!

CANCELLED!!!
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Final exam
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On campus!!!

On campus!!!
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About all exams

All exams contain closed and open questions 

You can not bring with you 

Your lecture notes 

The main (see next slide) or any textbook 

The solved exercise sheets from the Werkcollege 

You can bring with you a calculator 

The Exam_Grade is calculated as the weighted average between the mid-term 
grade (40%) and the final exam (60%) 

If you fail the course you can participate in the retake 

The grade of the retake takes the place of the grade of the final exam in the calculation 
and nothing else changes 

You carry over both the homework and the mid-term grades
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Exam_Grade 

Exam_Grade = mid-term_Grade*0.4 + final-exam_Grade*0.6

}
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Grading scheme

The final grade is calculated considering the grade of the  

Homework (HW_Grade) ==> 0 up to 20% of the total grade 

Exams (Exam_Grade) ==> 100 down to 80% of the total grade 

Mid-term exam ==> 40% of the exam grade 

Final or retake exam ==> 60% of the exam grade 

Practical examples on how the grade is calculated can be found here 

I consider myself reasonable…a couple of hours per day 

(Please) do not send mails about the final grade
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Final grade 

if(Exam_Grade >= 5.5) 

grade = max[Exam_Grade ,  
                    (Exam_Grade*0.8 + HW_Grade*0.2)]

https://surfdrive.surf.nl/files/index.php/s/oVnhsifVIOyNgDt#pdfviewer
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Grading scheme: examples
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Rooster
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Rooster
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Rooster
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Rooster
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Rooster
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Rooster
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Rooster
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Office hours

You have questions or comments about the lectures? 

I reserved two hours every Thursday, between 11:00 and 13:00 for those of you who 
have questions.  

Address: Leonard S. Ornsteinlaboratorium, Princetonplein 1, Room 259 

This way might be readjusted if we see that it’s not practical e.g. everybody shows up in 
my office at the same time 

You could also send a mail

I promise to try to answer as fast as possible

Note my heavy teaching duties of this semester (i.e. teaching also the QCD course for the 
MSc program but in Amsterdam every Monday and Wednesday)

Also other responsibilities e.g. research (ALICE @ LHC), committees, PhD supervision,…, and 
maybe a life

I will be more than glad to receive your comments, suggestions, criticism and ideas on how to 
improve the course!
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Literature
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The lectures use material 
mainly from this book

In my lectures I also use some, 
limited material from these sources
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Mode of operation

Reading material 

Distributed via blackboard (e.g. a couple of days) before each lecture 

Meant to give you time to skim through if you want and get familiar with the topic 

Lectures 

As self contained as possible 

Even if you should have been familiar with a given topic, you won’t feel it 

Quite some time on the board (working out things…), but also lectures with slides 

I try to trigger your interest…so please don’t hesitate to ask/participate/answer 

Expect some overlap with other courses…this is not to be considered negative  

Tutorials 

The follow the topic discussed during the lecture 

Homework should be handed in not later than one week from the assignment 

Communication: I send a summary of what is discussed after each lecture and give 
an indication of what the next lecture will be about + reading material
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Material also posted on my web page
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http://pchrist.web.cern.ch/Teaching/
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Evaluation

Very important for all courses so please take some time and participate 

Criticism is always welcome but it’s effective if it is constructive 

Textbook is good enough? 

Improvements in the way lectures are given? 

Ideas for modifications in the tutorial sessions? 

Exam questions can be adjusted? 

I can assure you that all comments are considered quite seriously
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Action from my side

Exam questions and in general its nature was changed 
significantly (you can blame the students of previous years)

Action from my side

…

Be aware of my sense of humour 
(or whatever that is)
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Be present at the lectures!!!
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The course in a nutshell
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Distance scales…
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10-35m

~10fm = 10-14m

~20-250pm = 20-250x10-12m

1.7m

~12742 Km

~12742 Km

~149.6x106 Km

~9.46x1012 Km

~2.5x106 light years
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Density scales…
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~1017 Kg/m3~109 Kg/m3

~1019 Kg/m3
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Chapter 2: Special relativity and 4-vectors
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Special relativity and 4-vectors

From Galilean transformations…
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To Lorentz transformations…

And causality…
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4-vectors

Lorentz transformations…with 4-vectors

31

4-momentum

Calculations for relativistic collisions…

Higher order tensors
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Chapter 3: Transformations, symmetries and groups
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Symmetries

Symmetries and invariances are important notions in physics 

They describe how a system remains unaltered under a given transformation 

We will focus on dynamical symmetries of motion and not on static symmetries e.g. 
as in crystals 

Noether’s theorem connects symmetries with conservation laws 

“Every symmetry in nature yields a conservation law and inversely every conservation 
law reveals an underlying symmetry 

Momentum conservation: invariance under a translation in space 

Angular momentum conservation: invariance under rotation in space
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Emmy Noether (1882 - 1935)
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Groups
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SO(3): rotations in 3D space U(1): transformations in 
hypercharge space → QED

SU(2): rotations in weak 
isospin space → weak

SU(3): rotations in colour 
space → QCD



Panos.Christakoglou@nikhef.nl

Chapter 4: Particle zoo
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Periodic table of particle physics
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Forces and mediators
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Forces and mediators
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Chapter 5: Interaction of particles with matter, detectors
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Particle accelerators 
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Particle detectors (pp collisions ➡ small number of particles)
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Particle detectors (Pb-Pb collisions ➡ large number of particles)
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Chapter 6: Fermi’s golden rule
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Chapter 7: Introduction to gauge theories
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Spin-1/2 field

Spin-1 field

Lagrangian density Euler-Lagrange equation Equation of motion
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Chapter 8: Quantum ElectroDynamics (QED)
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Symmetries and gauge tranformations (QED)
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Conserved quantities Gauge transformation

Charge: ψ

Symmetry group

U(1) (QED) Aµ (photon)

Field

Free photon 
field Αµ

Fermion ψ 
with mass m

Interaction with 
coupling α

e-µ scattering

e- e-

µ-µ-

γ
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Quantum ElectroDynamics (QED)
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Chapter 9: Quantum ChromoDynamics (QCD)
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Symmetries and gauge transformations (strong)
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Conserved quantities Gauge transformation Symmetry group Field

Colour SU(3) (QCD) Aµ (8 gluons g)

q q

g

q q
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Quantum ChromoDynamics (QCD)
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Chapter 10: Weak interactions 

51



Panos.Christakoglou@nikhef.nl

Symmetries and gauge tranformations (Weak)
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Conserved quantities Gauge transformation Symmetry group

Weak isospin
SU(2) (weak) Aµ (3 bosons, W±, Z0)

Field

Three gauge 
boson fields 
Αµ (W± Ζ0)

Fermion ψ 
with mass m

Interaction with 
coupling g

Weak

W+

νe

e-

d

d

u

u

d

u

p n



Panos.Christakoglou@nikhef.nl

Weak interactions (Glashow-Weinberg-Salam theory)
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The Standard Model (theoretical framework)
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Quantum ElectroDynamics 
(QED)

Electroweak Unification 
(GSW)

Quantum ChromoDynamics 
(QCD)



Panos.Christakoglou@nikhef.nl

Chapter 11: The Higgs mechanism
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The Standard Model (theoretical framework)
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The Higgs mechanism
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The Standard Model Lagrangian (simplified…)
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Field description Fµν 
Photons, gluons 

Maxwell equations, E- 
and B-fields, self 

interactions

Particles ψ 
normal matter, particles 

and antiparticles, quarks, 
leptons

Interactions D 
interactions between 
particles and fields

Mass ψψφ 
how particles acquire 

mass by interacting with 
the Higgs field

Higgs field
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The Higgs discovery

58



Panos.Christakoglou@nikhef.nl

Schedule of the course
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Dates Wednesday Friday

Week 6 Special relativity & 4-vectors Special relativity & 4-vectors

Week 7 Lagrangian formalism, transformations, 
conserved quantities

Lagrangian formalism, 
transformations, conserved 

quantities

Week 8
Continuous/discrete transformations, 

global/local gauge, C, P 
transformations

Elementary particles, mass. 
charge, magnetic dipole moment, 

angular momentum, CG 
coefficients

Week 9 Quark model, colour, conservation laws accelerators, particles interaction 
with matter, detectors

Week 10 (mid-term) Golden rule Mid-term

Week 11 Gauge theories QED

Week 12 QED, elastic scattering, form factors, 
charge distributions QCD

Week 13 QCD, inelastic scattering, DIS, quark 
model

Weak

Week 14 Weak & Higgs BONUS

Week 15 (Final exam) Final exam
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Bonus lecture

Last lecture will be about career prospects beyond the bachelor level 

Master programs offered in UU 

Focus on the “Experimental Physics” curriculum 

Research opportunities e.g. @ Nikhef 

Q&A about the life of a PhD student 

Q&A about the life in academia 

Statistics from alumni
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Be there!!!
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Backup
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Chapter 12: Astro(particle) physics
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What are we after?
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