Ministry of Higher Education and Scientific research                          

[image: image7.emf] 
Department of Physics
College of Science
University of Salahaddin- Erbil
Subject: Elementary Particles
Course Book –4th Year- Physics  
Lecturer's name Ahmed Ismael Samad 
Academic Year: (2022- 2023)
Course Book
	1. Course name
	Elementary Particles

	2. Lecturer in charge
	Lecturer. Ahmed  Ismael Samad

	3. Department/ College
	Physics / Science

	4. Contact
	e-mail: Ahmed.Samad@su.edu.krd

	5. Time (in hours) per week 
	Theory:  2 hrs./ Week
Practical: 0 hrs./ Week

	6. Office hours
	Monday (8.30- 10:30), Thursday (8:30- 12:30).

	7. Course code
	

	8. Teacher's academic profile 
	I have more than 9 years’ experience teaching, during my academic life I have tough, the following subjects for undergraduate students such as: General Physics of the first year Chemical department, Modern physics Lab of the second year students, Nuclear physics, for the fourth year of physics students, also I have six (4) papers are published in different local and foreign journals. 
I participated in many international and local conferences and I published many scientific articles. I current research interests include Radioactivity measurement, Radiation dosimeter, Radiation Protection and Solid State Nuclear Track Detector SSNDs.  
- I awarded B.Sc. in Physics (College of Science) in 2008 Salahaddin University-Erbil.
- M.Sc. in 2014 (Salahaddin University-Erbil).
- Assist. Lecturer from 2014 to 2018.
- Lecturer from 2018 till now.

	9. Keywords
	Elementary Particles, Quarks, Leptons and Stander model, Feynman diagram, Exchange particles and Conservation law, QED, QCD. 

	10.  Course overview: 
- Learn about the theory, Elementary Particles (Particle Physics).
- To gain experience acquiring, treating, and interpreting data.
- To gain experience reading and writing scientific documents and presenting orally.

- To gain exposure to a wide range of Elementary particles and the fields associated with them.

	11. Course objective:
Elementary particle physics is a large topic and there are limits on what we can hope to achieve in a single term. The main objectives of this course will be to become familiar with the principal concepts and building blocks of elementary particle physics and to see how they are related. We will not spend much time with mathematically rigorous derivations, but rather we will concentrate on broader concepts. That is, we will usually not derive in detail but rather only motivate how theory leads to a certain prediction for the outcome of an experiment. We will, however, compare the prediction with experimental results and see what this implies. The course is intended to provide a broad overview that will allow you to continue with 4th year of particle physics in greater depth.

	12.  Student's obligation
- The students should have presence in all lectures.
- Every lecture the first 10 min should be debate about the previous lecture and the interested student (participant in the debate) take marks.

	13. Forms of teaching
-Using data show and power point in addition to the white board

-Given homework after each lecture and quizzing them to provide further challenge.

-Given outline examples for more understanding and connecting with issues.
-Furthermore, students may be asked to prepare report papers on selective topics.

	14. Assessment scheme

- Since, it will be teaching only one course, the students are required to do more than two tests or exam, because so each exam has (35%) marks, then I take the average in addition (5%)  for Classroom activities and Homework. There will be a final exam on 60 marks. ‌

	15. Student learning outcome:
By the end of the course, the successful student is expected to know at the basic level:

-Know, what are the basic constituents of the Standard Model, the quarks and leptons and the interactions between them and to be able to use Feynman diagrams to classify and illustrate these interactions?
-Understand the conservation rules, quantum numbers and basic quark patron model upon which the Standard Model is built.

-Be able to explain the basics of electroweak interactions, the Higgs mechanism.

-Appreciate the limitations of the Standard Model and understand how some of these limitations are overcome in other models

	16. Course Reading List and References‌:
Textbook

-“INTRODUCTION TO ELEMENTARY PARTICLES” David Griffiths, (2004), WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

This book provides the mathematical and theoretical approach adequate for this course. Some more advanced theoretical parts will not be included in the course. 
- “PARTICLES PHYSICS” 3rd Edition, B.R. Martin and G. Shaw. (2008), John Wiley& Sons Ltd, London England.

	17. The Topics:
	Lecturer's name

	1) History of Particle Physics: Electron, Gamma ray, Proton, Spin, Neutron, Muon, Pion, Positron, neutrino, Strange particles, antiproton, antineutrino, Muon Neutrino, Patrons Model, Charm Quark, Tau lepton, Bottom Quark, Vector boson, Top Quark, Tau Neutrino and Higgs boson.
2) Feedback of the previous lecture (10 min); Introduction of elementary particles: Quarks, leptons, antiparticles, Particles families  and Hadron, 
3) Forces, Electromagnetic Force, Nuclear Strong Force, Weak Nuclear Force, Gravitational Force, Gauge Boson and Feynman diagram, Particles Physics and cosmology. 
4) Feedback of the previous lecture (10 min); Standard Model of particle physics: Unites and Formula: Unites in Particle Physics, and Particles properties
5) Feedback of the previous lecture (10 min); Relativistic Kinematics, Four Vectors, Energy and distance, Decay Widths, Identical particles, Fermions and Bosons   
6) Feedback of the previous lecture (10 min); 
Conservation Lowe, Quantum Number, Eclectic Charge Conservation of Bryon Number, Conservation of Lepton Number and Party. 
7) Feedback of the previous lecture (10 min);
Isospin, Conservation of Isotopic Spin, strangeness, Charge Conjugation.
8) Feedback of the previous lecture (10 min);
Colour and CQD, Clonus, Color Transformation and Quark confinement. 
9) Feedback of the previous lecture (10 min); Quark and Parton madel.  
10) Feedback of the previous lecture (10 min); Grand Unified theory.
11) Feedback of the previous lecture (10 min); theories of everything.
12) Feedback of the previous lecture (10 min);
Electrometric interaction.
13) Feedback of the previous lecture (10 min); electroweak theory.
14) Feedback of the previous lecture (10 min);
The Big Bang.
15) Feedback of the previous lecture (10 min);
Dark matter
16) Feedback of the previous lecture (10 min); Particle physics Applications 
17) Two week need for exams
   
	Ahmed I. Samad
1st Lecture (1st Week), 

Ahmed I. Samad
2nd Lecture (2nd Week), 

    Ahmed I. Samad
3rd Lecture (3rd Week), (2h), 
Ahmed I. Samad
4th Lecture (4th Week), (2h)
Ahmed I. Samad
5th Lecture (5th Week), (2h)
Ahmed I. Samad
6th Lecture (6th Week), (2 h) 

Ahmed I. Samad
7th Lecture (7th Week),

Ahmed I. Samad
 8th Lecture (8th Week), 

9th Lecture (9th Week), (2 h)
10th Lecture (10th Week), (2 h) 
11th Lecture (11th Week), (2 h)

12th and 13th Lecture (4) 
Lecture (14th Week).
15th Lecture and 15th Lecture. 
Lecture (16th Week).
Lecture (17th Week).

	18. Practical Topics (If there is any)
	

	
	

	19. Examinations:

Final Exam Question Sample 
Salahaddin University

Science College
                                              Final Exam            Subject: Elementary particles                          Dept. Physics                                    First Trial                                    4TH Year Students                                      Time: 2  Hours

Note:   Answer all questions
Q.1\ Three fictitious particles, x1, x2, and x3 all have approximately the
same rest mass. They are observed to be created in strong interaction
processes of which these are typical:
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a. What is the baryon number of x1, of x2, and of x3?

b. What is the charge of x1, of x2, and of x3?

c. What is the strangeness of x1, of x2, and of x3?

d. What is the third component of isospin of x1, of x2, and of x3?

e. These three x-particles are all observed to decay via the weak interaction. Write down a possible weak decay mode for particle x2.

Q2\ (a)

(i) What class of particle is represented by the combination of three antiquarks?

(ii) Name a hadron that has an antiparticle identical to itself. (3 marks)

(b) The kaon K+ has a strangeness of +1.

(i) Give its quark composition.

(ii) The K+ may decay via the process[image: image2.png]K" weep 1" + 1°



. State the interaction responsible for this decay.

(iii) The K+ may also decay via the process   [image: image3.png]K" wepp 11"+ vy



. Change each particle in this equation to its corresponding antiparticle in order to complete an allowed decay process for the negative kaon K–
(iv) Into what class of particle can both the μ+ and the νμ be placed?

(v) State one difference between a positive muon, μ+, and a positron, e+.            (6 marks)

(c) The diagram below shows a partially completed Feynman diagram of β- decay. Complete the diagram and label all the particles involved.
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(3 marks)

(Total 12 marks)
Q.3/ (a)   

The Feynman diagram for beta decay is shown in the following Figures.
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Figure 2
Figure 3
Figure 4
Figure 5

I. Explain what is happening in Figure 2.

II. Why is it wrong to draw beta decay as shown in Figure 3?

III. What are the differences and similarities between Figure 2 and Figure 4?

IV. What are the differences and similarities between Figure 4 and Figure 5?

(b) Draw the Feynman diagram for the following:

1. Pair production of an electron and a positron from a photon.

2. Annihilation of an electron and a positron into two photons.                             (2marks)               
Q.4/  Choose the correct answer from the following statements, with explaining if it needs.
 1- 1eV/c2 is equal to 

a- 1.9 x 10-36 Kg                        b- 1.6 x 10-32 Kg                         c-  1.78x10-36 Kg 

2- The isotopic spin I3 for anti-particle of (Σ – )  is:-  

a-  +1                                          b- 0                                        c- -1

3- For an electron with momentum will be able to probe inside the proton with size ~ 1 fm.:-

a-  5 GeV/c                                 b- 50 GeV/c                            c- 100GeV/c

 4- The parity of  meson πo  P=-1 , then the parity of anti-natural pion (πo ) is:-

a-   -1                                          b- 0                                        c- +1

5-from the reaction the  π→ ( + (  velocity of meson relative to L-frame is:-

 a-  Pπc/ E2π                                  b- c2Pπ/ Eπ                               c- Pπc/ mπc2
                                                                        GOOD LUCK                                                        S. K. Ezzulddin
(Note:- mπ-=0.14GeV/c2, mp=0.938GeV/c2, mko=0.498GeV/c2, ћ=1.05x10-34J.s ,  c=3x108m/s, , me=0.511MeV/c2 = 9.109x10-31Kg )  


	20. Extra notes:

	21. Peer review                                                      
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