REEAH

COURSE SYLLABUS
BRI/ AHR e . _
Courss Code/Title PHY5030/& 712§ Introduction to Quantum Field Theory
WRIEEMER Tl IR
Compulsory/Elective Elective Course
PRS2 .
Course Credit/Hours
BEBES s .
Teaching Language 3 English
SRHUM Leonardo Modesto
Instructor(s)
A [aARAETT R
Open to undergraduates & YES
or not
Chn T e AR FF i, EEHX 2 W% . If the course is open to
SIBER undergraduates, please indicate the difference.)
Pre-requisites 1% WPHY305 7304 /1% PHY205-15 ZMEARKL A
Quantum Mechanics 11, Analytical Mechanics, Linear Algebra.

HEEAR

Course Objectives

o R ARHAETG EEM X WA .

difference.)

If the course is open to undergraduates, please indicate the

DU FL R R AR AR OBl 35, BABIAIIERD AR TRE T
i, FNHARRE RSB, BIBIR, WA, AR RiRily, ek, SR
SRR RSO TE S 5 HAPRE AR R T IR G . 2R, A i 16 LT LR
LI S T A 2

LA,

WIS TRITLAER CRT %) |

IR THIILAER (%) |

- CBUR) AN T IOARILAER (RT3 5)
T RAE R TSI HEAE ot I BRI R T, IR SN RIBS (0 BB — FL
A TS A IR 0 THI8", T AR T B R B3 h
1 R R K B T — B

The goal of modern physics is to find a quantum consistent unification of all fundamental interactions
(electro-magnetic, weak, strong and gravitational interaction), while at the same time to explain other
mysteries of the Universe like, Dark Matter, Dark Energy, and so on.
I will begin the course by presenting the mathematical definitions of the fundamental constituents of nature:
scalar, spinorial, vectorial and tensorial fields. This first part will confront the student with the theory of free
particles. Afterwards, | will concentrate on the definition of the classical Lagrangian formulation for:

- interacting scalar fields,

- interaction of matter and photons (Electro -Dynamics),

- interaction of quarks and gluons (Chromo-Dynamics),

- (eventually) interaction of matter and gravitons (Quantum Gravity).
The next step will be the quantization of the above-mentioned theories in the “quantum field theory
framework,” including the regularization and the subsequent renormalization procedure.
Once students will have gained familiarity with “quantum field theory” in increasingly complicated theories,
then they will be introduced to the Standard Model of Particle Physics™” and its quantum consistency" related
to the “"Higgs spontaneous symmetry breaking mechanism”.
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Teaching Methods
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Course Contents
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Section 1 Wi AR LR I e N ERE
Particles as irreducible representations if the Poincare group.
Section 2 hrkg B H 718
Lagrangian field theory
Section 3 SRR
The Klein-Gordon field
Section 4 ki viis
The Dirac field.
Section 5 T
The photon field
Section 6 S HpE
S-Matrix.
Section 7 2N 2 E
Feynman diagrams for Quantum Electro Dynamics (QED).
Section 8 PR T B RN R R
One-loop QED, regularization and renormalization
Section 9 5540 HAE
Weak interactions.
Section 10 MK IR Ve B 18
Yang-Mills Gauge Theories.
Section 11 I R XS R B ke 2 7 s AT Lo
The spontaneous symmetry braking and Higgs mechanism.
Section 12 FrifE FpL 55 B 1R
The standard electro-weak theory.
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Textbook and Supplementary Readings




1) Quantum Field Theory, second edition,
Franz Mandl, Graham Shaw, Wiley.

2) An Introduction to Quantum Field Theory,
Michael E. Peskin,
The Advanced Books Program,
Perseus Books Reading,
Massachusetts.

3) Quantum Field Theory, A Modern Introduction,
Michio Kaku,
Oxford University Press.

4) Quantum Field Theory in a Nutshell,
second edition,
E. Zee,
Princeton University Press.




