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Lectures PP

LO : Introduction

LI : Particles and Fields (historical overview) . :
L2 : Wave Equations and Antiparticles QED of Spinless Particles:

L3 : The Electromagnetic Field Scattering Theory and

L4 : Perturbation Theory and Fermi’s Golden Rule Cross Sections
L5 : Electromagnetic Scattering of Spinless Particles

L6 : The Dirac Equation
L7 : Solutions of the Dirac Equation l QED for
L8 : Spin 1/2 Electrodynamics j Fundamental Fermions
L9 : The Weak Interaction
(Fermi 4-point scattering: an analogy with QED)
L10: Local Gauge Invariance The Standard Model for
(the role of symmetries in interactions) massless particles
LII:Electroweak Theory SU2)L x U(l)y

L12:The Process:ete™— vy, 7Z — utw
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S=0 QED : S=1/2

Wave equation: (8,0" +m?) ¢(x) =0 (iv*9, —m) YP(x) =0
Solution: d(x) = N e~ tPT V(z) = u(p)e—'ip:c
Conserved current: 3" =i [¢p™ (0" ) — (0" ™) @] j* = PpyFap
Perturbation Theory T'¢; = —i/d4a: qb;l(a:)V(a:)qbz(a:) Ty; = —i/d4$ wT(w)V(w)wpi(w)

Electromagnetic Field: o, F" = g% with FrY = grAY — 9¥ A

QED: ot — o — ieAH = Te; = —i/ 3i(x) A (z) d*x
Feynman Rules: A C
l te(ucyHu,)

ie(pa + pc)*
—tM = * ig;u//qz

. —iM = - —igu/q?
- te(pB +pp)” :

- te(upy’up)

B D
Cross Section:
do a? /34 cosB\? do 1 1 2 do a 4+ (14 cos6)?
— = <= — = — | M| = — =
d? 4s \1—cos@ dQ? 64w? s d? 2s (1 — cos)?

Mandelstam Variables & Crossing;
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1) Free particle wave equations
K.G.: (aua“ +m2)q)(x)=0
Dirac: (iYMaM_m)P (x)=0

Plane wave solutions:

0) (x) = Ne ™"
Y (x)=u(p)e™

Current: 9 j* =0 Quantum Electrodynamics
» =i[¢*(au¢)_(au¢*)¢] - o =2|N[ E
J" =0y P =Yy =0

2) Electromagnetic field

9,044 -39 A" =}

Maxwell u

or d F" =)

Gauge freedom:

A, —= A =4 +9 ]\
with 9 ,0"A =0

Lorentz condition:

d,4" =0
aMauAv =jv

Plane wave solutions:

A" = Ne* (p)e'i”x

(2 polarizations since m=0)

3) Scattering Perturbation Theory 0P (H V( t))p T-storder: ‘ ‘2
l—= + X , ; )
A: non-relativistic derivation: ot 0 ’ W, = Pm LA with

Plane waves

P;

B: relativistic extension:

C: cross séction:

C
D& B

A

S

7, =a, (1= )= -ifd'x; (x)1 (x)o, ()

T,=-2niV,8(E, -E ) with

V= fdxo; ()7 (o ()

~iN,N,NeN, (21 ) 8*(p, + py - pe —pp ) M

N e | A A A e

_____ [Tﬁ
W.= lim —— and Tﬁ=
dG _ Wﬁ
dQ  flux

4) Electromagnetic Scattering

0" — 9" —jed"

ﬂux=4\/(pApB)2—mjm§/V2 1o |

3 — _
ao =TT V_dp 40 64n’ s
I (27[‘;)3 2El

Py
P;

M|

(00" +m’ Yo (x) — (8,0" +m’ +V (x)p(x) 5 V(x)=—ied, 4" +4,0" Tﬁ=—z‘f—ie[q)j(auq)l.)-(auq);)q)l.]A“ d*x

(iy“au—m)q)(x) — (iy“au—m+V(x))q)(x) X V(x)=—e\(0y‘u/1M Tﬁ=—f—e[1pfyuxpi]A“ d*x

. . —in.x * *ip X v * i(Pp-Ps 1 ;
BSpanCase. i o, =Ne p q)f:Nfepf 9,0 A“——]ED——eNBND(p;+p,%)€(p Pg) AM__?];D
_gv oY) . * * 4
A/Y\C T, =_f]jCAMd4x —_fJZC q; Jypd'x = =iN ,NyN.N, (275) 64(pA+pB_pC_pD)M
—1
—iM = le(pA + D )“ g2“ le(PB +pD) — “Feynman rules”
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