(1.0) (0. V}
Wi Wr g Wr

(X)
2-component spinors of SU(2) (Z(X)j

velocity Left-handed ———¢;y,

L

m=0

"I A

" Right-handed

The spinor structure follows from the representation structure of the Lorentz Group ...



e The Lorentz transformations form agroup, G (9,0,€ G If 0,9,€0)

Rotations
R(H) — e_iJ'H/h J, =ih(x<—y<).. Angular momentum
? g " operator
3 (c.f.J=rxp)
[3,,3,1=in) & J,
k=1
LO3) (SU(2)) eg. Spin R(@[;}e‘“m @

L a3l



The Lorentz group Rotations J. Boosts K.

[J;,d,1=1g,J,
(3, K, 1=lg; K, } Generate the group SO(3,1)
K, Kj 1= —igiijk

. =1(X pa_o' - J Z%gijijk Ki=M)

0' axp | i

To construct representations a more convenient (non-Hermitian) basis is

=1(3, +iK,)

} VUQ)®U(2) representation (n,m)




The Lorentz group Rotations J. Boosts K.

[J.,d,]1=1g;J,
3., K 1=ig; K, } Generate the group SO(3,1)
k. Kj 1= —igiijk

s 0

To construct representations a more convenient (non-Hermitian) basis is

Ni :%(Ji +iKi) Representations J_N} N-T
(n: m) J =N+m

[Ni’ Nj ] e igijka
[N/, NJ]=ig; N/ (0,0) scalar J=0
(%5 O): (0: %) LH and RH Spinors J:%

SlE.8.815
Da

[Ni9 Nj] =0
) vector J=1, etc










o v w=yy =y y. v,

e New 4-vector 7,

The Lagrangian

L =iy y0"y-—myy

From Euler Lagrange equation obtain the Dirac equation

(iy, 0" —my =0

U(1) symmetry

Fermions described by 4-cpt Dirac spinors i/

Dimension?

Lorentz invariant

v —>€eYy -

" =—ey 'y

Feynman rules

P

7

L




WT 7/01// = W = lﬂ_Ll//R + l//_Rl//L Lorentz invariant

L = m(aeR + geL ) Dirac mass

O-zl)”FTe =Y,

(WZ oy, + hC) Lorentz invariant

Only term allowed by charge conservation is

- T
L'= m(vL o,V + hC) Majorana mass




Fermi theory of f decay N— PE Ve

%[uny (1- 7/5)U ][ave%;(l_%)ue]



Fermi theory of f decay N— PE Ve

L = %[uﬂy (1 75)“ ][aveya(l_ys)ue]

-
V-A R, &
\/ G _ g
) J2 7 8M,, 2
9,

e V

e



Weak Interactions

SU(2) local gauge theory Symmetry .
u | %
d e [ ocal conservation of
L L 2 weak i1sospin charges
Ug, dRa SR
ig,0(X).7 :
e
Weak coupling, a, W; %W; —d ﬂar — f rSta’S\N/E

(0, —ig, AW )y ¥

Gauge boson
Wa=1..3 (J=1) A non-Abelian (SU(2))

local gauge field theo

Neutral currents




(9@ +M?*)-0"9,)B" = "

NV (2 2 L =g+ phpt /M)
(—g”'(—p "+ M )+pﬂpv)1 / 0 —M’

Bﬂ — gﬂeip'x Free particle solution

(ﬂzi'l) — - +'
€ +(O’1’ +l, O) / \/5 Helicity polarisation vectors
£(4=0) _

(A () _ P.B
Z €y & =79, T 2
2 M



Propagation of unstable scalar particle

. . :—ijzgp(p) No decay
AR
% — i QF ( p) D(n) Particle decays

~ Ar(p) \ into final state n

iJ iD(n)

Optical theorem — conservation of probability, time evolution is unitary

S'§=SS" =1 Sy =05 +IT,
2 rnlﬂtot
Im(T,, ) :%Z|Tnk| = —
-3* Im(Ar (p) =1 " HIA: (pD(M)| = 3% [Ar(p)| [+ 3 |D(M)[ dQ

1
) Ar(p) = P (A-(X)oc & Mat)

tot




e Z AR
L

I
N
X

e q.l,v

o(e'e — hadrons) =

88 89 90 91 92 93 94 95
Energy, GeV

(N is no. of light - wrt My - neutrinos)

127 I'(Z — ee)'(Z — hadrons)

(E*=M2)" +M_T;

—

}

Cross section (pb)

ﬂ-m ea s/GSM

a
7

1

Vs7s > 0.85 LEP

1.24
1.1

1
0.99
0.8

120

140 160 180 200 220
Vs (GeV)



N

q,l,v

q,l,v

=T T T T | . S R LR SR HEln B | T oy M S o, PN S B | | I | | { S ] e Pl
” P Ly ”:;"" + ORSAY o GELLD |
Rl | « FRASCATI 1 JADE
o NOWOSIBIRSK + MARK T
| T SLAC- LBL « PLUTD
| a DASF a TASSD
& ¥ 1 CLEQ
i ]' « DHHM
B $= 7& L]
I 1 | ¥ | ; |
i i q# | bl L T A
=5 R i o I % i # .Jtl'i’f d .g.rrl"ﬁll*l#
oS + .;'e B | LY i !
# |='i' \
| Ml Lo el
A" Rg =35 0f) Casy =
4+ ad, »ck
=
*
gL et R g Ry Sl i ey K| TN o R o O i - Bk Pk Co
Q@ [ 10 15 20 25 33 ik &0
Al T5 [(Gey] 108

o(e'e — hadrons)

oee >u')

N 2
3Zf:le



Fermi theory (‘40s)

M =%G<k>7ﬂ<l—y5>u<p> U(a )7, (1- 7.)v(p)

1
. = G2
© 19 Mt

The hard part!

expt 1 _ . )
7" = =2.19703(4) 10 sec ) G =1.16637(1) 10~ GeV



;e(qz)
Qﬂ?vumﬂrzneuo
_QﬂQV/
M =ig,, u(k)7*(1-y)u i u 1= )V
Oy U(K)y"(1=75)u(p) QM +ie Owu(q)7. (1=75)V(P)
In u decay Q2£O(mfl)<< M.,
G. =1.16637(1) 10~ GeV
|::> g\/2V ] _g\/2V g\fv _ GF
Q' -M, M, M2 -






Causality?

= l_ 2_ tl_t 2
QM :  U(X-X)oc ™00 X
See Peskin & Schroeder
“Quantum Field Theory” p28

Field theory :

ia)p‘t'—t‘—ip.(x'-x)
Ap (X'=X) = |J-(2ﬂ)2we X

=D(X=y)-D(y-Xx)

When (X—Y)* <0, we can perform a Lorentz transformation taking (X—Yy) = —(X—Y)
...causality preserved (e™'—e™")

No (continuous) transformation possible for (x-y)> >0

...and amplitude nonvanishing (e™ —e™)






Fundamental principles of particle physics

Introduction - Fundamental particles and interactions

Symmetries | - Relativity

Quantum field theory - Quantum Mechanics + relativity
Theory confronts experiment - Cross sections and decay rates
Symmetries Il — Gauge symmetries, the Standard Model

Fermions and the weak interactions

» The Standard Model and Beyond

Have Fun!
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U _=U

="

velocity/ Left-handed —— €y, 'R

v

¢

/ F
" Right-handed



