CHAPTER 9 - INTERACTIONS
OUTLINE

Section 9.1 » Quantum electrodynamics
> The Lagrangian

> Gauge invariance

> QED for charged leptons

> Nuclear particles

Section 9.2 » Low energy weak
interactions

Homework » Problem 9.1

Section 9.1 » Quantum electrodynamics

> The Lagrangian

Recall the Lagrangian density for free
electrons (+ positrons) and free photons,
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Now include interactions by "minimal
substitution" ; p* — p'* = p*— qA* ;
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> Gauge invariance

- = STRES
Yo) > e P %) ; Feo=e P
Albo o AMiy + L 3% (x)

: s'muf!q’)
wheve
‘ CF te !‘- - =
x G Gy =N Srile + 2oy
= L s ht Lpe 2Ly YR I
[ é— ! ‘ = - —>
4 E " H = sz+ %(L-ﬁ-ag).g = % B
Coventat devivalive " Trttap E(Q“—L;.'AM/ v
DM — et by Spin i
o _ _ M&fulx'c o hent  H = —u"B
An example of a non-minimal interaction > 2 PErae~ K 37
W o EARE . ik
) e ge LT oL
r?»t T "{"’;v"“‘ Mheg L; ,7::;(%3_)5
OLV}M[7 M 1\\\/‘(“‘“«1 M Lf)m“’} fk”u-' -é g ks 2_{_ 2/{ 2% /.d ;),.’/,'cf an

e i[ yr] “spin ¢ ‘avomalos Wog. mevedt

= ) =(g~2)/2

= [ifretl-m]p = .;;,f_'ﬂ,b (1.12)
probedly wirom,
2!




> QED for the charged leptons
e, u, T are fundamental particles (or,
fields) with charge —e and spin ..

Table 9.1

m [MeV] g
e 0.511 2.00231...

m 105.7 2.00233...

T 1777 2.000(58)

The field theory is
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> Nuclear particles

The magnetic dipole moments of the
nucleons are given by

up’n:gp,n HOS

where p,=eh /(2 M b c) . Expt'l values are

gp/Z =2.793 ....and g _/2=-1.913 ...

which imply these anomalous magnetic
moment couplings

K, = 1.793 .... and Kn:—1.913

Therefore, the electromagnetic field
theory, including nucleons is
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Here we are treating the nucleons as
point-like elementary particles.
Therefore the nucleon part of the theory
is only valid for low energies.




Section 9.2 »
The Fermi interaction for beta-decay ;
or, more generally,

Low-energy weak interactions

We know many weak interactions
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The low-energy theory for weak
interactions is
Fermi's 4-fermion coupling

L= ‘£QED+ £ WeAk

£ = =G N2) Ty* T,

WEAK

where

]Wu - (JWH)LEPT * (]WF)NUCL

Jw")iepr = Ve v [1 -1l y, + hoc.
(IWH)NUCL = \Vp 'Yu [1 + (gA/gV)'YS] Vit h.c.
£ WEAK leads to weak-interaction vertices

for Feynman diagrams.
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The Fermi coupling constant, G,. .
See page 146.

[ Sign is positive; known from
interference between weak and QED
interactions.

a GF/\/(Z) = gZ/MW2 : from standard model.
a  Gp= 1.16 x 107° GeV ~?; from y decay.

Homework Problems
due Friday March 24

1. Maiani and Benhar, problem 9.1.

Also, read:

Sec. 9.3 Strong interactions

Sec. 9.4 Hadrons, leptons and fields of
force
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