The Electroweak Interaction
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The Weak Force

Recall that there are particle decay processes a—>b+c
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where g is the coupling strength of the interaction,
T the lifetime of the particle, is
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The lifetime of a particle indicates the strength of the decay mechanism



The Weak Force
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Characteristics of the Weak Force

The time scale of the decay is . Radioactive decays must proceed
by the weak force since the timescale ranges from 10-8 s to years

E.g. neutron B decay n—o pe_ve 1, = 920 seconds

Weak decays often involve neutrinos
- do not interact by the EM force or the strong force
- cannot detect in conventional detectors
- can infer existence from conservation of E,p



Neutrinos would not be directly detected for 25 years: V.+p—oe +n
Reines & Cowan, using Savannah River nuclear reactor,

(N+p—>d+y)



Before discussing the weak interaction we need to review:

Left handed -1/2 Right handed +1/2
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Helicity (cont.)

You showed (ex. 7.7 of Griffiths) that the solutions of the Dirac equation
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are helicity eigenstates:
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For antiparticles the relation is reversed (because v(p) ~ u(-p)):
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The y> Matrix
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In the limit m=0 (E>>m), we saw earlier that
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Also have
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Helicity Projection Operator

Thus the following “chirality” projection operators are
also helicity projection operators for m=0:
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For m=0, P, projects onto helicity -1/2 fermions
but helicity +1/2 anti-fermions.



Helicity and the Electromagnetic Interaction

We can use the projection operators to split the electromagnetic current
into 2 pieces:
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Allowed QED vertices in high energy limit
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Equalities are due to parity

Py




The Weak Interaction and Parity

‘ Parity ‘
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r=(XV,2 —>r’:(—>g—y,—z) I.e mirror reflection

Parity is the inversion of the system through the origin



Parity

Position/Momentum are odd under parity P ] F —> —F P: ﬁ —> — I_j

Angular momentum/spin is even under parity ae _,
- said to be an “axial vector” '

Helicity:

P:S-p—>-S-p
So Helicity is reversed under parity:
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Parity and the Weak Interaction
Consider g decay N —> P€ Vv,

J is nspin direction, oriented along z by B field

SZ Is component of electron spin in z direction

e (E,P) )
S-p Y
S, / decay angle distribution is found to be ocl-——= 1_60089
This is odd under Parity S . { S . §
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For v=c, electron is never emitted in the direction of its spin (cos6=1)!



The charged weak interaction violates parity maximally

By analogy to EM we associate the charged weak interactions with a
current, which is purely left-handed:
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The charged weak interaction only couples to left-handed leptons (e,u,t,v;).
(Also, only couples to left-handed quarks.)
It couples only to right-handed anti-fermions.

The right handed neutrino (if it exists!) does not interact weakly
(or strongly, or electromagnetically) -> “sterile” neutrino.



The charged weak current
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SU(2) symmetry relates the left handed electron and neutrino.
The left handed components form a doublet representation and
the right handed components are singlets (non-interacting).

Called weak isospin symmetry.
We can derive the interaction from the gauge principle:
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_ return to later
g=4d,



The charged weak current has exactly the same form for the heavier leptons
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The weak neutral current
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Experimental evidence showed that there is also a weak neutral current
that couples to right and left-handed charged leptons,
but only left-handed neutrinos



The SU(2), x U(1), group

There are three vector bosons W+, W-, and Z°.
They are different from the photon and gluon in that they have mass.
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They correspond to the generators T2of SU(2) = angular momentum algebra.
W corresponds to J* = J, +1J, W- toJ =J, -1, and W3 to J,,.
Z0 is a mixture of W3 and the U(1) , gauge boson, B which couples

to both left and right.

This is why the Z0 couplings are not purely left-handed.

The other linear combination is the photon, y.



The Higgs mechanism in brief (c.f. Kathryn Todd’s presentation)

1) Postulate a scalar field ¢ whose potential energy  V(d) = A (|¢|>-v2)2
forces it to lie away from the origin, b=V (+00)

2) Give ¢ gauge interactions under SU(2), x U(1),:
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Inserting ¢ — T[ ] turns LHiggS into gauge boson mass terms:
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Photon (m=0) is orthogonal combination, _

To determine how fermions couple to gauge bosons, rewrite
covariant derivative in terms of mass eigenstates:

with Q=T°+Y ang €=0sSn6,

Gauge boson masses become ev ev

M = 2sing,, M = 2sing coso,
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Let s,=sin’g,
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Except for overall factors, M has same form as QED helicity amplitude
worked out earlier in class (in p;. p; form):




The decay of the muon
After squaring M, integrating over phase space
(see Griffiths):
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Experimental value of muon lifetime,

T, = 1/Fu = 2.2 x 10-6 sec

used to determine G_ = 1.166x10° GeVv? or Vv=246GeV



