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Gauge Boson Masses

QED: U(1) local gauge theory with single spin-1 gauge field

Lagrangian:
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F.,=0,A, —0,A, ¢ fermion field; e: electric charge m: fermion mass

Invariant under local gauge transformations
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Symmetry Breaking

A mass term for A, would destroy the gauge invariance
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In general, gauge bosons must be massless and gauge
invariance 1s a guiding principle.

To generate a mass for gauge bosons, the local gauge
symmetry must be broken.

This leads to spontaneous symmetry breaking.



Spontaneous Symmetry Breaking

Toy model: a single complex scalar ¢ field coupled to U(1)
gauge field
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where Dy, =8, —ied,  V($) = p’|¢]" + MNg|* N

If u2 > 0: V() has unique minimum at =0 T

m¢:uand m = 0.



Spontaneous Symmetry Breaking

If p?2 < 0: V(¢) has minimum at
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Vacuum breaks U(1l) symmetry

Rewrite ¢ = i exp('ii)(?_v + h)
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Lagrangian becomes
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—evA,0" x + h, x interaction terms



Spontaneous Symmetry Breaking
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—evA, 0" x + h, x interaction terms
My =ev
mp = \/—2u? (recall: u? < 0) ‘
Pocket Guide

m,, = 0 (x 1s a so-called Goldstone Boson)

how to interpret the —ev A, 0"y term?

remove by gauge transformation Spontaneous breaking of a U(l) gauge symmetry by

a non-zero vacuum expectation value of a complex

fy =4y v X scalar field results in massive gauge boson and one
new Lagrangian: real, massive scalar field. The second scalar field (the
| {aais o Goldstone boson) is eaten by the gauge boson field and

o T R GE WAk PRV is transformed into its longitudinal component

In this (so-called unitary) gauge, £ contains only physical particles

X is gone! It has been “eaten” by the gauge boson field 7



nggs Mechanism

e now we generalize from a U(1) to a SU(n) gauge group

e scalar field is in n-dimensional fundamental representation of SU(n)
o gauge fields Aj are in n? — 1 dimensional adjoint representation
e Lagrangian:
L = (D@ (D"3)- V()
V(®) = p*d'd+ \0'd)?
e Lisinvariantunder (i,j = 1,...,n;a=1,...,n% —1; €* are small

parameters, g is the coupling constant, 7% are the group generators
[7% = 0®/2 for SU2)])
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Higgs Mechanism

Now consider the SM SU(2)x U(1) gauge group
introduce one complex Higgs SU(2) doublet
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if 4% < 0in V (@), then spontaneous symmetry breaking occurs
minimum of V (®) at
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choice of minimum breaks SU(2) xU(1)

why is p? < (?



W and Z Boson Masses

e now couple the Higgs field to the SU(2) and U(1) gauge bosons:
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We a=1,2,3: SUR2) gauge bosons;
B: U(1) gauge boson

g: SU(2) coupling constant,

g’: U(1) coupling constant

e gauge boson mass terms (... after some algebra)
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W and Z Boson Masses

- e mass eigenstates (A is the photon):
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e Define weak mixing angle:
sinfw =

e W and Z masses are related then by
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Summary

start with one complex scalar SU(2) doublet (4 degrees of free-

dom): this i1s the minimal case

Higgs vacuum expectation value breaks SU(2)xU(1)—U(1)¢s,
The W= and Z° bosons acquire mass

Three Goldstone bosons are absorbed into the W and Z

One massive scalar (Higgs) boson remains
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