
ISpontaneously broken gauge symmetries
-

Last time we saw an example of a spontaneously broken

global symmetry .
Goldstone 's theorem told us that for each

generator of the broken symmetry, a massless particle exists
in the spectrum. This week

,
we will investigate spontaneous

breaking of gauze symmetries. The upshot: instead of

getting new massless particles, the gauge bosons will become

mas .

There are lots of technical details involved in the group

theory structure of the standard Model
,

so we will warm

up
with a simpler example, a UCD gauge theory .

While this

does not describe the standard model, it maps exactly on

to the phenomenon of superconductivity, so it will be worth

the effort .

Let's go back to the complex scalar Lagrangian , but replace
the ordinary derivative with a covariant derivative and add

the kinetic term for a UCD gauge field :
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Recall that the UCD transformation is ¢ → e-
" '"

¢ .

The potential V4) is the same regardless of whether this symmetry is

global or gauged, so by our results From last time
,
the grand

state is at <¢> = f?ei° . By performing a UCD transformation,

we can set 0=0
,

so 4¢ > =fÉ=_ ¥ (52 is conventional) .



As before
,
let's write ¢ = v+gei-d now with correct dimensions ! 8L

and rewrite the Lagrangian in terms of the real fields or and Ti .
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kinetic term :[ Kar +0¥ - ie An "÷][÷d%"É+=+ieA^r]
(note exponentials cancel )
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But since the Uci ) symmetry is a 10¥ symmetry we can apply
an appropriate gauge transformation to set IT!✗Eee .

( Tux ) → TIK) - v ✗ (X)
,
just choose ✗G) = -111×7)

T

This is known as mige .

In this gauge
,
the ¢ kinetic term is
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The game field In CM context
, Coulomb potential

has acquired a mass ! becomes Yukawa potential te
- TX

,

ma = ev where X~1-nn.is London penetration depth.
We say the gauge field has "eater " the field IT to acquire a mass

,

and hence a physical longitudinal polarization . In spontaneously -
broken

gairge theories
,
instead of a massless Goldstone boson

,

we get a mass term for the gauge field .

Note that there are also 0- A interactions
,

but these are essential>

the same as the ¢-A interactions which came from the covariant

derivative
.
Let's look at the rest of the Lagrangian -

.
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Recall v= TE , So Ñv = Igv ' =>tei Cs
(as it must

,
since we defined 0 such that the minimum of

the potential was at 0=0)
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0- A interactions from

enemy mass term ! hey cubic kinetic term

interaction

so in terms of 0
,
there are Feynman diagram vertices as follows :
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[note : factor of N! For N identical particles at each vertex, so this is why pcfhct.rs change]

While we started from only a single interaction 1019
we get cubic and quartic interactions

,
whose relative

coefficients are cited by the symmetry breaking .

The mass term is also related to the coupling :

no = 52m

So measuring the mass and the size of the cubic interaction

pcts the size of the quartic interaction
.

This is a powerful

consistency check of the theory , and a smoking gun for a

symmetry hidden in the Lagrangian .



Let's do some example calculations to see how this would

work in practice . First
,
we need the propagator for a massive

vector field :
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Trew term Fo- massive vectors

Because of gauge symmetry, the propagator is gauge -dependent,
but this arbitrary choice cancels out of physical observables.

However, in other gauges, the
would- be Goldstone IT reappears,

so we will stick
with unitary gauge for simplicity .
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consider oo → AA at tree level . Four possible diagrams :
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Note that despite appearances, when F-
i.
F-r~moKmA

,
all diagrams scale tie sane:

-
n (e-v5' ="me , ⇒ = e÷i=i.

This is a consequence of
the spontaneous symmetry breaking : the

diagrams " know
" about the original theory without the on

,

where 01¢ → AA only depends on the gauge interaction and not

the ✗ 1010 term .


