
 

Transformation of Goldstone fields

Usually fields transform linearly as

a representation of the symmetry group
G

g g e G
Mlg y

However Goldstone bosons are excitetions

around a vacuum state thet is wot

invariant under the symmetry We will

see that the fields describing them transform

won linearly We will analyze a general

situation where a symmetry group G

spontaneously broken to a subgroup



H There are the h ng h

Goldstone bosons which we collect into

a vector Trx A realization of the

group is a mapping

TT 9 fig Vg Ea

The mapping must obey composition

Ffg gas i f g f Iga

Remarkably this determines essentially

uniquely To see this consider the image

of the origin f g t o Since the

unbroken subgroup It is linearly realized



it maps the origin onto itself

I h o o th E H

Therefore we love

Flgh 0 F I g o

so lives on the coset space G Hand

provides a map from GIA to the Goldstone

fields This map is also
invertible

sina.frg o F f ga o implies

that g H ga H

Proof If gi gz 0 f Igi Elgar

FIST Ffg o I Igi g o



f f e o O

gi g E H get g H

so the function I f l g o provides

a one to one mopping between Glu

and values of the field The treaformetion

of the field follows from the action of

g on the coset space The remaining

freedom is the choice of coordinates on

Ct IH Consider G SU uf X Sur Ihf

Nu Vr K p C Shirt

It Syrup V V V E 8h Inf



The coset space G 1H associated with

an element g El Vi Tn is the set

JH K V Vr V V C Shrug

To parameterize G 1H we can select

one element of each set g H A

simple choice is to write

E Tr Is Fruit II v E v

representative E H
element

The matrix U VpViet parametrizes
a 1H and transforms as

4 to Vp 4 Yet for g E r k un



All that is left is to parameterize UK C surf

The mended parameterization used in

the literature is

UK exp ita x

with
a ZITI a NE s The fields

F

Tak are the Goldstoneboson fields

For hf 2 we have

urxssexpcira.at exp III FI
in the second step we have written IT I 13 in

terms of linear combinations with definite
charge Let us also anticipate that



the courteut I introduced to melee the

exponent dimensionless will correspond to

the it decay constant

To see this we should write down

an effective Lagrangian for the field

UK


