
 

Chivalperturbationtheory

study the dynamics of Goldstone bosons and pseudo GB

p K Ax Ax symmetry breaking scale scale of EFT

analogous to M expansion

L 887 X 10
V18

V10 has a flat direction

f Ñ then fluctuations

along that direction cost
no potential energy and are massless

Radial modes are massive Ax man of radial

mode

Theory has a symmetry group G ground state 152.7

Then g Soy is also a ground state Action of
A does not change energy If the symmetry is

unbroking1104 Ro and there is a unique vacuum

If the symmetry is book then there are inequivalent

degenerate vacua 91804 117
H C G is a subgroup of G that leaves the

vacuum invariant h shot 1107



Symmetry is broken G H and vacua are in

1 I correspondence with G H coset space in general
not a group

9h so g do so 9h g give the
same vacuum

or 9 15207 92180 92 9 15204 110

T 9 92h

If the invariance group of Ro is H of

915204 is get g

If G and H are continuous groups then

dimG fluctuations of Ro of which dint leave

100 anchanged dim G dim H flat massless

modes This is Goldstone's theorem

J Goldstone Nooo Cim 1911961 154
Goldstone Salam Weinberg PR 127 965 1962

Note that underlying theory can be anything and does not

have to have scalar fields There will still be dimfa H

scalar Goldstone bosons

General formalism developed by Coleman Weis Zumino

PR177 1969 2239 and Callan Coleman Wees Zunino PR 177
1224771969

coordinates for G H



model 2 410 5 10.0 072

as an example Theory has

an 01N global symmetry 0

0 NXN orthogonal matrix rotation
Ground state v2 sphere 5

Fo any point on 5 is a ground state

pick 0 V standard
vacuum

Get to any other vacuum by an O N

transformation

919
ON 11 transformation

leaves do invariant He 01N 1

SN I OCN OCN 1

dim 5 Nft IIIA
N I

Want to study dynamics of angular fluctuation
where lies on the sphene

example Alonso Jenkins AM JHEP 08 2016 107



Switch to polar coordinates radial coordinate

and an angular coordinate

v e x ̅ I unit vector

Oni One I inte 0in

Ori 29 are xp 2,82
ñ 2,9 12m15 T o

L I 1195 flute In leave

e is massive so integrate it out

My 2 42

L 02 2Ñ higher order terms in JÑ
from p exchange

F I I need a parameterization of angular
coordinate

UÑ IT IT TN IT IT v2

L Σ anti 7H
choose it Tw I N I GB

In FEET in N hemisphere

data I 01N 1 vector

a for



used by Weinberg for Sulz X PT

014 013 n

are Goldstone bosons and derivatively coupled

p interactions F DAY etc A constant IT

is a change of vacuum

CCWZ is an alternate parameterization A field redefinition

so Green's functions change but not 5 matrix element

V vii ON

cowz pick ñ e 9 no
coordinatesystem on G H
which is generally curved

are broken generators ie rotations that move
a imaginary antisymmetric matrices 3 3

i it if
form representations of unbroken group

ITa transform like the broken generators

3 D A
5 Y

I no 25 237



L no 23 2 no

t.FI iftd et.i i I

23 On IT

L IT 2H non linear terms

Fermited by the symmetry

L Ant Int II 21T IIT 1 OT OT

vs previous coordinate choice

Art 81T G 217

same on shell

P incoming 2T 2 SabSid Pa Pb P Pd

far Sbd

X Sad She
2 fab Sed s t



It A 2 21 4 Sab Sid 1Pa Pb P Pd

4 Sabsed PatPs ICP P

1Pa Pb Pc Pd

4 Sabfed s since P 0

on shell

check on shell amplitudes same


