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Symmetries Transformations that leave the

action path integral invariant

continuous global symmetries

Noether's theorem
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Typically in QFT we examine

correlation functions in the vacuum

state a perturbation theory

However here we will study a

different aspect of QFT

We examine a particular family of

field configurations solitons a non perturbatiup

soliton has a different meaning in field theory

Previously

Soliton localized lump of energy that survives

scattering
with other solitons



Definition Solitons are non singular static

in field theory finite energy solutions of the

classical field equation

At the quantum level solitons correspond to localized

extended objects punsiparticles

Consider a scalar field on 2 dim spacetime
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Kink solution

p as x x pep as to

static field 4 0
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mass of the kink

we can boost and find a

moving kink solution
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energy density a 1

picks at x X
perturbative

regime

position
of the kink is

the kink much more massive



Iagyandbogomolnyepuationsm.AM

finite energy configurations approach the

vacuum at

17,0

If 4 1 Axl can be continuously deformed

into the zero energy vacuum 4 0

If to Axl cannot be continuously deformed

into the zero energy vacuum 4 0

topological stability of kinks

Topological N D dxdx
charge

If V20 we can always find Wpl

superpotential

Until
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Bogomolny bound

depends only on the topological

data at to

Say 9101 02 01 01 0

Minimum
energy configuration
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1 4 Bogomolny equation

solutions are kinks



field of
is a 2nd order PDE

but spelial solutions arise from a first order

ODE the Bogomolny equation

In general the field equations are usually

not integrable but the Bogomolny equations

often are integrable

Examples
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consider the oneparameter family of

configurations palx phlox
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D 1 Egad Eu kink

D 2 Eu D Can lead to non linear field

theories if the target space

is a manifold without a

linear structure d R 1 Σ

sigma
models

D finite energy solutions do not exist

Adding a Skyrmo term 1701 Skyrmions

Kinks in D 1 domain walls

infinite
energy
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Focus on N 3 time independent soutions with

finite energy Ld

ppl 0 as no

pxi
tends to a constant at infinity

choose 0,1 1

Laplacian in 2 d is conformally inv
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conformal invariance spatial rescaling does not

thange the energy
shrink

any static
solution

to 2840

the solitons do not fully

deserve their name and

are called lumps

Continuous map
5 52

topologial
p degp p 2,0 2 d

degree

t
partially sharacterizes static solutions

only global info

fields can have different energies

within one topological sector



E a p d p d 4n1pl

52
spin waves
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first order Bogomolny equations
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Solutions
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The Bogomolny of imply f is holomorphic

or anti holomorphic

in z ix


