
 

85.3 Solitons

Consider the toy model 2 1 267 6

with double well potential
4 142 0272

1

in H1 dim spacetime
AV

W

two vacua 4 10

Pick one and study oscillations
around it 4 Utx symmetry breaking

will study in QFT 2

expanding 2 in one finds describes

particle with mass m a

From now on denote as space and t as time



We can have a time independent

field configuration with

46 0 as as

46 to as as

and changing from o to to around some

point
1

0 l l l

domain wall

energy per unit length is

x df 42 012 2

For the domain wall this gives
re

I



the total energy
or mass is then

M dx x

consisting of the two contributions

spatial variation
dx ᵈ e E note

potential energy
Sdx 42 042 1 04

Minimizing the energy gives
dm
Te

O 704

1704

l 702 mass M n

Thus we get a lump of energy
spread over a region of length e

can boost to any velocity byLorentz ino
soliton a kink



Topological stability
The kink is topologically stable

as it would cost an infinite amount
of energy to lift 46 over the

potential barrier from x to as

in two dimensions have

conserved current

J focus 4 topological
current

with charge

Q dxJ x Ufos Of 1

ordinary scalar particle has charge
0 0 kink cannot decay to

ordinary scala particles
antikinks Q I 6 C a to Celas 0

Kink and antikink can annihilate
into scalar particles
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Antikink

Non perturbative phenomena
Solitons Kinks are examples of
non perturbative phenomena which

are outside the range ofperturbation theory
M MIL not detectable

for 1

more precisely
M dx def 42 09
1 we L
Tax Uffy
y ux
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pure
a dy 72 1
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Vortices

vortices are yet another example of
solitonic field configurations
Consider complex scalar field in

2 1 dim spacetime with

2 29 2 4 4 4 032
into

so

Mexican hat
potential

We look for time independent finite
energy configurations

with

M fd x 2,6 2,4 1614 044 as

14 u at lx1̅ a



Consider the Ansate 6 ve in polar coordinates

4 9 142 gives Q 4 occoso sino

Recall the soca current 53.1

1 i fJ i 29 4 4 2,6

I 2 4 it a ice Q iQ 2 9 tie

21 4229 429

current whirls about at spatial infinity

vortex topological as 4 ve e IT S

have 2,4 0 t as as
for me

for the term 26 2,9 we then get

d 2,4 2,4 5 v2 d x

energy diverges logarithmically

ge the theory 2,4 D 6 29 ieAi9

Now require A so that Diets

vortex carries

flux fdtxfz fdxi.tt 2 mag flux
flux tube



Monopoles

Let us now move to 3 1 dimensions

spacial infinity is 52

Consider Lagrangian with 06 symmetry

2 125.26 V19.9 9 9,42 9

Let us choose V 62042

M d 2514 62032

finiteness forces 101 0 at r

obtain a map
S 52

finiteness requirement for first term
forces us to introduce 063 gauge
potential Abm

2497 D 49 2,64 eeabcai.by
c

choose Abm such that Diffeso
A I 2



solution is time independent As

A magnetic 5 field pointing
in radial direction

t Hooft Polyakov monopole
solution

flux fds.is is again quantized as for the

Divac monopole
mass is given by

M fd x Fig ICD 8 4 V91

we have
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ofd5 TT 450g

for 191 0 VIII O

M 4Tug for Fi IEijkdr.tt
Bogomolingi Prasad Sommerfeld or BPS state


