


A Brief Review of Nielsen-OlesenVortices

Nielsen-Olesenvortex
a point-like object in (1+2)D

cosm ic string
a straight string along z-axis 

=



Revisit Abelian Higgs m odel as the sim plest field theoretic m odel

scalar potential

action

a com plex scalar field

a U(1)  gauge field



Energy for static Nielsen-Olesenvortices carrying m agnetic flux 

com plex scalar field = am plitude + phase

Vacuum  configuration



Q. topology of vacua

vacuum  m anifold

superselection

boundary of xy-plane

com plex scalar field

nontrivial topology = first hom otopy



quantized m agnetic flux

Q. topological soliton = Nielsen-Olesenvortex

n vortices superim posed at the origin

single valuednessof field for any integer s 

n vortices separated in xy-plane

= first Chernnum ber

n = vorticity

= winding num ber

→



Focus the questions to 

1. tractability
2. intriguing lim it, theoretically and experim entally

Q. W hy is this coupling so special?



A1. M asses of U(1) gauge boson and Higgs becom e equal.

A2. Bogom olnybound



Reshuffle the energy term s to show a lower bound (Bogom olnybound)

where

BPS (Bogom olny-Prasad-Som m erfield) equations

→

→



Reshuffle stress tensor term s

→ vanishes everywhere : no pressure  &  stress 



Q. m ore?

A. N=2 supersym m etry

(1+2)-dim ensional U(1) gauge theory with N=2 supersym m etry
→ bosonic sector = Abelian Higgm odel with                    & specific Yukawa coupling 



1. 90 degree scattering of slowly m oving two BPS vortices in head-on collision  

Q. Physical im plication of



2. Interconnection by two encountered cosm ic strings 

Q. Physical im plication of

string network



Q. Cosm ic string is dead by CM BR … W hy again? 

A. Gravitational wave from  a cusp form ed in cosm ic string



Non BPS 



n superim posed vortices

cylindrical coordinates

sym m etric profiles of fields

field equations 

&boundary conditions

asym ptotic region

near the origin



field profiles



m agnetic field energy density



m ass of n=1 vortex

energy of single vortex



interaction index

Interaction am ong n superim posed vortices



interaction term s am ong n superim posed vortices

: Interaction term s are cubic or quartic

Introduce rescaled dim ensionless fields



interaction energy density

interaction energy density at large distance

repulsive: type II

attractive: type I
→



Two stacked vortices of vorticity n1 and n2 with large separation

Q. Interaction between two stacked vortices with large separation?



Interaction between two vortex stacks with large separation 

Abrikosovansatz 

: Leading interaction term s are quadratic 



interaction energy as the sum  of repulsive and attractive forces  

interaction energy density between two vortex stacks

→

Vortex-vortex interaction potential V(s)

↓←num erical work for arbitrary separation 



Im plication to cosm ic string 

Type I cosm ic string  
→ m erging  
→ low num berdensity but energetic gravitational waves 



To be continued … 


