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Introduction

e Localized structures arise in Field Theory under the action of scalar and
other fields. In particular, one may find kinks, vortices and monopoles;

* Kinks — one spatial dimension, Z, symmetry;

* Vortices — two spatial dimensions, U(1) symmetry;

- Monopoles — three spatial dimensions, SU(2) symmetry;




Vortices

[H.B. Niesen and P. Olesen, NPB 61, 45 (1973)]
2 ! BU IS Ty ey
S = | d*rds —ZFWF +D,pD"op -V (|¢])

Ansatz: Ay = 0,

o = g(r)e™ e A =— (n — a(r)) :

")

o

a(0) =n, 2g(0) =0, lim a(r) =0, lim g(r) = 1.

r—oo r—oo

1 da
B=——m— — ® =21n.
r dr

[E.B. Bogomol'nyi, Sov. J. Nucl. Phys. 24, 449 (1976)]

BPS formalism: v\ o2 d and C.M. Sommerfield, PRL 35, 760 (1975)

1 2
V(lep]) =E(1 — |g0|2> —> energy is minimized to £ = 27z |n|for

dg ag 1 da
dr r r dr (&)
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Monopoles

[G. 't Hooft, NPB 79, 276 (1974); A. M. Polyakov, JETP Lett. 20, 194 (1974)]

S = Id%»dr[ - %F;}UF"/“”’ . DDt — V(| ]| )] .

%
Ansatz: Ay = 0 (
= diag(= bt k)

Aa Ap
$? = — H(r) and  Af=¢,;,— (1 -K(@)).

r r
H(0) = 0, K(0) = 1, lim H() = 1, lim K(*) = 0.

ke et o S T IH’2+H2K2 Ty
L r2 s %) r2 '

BPS:

V—>0 = H(r) = coth(r) — l, K(r) = rcsch(r).
r




Vortices with internal structure
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U(l) X Z, symmetry




Vortices with internal structure

Ansatz: A, =0,

| L
Gi= e A —~(n—a( e y=xm.
x0) = %, rlim)((r) = i
it Equations of motion:

== —— D =Drn




Vortices with internal structure
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Vortices with internal structure
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independent




Vortices with internal structure

Source field:

W) L - e 16 15 r?
e i = ) = e oo

x as a function of r/r,. Psource
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Vortices with internal structure

Vortex:

|
P()()=?

Magnetic field for ry = 1. Magnetic field for ry = 1.
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Multilayered vortices
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1 1
S) = [dzrdt <—Zf(x)Fﬂ,,F””+ID,,,¢ |2+50ﬂ)(0”)( - V(| ¢l ,)()> :

\) U(l) X Z, symmetry

1 1
S, = [dzrdf <_Zf( PRI dety Z%ﬂ”‘” +1D,0°+1D,x1° = V(lol, x| )> -

\ U(1) x U(1l) symmetry
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Multilayered vortices

1 1
S, = |d*rdt —Zf(IxI)FWF””—ZFf’WW”+ID,,<0|2+I%x2—V(I40I,|)(I) :

v =d,+iqd,

F,=0d4,-0,A4, F=0,,—0,d,

=0, +iA,

Ansatz: Ay = d, = 0,




Multilayered vortices

BPS formalism: :

1-|p| :
| q 2 \?
Vel lx]) = +— (w?— |y
2 Gl 2
: ch G 2) 2
h =iT, —;=iq w®—=h") — |Hidden sector is Independent




Multilayered vortices

/

—ZL = cos? (2am () (1 - g2) .
r

Selutions:n=k =1 g—=1 m =" Solutions:n=»rk=1.q9g=1,m =3
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Multilayered vortices

Magnetic field; Magnetic field;
= = = B k=gl a3
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Multilayered vortices
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(a)

Magnetic field for
n=—k=1 g=—05m ) e
A=05 (@) 1(b) 2(c) ed(d). .




Monopoles with internal structure

Magnetic monopoles with internal structure
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= [d3rdt <—1P(¢)F“ pow _ M0 e D W ¢po'p — Vg, | x| ))
4 pv o) H 5 . >

SUQR2) X Z t
Ansatz: A¢ =0, LG ety

e %
=R A = eaib7(1 — K(r)), and ¢ = ¢(r).

r 8
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Monopoles with internal structure

Compact source: ¢(r) = {

P(¢p) =1+ ¢

Energy density for r, = 1. Compact monopole;
energy density for r, = 1.
i



Small and hollow monopoles
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D, p“D"¢p" = V(| $])

dr dt —MFILC;UFCIIMI/ i M(|¢|)
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Bigmanetic monopoles
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Multimagnetic Monopoles
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Electrically charged localized structures
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Electrically charged localized structures
Single point charge; three spatial dimensions; static

r d
. . el

() r? r dr ] do \ 2e

dg

Energy density: p, =

+
dr | Lr4e(q§)




Electrically charged localized structures

1 o
W) =¢-=0" = e@d) = (1-¢) 7

| | il
¢(r) = tanh (—) pp(r) = = sech (—)
r r r

Energy: E = 87x/3
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Final comments

* Symmetry enhancement allows for modifications in physical
properties of localized structures;

* Presence of first order equations;

(s i i 5 et T
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