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Magnetic monopoles

• New approach

• Asymmetric between         and

• Beyond Standard Model physics 
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Monopoles

Abelian theory: pointlike monopole

Singular vector potential                                 (string)

Energy:                    is divergent

String singularity is unobservable if 
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Non-abelian monopole

Monopole with structure and magnetic charge: is present 
in GUT theories

Involves spontaneous symmetry breaking of an internal 
gauge symmetry

Presence of scalar fields which give rise to spontaneous 
symmetry breaking

Energy and mass of monopole finite; GUT scale masses 
typically

Stability insured by topology



Gravitational monopole
Monopole with structure but no magnetic charge

Global continuous symmetry spontaneous breaking: 
Goldstone bosons

Infinite energy monopole: linearly (infrared) divergent 
integral

Winding numbers associated with “vacuum” manifold of a 
scalar triplet sector

Conjecture: global monopole will exist for all the classical 
and exceptional Lie groups

Negative effective mass: difficult to interpret as a particle



Topology and the scalar field
How topology arises?

Non-linear           model has constraint

Lagrangian

Could be considered as the large coupling limit of

Soliton solutions:

is a unit vector in internal space (space of fields with 

)

O 3( ) φa
2 !x ,t( )=1

a=1,2,3
∑

L= 12 ∂µφa ∂
µφa

a
∑

µ
∑

L= 12 ∂µφa ∂
µφa

a
∑ −λ φa

2 !x ,t( )−1
a=1,2,3
∑⎛

⎝⎜
⎞
⎠⎟µ

∑
2

r→∞
lim φ

! !x( )=φ
!
0

φ
!
0

φa
2 !x ,t( )=1

a=1,2,3
∑

d = 2



Integer Winding Number  Q

Q = 1
8π εµν
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φ . ∂µ

!
φ ×∂ν
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φ0
a = r

a

r
For Q =1

Analysis is valid for finite energy CONFIGURATIONS  which need 
not be solutions of the equations of motion; this example of a
scalat theory and topology.

In                scalar field has a similar homotopy in the presence of 
gauge fields: ‘tHooft-Polyakov monopole
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Global Monopole  (GM) 
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Spontaneous symmetry breaking of  global            ;  

Goldstone bosons: energy densities which scale as 1/r2;  linear 
divergence of mass
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Trajectories around GM
Monopole core size related to the parameter

In terms of an impact parameter        and for 
trajectories starting at a distance           with a 
velocity      (            ):

Threshold velocity 
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V >V0 monopole acts as a convergent lens 

V <V0 monopole acts as a divergent lens



Stringy magnetically charged global monopole

Gravitational multiplet: graviton       , dilaton (scalar)        , 
Kalb-Ramond field (antisymmetric tensor)      ; model 
independent sector

String inspired Lagrangian
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Solution Ansatze
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Mass energy
! = " 3#$! 00

%( )

= " 3# " &
2' 2

( #2
+

) '( )2
4* (

+! 2 +2

( #2
+

+'2
2* (

#

$%
&

'(
+

" ! 4

4(
+2 " 1( )2

)

*

+
+
+

,

-

.

.

.
!

Linear (IR) divergence form the third term  in the integrand: 
the result of spontaneous symmetry breaking:   follows from
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Configuration is not pointlikeand is a stringy 
dressed gravitational monopole



Equivalence principle

Gravitational mass and inertial mass are the same for a 
pointlikemass

For a gravitational solitonicparticle: what is mass? 

Concept of Whittaker effective mass     :    quasi-local 
mass, i.e. mass in a bounded region which is compact
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Effective mass for the Reissner-Nordstrom metric
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Suggests a shell-like structure for monopole.



Shaded Shell (bag-like) structure of monopole
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need to be determined; and 
assumed to be large.

Energy of the shell is:



Shell energy

Minimising with respect to Lc

⇒



De Sitter space in core region
Inner region: singularity at

Our model Lagrangianbased on weakly coupled string theory

string coupling small

Near singularity expect          to be large 

so          large and non-constant at singularity

Away from the singular region                  , 

does not couple directly to       and so potential for        is 
dominated by            a cosmological constant  as

The Maxwell and Kalb-Ramondterms  are suppressed by the 
dilaton factor
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Metric in core region
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De Sitter static spherically symmetric solution of EinsteinÕs equation 



Israel matching conditions

with



Estimates
Phenomenologically interesting KR  electromagnetic 
monopole:

Hence

So large r analysis for matching justified



Equivalence principle revisited

E
Meff

Ext
=1.13! 1

So monopole bag behaves like a particle



Issues for phenomenology

Large      : losses due to production of  Goldstone bosons 
need to be estimated for monopole-antimonopolepairs

Gravitational coupling to photons and Kalb-Ramond
modes of monopoles

Perturbative Drell-Yan process estimates for scalar 
monopole mass  not valid in the presence of strong 
magnetic fields

Collision of Standard Model particles and production of 
global monopoles

Interpolating solutions and estimate of 
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