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Magnetic Global Monopoles from Torsion
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Abstract. In the search of avatars of new physics, we present a new classical solution for
electromagnetic monopoles induced by global gravitational monopoles in the presence of
a four-dimensional Kalb-Ramond axion field. The torsion induces the magnetic charge
of the monopole.

1 Introduction
Electromagnetism is described by Maxwell’s equations which are given by
 E = ρe
∇.
 × E + ∂B = 0
∇
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 B
=0
∇.

−
∇×B

∂E
∂t

= je .

(1)

Electromagnetism is part of the the Standard Model (SM) of particle physics. In vacuum the charge
density ρe and current density je both vanish. The equations (1) have then an O(2) duality symmetry
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If there is now a non-vanishing ρe , then the duality can be maintained if there is a monopole magnetic
 B
 = ρm . The duality transformation is extended by requiring that
charge density ρm : ∇.





ρe
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ρe
→
.
(3)
ρm
ρm
− sin α cos α
Although no monopole has yet been found, the allure of duality symmetry between electric and
magnetic fields and resulting monopoles [1] has resulted in the search for monopoles by the MoEDAL
experiment [2] at CERN. This experiment, more generally, is devoted to the detection of highly
ionising long-lived massive particles predicted by theories which go beyond the SM. A monopole
could be one such particle but its mass range needs to be in the TeV range for it to have a chance of
detection in current accelerator experiments. We shall give the salient points of some theories which
predict the existence of monopoles in the next section. In the subsequent sections we will introduce a
new model for monopoles which might provide an example of a detectable monopole.
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2 Magnetic Monopoles
 field has the form
For a magnetic monopole at the origin (at r = 0) with charge Qm , the B
 = Qm r
B
4π r3

(4)

Qm
n
=
e
2αe

(6)

 
where r = r. Dirac [3] argued that the requirement of a Hilbert space structure for the quantum
theory of an electrically charged particle of charge e in the magnetic field of a monopole implied that
Qm is quantised:
(5)
Qm e = 2nπ


1
for integer n. Hence, in terms of the fine structure constant αe ≈ 137
and so Qm is large compared to e.
2.1 Monopoles in spontaneously broken gauge theories

Grand unified theories, examples of models beyond the SM, allowed the exciting possibility that, in
some circumstances, monopoles can exist. An example of a classical solution leading to a monopole
was found in a gauge theory where the gauge symmetry was spontaneously broken by elementary
scalar fields [4]. In this example the gauge group is S U(2) which is spontaneously broken to U(1)
the gauge group of electromagnetism. Two of the three vector bosons in the theory acquire a mass
v
Mv and the mass of the monopole is approximately 4πM
. This pattern is replicated in grand unified
e2
theories when a simple group is broken down to the group U(1). Typically this leads to monopoles
of mass determined by the scale of grand unified theories [5] and so the predicted monopoles have
masses of order around 1017 GeV. It is hard to see within this framework how low mass monopoles
can be found. Hence, although the models are very elegant, such monopoles cannot be found through
accelerator searches. This fact has motivated us to seek a framework which moves away from the
paradigm of spontaneously broken gauge symmetries.
2.2 Monopoles from torsion

We will construct a model where we replace the non-Abelian gauge bosons in models of monopoles
in grand unified theories with the gravitational multiplet of string theory. The Kalb-Ramond field [6],
which appears as part of the gravitational multiplet in string theory, will be denoted by torsion.The
gravitational multiplet thus is comprised of the graviton, the dilaton and the torsion field. Our model,
in addition to the gravitational multiplet, will require a triplet of strongly self-interacting scalar fields
associated with the spontaneous symmetry breaking of a global S U(2) group. The Lagrangian for our
model [7] is
1
2
λ a a
χ χ − η2 − R
L = (−g)1/2 ∂µ χa ∂µ χa −
2
4

1 −2γΦ
1
1
µ
∂µ Φ∂ Φ − V (Φ) −
e
Hρµν H µν − e−γΦ fµν f µν
+
(7)
2
12
4
 
where χa , a = 1, 2, 3 form a scalar triplet of fields under S U(2); g = det gµν is the determinant of
the metric tensor gµν ; R is the Ricci scalar for gµν ; the antisymmetric tensor field strength Hρµν for Bµν
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the Kalb-Ramond field (torsion) is given by Hρµν = ∂[ρ Bµ ν] ; Φ is the scalar dilaton field; γ is a finite
real parameter. The case γ = 1 naturally arises in string theory effective actions and we shall restrict
ourselves to this case. We can derive the following equations of motion:
√



1
νβ
gνβ χa,νβ + √ ∂ν −gg χa,β = −λη2 χb χb − η2 χa ,
−g


∇κ e−2γΦ H κβγ = 0,

and

(8)
(9)



∇λ e−γΦ f λκ = 0,

(10)

Gµν = gN Θµν

(11)

where Θµν is the energy-momentum tensor and, in terms of Newton’s constant G N , gN = 8πG N . These
equations are supplemented with the Bianchi identity for the Kalb-Ramond field strength:
 µνλρ ∂ρ Hµνλ = 0.

(12)

Furthermore in 4−dimensions the Kalb-Ramond field strength is dual to a pseudoscalar (“axion”-like)
field b. The remaining dilaton equation of motion is
1
δV(Φ)
e2Φ ∂µ b ∂µ b − e−Φ fµν f µµ −
+ O(∂Φ) = 0 ,
4
δΦ

(13)

where we did not write explicitly the terms involving ∂µ Φ, since we will be interested in situations in
which the dilaton is stabilised to a constant value Φ = Φ0 . (It is necessary to be aware of the units of
variables and so we recast the equations in terms of dimensionless variables:
W
W→ √ ,
gN

r→

√
gN r,

b
b→ √ ,
gN

η
η→ √ .
gN

(14)

The equations satisfied by these rescaled variables are the same as for the dimensional ones but with
gN replaced by 1.)

3 Classical Configurations for Monopoles from Torsion
We will consider a class of static solutions of the equations (8), (9), (10), (11), (12) and (13) by making
the ansätze [7]


 B(r)



−A(r)
gµν = 
(15)
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(16)
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The associated magnetic field has only a radial component, which in contravariant form reads:
1
2 W(r)
,
Br =  rθφ fθφ = √ ηrθφ fθφ = √
−g
AB r

(17)

where ηrθφ = +1, etc is the three-space totally antisymmetric symbol, and we took into account
Eq. (15). The electric field is zero.
The ansatz for the scalar field is
xa
(18)
χa = η f (r)
r
which is similar to the ansatz used in the ’Hooft-Polyakov monopole model (although other details of
our model are quite different). The last remaining equation, derived from (12), is
d
dr
Its solution is



 B (r) db 


2
 A (r) r dr  = 0.

ς
b (r) = 2
r



A (r)
B (r)

(19)

(20)

where ς is a constant of integration which measures the strength of the Kalb-Ramond field strength.
3.1 Asymptotic solutions

Recently [7] an asymptotic analysis (for both large and small r) has been performed on the equations
(8), (9), (10), (11), (12) and (13). The radial component Br of the magnetic field is monopole-like and
given by
√ 1 ς
.
(21)
Br = 2 √
AB r2
On ignoring deficit angles [8], the product A(r)B(r) behaves asymptotically as:
A (r) B (r) = 1 + ε (r)

(22)

with ε (r) ∼ O(r2 ) as r → 0 and ε (r) ∼ O(r−1 ) as r → ∞. Moreover, as can be seen from (21),
W (r) ∼

ς
.
r

(23)

Also B(r) has the Reissner-Nordström form:
B(r) = 1 −

2M 2ζ 2
+ 2 .
r
r

(24)

The asymptotics also suggest that f (r) has a kink (or domain wall) shape which supports a bag-like
structure of the monopole configuration: f (r) is O(r) for small r and approaches 1 as r → ∞. Work is
in progress on finding a class of interpolating solution which connects smoothly the small and large r
behaviour discussed above.
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3.2 Monopole energy

To make an estimate of the monopole mass, we shall use the analytic form of the solution in the two
asymptotic regimes of small and large (radial) distances from the monopole centre. The monopole
mass is concentrated in the core region whose size we will estimate following arguments similar to
those in ref. [8]. The total energy (i.e. (rest) mass M) is given by the integral over three space of the
time-time component of the stress energy tensor:

 2 W 2 (b )2
 f2

√
( f  )2  λ η 4 2
2
2
M=
−g d3 x
+
+
−
1)
.
(25)
+
η
+
(
f
4 BA
4B
B r2
Br2 2BA

This equation needs to be regularised because the third term in the square brackets of the integrand
leads to a linear divergence due to its large r behaviour. We are currently seeking a natural procedure
that leads to a bag-like structure and an effective cut-off in the integral. In [7] the size of the core was
phenomenologically taken to be
L = ξλ−1/2 η−1

(26)

with ξ a parameter. Using such a spatial infrared cutoff L, we estimate the mass of the monopole to be
 L
η2
dr ∼ 4π η2 L ,
(27)
M ∼ 4π
1 − η2 0
for η  1 (or in terms of the dimensionful quantities η  MPl , where MPl is the reduced Planck
mass); this estimate is consistent phenomenologically (see below). Physically, and following the logic
of ref. [8], which discusses self-gravitating global monopoles in the absence of both electromagnetic
fields and (Kalb-Ramond) torsion, we may assume that the mass of the monopole is concentrated in
its core, whose size is L, and outside this the scalar field configuration
 approaches its constant vacuum

expectation value, that is f ∼ 1. In [7] ξ was rewritten as ξ = 32 αλ ,with 0 < α < 1 which can be
arranged to be of O(10). These considerations lead to an estimate [7] of the monopole mass

1
M ∼ 12π
(1 − α) |ς| η , > 0 .
(28)
α
The important point to notice is that the mass is proportional to the Kalb-Ramond field strength (“torsion charge”) ς and independent of λ (in leading order for large λ) .We hope to clarify this point in
our ongoing work on interpolating solutions.

4 Constraining the model by experiment
We have outlined how Kalb-Ramond axion fields could generate a magnetic monopole. There is
spontaneous symmetry breaking of a global internal symmetry which is essential for producing a
self-gravitating global monopole with a deficit angle. In the limit λ → ∞ the scalar fields have no
propagating degrees of freedom and are confined to classical values that interpolate between the two
expectation values that minimize the potential, that is between zero and η. Without non-zero KalbRamond field strengths (“torsion”) ,we showed that no magnetic monopole charge is induced by the
global monopole (in the limit of large λ but there are O(1/λ) contributions of course).
The existence of the magnetic charge implies high ionization, while the smallness of the monopole
mass (as compared to the Planck scale) makes our magnetic monopole model falsifiable in the current
round of the LHC [9]. The scalars in the model do not represent the SM Higgs, but elementary
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defects (or composites of heavy fermions) associated with a spontaneous breaking of O(3) symmetry;
the phenomenological parameters λ and the vacuum expectation value η, as well as the core size
parameter ξ can be constrained by experiments, if one accepts the loose definition of the core (26) ;
the core dimension is some large distance (compared to the Planck length) such that, for distances
larger than this, the solution for the scalar field configuration is f  1.
Aside from uncertainties in the current estimate of the core, a test of our model and experiment
has to address the following:
• For large λ losses due to production of Goldstone bosons need to be estimated for monopoleantimonopole pairs;
• We need to develop an understanding of the production of global monopoles from the collision of
SM particles;
• The bounds from LHC experiments [9] have been obtained from perturbative Drell-Yan processes
from the decay of virtual photons into monopole-antimonopole pairs and so are not reliable for our
monopoles;
• In an effective field theory framework [10], the derivative of the Kalb-Ramond axion field ∂µ b
couples to the axial fermion current ψi γµ γ5 ψi , where i runs over fermion species of the SM, but the
scalars couple only gravitationally to the SM fields (unless they are composites of heavy fermions
which may couple to SM fields through loops). Hence the actual production mechanism of the
global monopole solution at colliders, such as the LHC, and their detection, needs to be examined
carefully. We stress that the monopole production is certainly expected to be strongly suppressed
unless λ, as assumed by us, is large.
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