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Motivation

Q: Which monopole exists in nature, and how can we detect it?

The electroweak monopole!

1. The standard model predicts it, so that it must exist if the
standard model is correct.

2. It is the electroweak generalization of the Dirac monopole. So it is
this monopole, not the Dirac monopole, which exists in nature.

3. It is different from the Dirac monopole. The magnetic charge is
twice bigger.
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How can we detect it?

1. The mass is expected to be 4 to 10 TeV, and the 13 TeV LHC at
CERN might have reached the production threshold.

2. If LHC can produce the monopole pair, the MoEDAL (Monopole
and Exotics Detector at LHC) has a best chance to detect it.

3. But if the mass is bigger than 6.5 TeV, we should look for the
remnant monopoles in the universe, and IceCube and similar
experiments could play important role.

Two track strategy
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Physical Implications

1. The detection of the electroweak monopole, not the Higgs particle,
becomes the final and topological test of the standard model.

2. If detected, it will become the first stable topological elementary
particle, the true God’s particle, in human history.

3. It could play important roles in cosmology, in particular the
formation of the large scale structures, intergalactic magnetic field,
and the baryogenesis.
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Issues to be resolved

1. To detect the monopole, we have to understand the monopole
production mechanism, in particular the cosmic production of the
electroweak monopole during the electroweak phase transition.

2. To find the density of the monopoles in the present universe we
must study the cosmic evolution of the monopole.

3. We estimate that there could be as much as 107 (and as low as
102) monopoles in every volume of earth in the present universe, not
much to be the dark matter but enough to be detected.
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Electroweak Monopole

A. History

Ever since Dirac predicted the Dirac monopole in 1931, the monopole
has become an obsession, theoretically and experimentally.

After Dirac we have had Wu-Yang (1969), ’tHooft-Polyakov (1974),
and grand unification (Dokos-Tomaras; 1980) monopoles. But it has
been asserted that the standard model has no monopole.

In 1997, however, the existence of the electroweak (“Cho-Maison”)
monopole was established.
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Abstract 

We present a new type of spherically symmetric monopole and dyon solutions with the magnetic charge 4r/e in the 

standard Weinberg-&lam model. The monopole (and dyon) could be interpreted as a non-trivial hybrid between the abelian 

Dirac monopole and non-abelian ‘t Hooft-Polyakov monopole (with an electric charge). We discuss the possible physical 

implications of the electroweak dyon. 

Ever since Dirac [ 11 has generalized the Maxwell’s 

theory with his magnetic monopole, the monopoles 

have been a subject of extensive studies. The Abelian 

monopole has been generalized to the non-Abelian 

gauge theory by Wu and Yang [2] who constructed 

a non-Abelian monopole solution in the pure SU(2) 

gauge theory, and by ‘t Hooft and Polyakov [ 31 who 

have shown that the SU(2) gauge theory allows a fi- 

nite energy monopole solution as a topological soliton 

in the presence of a triplet scalar source. In the inter- 

esting case of the electroweak theory of Weinberg and 

Salam [4], however, it has generally been believed 

that there exists no topological monopole of physi- 

cal interest. The basis for this “non-existence theo- 

rem” is, of course, that with the spontaneous symmetry 

breaking the quotient space SU(2) x U( 1) /U(l),, 

allows no non-trivial second homotopy. This has led 

many people to conclude that there is no topologi- 

cal structure in the Weinberg-Salam model which can 

accommodate a magnetic monopole. The purpose of 

this letter is to show that this conclusion is prema- 

ture. In the following we establish the existence of 

a new type of monopole and dyon solutions in the 

standard Weinberg-Salam model, and clan! the topo- 

logical origin of the magnetic charge. Clearly the 

new monopole and dyon will have important implica- 

tions in the phenomenology of the electroweak theory, 

which can make fhem very interesting from the phys- 

ical point of view. 

Before we construct the monopole we must under- 

stand how one can circumvent the non-existence the- 

orem in the Weinberg-&lam model and obtain the de- 

sired solutions. For this it is important to realize that, 

with the extra hypercharge U( 1) degrees offreedom, 

the standard Weinberg-Salam model could be viewed 

as a gauged CP’ model in which the (normalized) 

Higgs doublet plays the role of the CP 1 field. Viewed 

as a CP’ doublet the Higgs field can now admit a topo- 

logically non-trivial configuration whose second ho- 

motopy is given by 7~2 (CP’ ) = Z. This clears the way 

for a genuine topological monopole in the Weinberg- 

Salam model which can be described by a completely 

regular SU( 2) potential. 

To construct the desired solutions we start with the 

0370-2693/97/$17.00 Copyright 0 1997 Elsevier Science B.V. All rights reserved. 
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B. Explicit solution: A Review

Start from the Weinberg-Salam Lagrangian

L = −|Dµφ|2 −
λ

2

(
φ†φ− µ2

λ

)2 − 1

4
~F 2
µν −

1

4
G2
µν ,

Dµφ =
(
∂µ − i

g

2
~τ · ~Aµ − i

g′

2
Bµ
)
φ =

(
Dµ − i

g′

2
Bµ
)
φ,

and choose the spherically symmetric ansatz

φ =
1√
2
ρ(r) ξ, ξ = i

(
sin(θ/2) e−iϕ

− cos(θ/2)

)
,

~Aµ =
1

g
A(r)∂µt r̂ +

1

g
(f(r)− 1) r̂ × ∂µr̂, (r̂ = −ξ†~τ ξ)

Bµ =
1

g′
B(r)∂µt−

1

g′
(1− cos θ)∂µϕ.
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Notice that

1. φ and Bµ have the string singularity along the negative z-axis, and

~Aµ has the Wu-Yang singularity −1

g
r̂ × ∂µr̂ at the origin. But the

string singularity can be removed making U(1)Y non-trivial.

2. ~Aµ and Bµ contain the electric potentials A and B. So the ansatz
describes the electroweak dyon which carries the electric (as well as
the magnetic) charge.
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With (
A

(em)
µ

Zµ

)
=

(
cos θw sin θw
− sin θw cos θw

)(
Bµ
A3
µ

)
,

we have

L = −1

2
(∂µρ)2 − λ

8

(
ρ2 − ρ20

)2 − 1

4
F (em)
µν

2 − 1

4
Z2
µν

−1

2
|(D(em)

µ Wν −D(em)
ν Wµ) + ie

g

g′
(ZµWν − ZνWµ)|2

+ieF (em)
µν W ∗µWν + ie

g

g′
ZµνW

∗
µWν −

g2

4
ρ2|Wµ|2 −

g2 + g′2

8
ρ2Z2

µ

+
g2

4
(W ∗µWν −W ∗νWµ)2, D(em)

µ = ∂µ + ieA(em)
µ .
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In the physical fields the ansatz becomes

A
(em)
µ =

e

gg′
(g′
g
A(r) +

g

g′
B(r)

)
∂µt −

1

e
(1− cos θ)∂µϕ,

Wµ =
i

g

f(r)√
2
eiϕ(∂µθ + i sin θ∂µϕ),

Zµ =
e

gg′
(
A(r)−B(r)

)
∂µt, e =

gg′√
g2 + g′2

.
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With this we have the equations of motion

ρ̈+
2

r
ρ̇− f2

2r2
ρ = −1

4
(A−B)2ρ+

λ

2

(
ρ2 − 2µ2

λ

)
ρ,

f̈ − f2 − 1

r2
f =

(g2
4
ρ2 −A2

)
f,

Ä+
2

r
Ȧ− 2f2

r2
A =

g2

4
ρ2(A−B),

B̈ +
2

r
Ḃ = −g

′2

4
ρ2(A−B).

This has the point monopole solution which has qm = 4π/e

ρ = ρ0 =
√

2µ2/λ, f = 0, A = B = 0,

A
(em)
µ = −1

e
(1− cos θ)∂µϕ.

Y. M. Cho (Seoul National University) Cosmic Electroweak Monopole June 30, 2017 13 / 54



With the boundary condition

ρ(0) = 0, f(0) = 1, A(0) = 0, B(0) = b0,

ρ(∞) = ρ0, f(∞) = 0, A(∞) = B(∞) = A0,

we have the dyon solution which has the asymptotic behavior,

ρ ' ρ0 +
ρ1
r

exp(−MH r),

f ' f1 exp(−
√

1− (A0/MW )2 MW r),

A ' A0 +
A1

r
, B ' A+

B1

r
exp(−MZ r),

MH =
√
λρ0, MW = gρ0/2, MZ =

√
g2 + g′2ρ0/2.
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Figure : The electroweak dyon solution. Here Z = A−B and we have chosen
sin2 θw = 0.2312, MH/MW = 1.56, and A(∞) = MW /2.
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Notice that

1. The solution has the singular monopole −1

e
(1− cos θ)∂µϕ at the

center, but has the non-trivial dressing of Higgs, W , and Z bosons.
So it is the hybrid between Dirac and ’tHooft-Polyakov.

2. MH , MW , and MZ determine the exponential damping of the
weak bosons, but A has no exponential damping. So it describes the
dyon with charge qm = 4π/e, qe = 4πA1/e.

3. The dyon can be generalized to have ±qe. Moreover, we can have
the anti-dyon.
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C. Mass of Electroweak monopole

The point singularity of the electroweak monopole makes the energy
infinite. But, unlike the Dirac monopole, we can estimate the mass.

There are different ways to estimate the mass, the dimensional
argument, the scaling argument, and the quantum correction. All of
them predict the monopole mass about 4 to 10 TeV.

A best way to estimate the mass is to regularize the monopole with a
non-trivial permittivity for the hypercharge U(1) which can mimic the
quantum correction.
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Consider the effective Lagrangian of the standard model which has
the electric permittivity of the U(1)Y gauge field

Leff = −|Dµφ|2 −
λ

2

(
φ2 − µ2

λ

)2
− 1

4
~F 2
µν −

1

4
ε(φ)G2

µν .

Notice that

1. Leff retains the SU(2× U(1)Y gauge symmetry, and recover the
standard model with ε→ 1 asymptotically.

2. Moreover, with the rescaling of Bµ to Bµ/g
′, the U(1)Y gauge

coupling g′ changes to the running coupling ḡ′ = g′/
√
ε.
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So, choosing a proper ε(φ) which can mimic the physical (real)
running coupling ḡ′ of the standard model, we can implement the
quantum correction.

Moreover, we can regularize the monopole making ε(φ) vanishing at

the origin. Indeed, with ε = (
ρ

ρ0
)8, we have the regularized monopole

with energy (with A = B = 0)

E ' 0.6526× 4π

e2
MW ' 7.19 TeV,
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Figure : The effective coupling ḡ′ induced by ε(φ) which accommodates the
quantum correction. The blue curve represents ε = (ρ/ρ0)8 and the red curve
represents ε of Ellis et al. The vertical line indicates the Higgs mass.
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Figure : The finite energy electroweak monopole. The solid line (red) represents
the regularized monopole and the dotted (blue) line represents the singular
monopole.
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Figure : The finite energy electroweak dyon. The solid line (red) represents the
regularized dyon and the dotted (blue) line represents the singular dyon.
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Adopting this approach but making ε(φ) and ḡ′ more realistic, Ellis,
Mavromatos, and You have recently been able to put an upper limit
on the monopole mass.

Requiring ε(φ) to satisfy the experimental constraint on H → γ + γ,
they have shown that the monopole mass should be less than 5.5 TeV.

This strongly implies that the present LHC could be able to produce
the monopole pair, and the MoEDAL might actually detect it.
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< 5.5 TeV, so that it could be pair-produced at the LHC and accessible to the MoEDAL experiment.
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1. Introduction

Ever since Dirac first considered the possible existence of 

monopoles in QED [1], and Schwinger extended his considera-

tions to dyons [2], theorists have explored the possible existence 

of finite-energy monopoles and dyons, and tried to estimate their 

masses. As pointed out by ’t Hooft [3] and Polyakov [4], one 

very plausible scenario is that QED is embedded in a semi-simple 

unified group with coupling gU , in which case the core of the 

monopole/dyon is regularised and its mass is finite and O(V )/gU , 

where V is the vev of an Englert–Brout–Higgs field that breaks the 

unified group into pieces including a U(1) factor with a U(1)EM

component.

However, physics at the electroweak scale is very well described 

by the Standard Model, which has an SU (2) ×U(1) group structure 

that does not admit a finite-energy monopole or dyon solution 

unless its structure is modified [5,6], and there is no sign of an 

underlying semi-simple unified group that might be broken down 

to the Standard Model at any accessible energy scale. The question 

therefore arises whether there is any modification of the Standard 

Model that might contain a monopole or dyon solution with a 

mass O(v)/g , where g is a Standard Model gauge coupling and 

v the vev of the Standard Model Englert–Brout–Higgs field.

Cho, Kim and Yoon (CKY) [7] have recently proposed a scenario 

for modifying the Standard Model that includes a non-minimal 

* Corresponding author at: Theoretical Particle Physics and Cosmology Group, 

Physics Department, King’s College London, London WC2R 2LS, UK.

E-mail address: nikolaos.mavromatos@kcl.ac.uk (N.E. Mavromatos).

coupling of its Englert–Brout–Higgs field to the square of its U(1) 

gauge coupling strength: L � (−1/4)ε(|H |/v)Bμν Bμν . The cou-

pling function is normalised so that ε(|H |/v) → 1 as |H | → v , in 

order to restore the conventional normalisation of the U(1) gauge 

field in the standard electroweak vacuum. Also, in order to have a 

finite-energy dyon solution, the coupling function should vanish as 

|H | → 0 like |H |n : n > 4 + 2
√

3 � 7.46, so as to regularise the en-

ergy integral at the origin. Effectively, CKY create the possibility of 

a finite-energy dyon by postulating that the effective U(1) gauge 

coupling → ∞ sufficiently rapidly as |H | → 0.

CKY do not discuss an ultraviolet completion of the Standard 

Model that might lead to such behaviour, and nor do we. Our inter-

est is limited to the question whether, in principle, the monopole 

mass could be regularised with a value low enough for it to be 

pair-produced at the LHC, and hence accessible to the MoEDAL ex-

periment [8].

In their original model, CKY postulated a simple power law for 

the coupling function: ε(|H |/v) ∝ (|H |/v)8 , and calculated a dyon 

mass M D � 0.65 × (4π/e2 )M W � 7.2 TeV. There is, however, an 

experimental problem with this simple power-law Ansatz, since it 

leads to an effective Hγ γ coupling that is much larger than is al-

lowed by LHC measurements [9]. In the Standard Model, the Hγ γ

vertex is generated by loop diagrams (principally those involving 

W bosons and t quarks), and hence is O(αEM/4π). The data from 

CMS and ATLAS on the H → γ γ decay rate [9] are quite consis-

tent with this Standard Model calculation, so they constrain any 

additional contribution to be O(10−3 ): see [10], for example. This 

implies that, if one expands the coupling function ε(|H |/v) around

http://dx.doi.org/10.1016/j.physletb.2016.02.048
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Gravitating Electroweak Monopole

Adopt the monopole ansatz and introduce the static spherically
symmetric metric

ds2 = −N2(r)A(r)dt2 +
dr2

A(r)
+ r2(d2θ + sin2 θdϕ2),

and find that the Einstein-Weinberg-Salam action is reduced to

S =

∫ [ 1

4π
ṁ−AK − U

]
Ndr,

A(r) = 1− 2Gm(r)

r
, K =

ḟ2

g2
+
r2

2
ρ̇2,

U =
(1− f2)2

2g2r2
+
λ

8
r2(ρ2 − ρ20)2 +

ε(ρ)

2g′2r2
+

1

4
f2ρ2.
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From this we have

Ṅ

N
= 8πG

K

r
, ṁ = 4π(AK + U),

Af̈ +
(
Ȧ+A

Ṅ

N

)
ḟ +

1− f2

r2
f − 1

4
g2ρ2f = 0,

Aρ̈+
(2A

r
+ Ȧ+A

Ṅ

N

)
ρ̇− f

2r2
ρ− λ

2
(ρ2 − ρ20)ρ

− 1

2g′2r4
dε(ρ)

dρ
= 0.
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With the boundary conditions

f(0) = 1, ρ(0) = 0, m(0) = 0,

f(∞) = 0, ρ(∞) = ρ0, N(∞) = 1,

we have the completely regular gravitating monopole with mass M

M = 4π

∫ ∞
0

(K + U)e−P (r)dr, P (r) = 8πG

∫ ∞
r

K

r′
dr′.

Notice that the solution turns to a magnetic black hole when√
Gρ0 ' 0.39, which could represent the premodial black holes.
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Figure : The W-boson f (blue), Higgs field ρ (red), and the metric function
A(r) = 1− 2Gm/r (green) profiles of the gravitating monopole, obtained with
ρ0/MP = 0.1, 0.2, and 0.38. The black curve represents the finite energy
monopole in flat space-time.
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√
Gρ0 M

0 (non-gravitating) 7.19 TeV

0.10 7.15 TeV

0.20 6.97 TeV

0.38 6.34 TeV

(
√
Gρ0)max ' 0.39 black hole

Table : The numerical estimate of ADM mass of gravitating monopole with
ε = (ρ/ρ0)8.
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Electroweak Phase Transition

A. monopole production and Phase Transition

The electroweak phase transition is controlled by the effective
potential of the standard model

VT (ρ) ' λ

8
(ρ2 − ρ20)2 −

C1

12π
ρ3 T +

C2

2
ρ2 T 2 − π2

90
NT 4,

C1 =
6M3

W + 3M3
Z

ρ30
' 0.36,

C2 =
4M2

W + 2M2
Z +M2

H + 4m2
t

8ρ20
' 0.36,

which is charactrized by three temperatures, T2, Tc, and T1.
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1. Above T1 ' 146.7 GeV the effective potential has only one vacuum
ρ0 = 0, and the theory is in the symmetric state. At T1 the potential
develops a second local minimum (unstable vacuum) ρ+, but ρ0 = 0
remains the true vacuum till the temperature cools down to
Tc ' 146.6 GeV.

2. At Tc we have ρ+ ' 21.8 GeV, and the two vacua become degenerate.
But ρ+ becomes the true vacuum below Tc, while ρ0 = 0 remains an
unstable vacuum till the temperature cools down to T1 ' 146.4 GeV.

3. Below T1 the new vacuum ρ+ becomes the only vacuum, which
approaches to the Higgs vacuum at zero temperature.
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Figure : The temperature-dependent effective potential of the standard model
for T2 = 146.7 GeV, Tc = 146.6 GeV, and T1 = 146.4 GeV.
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Notice that

1. The potential has a barrier between Tc and T1, and during this
period the vacuum tunneling takes place from ρ0 to ρ+ by the
vacuum bubbles. So the phase transition is the first order.

2. On the other hand, the barrier is very small and lasts very short
time. So the phase transition is very mildly the first order, almost the
second order.

3. For the monopole production, the important thing is when the
monopole formation takes place, and what is the production
mechanism.
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The monopole production requires the change of topology, and the
initial monopole density is fixed by the correlation length ξ ' 1/M̄H

determined by the Higgs mass,

M̄2
H =

{ [
(T/T1)

2 − 1
]
M2
H/2, T ≥ Tc,[

(ρ+/ρ0)
2 + 1− (T/T1)

2
]
M2
H/2, T < Tc.

which acquires the minimum value 5.53 GeV at T = Tc and becomes
11.7 GeV at T = T1.

Similarly the W-boson starts to become massive toward the value
gρ+(Tc)/2 ' 7.0 GeV at Tc, and acquires the mass 10.5 GeV at
T = T1.
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Figure : The temperature-dependent Higgs and W-boson masses. The blue and
red curves represent the Higgs and W-boson masses.
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In the second order phase transition, the monopole formation takes
place at Tc, but the correlation length becomes infinite. So Kibble
proposed to use the horizon distance at Tc, and set the Kibble bound
for the initial monopole density. This has been improved by Zurek
who incorporated the relaxation time.

In the first order phase transition, however, the monopoles are formed
inside the vacuum bubbles during the phase transition. And they
come to exist through the vacuum bubble collisions.
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But none of the above mechanism works for the electroweak
monopole production, because the phase transition is very mildly the
first order.

Here the monopoles are produced by thermal fluctuation of the Higgs
vacuum after the phase transition, not by the vacuum bubble
collisions during the phase transition.

The change of topology is induced by the zero points of 〈ρ〉, which
become the seeds of the monopoles. They appear by thermal
fluctuations below T1. But this thermal fluctuation becomes
insignificant below the Ginzburg temperature TG ' 57.6 GeV.
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B. Initial Monopole Density

So the monopoles are produced between T1 and TG, around
Ti ' (T1 + TG)/2 ' 102.0 GeV, when the correlation length becomes
ξi ' (ξ1 + ξG)/2 ' 9.3× 10−16 cm.

From this we have the initial monopole density ni,(nm
T 3

)
i
' gP
ξ3i T

3
i

' 9.1× 10−4,

where gP ' 0.1 is the probability that one monopole is produced in
one correlation volume.
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From this we have the energy density of the monopoles

%mo(Ti) = Mm(nm)i ' 9.0× 10−3 T 4
i

( Mm

1 TeV

)
,

%mo(Ti)

%(Ti)
' 2.5× 10−4

( Mm

1 TeV

)
.

So the universe need to consume only a tiny fraction (about 0.025 %)
of the total energy to produce the monopoles.

This assures that, unlike the grand unification monopole, the
electroweak monopole does not alter the standard cosmology.
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Remnant Monopole Density

A. Evolution of monopole

The cosmic evolution of the initial monopoles are described by the
Boltzmann equation

dnm
dt

+ 3Hnm = −σn2m,

where H and σ are the Hubble expansion parameter and the
monopole annihilation cross section.

The annihilation cross section is affected by two factors, the mean
free length lfree of the Brownian motion of the monopole and the
capture radius rcapt of the monopole-antimonopole attraction.
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Figure : The relevant scales, ξ in purple, lfree in blue, and rcapt in red, against T .
They are normalized by the correlation length ξi at Ti. Here we set Mm = 5 TeV.
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Solving the Boltzmann equation we have

nm
T 3

=
1

A(Mm/T −Mm/Ti) +B
,

A ' 0.02

α
× mp

Mm
, B =

(nm
T 3

)−1
i
.

The solution remains valid till the annihilation stops at Tf .

When Tf � Ti, the final monopole density becomes independent of
the initial value, and approaches to

nm
T 3
' α

0.02
× T

mp
, (T � Ti).
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Figure : The evolution of the monopole density nm/T
3 against τ = Mm/T . The

final value of the monopole density is independent of the initial value.
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Notice that most of the initial monopoles are quickly annihilated since
rcapt becomes much bigger (by the factor 102) than lfree. This is
because the monopole-antimonopole interaction is magnetic.

The annihilation lasts very long, and stops around Tf ' 29.5 MeV
when lfree becomes bigger than rcapt. The terminal density at Tf
becomes (nm

T 3

)
f
' 1.8× 10−22

( Mm

1 TeV

)
.

The number of monopole within the comoving volume is conserved
thereafter. But they still interact with the electron pairs before
decouple around Td ' 0.5 MeV, when the interaction rate becomes
less than the expansion rate.
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B. Relic monopole density

Assuming that the expansion is adiabatic we have the current density
parameter of monopole

Ωmo h
2 =

ρmo,0 h
2

ρc,0
' 1.2× 10−12

( Mm

1 TeV

)2
,

where ρc,0 is the critical density of present universe and h ' 0.678 is
the scaled Hubble parameter.
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In terms of the number density, we have about 6.1× 10−20/ cm3, or
about 2.3× 10−13 of the baryon number density. This amounts to
roughly 6.6× 107 monopoles per every volume of the earth in the
universe.

This tells that the electroweak monopole can not be the dark matter,
but assures that there are enough monopoles left over in the universe
that we could detect.

When decoupled, the monopoles were non-relativistic. But the
inter-galactic magnetic field makes them highly relativistic in the
present universe.
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C. Parker Bound

It is well known that the universe has inter-galactic magnetic field
B ' 1.2× 10−9 T , and the monopole traveling through the magnetic
field drains the energy from the magnetic field.

Requiring that the monopoles do not drain too much energy to
sustain the magnetic field, we have the upper bound of the monopole
flux in the universe, F ≤ 10−15/ cm2 sec sr, or

Ωmoh
2 . 4.3× 10−17

( Mm

1 TeV

)
.

But our estimate of Ωmo is too big (by the factor 105) to satisfy this
bound.
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Notice, however, that not all the monopoles are free streaming.

1. As the heaviest stable particles in the universe, many of them may
have become the seed of the premodial black holes and/or large scale
structures, and may have been buried in the galactic centers.

2. The relativistic monopoles can penetrate less than 10 m in the
Aluminum before trapped. So most of them may have been filtered
out by the stellar objects.

3. In fact, these buried and trapped monopoles could have been the
source of the inter-galactic magnetic field.
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Discussions

A. Experimental

In spite of the huge efforts, the search for the monopolehas not been
successful. Most were the blind searches in the dark room with few
theoretical leads, and many were looking for the “wrong” monopoles
at “wrong” places.

Focusing on the electroweak monopole which has unique features, we
could greatly enhance the probability to find the monopole.
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1. A major concern at LHC has been whether it has enough energy to
produce the monopole pair. But this may not be as serious problem as we
thought, because the baby monopole is expected to be lighter. If so,
MoEDAL has a best chance to detect it.

2. IceCube, ANTARES, Auger, and similar experiments which look for the
remnant monopoles could enhance the detection efficiency focusing on the
electroweak monopole. But they should look for the non-relativistic
monopoles, because the monopoles loose most of the energy passing
through the earth atmosphere.
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B. Theoretical

Can the monopoles indeed be the seed of the large scale structures
and the source of the inter-galactic magnetic field?

What are the new physical processes induced by the monopole?
Electroweak baryogenesis?

How can we justify the perturbative expansion in the presence of the
monopole? Can we construct the quantum field theory of monopole,
Quantum Electro-Magneto-Dynamics (QEMD) which generalizes
QED?
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C. Challenges

As the electroweak generalization of Dirac, the electroweak monopole
must exist within the standard model, not beyond. So we must find
it.

If detected, it will become the first stable topological elementary
particle, the true God’s particle, in nature. It will open the After the
Monople (AM) era in physics.

New Physics!
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D. Smoking Gun???

Figure : The ATLAS dijet event at 8.2 TeV.

Y. M. Cho (Seoul National University) Cosmic Electroweak Monopole June 30, 2017 53 / 54



References

1. Y.M. Cho and D. Maison, Phys. Lett. B391, 360 (1997).
2. Yisong Yang, Proc. Roy. Soc. A454, 155 (1998); Solitons in Field
Theory and Nonlinear Analysis (Springer Monographs in
Mathematics), Springer-Verlag, 2001.
3. Y.M. Cho, Kyoungtae Kimm, and J.H. Yoon, Euro. Phys. J. C75,
67 (2015); Mod. Phys. Lett. A31, 1650053 (2016).
4. J. Ellis, N. Mavromatos, T. You, Phys. Lett. B756, 29 (2016).
5. Y.M. Cho, Kyoungtae Kimm, and J.H. Yoon, Euro. Phys. J. C77,
88 (2017).
6. Y.M. Cho, Kyoungtae Kimm, Seunghun Oh, and J.H. Yoon, arXiv
hep-ph 1703.02188.

Y. M. Cho (Seoul National University) Cosmic Electroweak Monopole June 30, 2017 54 / 54


	Motivation
	Electroweak Monopole
	Gravitating Cho-Maison Monopole
	Electroweak Phase Transition
	Remnant Monopole Density
	Discussions

