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Overview

Connection between cosmology and
particle physics

Spontaneously broken symmetries can
be restored at sufficiently high
temperatures

Phase transitions in the early universe
can give rise to topologically stable
defects

Let G be gauge group of GUT, at the
highest energies.

G → H → · · · → SU(3)× SU(2)×U(1)

Topological defects are - Domain Walls,
Strings and Monopoles.
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Phase Transitions and Topological Defects

Lets consider the following potential with U(1) symmetry

VT (ϕ) = AT 2|ϕ|2 + λ

2

(
|ϕ|2 − η2

)2
As temperature falls fields go to their lowest energy configuration

Lowest energy configuration may not be unique

Disconnected vacuum gives rise to domain walls

Connected but not simpy connected vacuum gives rise to cosmic strings

Simply connected but when can’t shirnk a sphere to a point gives
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Example of Domain Walls

Lagrangian for the real field:

L =
1

2
(∂µϕ)

2 − 1

2
λ
(
ϕ2 − η2

)2

Equation of motion:

∂2ϕ+ 2λϕ(ϕ2 − η2) = 0

Solution:

ϕ(z) = η tanh
(
η
√
λz

)

Energy-Momentum Tensor:

T ν
µ = λη4sech4(η

√
λz)

σ =

∫
T 0
0 dz =

4

3

√
λη3

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 3 / 7



Example of Domain Walls

Lagrangian for the real field:

L =
1

2
(∂µϕ)

2 − 1

2
λ
(
ϕ2 − η2

)2
Equation of motion:

∂2ϕ+ 2λϕ(ϕ2 − η2) = 0

Solution:

ϕ(z) = η tanh
(
η
√
λz

)

Energy-Momentum Tensor:

T ν
µ = λη4sech4(η

√
λz)

σ =

∫
T 0
0 dz =

4

3

√
λη3

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 3 / 7



Example of Domain Walls

Lagrangian for the real field:

L =
1

2
(∂µϕ)

2 − 1

2
λ
(
ϕ2 − η2

)2
Equation of motion:

∂2ϕ+ 2λϕ(ϕ2 − η2) = 0

Solution:

ϕ(z) = η tanh
(
η
√
λz

)

Energy-Momentum Tensor:

T ν
µ = λη4sech4(η

√
λz)

σ =

∫
T 0
0 dz =

4

3

√
λη3

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 3 / 7



Example of Domain Walls

Lagrangian for the real field:

L =
1

2
(∂µϕ)

2 − 1

2
λ
(
ϕ2 − η2

)2
Equation of motion:

∂2ϕ+ 2λϕ(ϕ2 − η2) = 0

Solution:

ϕ(z) = η tanh
(
η
√
λz

)

Energy-Momentum Tensor:

T ν
µ = λη4sech4(η

√
λz)

σ =

∫
T 0
0 dz =

4

3

√
λη3

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 3 / 7



Cosmic Strings

Consider a lagrangian for the complex
scalar field

L = DµϕD
µϕ†−1

4
Fµν
µν −

1

2
λ
(
ϕ†ϕ− η2

)2

where

Dµ = ∂µ − igAµ,Fµν = ∂µAν − ∂νAµ

the solutions are

ϕ = ηe inθ,Aµ =
1

ig
∂µln (ϕ)

Magnetic flux and Energy-Momentum
Tensor ∫

BdS =
2πn

g

T̃ ν
µ = δ(x)δ(y)

∫
T ν
µdxdy

graph
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Dynamics of Cosmic Strings

Spacetime trajectory of a string can be
parametrized as

xµ = xµ(ξa) a = 0, 1

Action

S = −µ

∫
[−g2]

1
2 d2ξ

where µ is energy density of the string

and g
(2)
abc = gµνx

µ
a xνb

Choose ξ0 = t, ξ1 = ξ then

Tµν(r , t) = µ

∫
dξ(∂tx

µ∂tx
ν−

∂xx
µ∂xx

ν)δ(r − x(ξ, t))

The angular momentum is

J = µ

∫
dξ [x × ∂tx ]

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 5 / 7



Dynamics of Cosmic Strings

Spacetime trajectory of a string can be
parametrized as

xµ = xµ(ξa) a = 0, 1

Action

S = −µ

∫
[−g2]

1
2 d2ξ

where µ is energy density of the string

and g
(2)
abc = gµνx

µ
a xνb

Choose ξ0 = t, ξ1 = ξ then

Tµν(r , t) = µ

∫
dξ(∂tx

µ∂tx
ν−

∂xx
µ∂xx

ν)δ(r − x(ξ, t))

The angular momentum is

J = µ

∫
dξ [x × ∂tx ]

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 5 / 7



Dynamics of Cosmic Strings

Spacetime trajectory of a string can be
parametrized as

xµ = xµ(ξa) a = 0, 1

Action

S = −µ

∫
[−g2]

1
2 d2ξ

where µ is energy density of the string

and g
(2)
abc = gµνx

µ
a xνb

Choose ξ0 = t, ξ1 = ξ then

Tµν(r , t) = µ

∫
dξ(∂tx

µ∂tx
ν−

∂xx
µ∂xx

ν)δ(r − x(ξ, t))

The angular momentum is

J = µ

∫
dξ [x × ∂tx ]

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 5 / 7



Dynamics of Cosmic Strings

Spacetime trajectory of a string can be
parametrized as

xµ = xµ(ξa) a = 0, 1

Action

S = −µ

∫
[−g2]

1
2 d2ξ

where µ is energy density of the string

and g
(2)
abc = gµνx

µ
a xνb

Choose ξ0 = t, ξ1 = ξ then

Tµν(r , t) = µ

∫
dξ(∂tx

µ∂tx
ν−

∂xx
µ∂xx

ν)δ(r − x(ξ, t))

The angular momentum is

J = µ

∫
dξ [x × ∂tx ]

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 5 / 7



Bibliography

COSMIC STRINGS AND DOMAIN WALLS - Alexander VILENKIN (PHYSICS
REPORTS (Review Section of Physics Letters) 121, No. 5 A985) 263-315.)

The Early Universe - E. Kolb, M. Turner

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 6 / 7



Thank you for the Attention

Nika Basharuli Mathematics and Physics of Cosmic Strings January 15, 2024 7 / 7


