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In the closed Robertson-Walker universe

SU(2) × U(1)

evolution of topological solution in Aa
µ Bµ ⇒ large �E, �B

Higgs doublet Φ
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Nontrivial mapping

V = λ


Φ

†Φ −
v2

0

2




2

Space S3 →



Higgs vacuum S3

Yang-Mills SU(2) ∼ S3

Natural coordinates of S3 ∼ SU(2) : Maurer-Cartan forms σj

dσj = εjklσk ∧ σl

ds2 = −dt2 + a(t)2σj ⊗ σj

k = +1 RW spacetime
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θW = 0, SU(2) theory

Φ =
1

√
2



0
v


 , A =

f(t)

2g
σjτ j V =

λ

4
(v2 − v2

0)
2 +

3v2f2

8a2
+

3f2(f − 2)2

2g2a4

gv0a <
√

2 gv0a → large

global min. (v, f) = (v0, 0) Barrier disappears.
local = (v1, f1) ⇒ Starts to roll down.
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For SU(2) × U(1) Compact, anisotropic, homogeneous space

ds2 = −dt2 + a1(t)
2σ1 ⊗ σ1

+a2(t)
2σ2 ⊗ σ2 + a3(t)

2σ3 ⊗ σ3

Rab =




u0(t)

u1(t)

u2(t)

u3(t)




A =
1

2g
{f1(t)σ1τ1 + f2(t)σ2τ2 + f3(t)σ3τ3}

B = h(t)σ3 , Φ =
1

√
2




0
v(t)




Tab =




ρ(t)

p1(t)

p2(t)

p3(t)




a1 = a2, f1 = f2

Direction in the SU(2) breaking & in the U(1) field : �x-dependent
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Electromagnetic fields
e3-direction : �x-dependent

|�E|, | �B| : �x-independent

�x −→ �E , �B

S3 −→ S2
Hopf map !

northern hemisphere of S3 southern hemisphere of S3
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Time evolution

Einstein eqs. Rab −
1

2
ηabR = 8πG Tab − ηabΛ & Field eqs.

Most interesting when

Λ ∼ (gv0)
2 ↔ ρ =

Λ

8πG
∼ (1011GeV)4

Local minimum

⇒ expansion ⇒ rolling down the hill

⇒ DOES NOT approach the global minimum !

⇒ Generates large �E and �B.
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Potential

relevant terms

V =
λ

4
(v2 − v2

0)
2 +

v2

8




2f2
1

a2
1

+
(f3 − g′h)2

a2
3




W Z

+
1

2g2




(2f3 − f2
1 )

2

a4
1

+
2f2

1 (f3 − 2)2

a2
1a

3
3



+

2h2

a4
1

flat direction f3 − g′h = 0
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Independent of the initial values

�E and �B are generated.
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from local minimum B3(t0) = E3(t0) = 0

Λ = 1.0 × 105 GeV2 and a(t0) = 9 × 10−3GeV−1

Typically, B ∼ (50GeV)2 , h̄ωc =
h̄eB

mc
∼ 106 GeV
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Birth of the Universe a ∼ lPl =
1

MPl

⇓

a ∼
1

MGUT

,
1

1011GeV

⇓

inflation EWS solution

⇓

reheating

⇓

Present Universe
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Conclusions

Topological configurations in EWS

Generation of �B & �E

Anisotropic, but homogeneous

Before or during inflation?
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