
Initial conditions SU(2)

Φ∗ =
1√
2

(
ϕ0∗ + iϕ1∗

ϕ2∗ + iϕ3∗

)
=⇒ ϕn(x, t∗) ≡

|Φ∗|√
2

+ δϕn∗(x) [n = 0, 1, 2, 3]

Φ̇∗ =
1√
2

(
ϕ̇0∗ + iϕ̇1∗

ϕ̇2∗ + iϕ̇3∗

)
=⇒ ϕ̇n(x, t∗) ≡

|Φ̇∗|√
2

+ δϕ̇n∗(x) [n = 0, 1, 2, 3]

Ba
i (x, t∗) ≡ 0

Ḃa
i (x, t∗) ≡ δḂa

i∗(x) ⇐= B̃a′
i (k) = i

ki
k2

f 2∗
ω2
∗
J̃a0(k)

J̃a0(k = 0) : |δϕn1(k)| = |δϕn2(k)| n = 0, 1, 2, 3

θn2(k) = θ02(k) + θn1(k)− θ01(k) n = 1, 2, 3
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Observables SU(2): fields

SU(2) matter:
〈
Φ̃a
〉
,
〈
(π̃Φ)

a〉 , 〈|Φ̃|2〉 , 〈|π̃Φ|2
〉
.

SU(2) gauge fields:
〈∣∣ẼB∣∣2〉 =

∑
a,i

〈(
Ẽa
i

)2〉
,
〈∣∣B̃B∣∣2〉 =

∑
a,i

〈(
B̃a

i

)2〉
,

Ẽa
i =

1

a1−α
(π̃B)

a
i , B̃a

i =
εijk

2δx̃2gBQ
(Φ̃)
B

Tr[(iTa)(Ũjk − Ũkj)].
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Observables SU(2): energies

SU(2) matter: ẼΦ
K =

1

a6

〈
π̃†
Φπ̃Φ

〉
, ẼΦ

G =
1

a2

∑
i

〈
(D̃+

i Φ̃)
∗(D̃+

i Φ̃)
〉

.

SU(2) gauge fields: ẼB
K =

1

2a4

ω2
∗

f 2∗

∑
a,i

〈(
(π̃B)

a
i

)2〉
,

ẼB
G =

2

a4δx̃4g2
BQ

(Φ̃) 2
B

ω2
∗

f 2∗

2−
∑
i,j<i

〈
Tr(Ũij)

〉 .

Potential: ẼV =
〈
Ṽ(Φ̃, . . . )

〉
.
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Observables SU(2): spectra

P̃Φ̃(k(ñ)) =
k̃3(ñ)
2π2

(
δx̃
N

)3
〈∑

a

|Φ̃a(ñ)|2
〉

R(ñ)

,

P̃π̃Φ
(k(ñ)) = k̃3(ñ)

2π2

(
δx̃
N

)3
〈∑

a

| (π̃Φ)
a (ñ)|2

〉
R(ñ)

,

P̃Ẽ(k(ñ)) =
k̃3(ñ)
2π2

(
δx̃
N

)3
〈∑

i,a

|Ẽa
i (ñ)|2

〉
R(ñ)

,

P̃B̃(k(ñ)) =
k̃3(ñ)
2π2

(
δx̃
N

)3
〈∑

i,a

|B̃a
i (ñ)|2

〉
R(ñ)

,
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Exercise: model to implement

Matter content:

• Fµν : U(1) gauge field

• Gµν : SU(2) gauge field

• Φ: SU(2) doublet, inflaton. Coupled to Fµν and Gµν .

• χ: daugther scalar singlet

V(Φ, χ) =
Λ4

4
tanh4

(√
2|Φ|
M

)
+ g|Φ|2χ2
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Energies
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Energy fractions

p=4
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Energy conservation
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Gauss laws

U(1) SU(2)
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U(1)magnetic spectrum
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SU(2)magnetic spectrum
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U(1) electric spectrum
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SU(2) electric spectrum
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Inflaton spectrum

0.5 1 5 10 50
10-14

10-11

10-8

10-5

0.01

k
˜

a
2
k˜
3
|Φ˜
k
2

14Adrien Florio, CL School, 2022



Daugther field spectrum
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Thanks!


