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Scale symmetric extension of Higgs sector
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Ground state and the mass spectrum
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Ground state and the mass spectrum

⟨ϕ21⟩ = − λ1
2λ2

⟨ϕ20⟩

λ0 =
λ21
4λ2

⇓

V = λ2ϕ
4
0

(
ϕ21
ϕ20

+
λ1
2λ2

)2
-50000 0 50000

-300

-200

-100

0

100

200

300

ϕ0 (GeV)

ϕ
1
(G

e
V
)

λ2=0.03125, λ1=-10-6

2.90× 107

8.70× 107

1.45× 108

2.03× 108

2.61× 108

3.19× 108

3.77× 108

4.35× 108

Pauina Michalak • Corfu2022 | Scale symmetric extension of Higgs sector • 5/23



Ground state and the mass spectrum

mass matrix:

M2 =
(

λ1
(
2ϕ21 + 3λ1

λ2
ϕ20

)
4λ1ϕ1ϕ0

4λ1ϕ1ϕ0 2
(
6λ2 + λ1ϕ21ϕ

2
0
) )

Goldstone→ flat direction

m2
G = 0

massive “Higgs”

m2
H = −4λ1

(
1− λ1

2λ2

)
⟨ϕ20⟩

Pauina Michalak • Corfu2022 | Scale symmetric extension of Higgs sector • 6/23



Higgs potential parameters and Planck mass
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Higgs potential parameters and Planck mass
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Higgs potential parameters and Planck mass
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Origin of mass scales

NO MASS SCALES ⇒ ⟨ϕi⟩
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Adding temperature
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Adding temperature
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Temperature minimum

⟨ϕ21⟩T = 0, ⟨ϕ20⟩T ∼ T2
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Time evolution of the fields
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Equations of motion: T = 0
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T = 0 evolution: realistic model
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T = 0 evolution: realistic model

ϕ0(0) = 8 · 1013, ϕ̇0(0) = 5 · 1013, ϕ1(0) = 0, ϕ̇1(0) = 10

3.4 3.6 3.8 4.0
Log10[t/1s]

5.0× 108

1.0× 109

1.5× 109

2.0× 109

2.5× 109

ϕ0'(t) (GeV)

H0=0.1

H0=0.5

8.5 9.0 9.5 10.0
Log10[t/1s]

50

100

150

200

250

300

ϕ0'(t) (GeV)

H0=0.1

H0=0.5

Pauina Michalak • Corfu2022 | Time evolution of the fields • 17/23



T ̸= 0 evolution
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T ̸= 0 evolution: realistic model
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T ̸= 0 evolution: realistic model
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T ̸= 0 evolution: bigger |λ1| values → λ1 = −10−6
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T ̸= 0 evolution: bigger |λ1| values
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Conclusions

scale symmetry ⇒ origin of mass scales

broken at finite T → ⟨ϕ20⟩ ∼ T2

cosmological evolution → ⟨ϕ1⟩ = 250 GeV
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Backup slides: temperature minimum

ϕ20 =

[(
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