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3 NGBs + 2 accidents ,  (GD → U(1)′￼D) α = 0
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One-loop effective potential

Boson loops stabilize α = 0
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One-loop effective potential

Boson loops stabilize α = 0

Fermion loops break U(1)′￼D

GD → U(1)′￼D

ψ ∼ 3+1/2 , χ ∼ 3−1/2

ℒ ⊃ y (ψTΦ ψ + χTΦ* χ) + M ψT χ + h . c .

ΔV i
CW(α) =

ni

64π2
tr (ℳi(α)4log

ℳi(α)2

Λ2 ), i = bos, ferm ⟹ One-loop suppressed mass
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V(φ)

φ

V ≫ ·φ2

V ≃ ·φ2

The inflationary paradigm

Radiative corrections 
are dangerous!
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• Possible applications: 

• (Abelian) Higgs model: little hierarchy problem 

• Natural Dark Matter candidate

• Accident inflation

• Naturally flat potential

• Large representations    tree-level massless scalars  NGBs, pNGBs⟹ ≠

Systematic way of studying 
accidentally flat direction? 

The SM Higgs as an accident?

?

? ?

?

? ?

?

?

?

?

Thank you for your attention!



Backup Slides



Vacuum Manifold

-1.0 -0.5 0.0 0.5 1.0

-1.0

-0.5

0.0

0.5

1.0



One-loop effective potential
Fermion contribution

ψ ∼ 3+1/2 , χ ∼ 3−1/2

ℒ ⊃ y (ψTΦ ψ + χTΦ* χ) + M ψT χ + h . c .



Accident Higgs

0.005 0.010 0.020

The (Abelian) Higgs 
is naturally light!

Veff (α) = ∑
i

ΔV i
CW (α) ≃ c1 cos(6α)

Abelian case

+ c2 cos(12α)

Tuning  :c1 ∼ c2

breaking of  at a scale  U(1)′￼D v′￼ ≪ v



Accident dark matter

  
and 

 

g2
D ≃ 4.6 × 10−5 (ma/GeV)

ma ≳ 100 GeV

Adapted from M. Frigerio et al. 2212.11918

ma [GeV]
α D

a± a± ↔ h h

  
or  

ma ≳ 2 − 3 TeV

ma ≃ mh/2

Adapted from M. Frigerio et al. 2212.11918

λ ϕ
H

ma [GeV]

h2ΩDM = 0.119

a± a± ↔ γD γD



The SU(3) ten-plet

V = − μ2S +
1
2

(λS2 + δAaAa) Invariant ONLY under 
SU(3)D × U(1)D

• ESP:                        &   6 accidents 
• Generic point:                             &   2 accidents

SU(3)D × U(1)D ⟶ U(1)3 × U(1)8
SU(3)D × U(1)D ⟶ I

Scalar one-loop corrections The ESP is stabilised



“The Physics of Inflation”, D. Baumann

V(φ)

φ

V ≫ ·φ2

V ≃ ·φ2

The inflationary paradigm

η ≡ M2
Pl

V′￼′￼

V
≪ 1

ϵ ≡
M2

Pl

2 ( V′￼

V )
2

≪ 1

Quantum corrections 
are dangerous!

CMB constrains V(φ)

⟹ Ps = As ( k
k* )

ns−1

, r =
Pt

Ps
δφ
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Accident inflation
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Tachyonic preheating

Tachyonic Preheating
G. N. Felder et al. Phys. Rev. Lett. 87, 011601 (2001) 

G. N. Felder et al. Phys. Rev. D 64, 123517 (2001) 

Large “bubbly” inhomogeneities: R* ∼
1
k*

10-18 10-14 10-10 10-6 10-2
10-44

10-40

10-36

10-32

10-28

10-24

10-13

10-12

10-11

10-10

10-9

10-8
End of inflation: m2

χ3 < 0

⟹

J. F. Dufaux et al.  
Phys. Rev. D, vol. 76, p. 123517, 2007.

GWs: 

f* ≃ 4 × 1010 Hz
k*

ρ1/4
inf

h2Ω* ≃ 10−6 ( Hinf

k* )
2



Accidental Inflation
“Real” Model

V = −
1
2

μ2
ϕϕ2 −

1
2

μ2
χ χ2 +

λϕ

4
(ϕ2)2 +

λχ

4
(χ2)2 +

ε
4

ϕ2 χ2 +
ζ
4

Ta
ACTb

CBϕAϕB χa χb

ϕ ∼ 5 , χ ∼ 3

G = SO(3)D × ℤ(ϕ)
2

No Topological Defect Production



Cosmic Strings

⟨ϕ⟩ = 0

⟨χ⟩ = vχ
Accidental  broken byU(1)χ Stable Local Cosmic Strings

μ = 2πv2
χ

⟹

(Gμ)CMB ≲ 10−7 ⟹ V1/4
0 ≲ few × 1014 GeV
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Domain walls

Tann =

[

45

2π2

g∗(Tann)−1

C2
d A

2

M2
P
∆V 2

σ2

]1/4
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(

g∗(Tann)

100

)1/6
Tann
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)1/3 3

32π
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3
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1
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μ2
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1
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ε
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ζ
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Physical space

DW

Domain walls

GWs

y

x
ΔV

V
(χ )

χi m2
χ χχ + h . c .DWs emit GWs 

and annihilate!

- symmetric modelℤ4  SO(3) × ℤ(χ)
4 : χ → i χ

ϕ ∼ 5, χ ∼ 3



Domain walls
Gravitational waves

V0 ≃ (3 × 105 GeV)4 V0 ≃ (3 × 108 GeV)4 V0 ≃ (1011 GeV)4


