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2. Pseudo Nambu-Goldstone bosons:


• SSB + explicit symmetry breaking terms
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V = − μ2S +
1
2 [λS2 + κ (S2 − |S′ |2) + δAaAa]

No symmetry larger than SU(2) × U(1)

⟨ϕ1⟩ = v sin α
⟨ϕ3⟩ = v cos αvev:

ϕ = (ϕ1, ϕ2, ϕ3, ϕ4, ϕ5)

5 massive + 

4 NGBs + 1 accident ,  (SU(2) × U(1) → Ø) α ≠ 0

3 NGBs + 2 accident ,  (SU(2) × U(1) → U(1)′ ) α = 0
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Boson loops stabilize α = 0
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One-Loop Effective Potential
Fermionic contribution

ℒ ⊃ y (ψTΦψ + χTΦ*χ) + MψT χ + h . c .

5

ψ ∼ 3+1/2 , χ ∼ 3−1/2

Fermion loops stabilize α = π/6
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Possible Applications
Abelian Higgs 

0.005 0.010 0.020

Veff(α) ≃ c1 cos(6α)

6

Tuning  against :c1 c2

breaking of  at a scale  U(1)′ v′ ≪ v

+ c2 cos(12α)

We can identify the accident  
with the Abelian Higgs
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• Possible reheating mechanism built in

• Second Harmonic

• Non-minimal coupling to gravity

• Modified Cosmology
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Conclusions

8

• Large representations  tree-level massless scalars⟹

• Loop corrections give accidents a mass

• Many different possible applications:


• (Abelian) Higgs model: little hierarchy problem


• Dark Matter candidate


• Inflation


• Reheating

• No accidental symmetries at work: accidents  pNGBs ≠

and future work 



Thank you for your attention!
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The SU(3) ten-plet

V = − μ2S +
1
2

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

•ESP:                       &   6 accidents

•Generic point:                             &   2 accidents

SU(3) × U(1) ⟶ U(1)3 × U(1)8
SU(3) × U(1) ⟶ Ø

Scalar one-loop corrections The ESP is stabilised



Accident Dark Matter
the SU(2) model

Dark photon annihilation Higgs-portal annihilation

 

or 


mDM ≳ 2 − 3 TeV

mDM ≃ mh/2

 

and


 

Q4
Dα2

D ≃ 2.2 × 10−10 (mDM/GeV)2

mDM ≳ 100 GeV

Direct detection 

constraints

Ellipticity

constraint



Inflation
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SJ = ∫ d4x −g
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2

M2
plR[1 + ξ (1 − cos

ϕ
f )]−

1
2

gμν∂μϕ∂νϕ − Λ4 (1 − cos
ϕ
f )

Non-minimal coupling to :R

V(ϕ) = Λ4 [1 − cos
ϕ
f

+c2 (1 − cos 2
ϕ
f )]

Second harmonic


