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Gegenbauer Goldstones
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π ⟨qq̄⟩  In QCD pions are light due to an approx 


Quark masses are the only sym breaking parameters


SU(2)L × SU(2)R



Gegenbauer Goldstones

2

π ⟨qq̄⟩

H ?

 In QCD pions are light due to an approx 


Quark masses are the only sym breaking parameters


SU(2)L × SU(2)R

Can the higgs also be a pNGb?



Naturalness
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Example: Breaking of a U(1) global symmetry

ℒ = ∂μϕ
2

−
λ
4 ( ϕ

2
−

f2

2 )
2

An explicit sym breaking in the UV


Generates the potential

V = ϵ
λ

fq−4
ϕq + h . c

V ∝ ϵm2
ρ f2 cos

qΠ
f

Which is stable as a result of symmetry

Associated one pNGb
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Abelian case
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⟨Π⟩ = fπn/q

m2 = ϵq2m2
ρ

λ = ϵq4m2
ρ /f2

Natural small vev and mass 
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Non-abelian case
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SO(N + 1) ⟶ SO(N)
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4 (ϕ ⋅ ϕ −

f2

2 )
2

V =
λ

f n−4
ϵa1,a2,…,an

ϕa1ϕa2…ϕan Spurion in a symmetric irrep (Traceless)

Radiatively stableV = ϵm2
ρ f2G(N−1)/2

n (cos Π/f)

N massless pNGbs



Non-abelian case
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Gegenbauer as irreps
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=
∞
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Similar to angular momentum decomposition
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0
0
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Π

sin
Π
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Π1
Π2
⋮

ΠN

cot Π
f

Π = Π ⋅ Π



Gegenbauer as irreps
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Taylor expansion on t
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Tuning



i) Higgs vev
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VT ≈
3y2

t

16π2
f2M2

T (a1 cos
Π
f

+ a2 cos
2Π
f )

VG = ϵf2M2G3/2
n (cos

Π
f )

⟨Π⟩ = 0
⟨Π⟩ ≈ nπf n ∈ ℤ

Phenomenologically not viable

Large n allows for natural v2 ≪ f2



ii) Higgs mass
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VT ≈
3y2

t

16π2
f2M2

T (a1 cos
Π
f

+ a2 cos
2Π
f )

m2
h ∼

3y2
t

16π2
M2

T  GeV, adds additional fine tuningMT ≳ 900 Gegenbauer’s twin



Twin Higgs
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A B

V = λ ( HA
2

+ HB
2)

2

− Λ2 ( HA
2

+ HB
2)Global SO(8)

Masses respect the accidental SO(8) symmetry

Twin higgs is itself a PnGb model SO(8) → SO(7)

7 Goldstones

4 into the Higgs boson

3 into the gauge bosons of sector B

Higgs portal



Twin Higgs
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A B

V = λ ( HA
2

+ HB
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2

− Λ2 ( HA
2

+ HB
2)Global SO(8)

Masses respect the accidental SO(8) symmetry

Twin higgs is itself a PnGb model SO(8) → SO(7)

7 Goldstones

4 into the Higgs boson

3 into the gauge bosons of sector B

Higgs portal

Tuning problem: vA ≪ vB
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Gegenbauer’s Twin
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Vt ≈
3y4

t

64π2
f 4[sin4 h

f
log

a

sin2 h
f

+ cos4 h
f

log
a

cos2 h
f

]
Including the explicit symmetry breaking

Vn
G = ϵf 4G3/2

n (cos
2h
f )

log(a) < 0.27



Recap
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Gegenbauer’s Goldstones  Natural EW scale⟶

Gegenbauer’s Twin  Natural Higgs mass⟶

log(a) < 0.27

Tuning



iii) Couplings

Vt ≈
3y4

t

64π2
f 4[sin4 h

f
log

a

sin2 h
f

+ cos4 h
f

log
a

cos2 h
f

]
Radiative corrections in the Gegenbauer’s Twin

a is a UV parameter  a ≈
g2

⋆

y2
t

M⋆ ≈ g⋆ f

For a pNGb model, , thus, the UV is strongly coupledg⋆ ∼ 4π

For the Gegenbauer Higgs,  , the UV is perturbativea ≲ 2 SUSY Gegenbauer’s twin
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SUSY Gegenbauer’s Twin
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W = μΦuΦd + λSΦuΦd + MS2

V = (m2
Hu + μ2)|ϕu|2 + (m2

Hd + μ2)|ϕd|2 − b (ϕuϕd + h . c . ) + λ2|ϕuϕd|2

tan β ≡
μ2 + m2

Hd

μ2 + m2
HuV(n)

G = ϵf2M2F(β)G3/2
n (cos ( 2h

f ))
The Gegenbauer explicitly breaks SUSY 

 between MSSM and its mirror  approximate global U(4) symmetryZ2 ⟶



SUSY Gegenbauer’s Twin
V = (m2

Hu + μ2)|ϕu|2 + (m2
Hd + μ2)|ϕd|2 − b (ϕuϕd + h . c . ) + λ2|ϕuϕd|2

V(n)
G = ϵf2M2F(β)G3/2

n (cos ( 2h
f ))

Vg′ ,g =
g2 + g′ 2

8 [( ϕA
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d
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u

2
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d
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2
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Vt =
3y4

t

16π2 ( ϕA
u

4
log

mt̃2

mA
t

2 + ϕB
u

4
log

mt̃2

mB
t
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Sources of symmetry breaking

Explicit

D-terms

Top sector



SUSY contribution to the pNGb potential
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VU(4) =
3(yt f sin β)4

64π2 [sin4 ( h
f ) log

a

sin2 ( h
f )

+ cos4 ( h
f ) log

a

cos2 ( h
f ) ]

a =
2m2

t̃

(yt f sin β)2
e

2π2 cos2(2β)(g′ 2 + g2)
3(yt cos β)4

: we have a model that is a hybrid between a SUSY model and a pNGb modelmt̃ ∼ 𝒪( f )



A pNGb potential can be decomposed in a sum of Gegenbauer polynomials


The twin Gegenbauer points to a perturbative coupled UV


We provided a SUSY UV completion, valid up to very small scales


Since SUSY is perturbative, IR parameters can be calculated


The SUSY-Gegenbauer less tuned that a SUSY model by an order of magnitude

Summary

On-going work: LHC-HL. Precision measurements vs direct searches


