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2Strong CP & Axion

Strong CP problem

[Anson Hook, 1812.02669]

neutron eDM 

θ̄ ≲ 10−10

ℒ ⊃
θ̄

16π2
Fa

μνF̃μνa

Why such tiny?

Axion ℒ ∼ (θ +
a
fa

)FF̃

Dynamically relaxing

⟨a⟩ = − faθ̄

QCD axion

[PDG, 2025]

Very light

https://arxiv.org/pdf/1812.02669
https://pdg.lbl.gov/2025/reviews/rpp2025-rev-axions.pdf


3Motivations

What if heavier axions

Feasibility @ exp facilities to be high quality

QCD revisited

Confinement!

A TC sector?

{mq, fπ} → {mTC, fH}

Composite Higgs

To be heavy

Analogy to QCD



4Model

Gauge: SU(7) × Sp(4)′￼× U(1)′￼Y × SU(2)L

Diagonally

SU(3)c × Sp(4)TC × U(1)Y

ℒ ⊃ (θ7 +
a7

fa
)F7F̃7 + (θ4 +

a4

fa
)F4F̃4 2 axions!

Particles

SM quarks in Ψ

TC fermions as ψ

Bifundamental scalars



5Interactions

TC fermions to confine

ℒ ⊃ yΨΣψ + Mijψiψj

TC direction in : mixing with Ψ ψ Mψ ∼ ( 0 y⟨Σ⟩
y⟨Σ⟩ M )

Seesaw mH ∼ M

mL ∼
y2⟨Σ⟩2

M

to decouple

to confine

SM Yukawa

By integrating out  Σ

Partial compositeness of -system (Σψ)

(yu, yd) ∼ (y1y3

Λ2
θ12θ3,

y2y3

Λ2
θ12θ3)



6Small Instanton

Necessary to have 2 heavy sources

-small instanton, up to breaking sizeSp(4)

Λ4
4 ∼ κsp4 ∫

v−1
H

0

2dρ
ρ5

(vHρ)b4(
2π
α4

)6e− 2π
α4 ∏

i

(miρ)

Va ⊃ Λ4
4 cos(θ̄4 +

a
fa

)

Fermion zero-mode suppression

[Csaki et. al., 2311.09285]

https://arxiv.org/pdf/2311.09285


7Small Instanton

Λ4 ∼ 𝒪(1) GeV δma ∼
Λ2

4

fa
∼

Λ2
4

1012 GeV
∼ 10−3 eV

Λ4 ∼ vH ⋅ (
m
vH

)k vev enhancement 

vs. fermion mass suppression



8RG Running

Some conditions
1

αs(vH)
+

1
α4(vH)

=
1

αTC(vH)matching

TC confinement  to confine at 10 TeVαTC

 away from the SM, due to (X, Y) pairsαs
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9Mass Spectrum

Composite Higgs

Axion system

: super heavy to be around TeV η′￼

: two mass eigenstates Λ4 = 5 GeV

maL ∼
Λ2

4

2fa
∼ 0.018 eV maH ∼

μf3

2fa
∼ 20 eV

aL = a4 − a7 aH = a4 + a7

 times heavier than QCD axion104 (107)



10Summary

Compatibility: axion & composite higgs

Heavy mass: TC confinement & small 
instanton

An enhanced small instanton?

Pheno with more details…


