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Four fermion interactions
In composite Higgs

• A standard way of explaining SM fermion masses

• Potentially significant effects on dynamics

• Deform a conformal model into a walking one

• Significant effects on the spectrum (top coupling)1

Preserve chiral symmetry: NJL-models

• Ungauged

• Wilson fermions, chiral symmetry
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Four fermion interactions

• Composite Higgs models need to explain fermion masses

• Generated at a high energy scale ΛUV

Generates all allowed terms:

a

Λ2
UV

(Ψ̄SMΨSM)2 +
b

Λ2
UV

Ψ̄SMΨSMΨ̄TCΨTC +
c

Λ2
UV

(Ψ̄TCΨTC )
2

• Mixing term provides masses

• First term includes flavour changing neutral currents



c

Λ2
ETC

(Ψ̄TCΨTC )
2

• The third term appears in the technicolor Lagrangian

• Can influence dynamics at technicolor scale

• Increased anomalous dimension, spontaneous chiral symmetry
breaking

• Tunable parameter γ
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The Nambu-Jona-Lasinio Model

L = Ψ̄/∂Ψ+ γ
(

Ψ̄ΨΨ̄Ψ + Ψ̄iγ5τaΨΨ̄iγ5τaΨ
)

• A chirally symmetric four fermion interaction (NF = 2)

• A model for spontaneous symmetry breaking

γ > γ∗ =
2π2

NΛ2



Gauged NJL

L = FµνF
µν + Ψ̄/DΨ+ γ

(

Ψ̄ΨΨ̄Ψ + Ψ̄iγ5τaΨΨ̄iγ5τaΨ
)

Now
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The Lattice Model 2

• For lattice, need to rewrite with pseudo fermions

• To make quadratic, rewrite with auxiliary fields

L = LG + Ψ̄/DΨ+ γ
(

Ψ̄ΨΨ̄Ψ + Ψ̄iγ5τaΨΨ̄iγ5τaΨ
)

→ L = LG + Ψ̄/DΨ+ σΨ̄Ψ + πaΨ̄iγ5τaΨ+
σ2 + πaπa

4γ

〈σ〉 = 2γ 〈Ψ̄Ψ, 〉 〈π〉 = 2γ〈Ψ̄iγ5τ3Ψ〉
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The Lattice Model

• For lattice, need to rewrite with pseudo fermions

• Integrate out fermions

∫

dΨ̄dΨe
∑

x,y Ψ̄x

[

/Dx,y+δx,y (σx+πa
x iγ5τa)

]

Ψy

= Det

[

/Dx ,y + δx ,y(σ + iπ3γ5) δx ,y (iπ1 + π2)γ5
δx ,y (iπ1 − π2)γ5 /Dx ,y + δx ,y(σ − iπ3γ5)

]

• This is complex, sign problem
→ Restrict to π1 = π2 = 0

• Only one axial symmetry



The Lattice Model
Wilson fermion action:

L = FµνF
µν + Ψ̄(/DW +m0)Ψ

+ γ
(

Ψ̄ΨΨ̄Ψ + Ψ̄iγ5τ3ΨΨ̄iγ5τ3Ψ
)

+ δγΨ̄ΨΨ̄Ψ

• Chiral symmetry broken
→ Possible corrections m0, δγ

• Restored when 〈∂µ〈A
3
µ(x)〉O〉 = 0



The Lattice Model
Ward identities:

∂µ〈A
3
µ(x)O〉 = 2m0〈P

3(x)O〉+ 4δγ〈S
0(x)P3(x)O〉 + 〈aX 3(x)O〉

Variation of Wilson term X 3 renormalises as

aX 3(x) = aX̄ 3(x) +
cm

a
P3(x) + (ZA − 1) ∂µA

3
µ(x)

+ acA∂µ∂µP
3(x) + a2c

(µνν)
m ∂(µ∂ν∂ν)A

3
µ(x)

+ a2cγS
0(x)P3(x) + O(a3)

c = c

(

β,
γ

a2
,
δγ
a2

, am0

)

When γ/a2 ≪ 1, no correction to δγ

am0 + cm = 0 and δγ = 0



First step: ungauged NJL
Check δG

• Tree-level mass m = 2(γ + δγ)〈Ψ̄Ψ〉+m0

• Jump in 〈Ψ̄Ψ〉 → m = 0

• Symmetric if axial current conserved:

m̃ =
∂µ〈A

3
µ(t)A

3
µ(0)〉

2〈P3(t)A3
µ(0)〉

if δRm = 0, m = m̃

• Spontaneous symmetry breaking implies mπ = 0, mρ 6= 0



The Lattice Model
Configurations not flavor symmetric
→ Disconnected diagrams

Mu,d =
∑

µ

∂µ,y ,xγµ + δx ,y (σ(x) ± iπ(x)γ5)

The disconnected loop is

Tr (Su − Sd ) (x ; y)Γ = −Tr
δx ,y2iπ(x)γ5

MuMd

Γ

Noisy, need many configurations of π, σ



Small coupling

γσ = γ + δγ = 0.04a2, L = 83 × 16
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Small coupling

γσ = γ + δγ = 0.04a2, L = 83 × 16
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Large coupling

γ = 0.4225a2, δγ = 0, L = 83 × 16
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Four fermion interactions

• Needed for fermion masses

• Can affect dynamics

Ungauged NJL with Wilson fermions

• Signs of spontaneous symmetry breaking

• Large σ and π statistics needed for disconnected diagrams

To do

• Full phase space

• Scaling check

• Improve disconnected diagrams

• Renormalisation on mode number

• Full gauged model (SU(2) adjoint)



γ = 0.4225a2, δγ = 0, L = 83 × 16, m0 = 2.9
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Small coupling

γ = 0.04a2, δγ = 0, L = 83 × 16, m = 0.25
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Large coupling

γ = 2.25a2, δγ = 0, L = 83 × 16, m0 = −1.5
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