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Composite Light Quarks

 1106.6357 (MR, Weiler)
+ 1203.4220
+ 1305.3818 (MR, Sanz, de Vries, Weiler)
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Higgs doublet could be a bound state

Strong  sector:
resonances + 
Higgs bound state

spin1

spin 1/2

spin 0 Higgs doublet
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Higgs doublet could be a bound state

Strong  sector:
resonances + 
Higgs bound state

spin1

spin 1/2

spin 0 Higgs doublet

Compositeness scale acts as cut-off

δm2
h ∼ g2SM
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Natural theory
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Partial Compositeness
D. B. Kaplan ’92
Grossman, Neubert ’99
Huber ’01
...

Strong  sector:
Higgs + (top)

mρ gρ

Elementary:
SM Fermions 
+ Gauge Fields
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λL λR g

Lgauge = g AµJ
µ

Lmixing = λLf̄LOR + λRf̄ROR

Gauging SU(3)xSU(2)xU(1)
mixing to fermionic operators

Elementary-composite states talk through linear couplings: 

ySM = �L · Y · �R
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µ

Lmixing = λLf̄LOR + λRf̄ROR

Gauging SU(3)xSU(2)xU(1)
mixing to fermionic operators

Elementary-composite states talk through linear couplings: 

ySM = �L · Y · �R

Elementary:
SM Fermions 
+ Gauge Fields

• Minimal Flavor Violation

Two scenarios:

• Anarchic
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Strong sector has no hierarchies

ySM = �L · Y · �RY U,D ∼ y∗

• Anarchic scenario
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Strong sector has no hierarchies

ySM = �L · Y · �R

SM hierarchies are generated by the mixings:

• Light quarks elementary

• Top strongly composite

Flavor hierarchies can be dynamically generated.
Tension with flavor exists. Difficult to produce resonances.

Y U,D ∼ y∗

• Anarchic scenario
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All flavor violation comes 
from the mixings.

Flavor 
Invariant

• MFV scenario
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All flavor violation comes 
from the mixings.

Flavor 
Invariant

Simple realizations of Minimal Flavor Violation:

mixings ~ SM Yukawas

• MFV scenario
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SU(3)F+

SU(3)U ⊗ SU(3)D+

• Left-handed compositeness

• Right-handed compositeness
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SU(3)F+

MFV Large mixing of one chirality. 
Partners degenerate.

SU(3)U ⊗ SU(3)D+

• Left-handed compositeness

• Right-handed compositeness

Thursday, January 16, 2014



Rh =
Γ(Z → qq̄)

Γ(Z → µµ̄)
= 20.767± .025

L-comp constrained by precision tests
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Rh =
Γ(Z → qq̄)

Γ(Z → µµ̄)
= 20.767± .025

L-comp constrained by precision tests

R-comp constrained by LHC flavor
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Exciting phenomenology with RH compositeness:
proton could be almost half composite!

Gluon resonances:
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Di-jet bounds

Bump-hunter search
MR, Sanz, de Vries, Weiler, 1305.3818

gρ = 3
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Di-jet bounds

Bump-hunter search
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gρ = 3
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t-tbar
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Charge 2/3Charge 5/3
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• Left Partners
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CONCLUSIONS

• Flavor problems in composite Higgs models can be solved 
if the composite sector has flavor symmetries.
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• Flavor problems in composite Higgs models can be solved 
if the composite sector has flavor symmetries.

• MFV requires some light quarks to be composite.      
Fermions partners masses and mixings are 
degenerate at least for the first two generations.
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CONCLUSIONS

• Flavor problems in composite Higgs models can be solved 
if the composite sector has flavor symmetries.

• MFV requires some light quarks to be composite.      
Fermions partners masses and mixings are 
degenerate at least for the first two generations.

• RH compositeness can be large. This is exciting and 
challenging experimentally.
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