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THE SM AS AN EFFECTIVE THEORY
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• FCNCs need to be suppressed beyond loop level in order to be compatible
with a TeVish New physics scale
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Technicolor, ETC, CTC: [. . . Holdom ’80s, Luty, Okui ’06]

Aµ, Q, u, d H

λu, λd

L = Lel + λuQ̄Hu + λdQ̄H
∗d− V (H)

Top Yukawa coupling:
λu

Λ2
comp

QL < ψ̄ψ > tR
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COMPOSITE HIGGS MODELS

Total Compositeness (RS1) [Randall, Sundrum ’98]

H, ρµ,
BQ, Bu, Bd

L = Lcomp

Dijet Searches: Λcomp > 7− 8 TeV [ATLAS ’12]



COMPOSITE HIGGS MODELS

Partial Compositeness (RS1) [Kaplan ’91]

Aµ, Q, u, d
H, ρµ,

BQ, Bu, Bd

µu, µd, µQ, ω

L 3 Lel + ωAµρ
µ + µu uBu + µd dBd + µQQBQ + Lcomp.



COMPOSITE HIGGS MODELS

Partial Compositeness: Mass generation

L 3 Lel + µq qLBR − ΛcompBB +BL (λHBcR) .

Rotating to the mass eigenbasis(
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)
=
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)
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)
λH (ψR sinϕR + χcR cosϕR) .

Couplings to vector mesons read

L 3 gρB̄/ρB −→ gρ sinϕ2
L ψL /ρψL + gρ sinϕ2

R ψR /ρψR ,



COMPOSITE HIGGS MODELS
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FLAVOR PHYSICS IN THE RS MODEL

Large mixing angles suggest large effects in observables which are sensitive to
couplings of third generation quarks.
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FLAVOR PHYSICS IN THE RS MODEL

The RS-GIM mechanism is extremely effective, apart from one observable,
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FLAVOR PHYSICS IN THE RS MODEL
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BENCHMARKS–QUARK SECTOR

• Anarchy: Mixing angles reproduce flavor hierarchies,

sinϕQij = sinϕQii
sinϕu,dij = sinϕu,dii

, Yu,d ≈
(
O(1) O(1) O(1)
O(1) O(1) O(1)
O(1) O(1) O(1)

)
, Λcomp > 8 TeV

• Right-handed Compositeness: U(3)3 symmetry in the composite sector,

sinϕQuij ∼ Y
SM
u , sinϕuij ∼ 1, Yu ∼ 1, Λcomp ∼ 1 TeV

sinϕQdij ∼ Y
SM
d , sinϕdij ∼ 1, Yd ∼ 1

• U(2)3 symmetry in the composite sector,

sinϕQij ∼ diag(a, a, b), Yu,d ∼ diag(a, a, b) , Λcomp ∼ 1 TeV

sinϕu,dij ∼
(

∆Y SM
u,d 0
0 1

)



FLAVOR PHYSICS IN THE RS MODEL

Expected Correlations

U(2)3

Anarchic Model (triplet)
Anarchic Model (bidoublet)

[Straub ’13]

gZdL gZdR gZuL gZuR
triplet 0 ! ! 0

bidoublet ! 0 ! 0



FLAVOR PHYSICS IN THE RS MODEL

Unexpected Correlations
S1: Anarchic Models
S2: Aligned down quark mixing angles



BENCHMARKS–LEPTON SECTOR
Additional Question: How to get anarchical PMNS matrix?

• Anarchy: Mixing angles reproduce charged lepton masses,

sinϕLij = sinϕLii sinϕEij = sinϕEii , YE ≈ O(1)

Majorana: Yν
ΛUV

LLHH [Vecchi ’12 , Randall, Gilad ’09]

Dirac: Yν LHνR [Sundrum, Agashe ’08]

• Global Flavor Symmetries:

sinϕLij = 1 + f(YνY
†
ν , YEY

†
E) , sinϕE,νij = 1 + f(Y †E,νYE,ν)

YE ≈ O(1), Yν very small

• A4 symmetric models:

sinϕLij = 1 , sinϕνij = 1

YE ≈ Yν ≈ O(1)

A4: No tree-lvl FCNCs! [Csaki et al. ’08]



FLAVOR PHYSICS IN THE RS MODEL

[Agashe et al. ’06]



CONCLUSION

• RS/Composite Higgs is a model of flavor physics

• It cuts of the Higgs quadratic divergencies in the Higgs sector at some scale

• The intensity frontier has the capability to find out whether it also “solves” the
hierarchy problem



BACKUP
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RS MODELS

SU(3)C × U(1)EMSU(3)C × SU(2)L × U(1)Y

UV brane/
Elementary

IR brane/
Composite

Higgs,
Yukawas



RS MODELS
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RS MODELS
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RS MODELS

The same parameters, which generate the masses of the light quarks suppress
contributions to FCNCs: RS-GIM.
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RS MODELS

Composite Higgs Warped Geometry (RS)

(Large N) CFT with a confining
phase below Λ

↔ Anti de Sitter space with an IR brane
at 1/Λ

Amount of Compositeness:
sinϕq

↔ Localization in the ED: F (cq)

Global symmetry in the strongly
coupled sector

↔ Gauge symmetry in the bulk

Composite vector mesons
(baryons)

↔ Gauge boson (quark) KK Modes



RS MODELS

There are different composite Higgs models:

f

f

H

Models in which only the Higgs is a
composite.

×
×

f

f

F

F

H

Models in which the Higgs is a com-
posite and the fermions are partially
composite.

F

F

H

Models in which the Higgs and the
fermions are completely composite.
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