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Where We Are Now

LHC
B KK particles: Mostly Decays into H/t/WL/ZL

B No New Physics Signals at LHC (at least until now)
B “Little Hierarchy Problem” may exist

Electroweak Precision Test
B Without Custodial Symmetry: MKK > O(10)TeV

B SU(2)L × SU(2)R × U(1)X : MKK & 3TeV

Flavor/CP
B MKK > O(10)TeV
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Next ?

Little Hierarchy and Light Vestiges

B Naturalness realized but not perfectly at ∼ O(10)TeV

B EWPT/Flavor/CP robustly solved.

B Light Vestiges of Naturalness ?
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Natural Extension of the minimal RS - 5D
Kaustubh Agashe, Peizhi Du, SH, Raman Sundrum, arXiv:1608.00526
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MUV MKKmatter
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MKKgrav
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Natural Extension of the minimal RS - 5D
Kaustubh Agashe, Peizhi Du, SH, Raman Sundrum, arXiv:1608.00526

ℓ, u t

H

Vµ

MUV MKKmatter
MKKgauge

gµν

MKKgrav

Minimal RS is a special case: MKKmatter = MKKgauge = MKKgrav

Position of branes stabilized via Goldberger-Wise Mechanism
B “little” hierarchy: MKKmatter

&MKKgauge
&MKKgrav

W. D. Goldberger and M. B. Wise, Phys. Rev. Lett. 83, 4922 (1999)
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Mimimal Extension - For the rest of the talk

L = LCFT + δLMPl

ΛHiggs

ΛIR

Confinement I

Strong Dynamics

Preons
of

Preon′

t, H
ρH

Confinement II

· · ·

ℓ, u t

H

Vµ / Hµν

B Safe from flavor/CP and EWPM !

B Below ΛHiggs = vectorlike confinement
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Phenomenology - Radion

Spin-0: Production / Decay

B flavor-blind coupling

ggrav⋆

ϕ
ρIR

VSM

VSM

ρIR

(
gSM
ggauge⋆

)

⇒ ggrav?

(
gSM
ggauge? IR

)2

FµνF
µν ϕ

ΛIR

B flavor non-universal coupling

H ϕ ⇒ κ

(
ΛIR

ΛHiggs

)4−ε

ggrav? IR

ϕ

ΛIR

[
mtt̄t+ (∂µH)

†
∂µH

]
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Phenomenology - Gauge KK

Spin-1: Production / Decay

B flavor-blind coupling

ψ

ρ̃µ Aelem
µ

q

ψ̄ q̄

⇒ gSMgelem
ggauge?

q̄ρµγµq ⇒ Production !

ϕ

ρIR

VSM

⇒ λεggrav? IR

(
ΛIR

ΛHiggs

)−ε
gelem
ggauge? IR

ρµνFµν
ϕ

ΛIR

B flavor non-universal coupling

t, Hq, l ⇒ (ggauge? UV )
2

ggauge? IR

(
ΛIR

ΛHiggs

)2

ρµIR
(
t̄γµt+H†DµH

)
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Phenomenology - Gauge KK

Spin-1: Probing top/Higgs Compositeness

δL ∼
[
− g2SM
ggauge? IR

+ h
ggauge 2
? UV

ggauge? IR

(
ΛIR

ΛHiggs

)2]
q̄γµρµq, h > 0 in 5D
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IV. Conclusion

Warped extradim / Higgs Compositeness offer an elegant way to
resolving hierarchy/flavor problem.
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Conclusion

Warped extradim / Higgs Compositeness offer an elegant way to
resolving hierarchy/flavor problem.
Absence of new physics at LHC ⇒ “Little Hierarchy Problem”
EWPT/flavor/CP constraints ⇒ MKK & O(10) TeV

∃ Natural Extension !

ℓ, u t

H

Vµ

MUV MKKmatter
MKKgauge

gµν

MKKgrav

Safe from low-E precision test / Explains absence new physics at
LHC
However, ∃ Light Vestiges of Naturalness !
B Flavor Universal Resonances: Radion , Gauge KK , Gravity KK

THANK Y OU !
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Backup: Low Eergy Experiments

Contributions from physics at ΛH is suppressed by
1

ΛnH
.

B Contributions from KK fermions are the same as in Minimal RS
(but with ΛIR = 1 TeV → ΛH = O(10) TeV)

B Safe from EWPT/flavor/CP constraints !

Contribution from Flavor Universal Resonances ?

B Radion ?

κ

(
ΛIR

ΛHiggs

)4−ε
ggrav? IR

ϕ

ΛIR

[
mtt̄t+ (∂µH)† ∂µH

]
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Backup: Low Eergy Experiments

Contributions from KK Gauge (S-parameter).

〈JµJν〉

H H

Aelem
µ Aelem′

ν

gelem g
′
elem(g

gauge
⋆UV )

2

Λ2
Higgs

gelem
(
ggauge? UV

)2
Aelem
µ 〈Jµstrong IRJ

ν
strong IR〉

J
t/H
ν

Λ2
Higgs
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′
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J
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ν

Λ2
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δL ∼ C W 3
µνBµνH
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16πv2
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Contributions from KK Gauge (S-parameter).

〈JµJν〉

H H

Aelem
µ Aelem′

ν

gelem g
′
elem(g

gauge
⋆UV )

2

Λ2
Higgs

〈Jµstrong IRJ
ν
strong IR〉 ∼

(
ηµν −

pµpν
p2

)
p2 log p2

δL ∼ C W 3
µνBµνH

†H, with

C ≡ gg′S

16πv2

Cstrong IR ∼ gg′ log (ΛHiggs/ΛIR) /Λ2
Higgs
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Backup: Low Eergy Experiments

Contributions from KK Gauge (flavor violation).

J t
µ

Λ2
Higgs

〈Jµstrong IRJ
ν
strong IR〉

J t
ν

Λ2
Higgs
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Backup: Low Eergy Experiments

Contributions from KK Gauge (flavor violation).

J t
µ

Λ2
Higgs

〈Jµstrong IRJ
ν
strong IR〉

J t
ν

Λ2
Higgs

∗ J t
µ ∼ t̄γµt

∗ 〈Jµstrong IRJ
ν
strong IR〉 ∼ Λ2

Higgs

J t
µ

Λ2
Higgs

〈Jµstrong IRJ
ν
strong IR〉

J t
ν

Λ2
Higgs

∼ (t̄t)2

Λ2
Higgs
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Backup: Radion Coupling to SM gauge boson

Radion: Coupling to SM gauge boson

1

g2SM
≈ 1

g2UV

+ bstrong UV log

(
ΛUV

ΛHiggs

)
+ bstrong IR log

(
ΛHiggs

ΛIR

)
+

(bSM − btop, Higgs) log

(
ΛUV

ΛHiggs

)
+ bSM log

(
ΛHiggs

MZ

)

B bstrong =
O (Nstrong)

16π2
∼ 1

(ggauge? )
2 ∼

1

g25k

B 5D:
πrc
g25

=
kπrc
g25k

=
1

g25k
ln ekπrc =

1

g25k
ln

(
ΛUV

ΛIR

)
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Backup: Available Parameter Space

L = LCFT + δLMPl

ΛH

Λmeson

Confinement I

Strong Dynamics

Preons
of

Preon′

t, H
ρH

Confinement II

· · ·

ℓ, u t

H

Vµ

ggrav? ≡
√

k3

M3
5

B ggrav? UV < ggrav? IR . 3

ggauge? ≡ g5
√
k

B ggauge? UV ∼ ggauge? IR ∼ 3
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Backup: Spectrum and Couplings - Gravity KK

Spin-2: Couplings to the SM gauge boson (Flavor-blind)

Aelem
µ

Aelem
ν

ρ̃ν

ρ̃µ

Hµν

ggrav⋆

gelem
ggauge⋆

gelem
ggauge⋆

B δL (ΛIR) ∼ ggrav? IR

ΛIR
HµνT (ρ̃)

µν

→
(
gSM
ggauge? IR

)2 ggrav? IR

ΛIR
HµνT (gauge)

µν

Spin-2: Coupling to Radion (Flavor-blind)

B δL (ΛIR) ∼ ggrav? IR

ΛIR
HµνT (ϕ)

µν
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Backup: Spectrum and Couplings - Gravity KK

Spin-2: Couplings to t/H (flavor non-universal)

H ϕ

B δL (ΛHiggs) ∼
(
ggrav? UV

)2

Λ4
Higgs

Tµν (t/H)T (strong IR)
µν

B δL (ΛIR) ∼
(

ΛIR

ΛHiggs

)4
(
ggrav? UV

)2

ggrav? IR

Hµν

ΛIR
T (t/H)
µν

* T strong IR
µν ∼ Λ3

IR

ggrav? IR

Hµν
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Backup: Spectrum and Couplings - Gravity KK

Spin-2: Couplings to t/H (flavor non-universal)

H ϕ

B δL (ΛHiggs) ∼
(
ggrav? UV

)2

Λ4
Higgs

Tµν (t/H)T (strong IR)
µν

B δL (ΛIR) ∼
(

ΛIR

ΛHiggs

)4
(
ggrav? UV

)2

ggrav? IR

Hµν

ΛIR
T (t/H)
µν

* T strong IR
µν ∼ Λ3

IR

ggrav? IR

Hµν

B Flavor Non-Universal Coupling to top/Higgs
B Too small to be Sensitivity to top/Higgs Compositeness
B Highly suppressed→ No Flavor-violating processes !
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Backup: Derivation of KK V - V - ϕ coupling

KK V - V - ϕ coupling (Flavor-blind)

L (ΛHiggs) 3 LCFT + λ ΛεHiggs OGW

In IR,

B λ

(
ΛIR

ΛHiggs

)−ε
and OGW 3 Λ−εIR ρ̃

µν ρ̃µν
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Backup: Derivation of KK V - V - ϕ coupling

KK V - V - ϕ coupling (Flavor-blind)

L (ΛHiggs) 3 LCFT + λ ΛεHiggs OGW

In IR,

B λ

(
ΛIR

ΛHiggs

)−ε
and OGW 3 Λ−εIR ρ̃

µν ρ̃µν

B δL (ΛIR) ∼ λ
(

ΛIR

ΛHiggs

)−ε
ρ̃µν ρ̃µν ∼ λεggrav? IR

(
ΛIR

ΛHiggs

)−ε
ϕ

ΛIR
ρ̃µν ρ̃µν

B δL (ΛIR) ∼ λεggrav? IR

(
ΛIR

ΛHiggs

)−ε
gelem
ggauge? IR

ρµνFµν
ϕ

ΛIR

* Using γ − ρ mixing
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Backup: Derivation of KK V - V - ϕ coupling

KK V - V - ϕ coupling (Flavor-blind)

δL (ΛIR) ∼ λεggrav? IR

(
ΛIR

ΛHiggs

)−ε gelem
ggauge? IR

ρµνFµν
ϕ

ΛIR

ϕ

ρIR

VSM
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