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Higgs-like Dilaton?

v ∼ f within 10%SO(4)/SO(3)+ dilaton with

BB, Csaki, Hubisz, Serra, Terning 1209.3299; 
Chacko, Franceschini, Mishra 1209.3259

from Giardino et al., [arXiv: 1303.3570]
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Higgs-like dilaton: fitting data
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geometry: the cone manifold

L(2)
CFT+G =

1
2

��
f2

π

f2

�
χ2

�
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geometry: the cone manifold

L(2)
CFT+G =

1
2

��
f2

π

f2

�
χ2

�
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�
+

1
2
(∂χ)2

�

Cone

G/H

-const sections are G/Hχ

dΩ2 =
�

fπ

f

�2

χ2dΠ2 + dχ2

“speed of light”

|Φ|2 =
f2

π

(f2 − f2
π)

χ2|Φ|2 = f2
πe.g. “radius”



WW-scattering

WLWL

WLWL

π

π

π

π

E>>mw



WW-scattering

WLWL

WLWL

π

π

π

π

E>>mw h
π

π

σ
π

π
=

π

π



WW-scattering

WLWL

WLWL

π

π

π

π

E>>mw

A(ππ → ππ) ∼ s

f2
π

− s

f2SO(n + 1)/SO(n) = Sn

h
π

π

σ
π

π
=

π

π



WW-scattering

WLWL

WLWL

π

π

π

π

E>>mw

A(ππ → ππ) ∼ s

f2
π

− s

f2SO(n + 1)/SO(n) = Sn

h
π

π

σ
π

π
=

π

π

Limit: f = fπ

A(ππ → σσ)→ 0

... all amplitudes vanish!!

A(ππ → ππ) ∼
�

s

f2
π

− s

f2

�
→ 0

A(ππ → hh) ∼
�

s

f2
π

− s

f2

�
→ 0



WW-scattering

WLWL

WLWL

π

π

π

π

E>>mw

A(ππ → ππ) ∼ s

f2
π

− s

f2SO(n + 1)/SO(n) = Sn

h
π

π

σ
π

π
=

π

π

E.g.: the Higgs-like dilaton SO(4)/SO(3)? 

(fπ ≡) v = f ?

Limit: f = fπ

A(ππ → σσ)→ 0

... all amplitudes vanish!!

A(ππ → ππ) ∼
�

s

f2
π

− s

f2

�
→ 0

A(ππ → hh) ∼
�

s

f2
π

− s

f2

�
→ 0



WW-scattering

WLWL

WLWL

π

π

π

π

E>>mw

A(ππ → ππ) ∼ s
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=

π

π

E.g.: the Higgs-like dilaton SO(4)/SO(3)? 

(fπ ≡) v = f ?

• symmetry or tuning (or dynamics)?
• is it actually weakly coupled? 

Λ ∼ 4πf ? Λ� 4πf ?

Limit: f = fπ
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... all amplitudes vanish!!
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plane

fπ = f
“speed of light”= ∞

the cone unfolds into a plane

Cone vs Plane

L(2) =
1
2
∂µϕa∂µϕa free theory at O(p^2) in euclidean coordinates

all amplitudes are trivially vanishing (at this order)

radial coordinates of a plane

dΩ2 =
�

fπ

f

�2

χ2dS2
n + dχ2 −→ χ2dS2

n + dχ2 = dϕ2

radius goes to 1

Sn

|Φ|2 = f2
π |Φ|2 =

f2
π

(f2 − f2
π)

χ2

Cone
Sn
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Higher orders?

e−iπ∂µeiπ = idâ
µT â + iEa

µT aCCWZ notation:

c
�
(∂ασ)2 + �σ

�
Tr[dνdν ] + d

�
ηµν((∂ασ)2 −�σ) + 4(∂µ∂νσ − ∂µσ∂νσ)

�
Tr[dµdν ]

(Tr[dµdµ])2 , Tr[dµdν ]Tr[dµdν ] , Tr[EµνEµν ]

a
�
(∂µσ)4 + 2(�σ)(∂µσ)2

�
+ b

�
(∂µσ)2 + �σ

�2

a-anomaly Komargodski-Schwimmer by e.o.m enters in pi-pi scattering

A(ππ → ππ) ∼ E4no reasons to expect 
cancellations
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Accidental Symmetry

promote it to a true UV symmetry?

L(2) =
1
2
∂µϕa∂µϕa ϕa → ϕa + ca

plane: invariant ISO(n+1)=SO(n+1)+translations 

plane

Cone
Sn

f = fπ accidental ISO x CFT spoiled @ O(p^4)

(true sym. only SO x CFT)

ϕa�ϕamake it marginal: divide by~ ?

L(4) = a(∂µϕa)4 + b(∂µϕi∂νϕi)2 + . . .step 1)

step 2)

non-locality forced by 
translations+dilations!

L(4) ∼ a

ϕa�ϕa
(∂µϕa)4 +

b

(. . .)
(∂µϕi∂νϕi)2 + . . .
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Accident vs Symmetry

barring non-locality (=no extra massless fields)

Accident

A(ππ → ππ) ∼ E4

resonances at Λ = 4πf

strongly coupled

SO(n + 1)× CFT

SO(n)× Poincare
�

Symmetry

A(ππ → ππ) ∼ E0

weakly coupled

cut-off can be at Λ =∞

ISO(n + 1)× CFT

SO(n)× Poincare
�
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Hierarchy problem?

Symmetry

weakly coupled

ISO(n + 1)× CFT

SO(n)× Poincare
�

L =
1
2
∂µϕa∂µϕa + � /ISO ×M2

/CFT
ϕaϕa + . . .

new scale breaking CFTISO breakings

the relevant operator is small by symmetry

f2 =
M2

/CFT

4λ2
m2

σ ∝ �f2 ∆ =
f2

v2
� 1

generically big tuning!

but the whole potential is 
suppressed by  translations

L =
1
2
∂µϕa∂µϕa + � /ISO · λ2 ·

�
M2

/CFT

4λ2
− ϕaϕa

�2

+ . . .
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elementaryCFT+G
stong sector Aµ

light quarks, leptons, gaugey
ψL , ψR

ΘL , ΘR

Partial Compositeness: explicitly
break CFT & G

spurions carry both G-indexes and scale dimension 

5/2 + γR

Lmix = yLψLΘR + yRψRΘL

3/2
[yR,L] = −γL,R
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Dilaton & Higgs potentials

elementaryCFT+G
stong sector Aµ

light quarks, leptons, gaugey
ψL , ψR

ΘL , ΘR

Integrate-out CFT (all orders)

symmetric symmetry breaking

+ + +V= +...

1-loop of elem. fields: Coleman-Weinberg! V (π, χ) =
�

i

�
d4p

(2π)4
log Πi(p2,Φ)

Lgauge
eff =

1
2

�
Π0(p)Tr[AµAµ] + Πi(p)ΦT AµAµΦ

�
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Dilaton & Higgs potentials

+ + +V= +...

V = κ + y2
�
Λ1 + Asin2 h + Bsin4 h

�

5 parameters: trade for mσ mh f mtv/fπ

V =
�

χ

f

�4
�
κ + y2

�
χ

f

�2γ �
Λ1 + Asin2 h + Bsin4 h

�
�

= χ4F (y(χ), sin h)
dress with the dilaton

Predictions (e.g. amplitudes) all in terms of physical quantities

Potential on the sphere 
h

v = fπ sin h

y(µ) = y(M)
� µ

M

�γ
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Dilaton decays

(and no kinetic mixing)

|∇µH|2 = |∂µ −∆H∂µσ)H|2
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BR(σ →WW ) � 2BR(σ → ZZ) � 2BR(σ → hh)

SO(4) restored



conclusions

• A new scalar has been discovered:  it can well be a pNGB as in CHM

• The EFT for a Composite Higgs+Dilaton is quite interesting and predictive

★ Funny geometrical structure (btw, is the cone homotopy trivial?)

★ f=fpi by symmetry ISO(n), but weakly coupled

★ Clear Dilaton BRs

★ Curious WW-scattering (can we see E^4 behavior? strong vs weak 
dynamics, dynamics vs symmetry)

★ Higgs and Dilaton potential are related 

★ Can we distinguish it from another heavy H or pNGB? (not discussed)

★ When f<fpi the curvature is negative and singular: does it imply ghost? 
(not discussed) 

π1(Cone)

singularity



thank you!
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√
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UV-tension IR-tensionbulk

f = z−1
IR the radion

floating 
IR-brane

Λ(4) = 0 a = 0

vanishing 4d CC 
FT-1

vanishing quartic 
FT-2

Veff = (VUV + Λ(5)L) +
L4

z4
IR

�
−Λ(5)L + VIR

�
= Λ(4) + aχ4

x→ λx , z → λz
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2) add a bulk scalar with small mass φ δLCFT = λO m2L2 = ∆(∆− 4) � 4�� 1
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1
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Higgs potential

λ→ 0

1) flat direction(s):

2) scale invariance x→ x� = (1− �)x

scaling dim.

h→ h + �̃v

Φ(x)→ Φ�(x�) = (1 + �∆)Φ(x)
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way out? largish coupling but small beta β = �
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Contino, Pomarol, Rattazzi, at Planck09
dual to a pNGB in 5D? 

Bellazzini, Csaki, Hubisz, Serra, Terning, to appear





(infinitesimal) special conformal transformations

xµ → xµ � = xµ + 2(b · x)xµ − bµx2 + o(b2)

J = |∂x�/∂x| = 1 + 8b · x + o(b2)

non-covariant transformations


