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Universidad Técnica Federico Santa Maŕıa.
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Introduction.

A ∼ 126 GeV Higgs boson has been found at the LHC. It remains to
determine whether Electroweak Symmetry Breaking (EWSB) is weakly or
strongly coupled.

Weakly coupled, as the Standard Model (SM), 2HDM, Multi Higgs
Models, Little Higgs, Gauge Higgs Unification models,
SU (3)C ⊗ SU (3)L ⊗ U (1)X models (3-3-1 models), GUT and their
supersymmetric extensions.

Strongly coupled, as Technicolor, Composite Higgs, Strongly
Interacting Light Higgs (SILH), Composite Higgs with composite
Vectors, Randall-Sundrum (RS) models, RS models with condensing
4th generation, Holographic Composite Higgs Models, 1032 SM
copies, Full Hierarchy Quiver Theories (FHQT).

The hierarchy problem provides a plausible motivation for considering
strongly coupled theories of EWSB.
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Effective Chiral Lagrangian with spin-0 and spin-1 fields.

U (x) = e i π̂(x)/v , π̂ (x) = τaπa , u ≡
√
U, Bµ = g ′

2 τ3B0
µ,

DµU = ∂µU − iBµU + iUWµ , Wµ = g
2 τaW a

µ , Rµ = 1√
2

τaRa
µ ,

R = V ,A, X̂µν = ∇µXν −∇νXµ, X = R, u uµ = iu†DµUu
†,

∇µR = ∂µR + [Γµ,R ] , Γµ = 1
2

[
u† (∂µ − iBµ

)
u + u

(
∂µ − iWµ

)
u†
]

.

Here we make the following assumptions:
1 Before weak gauging, the Lagrangian responsible for EWSB has a

SU(2)L × SU(2)R global symmetry.
2 The strong dynamics produces a composite triplet of parity even and

parity odd vectors V and A as well as two composite scalar singlets h
and H and one composite pseudoscalar singlet η under SU(2)L+R .
These resonances have masses below the cut-off Λ ' 4πv ≈ 3 TeV.

3 The spin-1 states couple to fermions only via SM gauge interactions.
4 The light scalar singlet of mass mh = 125 GeV interacts with the

Standard Model gauge bosons and fermions only via weak gauging
and (proto)-Yukawa couplings, respectively. The heavy scalar H and
pseudoscalar η are fermiofobic.
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L =
v2

4

〈
DµUD

µU†
〉
− 1

2g2

〈
WµνW

µν
〉
− 1

2g ′2
〈
BµνB

µν
〉

+
cWB

4

〈
U†WµνUB

µν
〉
+ ∑

R=V ,A

[
−1

4

〈
RµνR

µν
〉
+

1

2
M2

RRµR
µ

]
− fV

2
√

2

〈
V µν

(
uWµνu

† + u†Bµνu
)〉

+
fA

2
√

2

〈
uµνA

µν
〉
+ Lcontact

− igV

2
√

2

〈
V µν

[
uµ, uν

]〉
− ifA

2
√

2

〈(
uWµνu

† + u†Bµνu
)
[Aµ, uν]

〉
− iκfA

2
√

2

〈
uµν [V

µ, uν]
〉
+ ∑

S=h,H,η

[
1

2
∂µS∂µS +

m2
S

2
S2

]
+ L3A,u

+ ∑
S=h,H

[
αSS

〈
uµu

µ
〉
+ βSS

〈
VµV

µ
〉
+ γSS

〈
AµA

µ
〉
+ δSS

〈
Aµu

µ
〉]

+βη

〈
Vµu

µ
〉

η − v√
2

∑
i ,j

(
ū
(i)
L d

(i)
L

)
U

(
1 + ahff

h

v

)(
λu

ij u
(j)
R

λd
ij d

(j)
R

)
+αη

〈
VµA

µ
〉

η + L2V + L2A + L1V ,1A + L3V + LV ,2A + LAu,2V

+L4V + L4A + L2V 2A + L2h + L2H + L2η + LhH + Lhη + LHη.
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We restrict to the case where this Lagrangian is based on the symmetry
G = SU (2)L × SU (2)C × SU (2)D × SU (2)R . Then, Vµ and Aµ are
linear combinations of the gauge bosons of the hidden local symmetry
SU (2)C × SU (2)D and of the SM gauge fields. In that case the different
parameters (excepting cWB) are functions of MV and MA, for example:

fV ≡
1

gC
=

√
1

1− κ

v

MV
, fA = −κfV , gV =

1− κ2

2
fV , κ =

M2
V

M2
A

.

To cancel the growth of the ππ → ψ̄ψ scattering amplitude one has:

ahff =
1

ahWW
.

Vµ, h and H unitarize the elastic WW scattering, therefore ahWW is
different from 1. This situation is different than in the SM where
ahff = ahWW = 1.
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Decay rate for h→ γγ
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Figure: One loop Feynman diagrams in the Unitary Gauge contributing to the
h→ γγ decay.

A.E. Cárcamo Hernández (UTFSM) On the effect of composite resonances in EWPT and Higgs decay to Two Photons.12/12 7 / 14



1116.0 1116.5 1117.0 1117.5 1118.0 1118.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

MV H GeV L

R
Γ

Γ

1188.0 1188.5 1189.0 1189.5 1190.0

0.0

0.5

1.0

1.5

2.0

MV H GeV L

R
Γ

Γ

1402.0 1402.5 1403.0 1403.5 1404.0 1404.5 1405.0

0

1

2

3

4

5

6

7

MV H GeV L

R
Γ

Γ

Figure: The ratio Rγγ = σ(pp→h)Γ(h→γγ)
σ(pp→h)SM Γ(h→γγ)SM
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as a function of

MV for MA = 1.6 TeV, 1.7 TeV and 2 TeV (from left to right). The horizontal
lines are the Rγγ experimental bounds, whose values given by CMS and ATLAS
are 1.6 and 1.8, respectively.
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The T and S parameters.
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Figure: One loop Feynman diagrams contributing to the T parameter.
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Figure: One loop Feynman diagrams contributing to the S parameter.
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Figure: The EFT model with parity even and parity odd spin 0 and 1 fields in the
∆S − ∆T plane where mh = 125.7 GeV and mH = mη = 1 TeV. Here
0.369 ≤ cWB ≤ 0.372, 0.306 ≤ cWB ≤ 0.310 and 0.190 ≤ cWB ≤ 0.193 for
Figures 5.a, 5.b and 5.c, respectively.
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Conclusions

New particles need are needed to stabilize the weak scale.

Strongly coupled EWSB can be described by an Effective Lagrangian
with composite spin-0 and spin-1 fields.

Consistency with the T and S parameter and h→ γγ decay rate
constraints requires 1.6 TeV . MA . 2 TeV, MA −MV ' 0.5 TeV
and a non standard kinetic mixing between the W 3 and B0 fields.
However the consistency with the h→ γγ decay rate constraint is
highly sensitive under small variations of MV and MA.

The LHC will shed light in the dynamics responsible for EWSB and
the stabilization of EW scale.
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A.E. Cárcamo Hernández (UTFSM) On the effect of composite resonances in EWPT and Higgs decay to Two Photons.12/12 13 / 14



References
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