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Conclusions

The need of an Higgs boson
Make it without a Higgs
The model

The slogan

Slogan

The bad news is that the Higgs doesn’t exist.
The good news is that you don’t need him.
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Make it without a Higgs
The model

Why we need the Higgs boson?

To explain the Electroweak Symmetry Breaking SU (2)L ⊗ U (1)Y → U (1)em

We can assume that a doublet (the Higgs) with Y = 1
2

and V = −m2

2
H2 + λ

4
H4

gets a VEV in its lower component which is neutral under Q = Y + T3

In formulae
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The need of an Higgs boson
Make it without a Higgs
The model

Why we need the Higgs boson?

To keep S-matrix unitarity in longitudinal WW scattering
WLWL →WLWL scattering without the Higgs boson
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Why we don’t need an Higgs boson

To explain the Electroweak Symmetry Breaking SU (2)L ⊗ U (1)Y → U (1)em

Inspired in chiral QCD we can consider an exponential representation of SU (2)

In formulae

U (x) = e
iπa(x)Ta

v U → gR Ug†L , gL,R ∈ SU (2)L,R

The masses for W±µ and Zµ are generated by the zero order of the non-linear
chiral Lagrangian
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The need of an Higgs boson
Make it without a Higgs
The model

Why we don’t need an Higgs boson

To keep S-matrix unitarity in longitudinal WW scattering up to a higher cut-off Λ

Unitarity is preserved up to Λ ≈ 3TeV if an heavy vector resonance exchange
contribute to the WLWL →WLWL
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Conclusions

The need of an Higgs boson
Make it without a Higgs
The model

The Electroweak Chiral Lagrangian with two heavy vectors

The kinetic term for the heavy vectors
The heavy vector resonances can be described by antisymmetric tensor fields

In formulae

Lkin

“
R̂µν

”
= −

1

2

D
∇µR̂µν∇ρR̂ρν

E
+

M2
R

4

D
R̂µν R̂µν

E
, R̂µν = Âµν , V̂µν , (2)

or by four vector fields

In formulae

Lkin (r̂µ) = −
1

4
〈r̂µν r̂µν〉+

M2
R

2
〈r̂µ r̂µ〉 , r̂µν = ∇µ r̂ν −∇ν r̂µ , r̂µ = âµ, v̂µ , (3)

The most fundamental is the antisymmetric tensor description (G. Ecker et al.,
Phys. Rev. Lett. B 223 425 (1989); Nucl. Phys. B 321 (1989) 311).
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, R̂µν = Âµν , V̂µν , (2)

or by four vector fields

In formulae

Lkin (r̂µ) = −
1

4
〈r̂µν r̂µν〉+

M2
R

2
〈r̂µ r̂µ〉 , r̂µν = ∇µ r̂ν −∇ν r̂µ , r̂µ = âµ, v̂µ , (3)
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The need of an Higgs boson
Make it without a Higgs
The model

The Electroweak Chiral Lagrangian with two heavy vectors

The Lagrangian in the tensor representation

In formulae

LT
eff = L(2)

χ (U) + Lkin

“
V̂µν

”
+ Lkin

“
Âµν

”
+

iGV

2
√

2

D
V̂µν [uµ, uν ]

E
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FV

2
√

2

D
V̂µν f +

µν

E
+

FA

2
√

2

D
Âµν f −µν

E
,

uµ = u†µ = −iu†DµUu† U = u2 ,

f µν+ = uŴµνu† ± u†B̂µνu .

(4)

Result

Agreement both with Unitarity and EWPT (R. Barbieri, G. Isidori, V. S. Rychkov and E.
Trincherini, arXiv:hep-ph/0806.1624v1)
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The need of an Higgs boson
Make it without a Higgs
The model

The Electroweak Chiral Lagrangian with two heavy vectors

If we want to use the Lagrangian in the vector representation

In formulae

LV
eff = L(2)

χ (U) + Lkin (vµ) + Lkin (aµ) +
iGV
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2MV

〈v̂µν [uµ, uν ]〉

+
FV
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2MV
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v̂µν f +
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¸
+
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2
√

2MA

˙
âµν f −µν

¸
+ Lct ,

(5)

we have to add a contact term Lagrangian

In formulae

Lct = −
F 2

V

8M2
V

D
f µν+ f +

µν

E
−

F 2
A

8M2
A

D
f µν− f−µν

E
+

G 2
V

8M2
V

˙
[uµ, uν ][uµ, uν ]

¸
−

iFV GV

4M2
V

˙
f µν+ [uµ, uν ]

¸
(6)

At high energy the contact term Lagrangian can be neglected since it gives a
contribution of order g2.
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The Effective Vector Boson Approximation

At high energy the Effective Vector Boson Approximation works quite well
The EVBA is similar to the Effective Photon Approximation: the gauge bosons G
have a luminosity into the quarks

In formulae
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ŝ

M2
G

!
, (7a)

fq/GL
(x) =

1

4π2

1− x

x

„˛̨̨
vG

q

˛̨̨2
+
˛̨̨
aG

q

˛̨̨2«
. (7b)

The transversally polarized luminosity have a logarithmic enhancement but the
corresponding amplitudes do not grow with the C.M. energy

At high energy the most relevant process is the GLG ′L → VV ′
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The Effective Vector Boson Approximation
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The amplitudes

The amplitudes for the longitudinal-longitudinal vector boson fusion grow with
the C.M. energy
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The total cross sections in the EVBA: pp → GLG ′Lqq → VLV ′Lqq

Total cross section for double longitudinal heavy vectors production via
longitudinal-longitudinal vector boson fusion at the LHC (14 TeV of CM energy)
in the EVBA for GV = 200 GeV
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The total cross sections in the EVBA: pp → GT G ′Lqq → VLV ′Lqq

An example of the total cross sections for double heavy vectors production via
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The total cross sections in the EVBA: pp → GT G ′T qq → VLV ′Lqq

An example of the total cross sections for double heavy vectors production via
transverse-transverse vector boson fusion at the LHC (14 TeV of CM energy) in
the EVBA for FV = GV = 200 GeV
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Going beyond the EVBA

Although the EVBA works well at high energy it is well known that it can give an
overestimate of the true cross section

It is impossible to make kinematical cuts on the transverse momenta of the
outgoing quarks in the EVBA

It is necessary to go beyond the EVBA making the exact calculation in which the
gauge bosons are correctly taken off-shell

The model in the vector representation can be simply implemented into CalcHEP

CalcHEP allows the automation of the exact calculation and generates partonic
events

With parton shower and hadronization utility like Pythia the final state can be
studied
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Results for the Exact total cross sections

The exact total cross section can be computed with CalcHEP
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Production of Heavy resonances
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EVBA vs exact calculations

The ratios between the EVBA and the exact total cross sections are between 1.1
to 2.2 in agreement with the expected overestimate
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Conclusions

The Drell-Yan processes

Drell-Yan double production

A couple of heavy vector resonances can be produced via qq̄ annihilation

These processes are more favorable form a phase space point of view: 2→ 2

However the amplitudes don’t grow with the C.M. energy

At the LHC energy the cross sections are very similar to that of vector boson
fusion

The corresponding events are more difficult to be tagged due to the absence of
the two outgoing quarks
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Conclusions

The Drell-Yan processes

Drell-Yan double production: results

The cross sections for the Drell-Yan production of two heavy vectors
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Conclusions

Comparing with a strongly intetacting Higgs model

The composite Higgs model

The strongly interacting Higgs model of G. F. Giudice, C. Grojean, A. Pomarol
and R. Rattazzi (JHEP 0706:045) was studied in the framework of double Higgs
production at ξ = 1
The final state for the double Higgs production are very similar to that of two
heavy vectors production
The cross sections are also comparable
An estimate of the acceptance cuts can be taken from this case: a factor 10 is a
good estimate, however we are still studying these cuts

Figura: EVBA vs exact total cross sections for the double Higgs boson production via vector
boson fusion at the LHC in the GGPR Model as a function of the Higgs boson mass.
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Summary

The double heavy vector resonances production in an Higgs-less model has a total
cross section of the order of 1 fb

The search for an heavy vector resonance can become interesting if the Higgs
boson is not found at the LHC

The double production can be seen at the LHC but more precise studies on the
final states and the acceptance cuts must be done

If such an heavy resonance would be seen it could be necessary to design new
experiments to discriminate between many different models
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