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The need of an Higgs boson
Make it without a Higgs

Introduction to the model: heavy vectors in Higgs-less models
e it wit
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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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
t without a Higgs
nodel

Why we need the Higgs boson?

@ To explain the Electroweak Symmetry Breaking SU (2), ® U (1), — U (1),

m
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a H
The model

Why we need the Higgs boson?

@ To explain the Electroweak Symmetry Breaking SU (2); ® U(1)y — U (1),
We can assume that a doublet (the Higgs) with Y = % and V = —”’;HZ + %H“
gets a VEV in its lower component which is neutral under Q = Y + T3

In formulae
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a H
The model

Why we need the Higgs boson?

@ To explain the Electroweak Symmetry Breaking SU (2); ® U(1)y — U (1),
1
2

We can assume that a doublet (the Higgs) with Y = 3 and V = —”’72H2 + %H“
gets a VEV in its lower component which is neutral under Q = Y + T3

In formulae

”:(%):gg(w%(x))

So the four vectors Wf Wﬁ and By, eat the three Goldstones, giving massive

Wit and Z,
In formulae
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
t without a Higgs
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Why we need the Higgs boson?

@ To keep S-matrix unitarity in longitudinal WW scattering

iccardo Torre Production of heavy vector resonances at the LHC



Introduction to the model: heavy vectors in Higgs-less models 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
W W, — W, W, scattering without the Higgs boson

In formulae

— %aab(gcd + iz(;acabd + %éaddbc
v v v
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Introduction to the model: heavy vectors in Higgs-less models

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

Why we need the Higgs boson?

@ To keep S-matrix unitarity in longitudinal WW scattering

W W, — W, W, scattering without the Higgs boson
In formulae

7\'d 7\'C
\\ /, s t u
_ > sabgcd _* gacgsbd Y sad sbc
P = So%b5cd 4 —gresbd 4 =625
4 N \% v
’ N
a b
s Fie y
W, W, — W, W, scattering with the Higgs boson
In formulae
7Td 7|'C 7l'd 7TC 7'l'b TI'C ﬂ'b 7!'C
N L ~o 7 \ , SO
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,’ \\ PLN / h \ / h \
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a Higgs
The model

Why we don't need an Higgs boson

@ To explain the Electroweak Symmetry Breaking SU (2);, ® U(1)y — U (1),
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a H
The model

Why we don't need an Higgs boson

@ To explain the Electroweak Symmetry Breaking SU (2);, ® U(1)y — U (1),

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

In formulae

imd(x)T?

Ux)=e v U— grUg/, &LrESUQ),
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a Higgs
The model

Why we don't need an Higgs boson

@ To explain the Electroweak Symmetry Breaking SU (2);, ® U(1)y — U (1),

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

In formulae

im?(x)T?

Ux)=e v U— grUg/, &LrESUQ),

The masses for Wf and Z,, are generated by the zero order of the non-linear
chiral Lagrangian

In formulae
2
(2 _v ot
£8 () = 7 (Duu V) | (1)
2.2 2 2 _ / W3
QW =ECwrw+Z (W B £ o ) i
(U= 5 W B Cg (o2 Bu
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a Higgs
The model

Why we don't need an Higgs boson

o To keep S-matrix unitarity in longitudinal WW scattering up to a higher cut-off A
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a Higgs
The model

Why we don't need an Higgs boson

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

Unitarity is preserved up to A = 3TeV if an heavy vector resonance exchange
contribute to the W, W, — W, W,

In formulae
7Td ﬂ'c 7l'd 7TC 7Tb TI'C Trb ﬂ'C
N s S~ \ , N -
N v ~
A + v + —A + —
RN N VA N
7 N - ~ / \ / \
w? o w? b w? wd w? xd
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a Higgs
The model

The Electroweak Chiral Lagrangian with two heavy vect

@ The kinetic term for the heavy vectors
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it withou
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

Lun () = —2 (T Rrwom, )+ M8 (k) B = a0 ()
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Introduction to the model: heavy vectors in Higgs-less models The need of an H
Make it withou
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

Lun () = —2 (T Rrwom, )+ M8 (k) B = a0 ()

or by four vector fields

In formulae

1 M3
Lyin (P*) = -2 (Pun Py + TR (FuP?y ,  Puw = VY = Vo ##, P =3K 01 (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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Introduction to the model: heavy vectors in Higgs-less models The need of an [:LELT
Make it without
The model

The Electroweak Chiral Lagrangian with two heavy vectors

@ The Lagrangian in the tensor representation

In formulae

2 uv N IGV v
el = £9U)+ Lin (V“ )+£kin (A“ )+ 2\[<V“ [uu,uu]>

F

VHVf+ ARV F— ,
+2\f< >+ < > (4)

u, = uL = 7iquDHUuJr U=u?,
f_f'/ = oWyt £ utBrvy
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Introduction to the model: heavy vectors in Higgs-less models The need of an H
Make it without a
The model

The Electroweak Chiral Lagrangian with two heavy vectors

@ The Lagrangian in the tensor representation

In formulae
T (2) (/v ALY iGy i
Lly = LY (U)+ Lin (V )+Ekin (A )+ <V [Uu,uu]>
2v/2
F
s P ) 5 (Ah)
202 v (2% (4)
u, = uL = 7iquDHUuJr U=u?,
f_f'/ = oWyt £ utBrvy
v
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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Introduction to the model: heavy vectors in Higgs-less models The need of an H
Make it withou
The model

The Electroweak Chiral Lagrangian with two heavy vectors

@ If we want to use the Lagrangian in the vector representation

In formulae
Ll = L9 (U)+ Lan (V) + Liin () + —2 (0], 1))
e 2v2My
- - (5)
1 A~ A ~ —
+— (VMFEN+ —— (BMYF ) + Lot
2v2M,, (vhi) 2\@\/1/\< )+ Lat
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Introduction to the model: heavy vectors in Higgs-less models The need of an H
Make it withou
The model

The Electroweak Chiral Lagrangian with two heavy vectors

@ If we want to use the Lagrangian in the vector representation

In formulae
iGy

2
LYy = 5&()(U)+Ekin(V“)+£kin(a“)+m

(v [up, uw])
®)

FV NI FA A =
V. (pmvf A (amvf c
tovam, (o) + 2v2M, (@ f) + Lt

we have to add a contact term Lagrangian

In formulae
F2 Y y iFv G y
Lot = —ﬁ <ff f:.,> 8M2 < e e > + 8M2 <[“ S u][ug, UU]> 4‘,/\/,2‘/\/ (ff [, u“]>

©)
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Introduction to the model: heavy vectors in Higgs-less models The need of an Higgs boson
Make it without a H
The model

The Electroweak Chiral Lagrangian with two heavy vectors

@ If we want to use the Lagrangian in the vector representation

In formulae
iGy

2
LYy = 5&()(U)+Ekin(V“)+£kin(a“)+m

(v [up, uw])
®)

Fv oyt Fa s —
V(RN A (aEL Y 4 L
tovamy (0 hiu) + 2v2M, (0 + Lar,

we have to add a contact term Lagrangian

In formulae
F2 Y y iFv G y
Lot = —ﬁ <ff f:.,> 8M2 < e e > + 8M2 <[“ S u][ug, UU]> 4‘,/\/,2‘/\/ (ff [, u“]>

©)

o At high energy the contact term Lagrangian can be neglected since it gives a
contribution of order g2.
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector bo: f the EVBA calculation
Vector boson fusion: e exact calculation

Production of a single heavy vecto

o Widely studied
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Production of a single heavy vector

o Widely studied

@ Vector boson fusion is the most relevant process
The amplitudes grow with the C.M. energy
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Production of a single heavy vector

o Widely studied

@ Vector boson fusion is the most relevant process
The amplitudes grow with the C.M. energy
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA cal.
Vector boson fusion: the exact calc

Production of a single heavy vector

o Widely studied

@ Vector boson fusion is the most relevant process
The amplitudes grow with the C.M. energy

@ Drell-Yan annihilation processes also relevant for the LHC

@ Cross sections appetible to the LHC in few years

Result

o (pp — Vqq) ~ few pb

N = o (pp — Vqq) x L(few years) = some events
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uction of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector bo fusion: the EVBA calculation
Vector boson fusion: th act calculation

Production of a couple of heavy vectors

@ Also in this case the vector boson fusion mechanism is the most relevant process
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector bo fusion: the EVBA calculation
Vector boson fusion: th act calculation

Production of a couple of heavy vectors

@ Also in this case the vector boson fusion mechanism is the most relevant process
The amplitudes grow with the C.M. energy
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector bo fusion: the EVBA calculation
Vector boson fusion: th act calculation

Production of a couple of heavy vectors

@ Also in this case the vector boson fusion mechanism is the most relevant process
The amplitudes grow with the C.M. energy

@ Drell-Yan annihilation processes also relevant for the LHC
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fu he EVBA calculation
Vector boson fu he exact calculation

Production of a couple of heavy vectors

@ Also in this case the vector boson fusion mechanism is the most relevant process
The amplitudes grow with the C.M. energy

@ Drell-Yan annihilation processes also relevant for the LHC

o Cross sections appetible to the LHC with hundred of fb~1 of luminosity
Result

o (pp — VVqq) ~ few fb

N = o (pp — VVqq) x some fb~! ~ some events
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation
Vector boson fusion: th act calculation

The Effective Vector Boson Approximation

o At high energy the Effective Vector Boson Approximation works quite well

iccardo Torre Production of heavy vector resonances at the LHC



Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation
Vector boson fusion: the exact calculation

The Effective Vector Boson Approximation

o 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
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Double heavy vectors production via gauge boson fusion at the LHC

Production of Heavy resonances

Vector boson fusion: the EVBA calculation
Vector boson fusion: the exact

calculation

The Effective Vector Boson Approximation

o 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

1
fq/Gj: (X) = 1672

5
In(— 7
1 1—x Gl2 G
fare ()= 73 (“’ ‘

|v§ Fa§ "+ |vg £ | (1 )

T X 9
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Double heavy vectors production via gauge boson fusion at the LHC

Production of Heavy resonances

Vector boson fusion: the EVBA calculation
Vector boson fusion: the exact

calculation

The Effective Vector Boson Approximation

o 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

1
fq/Gj: (X) = 1672

5
In(— 7
1 1—x Gl2 G
fare ()= 73 (“’ ‘

2
w2 x 9 +‘aq‘). (@)

o The transversally polarized luminosity have a logarithmic enhancement but the
corresponding amplitudes do not grow with the C.M. energy
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Double heavy vectors production via gauge boson fusion at the LHC

Production of Heavy resonances

Vector boson fusion: the EVBA calculation
Vector boson fusion: the exact calculation

The Effective Vector Boson Approximation

o 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

1
fq/Gj: (X) = 1672

5
In(— 7
1 1—x Gl2 G
fare ()= 73 (“’ ‘

2
w2 x 9 +‘aq‘). (@)

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

|v§ Fa§ "+ |vg £ | (1 )

@ At high energy the most relevant process is the G, G| — VV’
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC

Vector boson fusi he EVBA calculation
Vector boson fusi the exact calculation

The Effective Vector Boson Approximation

@ The total cross section is thus given by the convolution of the “partonic” cross
section GG’ — VV'’ with these luminosities and with the pdfs

In formulae

’ ’
O,PP"G)\ Gyr99—VViaq (s)

= o [ o (o) o (207) o () ()
oy (%, 1%) fy (yv“)+fq' (x4%) "f< L ] /jl s Xqu/G&'( >}

1

Ema
0 ; — VWV
x [647\*25(% —mz) [ dtlaene; gl ]}

X |sm

'min

(8)

v
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation
Vector boson fusion: the exact calculation

The amplitudes

o The amplitudes for the longitudinal-longitudinal vector boson fusion grow with
the C.M. energy

In formulae

A(Wewy — vevy)

u—t (6acébd _ 6ad6bc) o Gy [s (M7 + t)* sadgbe 4 S (M} + u)® 53¢ 5bd

2v2 v |t (s —4M2) u(s—4my) (9)
s (MZV"‘t)2 + (M2V+”)2 sbscd
(s — 4aM? ) t u ’
v
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation
Vector boson fusion: the exact calculation

The total cross sections in the EVBA: pp — G, G/ qq — V. V/qq

o 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 G, = 200 GeV

Total cross sections for double longitudinal Heavy Vectors production via
longitudinal-longitudinal vector boson fusion at the LHC in the EVBA (GV=200

GeV)
—_— (g = W/ W, qq
14 —_— o (pp = WIW qq —
a (pp— WiWiqg
— (pp = Wy gq —

(
o (pp—
a (pp—

o lpp = 2.2

Total Cross Section (18]

500 550 &0 650 200 750 00 850 900 50 1000

Heavy Vector Mass (GeV)
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation

Vector boson fusion: the exact calculation

The total cross sections in the EVBA: pp — G, G/qq — VV'qq

o Total cross sections for double heavy vectors production via
longitudinal-longitudinal vector boson fusion at the LHC (14 TeV of CM energy)
in the EVBA for G, = 200 GeV

Total cross sections summed over the Heavy Vectors polarizations for double
Heavy Vectors production via longitudinal-longitudinal vector boson fusion at the
LHC in the EVBA (GV=200 GeV)

— (= W Wag = V7V gg)
—_— g W W g
a(pp

- (pp—

—_ (pp—

o (om

a

Total Cross Section (fB)

Heavy Viector Mass (GeV)
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation
Vector boson fusion: th act calculation

The total cross sections in the EVBA: pp — G1G/qq — V V/qq

@ An example of the total cross sections for double heavy vectors production via
longitudinal-transverse vector boson fusion at the LHC (14 TeV of CM energy) in
the EVBA for Fy, = Gy = 200 GeV

Total cross sections for double Heavy Vectors production via longitudinal-
transverse (0,-1) vector boson fusion at the LHC in the EVBA (GV=FV=200 GeV)

0015
—_ g (pp =W g — VIV qq)

19q — VIviaq)

o (pp— Wi Zy— 109 — V" V7q)

003 |

— o(pp—t

0025

002 |

0015

Total Crass Section (18)

001

0,005

500 550 600 650 00 750 800 850 900 950 1000

Heauy Vector Mass (GeV)
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusion: the EVBA calculation
Vector boson fusion: th act calculation

The total cross sections in the EVBA: pp — G1Grqq — V. V/qq

@ 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 Fy, = Gy = 200 GeV

Total cross sections for double Heavy Vectors production via transverse-
transverse (1,1) vector boson fusion at the LHC in the EVBA (GV=FV=200 GeV)

- —_— (= Wi Wi g — VIV qq)

—_— o (pp— W Wy gg — V'V qq)

-

06 | o (pp — W, Wi_ 90 — VTV qq)

—_— o (pp— Wi We_aq =V V qq)
o005 | — o (pp — Wi, Zyoaag — V")
o (pp— Wi, Zuigg — V™ Vo%q)

9T o (pp— Zy1Zy-199 — VIV gq)

Total Crass Section (f8)

003

ooz |

001

500 550 €00 650 700 750 800 850 ac0 950 1000

Heavy Vector Mass (GeV)
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusi the EVBA calculation
Vector boson fusion: the exact calculation

Going beyond the EVBA

o Although the EVBA works well at high energy it is well known that it can give an
overestimate of the true cross section
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector bo fu the EVBA calculation
Vector boson fusion: the exact calculation

Going beyond the EVBA

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

o It is impossible to make kinematical cuts on the transverse momenta of the
outgoing quarks in the EVBA
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Production of Heavy resonances
Vector boson fu: the EVBA calculation
Vector boson fusion: the exact calculation

Double heavy vectors production via gauge boson fusion at the LHC

Going beyond the EVBA

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

o 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
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fu the EVBA calculation
Vector boson fusion: the exact calculation

Going beyond the EVBA

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

o 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
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fu the EVBA calculation
Vector boson fusion: the exact calculation

Going beyond the EVBA

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

o 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

ardo Torre Production of heavy vector resonances at the LHC



Production of Hez resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fu he EVBA calculation
Vector boson fusi he exact calculation

Going beyond the EVBA

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

o 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

o With parton shower and hadronization utility like Pythia the final state can be
studied
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC ector bo sion: the EVBA calculation
Vector boson fusion: the exact calculation

Results for the Exact total cross sections

@ The exact total cross section can be computed with CalcHEP

Total cross sections summed over the Heavy Vectors polarizations for double Heavy Vectors
production via vector boson fusion at the LHC (GV=200 GeV, FV=0)

(o — V)

55 — o= VTV )
— ol —VV%)
(o — V'V qq)
a(pp— VTV 7qq)
#(pp— V7V qq)

s00 550 &0 650 00 750 500 850 500 950 1000
Heavy Veetor Mass (GeV)
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Production of Heavy resonances
Double heavy vectors production via gauge boson fusion at the LHC Vector boson fusi the EVBA calculation
Vector boson fusion: the exact calculation

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

Ratios between the EVBA and the Exact Total Cross Sections for the different
double Heavy Vectors final states

= Ratio for the V"V'qq final state

E e = Ratio forthe V"V *qq final state
§ Ratio for the V'V " qq final state
g™ — Ratio forthe V"V *4q final state
g 15 Ratio for the V™V qq final state

T —— /—-\
12

500 550 600 650 700 0 800 850 900 50 1000

Heawy Vector Mass (GeV)
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The Drell-Yan processes
Double heavy vectors production via Drell-Yan annihilation at the LHC

Drell-Yan double production

@ A couple of heavy vector resonances can be produced via gg annihilation
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The Drell-Yan processes
Double heavy vectors production via Drell-Yan annihilation at the LHC

Drell-Yan double production

@ A couple of heavy vector resonances can be produced via gg annihilation

@ These processes are more favorable form a phase space point of view: 2 — 2
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The Drell-Yan processes
Double heavy vectors production via Drell-Yan annihilation at the LHC

Drell-Yan double production

@ A couple of heavy vector resonances can be produced via gg annihilation
@ These processes are more favorable form a phase space point of view: 2 — 2

o However the amplitudes don't grow with the C.M. energy
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The Drell-Yan processes
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Drell-Yan double production

A couple of heavy vector resonances can be produced via qg 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
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The Drell-Yan processes
Double heavy vectors production via Drell-Yan annihilation at the LHC

Drell-Yan double production

A couple of heavy vector resonances can be produced via qg 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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The Drell-Yan processes

Double heavy vectors production via Drell-Yan annihilation at the LHC

Drell-Yan double production: results

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

Total cross sections summed over the Heavy Vectors polarizations for double
Heavy Vectors production Drell-Yan annihilation at the LHC (GV=200 GeV)
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a strongly intetacting Higgs model

Conclusions

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 { =1

EVBA and Exact total cross sections for double Higgs production via vector boson
fusion at the LHC in the GGPR model
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@ 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 { =1

@ The final state for the double Higgs production are very similar to that of two
heavy vectors production
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Conclusions

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 { =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

EVBA and Exact total cross sections for double Higgs production via vector boson
fusion at the LHC in the GGPR model
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Conclusions

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 { =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

o 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

EVBA and Exact total cross sections for double Higgs production via vector boson
fusion at the LHC in the GGPR model
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Conclusions

Summary

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

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
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Conclusions

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

o The double production can be seen at the LHC but more precise studies on the
final states and the acceptance cuts must be done
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Comparing with a strongly intetacting Higgs model

Conclusions

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

o 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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Conclusions

The end
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