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Effective Chiral Lagrangian formulation with massive spin 1
fields is motivated by:
Absence of experimental evidence of the Higgs boson.

Need of an Effective Field Theory description of the Standard
Model.

Need of keeping unitarity of the longitudinal W boson scattering
under control up to energies of the order of TeV.

Chiral perturbation theory in QCD which describes SSB in
strong interactions.
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Effective Chiral Lagrangian with massive spin 1
fields.

The following SU (2), x SU (2)g invariant Lagrangian at O (p?)
describing the coupling of heavy fields V#* and A*¥ to
Goldstone bosons and Standard Model gauge fields, invariant
under parity is considered [1]:
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Effective Chiral Lagrangian with massive spin 1 fields.

where the covariant derivate V,, acting on the V,,, and A,
antisymmetric spin one tensor fields is defined as:

V.R =8,R+[,R], R=V,A (2

with I, the connection which contains Goldstone bosons and
the Standard Model Gauge fields and is given by:

= 080

(%) w9
u = eXp <I2V y WPL = ETaWS

B, = S7°B, 3

Besides that, we have that the term u,, which transforms like a
triplet is given by:

u, = uf =iu'D,Uu’ = iuf (8 U-—iB U+|UW) (4)



Effective Chiral Lagrangian with massive spin 1 fields.

It is important to mention that under the group
SU (2), x SU (2)g, U has the following transformation property:

U-—grUgl,  O0LrESU(ip (5)
While under SU (2), _ z, we have that U transforms as:
U — huhf, hesuU(2) x (6)

Moreover, we have that R and VR have the following
transformation properties under the group SU (2), x SU (2)g:

R — hRhf, V,.R — hV,Rh, hesUu@).r @

And the antisymmetric spin one tensor fields V,,, and A, are
given by:

3 3
1 1
Vi = —= § A A =— § A2, (8)
ﬂ a=1 \ﬁ a=1



Scattering amplitude for the process 7272 — 7C79.

Outline

© scattering amplitude for the process ~ 7@x? — Cx9.



Scattering amplitude for the process  nér
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Scattering amplitude for the process 797" — w°“7".
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The scattering amplitude for the process n2r? — 7¢79 is:
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where A(s,t,u) is given by:
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Scattering amplitude for the process 7272 — 7C79.
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Figure 1: Strongest unitarity constraint in the (My, Gv) plane for the
process 73m® — 7% at /s = 3TeV.
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Scattering amplitude for the process ~ 727° — Vfo'.

The scattering amplitude for the process n27® — VV{ is:
b d b d
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where A(s,t,u) and B (s, t,u) are given by:
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Total cross sections at LHC for the processes
qq — G.G,qq — VVAaq.

In the framework of the effective vector boson approximation
one has that the total cross section for the process
qq — G.G,-qq — VVqq where G = W, Z can be written as:
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Where 9t

@ is the luminosity of the G, vector bosons in

PP/GrG,.s _
a proton-proton system given by:
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where i and j are flavour index, u ~ O (2My ) is the factorization
scale



d—'g is the effective luminosity for emission of a pair of
0i0j/Gx G,/
gaugé bosons G, and G, from a pair of quarks g; and g;
defined as:
dL L dx ¢
< ©= ] Fe s, (§) 62
d€lqq/G.G,. e x /e \x

being fy, /G, (x) the G, distribution in a quark g;, with

k= —1,0.1. In the case of longitudinal polarized gauge boson,
the splitting function f, g, (x), for very high energies such that
E >> Mg, is given by:
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While in the case of transverse polarized gauge boson, the
corresponding spliting function is given by:

1
fqi/Gn:il (x) = 1672

X

s
x In (|V|(2;> (14)

where s = zs is the center of mass energy of the incoming
quarks, being s = 196 (TeV)2 the square of ther center of mass
energy of the proton-proton system.

(Cv FCa)*+ (Cy £Ca)* (1 - X)2]



We also have that Cy and Cp are the vector and axial couplings
for the quark-quark-gauge boson interaction. For G =W, we

have:
g T (Mz) 1
Cy=-Cp= - , a(Mz) = ——
and for G = Z:
B ma (Mz) .5
V' sin Gy cos Oy (T3L 2Qsin GW) (16)

g Vo (Mz) T (17)
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Figure 1: Total cross sections at LHC for the vector production p rocess
Wz — VIV WW - VIVT, Wz — VVO WIWE = vV
wiw - Vo 2,z — VvV~ and WS W, — V V"~ from longitudinal

gauge boson fusion.



50 60 ‘7‘00‘ - ‘8(‘)0‘ - ‘9(‘)0‘ T 1000

My (GeV)
Figure 2: Total cross sections at LHC for the longitudinal vector
production process W, W," — V"V", Wz — V[ V2, Wiw~ — vV,
ZZL = VIV WIWE = VIV W Z0 = VeV and WW = VTV
from longitudinal gauge boson fusion.



Process o (fb) Process o (fb)

W W, — V'V | 083 |W/W~ —V*V~ | 518
wWiw —VPVP | 114 [ wiw - VOVl [ 207
WrW - VIV [ 134 [WW" —-V*iVT | 231
W W~ —V 'V [024 |[W W —V V| 045
Z,Z, — V'V 0.88 2.2, - VTV~ 1.66
Wz - VvV | 115 | W'z —-VvTVY | 742
W Z -V VP | 048 [ Wz -V VY | 201

Table 1: Total cross sections at LHC for the processes of longitud inal
and vector production by longitudinal vector boson fusion at
My = 500GeV.
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Figure 3: Total cross sections at LHC for the vector production

processes by transverse gauge boson fusion. Right-right polariz
case.
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Figure 4. Total cross sections at LHC for the vector production
processes by transverse gauge boson fusion. Right-left polariza tion
case.
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Figure 5: Total cross sections at LHC for the vector production
processes by transverse gauge boson fusion. Left-left polariza tion
case.
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Figure 6: Total cross sections at LHC for the vector production
processes by longitudinal-transverse right polarized gauge boson
fusion.
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Figure 7: Total cross sections at LHC for the vector production
processes by longitudinal-transverse left polarized gauge boson f usion.
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Total cross sections at LHC for vector production
by Drell Yan Mechanism.

The squared amplitude for the processes qq — V™V~ and
qig; —» VEVOwithi =u,c,j=d,s,borj=u,c,i=d,s,b
summed over the polarization states of V’s and over the spin
states of the quarks and antiquarks is given by:
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Figure 8: Total cross sections at LHC forthe V. tv—, vTv9 and v—\°
vector production, respectively by Drell Yan Mechanism.
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Cross section for the V1V~ productionin efe~
collisions.

The squared amplitude for the process ete™ — VTV~
summed over the polarization states of V's and over the spin
states of the electron and positron is given by:
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Figure 9: Cross section for the V. TV~ vector productionine tTe~
collisions at /s = 3TeV.
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Conclusions.

@ The transverse polarization states and the interference
between longitudinal and transverse polarization states of
V give a significant contribution to the total cross section
for vector production.

@ The most relevant vector production processes at LHC are
longitudinal vector boson fusion and Drell Yang
mechanism.

@ Transverse polarization states of gauge bosons are
irrelevant for vector production.

@ Charged vector production process in e*te~ collisions is
very promising.
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