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Motivation

LHC in operation in the fall of 2009

Theorists should prepare a map of what to expect

Particularly interesting: newresonances

Neutral spin-1 resonances (Z′-bosons) extensively studied

Study ofcharged spin-1 resonances (W′-bosons) not done yet

Since∃ W′ ⇒ ∃ Z′, studies ofW′-bosons desired
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W′-boson
Charge current Lagrangian

Couplings of W, W′-boson to the SMquarksandleptons:

Lcc =
gW√

2

{

[

uUγµPLd + νγµPLe
]

Wµ

+
[

uγµ (LqPL + RqPR) d + νγµ (LlPL + RlPR) e
]

W′

µ

}

+ . . .

PL,R chiral projectors & flavor indices suppressed

W′-boson≈ W-boson, only with more general couplings

Difference inmass from Higgs sector
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W′-boson
Feynman rules

Wℓ, Wh: light, heavy mass eigenstate andξ the mixing angle:
(

Wℓ

Wh

)

=

(

cosξ sinξ

− sinξ cosξ

) (

W
W′

)

Vertices:
Wh

ℓ i

ν i

ν Wh

q′
j

qi

µ

−i γν gW√
2

ˆ

− sinξPL + cosξ(LlPL + RlPR)
˜

−i γµ gW√
2

ˆ

− sinξPL + cosξ(LqPL + RqPR)
˜

Vertices for Wℓ: − sinξ → cosξ, cosξ → sinξ

Propagators:
Wℓ(Wh)

q
µ ν i

„

−gµν+qµqν/M2
W

ℓ
(Wh)

DW
ℓ
(Wh)

«

, Di = s − M2
i + i MiΓi
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W′-boson
Charged vector boson production at LHC

W , W′

q

q′

j (pB; s2)

qi(pA; s1)

ℓk(p2; s4)

νk(p1; s3)

Charged vector boson production: Drell-Yan like process

dσAB =
X

q

Z

dx1dx2fq(x1)fq(x2)dσ̂

Formulas fordσ̂ for WR, WL(W
′ = WL + WR):

dσ̂WL

dt
∼ t2

„

1

|DW
ℓ
|2

+
Lq

2Ll
2

|DWh
|2

«„

1 −
1

2
sin2 2ξ

«

+
(s − M2

W
ℓ
)(s − M2

Wh
) + MW

ℓ
MhΓW

ℓ
ΓWh

|DW
ℓ
|2|DWh

|2

×
h

ULqLl +
1

4
sin2 2ξ(U2

− Lq
2
+ Ll

2
+ Lq

2Ll
2
+ U2Ll

2
− 2ULqLl)

+
1

2
sin 4ξ(Lq

2Ll + ULqLl
2
− ULq − U2Ll)

i

ff

dσ̂WR

dt
∼ (t2 + tm2

νR
)



Rq
2Rl

2

|DWh
|2

„

1 −
1

2
sin2 2ξ

«

+
1

4

(s − M2
W

ℓ
)(s − M2

Wh
) + MW

ℓ
MhΓW

ℓ
ΓWh

|DW
ℓ
|2|DWh

|2

× sin2 2ξRq
2Rl

2
ff

Tomáš Ježo (LPSC) New resonances at the LHC Théorie – LHC France 6 / 14



W′-boson
Theories predicting aW′-boson – overview

Sequential Standard model:W′-boson a heavier copy ofW-boson
SM extensions based on an enlarged gauge group (G = SU(2) or larger)

◮ left-right symmetric models (LR)
◮ generation nonuniversal (GN), quark-lepton nonuniversal (Q-LN)
◮ “-phobic”: leptophobic (LP), hadrophobic (HP), fermiophobic (FP)

Table:Fermion transformation properties underSU(2)1 andSU(2)2 respectively.

Field/Model LR LP FP Q-LN

qL ≡

„

uL
dL

«

(2, 1) (2, 1) (2, 1) (2, 1)

qR ≡

„

uR
dR

«

(1, 2) (1, 2)
(1, 1)
(1, 1)

(1, 1)
(1, 1)

lL ≡

„

νL
eL

«

(2, 1) (2, 1) (2, 1) (1, 2)

lR ≡

„

νR
eR

«

(1, 2)
−

(1, 1)
−

(1, 1)
−

(1, 1)

Many more like Kaluza Klein excitations, Technicolor . . .
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PYTHIA
Critical review & extension

Tool used for the numerical analysis:PYTHIA (ver 6.4.20)

Original code:
◮ Interference of W′ with W not accounted for
◮ W′ no right-handed component
◮ WR not general enough

Improved code:
◮ Formulas for cross section now account for theinterference
◮ Implemented 6 new processes
◮ Generalized WR
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PYTHIA
Original code vs. improved code

Comparison of theMT distributionwith and without theinterference
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≈ 40% of events MT =
√

p2
TW

+ M2
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(
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1
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Tomáš Ježo (LPSC) New resonances at the LHC Théorie – LHC France 9 / 14



Preliminary numerical analysis
Total cross section

Estimate of thetotal cross section of the processq + q′ W′

−→ ν + ℓ as a
function of the mass of Wh
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Preliminary numerical analysis
Transverse mass and charge asymmetry

MT distribution andAℓ for models under study
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Outlook

Classification & constraints (including KK excitations, Technicolor . . . )

W′- and Z′-boson production in SO(10) SUSY GUT models

Correlations between signals forW′, Z′ and Higgs boson
For that purpose:

◮ Additional study ofMT , Al within different models
◮ Another distributions & asymmetries: cosθℓ, AFB – LR models
◮ Third family leptonic final state (τντ) – GN models
◮ Heavy quark (tb) final state for –LP models
◮ VBF (WZ) – FP models

Cross section at next-to-leading order – POWHEG (MC@NLO)
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Backup slides
Lagrangian, mass matrix, mass eigenvalues, mixing

LW′

cc =
gW√

2

[

uiγ
µ

(

(UL
CKM)ijC

L
qjk

PL + (UR
CKM)ijC

R
qjk

PR

)

dk

+ ν jγ
µ

(

CL
ljk PL + CR

ljk PR

)

ek

]

W′
µ + h.c..

M
2
W =

(

M2
11 M2

12
M2

12 M2
22

)

,

M2
ℓ , M2

h =
1
2

[

M2
11 + M2

22 ∓
√

(

M2
11 − M2

22

)2
+ 4

(

M2
12

)2
]

.

*
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Numerical analysis
Widths

The total decay rateΓW′ = f (Lq, Rq, Ll, Rl)
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