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Introduction

Z′ and W′ i.e. massive vector bosons (neutral or charged) at the TeV scale are common
predictions of theories beyond the SM.

Several direct searches of these particles are done by ATLAS and CMS:
through leptonic decays, hadronic decays, dibosons...

We analyze in a model-independent way the possible scenarios where TeV vector bosons can
appear, focusing in those with sizable leptonic signals at LHC.

We find correlations between the neutral and charged channels which allow us to combine
the exclusion limits.
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1© New Vector Bosons
with Leptonic Couplings:

Z′ and W′
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New Vector Bosons

Gauge Symmetry: The origin of the interactions.

It allows to keep the SM unitary and renormalizable.

SU(3)c × SU(2)L × U(1)Y
EWSB−−−−→ SU(3)c × U(1)EM

New Physics furnish complete representations of the SM gauge group.

Vector Bµ B1
µ Wµ W1

µ Gµ G1
µ Hµ Lµ

Irrep (1, 1)0 (1, 1)1 (1,Adj)0 (1,Adj)1 (Adj, 1)0 (Adj, 1)1 (Adj,Adj)0 (1, 2)− 3
2

Vector U2
µ U5

µ Q1
µ Q5

µ Xµ Y1
µ Y5

µ

Irrep (3, 1) 2
3

(3, 1) 5
3

(3, 2) 1
6

(3, 2)− 5
6

(3,Adj) 2
3

(
6̄, 2

)
1
6

(
6̄, 2

)
− 5

6

F. del Aguila, J. de Blas, M. Perez-Victoria, ’10

No leptonic decays

Not produced in hadron colliders

Mixing-suppressed production

Mixing-suppressed decay
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{W,B} = {(W−,W+︸ ︷︷ ︸
Charged

,W0),B︸ ︷︷ ︸
Neutral

}
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SM+W+B

The most general 4-dimensional lagrangian with couplings with the currents of the SM:

L = LSM +
1

2
[DµBνDνBµ − DµBνDµBν ] +

µ2
B
2
BµBµ

+
1

2
[DµWa

νD
νWµ

a − DµWν
a D

µWa
ν ] +

µ2
W
2
Wa
µWµ

a

+ gBBBµBµφ†φ+ gWWWa
µWµ

a φ
†φ+ gWBWa

µBµφ†
σa

2
φ

−
(
gφBB

µφ†iDµφ+ gφWW
µ
a φ
† σ

a

2
iDµφ+ h.c.

)
−
(
BµJBµ +Wµ

a J
a
Wµ

)

The SM currents can be

JµB =
∑

fermions

g f
B
[
f̄ ⊗ f

]µ
singlet

Ja,µW =
∑

fermions

g f
W
[
f̄ ⊗ f

]a,µ
triplet

G
f ,φ
V
≡ g

f ,φ
V

/MV

We will focus on Drell-Yan production (non mixing-suppressed).
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Different Scenarios

Mass eigenvectors:

Z ′1µ = cos θW3
µ − sin θBµ

Z ′2µ = sin θW3
µ + cos θBµ

sin 2θ =
gWBv

2

2
(
M2

Z ′2
−M2

Z ′1

)

A triplet plus a singlet at different scales
without mixing between them.

Two Z′ and a W′nearly degenerate in mass:
Important interference effects between Z′.
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Triplets

Drell-Yan production at LHC at LO (NWA) for Z′ (Carena et al. ’04):

σ(pp → l+l−) = σ(pp → Z ′)× Γ(Z ′ → l+l−) =
π

6s

[
cuωu(s,m2

Z ′ ) + cdωd (s,m2
Z ′ )
]

cq =
(
gq2
R + gq2

L

)
Br(Z ′ → l+l−)

Example: cu − cd plane for the triplet Wa
µ (scenario 1)

W ′L + Z ′L
In the NWA and neglecting interference with SM,
the limits depend only on

g̃W =
2g l
Wgq
W√

3gq2
W + g l2

W

.

Analysis in the neutral channel with the NWA:

cu = cd =
g̃2
W

96
.

10
-4

10
-3

10
-2

10
-1

10
-4

10
-3

10
-2

10
-1

1900 GeV
2000 GeV
2100 GeV
2200 GeV
2300 GeV
2400 GeV
2500 GeV
2600 GeV
2700 GeV
2800 GeV
2900 GeV
3000 GeV
3100 GeV

cd

c u

CMS,      ∫ Ldt = 5.0/5.3 fb-1, ee/µµ √ s = 7 TeV


•  χ
•  ψ

•η 

•  S

•N 
E6

•  R
•B-L 

•LR  

•  Y
LR

•  SM

•  T3L

•Q  

GSM

Mixing angle:
(-π/2,-π/4)
(-π/4,0)
(0,π/4)
(π/4,π/2)

S. Chatrchyan et al. ’12
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The Generalized Sequential Model (GSM)

Based on a two-site moose with the SM electroweak group on each site:

[SU(2)× U(1)]1 × [SU(2)× U(1)]2
broken to−−−−−−−→ [SU(2)× U(1)]diag

(W′,Z′1,Z′2) equals to (W,Z,γ), with the replacements:

g → gt, g ′ → g ′t′ tan θW → tan θ = tan θW
t′

t
∈ [0,∞] e →

e√
t′−2 + tan θW t−2

Same mass matrix as SM, but shifted (splitting < 10 GeV).

Parametrization:
(
t̄ = t+t′

2
, θ,MW

)
.

cu − cd analysis for ∆ < O(Γ) << MV:

cq =
1

6πTrΣ

Tr [GlGq ] +
Tr
[
Gl Σ̃GqΣ̃

]
det Σ

 ,

Σij =
1

24π

∑
fermions

[
(g f

L )i (g
f
L )j + (g f

R)i (g
f
R)j

]
,

Σ̃ij ≡ adj(Σ)ij = εmj ε
n
i Σmn,

G
q/l
ij = (g

q/l
V )i (g

q/l
V )j + (g

q/l
A )i (g

q/l
A )j .
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2© Direct Searches
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Preliminaries

Exclusion limits: dileptonic and lepton+/ET channels independently and combining in the
same likelihood both of them (data from CMS collaboration, L = 5fb−1,

√
s = 7TeV, 2012).

Monte Carlo simulation done with:

MadGraph/MadEvent 4.5 for signal
simulation

PYTHIA 6.426 for parton showering
and hadronization

PGS 4 for detector simulation

We should take into account non trivial
effects due to

Systematic errors (estimated on
10%− 15%)

Interference effects due to nearly
degenerate resonances

Interference with SM process

Simulation at CMS at
√

s = 7TeV, for a GSM (MW = 2.6TeV,θ = θW ,t̄=1):

[GeV]invm
1000 1500 2000 2500 3000

[p
b

/2
0G

eV
]

in
v

/d
m

σd

-0.02

0

0.02

0.04

0.06

-310×

With interference

Without interference

[GeV]Tm
1000 1500 2000 2500 3000

[p
b

/2
0G

eV
]

T
/d

m
σd

-0.02

-0.01

0

0.01

0.02

-310×

With interference

Without interference
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Exclusion limits

Triplet
(
gq
W = g l

W
)

in the plane (MW − g̃W )

Exclusion limits at 95%CL
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Exclusion limits

GSM with θ = θW in the plane (MW − t̄)

Exclusion limits at 95%CL
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Exclusion limits

GSM with t̄ = 1 in the plane (θ −MW )

Exclusion limits at 95%CL
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3© Summary and Outlook
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Summary and Outlook

We have analyzed the different scenarios where sizable leptonic signal from
vector resonances at the TeV scale can be observed in LHC:

Any W′ has to be accompanied with at least one Z′ boson nearly degenerate in mass.

Any Z′ with significant isospin breaking has to be accompanied with a W′ boson both nearly
degenerate.

Any Z′ different enough from a B-like boson or a W3-like boson has to be accompanied with
another Z′ nearly degenerate.

We have developed a new effective NWA approximation to describe models
with two close Z′, and so they can be analyzed with the cu − cd plane.

We have combined the neutral and charged channels in a single likelihood in
order to find the exclusion limits for direct searches.

The EW limits are still competitive and dominate for large couplings and
masses.
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Thank you!
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Backup

J f ,aWµ =

[
(g l
W )ij l̄iγµ

σa

2
lj + (gq

W )ij q̄iγµ
σa

2
qj

]
J fBµ =

[
(g l
B)ij l̄iγµlj + (g e

B)ij ēiγµej + (gq
B)ij q̄iγµqj + (gu

B)ij ūiγµuj + (gd
B)ij d̄iγµdj

]
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Backup

EWSB−−−−→ Lmass =
1

2

(
Zµ Wµ

3 B
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Perturbativity + Electroweak precision tests (G f ,φ
V ≡ g f ,φ

V /MV ):

Vµ = V 0
µ +O(v4/M4

V ), sin(α) = O(v2/M2) < O(10−2)

M2
V = M2

V 0 +O(v4/M2
V )⇒ |MV −M0

V | ∼ GeV
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Backup
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Backup

Breit-Wigner approximation breaks down for nearly degenerate resonances

Imaginary non-diagonal terms of vacuum polarizations become important

µ ν

i j

Pµν = −i
[
p2δij −M2

ij − iImΠT
ij (p2)

]−1
[
gµν −

pµpν

p2

]
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Backup

Some important consequences:

Any W′ has to be accompanied with at least one Z′ boson nearly degenerate in mass. For
masses of at least 1TeV:

gWB ≤ 1⇒ |MW ′ −MZ ′1
| ≤ 7.8GeV

gWB ≤ 4π ⇒ |MW ′ −MZ ′1
| ≤ 94GeV

Any Z′ with significant isospin breaking has to be accompanied with a W′ boson both nearly
degenerate.

Any Z′ different enough from a B-like boson or a W3-like boson has to be accompanied with
another Z′ nearly degenerate.

To obtain a sequential Z′, for masses of at least 1TeV:

gWB ≤ 1⇒ |MZ ′2
−MZ ′1

| ≤ 50GeV
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Backup

Vector bosons can be produced by Drell-Yan processes or vector boson fusion:

P
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Drell-Yan production at LHC at LO (NWA) for
Z′ (Carena et al. ’04):
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