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What is a Z’?
To an LHC experimentalist: a resonance “bump” more massive that the Z 

which can be observed  in pp e+e- +X or  pp μ+ μ- +X

To a phenomenologist: a new massive electrically neutral, colourless boson          
(being its own antiparticle) which couples to quarks and leptons

To a theorist: it could be many things….

It is useful to classify the Z’ according to its spin                                          
(even though measuring the spin will require high statistics):

Spin-0 (e.g. sneutrino in R-parity violating SUSY)

Spin-2 (e.g. KK excited graviton as in Randall-Sundrum)  

Spin-1  (The only cases considered here):-

a) A new U(1)’ gauge boson (e.g. from E6 or L-R models) 

b) KK excited Z bosons (e.g. from Higgless models) 

c) Techni-rho bound states (e.g. from Walking TC models)
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Drell-Yan production cross-section

Narrow width approximation

Simple structure

Model dependent 

Model independent

Carena, Daleo, 
Dobrescu, Tait
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Spin-1 Z’
Z’ coupling to SM fermions f

In our analysis we assume: 

1. Family universal couplings u=c=t, d=s=b, e=μ=τ, νe=νμ=ντ

2. Right-handed neutrinos, SUSY partners and exotics all have masses > MZ’

3. No mass mixing between Z-Z’

Assuming SU(2)L is respected, the phenomenology of the Z’ is described by five 
charges associated with Q,uR,dR,L,eR (Q,L= quark, lepton left-handed doublets)

However we prefer to use the eight couplings appearing in the Feynman rule: 
gV,A

f (f=u,d,e,ν) with the three constraints gV
u,ν + gA

u,ν = gV
d,e + gA

d,e and gV
ν=gA

ν

The gauge coupling constant g’ and the Z’ mass MZ’ are additional parameters

Z’ f

f
Feynman rule
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Z’ from a U(1)’ gauge group
From whence comes the U(1)’? 

We consider three possibilities:
(i) E6 SO(10) x U(1)ψ

SU(5) x U(1)χ x U(1)ψ
SM x U(1)’

U(1)’=cos θ U(1)χ +sin θ U(1)ψ

(ii) SU(2)L x SU(2)R x U(1)B-L
SU(2)L x U(1)Y x U(1)’

U(1)’=cos φ U(1)R +sin φ U(1)B-L

N.B. left-right symmetry implies φ = -23o

other values are a pheno generalization 

(iii) SM-like
U(1)’=cos α U(1)L +sin α U(1)Q
N.B. α = -13o in SM
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General U(1)General U(1)’’ gauge models: couplingsgauge models: couplings
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General U(1)General U(1)’’ gauge models: predictions/constraintsgauge models: predictions/constraints
Direct 
limit

Indirect 
limit

Z-Z’
mixing 
limit
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For fixed s, MZ’ a,b are known  
can plot cross-section limit 

as contours in cu-cd plane
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Tevatron LHC1.8pp s TeV= 7pp s TeV=

Preliminary Preliminary

Z’ mass limit contours in the cu-cd plane
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E6 Models

Tevatron LHC1.8pp s TeV= 7pp s TeV=

Preliminary Preliminary



12

Generalized Left-Right Models

Tevatron LHC1.8pp s TeV= 7pp s TeV=

Preliminary Preliminary
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Generalized Standard-like Models

Tevatron LHC1.8pp s TeV= 7pp s TeV=

Preliminary Preliminary
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A Realistic model: A Realistic model: EE66SSMSSM SFK, Moretti, Nevzorov

15 1
4 4(1) (1) (1)ψ χ= +NU U U

(10) (5) (1)SO SU U χ→ ×6 (10) (1)E SO U ψ→ ×

Right handed neutrinos 
are neutral under:

E6 broken via 
SU(5) chain

RH ν masses

M1

M2

M3

E6 → SM×U(1)N MGUT

TeV U(1)N broken, Z’ & exotics get mass, μ term generated  

27',27'

To achieve 
GUT scale 
unification

Quarks, 
leptons

Exotics 
and Higgs

Singlets
and RHν s

L’,L’-bar

MW SU(2)L× U(1)Y broken

( )Z N′
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Matter content of EMatter content of E66SSM at SSM at TeVTeV
EXOTIC D,D-bar

Three families of Higgs
= one active family              
+ 2 inert families (no VEV)

Singlets Right-handed 
neutrinos 
(superheavy)

Quarks and Leptons 

27i

EXOTIC doublets 
mass μ’

Plus a TeV scale Z’N
(Plus all their SUSY superpartners)

L’,L’-bar
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cEcE66SSM Low Mass BenchmarksSSM Low Mass Benchmarks Athron, SFK, Miller, Moretti, Nevzorov

A B

C D
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With SU(2)L x SU(2)R x U(1) in the bulk we can break electroweak gauge 
symmetry by boundary conditions “Higgsless models”
(or Higgs may be located close to TeV brane “Walking TC models”)

Higgsless models predict spin-1 KK excited versions of W,Z gauge bosons

The warped extra dimension may be deconstructed as n-lattice sites, the 
simplest examples being the 3-site and 4-site models
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Accomando, De Curtis,
Dominici,Fedeli

4-site Higgsless model Next to Minimal Walking
Technicolor (NMWT)
Nc = 3, Nf = 2  
in the two-index symmetric
SU(2)L X SU(2) X SU(2)V
two triplets of “technirhos”

and

Belyaev, Foadi, Frandsen, 
Järvinen, Pukhov, Sannino

equivalent to

Equivalent description of the languages of 
Deconstructon and Technicolor  Barbieri et al

N.B. Z’ can 
decay to 
Z+Higgs

Slide due to Sasha Belyaev
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4-site Higgsless Model

SU(2)L SU(2)1 SU(2)2 U(1)Y

g1 g2

Parameters g1=g2, b1, b2, M1, M2

New gauge bosons 1 2 1 2, , ,Z Z W W± ± ∼ KK excitations of Z,W

Z1,2 f

f
g1V,1A

f (b1, b2, M1, M2 )

g2V,2A
f (b1, b2, M1, M2 )

Accomando, De Curtis,
Dominici,Fedeli

b1,2 are direct couplings 
of delocalized SM 
fermions to SU(2)1,2
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4-site Higgsless Model

Z1

Z2

Z1

Z2

Tevatron LHC1.8pp s TeV= 7pp s TeV=

Preliminary Preliminary
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Conclusion
• Z’ is very easy to discover in the first LHC run @7 TeV

• Z’ is also predicted by 100s of models 

• It seems plausible that a Z’ could be first LHC discovery

• Preliminary results indicate that the Z’ mass limits in the 
cu-cd plane for LHC@7 TeV are significantly stronger 
than the existing Tevatron limits                                             
e.g. E6 limits:  750-900 GeV @Tevatron

1200-1400 @LHC with 7 TeV

• E6 models also predict “other stuff” e.g. E6SSM

• Higgless/WTC models predict multiple Z’s and Ws 
providing a distinctive signature
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