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What is a Z' ?

to a theorist it could be many things...

17 May 2010

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, e.g.
            a) a new U(1) gauge boson from E

6 
or L-R models

            b) KK excited Z bosons from ED and/or 
                Higgsless models
            c) Techni-rho bound states from Walking TC models)
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Z' from an extra U(1) gauge group
3 most popular classes of models

 SSM or SM-like: not realistic but used as benchmark

 E
6 
models

 
: 

•  E6͢
-> SO(10)  x U(1) -> SU(5) x U(1) x U(1) -> SM x U(1)

•

•  U(1)=cosθ U(1)χ + sinθ U(1)ψ

 LR models:
•  SU(2)

L 
x SU(2)

R
 x U(1)

B-L 
-> SU(2)

L
 x U(1)

Y
 x U(1)

•  U(1)=cosφ U(1)
R
 + sinφ U(1)

B-L

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

•   other values are a pheno generalization
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Z' from an extra U(1) gauge group
3 most popular classes of models

D0 Note 5923-CONF
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Z' from an extra U(1) gauge group
3 most popular classes of models

D0 Note 5923-CONF

    D0 3.6 fb-1:     Mass limit ~ 700-800 GeV
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Warped Extra Dimensions
a special class of models

With SU(2)
L
 x SU(2)

R
 x U(1) in the bulk we can break the 

electroweak gauge symmetry by boundary conditions  
“Higgsless models”

or the Higgs may be located close to TeV brane 
“Walking TechniColor models”

They both predict spin-1 KK excited versions of W and Z- 
gauge bosons

Strong motivation for extra U(1)'s: delaying the violation 
of perturbative unitarity 
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Higgsless Models and New gauge bosons

t t

•BESS `85[Casalbuoni, De Curtis, Dominici, 

Gatto]

•Extra dimension `90[Antoniadis, Arkani-     
      Hamed, Dimopoulos, Dvali, ...]

•Deconstructed models `00[Arkani-Hamed, 
Cohen, Georgi, Hill, Pokorsky, Wang, ...]

•Linear Moose model [Foadi et al., 
Casalbuoni et al., Chivukula et al., ...]

1 extra vector boson

A tower of extra bosons

1 and more extra bosons

1 and more extra bosons

17 May 2010

                   ... a bit of history
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The Higgsless Linear Moose model

G1 GN+1

GL GR

Σ1 Σ2 ΣN+2

•Gauge groups Gi=SU(2) with symmetry SU(2)LSU(2)R

•6 extra gauge bosons W`1,2 and Z`1,2

•4 new parameters {M1, M2, b1, b2, g1} related to their 2 masses and 
couplings to bosons and fermions.

 or the most general framework

......

17 May 2010

●The '85 BESS model can be recast in a 3-site model (N=0), and its extension (N=1) in a  

       4-site Linear Moose model (N=1)
(Casalbuoni, De Curtis, Dominici, Gatto, Feruglio, '89, see also E.A., '08, Foadi, 
Frandsen, Ryttov, Sannino, '07)



27/03/2008 E. Accomando

The Higgsless 4-site Linear Moose model

Unitarity versus  EW precision tests

Generally, in Higgsless theories, 

Unitarity and EWPT are

hardly compatible!

A direct coupling between 
new gauge bosons and 
ordinary SM matter must 
be included: b1,2=0

17 May 2010
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The Higgsless 4-site Linear Moose model

and the EW precision tests

Bounds on charged couplings 
(and masses) from low energy 
precision measurements εi

-0.1 < ac
1,2(W`1,2 ff) < 0.25Ideal cancellation 

(ε3=0)

De Curtis, Dominici, Fedeli

M1=1000 GeV and M2=1250 GeV

ε2 ε3

couplings are SM-size
17 May 2010
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Bounds on neutral couplings 
(and masses) from low energy 
precision measurements εi

-0.3 < aL
1,2(Z`1,2 ff) < 0.5

Never fully fermiofobic

De Curtis, Dominici, Fedeli

M1=1000 GeV and M2=1250 GeV

The Higgsless 4-site Linear Moose model

and the EW precision tests

couplings are SM-size

17 May 2010
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Hirn, Martin, Sanz `07

Owing to the usual tension between unitarity and EW precision 
tests, the extra gauge-boson couplings to SM matter must be small! 

In literature main focus was on complex processes

 di-boson production Vector boson scattering

Belyaev, Chivukula et al. `08

10 fb-1

100 fb-1

t t

Higgsless Models and new Z
1,2

 and W
1,2

 at the LHC

17 May 2010
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Drell-Yan processes can be as well

a good EWSB discovery channel

Let`s start from the simple!

Belyaev et al. Phys. Rev. '09
E.A., De Curtis, Dominici, Fedeli, Phys. Rev. '08

Higgsless Models and new Z
1,2

 and W
1,2

 at the LHC

17 May 2010
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Event Generator FAST_2f

FAST_2f is an upgrade of PHASE [E.A., Ballestrero, Maina], a MCEG for 
multi-particle processes at the LHC. It is dedicated to Drell-Yan processes 

at the Leading-Order and it is interfaced with PYTHIA

Acceptance cuts:
η(l)<2.5, Pt(l)>20 GeV, Pt

miss >20 GeV

Selection cuts:

Minv(ll) >250 GeV  for pp  ll

 Pt(l)>150 GeV for pp  lν

We consider charged and neutral 
Drell-Yan leptonic channels
•pp  ll  with l=e,μ

•pp  lν  with l=e,μ  and  lν=l-v+l+v

(E.A.)

Processes Kinematical cuts

no realistic detector simulation is included!
17 May 2010
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   Two observable resonances -> distinctive signature

E.A., De Curtis, Dominici, Fedeli

     Z
1,2

 Drell-Yan production at the LHC 1 fb-1

17 May 2010

M
inv

(ll) GeV

N
evt

/10 GeV      pp -> l+l-            z=0.8

M
1
=658 GeV

M
2
=810 GeV

Γ
1
=13.2 GeV

Γ
2
=9.7 GeV

Z
2

Z
1

S+B=14

S+B=30

signal acceptance = 0.75
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   Only one observable resonance -> degeneracy with single Z' models

E.A., De Curtis, Dominici, Fedeli

     Z
1,2

 Drell-Yan production at the LHC 1 fb-1

17 May 2010

N
evt

/10 GeV      pp -> l+l-            z=0.4

M
inv

(ll) GeV

M
1
=510 GeV

M
2
=1250 GeV

Γ
1
=7.7 GeV

Γ
2
=37.4 GeV

Z
1

Z
2

S+B=103

M
inv

(ll) GeV

N
evt

/10 GeV      pp -> l+l-            z=0.95

Z
1

S+B=51

M
1
=682 GeV

M
2
=820 GeV

Γ
1
=13.3 GeV

Γ
2
=13.0 GeV

Z
2

S+B=94
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         Exclusion at the Tevatron: D0 3.6 fb-1

D0 Note 5923-CONF

Counting strategy:

Asymmetric mass window: M
Z'
 > M

Z'
-3R

R=mass resolution=3-4% M
Z'



27/03/2008 E. Accomando17 May 2010

         Exclusion at the Tevatron: D0 3.6 fb-1

D0 Note 5923-CONF
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         Exclusion at the Tevatron: D0 3.6 fb-1

D0 Note 5923-CONF
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         Exclusion at the Tevatron: D0 3.6 fb-1

and Narrow width approximation, i.e. σ(pp->Z') x Br(Z'->ll)

N
evt

/10 GeV      pp -> l+l-            z=0.8

M
1
=658 GeV

M
2
=810 GeV

Γ
1
=13.2 GeV

Γ
2
=9.7 GeV

M
inv

(ll) GeV

Strong negative interference
between   Z

1,2
, Z*, γ*

   σ Br      |  σ Br, full interference
                |
   45 (fb)  |         13 (fb)

a warning on NWA and counting strategy
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         Exclusion at the Tevatron: D0 3.6 fb-1

17 May 2010

  Higgsless model: DY-processes with Z
1
 and Z

2
-boson exchange

excluded by EWPT

excluded by EWPT

Di-boson, VBS ?

 Theory Z
1,2

 versus
-----  95% CL  Observed
-----  95% CL   Expected

(Poisson significance estimator 
in perfect agreement!)

in the following:     Z
1,2 

mass 
limit from D0 observed data

    D0 3.6 fb-1:Mass limit ~ 650 GeV
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         Discovery at the Tevatron: D0 10 fb-1

17 May 2010

  Neutral channel: DY-processes with Z
1
 and Z

2
-boson exchange

excluded by EWPT

excluded by EWPT

Di-boson, VBS ?

----   95% CL D0 3.6 fb-1 excl.
----   Z

1,2
 discovery

----   Z
2
 discovery

----   95% CL exclusion

D0 @ 10 fb-1  can exclude
        M < 900 GeV 
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         Discovery at the LHC: CMS 1 fb-1

17 May 2010

  Neutral channel: DY-processes with Z
1
 and Z

2
-boson exchange

excluded by EWPT

excluded by EWPT

Di-boson, VBS ?

----   95% CL D0 3.6 fb-1 excl.
----   Z

1,2
 discovery

----   Z
2
 discovery

----   95% CL exclusion

LHC @ 1 fb-1  can exclude
        M < 1400 GeV 

LHC @ 50 pb-1  improves
bounds from D0 3.6 fb-1      



27/03/2008 E. Accomando17 May 2010

         Z
1
 Discovery: LHC 1 fb-1 vs D0 10 fb-1

  Neutral channel: DY-processes with Z
1
 and Z

2
-boson exchange

excluded by EWPT

excluded by EWPT

Di-boson, VBS ?

----   95% CL D0 3.6 fb-1 excl.
----   Z

1
 discovery

----   95% CL exclusion

LHC @ 1 fb-1  extends Z
1
-mass  

bound:   M
1
=700 -> 800 GeV 
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         Z
2
 Discovery: LHC 1 fb-1 vs D0 10 fb-1

  Neutral channel: DY-processes with Z
1
 and Z

2
-boson exchange

----   95% CL D0 3.6 fb-1 excl.
----   Z

2
 discovery

----   95% CL exclusion

LHC @ 1 fb-1  extends Z
2
-mass  

bound:   M
2
=800 -> 1000 GeV 

excluded by EWPT

excluded by EWPT

Di-boson, VBS ?
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         Z
1,2

 exclusion: LHC 1 fb-1 vs D0 10 fb-1

----   95% CL D0 3.6 fb-1 observed
----   95% CL D0 3.6 fb-1 expected
----   95% CL D0 10 fb-1 exclusion
----   95% CL LHC 1 fb-1 exclusion

  Neutral channel: DY-processes with Z
1
 and Z

2
-boson exchange

LHC @ 1 fb-1  extends Z
1,2

-boson  
exclusion: M=1000 -> 1400 GeV 

excluded by EWPT

excluded by EWPT

Di-boson, VBS ?



27/03/2008 E. Accomando17 May 2010

14 TeV, 100 fb  -1
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More needed:   LHC at 14 TeV and 100 fb-1
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More needed:   LHC at 14 TeV and 100 fb-1
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More needed:   LHC at 14 TeV and 100 fb-1

17 May 2010
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Conclusions

DY processes are the favoured channel to discover the new Z'
1,2 

and W'
1,2 

even during the early stage LHC data taking!

This analysis is part of a wider project developed within NExT

17 May 2010
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E. A., A. Belyaev, L. Fedeli, S. King, C.  Shepherd-Themistocleous 

By exploring the most promising BSM theories , i.e. SUSY, DEWSB, and LEXD, the 
basic idea is to create a strategy capable to deconvolute the LHC signals using a 
comprehensive set of kinematical variables, and to identify the underlying theory.

or solving the  LHC inverse problem:

     theory and experiment for the same goal!

NexT project

17 May 2010
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NexT project

17 May 2010
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All Z' models in one picture

17 May 2010
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All Z' models in one picture

17 May 2010



27/03/2008 E. Accomando

Z' mass limit contours in the c
d
-c

u
 plane

17 May 2010

     E
6
 models

LHC 500 pb-1

     Generalized LR models
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Z' mass limit contours in the c
d
-c

u
 plane

17 May 2010

     Higgsless  model

LHC 500 pb-1

non trivial M
1,2 

dependence
from branchings/couplings

not possible to nail down 
the 4-site model, but one 
can give constraints on the 
parameter space 
M

1
,M

2
,b

1
,b

2
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E. A., A. Belyaev, L. Fedeli, S. King, C.  Shepherd-Themistocleous 

or from LHC to the Lagrangian parameters

     theory and experiment for the same goal!

17 May 2010

Work in progress

Z' is very easy to discover in the first LHC run @ 7 TeV and 1 fb-1

Z' is also predicted by 100s of models

A fully comprehensive and synthetic way of presenting/intrepreting 
 experimental results is needed
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NExT `09

E.A., De Curtis, Dominici, Fedeli

Total # of evts in a 10GeV-bin versus MT(lν) for L=10fb-1. Sum over e,μ

     W'
1,2

 Drell-Yan production at the LHC
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NExT `09

28 October 2009

     W'
1,2

 Drell-Yan production at the LHC
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     Four-site model:  Z
1,2

-boson properties
E.A., De Curtis, Dominici, Fedeli
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IFAE `08

w/wo Higgs models and unitarity
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IFAE `08

pp -> l ν  (l=e, μ)

MT(lν) [GeV]

L=10fb-1

Nevt

The Higgsless Linear Moose model

in Drell-Yan processes at the LHC
E.A., De Curtis, Dominici, Fedeli

pp -> l l  (l=e, μ)

MINV(ll) [GeV]

W`1
Nevt

L=10fb-1
W`2

Z`1

Z`2


