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Excited particles (compositeness)Excited particles (compositeness)
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ψ* why not Z* ?

Searches for excited fermions ψ ∗ have been performed at LEP, HERA and the 
Tevatron, and are also planned for the CMS and ATLAS experiments at the LHC.
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M. C., V. A. Bednyakov, and J. A. Budagov, Proposal for chiral bosons search at LHC
via their unique new signature, Phys. Atom. Nucl. 71 (2008) 2096; arXiv:0801.4235

( )5g g Zμψ γ γ ψ+ ′L
Z* has different interactions than Z’ !

q g , y ( ) ;
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Standard Model extensionStandard Model extension

Additional Z’ or W’ gauge bosons occur usually g g y
in abelian U(1)’ or adjoint SU(2)’ extensions of 
the Standard Model. 

fThe goal of this talk is to provide a motivation 
for introduction of new spin-1 bosons with 
the internal quantum numbers identical tothe internal quantum numbers identical to 
the Standard Model Higgs doublet, transforming 
under fundamental representation of SU(2),p ( ),
from the Hierarchy Problem point of view.
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Standard Model symmetryStandard Model symmetryStandard Model symmetryStandard Model symmetry
SU(2)SU(2)LL××U(1)U(1) YY
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M.C. and G. Dvali, Origin and Phenomenology of Weak-Doublet Spin-1 Bosons,
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arXiv:0809.0924

W +* −

Ζμ
*

γ μ

W +
μ
*

(UD) p'
ϕ

(
−uLdL)

q
γ

D pk
dR

05/03/2010 4

R



Motivation for SM extensionMotivation for SM extension

The main theoretical motivation for beyond the Standardy
Model physics around TeV energies is provided by the 
Hierarchy Problem.

MPMW,Z MW*,Z*

1019 GeV102 GeV 103 GeV

We show, that there are at least three different classes 
of theories which explain the lightness of the Higgs doublets 

d di f i 1 d bl f fand predict appearance of new spin-1 doublets not far from 
the weak scale.
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1.   1.   SU(3) extension of SM SU(3) extension of SM ( )( )
SU(3) ⊃ SU(2)×U(1) 8=3+2+2+1
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representation of SU(2)L
(coset gauge bosons)⎠⎝

They belong to fragments 2 (2) and become massive during the 
spontaneous symmetry breaking SU(3) →SU(2)×U(1) by the two p y y g ( ) ( ) ( ) y
independent  Higgs triplets 3H=1 H +2 H и 3’H=1’ H +2’ H.
The lightness of the Higgs doublets is guaranteed, because they 
are related to the vectors by symmetry.
Z.G. Berezhiani & G.Dvali, Bull. Lebedev Phys. Inst. 5(1989)55; Kratk. Soobshch. Fiz. 5(1989)42;
G Dvali G F Giudice and A Pomarol Nucl Phys B478 (1996) 31;
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2.  2.  Extra dimensionsExtra dimensions

Let us consider a doublet of the gauge fields in N-dimension Minkowski space.

* 0

**

*

,  ...,M WW
Z

H
HZ

μ
+++ ⎛ ⎞⎛ ⎞

= ⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

Then its the fifth and the subsequent components 
can play a role of the Higgs fields
(so-called Gauge-Higgs unification) ,  ...,M Z HZ μ⎝ ⎠ ⎝ ⎠(so ca ed Gauge ggs u cat o )

N.S. Manton, Nucl. Phys. B 158 (1979) 141; 
D.B. Fairlie, J. Phys. G 5 (1979) L55; Phys. Lett. B 82 (1979) 97.

The lightness of the Higgs doublets is guaranteed by the gauge symmetry. This 
symmetry is spontaneously broken by compactification. In this way the mass of 
the Higgs doublet is controlled by the compactification scale, as opposed to
the high-dimensional cutoff of the theory.t e g d e s o a cuto o t e t eo y

05/03/2010 7



33.  .  TechnicolorTechnicolor
techni-π, techni-ρ, techni-ω … 

What else?

μ

What else?

1s = 5μ
techni-a, techni-f 1s =

q Vqμ
μγ ⋅ 0=l

5q q Aμ
μγ γ ⋅ 1

s
=l

techni-b, techni-h
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s =
=l
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Electroweak interactionsElectroweak interactions
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TevatronTevatron constraints onconstraints on ZZ''TevatronTevatron constraints on constraints on ZZ

dd ZZ**and and ZZ**

Theory Z*
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TevatronTevatron vsvs LHC competitionLHC competitionTevatronTevatron vsvs LHC competitionLHC competition

*
SSMTevatron:   ( ) ( )pp Z ee pp Z eeσ σ′→ → > → →

Exclusion limit: M M> *SSM
Exclusion limit:           Z Z

M M′ >

*
SSMLH :   ( ) ( )C pp Z ee pp Z eeσ σ′→ → → →<SSM( ) ( )pp pp

*SSM
Exclusion limit:           Z Z

M M′ <
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Invariant Invariant dileptondilepton mass distributionsmass distributionspp

Several models predict new high mass neutral resonances 
that could decay into dilepton pairs(Z’, G, TC, KK, …)

Z

Z’ Z*

05/03/2010
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TwoTwo--body scattering process body scattering process AA((λλaa) ) + + BB((λλbb))→→ CC((λλcc))+ + DD((λλdd))

⎧

y g py g p (( aa)) (( bb)) (( cc)) (( dd))
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Angular distribution of ZAngular distribution of Z’’Angular distribution of ZAngular distribution of Z
l θ
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Angular distribution ofAngular distribution of ZZ**Angular distribution of Angular distribution of ZZ
In contrast to the Z' andW' bosons the excited bosons 
have anomalous couplings to matterhave anomalous couplings  to matter.
This leads to a distinctive signature of their production at 
the hadron colliders.

l
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Lepton angular distributions Lepton angular distributions 
in Collinsin Collins--SoperSoper frameframein Collinsin Collins SoperSoper frameframe..
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SpinSpin--1 and graviton angular distributions1 and graviton angular distributions

* 2
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Unexpected consequenceUnexpected consequence
of new angular distributionof new angular distributiongg
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JacobianJacobian factor factor for for coscosθθ →→ ppTT

MM

ppTT

M=1 TeV

Z’

T sin
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d cos 2sin

Mp θ

θ θ
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=

2
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Z
Z*Td cosp M θ

= −θ

T T

d d d
d d cos

dcos 2sin
d cos d cosp p M

σ σ σ
θ θ

θ θ
θ

= ⋅ = ⋅

“The divergence at θ = π/2 which is the upper endpoint pT ≈ M/2 of the pTg / pp p pT pT
distribution stems from the Jacobian factor and is known as a Jacobian peak; 
it is characteristic of all two-body decays …”

Vernon D. Barger, Roger J.N. Phillips g , g p
“Collider Physics”
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-1200 pb @ 7 TeV=LCalcHEPCalcHEP calculations for calculations for 

In the case that such bosons will be observed as resonance 
peaks above the Z boson tail in the invariant dilepton mass 
distribution, we suggest to investigate in addition three more 
experimentally accessible distributions already on the early e pe e ta y access b e d st but o s a eady o t e ea y
stage of the LHC data-taking.

These are the differential distributions as a function of aThese are the differential distributions as a function of a 
transverse momentum of the lepton, the Collins–Soper angle 
and the difference of the pseudorapidities of the lepton and 
the antileptonthe antilepton.

All these distributions are related to the spin properties of the 
new boson and should play crucial role in the analysis of their 
interactions.
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Comparison between Comparison between ZZ’ ’ and and Z*Z* for for 
*

-11 TeV 200 pb @ 7 TeVZM M′ = = =L* 1 TeV,  200 pb @ 7 TeV Z Z
M M′ L

invariant mass transverse momentum

M.C., Disentangling between Z’ and Z* with first LHC data, arXiv:0807.5087
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Discovery potential for Discovery potential for -1200 pb @ 7 TeV=L

“Number Counting” approach ( )2 ln 1cL
sS s b s
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Estimation of exclusion limit Estimation of exclusion limit for for -1200 pb @ 7 TeV=L

If looking for an excess in the invariant dilepton mass distributionIf looking for an excess in the invariant dilepton mass distribution
with window (1±0.07)M  above 1 TeV we have not find any events
(which is in agreement with the SM), then it is still allowed for 3 
signal e ents to fl t ate do n to 0 ith p obabilit of 5%signal events to fluctuate down to 0 with probability of 5%.
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+ excited bosons+ excited bosons
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ATL-PHYS-INT-2010-022
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ConclusionsConclusions
There are intense searches for excited fermions, but not for bosons at 
l t k lelectroweak scale.

In contrast to the gauge bosons the excited bosons have anomalous 
couplings to matter. This leads to a distinctive signature of their p g g
production at the hadron colliders.
The clearest channel for their discovery with early LHC data should be 
the dilepton onethe dilepton one.
With 200 pb-1 @ 7 TeV it is possible to discover the excited bosons with 
mass up to 1.65 TeV, if they are exist.
However, disentangling between Z’ and Z* is possible only for the 
masses up to 1.15 TeV.
In the case of absence of the signal the excited bosons with masses upIn the case of absence of the signal, the excited bosons with masses up 
to 1.65 TeV will be excluded at the 95% C.L.
Discovery of new type distributions will point out an existence of 
a compositeness, a new symmetry and, even, extra dimensions.
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*Z + −→ l l

*Z + −→ l l
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Electroweak physics

R RL
Z*

R R

+
ZL L

g g* g*

L L

+
L L

g g g* g*

GF ~ (g /MW) 2 GT ~ (g* /MT) 2

L LL L

GF  (g /MW) T (g / T)

if g* ~ g and GT ~ 10 -2 GF :   MT  ~ 10 MW
(centiweak interaction)
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