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OUTLINE

Introduction: theories and signatures
Supersymmetry
Higgsless models
Models with extra dimensions
The problem of decoding Theory from  the LHC 
signatures
Conclusions
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News From Moriond 2012
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What  do we expect from theory to 
explain?

The Nature of 
Electroweak Symmetry 

Breaking

The origin of
Dark Matter 

and 
Dark Energy

The origin of
matter/anti-matter 

asymmetry

The problem of 
hierarchy, fine-tuning, 
unification with gravity

Underlying 
Theory
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From Sufang Su

Variety of theories with SEWSB
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Theories and new particles

SUSY
Technicolour,

Composite 
higgs models

Extra-
dimensions

SUSY partners

New gauge bosons
(USSM, E6SSM)

Exotics – 
diquarks, LQ

(E6SSM)

LSP is stable under 
the R-parity

KK – towers:
KK-gravitons
KK-fermions
KK-gauge bosons

LKP is stable under 
the  KK-parity (UED)

 Spin 0,1 bound states 
of techni-quarks:

LTB is stable under 
the  TB number 

conservation
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Theories and new signatures

SUSY
Technicolour,

Composite 
higgs models

Extra-
dimensions

0,1,2,3,... leptons+ 
jets + 

Missing PT

Di-lepton resonances

Same-sign leptons 

0,1,2,3,... leptons+ 
jets + 

Missing PT

Di-lepton resonances

Same-sign leptons 

0,1,2,3,... leptons+ jets + 
Missing PT

Di-lepton resonances

Lepton-neutrino 
resonances

Signatures can be really similar!
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Signatures could look alike indeed!

SUSYLHT, mUED
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Supersymmetry 

Provides good DM candidate – LSP

CP violation can be incorporated -  

baryogenesis via leptogenesis       

Radiative EWSB

Solves fine-tuning problem

Provides gauge coupling unification

local supersymmetry requires       spin 2 

boson – graviton!

allows to introduce fermions into string 

theories

SUSY was not deliberately designed to solve the SM problems!

Provides good DM candidate – LSP

CP violation can be incorporated -  

baryogenesis via leptogenesis       

Radiative EWSB

Solves fine-tuning problem

Provides gauge coupling unification

local supersymmetry requires       

spin 2 boson – graviton!

allows to introduce fermions into 

string theories
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Pre LHC mSUGRA                                    analysis

Baer, A.B., Krupovnickas, Mustafayev hep-ph/0403214
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Limits from LHC for mSUGRA scenario

Combination of 0,1,2 di-lepton signatures:
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Implications of LHC search for 
SUSY fits

Buchmueller,Cavanaugh,De Roeck,Dolan,Ellis,Flaecher,Heinemeyer,Isidori,Marrouche,Martınez, 
Santos,Olive,Rogerson, Ronga,de Vries,Weiglein, arXiv:1112.3564
Global frequentist fits to the CMSSM  using the MasterCode framework

Significant effect from the 
 Mh=125 GeV assumption 

Lower corners of m0 and m1/2 
are excluded

119

125
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Interpreting LHC SUSY searches in the 
phenomenological MSSM (pMSSM)

C.F. Berger et al., “SUSY without prejudice” arXiv:0812.0980 
Sekmen, Kraml, Lykken, Moortgat, Padhi, Pape,Pierini, Prosper,Spiropulu, arXiv:1109.5119
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 E6SSM – as a consistent solution of the -problem

One of the ways to solve the -problem is to add
with

King,Moretti,Nevzorov '05
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Gluino decay length as a key feature of E6SSM

A.B., Hall, King, Svantesson arXiv:1203.2495 
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Difference in gluino decay length allows to distinguish   E6SSM!

A.B., Hall, King, Svantesson arXiv:1203.2495 

MSSM: bigger missing PT, smaller 
released energy & lepton/jet multiplicity
E6SSM: smaller missing PT, bigger 
released energy & lepton/jet multiplicity
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3-lepton signature is enhanced in   E6SSM vs MSSM 

A.B., Hall, King, Svantesson arXiv:1203.2495 

pT> 275 GeV, Meff > 900 GeV : S = 36.4 ev, B=5.0 ev, ~ 8 execess
Gluino mass limits are model dependent! These specic features of the 
E6-inspired models should be taken into account for the experimental 
searches. 
This could provide dierent limits for the E6SSM gluino, as compared to 
the MSSM, or perhaps even to an earlier SUSY discovery.
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Higgsless Theories

One can eliminate h(x) and still have EWSB via Sigma term
in the Higgsless model – non-linear Sigma model
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Electroweak Symmetry Breaking
without Higgs boson

but within the Electroweak theory
The Loss of Unitarity and EW precision data

is the main worry! 
 WL  WL

 WL  WL



Alexander  Belyaev 21

      

“New Physics: models and searches”

Unitarity with and without Higgs boson

s+t

s
t
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Unitarity with and without Higgs boson

s+t

s
t

s+t

0
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complicated at the effective theory 
level
FCNC constraints require walking, 
potential tension with  EW precision 
data 
 no viable ETC model suggested yet, 
work in progress

no fine-tuning, the scale is dynamically 
generated

Superconductivity and QCD are 
examples of dynamical symmetry 
breaking

parameters of low-energy effective 
theory are derived once underlying ETC 
is constructed

simple and economical

GIM mechanism, no FCNC problems, EW 
precision data are OK for preferably 
light Higgs boson

SM is established, perfectly describes 
data

fine-tuning and naturalness problem; 
triviality problem

there is no example of fundamental 
scalar

Scalar potential parameters and yukawa 
couplings are inputs

SM Higgs  vs Technicolor
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How one can preserve 
unitarity without Higgs ?
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DECONSTRUCTION
moose diagram can be interpreted as the discretization of a continuum 

gauge theory in 5D along a fifth dimension
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Conflict S and Unitarity
Z' resonance unitarizes WW 

   scattering, similar to what 
   Higgs boson does in SM
             (Chivukula,He,Dicus)

Z' mass is bounded from above: 

... and  yields too much a value of S-parameter:
     [Chivukula, Simmons, He, Kurachi,Tanabashi] 

Solution – delocalization of the fermions: 
   mixing of “brane” and “bulk” modes! 
[Cacciapaglia, Csaki, Grojean, Reece,Terning; Foadi Gopalakrishna, Schmidt]

Alternatively there could be a large contribution to T  parameter
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Three site model (TSM)
simplest, realistic, highly deconstructed,higgsless

Discretized 5th dimension written in the 
language of 'theory space'
[Arkani-Hammed, Georgi, Cohen; Hill, Pokorski, Wang]

gauge bosons:  photon,Z,W, Z',W'

gauge sector is the BESS model
[Casalbuoni, De Curtis, Dominici,Gatto '85]

fermions:          u, d, c, s, t, b
                          U, D, C, S, T, B
                         plus  leptons

[Chivukula, Coleppa, Di Chiara,Simmons '06]
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LHC reach for    WZ->W' process  

W' W

Z



l

lq

q

q

q

W

Z

l

5



LHC reach for    s-channel Z' and W'   [Ohl,Speckner '08]

[AB, Chivukula, Christensen, He, Kuang, 
Pukhov, Qi, Simmons, Zhang '07]
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Beyond the 3-site model 
there is an increasing progress in  Higgsless models and Technicolor models 
equivalent description on the languages of Deconstructon and Technicolor

[Barbieri, Isidori, Rychkov,Trincherini '08]

Accomando, De 
Curtis,

Dominici,Fedeli '08

The Higgsless 4-site 
Linear Moose model 

Next to Minimal Walking
Technicolor (NMWT)
N

c
 = 3, N

f 
= 2  

in the two-index symmetric
SU(2)

L
 X SU(2)

R
  SU(2)

V

two triplets of heavy mesons

and

AB, Foadi, Frandsen, Järvinen, 
Pukhov, Sannino '08

equivalent to

Z' is not necessarily fermiophobic! Complementarity of DY di-lepton and di-boson channels 
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Experimental search for di-lepton resonances

Provides access to different BSM models
One of the highest priority search channel
Should be used for interpretation of TC/3site models
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Cu-Cd language for Z' production 
parton-level cross section takes a form

while the hadron-level production and decay process is described by

are defined by

specific model is entirely 
encoded in Cu and Cd

w
u 
and w

d  
are defined by 

collider energy and M
Z'

[Carena, Daleo, Dobrescu, Tait '04]
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Experimental limit is 
translated into 
Cu-Cd plane

Parametrized 
E6/GLR/GSM models 
are presented by 
continuous contours 
in the Cu-Cd plane

Thus one can 
visualise and 
establish limits for 
the whole 
continuous class of  
models!

Limits  for E6/GLR/GSM classes of models

arXiv:1103.0981

Accomando, A.B., Fedeli, King, 
Shepherd­Themistocleous
http://arxiv.org/pdf/1010.6058

http://arxiv.org/pdf/1010.6058
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34

4 Benchmark scenarios

 [Accomando, Becciolini, De Curtis, Dominici, Fedeli, Shepherd-Themistocleous '10/11]

Extension for the case of two 
degenerate resonances  
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Models with extra-dimensions
ADD, Randal-Sundrum, Universal Extra Dimensions (UED)
Part of string theory
Extend symmetry (bosonic space-time)
Provide Dark Matter (UED)
UED

All fields propagate in the bulk
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Models with extra-dimensions
ADD, Randal-Sundrum, Universal Extra Dimensions (UED)
Part of string theory
Extend symmetry (bosonic space-time)
Provide Dark Matter (UED)
UED

All fields propagate in the bulk
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UED: the role of the radiative corrections
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mUED collider phenomenology

Small mass gap (as compared to MSSM)
- lower missing PT (similar to E6SSM)
Since KK-quarks are lighter than KK-gluons,
the leading production channel is QQ,QG 
production
Quite a few PHENO papers, but there is no 
experimental limits
3-lepton signature – one of the most 
promising ones
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The role of the Higgs searches in constraining of 
the mUED model

Production is enchanced
Decay is slightly suppressed
Overall, the GG->H->  is enhanced
GG->H->was independently evaluated in all details
 ( was done previously by Ellis, Gaillard, Nanopolous, '76)

A.B., Belanger, Brown, Kakizaki, Pukhov  '12
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The role of the Higgs searches in constraining of 
the mUED model

Same channels  (and WW) from CMS/ATLAS are combined
R-1<500 is excluded at 95% CL
overall, the GG->H->  is enhanced
Narrow window around 125+/-3 GeV is left
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 HEPMDB

What we should really worry about?

From Sufang Su
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From Sufang Su
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What we should really worry about?

From Sufang Su
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High Energy Physics Model Database
https://hepmdb.soton.ac.uk/

 Developed at Southampton with support from IPPP, Durham 
as a result of ideas discussed in the context of the “Dictionary of LHC signatures”, at the 

FeynRules workshop (April, 2010)  and at the Mini-Workshop on Dynamical Symmetry
Breaking models and tools (July 2010)
 Further discussed at  Les Hocuhes Workshop, June 201
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Experimental
data

Theoretical 
ideas

High Performance 
Computing

HEPMDB
models

signatures

Underlying 
theory
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Conclusions
All three main classes of theories SUSY, Higgsless, ExD (and 
their mixture, if you like) are not excluded by data! More 
models (E6SSM, UED, WTC/4site ) should be considered for 
the experimental analysis/constraints

Their phenomenology is very rich, but decoding back from 
signatures is problematic. One of the powerful tools  which 
would be able to perform this decoding is  HEPMDB

Even if the Higgs boson is found, how we can check that this 
is SM Higgs boson and not the Technipion from TC? We need 
to look at Higgs boson couplings! 

The study of WW/WZ scattering is challenging but would 
provide the most unambiguous story about the Higgs, since it 
would tests (essentially) only HWW and HZZ couplings


