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  Why BSM? 
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The the Standard Model is very 
successful from collider point of view

For the first time, non-universal, 
mass-dependent couplings observed
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But at a bigger scale SM is 
empirically incomplete

CMB: WMAP and PLANCK Large Scale Structures

Gravitational lensing Bullet cluster

Galactic rotation curves

the presence of non-baryonic, cold dark matter:  DM is 
neutral, stable, colourless, non-baryonic and massive (cold or 
warm).  Neutrinos are too light, make instead hot DM
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the presence of non-baryonic, cold dark matter:  DM is 
neutral, stable, colourless, non-baryonic and massive (cold or 
warm).  Neutrinos are too light, make instead hot DM

But at a bigger scale SM is 
empirically incomplete
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the presence of scale-invariant, Gaussian, and apparently acausal 
density perturbations: consistent with a period of inflation at early 
times. Higgs filed by itself can not provide inflation.

The CMB fluctuations are 
at the 10-5 – 10-6 % level

the universe, on large scales, is 
extremely homogeneous and isotropic

But at a bigger scale SM is 
empirically incomplete
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the observed abundance of matter over anti-matter: note, 
moreover, that inflation would destroy any asymmetry imposed as an 
initial condition.

The amount of CP violation in the SM 
which could lead to baryon-antibaryon 
asymmetry is too small (would provide 
BAU  orders of magnitude below the 
observed one)

Empirical  problems of the SM stated above  have been 
established beyond reasonable doubt.

But at a bigger scale SM is 
empirically incomplete
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Higgs Boson Discovery has completed the puzzle of the 
Standard model ...
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The Nature of 
Higgs Boson?

Fine-tuning
problem

Dark Matter
problem

The origin of
matter/anti-matter 

asymmetry

Connection to 
GUT & couplings 

unification

Higgs Boson Discovery has completed the puzzle of the 
Standard model ... 
But the SM itself is just a  piece of a bigger puzzle – 
BSM one !

Neutrino
oscillation 

data
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Beyond the Higgs discovery
Higgs properties are amazingly consistent with all main compelling 
underlying theories (except higgsless ones!) Some parameter space  
of BSM theories was eventually excluded.

CPNSH workshop
CERN 2006-009



Alexander  Belyaev 12

      

BSM collider phenomenology @ SHEP

Beyond the Higgs discovery

Present
Status

Higgs properties are amazingly consistent with all main compelling 
underlying theories (except higgsless ones!) Some parameter space  
of BSM theories was eventually excluded.



Alexander  Belyaev 13

      

BSM collider phenomenology @ SHEP

fundamental 
scalar

“regular” Higgs Goldstone 
boson

TechnicolourSUSY

Models with 
Higgs boson

UED ADD Twin 
Higgs

Little 
Higgs RS 

composite 
scalar

RS CHM

Beyond the Higgs discovery
Higgs properties are amazingly consistent with all main compelling 
underlying theories (except higgsless ones!) Some parameter space  
of BSM theories was eventually excluded.



Alexander  Belyaev 14

      

BSM collider phenomenology @ SHEP

What do we know about 
Dark Matter?

 Spin ??
?

?

?

Couplings symmetry 
behind stabilityV

Weak
Higgs
Quarks/gluons
Leptons
New sector 

?
?
?
?

?

No

gravity 

Stable
Yes 

Thermal relic
? ?NoYes 

Mass
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Popular trends and sources of inspiration
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another source of inspiration?!
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gone … :-(
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Theories and  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

Theories and new particles are different
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Theories and  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

But the new signatures are very similar!
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The main problem is to decode an underlying theory 
from the complicated set of signatures: down->top

 

top->down
Easy

SUSY UED ADD Little 
Higgs RS 

 
CHMTechnicolour

Tons of Signatures
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down->top
Very 

difficult

The main problem is to decode an underlying theory 
from the complicated set of signatures: down->top

Tons of Signatures

SUSY UED ADD Little 
Higgs RS 

 
CHM

top->down
Easy

Technicolour
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down->top
Very 

difficult

The main problem is to decode an underlying theory 
from the complicated set of signatures: down->top

Tons of Signatures

SUSY UED ADD Little 
Higgs RS 

 
CHM

top->down
Easy

Technicolour

https://hepmdb.soton.ac.uk/
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Using both top-down and down-top approach to be 
ready to identify underlying theories from LHC signals
Using power of New interactions between 
Experimentalists and Theorists – NExT !

Interaction within SHEP: BSM (King, Di Bari), AdS/CFT (Evans), ...
Interaction between NExT links: RAL, SOTON, RHUL, SUSSEX, 
QMUL, Bristol, Brunel
NExT PhD school and joint NExT PhD students – real theory-
experiment connection
All faculty members of collider-pheno group have CMS association 
or full CMS membership
Collaboration with CERN via SOTON grants – SOTON-Sao Paulo

  What does our 
collider-pheno group do? 
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  NExT PhD students intake 2015
as an example
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Models under study:
Better understanding of SM – higher order corrections 
SUSY and its extensions
Models with the extended Higgs Sector
Extra-dimensions
Technicolor and Composite Higgs models:

●vector and scalar resonances
●Vector-like quarks

Generic models with vector and scalar resonances
Generic models with Dark Matter

  What does our 
collider-pheno group do? 
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THEORY EXPERIMENT
?
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THEORY EXPERIMENT
HEP

TOOLS

!

Tools are crucial for THEORY - EXPERIMENT 
connection
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Tools are crucial for THEORY - EXPERIMENT 
connection

Theory Observables
Feynman 

Rules
Matrix 

Element

LanHEP
FeynRules

SARAH
...

CalcHEP/CompHEP/MicroMEGAs
FeynArts/FormCalc
MadGraph/MadEvent
Sherpa
Whizard/Omega
 Golem
Herwig++
MCFM
MC@NLO 
Alpgen
...

Parton level 
event  generator

PDF, mass spectra 
calculators ,...

MC event  
generator

PYTHIA
HERWIG
ISAJET
Sherpa

...

Jet matching

FAST/FULL
Detector 

Simulation

PGS, Delphes
/

CMSSW, ATHENA
....

Analysis to find/exclude/modify theory:
Plots, PAW/Root,  Fortran/C++ codes, Private codes, 

MasterCode,

HEPMDB, ...HEPMDB, ...
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Development of Tools
HERWIG 
CalcHEP
HEPMDB

Royal-Society  grant & SOTON 
Jubileecollaboraiton&visitors 

Alexander Pukhov - CalcHEP&micrOMEGAs
Andrei Semenov - LanHEP

  What does our 
collider-pheno group do? 
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  Results from our group

Z' at the LHC
Parameterisation
Forward-backward 
asymmetry
B-L models
Composite Higgs models and Technicolor
Interference with BG
Related CMS papers

SUSY and its extensions
MSSM, NMSSM, E6SSM
New signatures
Signatures form Higgses from 
the Extended SUSY sector
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  Results from our group

Dark Matter 
Characterisation of the spin

Models with 
the extended
Higgs sector

I2HDM
2HDM
3HDM
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MET distributions for Contact interactions

Missing Transverse Momentum

Normalised to 
the same number 

of events
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