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A light boson, could in principle rule its self-interaction and the Yukawa interactions 

with fermions in such a way that the theory could remain weakly coupled up to the 

Planck scale without any dynamics appearing beyond the EWK scale. 

This would be in itself an outstanding discovery: for the first time we would 
have seen a phenomenon that could be described by the same theory over 15 
orders of magnitude in energy. 

A 125GeV boson is a very special object 
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POSSIBLE PHYSICS BEYOND THE STANDARD MODEL

NEW SYMMETRIES SUPERSYMMETRY
Supersymmetry is an extension of the Poincare symmetry of the SM

Poincare Algebra
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 Unification with gravity!

Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 
 Explanation of the EW symmetry violation
 Provided the DM particle
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Local supersymmetry =  general relativity ! 

 Unification with gravity!

MOTIVATION FOR SUSY IN PARTICLE PHYSICS 



Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation  Provided the DM particle

   χ
! 0

= N1γ
" + N2 z" + N3 H!1

0
+ N4 H! 2

0

Neutralino=DM

Cancellations of 
corrections and 

stabilization of the 
Higgs potential

Violation of symmetry comes from radiative corrections

5

The basis of a grand 
Unified Theory

 Unification of the gauge couplings

MOTIVATION FOR SUSY IN PARTICLE PHYSICS 



Bosons and Fermions come in pairs

   (g!,g)
Spin 0 Spin 1/2 Spin 1Spin 1/2 Spin 3/2 Spin 2
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THE SIMPLEST (N=1) SUSY MULTIPLETS
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D̃i = d̃R

S Singlet s singlino s 1 1 0NM
SSM

7THE PARTICLE CONTENT OF THE MSSM



R-PARITY

The consequences:
• The superpartners are created in pairs 
• The lightest superparticle is stable

  p
!

  p
!

• The lightest superparticle (LSP) 
   should be neutral - the best candidate 
   is neutralino  (photino or higgsino) 
• It can survive from the Big Bang  and 
   form the Dark matter  in the Universe 

B - Baryon Number 
L - Lepton Number 
S - Spin

The Usual Particle :  R = + 1 
SUSY Particle :        R =  - 1

8THE R-PARITY
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Annihilation

Quark- gluon 

 Fusion

10SUPERPARTNERS PRODUCTION AT THE LHC



   

q! L,R → q + χ" i

0

q! L → q '+ χ" i

±
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0
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Final states

  

l+l− + ET

2 jets + ET

γ + ET

ET
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Hidden  
sectorMSSM

SUSY
                Messengers 

Gravitons, gauge, gauginos, etc

   
−LSoft =  Miλi

!
α
∑ λi

! + m0i
2 | Ai

i
∑ |2 + + A ijk

ijk
∑ Ai Aj Ak + Bij Ai Aj

ij
∑

scalar fieldsgauginos

Over 100 of free parameters !

Breaking via F and D terms in a hidden sector

12SOFT BUSY BREAKING



ТЕКСТ
T.Hebbeker

might be light

Mirage unification
decay inside detector

 
NMSSM=MSSM+Singlet

3 light Higgses around 125 GeV 
Heavy Higgs decay H->h1h2

13



       Rare decays (                                                        )  
       g-2 of the muon 

 Relic abundancy of Dark Matter in the Universe 
  DM annihilation signal in cosmic rays 
  Direct DM interaction with nucleons

 Direct production at colliders at high energies 
  Indirect manifestation at low energies 

Bs ! s�, Bs ! µ+µ�, Bs ! ⌧⌫Partic
le Phys

Astro
 Phys

(if SUSY DM)

   Search for long-lived SUSY particles

Nothing so far ...

14SEARCH FOR SUSY MANIFESTATION
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Typical SUSY signature: Missing Energy and Transverse Momentum

15CREATION AND DECAY OF SUPERPARTNERS 
IN CASCADE PROCESSES @ LHC



16DETECTOR CONFIGURATIONS AT THE LHC: CMS & ATLAS



17DETECTOR CONFIGURATIONS AT THE LHC: CMS & ATLAS



18TYPICAL EVENT SIGNATURE



Two ways to present and analyse data:

1. High energy input: 
introduce universal parameters at high energy scale (GUT)
Example                                       of MSSMm0, m1/2, A0, tan�

Advandage:  small number of universal parameters for all masses
Disadvantage: strictly model dependent (MSSM, NMSSM, etc)

2. Low energy input: 
use low energy parameters like masses of superpartners
Example                              or m̃g, m̃q, m̃�

Advandage:  less model dependent
Disadvantage: many parameters, process dependent

Both approaches are used 

mA, tan�

19EXP AND THEOR FRAMEWORK
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SUSY searches 
Guido Tonelli
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Universal scenario

What is the LHC reach?
Universal scenario

Masses of superpartners
CMSSM NMSSM

(a) (b)

Figure 1: (a): The CMSSM excluded region at 95% C.L. from all constraints in Table 1.
The solid (white) line corresponds to the 95% C.L. exclusion contour obtained by a Higgs
boson of 126 GeV and the dotted (white) line by the combination of a Higgs boson and the
relic density constraint. (b): The NMSSM excluded region at 95% C.L. from LHC SUSY
searches at 8 TeV and 20.1 fb

�1. The other constraints from Table 1 do not influence
the excluded region. The extrapolation of these searches to 14 TeV and 3000 fb

�1 is
represented by the dotted (red) line in the top corner. The grey regions are excluded in
constrained models.

in Fig. 1a shows the 95% C.L. exclusion region for the combination of all
constraints in the CMSSM, where the Higgs mass constraint combined with
the constraints from Table 1 requires stop masses in the multi-TeV range.
The solid (white) line corresponds to the 95% exclusion contour in case only
the Higgs mass constraint is considered, while the combination with the relic
density constraint results in the dotted (white) line. The red region in Fig.
1b corresponds to the 95% C.L. exclusion region in the NMSSM, which comes
from the LHC SUSY searches at a center-of-mass energy of 8 TeV and an
integrated luminosity of 20.1 fb

�1. Other constraints of Table 1 do not play
a role, since stop masses below 1 TeV are allowed and B-physics constraints
are automatically fulfilled because of small tan � values. The dotted (red)
line in the top right corner represents the extrapolation of the SUSY searches
to 14 TeV and 3000 fb

�1, which will be discussed in more detail in section
3.2. In the following, we will concentrate on the neutralino masses in the
allowed region of parameter space.

Since we use GUT scale input parameter, the mass spectrum at low scale
is calculated via the renormalization group equations, so the masses are cor-

4
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3000 1/fb

Masses of superpartners

21WHAT IS THE LHC REACH?
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Universal parameters

Masses of superpartners

WHAT IS THE LHC REACH NOW?
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No light EWkinos
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27ATLAS AND CMS LIMITS 2023



28LONG LIVED PARTICLES



29Stealth supersymmetry model 



30Stealth supersymmetry idea 



100 TeV colliderHigh luminosity LHC Cohen et al, ‘13 

SUSY is certainly a compelling candidates of 

BSM physics, so we should keep searching 
for her without leaving any stone unturned. 

* Taking the gauge coupling unification seriously, SUSY may have  

some chance to be seen at LHC, and a good chance at the FCC:

Beyond the Standard Model

Theory Status

Kiwoon Choi

(ICHEP 2016, Chicago)

IBS Center for Theoretical Physics of the Universe 
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SUSY GUTS – Nucleon decay 1
Λ
QQQL F

  
τ

p→e+π 0 >1×1034 yrs, M X >1016GeV τ
p→K +ν

> 3.3×1033yrs

New properties: 
■ Later unification - higher GUT scale 
■ Longer proton life-time  
■ New modes of proton decay                                    

⌧ ⇠ M4
GUT

Crucial points: 
■ SUSY leads to unification 
■ SUSY solves the hierarchy 

problems for GUTs 
■ No GUT without SUSY                                   

SUSY GUT



EXTENDED HIGGS SECTOR 33

The mass spectrum of the 
Higgs bosons (GeV)

We may have found one of these states

•  Probe deviations from the 
SM Higgs couplings

The name of the game is precision 

• Perform direct search for 
additional scalars

How to probe?
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One has to check the presence or absence of heavy Higgs bosons



ee -> HZ  diff. decay channels ΔmH =    40 MeV 

ΔmH =    70 MeV 
Int

 Lin
ear
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er

34PRECISION PHYSICS OF THE HIGGS BOSONS



LHC experiments are at the front line of mystery land: be patient 

No sign of supersymmetry so far 

More involved scenarios are under study 

 High luminosity LHC will have much more possibilities 

SUSY might be much heavier (?!) 

SUSY might be irrelevant in particle physics (!?)

35CONCLUDING REMARKS


