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The Standard Model 
 Standard Model Lagrangian 

 
 
 
 Gauge interactions (kinetic terms for the gauge fields, quarks, 

leptons and Higgs bosons; self-interactions of the gauge fields; 
interactions of the gauge fields and Higgs bosons) 
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The Standard Model 
 Yukawa interactions (interactions of quark and leptons with the 

Higgs boson) 
 
 
 
 
 

 Scalar potential (mass term and self-interaction of the Higgs boson) 



L D U
YukawaL y L E H y Q D H y Q U Hααβ β αβ β αβ βα α= + +

2 † † 2
2 ( )HiggsL V m H H H Hλ= − = −



†
2H i Hτ=



The Standard Model: drawbacks 
 Large number of free parameters: 

  gauge coupling constants gs , g , g’ 
  3×3 matrices of Yukawa coupling constants 
  coupling constant of the Higgs self-interaction  
  the Higgs mass parameter 
  mixing angles and phases 

 How one can reduce the number of parameters ? 
 
 The choice of the gauge group: 
  why there are three independent symmetry groups ? 
 (3) (2) (1)C EW YSU SU U× ×



The Standard Model: drawbacks 
 The unification of the strong and electroweak interactions is formal 

 Why the «strong» interactions are strong and «weak» ones are weak ?  

 Why there are 3 generations of the matter fields ? 

 The origin of particle masses: why are particles massive ?  

 Why the top-quark is heavy and leptons are light ? 

 Is the Higgs boson a fundamental particle ?                                    
What is the mass of the Higgs boson ? 

 Why the proton charge is equal to the elctron charge ? 

 How can we include gravity into the theory ? 
 

 The Standard Model has no answers 



The Standard Model: what to do? 
 CONCLUSION: The Standard Model is an effective theory valid 

within a certain approximation  

 WHAT TO DO: consider more symmetric theories 

 

 Examples:  

 Grand Unification Theories: The strong, weak and 
electromagnetic interactions are described by one       
symmetry group  

 Supersymmetry: Bosons and fermions are described                  
in a common way.  



Grand Unification 
 The idea of unification is based on the observation that three gauge 

couplings tends to the same point at high energy 

 Evolution equations (SM) 
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Grand Unification 
 However, there is no Grand Unification at high energies if we use 

the Standard Model evolution equations for the gauge couplings 

 Evolution equations (MSSM) 
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Grand Unification 
 In the Minimal supersymmetric Standard Model the gauge coupling 

constants do unify ! 



Grand Unification 
 CONCLUSION: we need supersymmetry for unification 

 Initial conditions at low 
energy are known (’93) 
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 The scale of supersymmetry breaking is  ~ 1 TeV 



Hierarchy problem 
 Hierarchy problem  

 Why there are very different energy scales ? 

 Electroweak symmetry breaking scale (MW ~100 GeV ) 

 Grand Unification scale (MGUT ~1015-16 GeV )                                 
or Plank scale (MPl ~1019 GeV )  

 

 Possible solution: to postulate the hierarchy.  

 Very unnatural ! 
 



Hierarchy problem 
 Another side of the problem: the hierarchy is destroyed by the 

radiative corrections 
 Consider the correction                                                                               

to the light Higgs boson mass 
 
 
 
 
 Even if the hierarchy was postulated it is destroyed by radiative 

corrections (unless they cancel up to 10-14) 
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Hierarchy problem 
 Supersymmetry can help to solve the hierarchy problem 

 
 Let us add a «superpartner» -                                                             

a particle with the same mass but                                                                   
with a different spin.                                                                                  
Then the divergency cancells.  

 The «accuracy» of cancellation is                                                        
controlled by the mass-squared                                                          
difference. 
 

 If the correction is not larger than the mass itself then we have 
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boson fermion SUSYm m M− =
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Supersymmetry: motivations 
 Consistency of Grand Unification theory :                                          

unification of gauge coupling constants 
 Solution to the hiearchy problem 
 Supersymmetry populates «The Great Desert»: it predicts new 

particles and their spectrum 
 Supersymmetry suggest a solution of the Dark Matter problem 
 Radiative electroweak symmetry breaking.                                          

The Higgs boson mass is calculable. 
 Supersymmetry can be tested experimentally 

 

 SUSY is the most popular idea beyond the Standard Model 



Superspace and superfields 
 The simplest example is a chiral superfield, defined as 

 
 
 

 The expansion in Taylor series has the form 
 
 
 
 
 

 А(х) – complex scalar field (2 bosonic d.o.f.),                               

ψ(х) – Weyl spinor field (2 fermionic d.o.f.) 
 

 F(х), the auxiliary field is unphysical and can be eliminated 
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Superspace and superfields 
 The anti-chiral superfield is defined as 

 
 

 The chiral and antichiral superfields are used to describe matter 
 

 The product of chiral (anti-chiral) superfields  
 

  
 is again a chiral (anti-chiral) superfield 

 
 The product of chiral and anti-chiral superfields  
 is a general superfield 
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Superspace and superfields 
 The arbitrary function of chiral superfields and its Taylor expansion 

has the form 

 

 

 

 

 This function is called a superpotential 

 

 The superpotential and the conjugated one are used for the 
construction of supersymmetric lagrangians. 
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Superspace and superfields 
 To describe gauge interactions we need a real vector superfield. 

 
 
 
 
 
 

 The set of component fields in not irreducible. Choosing the 
particular gauge one can get rid of some of them 

 One may choose the Wess-Zumino gauge,                                
which leaves only physical degrees of freedom (the vector and 
spinor fields) and an auxiliary field  D 
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Superspace and superfields 
 In the Wess-Zumino gauge one has 

 
 
 
 
 

 One can define the field strength tensor (abelian case) 
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Supersymmetric lagrangians 
 The action is the integral over superspace 

 

 

 SUSY invariant lagrangian 

 

 

 In components one has 
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Supersymmetric lagrangians 
 Gauge part of the lagrangian 

 
 
 

 Gauge and SUSY invariant lagrangian 
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Supersymmetric lagrangians 
 In components the full lagrangian reads 

 
 
 
 
 
 
 
 

 After eliminating auxiliary fields F and D using equations of motion 
one can easily reproduce the Standard Model lagrangian and kinetic 
terms and interactions of superpartners 
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Supersymmetric lagrangians 
 The scalar potential 

  F-term (from SUSY invariant part of the lagrangian) 
  D-term (from gauge invariant part of the lagrangian) 

 
 
 

 The scalar potential is not arbitrary, it is fixed by supersymmetry 
 

 The lagrangian is constructed using only symmetry considerations. 
One has to choose matter fields and gauge fields 
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Supersymmetric lagrangians 
 How to construct a supersymmetric model: 

 Define the matter and gauge field content  

 Using the vector superfields construct thefield strength 
tensor(s) 

 Using the chiral and anti-chiral superfields construct the kinetic 
terms and the superpotential  

 Write down the full lagrangian in terms of superfields 

 Integrate over grassmanian coordinates 

 Eliminate auxiliary fields using equations of motion 

 The result is the lagrangian describing the ordinary fields, the 
superpartners and their interactions 



Minimal SUSY SM (MSSM) 

 In supersymmetric theories the number of bosonic degrees of 
freedom is equal to the number of fermionic degrees of freedom 

 
 In the Standard Model we have 

 28 bosonic degrees of freedom :  
                 (4 + 8) × 2    +    2 × 2 

                    vector fields             Higgs boson                           
   (γ,Z,W+,W-, gluons) 
 
 90 (96) fermionic degrees of freedom: 

           (6 × 3 + 3) × 4  +  3 × 2 (4) 
     quarks and charged leptons      neutrinos 

 
 The Standard Model is not supersymmetric 
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Minimal SUSY SM (MSSM) 

 In order to supersymmetrize the Standard Model one has to add 
new particles (superpartners) 
 In the Standard Models there are no fermions with quantum 

numbers of gauge bosons 
 The Higgs and lepton doublets have the same quantum  

numbers (1,2,-1). Can they be superpartners?  
 One has to add the second Higgs doublet 
 Fermion masses (up and down quarks). 
 Yukawa interactions in the SM → superpotential in the MSSM 

 


L D U
Yukawa y L E H y Q D H y Q U Hααβ β αβ β αβ βα α= + +

†
2H i Hτ=



Bosons Fermions  SU(3) SU(2) U(1) 

Matter fields 

Li 1 2 -1 

Ei 1 1 2 

Qi 3 2 1/3 

Ui 3* 1 -4/3 

Di 3* 1 2/3 

Gauge fields 

Ga 8 0 0 

V k 1 3 0 

V ' 1 1 0 

Higgs fields 

H1 1 2 -1 

H2 1 2 1 

i
L

i R

L
e

E e

ν 
=  
 

=

leptons

i
L

i R

i R

u
Q

d
U u
D d

 
=  
 

=
=

quarks

aggluons

±W ,Z
γ

-bosons
photon

1
1 0

1

H
H

H

+ 
=  
 

Higgs boson

i
L

i R

L
e

E e

ν 
=  
 

=











sleptons

i
L

i R

i R

u
Q

d

U u

D d

 
=  
 

=

=














squarks

aggluino

± W ,  Z ,
γ

 



wino zino 
photino

1
1 0

1

H
H

H

+ 
=  
 







higgsino

0
2

2
2

H
H

H −

 
=  
 

Higgs boson
0
2

2
2

H
H

H −

 
=  
 







higgsino



MSSM Lagrangian 

 MSSM lagrangian 
 
 

 Yukawa interactions (superpotential) 
 
 
 
 

 In components this will lead to the Standard Model Yukawa 
interactions + interactions with superpartners 

gauge Yukawa SoftBreaking= + +   

2 1 1 1 2R U L R D L R L L Ry Q H U y Q H D y L H E H Hµ= + + +



MSSM Lagrangian 

 Supersymmetry allow also the following terms in the superpotential 
 
 
 

 They break baryon and lepton numbers and are absent in the 
Standard Model 
 

 To get rid of them one has to introduce a new symmetry – R-parity 
 

 All the Standard Model particles have R= +1,                                         
and superpartners have R= -1. 
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MSSM Lagrangian 

 Consequences of R-parity conservation: 
 Interactions of particles and superpartners are the same (just 

replace two of the particles in the interaction vertex by 
superpartners) 
 
 
 
 
 
 

 Superpartners are created in pairs 
 The lightest supersymmetric particle is stable ! 



Breaking of supersymmetry 

 Since superpartners are not observed, in nature  supersymmetry 
can be realised as broken symmetry 

 In the MSSM the soft supersymmetry breaking mechanism is used. 

 One assumes that breaking takes place in the hidden sector. 
Mediators of the supersymmetry sbreakin from the hidden sector to 
the visible one can be  

 Gravitons (SUGRA) 

 Gauge fields 

 Gaugino fields 

 

(the difference is only in details) 



Breaking of supersymmetry 

 Soft breaking of supersymmetry can be parametrized by additional 
terms in the lagrangian 

 The mass terms for the scalar                                                 
components of chiral superfiels 

 The mass terms for the fermion                                                 
components of vector superfiels 

 Bilenear softsupersymetry breaking term 

 Trilinear soft supersymetry breaking terms 

 

 Supersymmetry is broken since components of the same superfield 
have different masses 
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Breaking of supersymmetry 

 The part of the MSSM lagrangian responsible for supersymmetry 
breaking reads 
 
 
 
 
 

 Too many free parameters (more than a hundred !) 
 

 Now one can calculate the mass spectrum of superparticles 
 

 Later we will see how to reduce the number of parameters 
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Higgs bosons in the MSSM 
 At the tree level the MSSM Higgs potential has the form 

 
 
 
 
 

 Note: the Higgs self-interaction coupling constant is fixed and is 
determined by the gauge interactions, this case differs from the 
Standard Model.  

 
 The MSSM Higgs potential is positively defined and                      

has no non-trivial non-zero minimum. 
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Higgs bosons in the MSSM 
 Running of the Higgs masses leads to the phenomena known as 

radiative electroweak symmetry breaking. 
 
 
 
 
 
 
 

 This results in the conditions                                                                          
for the spontaneous electroweak                                                             
symmetry breaking 
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Higgs bosons in the MSSM 
 The physical spectrum of the MSSM Higgs sector consists of 5 

states: 

 

 

 

 

 

 

 

 

 Compare to the Standard Model with 1 Higgs boson. 
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Higgs bosons in the MSSM 
 One can calculate the Higgs masses diagonalizing corresponding 

mass matrices. 
 

 Masses of the CP-odd and charged Higgs bosons 
 
 
 

 Masses of the CP-even Higgs bosons 
 
 
 

 If mA≫MZ, the lightest Higgs boson                                                                     
          is lighter than Z-boson ! 
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Higgs bosons in the MSSM 
 The inequality                                           is spoiled by radiative 

corrections 

 

 

 

 

 

 1-loop contribution is very                                                                            
large and positive 

 2-loop contribution is much                                                                     
smaller and negative 
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Constrained MSSM 
 Parameters of the Minimal Supersymmetric Standard Model 

 Gauge cuopling constants 

 Yukawa coupling constants 

 Higgs mixing parameter 

 Soft supersymmetry breaking parameters 

 

 The Higgs self-interaction coupling is not arbitrary, it is fixed by 
supersymmetry.  

 

 The main uncertainty is due to the soft supersymmetry breaking 
parameters 
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Constrained MSSM 
 Universality hypothesis: soft supersymmetry breaking parameters 

unify at the scale of Grand Unification 

 

 

 

 

 As a result, MSSM has  

 5 free parameters 

 

 while the Standard Model has 2 ones 
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Constrained MSSM 
 To make prediction one can choose a certain way 

 Take low-energy values of parameters as input                         
(superpartners masses, mixing parameters, etc.) and then 
calculate observables as functions of these values. 

 Take high-energy values of parameters as input, then using 
evolution equations find their low-energy values, calculate the 
mass spectrum, and then calculate observables. All the 
calculation now uses a small number of free parameters.  

 
 “Experimental” data are sufficient                                                                       

to find allowed values of initial parameters 



Constrained MSSM 
 Choice of constraints 

 

 Unification of the                                
gauge coupling constants                                               
It is one of the crucial                        
constraints and fixes                                      
the scale of supersymmetry 
breaking.  

 

 Masses of superpartners are 
in the TeV region 

 MSUSY ~ 1 TeV 



Constrained MSSM 
 Choice of constraints 

 

 Unification of the Yukawa                                                                       
coupling constants.                                               
Combination of b-quark                                                                             
and τ-lepton Yukawa                                                                           
couplings unification with                                                                             
the t-quark mass strongly                                                               
constrains the tan β value.  

 

 Small tan β scenario 

 Large tan β scenario 1 tan 3 50 tan 70β β< < < <

1                           10          tanβ       100 



Constrained MSSM 
 Choice of constraints 

 

 Radiative electroweak symmetry                                                     

breaking and Z-boson mass. 

 It defines the μ parameter for                                                         

given values of m0. The sign                                                                       

of μ is undetermined. 
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Constrained MSSM 
 Choice of constraints 

 
 Let us fix the value of tan β  
 Let us calculate the value of the μ parameter (up to the sign) 
 Soft supersymmetry breaking parameter А0 is irrelevant in most 

cases (А=0) 
 

 We end up with only a pair of parameters 
 
 
 

 From now on we will use the m0 – m1/2 plane and look for allowed 
regions 

0 1/2, ,  ,  ,  tanA m mµ β



Constrained MSSM 
 Choice of constraints 

 

 Experimental bounds on the Higgs mass. The bound mH  > 114 
GeV excludes tan β < 4  

 Experimental bounds on superpartner masses. Non-observation 
of superpartners constrains their masses (that is constrains the 
soft supersymmetry breaking parameters) 

 Neutrality of the lightest supersymmetric particle.               
Consequence of R-parity conservation  



Constrained MSSM 
 Choice of constraints 

 

 Precise measurements of rare decays branching ratios. This may be 
influenced by radiative corrections including superpartners in loops. 
Example: 
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Constrained MSSM 
 Choice of constraints 

 

 Muon anomalous magnetic moment. Measurements point to a 
deviation from the SM predictions. The gap can be filled with SUSY 
contribution. This requires positive μ 

 



Constrained MSSM 
 Choice of constraints 

 
 Remarkable fact ia that all these constraints can be fulfilled 

simultaneously. As a result one can find optimal values of the 
parameters and allowed regions in the parameter space 



Constrained MSSM 
 Choice of constraints 

 

 Dark Matter in the Universe.                                                    
MSSM has a good candidate                                                                          
for the WIMP – neutralino –                                                                          
a mixture of superpartners                                                                           
of photon, Z-boson and Higgses 

 

 Neutral (no electric charge, no colour) 

 Weakly interacting (due to supersymmetry) 

 Stable (!) if R-parity is conserved 

 Heavy enough to account for cold non-baryonic dark matter 



Constrained MSSM 
 Regions of the MSSM parameter space consistent with                  

the dark matter constraint (Ω = 0.1 – 0.3) 



Constrained MSSM 
 WMAP data leave only very 

small allowed region which 
give acceptable neutralino 
relic density 

 
 Excluded by LSP 

 
 Excluded by Higgs searches         

at LEP2 
 

 Excluded by REWSB m0 – common scalar mass 
m1/2 – common gaugino mass 



Constrained MSSM 
 The region compatible with all 

electroweak constraints as 

well as with WMAP and 

EGRET constraints are rather 

small 

 

 The best fit values             

  tan β = 51                 

 m0 = 1400 GeV            

 m1/2 = 180 GeV           

 A0 = 0.5 m0 



Constrained MSSM 
 Superparticle spectrum for 

m0=1400 GeV, m1/2=180 GeV  
(the region consistent with WMAP 
and EGRET data) 

 

 Squarks and sleptons are heavy –  
their masses are around 1 TeV 

 

 Gluinos, charginos and 
neutralinos are relatively light 



Constrained MSSM 
 SUSY parameters and superparticle spectrum 



SUSY production at colliders 
 Supersymmetric particles can be produced at collider if the energy  

is large enough 

 

 

 Production and subsequent decay crucially depends on the model 
and the mass spectrum 

 

 If the R-parity is conserved only lightest SUSY particles (neutralinos) 
remain after decays. The main feature is the missing energy taken 
away by LSP, since they escape detection 

2sparticle
sm ≤



SUSY production at colliders 
 Processes of creation of 

supersymmetric particles 
 

 е+е- colliders 

  Hadron colliders 



SUSY events signatures 
 Missing Energy: from LSP 
 Multi-Jet: from cascade decay (gaugino) 
 Multi-Leptons: from decay of charginos/neutralios 



SUSY events signatures 



SUSY events signatures 



SUSY events signatures 



 Top squarks can be produced at LHC                                                                       
by either direct production or gluino                                                              
mediated production  

 Final state with several top or bottom                                                                   
quarks and neutralinos 

 Signature: b-jets, ET, one or                                                                               
several leptons, light jets  
 
 
 

 (ATLAS-CONF-2012-003) 

Stop production 



 A broad range of searches for SUSY with different final states have 
been performed by ATLAS and CMS collaborations 

 Most recent results can be found at 
 https://twiki.cern.ch/twiki/bin/view/AtlasPublic 
 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults 
 No excess over the SM expectation was found for L ∼ 20 fb−1 of data 
 Limits on the masses of the sparticles in a various SUSY scenarios 

have been obtained 
 Around 30 fb-1 data is available due to LHC operation in 2010/2012  
 Although no evidence for SUSY was found, more data is available 

for evaluation.  
 

 
 

Summary of SUSY searches 



Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference
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MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0541.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃→qqqqℓℓ(ℓℓ)χ̃
0
1χ̃

0
1 2 e,µ (SS) 3 jets Yes 20.7 m(χ̃

0
1)<650 GeV ATLAS-CONF-2013-0071.1 TeVg̃

GMSB (ℓ̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <200 GeV ATLAS-CONF-2013-0541.14 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1

0-1 e,µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<100 GeV ATLAS-CONF-2013-053100-630 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048220 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1)=0 GeV, m(t̃1)-m(χ̃

±
1 )=10 GeV ATLAS-CONF-2013-048150-440 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2013-053150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025520 GeVt̃2

ℓ̃L,Rℓ̃L,R, ℓ̃→ℓχ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeVℓ̃

χ̃+1 χ̃
−
1 , χ̃

+
1→ℓ̃ν(ℓν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ 0 Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±1 χ̃
0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0

2

χ̃±1 χ̃
0
2→W ∗χ̃01Z

∗χ̃01 3 e,µ 0 Yes 20.7 m(χ̃
±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 ,
χ̃0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 0 1 jet Yes 4.7 1<τ(χ̃

±
1 )<10 ns 1210.2852220 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057857 GeVg̃

GMSB, stable τ̃ 1-2 µ 0 - 15.9 5<tanβ<50 ATLAS-CONF-2013-058385 GeVτ̃

Direct τ̃τ̃ prod., stable τ̃ or ℓ̃ 1-2 µ 0 - 15.9 m(τ̃)=m(ℓ̃) ATLAS-CONF-2013-058395 GeVτ̃

GMSB, χ̃
0
1→γg̃ , long-lived χ̃

0
1 2 γ 0 Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

χ̃01→qqµ (RPV) 1 µ 0 Yes 4.4 1 mm<cτ<1 m, g̃ decoupled 1210.7451700 GeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ 0 - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ

LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ 0 - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ 0 Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ 0 Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6 jets - 4.6 1210.4813666 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]
10−1 1√

s = 7 TeV

full data

√
s = 8 TeV

partial data

√
s = 8 TeV

full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: LP 2013

ATLAS Preliminary∫
L dt = (4.4 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

LHCP 2013

 = 7 TeVs

 = 8 TeVs

lsp
m⋅-(1-x)

mother
m⋅ = xintermediatem

For decays with intermediate mass,
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SUSY perspective 
 SUSY 5σ discovery reach in                                                                          TeV 

for different scenarios of                                                       LHC centre-of-
mass-energy                                                                     and luminosity 
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Sparticle physics 

 
 Supersymmetry is the most popular idea 

beyond the Standard Model 

 The new physics is expected at the TeV 
scale  

 No hints of supersymmetry so far... but 
the quest continues 

 If we are right, the new discoveries are 
waiting for, and the table of 
fundamental particles has to be updated 
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