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Search for Superpartners
@ Colliders
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Model Dependent

LHC

ILC

The Mass Spectrum
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FavouredFavoured  regions of parameter spaceregions of parameter space
Bulk region

The region is characterized
by low m0 and low m1/2 thus
leading to light superpartners
(< 500 GeV)

The region is restricted by
the Higgs searches and LEP II
non-observation limits

Strong SM background

The bulk region is practically excluded by LEP II
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Favoured Favoured regions of parameter spaceregions of parameter space

 ! !" # "$ # "%

         -coannihilation region

The region is characterized by
low m0 but large m1/2 ,hence,
 heavy charginos

Masses of tau-slepton and
neutralino are almost degenerate

Typical processes:   neutralino-
stau co-annililation:

Possibility of long-lived heavy charged
staus flying through the detector or decaying at a distance !

  !!
0 !"
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Favoured Favoured regions of parameter spaceregions of parameter space

Focus point region

The region is characterized by
large m0 and low m1/2

At the boundary of REWSB
excluded region neutralino is
almost higgsino
Possible long-lived chraginos

Splitting of heavy squarks and
sleptons from light gauginos

Neutralino LSP ~ 100 GeV
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Favoured Favoured regions of parameter spaceregions of parameter space

  !! " A(H ) " f f

A-annihilation funnel region

The region where

Typical processes:
resonance   annihilation of
neutralinos to fermion pairs
through exchange of heavy
Higgses A (and/or H):

The region requires large
tan β  and leads to heavy
sparticles

   
mA ! 2m!
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Favoured Favoured regions of parameter spaceregions of parameter space

   
m

!0 ! 65 GeV  

The region is compatible
with diffuse gamma ray flux
from the DM annihilation

It corresponds to the best fit
values of parameters

tan β= 51
           m0 = 1400 GeV
           m1/2 = 180 GeV

SUSY DM:     
m

!± ! 115 GeV

EGRET region
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Long-Lived Long-Lived SuperparticlesSuperparticles

! ±!

t ±!

! ±!

WMAPLSP
charged

Higgs
EWSB

The MSSM parameter space

The reason for long-lived particles – 
mass degeneracy with the LSP

Long-lived 

Long-lived 

Long-lived 
0
2 1,! ! ±! !

! ±!

Time of life > 10-10 сек,   М ~ 100 ГэВ
Decay with creation of the secondary vertex
or running through the detector

Needs the fine-tuning of parameters
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SUSY Searches at LEP

~

~

~

charginos

neutralinos

mχ+ ≥  100 GeV

mχ0 ≥   40 GeV

ml  ≥  100 GeV

sleptons

squarks
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SUSY Production at Hadron
Colliders
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SUSY Searches at Tevatron

mq ≥  300 GeV
mg   ≥  195 GeV~

~

The reach of Tevatron in   m0 / m1/ 2 plane

Exclusion:
World’s Best Limits Dilepton

 Channel

3 jet channel
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Creation and Decay of Superpartners
in Cascade Processes @ LHC

2l,6j,ET

8j,ET

l,2j,ET

2l,2j,ET

Typical SUSY signature: Missing Energy and Transverse Momentum
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l,2j,ET

2l,2j,ET

2l,6j,ET

4j,4l,ET

The x-sections are usually much smaller than for creation of  SUSY

Background Processes of the
SM for creation of Superpartners
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Cross-sections for SUSY creation
@ LHC
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Creation of Gluino @ LHC

Signature:Signature:
4 b-jets + 4 4 b-jets + 4 muonsmuons +  + EEtt

missmiss

m0    = 1400 GeV
m1/2 =  180 GeV
A     =  0
sign(μ) = +1
tanβ = 50

Large!

σ≈13 pb 
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SUSY Signal @ LHCSUSY Signal @ LHC

Pythia within ATHENA,
B-vertex tagging
JINR ATLAS Group

Neutralino Pt 

B mesons

Sharp cut

Invariant Mass of lepton pairMissing Momentum

 В-meson free path
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Search for Supersymmetry @ LHC

5 σ reach in jets  + E T

Reach limits for various channels
at 100 fb -1channel



18

SUSY Searches @ LHC

Squark and gluino reaches at various luminosities
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SUSY Searches @ LHC
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Search for Search for Gluinos Gluinos and Stopsand Stops
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First SUSY results @ LHCFirst SUSY results @ LHC
Search for high-mass squark and gluino production in events 
with large missing transverse energy and two or more jets

Expanded the excluded range established during
The last 20 years (!) by factor of two with only 35 pb^-1
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First SUSY results @ LHCFirst SUSY results @ LHC

Search for lepton + jets + missing transverse energy with 35 pb^-1
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MSUGRA/CMSSM: tanβ=10, 
A0=0, µ>0 Equal mass case: 
mq=mg > 980 GeV

Simplified model with two q
generations, m(χ 0)~01mg>800 GeV
mq>850 GeV
Equal mass case: mg=mq>1.075 TeV

SUSY in 0-lepton channel
First SUSY results @ LHCFirst SUSY results @ LHC
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SUSY in 1-lepton channel
gg, gq, qq may give isolated leptons

Single e/µ, jets, E miss

~

~~~~ ~~

~~

First SUSY results @ LHCFirst SUSY results @ LHC
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Progress on SUSY SearchProgress on SUSY Search
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Global Fit to data in fullGlobal Fit to data in full
Parameter SpaceParameter Space
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The Run for the Higgs
Boson

• Is it there?
• Where is it?
• When and where we find it?
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The SM Higgs BosonThe SM Higgs Boson
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2
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! !! ! !

• Indirect limit from radiative corrections
• Direct limit from Higgs non observation
at LEP II (CERN)
• Precision measurement of MW and mt Radiative corrections to MW and mt 
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SM Fit to Precision EW Data

If it is there we may see it soon

165
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knowledge obtained
only through combination of
results from different
accelerator types

in particular:
Lepton and Hadron Collider

Time evolution of experimental limits on the Higgs boson mass

MH between 114 and ~160 GeV

LEP,SLD,
Tevatron…

indirect

direct

ΔΜtop

2( ) , ln( )t h

W W

M M
M M

!

.

.

SM:Testing Quantum Fluctuations



31

The Higgs Mass LimitsThe Higgs Mass Limits    (Theory)(Theory)

  mh
2 = !v2

  

d!
dt

=
1

16" 2 6!2 + 6! yt
2 # 6yt

4 +  gauge terms( )RG Eq.

The Higgs Mass

To run together with RG eqs. for the gauge and Yukawa couplings 

mh

• Initial value too big ->
Landau pole

• Initial value too small ->
negative coupling
(stability bound)
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Landau Pole

Stability

 The SM Higgs
mH   ≥  134 GeV

The Higgs Mass Bounds
Stability bound

Assuming the SM is valid
up to the Plank scale

The scale up to which the SM is valid
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The Higgs Mass Limit (MSSM)

   
mh

2 ! MZ
2 cos2 2" +

3g 2mt
4

16# 2 MW
2

log
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+ 2 loops
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Radiative corrections to Higgs boson mass

   !mh (1loop) ! +40 GeV

   !mt " 1 TeV

   !mh (2loop) ! "5 GeV
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The Higgs Mass Limit (MSSM)The Higgs Mass Limit (MSSM)

• MSSM Higgs
mH ≤ 130 GeV

LEP II

MSSM

NMSSM

Extra Higgses

  mh
2 = MZ

2 cos2 2! + "2v2 sin2 2! + ...

NMSSM
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Higgs Mass Predictions in
Various Models
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Lep2/Tevatron(1998)
Lep2/Tevatron(2006)
Lep2/Tevatron(2007)
LHC
ILC

Measurement of Мw and mt and
Comparison with SM and  MSSM
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Fit to EW Data in the MSSM
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The SM versus MSSMThe SM versus MSSM

MSSM

Fit for the Higgs Boson Mass
SM
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Search for Higgs Boson at LHCSearch for Higgs Boson at LHC
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The dominant creation process at ILC

The task for ILC:

- Determine the properties
of the Higgs boson

- To confirm the mechanism
of EW symmetry breaking –
the source of all particle
masses

. . . Together with the
LHC

The Higgs Boson at ILC
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Model independent
measurements

Recoil mass spectrum
ee -> HZ   with  Z -> l+l-

Δσ ~ 3%

Δm ~ 50 MeV

accuracy ~0.001

The Higgs Boson Mass
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ΔmH =    40 MeV

  mH = 120 GeV
ee -> HZ  different decay channels

  mH = 150 GeV

ΔmH =    70 MeV

Precision Measurement of the
Higgs Boson Mass
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Modern Higgs WindowModern Higgs Window

LEP II Tevatron

SUSY range

(Direct Search)
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MSSM versus SM

Global fit to precision EW data

• MSSM is as good as SM

• B->sγ
• aµ

• ΩDM

MSSM is better than SM

Is NOT described by SM,
but is naturally described
by MSSM
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SUSY: Pros and Cons

Pro : • Provides natural framework for unification with gravity
• Leads to gauge coupling unification (GUT)
• Solves the hierarchy problem
• Is a solid quantum field theory
• Provides natural candidate for the WIMP cold DM
• Predicts new particles and thus generates new job positions

Contra : Does not shed new light on the problem of
• Quark and lepton mass spectrum
• Quark and lepton mixing angles
• the origin of CP violation 
• Number of flavours 
• Baryon assymetry of the Universe

Doubles the number of particles 
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SSuperparticlesuperparticles
Discovery of

the new world
of SUSY

Back to 60’s

New
discoveries
every year


