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SUPERSYMMETRY
Supersymmetry in LHC

Of all the proposals for physics beyond the Standard Model, supersymmetry is the most popular,
and the most likely to show up at the LHC.

SUSY can explain why the E.W. scale is so much lower than the Planck scale (the hierarchy
problem) if and only if it is broken at a low enough scale to be detectable at the LHC. But there
are no guarantees, so . . .
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SUPERSYMMETRY
SUSY Particles

SM Partic les SUSY Partic les
Quarks: q Squarks: ~q

Leptons: l Sleptons: ~l

Gluons: g Gluino: ~g

Charged Bosons: W � Winos: ~W �

Charginos: ~� �
1; 2

Higgs: H0
H � Charged Higgsinos: ~H �

h0; A0; H0 Neutral Higgsinos: ~h0, ~A0 , ~H0

Neutralinos: ~� 0
1; 2; 3; 4

Neutral Boson: Z0 Zino: ~Z0

Photon: 
 Photino: ~


For each SM Fermion (Boson), there is a Bosonic (Fermionic) partner.
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Supersymmetry
mSUGRA

� MSSM Lagrangian depends on 105 parameters
mSUGRA with radiative E.W. symmetry breaking requires only 5
parameters

m0 the universal soft breaking mass parameter for all scalars at the
uni�cation scale

m1=2 the common gaugino mass
A0 a universal trilinear coupling

tan(� ) the ratio of the vacuum expectation values of the two neutral Higgs �elds
sign(� ) the sign of the higgsino mixing mass parameter

� R-parity R = (� 1)3(B� L)+ 2S can be conserved and it implies:
� SUSY particles are produced in pairs
� The existence of a stable and neutral lightest SUSY particle (LSP)

LSP is a good candidate for Cold Dark Matter
� Avoiding the fast proton decay
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SUPERSYMMETRY
m0; m1=2 plane for mSUGRA

In three regions:
� Region 1: ~g ! ~q�q; ~q ! q�

� Region 2:
~qL ! ~gq; ~g ! ~b�b; ~b ! b�

� Region 3: ~q ! ~gq; ~g ! q�q�
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SUPERSYMMETRY
Test Points for mSUGRA

CMS has chosen several points in the m0; m1=2 plane to explore
phenomenological signatures and scan phase space

Point m0 m1= 2 tan � sign(� ) A0
LM0 200 160 10 + -400
LM1 60 250 10 + 0
LM2 185 350 35 + 0
LM3 330 240 20 + 0
LM4 210 285 10 + 0
LM5 230 360 10 + 0
LM6 85 400 10 + 0
LM7 3000 230 10 + 0
LM8 500 300 10 + -300
LM9 1450 175 50 + 0

LM10 3000 500 10 + 0
HM1 180 850 10 + 0
HM2 350 800 35 + 0
HM3 700 800 10 + 0
HM4 1350 600 10 + 0
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� s+Jets+MET as a signal for mSUGRA Discovery
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� s+Jets+MET
MET

� SUSY predicts an unobservable particle, the � 0, detectable only as MET.

� MET is very sensitive to detector inef�ciencies .
A need for presence of other particles to identify speci�c �nal states and suppress
backgrounds.

� ISASUSY decay modes for LM0:

~g Decay is dominant and Br(~g ! � s + Jets + MET) � 0:17
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PREVIOUS STUDIES IN CMS
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PREVIOUS STUDIES IN CMS
CMS Note 2006/134

D. Acosta et al., ”Potential to Discover SUSY in Events with Muons Jets and Large Missing
Transverse Energy in pp Collisions at

p
s = 14 TeV with the CMS Detector” CMS Note 2006/134

(2006).

They investigated Multi-jet QCD, t�t , W+jets, Z+jets,
WW+jets, WZ+jets, ZZ+jets as background and LM1-HM2
as signal. And also optimized their cuts for 10fb� 1 In-
egerated Luminosity by maximizing the signi®cance by a
generic algorithm tool, known as GARCON.
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PREVIOUS STUDIES IN CMS
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PREVIOUS STUDIES IN CMS
CMS AN-2008/034

P. Biallass et al., ”Search Strategies for mSUGRA in the Muons + Jets + MET Final State.” CMS
AN-2008/034 (2008)

Analysis is at 1fb� 1 and � (LO)LM1 = 45:9[pb]
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OUR APPROACH TO ATTACK THE PROBLEM
Warming-up
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DATA SAMPLE

� [pb] Events Generator
SIGNAL LM0 110 110K Pythia6

BACKGROUND

TTJets 317 31.7K

Madgraph

ZJets 3.7E3 370K
WJets 40E3 2M
QCD1 15E6 35K
QCD2 400E3 1500K
QCD3 14E3 1400K
QCD4 370 37K

QCD1: QCD100to250
QCD2: QCD250to500
QCD3: QCD500to1000
QCD4: QCD1000toInf
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Pre-SELECTION
� Selection

At least one � :

� Global & Tracker Muon

� P�
t > 10 GeV

� j � j < 2:5

� Combined Relative Isolation =P
R< 0: 3 PTr

t +
P

R< 0: 3 EHCal
t

P�
t

<

0:05

Isolation of �
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Pre-SELECTION
Jet Selection

At least three Jets:

� E jet
t > 30 GeV

� j� j < 3:0

Number of Jets
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SELECTION
MET

MET > 95 Gev
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SELECTION
Et of 1st & 2nd Jet

Et of the ®rst Jet

� j � j < 3:0

� E1st Jet
t > 160 GeV

� j � j < 3:0

� E2nd Jet
t > 50 GeV

Et of the second Jet
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SELECTION
� � 1 � � � 2

� MET in QCD originates
from mismeasured jets

� � � 1;2 = j� j1;j2 � � MET j

� when � � 1;2 = 0 we
have � � 2;1 = �

� � 1 versus � � 2 for QCD

� � 1 versus � � 2 for SUSY
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SELECTION
R 1 � R 2

� R 1;2 =q
� � 2

1;2 + (� � � � 2;1)2
R 1 versus R 2 for QCD

R 1 versus R 2 for SUSY
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SELECTION
R sum

� R sum = R 1 + R 2

� R sum > 4:5

R sum
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RESULTS

It seems that Et of Jet 2 can be removed.
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RESULTS

Cut Name # SuSy # TTJets # ZJets # WJets # QCD
Pre-Selection 3.330e+04 9.448e+04 6.254e+04 3.135e+05 1.184e+08
� Isolation 1.353e+04 4.733e+04 5.185e+04 2.317e+05 4.478e+05
Number of Jet� 2 1.210e+04 3.820e+04 1.207e+04 5.176e+04 1.655e+04
MET > 95 6.902e+03 6.340e+03 1.190e+03 6.181e+03 4.670e+01
Et of J1 > 160 5.451e+03 3.000e+03 7.400e+02 3.604e+03 4.670e+01
Et of J2> 50 5.330e+03 2.840e+03 5.900e+02 3.141e+03 4.670e+01
R sum > 4:5 1.690e+03 1.020e+03 2.000e+02 8.658e+02 4.670e+01

� Weighted for 1 fb� 1 Integrated Luminosity

� With 20 pb� 1 Integrated Luminosity, signi�cance will be 5

� ns
nb

= 0.79
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OUTLOOK

� Et of the second hardest jet seems does not have important effect
on the analysis results. For a ®nal decision to remove or keep this
cut, more investigations are needed.

� We need more statistics to analyze the backgrounds, specially
QCD

� We only used pat Objects without Cross Cleaning implement, so
we must carry out these algorithms on the objects.

� The analysis can be more completed by taking into account
DiBosons as the backgrounds.

� SUSY is not necessarily placed at LM0 or . . . and maybe not even
in the mSUGRA, so we should study and verify that the cuts are
suf®ciently optimal throughout the plane.

� Estimates of backgrounds should be developed by the data-driven
methods.

� Study to ®nd the best formula to estimate the discovery
signi®cance of our analysis.
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