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Supersymmetry (SUSY) 
(partially) comes to the rescue of the 
SM

For every SM particle...
...a super-partner (and more).

Taming the Higgs mass...

...uniting the forces...

...yielding Dark Matter.

But does it exist?
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MSSM particle content
SM fermions have scalar superpartners, 
squarks and sleptons. 

SM bosons have 
fermionic superpartners.
The higgsinos, winos and binos
mix giving us mass eigenstates 
neutralinos and charginos



5Maiken Pedersen University of Oslo06/14/08

mSUGRAs 5 parameters & 
benchmark points
• A_0 - Yukawa coupling 

parameter
• sign of mu Higgs mass 

parameter
• tan beta, ratio of vacuum 

expectation values
• m_1/2 fermion mass at GUT 

scale
• m_0 scalar mass at GUT 

scale

– >Completely determines mass 
hierarchy

– >Benchmark points chosen from 
experimental and cosmological 
considerations
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mSUGRA parameter space with 
theoretical and cosmological 
exclusion/inclusion areas
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mSUGRA benchmark points

[GeV]

Masses
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Final states of an 
R-parity conserving MSSM

If scalar masses not too  heavy, squark and gluino 
production will dominate at LHC
Final states in a supersymmetric event will often be 

 hard jets from decay of gluinos and squarks
 leptons from chargino, neutralino and slepton 

decay
 Missing transverse energy (etmiss) from 2 

LSPs, one from each leg in an R-parity 
conserving MSSM

 ATLAS will search for general signatures, 
these will include
 etmiss
 etmiss+jets
 etmiss+jets+ 1, 2 or 3 lepton channel
 ...and more
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Opposite sign di-lepton channel
+jets, emiss - Motivations, SM background

• MotivationsMotivations:

– All the SUSY di-lepton events are considered signal

– Large part of the SM background can be suppressed 

• SM backgroundSM background

Leptonic ttbar production, W and Z production important SM backgrounds

Z and W production will give leptons, jets, and missing transverse energy, but not all final-states 
at the same time. 

Using event requirements of a certain number of jets, at least 2 opposite sign leptons AND 
missing transverse energy almost totally removes this background.

– The 2-lepton requirement efficiently removes the QCD background and the hadronic W and 
Z background

We are left with the (semi) leptonic t-tbar background, which we can reduce with appropriate 
event requirements.

Z
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Leptons define our signal-
lepton definition important
 Leptons come from various sources.

− jets
− photon conversion
− gauge boson decay gauge boson decay 
− slepton, chargino, neutralino decayslepton, chargino, neutralino decay (Susy decay)

 We are interested in the last two for our purposes -> primary 
leptons. The others will be called secondary

− >Need to select the primary leptonsprimary leptons

 Transverse momentum of lepton, secondary leptons
more often have low transverse momentum

 Amount of activity around the lepton can indicate 

what type of lepton we have – ISOLATION, use 

calorimeter based isolation (calorimeter based isolation (etcone20))

amount of energy within a cone of Delta R, amount of energy within a cone of Delta R, 

required to be smaller than a chosen  valuerequired to be smaller than a chosen  value

DeltaR 
lepton
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Inclusive search method in the Inclusive search method in the 
opposite sign di-lepton channelopposite sign di-lepton channel

Use general event selection cutsevent selection cuts  selecting event with opposite 
sign di-leptons, quarks and large missing transverse energy, 
not too model dependent

Use the effective mass MEFFMEFF as discovery variable of SUSY 
opposite sign dilepton channel. MEFF good approximation of 
the SUSY mass scale, missing transverse energy (emiss) + 
sum of 4 hardest jet p_T:

∑
i=1 

4
jet i pTMEFF= emiss + 
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Number of jets, p_T of hardest jet, etmiss, 
etmiss/MEF - after precuts of 2 leptons, 
etmiss>100GeV + 2 jets 
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Event selection cuts

• A set of event 
selection cuts 
chosen out from 
signal efficiency 
consideration, and in 
order not to optimize 
on one mSUGRA 
scenario

->want to keep the 
analysis fairly 
model independent

1) >=2 OS leptons

2) p_T(lep1) >20 GeV
      
      p_T(lep2) >10 GeV

3) Lepton isolation
a) etcone20< 10 GeV
b) normalized etcone20

<0.05

SELECTION CRITERIA

4) 3 jets
5) p_T(jet 1)     >100 GeV
 
       p_T(jet 2,3)  >50 GeV

6) emiss >150 GeV
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S/sqrt(B + (0.2B)^2)S

S/sqrt(B)S

S/sqrt(B)
close up

S/sqrt(B + (0.5B)^2)S
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OPPOSITE SIGN SAME FLAVOUR 
CHANNEL, EXCLUSIVE SEARCH

The opposite sign same flavour channel exhibits feature of background --> 0 
(except Z boson production, but this is removed by event selection cuts)

SF=SF(corr) + SF(noncorr) 

OF=OF(noncorr) 

corr- correlated di-leptons, noncorr- nonncorrelated di-leptons.  c

Flavour subtraction: 

• Use the significance (SF-OF) / sqrt(2OF) as the discovery measure. The statistical error 
in B is sigma(B)=sqrt(SF(uncorr) – OF(noncorr) ) ~ sqrt(2OF(noncorr) since 

SF(uncorr) ~ OF(uncorr)

since the uncorrelated 
SF and OF cancel

SF-OF = SF(corr)
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Invariant masses – relation 
between masses in the decay chain
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Invariant mass of two 
opposite sign, same flavour leptons

SU1 SU2

SU3 SU4
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Significances SF-OF dilepton channel
1fb^{-1}

NOTE:
• To actually calculate 

masses from the 
endpoints, we need 
additional invariant 
masses, pairing jets and 
leptons. 

• Inverting the invariant 
mass formulas then give 
us the masses of the 
particles in the decay-
chain

– This is work in 
progress
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Attempt of improving the lepton isolation
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Efficiency
R
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Calorimeter lepton isolation 
comparison
 
 
 
 

electrons

• Standard lepton isolation quite 
crude, 

– etcone20<10GeV
– has low rejection power

• Attempt of improving lepton 
isolation led us to consider the 
normalized etcone.

• Track based lepton isolation also 
seems promising, but this is work 
in progress, and is not reported 
here (in collaboration with 
Katarina Pajchel). 
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S/sqrt(B)

S/sqrt(B)
Close up

S/sqrt(B + (0.2B)^2)

Lepton isolation
normalized etcone20 < 0.05
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SF-OF significance comparison
2 different isolation requirements
10fb^{-1}
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Conclusion and outlook
• Even with non-optimized cuts, discovery in the OS inclusive channel 

seems plausible for many of the mSUGRA benchmark points, 
especially SU3 and SU4 have good prospects, but also SU1 and 
SU6. More luminosity needed for SU2 and SU8. (2-lepton mode not 
an optimal search-channel for SU2)

– However, early discovery in the OS channel is strongly dependent on the 
background estimation for low cut values in MEFF. For hard cuts, the 
dependency is greatly reduced. -> Hard cuts important when background uncertainty 
large in order to reduce effect of systematic terms.  

– We saw, however that even with a ttbar background uncertainty of 20% discovery of 
new physics in the opposite sign di-lepton channel could be possible for some 
scenarios.

• Exclusive search, show even with non-optimized cuts sf-of excess.
– Good significances except forSU2 and SU8, and fits can be attempted for SU4 and 

SU3 end-points even for 1fb^{-1}.
• Need more luminosity for realistic background at 10 fb^{-1}. 
• Studies will be continued on the alternative lepton isolation, fits of 

invariant masses will be done in order to verify if a cleaner sample 
obtained by using normalized etcone or trackbased isolation gives a 
better end-point measurement 
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BACKUP SLIDES
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EVENTS WITH 
2 OS LEPTONS

PT LEP1>10GeV
PT LEP2 >10GeV

EVENTS WITH 
2 OS LEPTONS

PT LEP1>20GeV
PT LEP2 >10GeV

lepton p_T [GeV]

lepton p_T [GeV]
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Etcone20 variable 

Electrons
Muons
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When lower pt cut pt>10GeV, eff*rej overall 
higher, rej factor goes down since a large amout
of secondaries already are rejected with the pt cut
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Cutflow tables
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Secondary leptons failing etcone isolation
etcone20<10GeV: 17%
netcone20<0.05: 32%

28% less secondaries in netcone20

Primary leptons passing etcone isolation 
etcone20<10GeV: 98%
netcone20<0.05:  98%

13% less primaries in netcone20

2 isolation requirements 
1) etcone20<10GeV 
2) netcone20<0.05

1)

2)

Lepton multiplicity after event selection of 2 os isolated leptons
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Invariant mass flavour subtracted

SU3 SU4

SU2


