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Motivation: SM Perfect? 
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 Going back in time to 2012… 
 Discovery of a Higgs-like particle with 

mass of ~125 GeV! 
 

 Biggest remaining piece to complete the 
Standard Model 
 

 However, we know there are some things 
the SM doesn’t explain 
 Dark matter 
 Divergences in quantum corrections 

to the Higgs mass 

PRLB 716 (2012) 30 

http://arxiv.org/abs/1207.7235


Motivation: SUSY 
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 Supersymmetry (SUSY) introduces a symmetry between fermions and bosons 
 Physically means new supersymmetric partners to all the of the particles in the 

standard model differing in spin by ½ 
 

 Must be a broken symmetry as we haven’t seen these particles yet such that their 
masses must be much higher than their SM counterparts (i.e. we need more energy!) 

Dark 
Matter 
Candidate! 

 SUSY has the capability to help solve some 
of the issues with the SM 
 Assuming R-parity conservation the 

lightest supersymmetric particle(LSP) 
must be stable and provides a natural 
dark matter candidate 

 Cancellations with SM particles can 
remove divergences in loop 
corrections to Higgs mass 



Motivation: SUSY with SS Dileptons 

5 11/13/2015 2015 USLUA Meeting: Lightning Round Talk 

 Why do we search for SUSY with SS dileptons? 
 

 Leptons offer a clean detector signature with high resolution 
 Many important discoveries were made with leptons (JPsi, W/Z,top,Higgs) 
 Low pT leptons can target low mass splitting scenarios 

 
 Specifically SS dileptons greatly reduce SM background by orders of magnitude  

OS to SS 

Orders of 
magnitude 
less 
background! 

CMS PAS SUS 13-005 
μ μ μ μ 

http://cds.cern.ch/record/1547780
http://cds.cern.ch/record/1547780
http://cds.cern.ch/record/1547780


Analysis Strategy 

6 11/13/2015 2015 USLUA Meeting: Lightning Round Talk 

 Based on comparing the number of observed events to the expectations from the SM 
 Done in several signal regions which are orthogonal (statistically uncorrelated) and 

defined by discriminating kinematic variables 
 HT (Scalar sum jet transverse momentum ) 
 ET

miss  (Vector sum of event transverse momentum) 
 N jets 
 N b-tagged jets 
 MT (combination of lepton pT and ET

miss) 
 New for this year’s analysis 
 Improves rejection of                                                                                

background leptons 

 To do properly understanding the 
backgrounds well is a must 
 

 For this analysis we have 3 major 
sources 
 Non prompt leptons (fakes) 
 Rare SM processes 
 Charge misidentification 

JHEP 01 (2014) 163 

http://arxiv.org/abs/1311.6736


Backgrounds: Non-Prompt Leptons 
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 Leptons from non-prompt sources(heavy flavor 
decay, misidentified hadrons) can mimic our prompt 
lepton signal by passing all ID and isolation 
requirements 
 Our main background and the hardest to 

estimate 
 

 To estimate this effect we calculate a ‘fake-rate’ in a 
region dominated by non-prompt leptons (QCD) 
 Fake-rate = the ratio of leptons passing full 

selection to those passing a looser selection 
 Basically a probability that a lepton passing a 

loose selection will also pass the full ID and 
isolation 

 
 This ‘fake-rate’ is applied to an application region 

which is orthogonal to our signal region  
 From this we get an estimation of fake leptons 

entering our signal regions 



Backgrounds: Rare SM Processes 
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 The SM has processes the produce our signal of 
prompt SS dileptons in the final state 
 Irreducible background 

 
 These backgrounds are handled with MC 

predictions validated with data-driven 
procedures 
 Main contribution comes from WZ 

production 
 Agreement between data and MC is checked 

in a control region 
 SFs needed to normalize MC to data taken 

as systematic uncertainty in prediction 



Backgrounds: Charge MisID 
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 Only relevant for electrons and the smallest background overall (of order a couple 
percent) 

 Measured by selecting opposite-sign ee or eμ events passing full kinematic 
selection then reweighting them by a pT and η dependent  flip rate  
 Flip rate measured with DY + ttbar MC (with generator matching requirements) 

then validated with control sample of Z -> ee events 

CMS DP -2015/035  

file:///C:/Users/Matt/Downloads/DP2015_035.pdf
file:///C:/Users/Matt/Downloads/DP2015_035.pdf
file:///C:/Users/Matt/Downloads/DP2015_035.pdf


Previous Results 
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 Due to no deviations from the SM in signal 
region yields the 8 TeV analysis could only set 
exclusion limits in the context of simplified 
models 
 

 Assuming a particular production and decay 
mode an upper limit on the cross section can 
be calculated and exclusion limits set  

 
 To the right are the limits set for digluino 

production decaying 100% to 4 tops and two 
LSPs 
 Rules out gluino masses up to roughly 1 

TeV 
 

 Because we increase center of mass energy  to 
13 TeV this year we hope to find evidence of 
SUSY or push limits of exclusion into the ~2 TeV 
range  

JHEP 01 (2014) 163 

http://arxiv.org/abs/1311.6736


So Far This Year 
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 Have been able to analyze ~1.2 fb-1 (42 pb-1 approved) of 13 TeV data which is 
allowing us to validate our data driven methods at this higher energy 
 

 Below are plots of our lepton isolation and MT variable  
 Data is matching MC expectations 
 Showing we understand the objects we use to ID and classify events 

CMS DP -2015/035  

file:///C:/Users/Matt/Downloads/DP2015_035.pdf
file:///C:/Users/Matt/Downloads/DP2015_035.pdf
file:///C:/Users/Matt/Downloads/DP2015_035.pdf


Summary 
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 This year opens a new energy frontier and it’s an exciting time to be searching! 
 

 Supersymmetry is a well motivated theory that offers solutions to some of the SM’s 
failings 
 

 Searching for this new physics with same-sign dileptons offers a clean detector 
signature with a large reduction in SM background 
 

 So far this year we’ve been able to analyze a small portion of the data allowing us to 
validate our data-driven background estimation methods 
 

 Looking forward to the rest of this years data aiming to have a full result to be 
released at the CMS December Physics Jamboree 



Backup 
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Fake Lepton Background 
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Method: 
 Step 1: Measure probability ‘f’ for a 

non-prompt lepton or misidentified jet 
to be promoted from fakeable WP to 
tight WP 

 Step 2: Consider an application region 
with SS lepton pair with one tight and 
one loose but not tight  

 Step 3: Weight the events from step 2 
according to probability ‘f’ 



R-Parity 
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Multiplicative quantum number 
SM particles PR = +1 
SUSY particles PR = -1 

 

LSP 
𝒒 

𝒒  

𝑷𝑹 = (−𝟏)𝟑 𝑩−𝑳 −𝟐𝑺 



Leptonic vs Hadronic Search 
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Leptonic search 
More sensitive to 

low mass splitting 
between SUSY 
particles 
 

 Hadronic search 
 Sensitive to higher 

gluino masses and 
larger mass 
splitting  

JHEP 01 (2014) 163 

http://arxiv.org/abs/1311.6736


SS Dileptons From SUSY 
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MT Min 
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 By selecting the minimum MT value of our two leptons we should get a value less 
than MW for ttbar like events 

 Cutting on MT min > 100 GeV reduces the ttbar background while maintaining 
decent signal efficiency 



Other Previous Results 
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JHEP 01 (2014) 163 

http://arxiv.org/abs/1311.6736

