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  Dijet pair production (stop-stop) via the UDD coupling as an 
RPV scenario can be directly tested  

  No MET requirements, and stop-stop model               
accessible with minimal model assumptions 

  Natural RPV SUSY allows for a stop mass up                
to around 500 GeV (currently not excluded) 

                   arXiv:1209.0764 [JHEP 1304 (2013) 028] q 

q 

q 
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  The LHC has a large and extensive dijet program, however, 
the standard dijet bump hunt is not very sensitive to paired-
dijet resonances: 

  6 combos of dijet pairs (instead of 1) greatly reduces sensitivity 
  No additional MET/lepton requirements means that there’s no 

avoiding a huge QCD background 
  Possible for all-hadronic resonances to be hiding in plain sight 
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  First search for paired dijet resonances from CMS at 7 TeV: 
  Benchmark model is pair-produced colorons [PLB 670, 119 (2008)] 

Signature Selection 
 High Jet Multiplicity (≥ 4 Jets) 
 4th Jet pT  > 110 GeV 

Find pair with smallest mass 
difference:  
      | Dijetjk – Dijetmn | 
      (Dijetjk + Dijetmn)/2 

For each dijet in the best 
pair, construct Δ: 

	
Δ = Σ1,2 pT – MAVG 

Where MAVG = (Dijetjk + Dijetmn)/2 

Construct the 3 dijet mass 
pair combinations in event: 

Dijet12    Dijet34 
Dijet13   Dijet24 
Dijet14   Dijet23 

6/30/2013	  

3	  
Dan	  Duggan	  



Snowmass:	  Sea+le	  Energy	  Fron2er	  Workshop	  

  First search for paired dijet resonances from CMS at 7 TeV: 
  Benchmark model is pair-produced colorons [PLB 670, 119 (2008)] 

Signature Selection 
 High Jet Multiplicity (≥ 4 Jets) 
 4th Jet pT  > 110 GeV 
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Find pair with smallest mass 
difference:  
      | Dijetjk – Dijetmn | 
      (Dijetjk + Dijetmn)/2 

For each dijet in the best 
pair, construct Δ: 

	
Δ = Σ1,2 pT – MAVG 

Where MAVG = (Dijetjk + Dijetmn)/2 

Require for each dijet 
  in pair: Δ > 25 GeV 

Construct the 3 dijet mass 
pair combinations in event: 

Dijet12    Dijet34 
Dijet13   Dijet24 
Dijet14   Dijet23 
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  Sensitivity to RPV stops just out of reach for 2011 CMS analysis: 
  Background described by a smoothly-falling (4-parameter) function 

   Things look up with (much) higher energies and more data… 5	  
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  Considering the 14 TeV scenario with 300 fb-1, 3000 fb-1 

  To do this, we used the Delphes simulation framework 
  More robust than simply scaling the 7 TeV results 
  Using idealized generic upgrade detector geometry 

  All signal simulation generated by Rutgers theorists 
  RPV stop masses generated: 100 GeV – 1 TeV in 50 GeV steps 
  We assume 100% branching ratio of each stop to 2 jets 

  Deriving cross section limits: 
  Include a JEC uncertainty on each jet of 1, 3, or 5% 

  No QCD background available from simulation 
  So we use a data-inspired method to estimate the background 

levels 
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  Because no Delphes QCD background is available 
  Background shape taken from CMS 7 TeV result + scaled 

  We use two scenarios for the background scaling: 
1.  Nominal: ratio of Top cross section from 14 TeV to 7 TeV 
2.  High: ratio of Top cross section 14 to 7 TeV + 40% 

Technique: 
4-parameter function is fit to the 
average dijet mass distribution: 

Then normalization (P0) is scaled 
according to the scenarios below 
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JEC 1%, Nominal 
Background 

JEC 1%, 
High Background 

JEC 3%, Nominal 
Background 

JEC 3%, 
High Background 

JEC 5%, Nominal 
Background 

JEC 5%, 
High Background 
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  Study uses values inspired by the 7 TeV CMS analysis: 
  Re-optimization in Delphes study yields similar results 

  6 scenarios considered to quantify the range in limits 
expected: 
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  Study uses values inspired by the 7 TeV CMS analysis: 
  Re-optimization in Delphes study yields similar results 

  6 scenarios considered to quantify the range in limits 
expected: 

JEC 1%, Nominal 
Background 

JEC 1%, 
High Background 

JEC 3%, Nominal 
Background 

JEC 3%, 
High Background 

JEC 5%, Nominal 
Background 

JEC 5%, 
High Background 

Optimistic 

Pessimistic 
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 Snowmass studies using Delphes framework: 
  Background shape derived from data–scaling 

  Limits produced in the context of six data scenarios 
for a realistic range of sensitivity 

  With at least 300 fb-1 of data at 14 TeV, we should be 
able to make a strong(er) statement about natural 
SUSY 

  With even more data (3000 fb-1), we can hopefully 
remove any lingering doubts 
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