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K I N E M AT I C  VA R I A B L E S

• Growing industry of constraining this under-constrained system with very 
powerful observables 

• e.g. MT2, MCT, Razor Variables 

• Huge BSM programs from ATLAS and CMS using these techniques 

• Extremize on a global view of event 

• Recursive Jigsaw Reconstruction (RJR): a recipe for assigning 4-vectors to the 
invisible particles to constrain system at each step of decay 

• To build a suite of complementary variables 

• A significant extension of Super-Razor 

• See Paul Jackson’s talk for more info on RJR basis construction
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E.g. can look in these frames

and only use this information

and save this information for 
constructing other variables
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2 x  ~ g→b bχ 0

• Define observables using only information from each step 

• e.g. Zero-th level variables only look at (bb)1+
(bb)2+Invisible frame 

• Calculate vars from broad information about P1 and P2
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L a b

P P
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C 1 C 2V A 1 V A 2

… ~ g→b bχ 0

• First level variables only look at (bb)i+Invi 

• These are calculated from aggregate info from V and C 

• Not yet using structure of the “child”~”sbottom” system!
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… ~ b→bχ 0

• Break up (bb)i+Inv → bi1+(bi2+Inv) by similar mass 
minimization 

• New mass scale of bi2+Inv system 

• Calculated in the bχ proxy frame
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C O R R E L AT I O N S

• But these are computed in different 
hemispheres and frames 

• There is new information in each handle
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bχ Mass Proxy
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S C A L E - I N D E P E N D E N C E

• 4-vectors defined in decay frames 

• In addition to masses, there are many angles and ratios 

• Boosts factorize out mass-dependence 

• Sensitive to e.g. spin or compatibility with decay topology
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S C A L E - I N D E P E N D E N C E

• To make a scale-independent analysis, let these variables do some of the heavy lifting 

• This should then give sensitivity across a wide range of masses 

• By construction these are uncorrelated with the mass scales
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1.5 TeV ~g, 
1 TeV ~b, 

100 GeV LSP
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T E S T  S I G N A L  R E G I O N
• Selection 

• 4 “medium” b-tags, 3 “tight” b-tags 

• π/4 < ∆ϕ(~g~g DecayPlanes) < (2-1/4)π 

• cosθg1 > -0.95, cosθg2 < 0.85 

• cosθb1,2 < 0.975 

• Gluino 1 mass scale > 200 GeV, Gluino 2 mass scale > 180 GeV 

• Sbottom 1 mass scale > 60 GeV 

• Gluino+Gluino mass scale > 2 TeV 

• No requirement on MET
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T E S T  S I G N A L  R E G I O N
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• No explicit MET cut 

• Instead, use MET information to build 
other discriminators 

• But is a super-rough region that could 
benefit much from optimization 

• Could benefit from e.g. shape fit in 
Gluino+Gluino mass scale

• Selection 

• 4 “medium” b-tags, 3 “tight” b-tags 

• π/4 < ∆ϕ(~g~g DecayPlanes) < (2-1/4)π 

• cosθg1 > -0.95, cosθg2 < 0.85 

• cosθb1,2 < 0.975 

• Gluino 1 mass scale > 200 GeV, Gluino 2 mass scale > 180 GeV 

• Sbottom 1 mass scale > 60 GeV 

• Gluino+Gluino mass scale > 2 TeV 

• No requirement on MET

{
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• Sensitivity decreases with gluino-production cross section as expected 

• But it’s pretty independent of LSP mass 

• And very independent of sbottom mass 

• Cutting hard on e.g. jet pTs or MET would have killed sensitivity for small mass splittings 

• Instead, after 5 fb-1 of LHC14, >4σ sensitivity to a 1.5 TeV gluino for low gluino-sbottom and 
sbottom-LSP mass splittings

m~bm~g



C O N C L U S I O N S

• Preliminary results for a preliminary technique 

• A new method of starting from scratch to get at all of the 
kinematic information available in these signatures 

• A few papers forthcoming for technique and applications 

• See Paul Jackson’s talk Thursday for more background on 
this technique 

• Hopefully these techniques will help find SUSY in LHC Run 2
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A N A LY S I S  S A M P L E S

• Using Snowmass background samples 

• Privately generated signal samples 

• SoftSUSY-Sdecay for spectrum 

• MG5 + PYTHIA6 + Delphes 3 

• PYTHIA+Delphes config to match Snowmass samples 

• In agreement with LHC SUSY XS Working Group: 

• 1.5 TeV Gluino Pair Production XS = 0.0219 pb 

• 1.7 TeV Gluino Pair Production XS = 0.00757 pb 

• 2.0 TeV Gluino Pair Production XS = 0.00170 pb
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P R E S E L E C T I O N

• Event Preselection 

• No MET Cut 

• ≥4 jets 

• Jet pTs: (pT1,pT2,pT3) > (120, 100, 60) GeV 

• Exactly 0 Leptons 

• 4 Medium BTags, 2 Tight BTags
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