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Third Generation (3G)

Increase in centre-of-mass-energy
 LARGE cross section increase
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GENERIC 3G ATLAS SUSY SEARCHES :

◦ Search for direct production of stop/sbottoms

◦ Optimise for specific signatures 
e.g.  𝑏 𝑏 → 𝑏𝑏 + 𝐸𝑇

𝑚𝑖𝑠𝑠

◦ Interpret for simplified models, generally with 100% 
BR

◦ Additionally interpret for more complex models 
(mixed BR, Natural pMSSM etc.)



3G: Sbottom Analysis

• Main background from  Zg →  𝜈𝜈 𝑏𝑏 (Z+jets)
◦ Other backgrounds: W+jets, 𝑡  𝑡 + 𝑋, SingleTop, diboson

◦ MC used to estimate backgrounds  normalised in 
control regions (1L, 2L)  + alternative data-driven Z 
estimation

Analysis Strategy

• Targeting simplified model where   𝑏  𝑏 → 𝑏𝑏  𝜒1
0  𝜒1

0 with 
100% branching ratio

• 2 b-jets , large 𝐸𝑇
𝑚𝑖𝑠𝑠,  0 leptons (0L)

• Two SR types:

• SRA: “bulk” region with large Δm  𝑏,  𝜒1
0

• Kinematics cuts on 𝑚𝐶𝑇(𝑏𝑏) and  𝑚𝑏𝑏 to 
increase S/B ratio

• SRB: diagonal region with small Δm  𝑏,  𝜒1
0

• Exploits ISR topology (high 𝑝𝑇 jet recoiling 
against the  𝑏  𝑏 system)

ATLAS-CONF-2015-066
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SRA

https://cds.cern.ch/record/2114833


3G: Stop 1 Lepton
• Two models considered  (with 1L* from a top decay )

◦  𝑡  𝑡 → 𝑡𝑡  𝜒1
0  𝜒1

0  𝑔  𝑔 → 𝑡𝑡  𝜒1
0  𝜒1

0

ATLAS-CONF-2016-007 Mild excess observed in SR1
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• Main backgrounds come from 𝑡  𝑡,  SingleTop(W𝑡),  𝑡  𝑡 + 𝑍 →  𝜈𝜈 , 
W+jets and DiBoson (VV)

• SRs are differ with 𝐸𝑇
𝑚𝑖𝑠𝑠 and leading fat jet requirements + more

◦ See backup for more detail

*lepton ==  electron or muons, not hadronic taus!

https://cds.cern.ch/record/2139641


3G: Stop 1 Lepton
• Limits set on the gluino, stop and neutralino masses

ATLAS-CONF-2016-007
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https://cds.cern.ch/record/2139641


3G: Stop 2 Lepton
• This analysis considers the scenario in which direct stop production results 
in a final state containing large 𝐸𝑇

𝑚𝑖𝑠𝑠 and two leptons (OC)
◦  𝑡  𝑡 → 𝑏𝑏  𝜒1

±  𝜒1
∓ ;        where m  𝑡 − 𝑚  𝜒1

± > 𝑚 𝑏

• Main backgrounds come from 𝑡  𝑡, Diboson(VVllvv) , Other Multi V, 𝑡  𝑡 +
V, Others from fakes, higgs, Z+jets

• Control regions for 𝑡  𝑡 and SF leptons

• 𝑚𝑇2 𝑙𝑙 variable used to discriminate signal from background
◦ Two SRS for SF and DF
◦ Used to make CRs orthogonal to SRs as well as 𝑚𝑙𝑙

ATLAS-CONF-2016-009
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CRSF
SRSF

https://cds.cern.ch/record/2139643


3G: Stop 2 Lepton ATLAS-CONF-2016-009
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Chargino mass = stop mass – 10 GeV Chargino mass =2*neutralino mass

https://cds.cern.ch/record/2139643
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◦ R-hadrons composed of gluinos/stops/sbottoms with life time O(ns) (meta-
stable) and  life times >50ns (stable – escape detector)   

◦ Direct detection from: Pixel Ionisation energy loss (dE/dx)
◦ Analysis improved with new insertable b-layer (IBL)

◦ Interpreted in terms of mass, cross-section, life-time
◦ Existence favoured by split-SUSY

Long Lived Particles (LLPs)



LLPs: Massive Long Lived Particles
• “Mass” can be determined by solving Bethe-Bloch distribution, 
MPV of the LLPs’ 𝛽𝛾

◦ 𝑝𝑖 − calibration constants from low momentum pions, kaons, protons

• Two SRs for stable and metastable LLPs
◦ High ionisation requirement

◦ Large 𝐸𝑇
𝑚𝑖𝑠𝑠>130 GeV

◦ 𝑝 > 150 GeV

◦ Muon veto for metastable 

• Background estimated in a data-driven way, taking the shape of 
key variables in two control regions

◦ Inverted ionisation requirement

◦ Inverted 𝐸𝑇
𝑚𝑖𝑠𝑠

Paper submitted to PRD: 1604.04520
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Improvement with IBL on

http://arxiv.org/abs/1604.04520


LLPs: Massive Long Lived Particles Paper submitted to PRD: 1604.04520

Stable
SR

Meta
stable
SR
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http://arxiv.org/abs/1604.04520


Conclusions
• Brief overview of the (so far public) Run-II searches for 3G SUSY and LLPs

• Third Generation searches for supersymmetry  direct pair production of stop and sbottom

◦ Searches in 0 lepton final states for sbottoms  ATLAS-CONF-2015-066

◦ Searches in 1 lepton final states for stops ATLAS-CONF-2016-007

◦ Searches in 2 lepton final states for stops ATLAS-CONF-2016-009

• LLPs – (meta)stable massive particle searches for R-hadrons  1604.04520

• https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

• Lots more 3G and LLP analyses to be published within the next year

◦ Stay tuned!
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https://cds.cern.ch/record/2114833
https://cds.cern.ch/record/2139641
https://cds.cern.ch/record/2139643
http://arxiv.org/abs/1604.04520
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults


Thanks for listening 
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Backup
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ATLAS SUSY – This Talk 

I’ll be focusing on Run-II results 
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What we see
• 𝐸𝑇

𝑚𝑖𝑠𝑠

◦ Missing transverse 
momentum

◦ Neutrinos or mystery 
particles ?? Dark matter??

• Muons

• Jets
◦ Cascades of particles in the 

detector 

◦ Arising from hadronisation of 
partons

• Electrons

• Photons

Transverse slice of the detector 

• Tracking/Measuring

• Toroid Magnet

• Measuring
◦ Energy deposition

◦ Amount of curvature 
in magnetic field

• Solenoid Magnet

• Tracking

On average we see 14 p-p interactions every 25ns
Not all is recorded, only “interesting”
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Run-I Legacy
• Combined limits • pMSSM scan

•Much more interpretation to come in Run-I
pMSSM, mixed BR simplified models etc. 

09/05/2016 PHENO 2016 16



Sbottom 0L



Sbottom 0L



Sbottom 0L



Stop 1L



Stop 1L



Stop 1L



Stop 1L



Stop 1L



Stop 2L



Stop 2L



LLPs



LLPs

• Metastable SR



LLPs
• Control regions

◦ Inverted isolation requirements and met

•Data-driven template



LLPs
• 95% CLs low limit on gluino masses



LLPs



IBL 


