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Introduction

2

• Top contributes most to the 

quantum correction of Higgs mass

• SUSY broken

• Natural models of SUSY:

sTop mass less than a few TeV

Why sTop? Simplified SUSY models

T2tt T1tttt

T5ttcc



Top tagger

Many thanks to Ken Call for his 

nice introduction of our powerful 

top tagger!
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Baseline and Search Bin

Jets and 𝑝𝑇𝑚𝑖𝑠𝑠:

• 𝑁𝑗𝑒𝑡𝑠 (𝑝𝑇 > 50) ≥ 2

• 𝑁𝑗𝑒𝑡𝑠 (𝑝𝑇 > 30) ≥ 4

• 𝑝𝑇𝑚𝑖𝑠𝑠> 250 GeV

• 𝐻𝑇> 300 GeV

• Δ𝜙 (𝑗1,2,3, 𝑝𝑇𝑚𝑖𝑠𝑠) >0.5, 0.3, 0.3

• 𝑁𝑏 ≥ 1

Lepton veto :

• N𝑒, N𝜇 and N𝜏 = 0

Top reconstruction:

• 𝑁𝑡 ≥ 1 with top tagger

• 𝑀𝑇2 > 200 GeV
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MT2
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MT2: an extension of MT 

(transverse mass)

A special algorithm to 

separate 𝑝𝑇𝑚𝑖𝑠𝑠 into two 

parts, associated with two 

Tops

T2tt



Background estimation

Dominant Backgrounds

• 𝑡 ҧ𝑡/single top/𝑊+𝑗𝑒𝑡𝑠 (~75%)

Estimated by data driven approach 
using translation factors

• 𝑍(𝜈𝜈)+𝑗𝑒𝑡𝑠 (~17%)

Estimated by data corrected MC

• QCD (~3%)

Estimated in data sideband with 
data-normalized translation factors 
derived from MC

Sub-dominant backgrounds

• 𝑡 ҧ𝑡𝑍 (~2%)

• Rare (~3%)

Estimated from MC 6



Translation Factor method
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Control region (CR)
Baseline cut without 

lepton veto

Signal region (SR)
Baseline cut

Ncr (MC) =

number of events 

in MC CR
MC

data

Nsr = number of 

events with gen 

level LL in MC SR

TF = 
𝑁𝑠𝑟

𝑁𝑐𝑟
Ncr (data) = 

number of events 

in data CR

LL background 

prediction = 

Ncr(data) * TF

Lost lepton (LL) events in 𝑡 ҧ𝑡/single top/𝑊+𝑗𝑒𝑡𝑠



Results
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Limits - T2tt
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T2tt

Limits without top tagger
http://cms-results.web.cern.ch/cms-results/public-

results/publications/SUS-16-033/index.html

Limits with top tagger
http://cms-results.web.cern.ch/cms-results/public-

results/preliminary-results/SUS-16-050/index.html



Limits - T1tttt and T5ttcc
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Conclusion and Outlook

• A powerful top tagger is designed and applied in our analysis

• We have elaborately worked out the background

• No statistically significant excess of Standard Model is observed

• The previous limits of the masses of SUSY particles are extended

• Future of our analysis:

Even more powerful top tagger with neural network

Search region expansion, especially at compressed region

Thank you for your attention! 
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Backup slides
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Documentation and team member

Documentation:

http://cms-results.web.cern.ch/cms-results/public-
results/publications/SUS-16-050/index.html

Team member:

Baylor University: K. Hatakeyama, J. Dittmann, H. Liu, J. Pastika, K. 
Call

Fermilab: D. Elvira, J. Hirschauer, N. Strobbe, S. Mrenna

Florida International University: J. L. Rodriguez, J. Yagya

Indian Institute of Science Education and Research, Pune: S. Sharma

National Institute of Science Education and Research, Bhubanewar: K. 
Mandal, S. Swain

University of California, Riverside: J. W. Gary, F. Lacroix, H. Wei

University of Illinois at Chicago: R. Cavanaugh, Z. Wu, H. Wang

University of Puerto Rico Mayaguez: S. Malik, S. Norberg, A. Abreu
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Baseline detail

Top reconstruction: 

• 𝑁𝑡≥1with top tagger

• 𝑀𝑇2>200GeV 

Jets and 𝑝𝑇𝑚𝑖𝑠𝑠: 

• AK4PF jets with CHS: 
𝑁𝑗𝑒𝑡𝑠(𝑝𝑇>50)≥2

𝑁𝑗𝑒𝑡𝑠(𝑝𝑇>30)≥4

• 𝑝𝑇𝑚𝑖𝑠𝑠> 250 GeV

• 𝐻𝑇> 300 GeV

• Δ𝜙(𝑗1,2,3, 𝑝𝑇𝑚𝑖𝑠𝑠) >0.5,0.3,0.3

• 𝑁𝑏≥1(CSVM)

Lepton/track veto:

• 𝜇 veto: 𝑝𝑇>10GeV, medium ID && 

miniISO

• 𝑒 veto: 𝑝𝑇>10GeV, veto ID && 
miniISO

• IsoTrack: 𝑒/𝜇track (relIso< 0.2 && 
𝑝𝑇>5GeV) or 𝜋track (relIso< 0.1 && 
𝑝𝑇>10GeV), 𝑀𝑡𝑊<100GeV

Noise cleaning:

• HBHENoiseFilter, HBHENoiseIsoFilter, 
EcalDeadCellTriggerPrimitiveFilter, 
GoodVertices, eeBadScFilter, 
CSCTightHalo2016Filter, 
badPFMuonFilter, 
badChargedHadronFilter, 
LooseJetID+ PFMET/CaloMET<5
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MT2 detail

• Also known as The Stransverse Mass

• Author website:

• http://www.hep.phy.cam.ac.uk/~lester/mt2/
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Search bins detail

• 84 search bins in 𝑁𝑏, 𝑁𝑡, 𝑝𝑇𝑚𝑖𝑠𝑠, 𝑀𝑇2/𝐻𝑇

• 𝑁𝑏, 𝑁𝑡=1,2: Targeting T2tt, each block is binned in 𝑝𝑇𝑚𝑖𝑠𝑠, 𝑀𝑇2

• 𝑁𝑏 or 𝑁𝑡≥3: Targeting T1tttt, each block is binned in 𝑝𝑇𝑚𝑖𝑠𝑠, 𝐻𝑇
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Search bins detail
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LL validation

• Data sideband selected using full baseline selection except 𝑁𝑏≥2, 𝑁𝑡=0, 
and a stricter cut to reduce QCD of Δ𝜙 (𝑝𝑇𝑚𝑖𝑠𝑠, 𝑗1,2,3,4)>0.5

• Cross-check shows good agreement in both electron and muon channels 

Electron Channel Muon Channel
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