Search for supersymmetry

with a top tagger




Introduction

« Top contributes most to the

quantum correction of Higgs mass
P Dioken S 0000000 AN

» Natural models of SUSY:
sTop mass less than a few TeV



Top tagger

Fully merged
hadronic top jet

0.8 CMS Simulation — Cut-based tagger
Supplementary —— MVA + AK8 combined

— MVA + AK8 monojet category
—— MVA + AKS dijet category
—— MVA + AKS trijet category

CMS + Combined
Simulation u Monojet

Top quark tagger efficiency : '[r,:j;:t
measured in T2tt(850,100)
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Unmerged
hadronic top

Top quark tagging efficiency

200 400 600 800 1000 1200 0 100 200 300 400 500 600 70O B:g%n!i[l%ﬂe;lﬁﬂﬂ
T

pI'ss [GeV]




Baseline and Search Bin

Binning variables

* Njets (pT > 50) = 2
* Njets (pT > 30) = 4
* pTmiss> 250 GeV

« HT> 300 GeV

 Nb > 1

* Nt > 1 with top tagger




MT2

CMS
A special algorithm to Simulation

separate pTmiss into two

parts, associated with two
Tops

36 fb” (13TeV)

QCD

Z+jets

w+jets

ttbar + single t + ttz
Signal_T1tttt_mGluino1200_mLSP800
Signal_T2tt_mStop500_mLSP325
Signal_T1tttt_mGluino1500_mLSP100
Signal_T2tt_mStop850_mLSP100

each signal scaled to total background
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Background estimation

7 _ CMS Simulation Supplementary (13 TeV)
* tt/single top/W+jets (~75%)

Estimated by data driven approach
using translation factors

» Z(v)+jets (~17%)
Estimated by data corrected MC
* QCD (~3%)

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

o ttZ (~2%)
» Rare (~3%)
Estimated from MC




Translation Factor method
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Results

359 b (13 TeV)
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Limits - T2tt

http://cms-results.web.cern.ch/cms-results/public- - c http://cms-results.web.cern.ch/cms-results/public-
results/publications/SUS-16-033/index.html 7 ' results/preliminary-results/SUS-16-050/index.html
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Limits - T1tttt and ThHttcc
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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
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Baseline detail

minilSO
« Nt>1with top tagger - e veto: pT>10GeV, veto ID &#&
« MT2>200GeV o

* [soTrack: e/utrack (rellso< 0.2 &&
pT>5GeV) or mwtrack (rellso< 0.1 &&

» AK4PF jets with CHS: pT>10GeV), MtW<100GeV
Njets(pT>50)>2
g o0 + HBHENoiseFilter, HBHENoiselsoFilter,
* pTmiss> 250 GeV EcalDeadCellTriggerPrimitiveFilter,
« HT> 300 GeV GoodVertices, eeBadScFilter,

_ _ CSCTightHalo2016Filter,
* Ap(j1,2,3, pTmiss) >0.5,0.3,0.3 badPFMuonFilter,
 Nb>1(CSVM) badChargedHadronFilter,
LooseJetID+ PFMET /CaloMET<5

* u veto: pT>10GeV, medium ID &&



MT2 detail

e Also known as The Stransverse Mass
* Author website:
* http://www.hep.phy.cam.ac.uk/~lester/mt2/

for arbitrary momenta we can write,

[

= 'm.Z“" 4 m; + 2(Er Erg cosh(An) — pri - Pry) (7)

I

where Er = /p7 + m? and Ap is the difference in rapidity, n = %111[{:}3 + p.)/(E = p.)],
between between the [ and y.

Now as coshn = 1 we have,

3 Dy Vo a2 s 2 BT - .
m; 2 my(Pri, Prg) = my + mg + 2(EniEry — P Pry)-

15



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

N,>3 & N=1
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Search bins detail

N3 & N=2
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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 A¢p (pTmiss, j1,2,3,4)>0.5

» Cross-check shows good agreement in both electron and muon channels
Electron Channel Muon Channel

3597 (13 TeV) 3597 (13 TeV)

+ Data + Data
I tYW (from single-e) N I /W (from single-p)
Bl Z(vV)t+jets Bl Z(vV)+jets
B QCD = B QCD
B Rare B Rare

Events / bin
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