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Outline  

•  Introduction 

•  Recent search results at CMS 
§  Exotics searches with γ/e/µ/tau/jets/MET 
§  Exotics searches with boost objects (W/Z/H/top) 
§  Exotics searches with other signature 

•  Summary 
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Motivation of exotics searches @ CMS 

•  SM is very successful but incomplete 
§  Tells us how but not why 
§  Not cover gravity, dark matter, dark energy etc 

•  Exotics and SUSY are possible extensions of SM 
§  Provide answers to pheno that not explained by SM 
§  Only cover exotics in this talk 

•  LHC is the energy frontier: Ecm =13 TeV now 
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Data collection @ CMS 
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•  An exciting year with 20 fb-1
 @ 

13 TeV data collected to date   



Aug16, 2016 Exotics searches @ CMS H. ZHANG@ISHBSM 

Understanding of physics objects of 2016 data 
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Photon MVA ID 

Electron MVA ID 

Muon ID 

MET 

Jet 

W-tag 

Top-tag 
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SM @ 13 TeV 

6

•  Well simulated, measured and understood 
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All results at: http://cern.ch/go/pNj7
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Theory prediction
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CMS exotic searches overview 
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•  More than 100 publications 
•  No significant excess observed 
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Scope of this talk 

•  Most recent updates of exotics searches from CMS 
§  Extra dimensions 
§  Compositeness 
§  New Gauge Bosons: Z’, W’ 
§  Quark substructures 
§  Long lived particles 
§  Displaced e/µ 
§  … 

•  Will not cover SUSY 
§  Dark matter results will be covered by Francesca Ungaro’s talk  

•  Can not cover all recent updated results 
§  Selected results by personal preferences 
§  Apologize for results not shown here 
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Exotics Searches with  
γ/e/µ/tau/jets/MET 
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Dijet searches (1) 

•  Total Luminosity:  
§  12.9 fb-1 @ 13 TeV (2016) 

•  Final state: J+J 
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•  Background fitted: 
•  Narrow width signal checked   

EXO-16-032 
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Dijet searches (2) 

•  Search dijet resonances of 
§  String (qg) 
§  Scalar diquark(qq) 
§  Axigluon/coloron(qqbar) 
§  Excited quark(qg) 
§  Color-octet scalar(gg) 
§  W’ (qqbar) 
§  Z’ (qqbar) 

§  RS Graviton(qqbar,gg) 

•  No sign of excess 
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EXO-16-032 
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Dilepton searches 
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EXO-16-031 

•  Total Luminosity:  
§  ee: 12.4 fb-1 @ 13 TeV (2016) 
§  mm: 13.0 fb-1 @ 13 TeV (2016) 

•  Final state: l+l 
•  Background from MC prediction 

§  Normalized to 60<mll<120 GeV 

4.0 3.5 
No excess 
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Z’+jets searchs 
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•  Total Luminosity:  
§  2.7 fb-1 @ 13 TeV (2015) 

•  Final state: JJ+J 
•  Search leptophobic vector Z’  

§  In the [100,300 ] GeV range 

EXO-16-030 
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γ+jets searches 
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•  Total Luminosity:  
§  2.7 fb-1 @ 13 TeV (2015) 

•  Final state: γ+J 
•  Background fitted:  

EXO-16-015 

4.37 1.36 3.64 
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Diphoton searches (1) 
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EXO-16-027 

•  Total Luminosity:  
§  16.2 fb-1 @ 13 TeV + 19.7 fb-1 @ 8TeV 

•  Final state: γ+γ 
•  Background fit:  
•  3.4σ excess with 2015 and run1 data 

§  Need more data 

Old data 

Data 2016 
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Diphoton searches (2) 
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EXO-16-027 

•  No excess seen in 2016 data (8 TeV + 13 TeV results) 
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Diphoton searches (3) 
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EXO-16-027 

•  Exclude RS graviton 
§  < 1.95 TeV, except 

[1.75,1.85] (K=0.01) 
§  < 3.85 TeV (K=0.1) 
§  < 4.25 TeV (K=0.2) 

•  8 TeV contribute ~10% 
at low mass, negligible 
at high mass 
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Zγ searches (1) 

•  Total Luminosity: 
§  12.9 fb-1 @ 13 TeV + 19.7 fb-1 @ 8TeV 

•  Final state: Z+γ, where Z->qq/ll 
•  If 750 GeV diphoton is real, then Zγ probably see it 

18

EXO-16-025 

No excess seen in the b-tagged/anti-btagged and narrow/wide width and spin 0   

Z(->qq)γ results with 19.7 fb-1 @ 8 TeV 
 

Anti-b-tagged b-tagged 
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Zγ searches (2) 
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EXO-16-034/035 

Z(->ll) γ 
Z(->qq) γ 

eeγ µµγ jjγ bbγ 

Consistent with diphoton results 

Data 
2016 
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Leptoquark searches 
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•  Total Luminosity: 
§  2.6 fb-1 @ 13 TeV(2015) 

•  Final state: eejj 

EXO-16-043 

1130 GeV 

•  Scalar leptoquark  
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Exotics Searches with boosted 
objects (W/Z/H/top) 
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VV searches (1) 
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B2G-16-020 

•  Total Luminosity: 
§  12.9 fb-1 @ 13 TeV(2016) 

•  Final state:  
§  XàWVàlv+boost W/Z 

Electron channel High mass 
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VV searches (2) 

23

B2G-16-010 

•  Total Luminosity: 
§  2.7 fb-1 @ 13 TeV(2015) 

•  Final state:  
§  XàZVàll+boost W/Z 

V-untagged V-tagged 
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VV searches (3) 
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B2G-16-010 

Resolved V-
untagged 

Resolved 
V-tagged 

•  An excess ~650 GeV 
§  3.9/3.5σ local/global 
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HV searches 
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B2G-16-003 

•  Total Luminosity: 
§  2.17-2.52 fb-1 @ 13 TeV (2015) 

•  Final state:  
§  XàHVàboost(bb)+lv/ll/vv 

•  Categorize events with 
§  Lepton flavor/number and b-tagged sub jets  
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HH searches 
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B2G-16-008 

•  Total Luminosity: 
§  2.7 fb-1 @ 13 TeV (2015) 

•  Final state:  
§  XàHHàboost(bb)+boost(bb) 

1720 GeV 
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W’ searches 
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B2G-16-009 

•  Total Luminosity: 
§  2.55 fb-1 @ 13 TeV (2015) 

•  Final state:  
§  W’->boost top + b 

2 TeV 
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VLQ searches (1) 
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B2G-16-001 

•  Total Luminosity: 
§  2.32 fb-1 @ 13 TeV (2015) 

•  Single VLQ production 
•  Final state:  

§  Boost t + ll + b + J 

•  For unit b-asso. Couplings 
§  Exclude T < 1350 GeV 
§  Exclude B < 1120 GeV 

•  First Z’ ->VLQ result @ CMS 
§  Probe 1.5 < MZ’ < 2.5 TeV 
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VLQ searches (2) 
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B2G-16-006 

•  Total Luminosity: 
§  2.3 fb-1 @ 13 TeV (2015) 

•  Single VLQ production 
•  Final state:  

§  Boost W + b + 2 J 

1.73 1.42 
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Exotics Searches with other 
signatures 
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Heavy Stable Charge Particle searches 
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•  Total Luminosity: 
§  12.9 fb-1 @ 13 TeV (2016) 

•  Final state:  
§  Heavy stable Charge tracks 

(pt>55GeV) 
§  Select based on dE/dx and TOF 

EXO-16-036 
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Displaced eµ 
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•  Total Luminosity: 
§  2.6 fb-1 @ 13 TeV (2016) 

•  Final state:  
§  Opposite charge e+µ with large 

impact parameter 

EXO-16-022 

excluded 
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Summary 

•  Searching for new physics in lots of final states 
§  γ/e/µ/tau/jets/MET 
§  Boosted W/Z/H/top 
§  Displaced signature 
§  … 

•  No new physics found (Yet) 
•  Sensitivity of new physics searches largely 

extended with 2016 data @ 13 TeV 
§  Thanks to the excellent LHC and CMS operations 

•  More data coming on the way 
§  Stay tuned  
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