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Introduction 
•  Higgs boson discovered… 

Ø H-boson studies [see G.Mitselmakher, Thursday] 
•  …but Standard Model not complete 

Ø Dark Matter, hierarchy problem,  
baryogenesis, gravity, etc 
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•  Supersymmetry… 
Ø Solution to many open issues 
Ø E.g. Naturalness & Dark Matter 

•  …but no proof of susy (yet) 
Ø Supersymmetry searches [see T.Petersen, today] 
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Ø Non-susy BSM physics? 

Ø Subject of upcoming 15+5 minutes! 



I. Heavy Bosons 
• New strong sector 

Ø Technicolor, Little Higgs? 

• Extra dimensions 
Ø RS, Bulk G, Radion? 
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Z’ candidates 
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Z’àll 
• Use Mll mass for search 

Ø Sensitive at low masses 

• No excess observed 
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arXiv:1405.4123 

•  Various interpretations 
Ø SSM, E6, Z*, Technicolor 

RS-Graviton, Quantum Black Holes 
Minimal models 

•  Exclusion below MZ’ ~2.5 TeV 
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W’àlν 
•  Main discriminant: 

transverse mass 
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ATLAS-CONF-2014-017 

•  Limits on various models 
Ø W’, W* 

•  Exclude typically MW’ < 3TeV 
Ø New: Dark Matter (EFT) 
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Dijet resonances 
•  Search in dijet spectrum  

for narrow resonance  
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CMS-EXO-12-016 

•  Limits  
Ø Various final states: qq, qg, gg 
Ø Various models: 1 - few TeV 

•  First limit on GRS in dijet 



V’àVV 
•  Final states: 

semileptonic & fully hadronic 
•  Boost: jet substructure 

Ø Purity: N-subjettiness 

•  Limits on W’ and GRS 
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Ø  And model- 
independent  
limits! 

CMS-EXO-12-024-003 
CMS-EXO-13-009-003 



XàH(bb)H(bb) 
•  TeV resonance à HH 

Ø Background:  
suppress QCD with b-tags 

Ø Signal: define with Mjj 
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• No excess 
Ø Limits on KK G* 

Ø RS extra dimensions 
Ø 0.59-0.71 TeV 

ATLAS-CONF-2014-005 



XàH(γγ)H(bb) 
Search HH resonance 
•  mX = [260,1100] GeV 

Ø 2 γ & 1/2 b-tagged jets 
Ø >400 GeV: kinematic fit 
Ø <400 GeV: Mγγ 
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CMS-HIG-13-032 

Spin hypothesis 
Ø Test spin-0 and spin-2 models 
Ø Selection minimally sensitive 
Limits  
•  Warped extra dimensions  

Ø Radion scale ΛR = 1 TeV 
Ø Radion mass exclusion:  

MX < 970 GeV 



Leptoquarks 
Ø Pair production of heavy scalars 

Ø Also interpreted as RPV stop 
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Ø Exclude MLQ < 740 GeV 
Ø For BR(LQ)àb+τ = 100% 

CMS-EXO-12-032 



Bosons summary 
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I. Heavy Fermions 
• Chiral 4th generation excluded  

Ø By H boson with SM-like couplings 

• Additional fermions possible 
Ø With vector-like couplings!  
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VLB 
Vector-like Bottom 

Ø Exclusion limits MB < 500-800 GeV 
 

Tristan du Pree (UCL-CP3/FNRS), TeVPA/IDM (23 June 2014) 18 

CMS-B2G-13-003 

ATLAS-CONF-2013-056 



VLT 
Vector-like Top 

Ø Similar limits for MT 
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ATLAS-CONF-2013-018 CMS-B2G-12-015 



Other searches with tops 

•   BNV with tops 
Ø Limit: 

BR < 0.2% 
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ttbar (also boosted) 
Ø  Z’, KK gluon 

CMS-B2G-13-001 

CMS-B2G-12-023 



•  \ 
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Excited fermions 
Generic searches 
•  Excited quarks 

Ø q*àγj, jj 
•  Excited leptons 

Ø l*àllγ 
•  Vector-like leptons 

Ø ν’àlljj, l’àZl 
•  LR-symm models 
•  Seesaw  
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PLB 728 (2013) 562 



Other phenomena 
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Black holes 
•  High-pT leptons+jets 

 
•  Complementary to searches for 

Ø High-track multiplicity 
Ø Multijet 
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•  Interpret in ADD models 
•  2 / 4 / 6 extra dimensions 

Ø Scale of extra dim.: MD 

Ø Production threshold: Mth 

•  Limit: Mth > 5.0 – 6.2 TeV 

ATLAS-CONF-2014-016 



Jet extinction 
•  Strong gravity at TeV scale 

Ø String couplings  
in the strong-coupling limit 

•  Suppression of high-pT  
SM processes 
Ø Beyond certain energy scale 
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CMS-EXO-12-051 

•  Compare pT spectrum 
Ø Limit on extinction 

•  Exclude below 3.3 TeV 



Contact  
interactions 
•  Discriminating variables: 
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Ø Exclude comp.scale Λ < 15.6-26.3 TeV 

ATLAS-CONF-2014-030 



Long-lived particles 
•  Various searches for long-lived 

particles 
1.  Heavy stable charged particles 
2.  Long-lived à pair of leptons 
3.  Long-lived à quark-antiquark pair 

Ø Limits on e.g. decay of  
heavy scalar to long-lived particles 
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CMS-EXO-12-026 

CMS-EXO-12-037 

CMS-EXO-12-038 



SUMMARY 
…including many other results  
that could not be shown 
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Conclusions 
Non-susy BSM Physics 
•  Many searches at the LHC 

•  Heavy bosons 
Ø Excluded below few TeV 

•  Heavy fermions 
Ø Excluded below ~700 GeV 

•  Other phenomena at high energy scales 
Ø Excluded up to tens of TeV 
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CMS References 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G 

Atlas References 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults 
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•  Outlook 
Ø Increased interest in boosted topologies 
Ø Broader range of models, incl. e.g. low mass 
Ø Make results accessible for reinterpretation 
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Thank you for your attention 
and enjoy Amsterdam! 
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