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Hadron Collider Physics 

2009 - 

Lecture 4:
 SM and MSSM 

Higgs boson
 SUSY and exotic 

scenarios

Disclaimer: 
 Shown results based 

on 2010-2011 data for 
LHC

 The 2012 news left to 
topical lectures of the 
next week 
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Beyond Standard Model
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The Standard Model cross-sections 
measurements in 2011 
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(2008)
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How we look for new particle?



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 6

Higgs cross-section
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January 2011
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14 TeV
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Tevatron combination (2011)
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ATLAS exclusion of 
Higgs masses (2011)
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MSSM Higgs sector
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Taus in ATLAS
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Special techniques used 
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Special techniques used
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Neutral MSSM Higgs(es)
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Beyond Standard Model
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General search strategy
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SUSY search results
 Searching for SUSY:

 Sum all energy in the 
detector

 Compute the energy 
balance in the plane  
transverse to the beam 
axis (ET

miss)

 ET
miss distribution well 

described within 5 orders 
of magnitude:
 Very good 

understanding of the 
detector!
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0-lepton + Jets + ET
miss
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0-lepton signature
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0-lepton signature
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0-lepton signature
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1 lepton+Jets+ET
miss
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SUSY : simplified models

 Simplified models for 
0-lepton channels
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2011:Null searches so ... 

 Null searches also for any other BSM signal 
 What next...

 Generalize away from (over) constrained scenarios
 Gaugino sector and sleptons: multi-leptons, photons
 Stop (and sbottom and stau) sectors (major motivation for 

SUSY at low energies)
 Non- “canonical” scenarios: 

 semi-stable SUSY particles, R-parity violation
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Search for contact interactions
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Search for contact interactions
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Leptoquarks
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Search for first generation of 
scalar leptoquarks
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Search for first generation of 
scalar leptoquarks
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Black holes



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 40

Search for heavy resonances
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Search for heavy particles-resonances
Search for peaks in different spectra

 Reached very high masses: ~4TeV (mjj) and 1 TeV (mee)
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Diphoton resonances search

 No excess in the m spectrum

2.12 fb-1

arXiv:1112.2194v1
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LHC running in 2012: 8 TeV 
 Enhances physics reach in two ways:

 Higher cross-sections for new physics in full mass range

 More integrated luminosity
 @ 8 TeV: 16 – 25fb-1 expected (50 ns bunch crossing) 



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 45



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 46

Summary and Outlook
 LHC and experiments' run truly impressive

 By now detectors are fully functioning scientific instruments;

 With ~40pb-1 the LHC observed all particles 
of the Standard Model 
 Solid base for understanding the “background” to searches at 

higher mass and transverse energy scales

 With 5 fb-1 (at 7 TeV) we entered a true 
discovery era 

 With 15-25 fb-1  (at 8 TeV)
 SM Higgs sector  and SUSY explorable over very large area; 

possible new resonances; very large reach for other new physics;

 The journey has just started.
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