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Review of the High Energy Frontier  
Parallel Sessions 



Outline 

•  Total of 31 talks, of which 12 were invited 

•  Six sessions, broadly themed on a topic 

•  Searches for the Higgs boson                                    
Tuesday and Wednesday 

•  Beyond the Standard Model Searches: SUSY            
Wednesday 

•  Beyond the Standard Model Searches: Exotics     
Thursday 

•  Beyond the Standard Model Searches: Involving top quarks 
Saturday 
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The LHC 
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CERN’s LHC pp collider at 8 (7) TeV 
design 14 TeV 
2011: 5.6 fb-1 delivered by LHC 
5.2 fb-1 recorded by ATLAS and CMS experiments 
2012: already ~3 fb-1 delivered 
Goal: 15-20 fb-1 
 



Searches for the Higgs Boson 
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Standard Model Higgs Searches at the LHC 

Most sensitive channels at low mass: H→γγ, H→WW, H→ZZ 



Higgs→γγ 
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Two high pT photons, reconstruct invariant mass, good mass resolution 



Higgs→γγ 
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Two high pT photons, reconstruct invariant mass, good mass resolution 

Bertrand Laforge 

Both experiments see similar “small” excess in this channel near 125 GeV 



Higgs→WW* 
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Most sensitive channel in broad range ~125-180 GeV 
No mass reconstruction due to presence of two neutrinos 
Transverse mass  

No excess in  
this channel 



Higgs→ZZ*→4 leptons 
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Golden Channel, Best Signal/Background, good mass resolution 

Bertrand Laforge 

Local significance at ~120 GeV  
diluted in combination  



Combination 
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Fit for observed signal strength (all channels) vs mass  

More Data from 2012 will tell if trend continues! 
 

Bertrand Laforge 



Full Mass Range Combined Exclusions 
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Many channels over full mass range 
At high mass all sensitivity from H→ZZ, H→WW in various final states 
 
 

Main result: 
Alexey Drozdetsky 

Olivier Simard 



Full Mass Range Combined Exclusions 
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Many channels over full mass range 
At high mass all sensitivity from H→ZZ, H→WW in various final states 
 
 

Main result: Alexey Drozdetsky Olivier Simard 



Higgs at the Tevatron 
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Long history for Higgs search, complementary to LHC, since associated 
production, WH, ZH contributes at low mass 
 
 

Main result: 
Alexey Drozdetsky 

Olivier Simard 

Yuri Oksuzian 



Higgs in 2012 
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LHC is confident to deliver 15-20 fb-1 this year (>3.4 fb-1 delivered) 
Enough data to either exclude or discover Higgs 
 
 Jamison Galloway 

In case of discovery important to  
determine if indeed SM Higgs 

 - spin, couplings… 
 
Higgs at 125 GeV would have the advantage to be accessible 
by many channels H→WW, H→γγ, H→ZZ, H→ττ, H→bb 



Searches for SuperSymmetry 
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Supersymmetry 
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Alex Tapper 



Supersymmetry 
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Alex Tapper 

High cross-sections 
probe high mass scale 
beam energy vs. luminosity 
“scale chasing” 

Bruce Schumm 



Signature: Jets and ET
miss 
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Alex Tapper 

Limit reach: gluino ~1 TeV  



Electroweak SUSY 

TRIUMF Oliver Stelzer-Chilton         19 

Bruce Schumm 

Limit reach: chargino ~300 GeV  



Results ATLAS 
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Results CMS 
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SUSY Summary 
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Strongly produced SUSY nearing ~TeV exclusion for gluinos and  
1st and 2nd generation squarks 
 
With larger luminosity becoming sensitive to electroweak SUSY production 
 
New focus on natural SUSY 
 

Wide range of SUSY searches involving third generation squarks and sleptons 
taking shape 
 
Direct search for stop quarks anticipated for both experiments 

Alfredo Gurrola 



Exotics Searches 
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Exotics 
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Large difference between electroweak scale and gravity could be explained  
by extra dimensions (ADD, Randall-Sundrum, UED…) 
 
Neutrinos have mass, where are the right  
handed neutrinos? 
 
Is there a fourth generation of quarks? 
 
Are quarks and leptons fundamental particles or composites? 
 
What is dark matter? 
 
Can all forces be unified? 
 
In Exotics searches, cast a wide net for signs for new physics 
 
Combine physics objects: electrons, muons, photons, jets, b-jets, top quarks 
missing energy and interpret in benchmark models 



Classic Resonance Searches 
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Look for resonances in dijet, dilepton, lepton-neutrino, diphoton, multijet, 
photon-jet, diboson, di-tau, di-top, top-bottom… final states  

Interpret in various models, sequential SM, E6, RS Gravitons, ADD 

Eduardo Luiggi Sarah Heim 



Resonance Searches 
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Look for resonances in dijet, dilepton, lepton-neutrino, diphoton, multijet, 
photon-jet, diboson, di-tau, di-top, top-bottom… final states  

Interpret in various models, axigluons, sequential SM, technicolor 

Eduardo Luiggi 
Sarah Heim 



Black Holes 
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Emanuela Barberis 

Joseph Tuggle 
Minimum QBH mass vs MD for n extra-dimensions:  
3.8-5.2 TeV range for MD up to 4 TeV 

Similar search in ATLAS 



Heavy Neutrinos 

TRIUMF Oliver Stelzer-Chilton         28 

Emanuela Barberis 



ATLAS Exotics Summary 
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CMS Exotics Summary 
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Searches Involving Top Quarks 
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Forward Backward Asymmetry 
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! 

Afb =
F " B
F + B

• SM predicts small asymmetry at NLO QCD: Afb=0.066 
• New physics could enhance observed Afb 
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Powheg + EW Corrections:  
JHEP 0709, 126 (2007),  
Phys. Rev. D 84, 093003 (2011);  
JHEP 1201, 063 (2012) 

Forward Backward 

!y = ql (yl " yh )
= yt " yt

D0 Lepton + jets CDF Lepton + jets CDF Dilepton 

yl 



Forward Backward Asymmetry 
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•  AFB vs mass of the ttbar system 
• NLO AFB  dependence on Mttbar is  

more shallow than observed data 

Slope AFB vs. Mtt
 

Data (15.6 ± 5.0)×10-4 

SM 3.3×10-4 

Dave Toback Bill Lee 



Forward Backward Asymmetry 
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•  Possible explanations: 
•  t-channel exchange 

 
•  s-channel resonance                          LHC results expected soon 

•  tt cross-section measurements at Tevatron and LHC constrain both explanations 
•  Atomic parity violation constraints important for t-channel explanation  

Ian-Woo Kim 
Top-jet resonance signature 

If at high mass (>2 TeV) and large coupling 
M

t

t̄q̄
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Searches for Top Resonances 
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Francisco Yumiceva 



Searches for Top Resonances 
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Emanuela Barberis 



Conclusions 
•  Outstanding performance of the LHC in first two years of Physics 

(with rapid turn around from data taking to quality physics) 
•  Doubled dataset size within weeks and months, 8 TeV results coming soon! 
•  New Physics was not just “around the corner” 
•  Good news: 

‐  Stringent/significantly improved limits on new Physics  
‐  Keep excluding parameter space or make a grand discovery! 

•  Higgs Search is finally coming to an end 
‐  Almost full Higgs mass range is excluded - The most likely region has been 

narrowed down to mH=117-127 GeV  

‐  Some hints of a signal in the region mH=125 GeV, not significant, yet! 
‐  2012 will be the year of the Higgs:  

Either with a conclusive observation or with an exclusion 

•  Entered New territory at the Energy Frontier - This is only the beginning! 
•  LHC expects to deliver ~1000 x data over it’s lifetime 
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Dark Matter/Extra Dimensions 
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Emanuela Barberis 



Long Lived Particles 
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Orin Harris 


