
John, and Beyond Known Physics at the LHC!

J. Ellis Colloquium-tsv! 1!Tejinder S. Virdee, Imperial College!

A Theorist 
Think of things for the experiments to look for, and hope they find something different 

J. Ellis 
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on LHC, together with Peter Jenni) !

Image a la Sergio da Vittorio Veneto!



2!

Physics Focus of Attention in Early 1990ʼs!

1. Clarify the electroweak symmetry breaking sector! How is mass
 generated? !
SM has an unproven element: the generation of mass!
Higgs mechanism ? or other physics ?!
Answer will be found at LHC energies!

3. Search for new physics at the TeV scale  
SM is logically incomplete – does not incorporate gravity !
Superstring theory  dramatic concepts: supersymmetry , (extra space-time
 dimensions) ? !

2. Identify particles that make up Dark Matter!
Even if the Higgs exists, all is not completely well with SM alone: next question
 is “why is (Higgs) mass so low”?  !
If a new symmetry (Supersymmetry) is the answer, it must show up at 
O(1TeV)!
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Clarify the Electroweak Symmetry Breaking Sector!
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Clarify the Electroweak Symmetry Breaking Sector!
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Seminal Events just before the above paper:!
Neutral currents (1973)!
Charm (1974)!
Heavy lepton τ (1975)!
Much attention to search for W±, Z0!

For these authors, the Big Issue: is there a Higgs boson?!
Previously ~ 10 papers on Higgs bosons!
MH > 18 MeV!
This paper presented the first attempt at a systematic survey!

JE at HH11!
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A Phenomenological Profile of the Higgs Boson!
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Higgs decay modes and searches in 1975: 

100 GeV!1 GeV!

JE at HH11!
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A Phenomenological Profile of the Higgs Boson!
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Higgs decay modes and searches in 1975: 



A Key Element that Drove LHC-GPD Designs!
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+ a few others!



Physics Benchmark For Detector Design 
Production of SM Higgs Boson!
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Natural Width   0.01               1          10             100   GeV 

Transparency!
from the 90ʼs!



A Collision of Two Protons!
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LHC (thanks) and Xpts are working well!
Xpts are physics commissioned!



CMS Performance: Tracking and Muons!
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Di-muons!



Search for the SM H → γγ	
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CMS: Search for the SM H →WW →llνν	
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CMS Prelim!

SM Higgs boson with mass !
147 < MH < 194 GeV  is disfavoured at 95% CL.!

Expected disfavoured mass range!
136 < MH < 200 GeV!



ATLAS: Search for the SM H → WW → llνν	
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WW! ttbar! Total 
SM 
bkg.!

Data! Higgs 
mH=150!

0-jet! 43±6! 2.2±1.4! 53±9! 70! 34±7!

1-jet! 10±2! 6.9±1.9! 23±4! 23! 12±3!

Final selection, optimized for mH=150 GeV!

A Standard Model Higgs boson with !
154<mH<186 GeV is disfavoured at 95% C.L.!

Expected disfavoured mass range is !
135 < mH < 196 GeV!



Search for the SM H → ZZ → 4l!
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ATLAS!
Observe: 27 events!
!6ee, 9eμ, 12μμ events!

Expected: 28 ± 4 events!

CMS!
Observe: 21 events!
!5ee, 10eμ, 6μμ events!

Expected: 21.2 ± 0.8 events!



ATLAS: Search for the SM H Boson 
How the individual channels contribute!
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Search for the SM Higgs Boson!
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Observed disfavoured mass range at 95% CL: !
CMS: 145-216, 226-288, 310-400 GeV!

ATLAS: 146-232, 256-282, 296-466 GeV !
ATLAS: 160-220, 300-420 GeV at 99% CL!

Expected disfavoured mass range at 95% CL: !
CMS: 130 – 440 GeV!



CMS Combination: Search for the SM H Boson!

J. Ellis Colloquium-tsv! 17!



Seeking Supersymmetry!
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Search for Physics Beyond the SM!
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√s = 17 TeV !!

PROCEEDINGS OF THE  
WORKSHOP ON  
PHYSICS AT FUTURE ACCELERATORS 

La Thuile 
7-13 January 1987 



Search for Physics Beyond the SM!
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Supersymmetry!



!Relics from Ancient Times!
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Supersymmetry:  
a New Zoology of Particles?!
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Searches require several !
(high-PT) jets + !
(high) MET and !
charged leptons!
b-jets can enhance sensitivity.!
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CMS: Early Search for Supersymmetry – an Example!
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• No direct dependence on calorimetric MET!

•  Originally proposed for di-jets but now 
generalized for Njets!

•  Perfectly balanced events (QCD) have  
!αT = 0.5 (cut at αT >0.5)!

•  Due to built-in correlation αT is very robust 
against jet mis-measurements       !



CMS:Search for Supersymmetry - Update!
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Di-jets!

HT>350 GeV, 2 Leading jets ET>100GeV (⎮η⎮<2.5) !
Other jets ET>50 GeV (⎮η⎮<3!



Summary of CMS Results on SUSY!
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Summary of ATLAS Results on SUSY !
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Another View of ATLAS Results on SUSY!
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Labeling Penguins: B → µµ	
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+ other diagrams!





Global Fits: Putting it all together!
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Impressive list of considered observables!
are combined in a χ2 analysis: !

(1)  – χ2  term - measurements!
(2)  - limits (e.g. Mhiggs)!
(3)  - SUSY limits (LEP and Tevatron)!
(4)  - nuisances parameters like Mtop !
(5)  - recent limits from LHC and Xenon!





Impact of 1/fb LHC Searches on SUSY!

LHC@1/fb !

68% CL!
95% CL!

CMSSM:!
LHC 1/fb!

Before LHC!

There is some disappointment in the air that 
the LHC has found no signs of SUSY in the 
first 1/fb of data.!
The room for constrained SUSY models like 
CMSSM or NUHM is getting smaller but it 
needs more data to be fully conclusive.!
We will know more later this year. !

P(χ2) ~ 30% hot spot !

CMSSM:!
Pre-LHC !

Goodness of Fit:  P(χ2)!

P(χ2) ~ 5 to 10% !
LHC searches excluded hot spot  !

NUHM1:!

LHC searches: push to higher masses  !32!J. Ellis Colloquium-tsv!
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Deviations from QCD in di-jet angular distributions!

Deviations from the QCD expectation 
could reveal a substructure of the 
quarks (ʻcompositenessʼ at scale Λ) !
in analogy to the famous Rutherford 
scattering 100 years ago!

Λ > 6 TeV @ 95% C.L.!

LHC with 10fb-1  

95% CL limit L ~ 12 TeV 
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ATLAS: Search for Wʼ  SSM!
Electron + missing ET!

ATLAS: Wʼ → l ν	


 MWʼ > 2.15 TeV 95% CL !

LHC with 10fb-1  

95% CL limit L ~ 4 - 5 TeV 

Muons + missing ET!



35!J. Ellis Colloquium-tsv!

CMS: Search for Zʼ  (SSM)!
Dimuons! Di-electrons!

CMS: ee and µµ !
MZʼ > 1.94 TeV 95% CL   LHC with 10fb-1  

95% CL limit L ~ 4 - 5 TeV 



Microscopic Evaporating Black Holes!
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THE signature of low-scale quantum gravity (MD << MPl)!
BH formation when the two colliding partons have distance smaller than 
RS,, the Schwarzschild radius corresponding to their invariant mass !
Cross section from geometry: σ = πRS

2 ~ TeV-2 (up to ~100 pb!)!

Microscopic BHs decay instantaneously via Hawking evaporation !
emitting “democratically” a large number of energetic quarks, gluons, leptons, 
photons, W/Z, h, etc.!

Expect lots of activity in the event, so !
      Use ST = Sum ET of all objects !

      (including MET) with ET>50 GeV!
(good for avoiding pileup)!



Search for Microscopic Black Holes!
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The shape of the ST distribution is expected to be independent of event object 
multiplicity N!

No excess, !
so set limits !
MBH > 4 TeV !



Standard Model (like) Higgs: LHC at 7/8 TeV!
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John the Evangelist!
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John the Evangelist (20th-21st Century 
AD) is an itinerant preacher[1] and a major 
supersymmetric[2]  figure who leads a 
movement of Susyites[3]  at the Geneva 
Lake. Some scholars maintain that he is 
influenced by the Grand Unifiers[14] . 
Susyites expect a deluge of particles 
although there is no direct evidence to 
substantiate this. John is regarded as a 
prophet in the Cosmo[5] , AstroPi[6]  and 
PiPi[7]  faiths. !

John the Evangelist     !

Image a la Sergio da Vittorio Veneto!
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We experimentalists owe you great thanks.!

So just continue in the same vein !
which you are intending to do!


