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The Future Begins Now!

• Following half a century of building anticipation, a 
Higgs boson has been discovered 

• now we are compelled to discover its 
properties

• The LHC experiments will continue to refine our 
understanding of this recently discovered particle

• We must also plan our arsenal of new tools to 
complement the LHC capabilities

• options for the future include precision 
measurements and advancing to higher energy	
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and TRIUMPH FOR MACHINES!
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Indirect evidence long ago

• LEP/SLC Z-pole measurements 
plus mt, mW, and ΓW from 
Tevatron run-1 and LEP-II 

• MH = 129       GeV
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Precision Electroweak Measurements on the Z 
Resonance

The ALEPH, DELPHI, L3, OPAL, SLD Collaborations,
the LEP Electroweak Working Group,
the SLD Electroweak and Heavy Flavour Groups

7 September 2005

CERN-PH-EP/2005-041 and hep-ex/0509008 
Published in Physics Reports: Volume 427 Nos. 5-6 (May 
2006) 257-454.
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Excluded

6_had =6_(5)

0.02758±0.00035
0.02749±0.00012
incl. low Q2 data

Theory uncertainty

http://doc.cern.ch/archive/electronic/cern/preprints/phep/phep-2005-041.pdf
http://doc.cern.ch/archive/electronic/cern/preprints/phep/phep-2005-041.pdf
http://www.arxiv.org/abs/hep-ex/0509008
http://www.arxiv.org/abs/hep-ex/0509008
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Hyun Su Lee

By 2011, the 
EW precision 
measurements 
were narrowing 
hiding places 



Tevatron has 
continued to 
tighten EW 
precision 
constraints
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July 4, 2012

• Direct evidence appears 
with discovery 

• ATLAS

• CMS 
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Francesco Conventi
Serguei Ganjour

+others



Questions abound;
Answers emerging

• Is this the SM Higgs? 

• Does this particle, itself, 
fully explain electroweak 
symmetry breaking and 
the origin of mass for all 
particles?	



• Does it have spin 0?	



• Is it scalar or 
pseudoscalar?	



• Is it elementary or 
composite?	



• Does it couple to 
particle mass?	



• Are quantum loop 
corrections known?	



• What are its self-
couplings?

•  ......
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Phenomenological questions

• Is the newly discovered Higgs boson related to 
dark matter

• Models of the Higgs field often contain particles 
with dark matter properties (eg. SUSY)

• Strong, independent arguments suggest dark 
matter particles (WIMPs) have masses 
comparable to heaviest particles connected to 
the Higgs field (~100 GeV)
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Phenomenological questions

• Why is the matter of the universe overwhelmingly 
dominant over anti-matter?

• Is this related to the Higgs sector?

• baryogenesis at the Electroweak Phase 
Transition?	
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combined CMS:      μ = 0.80 ± 0.14

combined ATLAS:      μ = 1.30 ± 0.20
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Scalar particle highly favored
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BSM Higgs

• Also, 
constraints on 
charged Higgs

• And high-mass 
Higgs searches 28

Simon Koehlman Adrian Perieanu



• So far, the 126 GeV state looks like a Standard 
Model Higgs boson

• But - we have only started to measure its 
properties

• More channels and precision will come
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BSM Searches
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We must discover which future is reality
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• Depends on advances in accelerator facilities

• Proton Colliders

• LHC (through 2021)

• HL-LHC

• VHE-LHC

• Lepton Colliders

• ILC

• CLIC

• Rings

• muC

• Gamma-gamma Collider
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We must discover which future is reality
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LHC has just started
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example	
  LHC	
  +me	
  line	
  –	
  next	
  ten	
  years
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Ralph Steinhagen, ICHEP2012 

“400/7	
  by	
  2021?”

>	
  double	
  reach	
  for	
  BSM



Proton Colliders

• HL-LHC 	



• ℒ = 5·1034cm-2s-1 with luminosity leveling for a 
total of 3000 fb-1, expected pileup of ~140

• challenge: maintain detector performance (for 
taus, photons, jets, b-tagging, missing ET, ...)

• keep sensitivity for moderate pT objects even 
at large η(e.g. to study vector boson fusion)

• LHC experiments have big upgrade programs 
for detector components, readout, trigger, 
DAQ, computing
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Proton Colliders

• VHE-LHC

• 80 km (100 km) electron ring could set the 
stage for a future very high energy hadron 
collider (Ecm = 100 TeV)

• as LEP preceded the LHC

• Proposed lepton collider ring (TLEP) in part 
motivated by this long term possibility

• VHE-LHC needs physics justification
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ILC Technical Design Report (with costs) completed in 2013 following 
          nearly decade of dedicated ILC R&D by the Global Design Effort (ICFA)

June 12 - completed version delivered to ICFA in world-wide event
includes detailed baseline designs for two complementary detectors:

SiD and ILD

Hitoshi Yamamoto

    staging

√s = 250 GeV
         350 GeV
         500 GeV
           1 TeV
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Ring Collider
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Gamma-gamma Collider
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Gamma-gamma Collider
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Vision of Future Facilities (I) 

• A personal view
• LHC will continue to advance particle physics 

through the 2020s (LHC ⇒ HL-LHC)

• The ILC is the ideal complement to the LHC; turn 
on could happen while HL-LHC operates
• Technology is developed; cost well understood
• result of decade of intense GDE R&D program (ICFA)
• Major Higgs production mechanisms now known at the 

ILC ⇒ No lose theorem (γγ Collider is an option)

• Mh = 125GeV makes many decay modes accessible
• Does 125GeV boson have the required properties of 

the vacuum condensate?
• Japanese preparing to host - rare opportunity should not 

let pass
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Steps to realize ILC are under way

73



Vision of Future Facilities (II) 

• Beyond HL-LHC/ILC era

• First, need physics justification for higher energy

• just as the earlier experiments anticipated the 
top quark and Higgs mass, LHC/ILC will probe 
mass scales beyond their direct reach 

           ⇒ might find energy scale of new physics

• VHE-LHC is a possible future hadron collider

• CLIC and muon Collider offer competing 
options for high energy lepton colliders once 
either(both) technology is developed
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Conclusion

• Discovery of a Higgs boson ushered in a new era 
in particle physics

• Very large effort has been mounted to study this 
new particle and to search for other new physics

• excellent presentations at “Higgs and Beyond”

• Several well motivated options for future

• It is a good time to be a Particle Physicist
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...and

• Thank you to the organizers for an 
excellent workshop
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