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Van’s message -- 
§ “Would you accept to give this important talk : the summary 
of the conference.  
§ It does not necessarily have to be a strict summary of all the 
talks at the conference. You may choose to cover the highlights (in 
your judgment), combined with your own vision/conclusions/
perspective” 
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“Summary” Talk 

My talk will not even attempt to cover the rich set of  
~ 100+ contributions over the next 60 minutes.  
Therefore, if  you don’t get your 30 seconds, so be it!	
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18 years ago: 1995 
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Rencontres du Vietnam 
 
 

 
 

 

 
 

 
 
 

now:  2013 
 
 

ν mass; Acceleration of  Universe; θ13 ; Higgs  
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Rencontres du Vietnam 
 
 

 
 

 

 
 

 
 

18 years into the future ~2031 
 
 

“my vision/conclusions/perspective” 
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Gross 
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Inquiry based science 
1.   How can we solve the mystery of dark energy? 
2.   Are there extra dimensions of space? 
3.   Do all the forces become one? 

4.   Why are there so many kinds of particles? 
5.   What is dark matter? 

 How can we make it in the laboratory? 

6.   What are neutrinos telling us? 
7.   How did the universe come to be? 
8.   What happened to the antimatter? 

9.   Are there undiscovered principles of nature: 
 New symmetries, new physical laws? 

from the Quantum Universe 
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Experimental Probes 

§  High Energy pp  Colliders 
»  Opening up a new energy frontier       

( ~ 1 TeV scale)  

§  High Energy Lepton Colliders 
»  Precision Physics at the new energy 

frontier 

§  Neutrinos 
»  Particle physics and astrophysics 

using a weakly interacting probe 

§  Particle Astrophysics/Cosmology 
»  Dark Matter; Cosmic Microwave, etc 
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and more Experimental Probes 
§  Precision Physics 

»  SuperB factories 

»  Fermilab: g-2; µ à e; etc. 

§  Gravity 
»  Gravitational waves; quantum gravity 

§  Dark Energy 
»  Space missions 

 

§  New Generations of Accelerators 
»  Plasma/laser wakefield acceleration 
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Addressing the Questions 
§  High Energy pp  Colliders 

Ø Opening up a new energy frontier       
( ~ 1 TeV scale) 

§  High Energy e+e- Colliders 
Ø Precision Physics at the new energy 

frontier 



11 

Exploring the Terascale 
the tools 

§  The LHC 
»  It is leading the way and has large reach 
»  Quark-quark, quark-gluon and gluon-

gluon collisions at 0.5 - 5 TeV 
»  Broadband initial state 

§  A Lepton Collider   (e.g. ILC or ?) 
»  A second view with ‘high precision’ 
»  Electron-positron collisions with fixed 

energies 
»  Well defined initial state 

§  Together, these two types of accelerators are 
our tools for uncovering physics at the 
terascale  
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LHC 
The Higgs has been discovered. 
What about supersymmetry? 

§  Higgs 

§  Supersymmetry 
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ATLAS: Higgs Evidence (γγ) 



ATLAS: Higgs Evidence (4 leptons)  
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CMS: Higgs Evidence (ZZ à 4 l) 
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LHC/CMS: 5 Main Higgs Channels 



How about the other Higgs characteristics? 

§  Spin (must be spin 0) 
§  Coupling (couples to mass) 
§  Are there more Higgs particles? 
§  What is the self-coupling 
§  etc 
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These questions will be a major focus of  the 
LHC program after the upgrade; but so far, LHC 
results are consistent with a simple Higgs 



ATLAS: Spin 0? 
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CMS:  Higgs coupling vs mass 
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Is there a high mass Higgs? 
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What about supersymmetry? 

Gross 
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Are there Supersymmetric Particles? 

Rappoccio – LP2013 
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We expect a rich spectrum of new particle 

MSSM 
mSUGRA 

squarks and 
sgluons heavy 
yielding long 
decay chains 
ending with 
LSP neutrilino  
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CMS:  Supersymmetric Particles 
Incandela 



ATLAS:  Supersymmetric Particles 
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Charlton 
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Supersymmetric Particles NOT ruled out 

Incandela 
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Addressing the Questions 
§  High Energy pp  Colliders 

Ø Opening up a new energy frontier       
( ~ 1 TeV scale) 

§  High Energy e+e- Colliders 
Ø Precision Physics at the new energy 

frontier 



Glashow - International Collaboration 
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A Global Initiative for an ILC 

International Committee for 
Future Accelerators (ICFA) 
representing major particle 
physics laboratories 
worldwide.   
§  Chose ILC accelerator 

technology (SCRF) 
§  Determined ILC physics 

design parameters 
§  Formed Global Design 

Effort and Mandate 
(TDR) 
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Globally Coordinated SCRF R&D 

-  Achieve high gradient (35MV/m); develop multiple 
  vendors; make cost effective, etc 

 
-  Focus is on high gradient; production yields; cryogenic 

  losses; radiation; system performance 
 



Progress in Cavity Gradient Yield 
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Production yield:   
94 % at > 28 MV/m, 

  
Average gradient:  

37.1 MV/m	
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Key Parameters 

»  Luminosity  à  ∫Ldt = 500 fb-1 in 4 years  

»  Ecm adjustable from 200 – 500 GeV 

»  Ability to scan between 200 and 500 GeV 

»  Energy stability and precision below 0.1% 

»  Electron polarization of at least 80% 

ILCSC/ICFA Parameters Studies  
physics driven input 

Options 

–  The machine must be upgradeable to 1 TeV 

–  Positron polarization desirable as an upgrade 



23-April-13                                      ECFA LC2013 Global Design Effort 33 33 

main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV

GDE -- Design a Linear Collider 

Superconducting  RF  
Main Linac 
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RDR Design Parameters 

Max. Center-of-mass energy 500 GeV 

Peak Luminosity ~2x1034 1/cm2s 

Beam Current 9.0 mA 

Repetition rate 5 Hz 

Average accelerating gradient 31.5 MV/m 

Beam pulse length 0.95 ms 

Total Site Length 31 km 

Total AC Power Consumption ~230 MW 



ILC Technical Design Report Layout 
Damping Rings Polarised 

electron source 

Polarised 
positron 
source 

Ring to Main Linac 
(RTML) 

(inc. bunch compressors) 

e- Main Linac 

Beam Delivery 
System (BDS) 

& physics 
detectors 

e+ Main Linac 
Βεαµ δυµπ	



not too scale 
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ILC Physics Potential 
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Yamamoto 



37 

ILC Physics Potential 
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ILC Physics Potential 

Yamamoto 



Glashow - Accelerators 
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Accelerators: Economic Impact 

40 
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Future of Accelerator Based 
Particle Physics? 

Future of Accelerators (eliminate materials!) 
 

        Plasma/Laser  
Wakefield Acceleration 
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Compact Acceleration 
50 GeV/meter has been achieved  

FFTB at SLAC 

FACET at SLAC 



43 

Controlling the beams 

Reducing  
energy spread 

 to ~ percent level 

Reducing  
angular divergence  

(< 1 degree) 
  

LBNL 
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Advanced Accelerator R&D projects 

FACET BELLA 

SLAC National Accelerator Laboratory Lawrence Berkeley National Lab 

Creates electron wake using 
an electron beam in a plasma 

Creates electron wake using 
a laser beam in a plasma 

Based on previous experiments that 
doubled the energies of  a few 
electrons—from 42 billion to 85 billion 
electron volts—in 84 centimeters 

Based on previous experiments that 
accelerated tightly packed electron 
bunches—the kind needed for physics 
experiments—from zero to 1 billion 
electron volts in 3 centimeters 

Stimulus funds:  $14.5 million Stimulus funds:  $20 million 

Next step/midterm goal: 
is to create tighter electron bunches 
and accelerate them from 23 billion to 
46 billion electron volts in 40 
centimeters 

Next step/midterm goal: 
is to accelerate already-tight electron 
bunches to higher energies, from zero 
to 10 billion electron volts in 80 
centimeters 
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Experimental Probes 

§  High Energy pp  Colliders 
»  Opening up a new energy frontier       

( ~ 1 TeV scale)  

§  High Energy Lepton Colliders 
»  Precision Physics at the new energy 

frontier 

§  Neutrinos 
»  Particle physics and astrophysics 

using a weakly interacting probe 

§  Particle Astrophysics/Cosmology 
»  Dark Matter; Cosmic Microwave, etc 
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Experimental Probes 

§  Neutrinos 
»  Particle physics and astrophysics 

using a weakly interacting probe 

§  Particle Astrophysics/Cosmology 
»  Dark Matter; Cosmic Microwave, etc 
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Neutrinos – Broad field; Specialized Expts 

§  Neutrino Properties 
»  Why are neutrino masses so small  and what is their 

mass scale?  
»  Separation and ordering of neutrino masses? 

»  Are neutrinos their own antiparticles? 

§  Neutrinos in Astrophysics 
»  Astrophysical sources of neutrinos, and their 

contribution to the dark matter? 

§  Neutrinos and Fundamental Particle Physics  
»  CP violation in neutrinos, leptogenesis, possible role 

in the early universe and in understanding the 
particle antiparticle asymmetry in nature? 
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Ice Cube: Neutrino Astronomy 
§  Neutrino Astrophysics – Investigating astrophysical 

sources emitting ultra high energy neutrinos 

South Pole 
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Is the neutrino its own antiparticle? 
§  Neutrinoless Double Beta Decay 

§  If neutrino is a Majorana particle (own antiparticle) 
»  Determine neutrino mass scale 

»  Importance for Grand Unification 
»  Lepton number violation 

»  Implications for leptogenesis 
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Neutrinoless Double Beta Decay 

§  Experimental Challenges – What technique? 
»  Isotopes decaying to monochromatic electrons over 

continuum  background.   No obvious best isotope?  
Therefore, several large-scale experiments are likely needed. 

»  Which technique scales to the needed mass (Xenon, 
Germanium, ???) 

§  Experimental Challenges – Scale required 
»  Present experiments – 10 kg à sensitivity to mν < 1 eV 

»  Need ~ 1 ton detectors to reach atmospheric mν ~50 meV 
»  Need ~ 50 tons to reach solar mν ~ 1 meV scale 

§  Other issues:  Low background environment; costs; 
etc 
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Reactors –ν oscillation results for Sin22θ13  
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Long baseline neutrinos - LBNE 

•  Mass hierarcy 
•  CP violation  

Scholberg 
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LBNE – Cost / Schedule 
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LBNE – mass hierarchy 

Scholberg 
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LBNE – CP violation sensitivity 
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Approaches 
 
 
 
 

 
 

§  Particle Astrophysics/Cosmology 
»  Dark Matter; Cosmic Microwave, etc 
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The Energy Budget of  the Universe 

Anti-Matter 0% 
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Searching for WIMP Dark Matter 

Underground 

On Accelerators 

In Space 
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Searching for Dark Matter 

Sadoulet 
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Searching for Dark Matter:  Xenon100 

Sadoulet 
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The future:  experimental strategy 
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Indirect searches for dark matter 
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Indirect searches:  photons 
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Indirect searches:  photons 
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Indirect searches:  neutrinos 
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Planck – Cosmic Microwave Background 
Giraud-Heraud 
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Planck – Resolution 

Giraud-Heraud 
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Giraud-Heraud 
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Giraud-Heraud 
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Giraud-Heraud 



Gravitational Waves 
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Interferometric Detectors 
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A new ‘window’ on the Universe 
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Gross 

 POSSIBLE    CREDIBLE   
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Rencontres du Vietnam 

 
 

 
 

 

 

Congratulations ICISE, where we look forward 
to  visiting, presenting and discussing these 

exciting new discoveries 

I have discussed a non-inclusive set of  exciting 
opportunities, and am confident we can look forward to 

a new era of  discovery and a rich future for our field! 


