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INTRODUCTION 



The Three Frontiers 
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Questions in Particle Physics 

Â What is the origin of particle masses?  

Â Why are there so many types of matter particles? 

Â What is the cause of matter-antimatter asymmetry? 

Â What are the properties of the primordial plasma? 

Â What is the nature of the invisible dark matter?  

Â Can all fundamental particles be unified? 

Â Is there a quantum theory of gravity? 

 

    The present and future accelerator-based 

experimental programmes will address all these 

questions and may well provide definite answers. 

 



Introduction - Accelerators 

Â Historically, HEP has depended on advances in 

accelerator design to make scientific progress 

Â linacs Ą cyclotron Ą synchrocyclotron Ą synchrotron Ą collider 

(circular, linear) 

Â Advances in accelerator design and performance require 

corresponding advances in accelerator technologies 

Â Magnets, vacuum systems, RF systems, diagnostics,... 

Â Accelerators enable the study of particle physics 

phenomena under controlled conditions 

Â Costs & time span of todayôs accelerator projects are high 

Â International co-operation and collaboration are obligatory 

 

 



Colliders at the High-energy Frontier 

ÂHEP typically uses Colliders 

Â Counter-propagating beams that collide at one or 

more IPs 

ÂTodayôs colliders typically store various types 

of particles 

Â Hadrons (protons, ions) 

ÅTevatron (p, anti-p), RHIC (p, ions), LHC (p, ions) 

Â Leptons (electrons) 

ÅCESR-c, PEP-II, KEK-B 



Collider Parameters 

Â Particle accelerators are designed to deliver 
two parameters to the HEP user 
Â Beam energy (and collision centre-of-mass energy) 

Â Luminosity 
ÅMeasure of collision rate per unit area 

ÅEvent rate for a given event probability (ñcross-sectionò) 
given by: 

 

For a Collider luminosity is given by 

 

 

 

ÅĄ Require intense beams and small beam sizes at IP 
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Collider Characteristics  

 

ÂHadron collider at the frontier of physics 

Âhuge QCD background 

Ânot all nucleon energy available 

in collision 

 

ÂLepton collider for precision physics 

Âwell defined initial energy for reaction 

ÂColliding point like particles 

 

 

ÂCandidate next machine after LHC 

Âe+e- collider 

Âenergy determined by LHC discoveries 

Âstudy in detail the properties of the new 

physics that the LHC finds 

 
 

p p 

e+ e- 

Simulation of HIGGS production e+eï Ÿ Z H 

     Z Ÿ e+eï, H Ÿ bb 

Simulation of HIGGS LHC 
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Circular versus Linear Collider 

Circular Collider  
many magnets, few cavities, stored beam 

higher energy Ÿ stronger magnetic field 

             Ÿ higher synchrotron radiation losses (E4/m4R) 

Linear Collider  
few magnets, many cavities, single pass beam 

higher energy Ÿ higher accelerating gradient 

higher luminosity Ÿ higher beam power (high bunch repetition) 

source main linac 

N 

S 

N 

S 

accelerating cavities 



Accelerator Characteristics 

Â Hadron Colliders 

Â Protons are composite particles 

ÅOnly ~10% of beam energy available for hard collisions 

producing new particles 

ÅNeed O(10 TeV) Collider to probe 1 TeV mass scale 

ÅDesired high energy beam requires strong magnets to 

store and focus beam in reasonable-sized ring. 

Â Anti-protons difficult to produce if beam is lost 

ÅUse proton-proton collisions instead 

ÅDemand for ever-higher luminosity has led LHC to 

choose proton-proton collisions 

ÅMany bunches (high bunch frequency) 

ÅTwo separate rings that intersect at select locations  



Accelerator Characteristics 

Â Lepton Colliders (e+e-) 

Â Synchrotron radiation is the most serious challenge 

ÅEmitted power in circular machine is 

 

 

 

ÅFor a 1 TeV CM energy Collider in the LHC tunnel with a 1 

mA beam, radiated power would be 2 GW 

ÅWould need to replenish radiated power with RF 

ÅRemove it from vacuum chamber 

Â Approach for high energies is Linear Collider 

(ILC,CLIC) 
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Colliders ï Energy vs. Time 
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Colliders - 2006 
In operation 

In construction 

Hadrons 

Leptons 

Leptons-Hadrons 

LHC 
RHIC 

DAFNE 

Tau-Charm 
TEVATRON 

PEP-II KEK-B 
CESR-C 

VEPP 4M 

VEPP 2000 
HERA 
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Colliders - 2012 Hadrons 

Leptons 

Leptons-Hadrons 

In operation 

In construction 

RHIC 

DAFNE 
Tau-Charm 

VEPP 4M 

VEPP 2000 

SUPER KEK-B 
LHC 
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HADRON COLLIDERS  



CERN Accelerator Complex 



2010: a New Era in Fundamental Science 

Exploration of a new energy frontier 
in p-p and Pb-Pb collisions  

LHC ring: 
27 km circumference 

CMS 

ALICE 

LHCb 

ATLAS 



LHC ð 25-year Project 
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The LHC Arcs 



Discovery 2012, Nobel Prize in Physics 2013 

The Nobel Prize in Physics 2013 was awarded jointly to François Englert 

and Peter W. Higgs "for the theoretical discovery of a mechanism that 

contributes to our understanding of the origin of mass of subatomic 

particles, and which recently was confirmed through the discovery of the 

predicted fundamental particle, by the ATLAS and CMS experiments at 

CERN's Large Hadron Colliderò. 



Studying the Higgs bosoné 

éin the years to come. 



Astronomers tell 

us that most of the 

matter in the 

universe is 

invisible

We will look for it

with the LHC

Dark Matter in the Universe

Astronomers 

say 

that most of the 

matter in the 

Universe is 

invisible  

Dark Matter  Supersymmetric  particles ? 

We are looking for  

them with the  

LHC 

Dark Matter in the Universe 
  



 The Predictable Future: LHC Time-line 

  ~2023 

    2018 

2013/14 

2009 Start of LHC 

Run 1: 7 and 8 TeV centre-of-mass energy,  luminosity  
ramping up to few 1033 cm-2 s-1, ~25 fb-1 delivered 

>2030  HE-LHC? 

Phase-II: High-luminosity LHC. New focussing magnets and 
CRAB cavities for very high luminosity with levelling 

Injector and LHC Phase-I upgrades to go to ultimate luminosity 

LHC shut-down to prepare machine for design 
energy and nominal luminosity   

Run 4: Collect data until > 3000 fb-1 

Run 3: Ramp up luminosity to 2.2 x nominal, reaching ~100 fb-1 / year 
accumulate few hundred fb-1  

Run 2: Ramp up luminosity to nominal (1034 cm-2 s-1, ~50 to 100 fb-1) 
and centre-of-mass energy (13 and 14 TeV) 



Physics 

Beam commissioning 

Shutdown 

Powering tests  

F M A M J J A S O N D J F J F M A M J J A S O N D 

2013 2014 2015 

M A 

beam to beam 

available for works 

16th Feb. 
5th July 
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LS1 from Feb. 2013 to Dec. 2014  
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2015 2016 2017 2018 2019
Q4 Q1 Q2

2020 2021
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q3 Q4

2022 2023 2024 2025 2026 2027 2028

Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3

Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2 Q1 Q2 Q3 Q4

2029 2030 2031 2032 2033 2034

Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4

Q2 Q3 Q4 Q1 Q2 Q3

2035
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q4Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1 Q2 Q3 Q4 Q1

Run 2 Run 3 

Run 4 

LS 2 

LS 3 

LS 4 LS 5 Run 5 
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LHC Schedule Beyond LS1  



Beam Focusing 

 High-Field SC Magnets 

Â 13 T, 150 mm aperture 
quadrupoles for the 
inner triplet:  
Â LHC: 8 T, 70 mm.   

Â More focus strength, b* 
as low as 15 cm (55 cm 
in LHC). 
Â In same scheme even b* 

down to 7.5 cm 
considered. 

Â Dipole separators 
capable of 6-8 T with 
150-180 mm aperture 
(LHC:  1.8 T, 70 mm) 
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Goal: 
Enable focusing of the beams to 

b*=0.15 m in IP1 and IP5. 



Thirty Years of SC Accelerators  
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High-Energy LHC (HE-LHC) 

2-GeV Booster 

Linac4 

SPS+, 
1.3 TeV, 2030-33 

HE-LHC 
        2030-33 
20T Dipoles 



LEPTON COLLIDERS 
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International Linear Collider (ILC) & 

Compact Linear Collider (CLIC) 
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Linear e+e- colliders 

Luminosities: few 1034 cm-2s-1  CLIC 

ILC 

Å2-beam acceleration scheme 

at room temperature 

ÅGradient 100 MV/m 

Åãs up to 3 TeV  

ÅPhysics + Detector studies  

for 350 GeV - 3 TeV 

ÅSuperconducting RF cavities (like XFEL) 

ÅGradient 32 MV/m 

Åãs Ò 500 GeV (1 TeV upgrade option) 

ÅFocus on Ò 500 GeV, physics studies also   

for 1 TeV 



A Generic Linear Collider 

 30-40 km 



The International Linear Collider ILC (in Japan?) 

ILC e+e- Linear Collider 
 

Energy   250 GeV x 250 GeV 

# of RF units       560 

# of cryomodules      1680 

# of 9-cell cavities    14560 

2 detectors push-pull 

Peak luminosity   2 1034  

5 Hz rep rate, 1000 -> 6000 bunches 

IP : sx 350 ï 620 nm; sy 3.5 ï 9.0 nm 

Total power    ~230 MW 

Accelerating gradient  31.5 MeV/m 



shield wall removed 



ILC 

http://newsline.linearcollider.org/2012/02/02/a-visit-to-the-two-candidate-japanese-ilc-sites/japanese_sites/

