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NA48/2 Experiment 
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114 m decay 
volume before 

detector 

NA48/2 K+ beam 
On quark level  measured weak 

transition of strange quark to an up 
quark 



Kaon Semileptonic Branching Ratio’s 
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Measure Br(Kl3) 

Kaon semileptonic decays are pure vector transitions 

Hadronic Vertex  
described by form factors 

Quark level, flavor changing 
charge weak current 
transforming a s-quark to u-
quark  coupling strength Vus 

Extract 



Unitarity of CKM Matrix 

•  Entries not predicted  need to be experimentally measured 
•  Deviation from unitarity would have to be attributed to by 

new physics 
•  V only source of quark mixing in the standard model 
•  3x3 matrix contains one imaginary phase 

Most well measured 
unitarity constraint 

 

= 

Nobel prize for physics 2008 for Kobayashi and Maskawa   

Status 2007 



Measure data sample to extract Vus 

Ke3 Kµ3 



Extraction of Vus 
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Measurement more precise than 
previous world average. 
Agreement with theory 



New Physics  waiting for the LHC 
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LHC 

hadron collider at the energy frontier of physics today 
– Particle energies in the laboratory (7 TeV) 
– Multipurpose facility  

•  proton – proton collisions (ATLAS, CMS) Univ Johannesburg and Wits 
•  Ion – ion collisions (ALICE) Univ. Cape Town and Ithemba Labs 

– Open up the energy frontier for physics 

p p 
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Collider History 

•  hadron collider at the frontier of physics 
– huge QCD background 
– not all nucleon energy available 

in collision 

•  lepton collider for precision physics 
– well defined initial energy for reaction 
– Colliding point like particles 

• Candidate next machine after LHC 
– e+e- collider 
– energy determined by LHC discoveries 
– Study in detail the properties of the new 

physics that the LHC finds 

p p 

e+ e- 

Simulation of HIGGS production e+e– → Z H 
     Z → e+e–, H → bb 

Simulation of HIGGS LHC 
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Circular versus Linear Collider 

Circular Collider 
many magnets, few cavities, stored beam 
higher energy → stronger magnetic field 

             → higher synchrotron radiation losses (E4/m4R) 

Linear Collider 
few magnets, many cavities, single pass beam 
higher energy → higher accelerating gradient 

higher luminosity → higher beam power (high bunch repetition) 

source main linac 

N 

S 

N 

S 

accelerating cavities 
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Cost of Circular & Linear Accelerators 

Circular Collider 
•  ΔE ~ (E4/m4R) 
•  cost ~ aR + b ΔE 
•  optimization: R~E2 → cost ~ cE2 

Linear Collider 
•  E ~ L 
•  cost ~ aL 

co
st

 

energy 

Circular 
Collider 

Linear 
Collider 

200 GeV e- 



Helsinki Institute of Physics (Finland) 
IAP (Russia) 

IAP NASU (Ukraine) 
IHEP (China) 

INFN / LNF (Italy) 
Instituto de Fisica Corpuscular (Spain)  

IRFU / Saclay (France) 
Jefferson Lab (USA) 

John Adams Institute/Oxford (UK) 

Polytech. University of Catalonia (Spain) 
PSI (Switzerland) 

RAL (UK) 
RRCAT / Indore (India) 

SLAC (USA) 
Thrace University (Greece) 

Tsinghua University (China) 
University of Oslo (Norway) 

Uppsala University (Sweden) 
UCSC SCIPP (USA) 

Aarhus University  (Denmark) 
Ankara University (Turkey) 

Argonne National Laboratory (USA) 
Athens University (Greece) 

BINP (Russia) 
CERN 

CIEMAT (Spain) 
Cockcroft Institute (UK) 

ETHZurich (Switzerland) 
Gazi Universities (Turkey) 

John Adams Institute/RHUL (UK) 
JINR (Russia) 

Karlsruhe University (Germany) 
KEK (Japan)  

LAL / Orsay (France)  
LAPP / ESIA (France) 

NCP (Pakistan) 
Northwestern. Univ. Illinois (USA) 

Patras University (Greece) 

38 Institutes from 19 countries 

World-wide CLIC & CTF3 Collaboration 
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e+ Linac 

Interaction Point  
with Detector 

e- Linac  e+ source  e- source 

RF power 
Source 

RF power 
Source 

Linear Collider R&D 

Challenges: 
1.  High accelerating gradient 
2.  Efficient power production and transfer to beam 
3.  Feasibility demonstration on small scale  

  before building larger machine 

4.  Small beam at the collision point 

accelerating cavities accelerating cavities 
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Acceleration of Charged Particles 

• Lorenz (EM) force most practical 

•  increasing particle energy 

•  to gain 1 MeV energy requires a 1 MV field 

Direct-voltage acceleration used in 
• TV tube: 20~40 keV 
• X-ray tube: ~100 keV 

+ - 

e- 

+ 

- 
+ 
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Surfing: or How to Accelerate Particles 

DC Accelerator RF Accelerator 

synchronize particle 
with an 

electromagnetic wave! 
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Drift Tube Linac: Higher Integrated Field 

Courtesy E. Jensen ©
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Linac 1   1982-1992 
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• Electrons  v~c 

• short pulses (mm)) 

• high frequency 
>3 GHz (< 10 cm) 

•  typical 
10~20 MV/m 

• CLIC: 
–  12 GHz 
–  240 ns 
–  100 MV/m 

Travelling wave cavity 

RF power 
source 

electric field 
d 

particle bunch 

RF 
load 
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Accelerating Cavities 

CERN PS 19 MHz Cavity (prototype 1966) 

CLIC 30 GHz Cavity 
(prototype 2006) ©

 C
E

R
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©
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E
R
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ILC 1.3 GHz Cavity (prototype 2005) ©
 K

E
K
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E

00
57

) 

35 MV/m 

CLIC 12 GHz Cavity 
(prototype 2009) 

100 MV/m 
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e+ Linac 

Interaction Point  
with Detector 

e- Linac  e+ source  e- source 

RF power 
Source 

RF power 
Source 

Linear Collider R&D 

accelerating cavities accelerating cavities 

Challenges: 
1.  High accelerating gradient 
2.  Efficient power production and transfer to beam 
3.  Feasibility demonstration on small scale  

  before building larger machine 

4.  Small beam at the IP Luminosity 
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Electromagnetic Waves 

• static electron 
→ electric field 

• constant electron beam 
→ static electric field 
     + static magnetic field 

• bunched electron beam 
→ electromagnetic wave 
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CLIC Two-beam Acceleration Concept 

• 12 GHz modulated and 
high power drive beam 

• RF power extraction 
in a special structure 
(PETS) 

• use RF power to 
accelerate main beam 



PETS 

Simulation of RF Power Transfer 

PETS structure 

Accelerating structure 

The induced fields travel along the 
PETS structure and build up 

resonantly 

Arno Candel, SLAC 

Large boats 
on the water 

decelerating structure 

Surfer riding the wave 
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e+ Linac 

Interaction Point  
with Detector 

e- Linac  e+ source  e- source 

RF power 
Source 

RF power 
Source 

Linear Collider R&D 

accelerating cavities accelerating cavities 

Challenges: 
1.  High accelerating gradient 
2.  Efficient power production and transfer to beam 
3.  Feasibility demonstration on small scale  

  before building larger machine 

4.  Small beam at the IP Luminosity 



26 

CTF3 Test Facility 

• demonstration drive beam generation (boat factory) 
• evaluate beam stability & losses in deceleration 
• Accelerate the main beam (surfer) 

X 4  
Combiner Ring 

84 m 

X 2 
Delay loop 

42 m 
Drive 
Beam 
Injector 

180 MeV Probe 
Beam Injector  

Two-Beam Test-stand 

Drive Beam Accelerator 

28 A - 150 MeV 
140 ns 

30 GHz  
High Gradient  
Test stand 

CLEX 

Decelerator Test Beam Line 
Drive beam stability bench marking 

CLIC sub-unit 

Drive beam 
generation  
scheme 
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Drive Beam Generation Scheme (boat factory) 

Courtesy Alex Anderssen  



CLEX Area 

Califes Photo-injector Accelerating sections Two Beam Test Stand (TBTS) 

Test Beam Line (TBL) 



Two Beam Test Stand (TBTS) 

Two beam acceleration 



CLIC module  

20760 modules (2 meters long) 

71460 power production structures 
PETS (drive beam) 

143010 accelerating structures 

 (main beam) 

(Courtecy A. Samoshkin) 

Huge engineering challenges 
to integrate all subsystems 

Stabilization, vacuum, beam 
instrumentation, etc.. 



Standard tunnel  
with modules 

(Courtecy John Osborne) 

Tunnel Integration  



Potential machine site 

CERN site 
Prevessin 

Detectors and 
 Interaction Point 

IP under CERN Prevessin site 
Phase 1: 0.5 TeV extension 13 km 
Phase 2: 3 TeV extension 48.5 km 

3 TeV = 48.5 Km 

Longitudinal section of a laser straight Linear Collider on CERN site–  



For  CLIC & ILC, similar World Projects: Channel Tunnel 

7.6mØ  7.6mØ  4.8m Ø  

50Km 



Other technological challenges 

The final focusing quadruple  should be stabilized to 0.15 nm for 
frequencies about 4 Hz 



Other technological challenges 

0.15 nm, small as a H20 molecule ! 



Conclusion – linear technology 

LHC should find new physics 

Linear Collider will be able to study new physics with extreme 
precision 

Collaboration of scientists and engineers from 19 countries 

Optimization of costs and performance 
 Accelerating gradient 
 Efficient transfer of power from the “wall” to the beam 

Many engineering challenges 
 Material science – micron precision machining 
 Mechanics – sub – nm beam stabilization 
 Cooling, Vacuum, Integration, Civil engineering, alignment 
 Diagnostics, Femto-second timing synchronization and 

feedback 



You 

  Attitude 

  Your scientific interest (and late night studies) 

  Ideas, knowledge and expertise 

  Partnership, sustainability and Ubunthu 

  Your government 

  Your university 

  You have choices 

  Feedback 
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Collaboration with TERA foundation 

CLIC / CTF3 accelerating cavity research being applied to medical 
physics industry 
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The site treated 
with hadrons 

CLIC  Meeting 12.3.2010 - UA 



•  Cell Coupled Linac at 5.7 GHz 
•  18 accelerating modules  
•   Length of each module ~ 1.3 m 
                          High gradient : 40 MV/m (TERA+CLIC collaboration) 

41 

54 tanks 

35cm 

5 cm 
HALF 

CELLS 



Linear Collider Designs – Competing Technologies 
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CLIC – compact Linear accelerator 
  Using copper travelling wave accelerating cavities 
  100 MV/m 
  48 km linac for a 3 TeV machine 



Linear Collider Designs – Competing Technologies 
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International Linear Collider 
  using superconducting accelerating cavities 
☺  Negligible energy lost to the cavity walls as heat 
☹  Need energy to cool the cavities down to -271° C 

  35 MV/m 
  40 km linac for 500 GeV machine 



CLIC Two-beam Acceleration Concept 



45 Anne Dabrowski - CLIC/CTF3 Visit - Introduction 

Drive Beam Accelerator 
efficient acceleration in fully loaded linac  

Power Extraction 

Drive Beam Decelerator Sector 

Combiner Ring x 3 

Combiner Ring x 4 

pulse compression &  
frequency multiplication 

pulse compression &  
frequency multiplication 

Delay Loop x 2 
gap creation, pulse 

compression & frequency 
multiplication 

RF Transverse 
Deflectors 

Recombination to Increase Peak Power & Frequency 

140 µs train length - 24 x 24 sub-pulses - 4.2 A 
2.4 GeV - 60 cm between bunches 

240 ns 

24 pulses – 100 A – 2.5 cm between bunches 

240 ns 
5.8 µs 

Drive beam time structure - initial Drive beam time structure - final 



Compact Linear Collider Layout 
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  Using copper travelling wave accelerating cavities 
  100 MV/m 
  48 km linac for a 3 TeV machine 
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