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Context	  of	  the	  CLIC	  studies	  	  
•  LHC	  and	  LHC	  luminosity	  upgrades	  (unNl	  

~2030)	  
–  Higgs	  and	  BSM	  physics	  

•  ILC	  in	  Japan,	  a	  possibility	  for	  exploring	  the	  
Higgs	  in	  detail,	  starNng	  at	  250	  GeV	  	  	  
–  Requires	  significant	  integrated	  

luminosiNes,	  energy	  increases	  in	  steps	  (at	  
least	  to	  500	  GeV),	  also	  long	  programme	  	  

•  What	  of	  New	  Physics	  shows	  up	  at	  LHC	  at	  14	  
TeV	  (from	  2015	  onwards)	  ?	  	  
–  What	  are	  the	  best	  machines	  to	  access	  

such	  physics	  directly	  post	  LHC	  ….	  we	  don’t	  
know	  but	  =>	  prepare	  main	  opNons	  	  

–  Two	  alternaNves	  considered,	  higher	  
energy	  hadrons	  (HE-‐LHC	  or	  V-‐LHC),	  or	  
highest	  possible	  energy	  e+e-‐	  (CLIC).	  

CLIC	  is	  the	  only	  technology	  giving	  access	  to	  mul4-‐TeV	  
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European	  Strategy	  
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CLIC	  two-‐beam	  acceleraNon	  scheme	  
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Two Beam Scheme: 
 
Drive Beam supplies RF power 
•   12 GHz bunch structure 
•   low energy (2.4 GeV - 240 MeV) 
•   high current (100A) 
 
Main beam for physics 
•   high energy (9 GeV – 1.5 TeV) 
•   current 1.2 A 

Accelerating gradient: 100 MV/m 



CLIC	  layout	  at	  3	  TeV	  
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CLIC	  conceptual	  design	  report	  
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•  CLIC	  CDR	  (#1),	  A	  MulN-‐TeV	  Linear	  Collider	  based	  on	  CLIC	  Technology,	  
CERN-‐2012-‐003,	  hdps://edms.cern.ch/document/1234244/	  

•  CLIC	  CDR	  (#2),	  Physics	  and	  Detectors	  at	  CLIC,	  	  
	  	  	  	  	  	  CERN-‐2012-‐003,	  arXiv:1202.5940	  
•  CLIC	  CDR	  (#3),	  The	  CLIC	  Programme:	  towards	  a	  staged	  e+e-‐	  Linear	  Collider	  

exploring	  the	  Terascale,	  CERN-‐2012-‐005,	  hdp://arxiv.org/abs/1209.2543	  
	  



Physics	  at	  CLIC	  
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•  Precision	  SM	  measurements:	  Higgs,	  top	  à	  √s⪅350	  GeV,	  and	  up	  to	  3	  TeV	  
•  Discovery	  (direct	  searches)	  of	  new	  physics	  at	  TeV	  scale,	  	  
unique	  sensiNvity	  to	  parNcles	  with	  electroweak	  charge	  

•  New	  Physics	  model	  discriminaNon	  through	  precision	  measurements	  
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MoNvaNon	  for	  energy	  staging	  
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CLIC	  physics	  poten4al:	  
•  InteresNng	  physics	  at	  various	  CM	  energies	  
•  Most	  studies	  require	  high	  luminosity	  
	  
	  
At	  each	  energy	  stage,	  the	  	  
centre-‐of-‐mass	  energy	  can	  be	  tuned	  down	  
by	  a	  factor	  ~3	  with	  limited	  luminosity	  loss	  
(e.g.	  for	  threshold	  scans)	  
	  
Making	  opNmal	  use	  of	  the	  capaciNes	  	  
(luminosity)	  of	  CLIC,	  this	  is	  best	  studied	  with	  a	  	  
collider	  built	  in	  a	  few	  successive	  energy	  stages.	  
	  
	  
The	  opNmal	  choice	  of	  the	  actual	  energy	  stages	  will	  depend	  on	  the	  physics	  scenario,	  driven	  
by	  8	  TeV	  +	  14	  TeV	  LHC	  results.	  
	  

The	  scenarios	  “A”	  and	  “B”	  are	  therefore	  “just	  examples”	  
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Staged	  approach,	  scenario	  A+B	  
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A	  

B	  

500	  GeV	  

1.4	  TeV	  

3	  TeV	  

500	  GeV	  

1.5	  TeV	  

3	  TeV	  

InteracNon	  point	  Current	  thinking:	  Lowest	  stage	  at	  350-‐375	  GeV	  
to	  cover	  Higgs	  and	  top	  physics	  



CLIC	  layout	  at	  500	  GeV	  
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(scenario	  A)	  

Only	  one	  drive	  beam	  complex	  
needed	  up	  to	  1.4/1.5	  TeV	  



Parameters,	  scenario	  A	  
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Parameters,	  scenario	  B	  
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Integrated	  luminosity	  
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Based	  on	  200	  days/year	  at	  50%	  efficiency	  (accelerator	  +	  data	  taking	  combined)	  
Target	  figures:	  >600	  p-‐1	  at	  first	  stage,	  1.5	  ab-‐1	  at	  second	  stage,	  2	  ab-‐1	  at	  third	  stage	  



Scheduling	  of	  installaNon/operaNon	  	  
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year	  

coord.	  along	  linac	  

B	  



CLIC	  acceleraNng	  structure	  
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Loaded	  gradient	  100MV/m	  
	  
Require	  (soq)	  breakdown	  probability	  	  
prob.	  ≤	  3x10-‐7m-‐1pulse-‐1	  
	  
Structure	  design	  based	  on	  empirical	  
constraints,	  not	  first	  principle	  
	  

Experiments	  are	  essenNal	  to	  confirm	  the	  
structure	  performance	  

16	  



Achieved	  gradient	  for	  CLIC	  
Tests	  at	  KEK	  and	  SLAC	  

Measurements	  
scaled	  according	  
to	  

Unloaded	  106MV/m	  
With	  loading	  0-‐16%	  
less	  

Simple	  early	  design	  
to	  get	  started	  

More	  efficient	  fully	  
op4mised	  structure	  

No	  damping	  waveguides	   T18	   T24	  
Damping	  waveguides	  	  

TD18	   TD24	  =	  CLIC	  goal	  
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CLIC	  Test	  Facility	  (CTF3)	  

4	  A,	  1.4us	  
120	  MeV	  

30	  A,	  140	  ns	  
120	  MeV	  

30	  A,	  140	  ns	  
60	  MeV	  
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Several	  other	  test-‐faciliNes	  are	  important:	  	  
•  ATF	  at	  KEK	  
•  FACET	  at	  SLAC	  
•  X-‐band	  test	  faciliNes	  at	  KEK	  and	  SLAC	  (more	  in	  progress)	  
•  CesrTA	  for	  electron	  cloud	  studies	  
	  	  	  	  	  	  ….	  and	  several	  more	  for	  specific	  technical	  developments	  	  

Test-‐faciliNes	  
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Drive	  Beam	  CombinaNon	  in	  CTF3	  
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End	  of	  linac	  

Delay	  loop	  
Aqer	  delay	  loop	  

In	  combiner	  ring	  

30A	  

DL	   CR	  29	  A	  reached,	  rouNnely	  25A	  
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TBTS:	  Two	  Beam	  AcceleraNon	  
Measured	  acceleraNng	  gradient	  

Consistency	  between	  
• 	  produced	  power	  
• 	  drive	  beam	  current	  
• 	  test	  beam	  acceleraNon	  

Maximum	  gradient	  145	  MV/m	  
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AcNve	  stabilisaNon	  results	  

B10	  

No	  stab.	   53%/68%	  

Current	  stab.	   108%/13%	  

Future	  stab.	   118%/3%	  
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CLIC	  @3	  TeV	  would	  achieve	  
1/3	  of	  luminosity	  with	  ATF	  
performance	  
(3800nm/15nm@4e9)	  

Damping	  ring	  design	  is	  consistent	  
with	  target	  performance	  

Many	  design	  issues	  
addressed:	  
• 	  layce	  design	  
• 	  dynamic	  aperture	  
• 	  tolerances	  
• 	  intra-‐beam	  scadering	  
• 	  space	  charge	  
• 	  wigglers	  
• 	  RF	  system	  
• 	  vacuum	  
• 	  electron	  cloud	  
• 	  kickers	  
	  
In	  addiNon:	  wiggler	  and	  
kicker	  developments	  	  
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Emidance	  generaNon/conservaNon	  



Maximum	  stable	  probe	  beam	  acceleraNon	  measured:	  31	  MeV	  

⇒	  	  	  	  Corresponding	  to	  a	  gradient	  of	  145	  MV/m	  

CLIC	  Nominal,	  
loaded	  

CLIC	  Nominal,	  
unloaded	  

Drive	  beam	  ON	  

Drive	  beam	  OFF	  

	  

Next	  Steps: 	  	  

•  Complete	  modules	  being	  assembled	  in	  lab	  and	  for	  
beam-‐tests	  	  

•  InstallaNon	  and	  test	  of	  full-‐fledged	  Two-‐Beam	  
Modules	  in	  CLEX	  

•  First	  module	  in	  development,	  installaNon	  end	  2013	  

•  Three	  modules	  in	  2014-‐2016	   	  	  

	  

Two-‐beam	  modules	  
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CLIC,	  possible	  implementaNon	  
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The	  site	  specificaNons	  do	  not	  constrain	  the	  implementaNon	  to	  this	  locaNon	  



CDR	  conclusion	  on	  key	  issues	  

Drive	  beam	  scheme	  

Luminosity	  

OperaNon	  
Machine	  ProtecNon	  

Main	  linac	  gradient	   –  Ongoing	  test	  close	  to	  or	  on	  target	  
–  Uncertainty	  from	  beam	  loading	  
	  –  GeneraNon	  tested,	  used	  to	  accelerate	  test	  

beam,	  deceleraNon	  as	  expected	  
–  Improvements	  on	  operaNon,	  reliability,	  

losses,	  more	  deceleraNon	  (more	  PETS)	  to	  
come	  

–  Damping	  ring	  like	  an	  ambiNous	  light	  
source,	  no	  show	  stopper	  

–  Alignment	  system	  principle	  demonstrated	  
–  StabilisaNon	  system	  developed,	  

benchmarked,	  beder	  system	  in	  pipeline	  
–  SimulaNons	  seem	  on	  or	  close	  to	  the	  target	  

–  Start-‐up	  sequence	  defined	  
–  Most	  criNcal	  failure	  studied	  
–  First	  reliability	  studies	  
–  Low	  energy	  operaNon	  developed	  
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CLIC	  strategy	  and	  objecNves	  
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Faster	  implementaNon	  possible,	  (e.g.	  for	  lower-‐energy	  Higgs	  factory):	  klystron-‐based	  ini4al	  stage	  



CLIC	  collaboraNon/cooperaNon	  
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summary	  and	  outlook	  

Linssen,	  CLIC	  acc.,	  Como,	  May	  2013	  	   29	  

Summary	  of	  CLIC	  CDR	  studies	  
	  

•  CLIC	  accelerator	  feasibility	  demonstrated	  
•  Feasibility	  of	  precision	  physics	  measurements	  demonstrated	  
•  Staged	  implementaNon	  of	  CLIC	  =>	  large	  potenNal	  for	  SM	  and	  BSM	  physics	  

	  
Development	  program	  for	  the	  next	  CLIC	  phases	  
•  AnNcipaNng	  energy	  fronNer	  machine	  choice	  2016/2017	  
•  AnNcipaNng	  start	  of	  construcNon	  by	  2022/2023	  

Excellent	  opportuniNes	  for	  universiNes	  and	  insNtutes	  
	  to	  parNcipate	  in	  accelerator	  and	  detector	  R&D	  
	  -‐	  and	  well	  suited	  for	  student	  projects	  	  
	  	  

Welcome	  to	  join	  	  !	  
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SPARE	  
SLIDES	  



Drive	  Beam	  Linac	  

95.3%	  RF	  to	  beam	  
efficiency	  

No	  instabiliNes	  
Phase	  switch	  works	  OK	  	  
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Example	  ConstrucNon	  Schedule	  
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Low entry cost scenario 
3-1 & 1-2 : 4 sectors 
5-3 & 2-4 : 4 sectors 
7-5 & 4-6 : 4 sectors 500GeV 
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