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• Two detector concepts CLIC_ILD and CLIC_SiD 
• Detector study has focuses on 3 TeV, lower √s 
energies now under study 

Current	
  project	
  stage:	
  
	
  

Conceptual	
  Design	
  Report	
  (CDR)	
  stage	
  is	
  just	
  finished	
  for	
  accelerator	
  and	
  detector	
  

Linear collider, e+e- collisions, high luminosity 
• Based on 2-beam acceleration scheme 

• Generation of RF power through low-
energy, high-intensity drive beam 

• Gradient 100 MV/m, room temperature 
• Energy: from few-hundred GeV upgradable in 
steps up to 3 TeV; R&D has focused on 3 TeV 



CLIC	
  conceptual	
  design	
  report(s)	
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CLIC	
  conceptual	
  design	
  report	
  (CDR):	
  
1.  Accelerator	
  	
  

Officially	
  presented	
  to	
  CERN	
  SPC,	
  final	
  text	
  ediEng	
  sEll	
  ongoing	
  
hWp://clic-­‐study.org/accelerator/CLIC-­‐ConceptDesignRep.php	
  

2.  Physics	
  and	
  Detectors	
  =>	
  published	
  
hWp://arxiv.org/abs/1202.5940	
  

3.  Strategic	
  CDR	
  volume	
  (energy	
  staging,	
  cost,	
  power...)	
  
In	
  progress,	
  foreseen	
  summer	
  2012	
  	
  

The	
  physics	
  &	
  detector	
  CDR	
  was	
  reviewed	
  in	
  October	
  2011:	
  
hWps://edms.cern.ch/document/1172721	
  

Signatories	
  list	
  of	
  the	
  CLIC	
  CDR	
  
hWps://indico.cern.ch/conferenceDisplay.py?confId=136364	
  
	
  
Currently	
  1375	
  signatories	
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CLIC	
  physics	
  &	
  detector	
  CDR	
  studies	
  were	
  carried	
  out	
  within	
  a	
  broad	
  
internaEonal	
  Linear	
  Collider	
  physics	
  and	
  detector	
  effort,	
  

drawing	
  on	
  exisEng	
  ILC	
  (etc.)	
  studies	
  

í	
  36	
  editors	
  

hWp://lcd.web.cern.ch/LCD/CDR/CDR.html	
  



CLIC&CTF3 accelerator collaboration 

Gazi	
  Universi7es	
  (Turkey)	
  
Helsinki	
  Ins7tute	
  of	
  Physics	
  (Finland)	
  
IAP	
  (Russia)	
  
IAP	
  NASU	
  (Ukraine)	
  
IHEP	
  (China)	
  
INFN	
  /	
  LNF	
  (Italy)	
  
Ins7tuto	
  de	
  Fisica	
  Corpuscular	
  (Spain)	
  	
  
IRFU	
  /	
  Saclay	
  (France)	
  
Jefferson	
  Lab	
  (USA)	
  
John	
  Adams	
  Ins7tute/Oxford	
  (UK)	
  
Joint	
  Ins7tute	
  for	
  Power	
  and	
  Nuclear	
  
Research	
  SOSNY	
  /Minsk	
  (Belarus)	
  
	
  

PSI	
  (Switzerland)	
  
RAL	
  (UK)	
  
RRCAT	
  /	
  Indore	
  (India)	
  
SLAC	
  (USA)	
  
Sincrotrone	
  Trieste/ELETTRA	
  (Italy)	
  
Thrace	
  University	
  (Greece)	
  
Tsinghua	
  University	
  (China)	
  
University	
  of	
  Oslo	
  (Norway)	
  
University	
  of	
  Vigo	
  (Spain)	
  
Uppsala	
  University	
  (Sweden)	
  
UCSC	
  SCIPP	
  (USA)	
  

ACAS	
  (Australia)	
  
Aarhus	
  University	
  	
  (Denmark)	
  
Ankara	
  University	
  (Turkey)	
  
Argonne	
  Na7onal	
  Laboratory	
  (USA)	
  
Athens	
  University	
  (Greece)	
  
BINP	
  (Russia)	
  
CERN	
  
CIEMAT	
  (Spain)	
  
CockcroU	
  Ins7tute	
  (UK)	
  
ETH	
  Zurich	
  (Switzerland)	
  
FNAL	
  (USA)	
  	
  

John	
  Adams	
  Ins7tute/RHUL	
  (UK)	
  
JINR	
  (Russia)	
  
Karlsruhe	
  University	
  (Germany)	
  
KEK	
  (Japan)	
  	
  
LAL	
  /	
  Orsay	
  (France)	
  	
  
LAPP	
  /	
  ESIA	
  (France)	
  
NIKHEF/Amsterdam	
  (Netherland)	
  	
  
NCP	
  (Pakistan)	
  
North-­‐West.	
  Univ.	
  Illinois	
  (USA)	
  
Patras	
  University	
  (Greece)	
  
Polytech.	
  Univ.	
  of	
  Catalonia	
  (Spain)	
  
	
  
	
  

CLIC multi-lateral collaboration - 44 Institutes from 22 countries 
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CLIC	
  Layout	
  at	
  3	
  TeV	
  

(c)FT

TA

BC2

delay loop
2.5 km

decelerator, 24 sectors of ~900 m

800 klystrons
15 MW, 139 µs

CR2

CR1

circumferences
delay loop 73 m
CR1 292 m
CR2 438 m

BDS
2.75 km

IP
TA

BC2

delay loop
2.5 km

800 klystrons
15 MW, 139 µs

drive beam accelerator
2.38 GeV, 1.0 GHz

CR2

CR1

BDS
2.75 km

48.3 km
CR     combiner ring
TA      turnaround
DR     damping ring
PDR   predamping ring
BC     bunch compressor
BDS   beam delivery system
IP       interaction point
           dump 

drive beam accelerator
2.38 GeV, 1.0 GHz

BC1

Drive Beam

Main Beam

e+ injector,
2.86 GeVe+ 

PDR 
398 m

e+ 
DR 

421 m

booster linac
2.86 to 9 GeV

e+ main linac

e– injector,
2.86 GeV e– 

PDR 
398 m

e– 
DR 

421 m

e– main linac, 12 GHz, 100 MV/m, 21 km

Drive Beam 
Generation 
Complex 

Main Beam 
Generation 
Complex 
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design	
  issues	
  addressed	
  in	
  acc.	
  CDR	
  

8	
  

Drive	
  beam	
  scheme	
  

Luminosity	
  

OperaEon	
  and	
  Machine	
  ProtecEon	
  System	
  (robustness)	
  

Main	
  linac	
  gradient	
   –  AcceleraEng	
  structure	
  

–  Drive	
  beam	
  generaEon	
  
–  PETS	
  (power	
  extracEon	
  and	
  transfer	
  

structures)	
  
–  Two	
  beam	
  acceleraEon	
  
–  Drive	
  beam	
  deceleraEon	
  

–  Main	
  beam	
  emiWance	
  generaEon,	
  
preservaEon	
  and	
  focusing	
  

–  Alignment	
  and	
  stabilisaEon	
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  gradient	
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Measurements	
  
scaled	
  according	
  
to	
  

Simple	
  early	
  
design	
  to	
  get	
  
started	
  

More	
  efficient	
  fully	
  
op7mised	
  structure	
  

No	
  damping	
  waveguides	
   T18	
   T24	
  
Damping	
  waveguides	
  	
   TD18	
   TD24	
  =	
  CLIC	
  goal	
  

Unloaded	
  103MV/m	
  
Expected	
  with	
  beam	
  
loading	
  86-­‐103	
  MV/m	
  

Tests	
  at	
  KEK	
  and	
  SLAC	
  



two-­‐beam	
  acceleraEon	
  

10	
  

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

Maximum	
  gradient	
  
145	
  MV/m	
  
	
  
	
  
	
  

Measured	
  acceleraEng	
  gradient	
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accelerator	
  achievements	
  in	
  CDR	
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Drive	
  beam	
  scheme	
  

Luminosity	
  

OperaEon	
  
Machine	
  ProtecEon	
  

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

beam,	
  deceleraEon	
  as	
  expected	
  
–  Improvements	
  on	
  operaEon,	
  reliability,	
  

losses,	
  more	
  deceleraEon	
  (more	
  PETS)	
  to	
  
come	
  

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

–  Alignment	
  system	
  principle	
  demonstrated	
  
–  StabilisaEon	
  system	
  developed,	
  

benchmarked,	
  beWer	
  system	
  in	
  pipeline	
  
–  SimulaEons	
  seem	
  on	
  or	
  close	
  to	
  the	
  target	
  

–  Start-­‐up	
  sequence	
  defined	
  
–  Most	
  criEcal	
  failure	
  studied	
  
–  First	
  reliability	
  studies	
  
–  Low	
  energy	
  operaEon	
  developed	
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CLIC	
  physics	
  potenEal	
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Beyond	
  LHC	
  discovery	
  reach:	
  
•  e+e-­‐	
  collisions	
  give	
  access	
  to	
  addiEonal	
  physics	
  pocesses	
  

•  weakly	
  interacEng	
  states	
  (e.g.	
  slepton,	
  chargino,	
  neutralino	
  searches)	
  
•  more	
  clean	
  condiEons	
  than	
  in	
  LHC	
  

•  Defined	
  iniEal	
  state	
  +	
  more	
  precise	
  measurements	
  

CLIC	
  physics	
  potenEal	
  is	
  complementary	
  to	
  LHC	
  
	
  

Examples	
  highlighted	
  in	
  the	
  CDR	
  
•  Higgs	
  physics	
  (SM	
  and	
  non-­‐SM)	
  
•  Top	
  
•  SUSY	
  
•  Higgs	
  strong	
  interacEons	
  
•  New	
  Z’	
  sector	
  
•  Contact	
  interacEons	
  
•  Extra	
  dimensions	
  
•  Enhancement	
  with	
  polarised	
  beams	
  
•  ….	
  



SM	
  Higgs	
  
Standard	
  model	
  Higgs	
  (example	
  120	
  GeV)	
  

CLIC	
  √s	
  range	
  give	
  access	
  to	
  
a	
  wealth	
  of	
  Higgs	
  studies	
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σ(h	
  è	
  μ+μ-­‐)	
  è	
  ±15%	
   σ(h	
  è	
  bb)	
  è	
  ±0.2%	
  

3	
  TeV	
   3	
  TeV	
  

Results:	
  Full	
  simulaEon	
  +	
  Background	
  overlay	
  



heavy	
  Higgs,	
  non-­‐SM	
  
Non-­‐SM	
  Higgs	
  
	
  
e.g.	
  SUSY	
  heavy	
  Higgs	
  

MSSM	
  
3	
  TeV	
  CM	
  

s	
  

mA0/H0 : ± 2.8 GeV

mH± : ± 2.4 GeV
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heavy	
  Higgs	
  searches	
  
CLIC	
  access	
  to	
  SUSY	
  heavy	
  Higgs	
  searches	
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resolving	
  new	
  physics	
  models	
  
Precision	
  measurements	
  at	
  CLIC	
  allow	
  to	
  disEnguish	
  between	
  models	
  of	
  new	
  
physics,	
  e.g.	
  following	
  first	
  observaEons	
  at	
  LHC	
  

e.g.	
  CLIC	
  resolving	
  power	
  for	
  SUSY	
  breaking	
  models	
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Higgs	
  compositeness	
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LHC:	
  WW	
  scaWering	
  and	
  strong	
  
double	
  Higgs	
  producEon	
  

LHC:	
  single	
  Higgs	
  processes	
  

CLIC:	
  double	
  Higgs	
  producEon	
  via	
  
vector	
  boson	
  fusion	
  

Allows	
  to	
  probe	
  Higgs	
  compositeness	
  at	
  the	
  30	
  TeV	
  scale	
  for	
  1	
  ab-­‐1	
  at	
  3	
  TeV	
  
(60	
  TeV	
  scale	
  if	
  combined	
  with	
  single	
  Higgs	
  producEon)	
  

Vector	
  resonance	
  mass	
  

LHC:	
  direct	
  search	
  WZ	
  =>3	
  leptons	
  



physics	
  reach,	
  short	
  overview	
  
Discovery	
  reach	
  (indicaEve)	
  for	
  new	
  physics:	
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physics	
  aims	
  =>	
  detector	
  needs	
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«  impact	
  parameter	
  resoluEon:	
  
	
  	
  	
  	
  	
  	
  	
  e.g.	
  c/b-­‐tagging,	
  Higgs	
  BR	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

«  jet	
  energy	
  resoluEon:	
  	
  
	
  	
  	
  	
  	
  	
  	
  e.g.	
  W/Z/h	
  di-­‐jet	
  mass	
  separaEon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

�E

E
⇠ 3.5 � 5 %

�r� = 5 � 15/(p[GeV] sin
3
2 ✓) µm

�pT /p
2
T ⇠ 2 ⇥ 10�5 GeV�1

«  angular	
  coverage,	
  very	
  forward	
  electron	
  tagging	
  	
  

« momentum	
  resoluEon:	
  	
  
	
  e.g.	
  Smuon	
  endpoint	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Higgs	
  recoil	
  mass,	
  Higgs	
  coupling	
  to	
  muons	
  	
  

W-­‐Z	
  
jet	
  reco	
  

smuon	
  
end	
  point	
  

(for	
  high-­‐
E	
  jets)	
  



CLIC	
  machine	
  environment	
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CLIC	
  machine	
  environment	
  (1)	
  

Drives	
  Eming	
  
requirements	
  
for	
  CLIC	
  detector	
  	
  

CLIC	
  at	
  3	
  TeV	
  

L	
  (cm-­‐2s-­‐1)	
   5.9×1034	
  

BX	
  separaEon	
   0.5	
  ns	
  

#BX	
  /	
  train	
   312	
  

Train	
  duraEon	
  (ns)	
   156	
  

Rep.	
  rate	
   50	
  Hz	
  

σx	
  /	
  σy	
  (nm)	
   ≈	
  45	
  /	
  1	
  

σz	
  (μm)	
   44	
  

Beam	
  related	
  background:	
  
§ 	
  Small	
  beam	
  profile	
  at	
  IP	
  leads	
  very	
  high	
  E-­‐field	
  
	
  

s 	
  Beamstrahlung	
  
s 	
  Pair-­‐background	
  
s 	
  γγ	
  to	
  hadrons	
  

�/�� q

q�/��

very	
  small	
  beam	
  size	
  



CLIC	
  machine	
  environment	
  (2)	
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Beamstrahlung	
  è	
  important	
  energy	
  losses	
  
right	
  at	
  the	
  interacEon	
  point	
  
	
  

Full	
  luminosity:	
  	
  
	
  5.9	
  ×	
  1034	
  cm-­‐2s-­‐1	
  

Of	
  which	
  in	
  the	
  1%	
  most	
  energeEc	
  part:	
  
	
  2.0	
  ×	
  1034	
  cm-­‐2s-­‐1	
  

	
  

Most	
  physics	
  processes	
  are	
  studied	
  well	
  above	
  
producEon	
  threshold	
  =>	
  profit	
  from	
  full	
  luminosity	
  

3	
  TeV	
  
√s	
  
energy	
  spectrum	
  

Coherent	
  e+e-­‐	
  pairs	
  
s 	
  7	
  x	
  108	
  per	
  BX,	
  very	
  forward	
  

Incoherent	
  e+e-­‐	
  pairs	
  	
  	
  
s 	
  3	
  x	
  105	
  per	
  BX,	
  rather	
  forward	
  	
  

γγ→	
  hadrons	
  
s 	
  3.2	
  evts.	
  per	
  BX	
  
s 	
  main	
  background	
  in	
  calorimeters	
  

Simplified	
  view:	
  
Pair	
  background	
  
•  Design	
  issue	
  (high	
  occupancies)	
  
γγ	
  →	
  hadrons	
  
•  Impacts	
  on	
  the	
  physics	
  
•  Needs	
  suppression	
  in	
  data	
  	
  

è	
  



CLIC_ILD	
  and	
  CLIC_SiD	
  

CLIC_ILD	
   CLIC_SiD	
  

7	
  m	
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Two	
  general-­‐purpose	
  CLIC	
  detector	
  concepts	
  
	
  Based	
  in	
  iniEal	
  ILC	
  concepts	
  (ILD	
  and	
  SiD)	
  
	
  OpEmised	
  and	
  adapted	
  to	
  CLIC	
  condiEons	
  



Engineering	
  /	
  push-­‐pull	
  /	
  forward	
  region	
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see	
  talk	
  A.	
  Gaddi	
  25/4	
  MDI	
  

see	
  talk	
  H.	
  Gerwig	
  25/4	
  MDI	
  

see	
  talk	
  W.	
  Lohmann	
  24/4	
  MDI	
  



vertex	
  detector	
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Challenging	
  ongoing	
  
R&D	
  project	
  

Vertex	
  +	
  forward	
  tracking	
  
CLIC_ILD	
  

•  ~20×20	
  μm	
  pixel	
  size	
  
•  0.2%	
  X0	
  material	
  par	
  layer	
  <=	
  very	
  thin	
  !	
  

•  Very	
  thin	
  materials/sensors	
  
•  Low-­‐power	
  design,	
  power	
  pulsing,	
  air	
  cooling	
  

•  Time	
  stamping	
  10	
  ns	
  
•  RadiaEon	
  level	
  <1011	
  neqcm-­‐2year-­‐1	
  <=	
  104	
  lower	
  than	
  LHC	
  

see	
  talk	
  D.	
  Dannheim	
  24/4	
  ACFA	
  trackers	
  

see	
  talk	
  H.	
  Gerwig24/4	
  ACFA	
  trackers	
  



CLIC_ILD	
  í	
  and	
  CLIC_SiD	
  î	
  tracker	
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TPC	
  +	
  silicon	
  tracker	
  in	
  4	
  Tesla	
  field	
  

Time	
  
ProjecEon	
  
Chamber	
  
(TPC)	
  with	
  
MPGD	
  
readout	
  

1.3	
  m	
  

all-­‐silicon	
  tracker	
  in	
  5	
  Tesla	
  field	
  

chip	
  on	
  sensor	
  



calorimetry	
  and	
  PFA	
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Jet	
  energy	
  resolu7on	
  and	
  background	
  rejec7on	
  drive	
  the	
  overall	
  detector	
  design	
  
	
  

=>	
  =>	
  fine-­‐grained	
  calorimetry	
  +	
  ParEcle	
  Flow	
  Analysis	
  (PFA)	
  	
  

HCAL:	
  
Several	
  technology	
  opEons	
  
Tungsten	
  (barrel),	
  steel	
  (endcap)	
  
cell	
  sizes	
  9	
  cm2	
  (analog)	
  or	
  1	
  cm2	
  (digital)	
  	
  
60-­‐75	
  layers	
  in	
  depth	
  
Total	
  depth	
  7.5	
  Λi	
  

ECAL:	
  
Si	
  or	
  Scint.	
  (acEve)	
  +	
  Tungsten	
  (absorber)	
  
cell	
  sizes	
  13	
  mm2	
  or	
  25	
  mm2	
  	
  
30	
  layers	
  in	
  depth	
  



calorimetry	
  and	
  PFA	
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jet	
  energy	
  resoluEon	
  
(no	
  jet	
  clustering,	
  no	
  background	
  overlay)	
  



impact	
  of	
  γγ	
  →	
  hadrons	
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•  DominaEng	
  background	
  	
  
•  For	
  enEre	
  bunch-­‐train	
  (312	
  BXs)	
  

§ 	
  5000	
  tracks	
  giving	
  total	
  track	
  momentum	
  :	
  7.3	
  TeV	
  
§ 	
  Total	
  calorimetric	
  energy	
  (ECAL	
  +	
  HCAL)	
  :	
  19	
  TeV	
  

•  Mostly	
  low	
  pT	
  parEcles	
  

20	
  BXs	
  

PT	
  spectrum	
  
parEcles	
  
γγ	
  =>	
  hadrons	
  



background	
  suppression	
  at	
  CLIC	
  

•  Full	
  event	
  reconstruc7on	
  +	
  PFA	
  analysis	
  with	
  background	
  overlaid	
  
• 	
  =>	
  physics	
  objects	
  with	
  precise	
  pT	
  and	
  cluster	
  Eme	
  informaEon	
  
• 	
  Time	
  corrected	
  for	
  shower	
  development	
  and	
  TOF	
  

•  Then	
  apply	
  cluster-­‐based	
  7ming	
  cuts	
  
• 	
  Cuts	
  depend	
  on	
  parEcle-­‐type,	
  pT	
  and	
  detector	
  region	
  
• 	
  Allows	
  to	
  protect	
  high-­‐pT	
  physics	
  objects	
  

•  Use	
  well-­‐adapted	
  jet	
  clustering	
  algorithms	
  
• 	
  Making	
  use	
  of	
  LHC	
  experience	
  (FastJet)	
  

+	
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tCluster	
  

Triggerless	
  readout	
  of	
  full	
  train	
  

ë	
  	
  t0	
  physics	
  event	
  (offline)	
  



Eme	
  window	
  /	
  Eme	
  resoluEon	
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Translates	
  in	
  precise	
  Eming	
  requirements	
  of	
  the	
  sub-­‐detectors	
  

The	
  event	
  reconstrucEon	
  so�ware	
  uses:	
  

ë	
  	
  t0	
  physics	
  event	
  (offline)	
  



combined	
  pT	
  and	
  Eming	
  cuts	
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e+e� ! H+H� ! tbbt! 8 jets

1.2	
  TeV	
   100	
  GeV	
  

1.2	
  TeV	
  background	
  in	
  
reconstrucEon	
  Eme	
  window	
  

100	
  GeV	
  background	
  
a�er	
  Eght	
  cuts	
  



jet	
  clustering	
  (example)	
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  e.g.	
  
§ 	
  for	
  squark	
  mass	
  ~1.1	
  TeV	
  
§ 	
  two	
  jets	
  +	
  missing	
  energy	
  

e+e� ! q̃Rq̃R ! qq �̃0
1 �̃

0
1

	
  Durham	
  kT	
  
“hadron	
  collider”	
  kT	
  with	
  ΔR=0.7	
  

TIGHT	
  
Eming	
  

All	
  parEcles	
  clustered	
  

Result	
  of	
  this	
  detector	
  benchmark	
  study:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  mq̃R : ± 6 GeV



summary	
  of	
  CDR	
  benchmark	
  studies	
  (1)	
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see	
  talk	
  F.	
  Simon	
  24/4	
  ACFA	
  trackers	
  



summary	
  of	
  CDR	
  benchmark	
  studies	
  (2)	
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Physics/detector	
  objecEves:	
  2012-­‐2016	
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Implementa7on	
  study	
  and	
  technical	
  demonstra7on	
  phase	
  
Physics	
  studies,	
  following	
  up	
  on	
  7-­‐8	
  TeV	
  and	
  14	
  TeV	
  LHC	
  results	
  

ExploraEon	
  of	
  SM	
  physics	
  (incl.	
  Higgs,	
  top)	
  and	
  reach	
  for	
  new	
  physics	
  
AdaptaEon	
  of	
  strategy	
  for	
  CLIC	
  energy	
  staging	
  and	
  luminosity	
  levels	
  

Detector	
  opEmisaEon	
  
General	
  detector	
  opEmisaEon	
  +	
  simulaEon	
  studies	
  in	
  close	
  relaEon	
  with	
  detector	
  R&D	
  

R&D:	
  ImplementaEon	
  examples	
  demonstra-ng	
  the	
  required	
  funcEonality	
  
Vertex	
  detector	
  

DemonstraEon	
  module	
  that	
  meets	
  the	
  requirements	
  
Main	
  tracker	
  

DemonstraEon	
  modules,	
  including	
  manageable	
  occupancies	
  in	
  the	
  event	
  reconstrucEon	
  
Calorimeters	
  

DemonstraEon	
  modules,	
  technological	
  prototypes	
  +	
  addressing	
  control	
  of	
  cost	
  	
  
Electronics	
  

Demonstrators,	
  in	
  parEcular	
  in	
  view	
  of	
  power	
  pulsing	
  
Magnet	
  systems	
  

Demonstrators	
  of	
  conductor	
  technology,	
  safety	
  systems	
  and	
  moveable	
  service	
  lines	
  
Engineering	
  and	
  detector	
  integraEon	
  

Engineering	
  design	
  and	
  detector	
  integraEon	
  harmonized	
  with	
  hardware	
  R&D	
  demonstrators	
  
	
  	
  
Challenging	
  detector	
  technologies,	
  considered	
  feasible	
  in	
  a	
  5-­‐year	
  R&D	
  program	
  



CLIC	
  energy	
  staging	
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Example	
  of	
  CLIC	
  energy	
  
staging	
  currently	
  studied	
  for	
  
Volume	
  3	
  of	
  the	
  CDR	
  
	
  
Accelerator	
  +	
  detector	
  
	
  
Including	
  cost	
  +	
  schedule	
  +	
  
power	
  consumpEon	
  
	
  
Study	
  of	
  Physics	
  reach	
  based	
  
on	
  Higgs,	
  top	
  and	
  a	
  specific	
  
SUSY	
  model	
  	
  

sparticles	
  

•  Majority	
  of	
  CDR	
  studies	
  done	
  at	
  √s	
  =	
  3.0	
  TeV	
  
§ 	
  most	
  challenging	
  for	
  beam-­‐induced	
  backgrounds	
  in	
  the	
  detector	
  
§ 	
  ulEmate	
  physics	
  reach	
  

•  Staged	
  construcEon	
  and	
  operaEon	
  of	
  CLIC	
  
•  Address	
  SM	
  physics	
  (Higgs,	
  top,	
  etc.)	
  at	
  lower-­‐E	
  stage	
  
•  Explore	
  new	
  physics	
  and	
  ulEmate	
  physics	
  goal	
  at	
  higher-­‐E	
  stage	
  

√s	
  (GeV)	
  

σ	
  
(s)	
  



New	
  benchmark	
  studies,	
  staged	
  energy	
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Currently	
  ongoing	
  benchmark	
  studies	
  with	
  staged	
  energies	
  
(In	
  addiEon	
  to	
  studies	
  already	
  reported	
  in	
  the	
  CDR)	
  
	
  
Stage	
  1:	
  Ecm	
  =	
  500	
  GeV	
  machine	
  (+350	
  GeV	
  running)	
  
Lint	
  =	
  500	
  s-­‐1	
  

Higgs	
  mass	
  measurement	
  (500	
  GeV,	
  350	
  GeV)	
  
t-­‐tbar	
  threshold	
  scan	
  (350	
  GeV)	
  
	
  
Stage	
  2:	
  Ecm	
  =	
  1.4	
  TeV	
  
Lint	
  =	
  1.5	
  ab-­‐1	
  	
  
triple	
  Higgs	
  coupling	
  
SUSY	
  studies	
  with	
  “Model	
  3”	
  

	
  sleptons	
  (inc.	
  stau),	
  gauginos	
  
	
  
Stage	
  3:	
  Ecm	
  =	
  3	
  TeV	
  
Lint	
  =	
  2	
  ab-­‐1	
  
triple	
  Higgs	
  coupling	
  
	
   see	
  talk	
  F.	
  Simon	
  24/4	
  ACFA	
  trackers	
  



CLIC	
  ImplementaEon	
  –	
  in	
  stages?	
  

3 TeV Stage Linac 1 Linac 2 

Injector  Complex 

I.P. 

 3 km 20.8 km 20.8 km  3 km 
48.2 km 

Linac 1 Linac 2 

Injector  Complex 

I.P. 

1-2 TeV Stage   

0.5 TeV Stage 
Linac 1 Linac 2 

Injector  Complex 

I.P. 

4  km 
 ~14 km  4  km 

 ~20-34 km  
 7.0-14 km  7.0-14 km 

CLIC	
  two-­‐beam	
  scheme	
  
compaEble	
  with	
  energy	
  staging	
  to	
  
provide	
  the	
  opEmal	
  machine	
  for	
  a	
  
large	
  energy	
  range	
  	
  	
  
	
  
Lower	
  energy	
  machine	
  can	
  run	
  
most	
  of	
  the	
  Eme	
  during	
  the	
  
construcEon	
  of	
  the	
  next	
  stage.	
  
Physics	
  results	
  will	
  determine	
  the	
  
energies	
  of	
  the	
  stages	
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PotenEal	
  Staged	
  Parameters	
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Preliminary,	
  implementa-on	
  op-ons	
  s-ll	
  under	
  discussion	
  



possible	
  Ecm	
  /	
  luminosity	
  scenario	
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This	
  is	
  just	
  an	
  example	
  
Reducing	
  the	
  instantaneous	
  luminosity	
  reduces	
  both	
  power	
  and	
  yearly	
  energy	
  
Finer	
  energy	
  scans	
  might	
  well	
  be	
  needed	
  within	
  one	
  stage	
  	
  



summary	
  and	
  outlook	
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Good	
  results	
  on	
  feasibility	
  of	
  CLIC	
  accelerator	
  technologies,	
  and	
  
progress	
  conEnues	
  	
  
	
  	
  
CLIC	
  has	
  a	
  large	
  physics	
  potenEal,	
  complementary	
  to	
  LHC	
  
	
  	
  
Physics	
  can	
  be	
  measured	
  with	
  high	
  precision,	
  despite	
  challenging	
  
background	
  condiEons	
  
	
  	
  
Physics	
  can	
  be	
  explored	
  in	
  a	
  staged	
  approach:	
  	
  
few-­‐hunred	
  GeV	
  –	
  3	
  TeV	
  
	
  	
  
Plans	
  for	
  the	
  next	
  phase	
  2012	
  –	
  2016	
  are	
  well	
  underway	
  	
  

With	
  many	
  thanks	
  to	
  all	
  those	
  who	
  parEcipated,	
  in	
  parEcular	
  giving	
  credit	
  to	
  prior	
  ILC	
  
work	
  on	
  physics	
  and	
  detectors	
  who	
  made	
  CLIC	
  CDR	
  work	
  possible	
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SPARE	
  
SLIDES	
  



detector	
  concepts	
  

ultra	
  low-­‐mass	
  
vertex	
  detector	
  
with	
  20	
  μm	
  pixels	
  

main	
  trackers:	
  
TPC+silicon	
  (CLIC_ILD)	
  
all-­‐silicon	
  (CLIC_SiD)	
  

fine	
  grained	
  (PFA)	
  
calorimetry,	
  1	
  +	
  7.5	
  Λi,	
  

strong	
  solenoids	
  
4	
  T	
  and	
  5	
  T	
  

return	
  yoke	
  with	
  
InstrumentaEon	
  
for	
  muon	
  ID	
  

complex	
  forward	
  
region	
  with	
  final	
  
beam	
  focusing	
  

6.5	
  m	
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…	
  in	
  a	
  few	
  words	
  …	
  



details	
  of	
  forward	
  detector	
  region	
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two	
  experiments	
  in	
  push-­‐pull	
  

e-­‐	
  

e+	
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PFA	
  jet	
  performance	
  study	
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W	
  è	
  2	
  jets	
  
with	
  jet	
  finding	
  and	
  Eming	
  cuts	
  



PFO-­‐based	
  Eming	
  cuts	
  

Example:	
  SelectedPandoraNewPFAs 
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CLIC	
  two-­‐beam	
  acceleraEon	
  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 
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Tunnel implementations 
(laser straight) 
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2012	
  -­‐	
  2016	
   2016	
  –	
  2022	
  2004	
  -­‐	
  2012	
  

Final	
  CLIC	
  CDR	
  and	
  
feasibility	
  established,	
  
also	
  input	
  for	
  the	
  Eur.	
  
Strategy	
  Update	
  

From	
  2016	
  –	
  Project	
  ImplementaEon	
  phase,	
  including	
  an	
  iniEal	
  project	
  to	
  lay	
  the	
  grounds	
  for	
  full	
  
construcEon:	
  	
  
•  CLIC	
  0	
  –	
  a	
  significant	
  part	
  of	
  the	
  drive	
  beam	
  facility:	
  prototypes	
  of	
  hardware	
  components	
  at	
  real	
  

frequency,	
  final	
  validaEon	
  of	
  drive	
  beam	
  quality/main	
  beam	
  emiWance	
  preservaEon,	
  facility	
  for	
  
recepEon	
  tests	
  –	
  and	
  part	
  of	
  the	
  final	
  project)	
  

•  FinalizaEon	
  of	
  the	
  CLIC	
  technical	
  design,	
  taking	
  into	
  account	
  the	
  results	
  of	
  technical	
  studies	
  done	
  in	
  
the	
  previous	
  phase,	
  and	
  final	
  energy	
  staging	
  scenario	
  based	
  on	
  the	
  LHC	
  Physics	
  results,	
  which	
  should	
  
be	
  fully	
  available	
  by	
  the	
  Eme	
  

•  Further	
  industrializaEon	
  and	
  pre-­‐series	
  producEon	
  of	
  large	
  series	
  components	
  for	
  validaEon	
  faciliEes	
  
•  Other	
  system	
  studies	
  addressing	
  luminosity	
  issues	
  (emiWance	
  conservaEon)	
  …	
  	
  	
  
•  Environmental	
  Impact	
  Study	
  	
  

2011-­‐2016	
  –	
  Goal:	
  Develop	
  a	
  project	
  implementaEon	
  plan	
  for	
  a	
  Linear	
  Collider:	
  
•  Addressing	
  the	
  key	
  physics	
  goals	
  as	
  emerging	
  from	
  the	
  LHC	
  data	
  	
  
•  With	
  a	
  well-­‐defined	
  scope	
  (i.e.	
  technical	
  implementaEon	
  and	
  operaEon	
  model,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  energy	
  and	
  luminosity),	
  cost	
  and	
  schedule	
  
•  With	
  a	
  solid	
  technical	
  basis	
  for	
  the	
  key	
  elements	
  of	
  the	
  machine	
  and	
  detector	
  
•  Including	
  the	
  necessary	
  preparaEon	
  for	
  siEng	
  the	
  machine	
  	
  	
  
•  Within	
  a	
  project	
  governance	
  structure	
  as	
  defined	
  with	
  internaEonal	
  partners	
  

CLIC	
  project	
  construcEon	
  –	
  
in	
  stages,	
  making	
  use	
  of	
  
CLIC	
  0	
  

~	
  2020	
  onwards	
  

CLIC	
  project	
  Eme-­‐
line	
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System	
  test	
  and	
  iniEal	
  step	
  for	
  CLIC	
  	
  

ObjecEves	
  beyond	
  2016:	
  	
  
•  Final	
  components	
  at	
  some	
  scale	
  
•  Full	
  currents	
  
•  Needed	
  for	
  iniEal	
  phase	
  of	
  project	
  

(recepEons	
  and	
  condiEoning	
  of	
  final	
  
modules	
  before	
  installaEon)	
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Drive	
  beam	
  (TBA	
  entrance)	
  
Energy 	
  480 	
  MeV 	
  	
  

EmiWance,	
  norm.	
  rms 	
  	
  ≤	
  150 	
  um	
  

Energy	
  spread,	
  rms 	
  ~	
  1	
  %	
  

Bunch	
  length,	
  rms 	
  1 	
  mm 	
  (3.6	
  ps) 	
  	
  

Bunch	
  charge 	
  8.4	
   	
  nC 	
  	
  

Pulse	
  Current 	
  101 	
  A 	
  (4.2	
  A	
  in	
  DBA)	
  

Pulse	
  length 	
  244	
   	
  ns 	
  (~	
  6	
  us	
  in	
  DBA,	
  opEon	
  for	
  full	
  pulse	
  length	
  –	
  140	
  us)	
  

Rep.	
  Rate 	
  50 	
  Hz	
  

	
  
Probe	
  beam	
  (end	
  of	
  TBA)	
  
Energy 	
  6.5	
  –	
  6.75 	
  GeV 	
  (250	
  to	
  500	
  	
  MeV	
  injector	
  exit,	
  6.25	
  GeV	
  acceleraEon)	
  

EmiWance,	
  norm.	
  rms 	
  1	
  –	
  20	
   	
  um	
   	
  (both	
  horizontal	
  and	
  verEcal)	
  

Energy	
  spread,	
  rms 	
  	
  0.1	
  –	
  1	
  	
  %	
  

Bunch	
  length,	
  rms 	
  ~	
  0.5 	
  mm 	
  (1.8	
  ps	
  –	
  may	
  changed	
  by	
  adding	
  a	
  bunch	
  compressor)	
  

Bunch	
  charge 	
  0.2	
  -­‐	
  1 	
  nC	
  

Pulse	
  Current 	
  0.4	
  –	
  2	
  	
   	
  A	
  

Pulse	
  length 	
  up	
  to	
  156	
  ns 	
   	
  (possibility	
  of	
  single	
  bunch)	
  

Rep.	
  Rate 	
  up	
  to	
  50 	
  Hz	
  

TentaEve	
  beam	
  parameters	
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A	
  possible	
  energy/luminosity	
  
scenario	
  	
  

53	
  

With	
  a	
  model	
  (see	
  figure	
  for	
  one	
  example)	
  for	
  energies	
  and	
  
luminosiEes,	
  and	
  assumpEons	
  about	
  running	
  scenarios	
  (see	
  
below),	
  one	
  can	
  extract	
  power	
  and	
  energy	
  esEmates	
  as	
  
funcEon	
  of	
  Eme	
  (next	
  slide).	
  
	
  
For	
  each	
  value	
  of	
  CM	
  energy:	
  
-­‐  177	
  days/year	
  of	
  beam	
  Eme	
  
-­‐  188	
  days/year	
  of	
  scheduled	
  and	
  fault	
  stops	
  
-­‐  	
  First	
  year	
  

-­‐  59	
  days	
  of	
  injector	
  and	
  one-­‐by-­‐one	
  sector	
  
commissioning	
  

-­‐  59	
  days	
  of	
  main	
  linac	
  commissioning,	
  one	
  linac	
  
at	
  a	
  Eme	
  

-­‐  59	
  days	
  of	
  luminosity	
  operaEon	
  
-­‐  Quoted	
  power	
  :	
  average	
  over	
  the	
  three	
  periods	
  
-­‐  All	
  along	
  :	
  50%	
  of	
  downEme	
  	
  

-­‐  Second	
  year	
  
-­‐  88	
  days	
  with	
  one	
  linac	
  at	
  a	
  Eme	
  and	
  30	
  %	
  of	
  

downEme	
  
-­‐  88	
  days	
  without	
  downEme	
  
-­‐  Quoted	
  power	
  :	
  average	
  over	
  the	
  two	
  periods	
  

-­‐  Third	
  year	
  	
  
-­‐  SEll	
  only	
  one	
  e+	
  target	
  at	
  0.5	
  TeV,	
  like	
  for	
  years	
  1	
  

&	
  2	
  
-­‐  Nominal	
  at	
  1.5	
  and	
  3	
  TeV	
  

-­‐  Power	
  during	
  stops	
  (scheduled,	
  fault,	
  downEme)	
  :	
  
-­‐  (40	
  MW,	
  45	
  MW,	
  60	
  MW)	
  at	
  (0.5,	
  1.5,	
  3)	
  TeV,	
  

respecEvely	
  

Lucie	
  Linssen,	
  KILC	
  workshop	
  Daegu,	
  April	
  23	
  2012	
  



detector	
  benchmark	
  studies	
  for	
  CDR	
  
Full	
  physics	
  simulaEon	
  and	
  reconstrucEon	
  studies	
  with	
  beam	
  background	
  overlay	
  
(γγ	
  =>	
  hadrons)	
  
	
  

Choose	
  six	
  channels,	
  with	
  emphasis	
  on	
  mapping	
  various	
  crucial	
  aspects	
  of	
  
detector	
  performance	
  (jet	
  measurement,	
  missing	
  energy,	
  isolated	
  leptons,	
  
flavour	
  tagging	
  etc.)	
  

3	
  TeV	
  

500	
  GeV	
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slepton	
  producEon	
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Slepton	
  producEon	
  at	
  CLIC	
  very	
  clean	
  
SUSY	
  “model	
  II”:	
  slepton	
  masses	
  ~	
  1	
  TeV	
  
Channels	
  studied	
  include	
  	
  

§ 	
  	
  
§ 	
  	
  	
  
§ 	
  	
  

e+e� ! µ̃+Rµ̃�R ! µ+µ� �̃0
1 �̃

0
1

e+e� ! ẽ+Rẽ�R ! e+e� �̃0
1 �̃

0
1

e+e� ! ⌫̃e⌫̃e ! e+e�W+W� �̃0
1 �̃

0
1

Leptons	
  and	
  missing	
  energy	
  	
  
Masses	
  from	
  analysis	
  of	
  endpoints	
  of	
  energy	
  spectra	
  

m(µ̃R) : ± 5.6 GeV
m(ẽR) : ± 2.8 GeV
m(⌫̃e) : ± 3.9 GeV
m( �̃0

1) : ± 3.0 GeV
m( �̃±1 ) : ± 3.7 GeV

All	
  channels	
  
	
  combined	
  

E [GeV]
0 500 1000 1500 2000

Ev
en

ts

0

20

40

60

80

100
0
1

χ
∼

+0
1

χ
∼

+-µ++µ → -
R

µ∼++
R

µ
∼

Fit:S+B(Data)-B(MC), events: 2845
  5.57 ± =   1014.29 µ∼M 

/ ndf 24.5 /452χ  6.38 , ± =    341.75 0χ
∼M 

smuon	
  



gaugino	
  pair	
  producEon	
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e+e� ! �̃0
2 �̃

0
2 ! hh �̃0

1 �̃
0
1

e+e� ! �̃0
2 �̃

0
2 ! Zh �̃0

1 �̃
0
1

e+e� ! �̃+1 �̃�1 ! �̃0
1 �̃

0
1W+W�

SUSY	
  “model	
  II”:	
  	
   m( �̃0
1) = 340 GeV

Pair	
  producEon	
  and	
  decay:	
  	
  

82	
  %	
  

17	
  %	
  

SeparaEon	
  using	
  di-­‐jet	
  	
  
invariant	
  masses	
  (test	
  of	
  PFA)	
  

m( �̃0
2),m( �̃+1 ) ⇡ 643 GeV

m( �̃0
1) : ± 3 GeV

m( �̃±1 ) : ± 7 GeV
m( �̃0

2) : ± 10 GeV

use	
  slepton	
  study	
  result	
  



top	
  mass	
  at	
  √s	
  500	
  GeV	
  

Lucie	
  Linssen,	
  KILC	
  workshop	
  Daegu,	
  April	
  23	
  2012	
   57	
  

	
  	
  	
  	
  Study	
  top	
  producEon	
  at	
  √s	
  =	
  500	
  GeV	
  under	
  CLIC	
  background	
  condiEons	
  
§ 	
  fully	
  hadronic	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  semi-­‐leptonic	
  	
  

mW	
  

b-­‐tag	
  

mt	
  

mW	
  

mt	
  

b-­‐tag	
  
Use:	
  
• 	
  b-­‐tagging	
  
• 	
  Invariant	
  masses	
  
• 	
  KinemaEc	
  fits	
  
	
  

100	
  s-­‐1	
  

mt : ± 60 MeV



comparison	
  CLIC	
  ó	
  LHC	
  detector	
  
In	
  a	
  nutshell:	
  
	
  
CLIC	
  detector:	
  
	
  
• High	
  precision:	
  

• Jet	
  energy	
  resoluEon	
  	
  
• =>	
  fine-­‐grained	
  calorimetry	
  

• Momentum	
  resoluEon	
  
• Impact	
  parameter	
  resoluEon	
  

• Overlapping	
  beam-­‐induced	
  background:	
  
• High	
  background	
  rates,	
  medium	
  energies	
  
• High	
  occupancies	
  
• Cannot	
  use	
  vertex	
  separaEon	
  
• Need	
  very	
  precise	
  Eming	
  (1ns,	
  10ns)	
  

• “No”	
  issue	
  of	
  radia7on	
  damage	
  (10-­‐4	
  LHC)	
  

• Beam	
  crossings	
  “sporadic”	
  

• No	
  trigger,	
  read-­‐out	
  of	
  full	
  156	
  ns	
  train	
  

	
  
	
  
LHC	
  detector:	
  
	
  
• Medium-­‐high	
  precision:	
  

• Very	
  precise	
  ECAL	
  (CMS)	
  
• Very	
  precise	
  muon	
  tracking	
  (ATLAS)	
  
	
  
	
  
	
  

• Overlapping	
  minimum-­‐bias	
  events:	
  
• High	
  background	
  rates,	
  high	
  energies	
  
• High	
  occupancies	
  
• Can	
  use	
  vertex	
  separaEon	
  in	
  z	
  
• Need	
  precise	
  Eme-­‐stamping	
  (25	
  ns)	
  

• Severe	
  challenge	
  of	
  radia7on	
  damage	
  

• Con7nuous	
  beam	
  crossings	
  

• Trigger	
  has	
  to	
  achieve	
  huge	
  data	
  reduc7on	
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