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•  IntroducQon	
  to	
  CLIC	
  accelerator/detectors	
  
•  Overall	
  Physics	
  scope	
  and	
  √s	
  energy	
  staging	
  
•  Selected	
  physics	
  subjects:	
  

•  Higgs	
  
•  Top	
  
•  Searches	
  for	
  New	
  Physics	
  

•  Summary	
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•  IntroducQon	
  to	
  CLIC	
  accelerator/detectors	
  



ILC	
  and	
  CLIC	
  in	
  just	
  a	
  few	
  words	
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Linear e+e- colliders 
Luminosities: few 1034 cm-2s-1  

CLIC 

ILC 

• 2-beam acceleration scheme, 
at room temperature 
• Gradient 100 MV/m 
• √s up to 3 TeV  
• Physics + Detector studies  
for 350 GeV - 3 TeV 
CLIC focus is on energy frontier reach ! 

• Superconducting RF cavities  
• Gradient 32 MV/m 
• √s ≤ 500 GeV (1 TeV upgrade option) 
• Focus on ≤ 500 GeV, physics studies also  
for 1 TeV 



CLIC	
  two-­‐beam	
  acceleraQon	
  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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Hadron	
  vs.	
  lepton	
  colliders	
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p-­‐p	
  collisions	
   e+e-­‐	
  collisions	
  

Proton	
  is	
  compound	
  object	
  
à  IniQal	
  state	
  not	
  known	
  event-­‐by-­‐event	
  
à  Limits	
  achievable	
  precision	
  

e+/e-­‐	
  are	
  point-­‐like	
  
à  IniQal	
  state	
  well	
  defined	
  (√s	
  /	
  polarizaQon)	
  
à  High-­‐precision	
  measurements	
  

Circular	
  colliders	
  feasible	
   Linear	
  Colliders	
  (avoid	
  synchrotron	
  rad.)	
  

High	
  rates	
  of	
  QCD	
  backgrounds	
  
à  Complex	
  triggering	
  schemes	
  
à  High	
  levels	
  of	
  radiaQon	
  

Cleaner	
  experimental	
  environment	
  
à  trigger-­‐less	
  readout	
  
à  Low	
  radiaQon	
  levels	
  

High	
  cross-­‐secQons	
  for	
  colored-­‐states	
   Superior	
  sensiQvity	
  for	
  electro-­‐weak	
  states	
  

p
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t

t

t
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g



CLIC	
  detector	
  concepts	
  (1)	
  

ultra	
  low-­‐mass	
  
vertex	
  detector	
  
with	
  ~25	
  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	
  
InstrumentaQon	
  
for	
  muon	
  ID	
  

complex	
  forward	
  
region	
  with	
  final	
  
beam	
  focusing	
  

6.5	
  m	
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…	
  adapted	
  from	
  ILC	
  detector	
  concepts	
  …	
  

e-­‐	
  

e+	
  



CLIC	
  detector	
  concepts	
  (2)	
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forward	
  
calorimeters	
  

“FCAL”	
  

Important	
  for:	
  
•  Acceptance	
  
•  Luminosity	
  

measurement	
  
•  Beam	
  

feedback	
  



details	
  of	
  forward	
  detector	
  region	
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IP	
  at	
  
~2	
  m	
  forward	
  

calorimeters	
  
“FCAL”	
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In	
  a	
  nutshell:	
  
	
  
CLIC	
  detector:	
  
	
  
• High	
  precision:	
  

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

• Momentum	
  resoluQon	
  
• Impact	
  parameter	
  resoluQon	
  

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

• “No”	
  issue	
  of	
  radiaCon	
  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	
  separaQon	
  in	
  z	
  
• Need	
  precise	
  Qme-­‐stamping	
  (25	
  ns)	
  

• Severe	
  challenge	
  of	
  radiaCon	
  damage	
  

• ConCnuous	
  beam	
  crossings	
  

• Trigger	
  has	
  to	
  achieve	
  huge	
  data	
  reducCon	
  



Lucie	
  Linssen,	
  symposium	
  Tel	
  Aviv,	
  5	
  January	
  2014	
   12	
  

•  Overall	
  Physics	
  scope	
  and	
  √s	
  energy	
  staging	
  



Physics	
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  CLIC	
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(not	
  excluded	
  by	
  LHC	
  results)	
  

Example	
  
SUSY	
  model	
  

CLIC:	
  e+e-­‐	
  collider,	
  staged	
  approach	
  
•  	
  500	
  p-­‐1	
  	
  @	
  350	
  –	
  375	
  GeV	
  :	
  precision	
  Higgs	
  and	
  top	
  physics	
  
•  	
  1.5	
  ab-­‐1	
  	
  @	
  ~1.5	
  TeV	
  :	
  precision	
  Higgs,	
  precision	
  SUSY,	
  BSM	
  reach,	
  …	
  
•  	
  ~2	
  ab-­‐1	
  	
  	
  	
  @	
  ~	
  3	
  TeV	
  :	
  Higgs	
  self-­‐coupling,	
  precision	
  SUSY,	
  BSM,	
  …	
  

reachExact	
  energies	
  of	
  TeV	
  stages	
  would	
  depend	
  on	
  LHC	
  results	
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Example	
  of	
  
energy	
  staging	
  

CLIC:	
  e+e-­‐	
  collider,	
  staged	
  approach	
  
•  	
  500	
  p-­‐1	
  	
  @	
  350	
  –	
  375	
  GeV	
  :	
  precision	
  Higgs	
  and	
  top	
  physics	
  
•  	
  1.5	
  ab-­‐1	
  	
  @	
  ~1.5	
  TeV	
  :	
  precision	
  Higgs,	
  precision	
  SUSY,	
  BSM	
  reach,	
  …	
  
•  	
  ~2	
  ab-­‐1	
  	
  	
  	
  @	
  ~	
  3	
  TeV	
  :	
  Higgs	
  self-­‐coupling,	
  precision	
  SUSY,	
  BSM,	
  …	
  

reachExact	
  energies	
  of	
  TeV	
  stages	
  would	
  depend	
  on	
  LHC	
  results	
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•  Higgs	
  physics	
  



Higgs	
  physics	
  at	
  CLIC	
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Dominant	
  processes:	
  

Higgsstrahlung	
  
decreases	
  with	
  √s	
  

W(Z)	
  -­‐	
  fusion	
  
increases	
  with	
  √s	
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Higgs-­‐Strahlung:	
  e+e-­‐àZH	
  
• Measure	
  H	
  from	
  Z-­‐recoil	
  mass	
  
• Model-­‐independent	
  meas.:	
  mH,	
  σ	
  
•  Yields	
  absolute	
  value	
  of	
  gHZZ	
  

WW	
  fusion:	
  e+e-­‐àHνeνe	
  
•  Precise	
  cross-­‐secQon	
  measurements	
  
in	
  ττ,	
  μμ,	
  qq,	
  …	
  decay	
  modes	
  

•  Profits	
  from	
  higher	
  √s	
  	
  (≳350	
  GeV)	
  

RadiaCon	
  off	
  top-­‐quarks:	
  e+e-­‐àOH	
  
• Measure	
  top	
  Yukawa	
  coupling	
  
•  Needs	
  √s≳700	
  GeV	
  

Double-­‐Higgs	
  prod.:	
  e+e-­‐àHHνeνe	
  
• Measure	
  tri-­‐linear	
  self	
  coupling	
  
•  Needs	
  high	
  √s	
  (≳1.4	
  TeV)	
  



Double	
  Higgs	
  producQon	
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1.4 TeV 3 TeV 
Δ(gHHWW) 7% (preliminary) 3% (preliminary) 

Δ(λ) 28% 16% 

Δ(λ) for p(e-) = 80% 21% 12% 

• The HHveve cross section is sensitive to the 
Higgs self-coupling, λ, and the quartic gHHWW 
coupling 
 
• σ(HHveve) = 0.15 (0.59) fb at 1.4 (3) TeV 

 → high energy and luminosity crucial 

çresults	
  
obtained	
  for	
  
mH=120	
  GeV	
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  of	
  Higgs	
  measurements	
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Summary	
  of	
  results	
  
from	
  detailed	
  Higgs	
  
benchmark	
  simulaQon	
  
studies,	
  with	
  full-­‐
detector	
  simulaQon	
  
and	
  overlay	
  of	
  beam-­‐
induced	
  backgrounds	
  

Work	
  in	
  progress	
  !	
  

hOp://arxiv.org/abs/1307.5288	
  

*	
  Preliminary	
  
+	
  EsQmate	
  

To	
  be	
  combined	
  with	
  recent	
  result:	
  
Δ(σ(HZ)×BR(Z-­‐>qq))	
  
σ(HZ)×BR(Z-­‐>qq)	
  

≈	
  2.2%	
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  Higgs	
  global	
  fits	
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« 	
  Model-­‐independent	
  global	
  fits	
  
	
  	
  	
  80%	
  electron	
  polarisaQon	
  assumed	
  above	
  1	
  TeV	
  

« 	
  Constrained	
  “LHC-­‐style”	
  fits	
  
• 	
  Assuming	
  no	
  invisible	
  Higgs	
  
	
  	
  	
  decays	
  (model-­‐dependent):	
  

« 	
  ~1	
  %	
  precision	
  on	
  many	
  couplings	
  
• 	
  limited	
  by	
  gHZZ	
  precision	
  

« 	
  sub-­‐%	
  precision	
  for	
  most	
  couplings	
  

Work	
  in	
  progress	
  !	
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•  Top	
  physics	
  



Top	
  physics	
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ExploraQon	
  of	
  scope	
  for	
  top	
  physics	
  at	
  CLIC	
  
is	
  in	
  an	
  early	
  stage:	
  
•  ExisQng	
  studies	
  concentrate	
  on	
  top	
  

mass	
  measurements	
  
•  Coupling	
  to	
  the	
  Higgs	
  (as	
  part	
  of	
  Higgs	
  

studies)	
  

	
  
	
  
Plans	
  for	
  next	
  studies	
  include:	
  
•  Asymmetries	
  to	
  study	
  couplings	
  to	
  γ,	
  Z	
  
•  Measurement	
  of	
  couplings	
  to	
  W	
  
•  SensiQvity	
  to	
  CP	
  violaQon	
  
•  Flavour-­‐changing	
  top	
  decays	
  
•  ….	
  



Results	
  of	
  top	
  benchmark	
  studies	
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right	
  
	
  

le�	
  
plot	
  

Final	
  result	
  is	
  dominated	
  by	
  systemaQc	
  errors	
  (theor.	
  normalisaQon,	
  beam-­‐energy	
  
systemaQcs,	
  translaQon	
  of	
  1S	
  mass	
  to	
  MS	
  scheme)	
  =>	
  100	
  MeV	
  error	
  on	
  top	
  mass	
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•  CLIC	
  potenQal	
  for	
  New	
  Physics	
  



SensiQvity	
  to	
  Higgs	
  partners	
  
Higgs	
  mulQplet	
  BSM	
  è	
  searches	
  accessible	
  up	
  to	
  √s/2	
  	
  

Example	
  MSSM	
  benchmark	
  study	
  at	
  3	
  TeV,	
  2	
  ab-­‐1	
  

mA0/H0 : ± 2.8 GeV mH± : ± 2.4 GeV
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3	
  TeV	
   3	
  TeV	
  
HA	
   H±	
  

MulQ-­‐jet	
  final	
  states	
  
Full	
  simulaQon	
  studies	
  with	
  background	
  overlay	
  	
  



SUSY	
  =>	
  slepton	
  study,	
  3	
  TeV	
  

Lucie	
  Linssen,	
  symposium	
  Tel	
  Aviv,	
  5	
  January	
  2014	
   26	
  

Slepton	
  producQon	
  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

stat.	
  error,	
  	
  
all	
  channels	
  
	
  combined	
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  5.57 ± =   1014.29 µ∼M 

/ ndf 24.5 /452χ  6.38 , ± =    341.75 0χ
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smuon	
  

Δm/m	
  ≤	
  1%	
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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	
  producQon	
  and	
  decay:	
  	
  

82	
  %	
  

17	
  %	
  

SeparaQon	
  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	
  

Example	
  



Results	
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Large	
  part	
  of	
  the	
  SUSY	
  spectrum	
  measured	
  at	
  <1%	
  level	
  



Higgs	
  compositeness	
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LHC:	
  WW	
  scaOering	
  and	
  strong	
  
double	
  Higgs	
  producQon	
  

LHC:	
  single	
  Higgs	
  processes	
  

CLIC:	
  double	
  Higgs	
  producQon	
  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	
  producQon)	
  

LHC:	
  direct	
  search	
  WZ	
  =>3	
  leptons	
  

dimensionless	
  
scale	
  
parameter	
  

Vector	
  resonance	
  mass	
  

allowed	
  region	
  
EW	
  precision	
  

tests	
  



Indirect	
  Z’	
  search	
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Indirect	
  Z’	
  search	
  in	
  e+e-­‐	
  =>	
  μ+μ-­‐	
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Direct	
  observaQon	
  

Loop	
  /	
  	
  
effecQve	
  operator	
  

CLIC	
  at	
  3	
  TeV	
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•  CLIC	
  CDR	
  (#1),	
  A	
  MulQ-­‐TeV	
  Linear	
  Collider	
  based	
  on	
  CLIC	
  Technology,	
  
CERN-­‐2012-­‐007,	
  hOps://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,	
  hOp://arxiv.org/abs/1209.2543	
  
•  Physics	
  at	
  the	
  CLIC	
  e+e-­‐	
  Linear	
  Collider,	
  Input	
  to	
  the	
  Snowmass	
  process	
  

2013,	
  hOp://arxiv.org/abs/1307.5288	
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2013-­‐18	
  Development	
  Phase	
  
Develop	
  a	
  Project	
  Plan	
  for	
  a	
  
staged	
  implementaQon	
  in	
  
agreement	
  with	
  LHC	
  findings;	
  
further	
  technical	
  developments	
  
with	
  industry,	
  performance	
  
studies	
  for	
  accelerator	
  parts	
  and	
  
systems,	
  as	
  well	
  as	
  for	
  detectors.	
  	
  
	
  

	
  2018-­‐19	
  Decisions	
  
On	
  the	
  basis	
  of	
  LHC	
  data	
  

and	
  Project	
  Plans	
  (for	
  
CLIC	
  and	
  other	
  potenQal	
  
projects),	
  take	
  decisions	
  
about	
  next	
  project(s)	
  at	
  

the	
  Energy	
  FronQer.	
  

4-­‐5	
  year	
  PreparaCon	
  Phase	
  
Finalise	
  implementaQon	
  parameters,	
  
Drive	
  Beam	
  Facility	
  and	
  other	
  system	
  
verificaQons,	
  site	
  authorisaQon	
  and	
  
preparaQon	
  for	
  industrial	
  
procurement.	
  	
  	
  
Prepare	
  detailed	
  Technical	
  Proposals	
  
for	
  the	
  detector-­‐systems.	
  	
  	
  

2024-­‐25	
  ConstrucCon	
  Start	
  
Ready	
  for	
  full	
  construcQon	
  

	
  and	
  main	
  tunnel	
  excavaQon.	
  	
  

ConstrucCon	
  Phase	
  	
  
Stage	
  1	
  construcQon	
  of	
  CLIC,	
  in	
  
parallel	
  with	
  detector	
  
construcQon.	
  
PreparaQon	
  for	
  implementaQon	
  
of	
  further	
  stages.	
  

	
  	
  Commissioning	
  	
  
Becoming	
  ready	
  for	
  data-­‐

taking	
  as	
  the	
  LHC	
  
programme	
  reaches	
  

compleQon.	
  
	
  	
  

DL
CR2

CR1TA

DL     delay loop
CR     combiner ring
TA      turnaround
TBA   two-beam acceleration
           dump drive beam accelerator

0.48 GeV, 4.2 A

e– injector
0.25 GeV, 1.2 A

TBA

6.5 GeV, 1.2 A

0.25 GeV, 101 A
0.48 GeV, 101 A

DRIVE&BEAM&&
LINAC&

CLEX&
CLIC&Experimental&Area&

DELAY&&
LOOP&

COMBINER&
RING&

CTF3&–&Layout&

10&m&

4&A&–&1.2&ms&
150&MeV&

28&A&–&140&ns&
150&MeV&

TwoLBeam&Test&Stand&(TBTS)&
Test&Beam&Line&(TBL)&
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Light-­‐weight	
  cooperaQon	
  structure	
  
No	
  engagements,	
  on	
  best-­‐effort	
  basis	
  
With	
  strong	
  collaboraQve	
  links	
  to	
  ILC	
  
hap://lcd.web.cern.ch/LCD/Home/MoC.html	
  

CLICdp: 20	
  insCtutes	
  
Focus	
  of	
  CLIC-­‐specific	
  studies	
  on:	
  
•  Physics	
  prospects	
  and	
  simulaQon	
  studies	
  
•  Detector	
  opQmisaQon	
  for	
  CLIC	
  



CollaboraQon	
  is	
  also…	
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Israel	
  21st	
  CERN	
  member	
  state	
  !	
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Israel	
  is	
  the	
  first	
  new	
  member	
  state	
  since	
  1999	
  
Fruit	
  of	
  a	
  long-­‐lasCng	
  effecCve	
  collaboraCon	
  !	
  

(flag-­‐hoisQng	
  
ceremony	
  on	
  
15/1/2014)	
  



summary	
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•  CLIC	
  is	
  the	
  only	
  mature	
  opCon	
  for	
  a	
  mulC-­‐TeV	
  e+e−	
  collider	
  
•  Very	
  acQve	
  R&D	
  projects	
  for	
  accelerator	
  and	
  physics/detector	
  
•  Energy	
  staging	
  è	
  opQmal	
  physics	
  exploraQon,	
  with	
  possible	
  

stages	
  at	
  350	
  GeV,	
  1.4,	
  and	
  3	
  TeV	
  
•  CLIC	
  @	
  350	
  GeV	
  

–  Precision	
  Higgs	
  measurements:	
  mass,	
  branching	
  raQos,	
  absolute	
  coupling	
  
–  Top	
  physics	
  (precision	
  on	
  top	
  mass	
  at	
  O(100	
  MeV)	
  )	
  

•  CLIC	
  @	
  1.4	
  and	
  3	
  TeV	
  
–  Improved	
  precision	
  of	
  many	
  observables	
  and	
  access	
  to	
  rare	
  Higgs	
  decays	
  
–  Trilinear	
  Higgs	
  self-­‐coupling	
  at	
  the	
  10%	
  level	
  
–  Top	
  Yukawa	
  coupling	
  with	
  OH	
  
–  Discovery	
  machine	
  for	
  BSM	
  physics	
  at	
  the	
  energy	
  fronQer	
  

•  Direct	
  +	
  indirect	
  sensiQvity	
  



	
  CLIC	
  =>	
  
	
  Physics	
  at	
  high	
  energy	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  high	
  alQtude	
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or……	
  
what	
  happens	
  to	
  a	
  beer	
  at	
  3842	
  m	
  alQtude	
  ?	
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SPARE	
  
SLIDES	
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A	
  

B	
  

500	
  GeV	
  

1.4	
  TeV	
  

3	
  TeV	
  

500	
  GeV	
  

1.5	
  TeV	
  

3	
  TeV	
  

InteracQon	
  point	
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(scenario	
  A)	
  

A	
  



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)	
  
	
  
=>	
  CLIC	
  can	
  provide	
  an	
  evolving	
  and	
  rich	
  physics	
  program	
  over	
  several	
  decades	
  

Possible	
  scenarios	
  “A”	
  and	
  “B”,	
  these	
  are	
  “just	
  examples”	
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«  impact	
  parameter	
  resoluQon:	
  
	
  	
  	
  	
  	
  	
  	
  e.g.	
  c/b-­‐tagging,	
  Higgs	
  BR	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

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

�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	
  resoluQon:	
  	
  
	
  e.g.	
  Smuon	
  endpoint	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Higgs	
  recoil	
  mass,	
  Higgs	
  coupling	
  to	
  muons	
  	
  

W-­‐Z	
  
jet	
  reco	
  

smuon	
  
end	
  point	
  

(for	
  high-­‐
E	
  jets)	
  



CLIC_ILD	
  and	
  CLIC_SiD	
  

CLIC_ILD	
   CLIC_SiD	
  

7	
  m	
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Two	
  general-­‐purpose	
  CLIC	
  detector	
  concepts	
  
	
  Based	
  on	
  iniQal	
  ILC	
  concepts	
  (ILD	
  and	
  SiD)	
  
	
  OpQmised	
  and	
  adapted	
  to	
  CLIC	
  condiQons	
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CLIC	
  machine	
  environment	
  (1)	
  

Drives	
  Qming	
  
requirements	
  
for	
  CLIC	
  detector	
  	
  

CLIC	
  at	
  3	
  TeV	
  

L	
  (cm-­‐2s-­‐1)	
   5.9×1034	
  

BX	
  separaQon	
   0.5	
  ns	
  

#BX	
  /	
  train	
   312	
  

Train	
  duraQon	
  (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	
  



Beamstrahlung	
  è	
  important	
  energy	
  losses	
  
right	
  at	
  the	
  interacQon	
  point	
  
	
  

E.g.	
  full	
  luminosity	
  at	
  3	
  TeV:	
  	
  
	
  5.9	
  ×	
  1034	
  cm-­‐2s-­‐1	
  

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

	
  

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

3	
  TeV	
  
√s	
  
energy	
  spectrum	
  

CLIC	
  machine	
  environment	
  (2)	
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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	
  events	
  per	
  BX	
  
s 	
  main	
  background	
  in	
  calorimeters	
  

s ~19	
  TeV	
  in	
  HCAL	
  per	
  bunch	
  train	
  

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

è	
  



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

1.2	
  TeV	
   100	
  GeV	
  

1.2	
  TeV	
  background	
  in	
  
reconstrucQon	
  Qme	
  window	
  

100	
  GeV	
  background	
  
a�er	
  Qght	
  cuts	
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2013	
  statement	
  “d”:	
  

2006	
  statement	
  “4”:	
  

proton-­‐proton	
  
or	
  

electron-­‐positron	
  
	
  

at	
  high-­‐energy	
  fronQer	
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  and	
  CLIC	
  at	
  energy	
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FCC	
   CLIC	
  

~2018	
  

2014	
   pp	
  and	
  ee	
  design	
  studies	
  at	
  high-­‐energy	
  fronQer	
  

CDR	
   PIP	
  

Progress	
  tracking:	
  
	
  

CERN	
  “MAC”	
  machine	
  
advisory	
  commiOee	
  

	
  

+	
  
	
  

Common	
  pp/ee	
  
physics	
  studies	
  at	
  
energy	
  fronQer	
  

(follow-­‐up	
  by	
  SPC	
  or	
  
ECFA	
  or	
  ???)	
  

(PIP	
  =	
  Project	
  ImplementaQon	
  Plan)	
  

next	
  European	
  strategy	
  update	
  	
  



CLIC	
  collaboraQon(s)	
  

Lucie	
  Linssen,	
  symposium	
  Tel	
  Aviv,	
  5	
  January	
  2014	
   54	
  

Accelerator	
  
collaboraQon	
  

Detector	
  
collaboraQon	
  

Accelerator	
  +	
  Detector	
  collaboraQon	
  

EnCty	
   IB	
  chair	
   Spokesperson	
   #	
  insCtutes	
  

CLIC/CTF3	
  collaboraQon	
   L.	
  Rivkin	
  (EPFL)	
   R.	
  Corsini	
  (CERN)	
   ~50	
  

CLIC	
  detector	
  &	
  physics	
  study	
   F.	
  Simon	
  (MPI	
  Münich)	
   L.	
  Linssen	
  (CERN)	
   20	
  

Within	
  the	
  CERN	
  structure:	
  	
  Linear	
  Collider	
  study	
  leader	
  =>	
  S.	
  Stapnes	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Linear	
  Collider	
  Detector	
  project	
  leader	
  =>	
  L.	
  Linssen	
  


