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Beyond	  the	  LHC	  	   Lyn Evans – CERN/Linear Collider 
Collaboration 



The	  highlight	  of	  a	  remarkable	  year	  2012	  
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Main parameters of  LHC (p-p) 

•  Circumference    26.7   km 
•  Beam energy at collision   7   TeV 
•  Beam energy at injection   0.45   TeV 
•  Dipole field at 7 TeV    8.33   T 
•  Luminosity     1034   cm-2.s-1 

•  Beam current    0.56   A 
•  Protons per bunch    1.1x1011 

•  Number of  bunches    2808 
•  Nominal bunch spacing   24.95   ns 
•  Normalized emittance   3.75   µm 
•  Total crossing angle    300   µrad 
•  Energy loss per turn    6.7   keV 
•  Critical synchrotron energy   44.1   eV 
•  Radiated power per beam   3.8   kW 
•  Stored energy per beam   350   MJ 
•  Stored energy in magnets   11   GJ 
•  Operating temperature   1.9   K 
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The	  LHC	  lumi	  harvest	  in	  2012	  

L. Rossi @ Fermi Colloquium 18Feb2014 

Higgs	  
boson!	  



The next steps? 

•  Full exploitation of  the LHC and its upgrades 
•  High luminosity LHC 
•  High energy LHC? 

•  FCC hadrons 
•  FCC-ee 
•  International Linear Collider (ILC) 

•  Compact Linear Collider (CLIC) 
 

Lyn Evans 5 



6 

Goal	  of	  High	  Luminosity	  LHC	  (HL-‐LHC)	  
as	  fixed	  in	  November	  2010	  

L. Rossi @ Fermi Colloquium 18Feb2014 

EU	  collaboraGon	  with	  JP	  and	  USA	  :FP7	  –	  HiLumi	  LHC	  Design	  Study	  
	  
The	  main	  objecGve	  of	  HiLumi	  LHC	  Design	  Study	  is	  to	  determine	  a	  hardware	  
configuraGon	  and	  a	  set	  of	  beam	  parameters	  that	  will	  allow	  the	  LHC	  to	  reach	  the	  
following	  targets:	  
A	  peak	  luminosity	  of	  5×1034	  cm-‐2s-‐1	  with	  levelling,	  allowing:	  
An	  integrated	  luminosity	  of	  250	  B-‐1	  per	  year,	  enabling	  the	  goal	  of	  
3000	  B-‐1	  twelve	  years	  aUer	  the	  upgrade.	  	  

Leveling	  means	  
that	  VIRTUAL	  
lumi	  is	  mich	  
higher!	  
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This	  goal	  would	  be	  reached	  by	  
2035-‐36	  

L. Rossi @ Fermi Colloquium 18Feb2014 

What	  to	  do,	  to	  make	  this	  jump	  ?	  

M.	  Lamont,	  CERN	  
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Technical	  bo\lenecks	  
Cryogenics	  P4	  

L. Rossi @ Fermi Colloquium 18Feb2014 

IT	   IT	  

IT	  IT	  

IT	  
IT	  IT	  

IT	  

RF	  

RF	  

Never	  good	  to	  couple	  RF	  
with	  Magnets	  !	  

ReducGon	  of	  availabe	  cryo-‐
power	  and	  coupling	  of	  the	  
RF	  wiht	  the	  Arc	  (thermal	  
cycle	  requires	  >	  2	  months	  

and	  many	  tests)	  
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Magnet	  the	  progress	  
•  LHC	  dipoles	  features	  8.3	  T	  in	  

56	  mm	  (designed	  for	  9.3	  
peak	  field)	  

•  LHC	  IT	  Quads	  features	  205	  
T/m	  in	  70	  mm	  with	  8	  T	  peak	  
field	  	  

•  HL-‐LHC	  	  
–  11	  T	  dipole	  (designed	  for	  12.3	  T	  
peak	  field,	  60	  mm)	  

–  New	  IT	  Quads	  features	  	  140	  T/m	  
in	  150	  mm	  >	  12	  T	  operaGonal	  
field,	  designed	  for	  13.5	  T).	  

L. Rossi @ Fermi Colloquium 18Feb2014 



Future Circular Collider Study - SCOPE  
CDR and cost review for the next ESU (2018) 

Forming an international 
collaboration to study:  
•  pp-collider (FCC-hh)       

à defining infrastructure 
requirements  

•  80-100 km infrastructure 
in Geneva area 

•  e+e- collider (FCC-ee) as 
potential intermediate step 

•  p-e (FCC-he) option 

~16 T ⇒ 100 TeV pp in 100 km 
~20 T ⇒ 100 TeV pp in 80 km 

www.cern.ch/fcc M.	  Benedikt	  



FCC-hh: 100 TeV pp collider 

LHC 
27 km, 8.33 T 
14 TeV (c.m.) 

FCC-hh (alternative) 
80 km, 20 T 

100 TeV (c.m.) 

FCC-hh (baseline) 
100 km, 16 T 
100 TeV (c.m.) 

“HE-LHC” 
27 km, 20 T 
33 TeV (c.m.) 

Geneva 

PS 

SPS 

LHC 

L. Bottura 
B. Strauss 



FCC	  topography	  

Plaine du genevois 
350 – 550 m/mer 

 

Lac Léman 
300 – 372 m/mer 

Plateau des Bornes 
 600 – 850 m/mer 

Mandallaz Bornes – Aravis 
600 – 2500 m/mer 

 

Plateau du Mont Sion 
550 – 860 m/mer 

 

 

Pré-Alpes du Chablais 
600 – 2500 m/mer 

 

Vallon des Usses 
380 – 500 m/mer 

 

 

Vallée du Rhône 
∼330 m/mer 

 

 

J. Osborne 



	

➥ Access to new particles in the few TeV to 30 

TeV mass range, beyond LHC reach	

	


➥ Immense/much-increased rates for	

phenomena in the sub-TeV mass range → 

increased precision w.r.t. LHC and possibly ILC	

	


➥ Access to very rare processes in the sub-TeV 
mass range → search for stealth phenomena, 

invisible at the LHC 

FCC-hh opens three physics windows 

M. Mangano 



FCC-‐hh	  key	  parameters	  
parameter	   FCC-‐hh	   LHC	  

energy	   100	  TeV	  c.m.	   14	  TeV	  c.m.	  

dipole	  field	   16	  T	   8.33	  T	  

#	  IP	   2	  main,	  +2	   4	  

normalized	  emi\ance	  	   2.2	  µm	   3.75	  µm	  

luminosity/IPmain	   5	  x	  1034	  cm-‐2s-‐1	   1	  x	  1034	  cm-‐2s-‐1	  

energy/beam	   8.4	  GJ	   0.39	  GJ	  

synchr.	  rad.	   28.4	  W/m/apert.	   0.17	  W/m/apert.	  

bunch	  spacing	   25	  ns	  (5	  ns)	   25	  ns	  

Preliminary, subject to evolution (several luminosity scenarios) 



Cms	  energy	  

Luminosity	  

parameter	   LHC	   HL-‐LHC	   FCC-‐hh	  
c.m.	  energy	  [TeV]	   14	   100	  
dipole	  magnet	  field	  	  [T]	   8.33	   16	  (20)	  
circumference	  [km]	   26.7	  	   100	  (83)	  
luminosity	  [1034	  cm-‐2s-‐1]	   1	   5	   5	  [→20?]	  
bunch	  spacing	  [ns]	   25	   25	  {5}	  
events	  /	  bunch	  crossing	   19	   135	   170	  {34}	  
bunch	  populaGon	  [1011]	   1.15	   2.2	   1	  {0.2}	  
norm.	  transverse	  emi\.	  [µm]	   3.75	   2.5	   2.2	  {0.44}	  
IP	  beta-‐funcGon	  [m]	   0.55	   0.15	   1.1	  
IP	  beam	  size	  [µm]	   16.7	   7.1	   6.8	  {3}	  
synchrotron	  rad.	  [W/m/aperture]	   0.17	   0.33	   28	  (44)	  
criGcal	  energy	  [keV]	   0.044	   4.3	  (5.5)	  
total	  syn.rad.	  power	  [MW]	   0.0072	   0.0146	   4.8	  (5.8)	  
longitudinal	  damping	  ame	  [h]	   12.9	   0.54	  (0.32)	  



FCC	  tunnel	  configuraGon	  
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Ph.	  Lebrun	   16!

•  FCC circumference is a 
multiple of LHC :!

!
–  80 km!
–  87 km!
–  93 km!
–  100 km!



only a quarter is shown 

15-16 T: Nb-Ti & Nb3Sn  20 T: Nb-Ti & Nb3Sn & HTS 

L. Rossi, E. Todesco, P. McIntyre 

“hybrid magnets” 
example block-coil layout 

cost-optimized high-field dipole magnets 



machine	  protecGon	  

energy	  per	  proton	  beam	  
LHC:	  0.4	  GJ	  →	  FCC-‐hh:	  8	  GJ	  (20x	  more	  !)	  

–  kineGc	  energy	  of	  Airbus	  A380	  at	  720	  km/h	  
–  can	  melt	  12	  tons	  of	  copper,	  or	  drill	  a	  300-‐m	  long	  hole	  



LEP	  –	  highest	  energy	  e+e-‐	  collider	  so	  far	  	  

maximum	  c.m.	  energy	  209	  GeV	  
maximum	  synchrotron	  radiaaon	  power	  23	  MW	  



physics	  requirements	  for	  FCC-‐ee	  



FCC-‐ee	  key	  parameters	  
parameter	   FCC-‐ee	   LEP2	  

energy/beam	   45	  –	  175	  GeV	   105	  GeV	  

bunches/beam	   98	  –	  16700	   4	  

beam	  current	   6.6	  –	  1450	  mA	   3	  mA	  

hor.	  emi\ance	  	   ~2	  nm	   ~22	  nm	  
emi\ance	  raGo	  εy/εy	   0.1%	   1%	  
vert.	  IP	  beta	  funcGon	  βy*	   1	  mm	  	   50	  mm	  
luminosity/IP	   1.8-‐28	  x	  1034	  cm-‐2s-‐1	   0.0012	  x	  1034	  cm-‐2s-‐1	  

energy	  loss/turn	   0.03-‐7.55	  GeV	   3.34	  GeV	  

synchr.	  power	   100	  MW	   23	  MW	  

RF	  voltage	   2.5	  –	  11	  GV	   3.5	  GV	  

Preliminary, subject to evolution (staging scenarios) 



parameter LEP2 FCC-ee CepC 
Z	   Z (c.w.) W H	   t	   H	  

Ebeam	  [GeV]	   104	   45	   45 80 120	   175	   120	  

circumference	  [km] 26.7 100 100 100 100 100 54 
current	  [mA]	   3.0 1450 1431 152 30 6.6 16.6 
PSR,tot  [MW] 22 100 100 100 100 100 100 
no.	  bunches	   4 16700 29791 4490 1360 98 50 
Nb [1011] 4.2 1.8 1.0 0.7 0.46 1.4 3.7 
εx	  [nm]	   22 29 0.14 3.3 0.94 2 6.8 
εy	  [pm]	   250 60 1 1 2 2 20 
β*x	  [m]	   1.2 0.5 0.5 0.5 0.5 1.0 0.8 
β*y	  [mm]	   50 1 1 1 1 1 1.2 
σ*y	  [nm]	   3500 250 32 130 44 45 160 
σz,SR 	  [mm]	   11.5 1.64 2.7 1.01 0.81 1.16 2.3 
σz,tot [mm] (w beamstr.)	   11.5 2.56 5.9 1.49 1.17 1.49 2.7 
hourglass factor Fhg 0.99 0.64 0.94 0.79 0.80 0.73 0.61 

L/IP	  [1034	  cm-‐2s-‐1]	   0.01 28 212 12 6 1.7 1.8 

τbeam	  [min]	   300 287 39 72 30 23 40 

the large number of bunches at Z, W & H requires 2 rings 

short lifetimes due to high luminosity 
→ continuous injection (top-up) 



Z W H 

crab waist & improved 
parameters 

baseline 

FCC-‐ee	  luminosity	  vs	  energy	  

M. Benedikt, A. Blondel, A. Bogomyagkov, E. Levichev, D. Shatilov, 
J. Wenninger, F. Zimmermann,… 



HEP	  Gme	  scale	  
1980	   1985	   1990	   1995	   2000	   2005	   2010	   2015	   2020	   2025	   2030	   2035	  

Physics 

25 years 

Today CDR & Cost 

Construc-
tion Physics Upgr LEP 

Construction Physics Proto Design LHC 

Construct Physics Design HL-LHC 

Construction Proto Design Future Collider 



Linear	  Colliders	  (ILC	  and	  CLIC)	  	  
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Outline:	  
• ILC	  and	  CLIC	  –	  project	  overview	  	  	  
• Physics	  consideraGon	  	  
• Brief	  status	  and	  plans	  	  
• RealizaGon	  of	  the	  projects	  	  	  
• Summary	  	  

Damping Rings Polarised electron 
source 

E+ source 

Ring to Main Linac (RTML) 
(including  
 bunch compressors) 

e- Main Linac 

e+ Main Linac 

ILC SCHEMATIC 

Steinar	  Stapnes,	  CERN	  
LCC	  collaboraGon	  	  

Oshu�

Ichinoseki�

Ofunato�

Kesen0numa�

Express06
Rail�

High0way�

ILC� ���
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	  Key	  points	  
The	  ILC	  and	  CLIC	  accelerator	  studies	  are	  organised	  under	  the	  heading	  of	  LCC	  
with	  goals:	  
• Strongly	  support	  the	  Japanese	  iniGaGve	  to	  construct	  a	  linear	  collider	  as	  a	  
staged	  project	  in	  Japan	  
• Prepare	  CLIC	  machine	  and	  detectors	  as	  an	  opGon	  for	  a	  future	  high-‐energy	  
linear	  collider	  at	  CERN	  
• Further	  improve	  collaboraGon	  between	  CLIC	  and	  ILC	  machine	  experts	  
• Beyond	  the	  significant	  progress	  on	  the	  basic	  RF	  studies,	  increased	  and	  
successful	  effort	  on	  system-‐studies	  of	  various	  types	  (FACET,	  ATF,	  etc)	  
• Many	  common	  challenges	  with	  3rd	  generaGon	  light	  sources	  and	  FELs,	  the	  la\er	  
providing	  very	  important	  industrial/lab	  producGon	  experiences	  

Comprehensive	  physics	  studies	  –	  and	  in	  parallel	  technical	  detector	  R&D	  and	  
concept	  studies	  –	  demonstrate	  the	  realism	  and	  unique	  impact	  of	  LC	  e+e-‐	  
measurements	  and	  searches	  at	  energy	  scales	  from	  250	  to	  3	  TeV	  	  
	  

The	  on-‐going	  process	  in	  Japan	  for	  ILC	  is	  nevertheless	  (by	  some	  margin)	  the	  most	  
central	  acGvity	  right	  now	  	  	  	  



detector

e- source e+ source

main linac main linacdamping
ring

damping
ring

RTML RTMLBDS BDS

Linear	  Colliders	  

Key	  features:	  scalable	  to	  high	  energies,	  expandable	  (also	  with	  novel	  technologies	  later),	  
very	  linked	  to	  light-‐sources	  (low	  emi\ance	  rings	  and	  FEL	  linacs	  )	  	  
	  
Challenges:	  Gradients,	  luminosity	  (nano	  beams),	  power	  efficiency	  
	  
Strategies:	  	  
•  Japan-‐KEK:	  Consider	  hosGng	  ILC	  	  	  
•  European	  Strategy:	  High	  energy	  fronGer	  beyond	  LHC:	  CLIC	  technology	  an	  opGon	  to	  be	  

pursued,	  ILC	  in	  Japan	  a	  welcome	  iniGaGve	  -‐	  shorter	  Gmescale,	  follow	  up	  Higgs	  discovery	  
•  Snowmass	  -‐>	  P5:	  High-‐lights	  physics	  potenGal	  of	  ILC	  and	  US	  parGcipaGon	  (within	  2025	  

Horizon)	  
•  Many	  other	  countries	  have	  their	  own	  strategies	  with	  LC	  acGviGes	  central	  	  

Generic	  LC:	  
	  



main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV

The	  ILC	  Accelerator	  Concept	  	  
-‐  Electron	  and	  Positron	  Sources	  (e-‐,	  e+)	  	  	  
-‐  Damping	  Ring	  (DR)	  
-‐  Ring	  to	  ML	  beam	  transport	  (RTML）	  
-‐  Main	  Linac	  (ML）：SCRF	  Technology	  
-‐  Beam	  Delivery	  System	  	  (BDS）	  

28	

ProducGon	  yield:	  	  94	  %	  at	  >	  35+/-‐20%	  
Average	  gradient:	  	  37.1	  MV/m	  
	  >	  	  R&D	  goal	  of	  35	  MV/m	  reached	  (2012)	  	

1.3	  GHz	  Nb	  9-‐cellCaviGes	   16,024	  

Cryomodules	   1,855	  

SC	  quadrupole	  pkg	   673	  

10	  MW	  MB	  Klystrons	  &	  
modulators	   436	  	  
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ILC	  parameters	  (TDR)	  

Upgradeable to 1 GeV – parameter sets also available  



KEK:	  STF/STF2	  
v  S1-‐Global:	  completed	  (2010)	  
v  Quantum	  Beam	  Accelerator	  (Inverse	  Llaser	  

Compton):	  6.7	  mA,	  1	  ms	  
v  CM1	  test	  with	  beam	  (2014	  ~2015)	  
v  STF-‐COI:	  Facility	  to	  demonstrate	  	  
	  	  	  	  	  CM	  assembly/test	  in	  near	  future	  

Cavity string:  < 26MV/m> 

S1 Global Cryomodule at STF: 

DESY:	  FLASH	  	  
v  1.25	  GeV	  linac	  (TESLA-‐Like	  tech.)	  
v  ILC-‐like	  bunch	  trains:	  	  
v  600	  ms,	  9	  mA	  beam	  (2009);	  	  	  
	  	  	  	  	  	  	  800	  ms	  	  4.5	  mA	  (2012)	  
v  RF-‐cryomodule	  string	  with	  beam	  à	  

PXFEL1	  operaGonal	  at	  FLASH	  

M
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Cavity No.

36.1 MV/m

32.5 MV/m

Vertical test
CryomoduleXFEL Prototype at PXFEL1 

PXFEL1 :  ~ 32MV/m> 

FNAL:	  ASTA	  
(Advanced	  SuperconducGng	  Test	  Accelerator)	  
v  CM1	  test	  complete	  
v  CM2	  operaGon	  (2013)	  
v  CM2	  with	  beam	  (soon)	  
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Cryomodule	  System	  Tests	  	

ß	  	  Demonstrated	

ß	  Demonstrated	

CM2:  > 31.5 MV/m> 

CM2 at NML Facility: 



LCLS-II 
◉ DESY 

◉ LAL 
Saclay 
CERN ◉ 

INFN Milan 

◉ 
◉◉ ◉ 

SLAC 
FNAL/ANL 

Cornell 
JLab ◉ KEK 
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US and EU (industrial) production and test capacity. 
Perfectly placed for start of ILC construction end 
of this decade. 

Kitakami 
proposed site 

Largest deployment of 
this technology to date 
-  100 cryomodules 
-  800 cavities 
-  17.5 GeV (pulsed) 

US infrastructure for 
-  35 cryomodules 
-  280 cavities 
-  4 GeV (CW) 

preliminary data; 
results are not 
published 

FEL	  and	  advanced	  linacs	  with	  SCRF	  modules	  	  

IHEP 
PKU 

IUAC 
RRCAT 

TRIUMF 
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ILC	  post	  TDR	  team:	  towards	  site	  specific	  design	  	  
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Years	  	 TDR	  baseline	  Scenario	  	

1	  -‐	  2	  	 Pre-‐preparaGon	  for	  2yrs	  	  (for	  technical	  effort	  conGnuity)	  	  	  

3	  -‐	  6	 PreparaGon	  	  (4	  yrs)	  

7	  -‐	  15	  	 ConstrucGon	  (9	  yrs)	  	  

	  	  (12	  -‐)	  	 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (start	  installaGon)　　	

	  	  (13	  -‐)	  	  	 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (start	  preparaGon	  for	  OperaGon)　　　　　　　　　　　　	

16	  -‐	  	 Beam	  Commissioning	  	  start	  

17	  –	  	 OperaGon	  	  at	  250	  ~	  500	  GeV	  (550	  GeV)	  	  

TBD	 Toward	  500	  GeV	  HL	  upgrade	  	  

TBD	 Toward	  1	  TeV	  upgrade	  	  



Oshu	

Ichinoseki	

Ofunato	

Kesen-‐‑numa	

Sendai	

Express-‐‑	
Rail	

High-‐‑way	
Proposed  by  JHEP  community	
Endorsed  by  LCC	
Not  yet  decided  by  Japanese  Government	

Establish	  a	  site-‐specific	  Civil	  Engineering	  Design	  -‐	  map	  the	  (site	  independent)	  TDR	  baseline	  onto	  
the	  preferred	  site	  -‐	  assuming	  “Kitakami”	  as	  a	  primary	  candidate	  	  

Need  to  finalize:	
-‐‑ IP  /  Linac  orientation  and  length	
-‐‑ Access  points  and  IR  infrastructure	
-‐‑ Conventional  Facilities  and  Siting  (CFS)	
-‐‑ …	

Site	  specific	  studies	  	  	  	



ILC	  preferred	  site	  -‐	  Kitakami	  

LCB	  Valencia	  July	  2014	  
Mike	  Harrison	   From Enomoto et al	



CLIC	  Layout	  at	  3	  TeV	  
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Drive	  Beam	  
Generaaon	  
Complex	  

Main	  Beam	  
Generaaon	  
Complex	  

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

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 µs 

Drive	  beam	  Gme	  structure	  -‐	  iniGal	   Drive	  beam	  Gme	  structure	  -‐	  final	  



Possible	  CLIC	  
stages	  studied	  in	  

the	  CDR	  
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Key features:  
•  High gradient (energy/length) 
•  Small beams (luminosity) 
•  Repetition rates and bunch 

spacing (experimental 
conditions) 



2013-‐18	  Development	  Phase	  
Develop	  a	  Project	  Plan	  for	  a	  
staged	  implementaGon	  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	  potenGal	  projects	  as	  FCC),	  

take	  decisions	  about	  next	  
project(s)	  at	  the	  Energy	  FronGer.	  

4-‐5	  year	  Preparaaon	  Phase	  
Finalise	  implementaGon	  parameters,	  
Drive	  Beam	  Facility	  and	  other	  
system	  verificaGons,	  site	  
authorisaGon	  and	  preparaGon	  for	  
industrial	  procurement.	  	  	  
Prepare	  detailed	  Technical	  Proposals	  
for	  the	  detector-‐systems.	  	  	  

2024-‐25	  Construcaon	  Start	  
Ready	  for	  full	  construcGon	  

	  and	  main	  tunnel	  excavaGon.	  	  

Construcaon	  Phase	  	  
Stage	  1	  construcGon	  of	  CLIC,	  in	  
parallel	  with	  detector	  
construcGon.	  
PreparaGon	  for	  implementaGon	  
of	  further	  stages.	  

	  	  Commissioning	  	  
Becoming	  ready	  for	  data-‐

taking	  as	  the	  LHC	  
programme	  reaches	  

compleGon.	  
	  	  

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)&

•  Common	  work	  with	  ILC	  related	  to	  several	  acc.	  systems	  as	  part	  of	  the	  
LC	  coll.,	  also	  related	  to	  iniGal	  stage	  physics	  and	  detector	  developments	  	  

•  Common	  physics	  benchmarking	  with	  FCC	  pp	  and	  common	  detect.	  
challenges	  (ex:	  Gming,	  granularity),	  as	  well	  as	  project	  implementaGon	  
studies	  (costs,	  power,	  infrastructures	  …)	  	  	  

New institutes are joining: 
In 2014 SINAP Shanghai and IPM Tehran 
  
Detector collaboration operative with 23 institutes  



Main	  acGviGes	  
Experimental verification   
• Drive Beam and two beam scheme (CTF3) 
• Low emittance ring tests – low emittances 
• System Tests: ATF – final focus, FACET and 
FELs – beam based alignment and emittance 
preservation in linacs (see later)  

Technical Developments   
•  Key components for systemtests, machine 

performance, cost or power reduction  

QD0, nm-stabilization, BPM, NbTi wiggler  

Module into CTF 



e+/e-‐	  Colliders:	  PAC	  vs	  ECM	  
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CERN	  energy	  consumpGon	  2012:	  1.35	  TWh	  	  	  

LEP-‐SLC	  

LEP	  II	  

CEPC	  goal	  

ILC	  	  

ILC	  	  1TeV	  

CLIC	  1.5	  	  

CLIC	  3	  	  
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P_AC	  versus	  E_CM	  
Power	  reducGions	  are	  being	  looked	  at	  (ILC	  
more	  optmised	  than	  CLIC):	  
• Design	  and	  parameters	  –	  opGmise	  power	  
• Look	  at	  key	  components	  –	  magnets	  
• Klystron	  and	  modulator	  efficiences	  
• OpGmisaGon	  	  
• Recover	  energy	  	  
Consider	  where	  the	  power	  is	  dissipated	  
(distributed	  or	  central)	  
Look	  at	  daily	  and	  yearly	  fluctuaGon	  –	  can	  one	  
run	  in	  “low	  general	  demand”	  periods	  
Understand	  and	  minimize	  the	  energy	  
(consider	  also	  standby,	  MD,	  down	  periods,	  
running	  scenarios	  	  
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Thanks	  

•  Slides/figures/advice	  from	  Lucio	  Rossi,	  Michael	  
Benedict,	  Frank	  Zimmerman	  and	  Steiner	  Stapnes.	  


