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q In	
  July	
  2011	
  a	
  proposal	
  was	
  made	
  to	
  (re)install	
  a	
  120	
  GeV	
  /	
  beam	
  e+e-­‐	
  
collider	
  in	
  the	
  LEP-­‐LHC	
  tunnel	
  –	
  named	
  LEP3.	
  Work	
  on	
  LEP3	
  started	
  in	
  a	
  
series	
  of	
  workshops.	
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q In	
  July	
  2011	
  a	
  proposal	
  was	
  made	
  to	
  (re)install	
  a	
  120	
  GeV	
  /	
  beam	
  e+e-­‐	
  
collider	
  in	
  the	
  LEP-­‐LHC	
  tunnel	
  –	
  named	
  LEP3.	
  Work	
  on	
  LEP3	
  started	
  in	
  a	
  
series	
  of	
  workshops.	
  

q The	
  80	
  km	
  TLEP	
  machine	
  appeared	
  in	
  2012	
  in	
  parallel	
  with	
  the	
  feasibility	
  
study	
  for	
  a	
  80	
  km	
  ring	
  for	
  a	
  future	
  hadron	
  collider	
  around	
  CERN.	
  TLEP	
  and	
  
LEP3	
  were	
  presented	
  in	
  September	
  2012	
  at	
  the	
  European	
  Strategy	
  
meeBng	
  in	
  Krakow.	
  

q  	
  In	
  May	
  2013	
  was	
  presented	
  the	
  Summary	
  of	
  the	
  European	
  Strategy	
  for	
  
ParBcle	
  Physics	
  	
  Update,	
  to	
  be	
  adopted	
  by	
  the	
  CERN	
  

q In October 2013 TLEP was integrated into the FCC study and is 
now known as FCC-ee.	
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q In	
  July	
  2011	
  a	
  proposal	
  was	
  made	
  to	
  (re)install	
  a	
  120	
  GeV	
  /	
  beam	
  e+e-­‐	
  
collider	
  in	
  the	
  LEP-­‐LHC	
  tunnel	
  –	
  named	
  LEP3.	
  Work	
  on	
  LEP3	
  started	
  in	
  a	
  
series	
  of	
  workshops.	
  

q The	
  80	
  km	
  TLEP	
  machine	
  appeared	
  in	
  2012	
  in	
  parallel	
  with	
  the	
  feasibility	
  
study	
  for	
  a	
  80	
  km	
  ring	
  for	
  a	
  future	
  hadron	
  collider	
  around	
  CERN.	
  TLEP	
  and	
  
LEP3	
  were	
  presented	
  in	
  September	
  2012	
  at	
  the	
  European	
  Strategy	
  
meeBng	
  in	
  Krakow.	
  

q  	
  In	
  May	
  2013	
  was	
  presented	
  the	
  Summary	
  of	
  the	
  European	
  Strategy	
  for	
  
ParBcle	
  Physics	
  	
  Update,	
  to	
  be	
  adopted	
  by	
  the	
  CERN	
  

q In October 2013 TLEP was integrated into the FCC study and is 
now known as FCC-ee.	
  

When	
  the	
  study	
  of	
  a	
  80-­‐100	
  km	
  tunnel	
  was	
  undertaken	
  at	
  CERN,	
  it	
  was	
  soon	
  realized	
  that	
  the	
  e+e-­‐	
  collider	
  that	
  would	
  fit	
  in	
  there	
  is	
  just	
  remarkable:	
  1)	
  the	
  
luminosity	
  scales	
  proporBonally	
  to	
  the	
  accelerator	
  radius;	
  2)	
  	
  a	
  centre-­‐of-­‐mass	
  energy	
  in	
  excess	
  of	
  the	
  top-­‐pair	
  threshold	
  can	
  be	
  reached	
  allowing	
  this	
  
machine	
  to	
  produce	
  all	
  standard	
  model	
  parBcles	
  with	
  unequalled	
  staBsBcs;	
  3)	
  the	
  energy	
  spread	
  is	
  reduced,	
  hence	
  beam	
  transverse	
  polarizaBon	
  can	
  be	
  
envisioned	
  at	
  least	
  up	
  to	
  the	
  WW	
  threshold;	
  4)	
  by	
  using	
  all	
  the	
  RF	
  power	
  of	
  100	
  MW,	
  the	
  machine	
  performance	
  at	
  the	
  Z	
  peak	
  is	
  simply	
  mind-­‐boggling	
  –	
  a	
  
Tera-­‐Z	
  factory	
  becomes	
  realisBcally	
  feasible.	
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q In	
  July	
  2011	
  a	
  proposal	
  was	
  made	
  to	
  (re)install	
  a	
  120	
  GeV	
  /	
  beam	
  e+e-­‐	
  
collider	
  in	
  the	
  LEP-­‐LHC	
  tunnel	
  –	
  named	
  LEP3.	
  Work	
  on	
  LEP3	
  started	
  in	
  a	
  
series	
  of	
  workshops.	
  

q The	
  80	
  km	
  TLEP	
  machine	
  appeared	
  in	
  2012	
  in	
  parallel	
  with	
  the	
  feasibility	
  
study	
  for	
  a	
  80	
  km	
  ring	
  for	
  a	
  future	
  hadron	
  collider	
  around	
  CERN.	
  TLEP	
  and	
  
LEP3	
  were	
  presented	
  in	
  September	
  2012	
  at	
  the	
  European	
  Strategy	
  
meeBng	
  in	
  Krakow.	
  

q  	
  In	
  May	
  2013	
  was	
  presented	
  the	
  Summary	
  of	
  the	
  European	
  Strategy	
  for	
  
ParBcle	
  Physics	
  	
  Update,	
  to	
  be	
  adopted	
  by	
  	
  CERN	
  

q In October 2013 TLEP was integrated into the FCC study and is 
now known as FCC-ee.	
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•  with	
  emphasis	
  on	
  proton-­‐proton	
  and	
  electron-­‐positron	
  high-­‐
energy	
  fron8er	
  machines.	
  	
  

•  These	
   design	
   studies	
   should	
   be	
   coupled	
   to	
   a	
   vigorous	
  
accelerator	
   R&D	
   programme,	
   including	
   high-­‐field	
   magnets	
  
and	
  high-­‐gradient	
  accelera8ng	
  structures,	
  	
  

•  in	
   collabora8on	
   with	
   na8onal	
   ins8tutes,	
   laboratories	
   and	
  
universi8es	
  worldwide.	
  

•  h?p://cds.cern.ch/record/1567258/files/esc-­‐e-­‐106.pdf	
  

….“to propose an ambitious post-LHC accelerator project at 
CERN by the time of the next Strategy update”:	
  
d)	
  CERN	
  should	
  undertake	
  design	
  studies	
  for	
  	
   	
   	
   	
  accelerator	
  
projects	
  in	
  a	
  global	
  context,	
  	
  

Summary:	
  European	
  Strategy	
  Update	
  2013	
  
Design	
  studies	
  and	
  R&D	
  at	
  the	
  energy	
  fron8er	
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q In	
  July	
  2011	
  a	
  proposal	
  was	
  made	
  to	
  (re)install	
  a	
  120	
  GeV	
  /	
  beam	
  e+e-­‐	
  
collider	
  in	
  the	
  LEP-­‐LHC	
  tunnel	
  –	
  named	
  LEP3.	
  Work	
  on	
  LEP3	
  started	
  in	
  a	
  
series	
  of	
  workshops.	
  

q The	
  80	
  km	
  TLEP	
  machine	
  appeared	
  in	
  2012	
  in	
  parallel	
  with	
  the	
  feasibility	
  
study	
  for	
  a	
  80	
  km	
  ring	
  for	
  a	
  future	
  hadron	
  collider	
  around	
  CERN.	
  TLEP	
  and	
  
LEP3	
  were	
  presented	
  in	
  September	
  2012	
  at	
  the	
  European	
  Strategy	
  
meeBng	
  in	
  Krakow.	
  

q  	
  In	
  May	
  2013	
  was	
  presented	
  the	
  Summary	
  of	
  the	
  European	
  Strategy	
  for	
  
ParBcle	
  Physics	
  	
  Update,	
  to	
  be	
  adopted	
  by	
  the	
  CERN	
  

q In October 2013 TLEP was integrated into the FCC study and is 
now known as FCC-ee.	
  



330	
  registered	
  parBcipants	
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q 	
  	
  	
  Need	
  to	
  go	
  beyond	
  present	
  	
  
	
  	
  	
  	
  	
  	
  energy	
  fronBer	
  	
  
	
  	
  	
  	
  	
  	
  à	
  circular	
  high	
  energy	
  collider	
  
	
  
q 	
  	
  ExploitaBon	
  of	
  all	
  op;ons	
  for	
  such	
  a	
  project	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (hh	
  –	
  ee	
  –	
  ep)	
  	
  within	
  one	
  study	
  	
  
	
  
q  Global	
  CollaboraBon	
  for	
  the	
  Study	
  of	
  Future	
  Circular	
  

Colliders	
  	
  	
  (similar	
  to	
  the	
  CLIC	
  collaboraBon)	
  
	
  

q 	
  Hosted	
  by	
  CERN	
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q 	
  A	
  conceptual	
  design	
  study	
  of	
  opBons	
  for	
  a	
  future	
  high-­‐energy	
  
fronBer	
  circular	
  collider	
  at	
  CERN	
  for	
  the	
  post-­‐LHC	
  era	
  shall	
  be	
  
carried	
  out,	
  implemenBng	
  the	
  request	
  in	
  the	
  2013	
  update	
  of	
  the	
  
European	
  Strategy	
  for	
  ParBcle	
  Physics.	
  
	
  
q 	
  Many	
  results	
  of	
  the	
  study	
  will	
  be	
  site	
  independent.	
  	
  

q 	
  The	
  design	
  study	
  shall	
  be	
  organised	
  on	
  a	
  world-­‐wide	
  
internaBonal	
  collaboraBon	
  basis	
  under	
  the	
  auspices	
  of	
  the	
  
European	
  Commi"ee	
  for	
  Future	
  Accelerators	
  (ECFA)	
  and	
  shall	
  be	
  
available	
  in	
  Bme	
  for	
  the	
  next	
  update	
  of	
  the	
  European	
  Strategy	
  for	
  
ParBcle	
  Physics,	
  foreseen	
  by	
  2018.	
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q 	
  The	
  main	
  emphasis	
  of	
  the	
  conceptual	
  design	
  study	
  shall	
  be	
  the	
  
long-­‐term	
  goal	
  of	
  a	
  hadron	
  collider	
  with	
  a	
  centre-­‐of-­‐mass	
  energy	
  
of	
  the	
  order	
  of	
  100	
  TeV	
  in	
  a	
  new	
  tunnel	
  of	
  80-­‐100	
  km	
  circumfe-­‐
rence	
  for	
  the	
  purposes	
  of	
  studying	
  physics	
  at	
  the	
  highest	
  energies.	
  
	
  
q 	
  The	
  conceptual	
  design	
  study	
  shall	
  also	
  include	
  a	
  lepton	
  collider	
  
and	
  its	
  detectors,	
  as	
  a	
  potenBal	
  intermediate	
  step	
  towards	
  
realizaBon	
  of	
  the	
  hadron	
  facility.	
  PotenBal	
  synergies	
  with	
  linear	
  
collider	
  detector	
  designs	
  should	
  be	
  considered.	
  	
  
	
  
q 	
  OpBons	
  for	
  e-­‐p	
  scenarios	
  and	
  their	
  impact	
  on	
  the	
  infrastructure	
  
shall	
  be	
  examined	
  at	
  conceptual	
  level.	
  
	
  
q 	
  The	
  study	
  shall	
  include	
  cost	
  and	
  energy	
  opBmisaBon,	
  
industrialisaBon	
  aspects	
  and	
  provide	
  implementaBon	
  scenarios,	
  
including	
  schedule	
  and	
  cost	
  profiles.	
  	
  



Proposed international organization structure 

Collabora;on	
  
Board	
  

1	
  person/inst.	
  

Steering	
  
Commi?ee	
  
around	
  2-­‐3	
  

persons/region	
  

Advisory	
  
Commi?ee	
  

1-­‐2	
  experts/field	
  

Study	
  
Coordina;on	
  

Group	
  

Hadron	
  
Collider	
  
Physics	
  

Experiments	
  

Lepton	
  
Collider	
  
Physics	
  

Experiments	
  

Hadron	
  
Injectors	
  

Hadron	
  
Collider	
  

Lepton	
  
Collider	
  

e-­‐p	
  
Physics	
  

Experiments	
  
Machines	
  

Infra-­‐
structures	
  
Opera;on	
  

Cos;ng	
  
Planning	
  

Lepton	
  
Injectors	
  

Accelerator	
  
R&D	
  

Technologies	
  

CERN	
  DG	
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PotenBal	
  locaBons	
  	
  
•  Several	
  locaBons	
  have	
  been	
  studied	
  for	
  the	
  
possibility	
  to	
  construct	
  an	
  80km	
  ring	
  tunnel	
  in	
  
the	
  CERN	
  area.	
  

– LocaBon	
  constraints	
  	
  
•  CERN	
  area	
  
•  Connected	
  to	
  LHC/SPS	
  at	
  one	
  point	
  
•  Depth	
  (access	
  shags)	
  

17	
  

“Jura”	
  
80km	
  

“Lakeside”	
  
80km	
  

“Lakeside”	
  
47km	
  

Molasse	
   Limestone	
  

Circumference	
   Average	
  
Depth	
  

Max	
  Depth	
  
below	
  surface	
  

LEP/LHC	
   27	
  km	
   100	
  m	
   170m	
  

Jura	
   80	
  km	
   590	
  m	
   1270	
  m	
  

Lakeside	
   80	
  km	
   280	
  m	
   690	
  m	
  

Lakeside	
   47	
  km	
   220	
  m	
   320	
  m	
  

John	
  Osborne	
  (CERN	
  GS-­‐SE)	
  	
  



PotenBal	
  locaBons	
  
•  LocaBon	
  1:	
  	
  

	
  80km	
  Jura	
  opBon	
  
–  Fully	
  housed	
  in	
  France	
  
–  	
  90%	
  in	
  Jura	
  Limestones	
  (roccia	
  calcarea)	
  
–  	
  10%	
  in	
  Molasse	
  	
  (arenaria)	
  
–  Connected	
  to	
  LHC	
  
–  Shags	
  every	
  10km	
  

•  LocaBon	
  2:	
  
	
  	
  80km	
  Lakeside	
  opBon	
  

–  Housed	
  in	
  France	
  and	
  Switzerland	
  
–  	
  10%	
  in	
  Limestones	
  (Jura,	
  Salève)	
  
–  	
  90%	
  in	
  Molasse	
  
–  Passes	
  under	
  Lake	
  Geneva	
  
–  Around	
  the	
  back	
  of	
  the	
  Salève	
  
–  Connected	
  to	
  LHC	
  
–  Shags	
  every	
  10km	
  

18	
  Option 2: 80km Lakeside!

Option 1: 80km Jura!

John	
  Osborne	
  (CERN	
  GS-­‐SE)	
  	
  



PotenBal	
  locaBons	
  
•  LocaBon	
  3:	
  

	
  	
  47km	
  Lakeside	
  opBon	
  

Studied	
  from	
  geotechnical	
  viewpoint	
  
	
  

–  Fully	
  housed	
  in	
  the	
  Molasse	
  rock	
  (preferred	
  excavaBon	
  rock	
  in	
  the	
  
Geneva	
  area)	
  

–  Under	
  Lake	
  Geneva	
  
–  In	
  front	
  of	
  Salève	
  and	
  Jura	
  
–  Housed	
  in	
  France	
  and	
  Switzerland	
  
–  Connected	
  to	
  LHC	
  
–  Shags	
  every	
  10km	
  

•  Too	
  short	
  for	
  physics	
  goal?	
  

19	
  
Option 3: 47km Lakeside!

John	
  Osborne	
  (CERN	
  GS-­‐SE)	
  	
  



•  OpBmizaBon	
  studies	
  for	
  the	
  project	
  configuraBon	
  have	
  been	
  
started	
  
–  Bypass	
  tunnel	
  in	
  geological	
  and	
  environmental	
  sensiBve	
  area	
  
–  Inclined	
  access	
  tunnel	
  in	
  urban	
  area	
  
	
  	
  

•  More	
  opBmizaBon	
  studies	
  needed	
  
–  Incline	
  tunnel?	
  
–  More	
  bypass	
  tunnels?	
  

	
  

	
  	
  	
  	
  	
  

20	
  

CE	
  consideraBons	
  	
  	
  and	
  	
  	
  	
  	
  OpBmizaBon	
  

John	
  Osborne	
  (CERN	
  GS-­‐SE)	
  	
  



TBM	
  Tunnelling	
  in	
  the	
  Himalayan	
  Region,	
  
Kathmandu,	
  Nepal,	
  January	
  27,	
  2011	
  	
  

FUTURE	
  CIRCULAR	
  	
  COLLIDER	
  	
  

WORKSHOP	
  13.	
  /	
  14.	
  FEBRUAR	
  2014,	
  GENEVA	
  

Go?hard	
  Basetunnel	
  

Aspects	
  of	
  Long	
  Tunnels	
  

presented	
  by:	
  

M.Sc.	
  F	
  Amberg	
  

Amberg	
  Engineering	
  Ltd.,	
  Regensdorf,	
  Switzerland	
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Malta Workshop: HE-LHC @ 33 TeV c.o.m. 
14-16 October 2010 

Material	
   N.	
  turns	
  	
   Coil	
  fraction	
   Peak	
  field	
   Joverall	
  (A/mm2)	
  
Nb-­‐Ti	
   41	
   27%	
   8	
   380	
  
Nb3Sn	
  (high	
  Jc)	
   55	
   37%	
   13	
   380	
  
Nb3Sn	
  (Low	
  Jc)	
   30	
   20%	
   15	
   190	
  
HTS	
   24	
   16%	
   20.5	
   380	
  
	
  

Magnet	
  design	
  (20	
  T):	
  	
  
very	
   challenging	
   but	
   not	
  
impossible.	
  	
  
300	
  mm	
  inter-­‐beam	
  
MulBple	
  powering	
  in	
  the	
  same	
  
magnet	
  (and	
  more	
  secBoning	
  
for	
  energy)	
  
Work	
  	
  for	
  4	
  years	
  to	
  assess	
  HTS	
  
for	
  2X20T	
  	
  to	
  open	
  the	
  way	
  to	
  
16.5	
  T/beam	
  .	
  
Otherwise	
  limit	
  field	
  to	
  15.5	
  T	
  
for	
  2x13	
  TeV	
  
Higher	
  INJ	
  energy	
  is	
  desirable	
  
(2xSPS)	
  

Nb-­‐Ti:	
  Niobium	
  –	
  Titanium	
  
Nb3Sn:	
  	
  TriNiobium	
  –	
  Tin	
  
HTS:	
  High	
  Temperature	
  Superconductor	
  



"High	
  Energy	
  LHC"	
  

First	
  studies	
  on	
  a	
  new	
  80	
  km	
  
tunnel	
  in	
  the	
  Geneva	
  	
  area	
  

§ 	
  42	
  TeV	
  	
  	
  	
  	
  	
  with	
  	
  8.3	
  T	
  using	
  	
  
present	
  LHC	
  dipoles	
  

§ 	
  80	
  TeV	
  	
  	
  	
  	
  	
  with	
  16	
  T	
  	
  based	
  
	
  on	
  Nb3Sn	
  dipoles	
  
	
  
§ 100	
  TeV	
  	
  	
  	
  	
  	
  with	
  20	
  T	
  based	
  
	
  on	
  HTS	
  dipoles	
  

	
  	
  

HE-­‐LHC	
  :33	
  TeV	
  
with	
  20T	
  magnets	
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  Energy	
   	
   	
   	
  100	
  TeV	
  c.m.	
  
	
  	
  	
  Dipole	
  field 	
  	
   	
   	
  ~	
  16	
  T	
  (Nb3Sn),	
  	
  [20	
  T	
  op;on	
  HTS]	
  
	
  	
  	
  Circumference	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~	
  100	
  km	
  
   #IPs     2 main (tune shift) + 2  
	
  	
  	
  Luminosity/IPmain 	
   	
  5x1034	
  cm-­‐2s-­‐1	
  
	
  	
  	
  Stored	
  beam	
  energy 	
   	
  8.2	
  GJ/beam	
  
	
  	
  	
  Synchrotron	
  radia;on	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  26	
  W/m/aperture	
  (filling	
  fact.	
  ~78%	
  in	
  arc)	
  
	
  	
  	
  Long.	
  emit	
  damping	
  ;me 	
  0.5	
  h	
  
	
  	
  	
  Bunch	
  spacing	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  25	
  ns	
  [5	
  ns	
  op;on]	
  
	
  	
  	
  Bunch	
  populaBon	
  (25	
  ns) 	
  1x1011	
  p	
  
	
  	
  	
  Transverse	
  emi"ance	
   	
   	
  2.2	
  micron	
  normalized	
  
	
  	
  	
  #bunches 	
   	
   	
  10500	
  
	
  	
  	
  Beam-­‐beam	
  tune	
  shig 	
   	
  0.01	
  (total)	
  	
  
   β*     1.1 m (HL-LHC: 0.15 m) 

Michael	
  Benedikt,	
  	
  Frank	
  Zimmermann	
  

already	
  available	
  
from	
  SPS	
  for	
  25	
  ns	
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Michael	
  Benedikt,	
  	
  Frank	
  Zimmermann	
  

Op;cs	
  and	
  beam	
  dynamics	
  
•  IR	
  design,	
  dynamic	
  aperture	
  studies,	
  SC	
  magnet	
  field	
  quality	
  	
  
	
  	
  	
  

Impedances,	
  instabili;es,	
  feedbacks	
  	
  
•  Beam-­‐beam,	
  e-­‐cloud,	
  resisBve	
  wall,	
  feedback	
  systems	
  design	
  	
  
	
  

Synchrotron	
  radia;on	
  damping	
  
•  controlled	
  blow	
  up,	
  luminosity	
  levelling,	
  etc…	
  
	
  

Energy	
  in	
  beam	
  &	
  magnets	
  à	
  dump,	
  collima;on,	
  quench	
  protec;on	
  
•  Stored	
  beam	
  energy	
  cri;cal:	
  8	
  GJ/beam	
  (0.4	
  GJ	
  LHC)	
  
•  Beam	
  losses,	
  radiaBon	
  effects	
  à	
  collimaBon,	
  shielding	
  
•  Synergies	
  intensity	
  fronBer	
  (SNS,	
  J-­‐PARC,	
  PSI,	
  PIP,	
  FRIB,	
  ESS,	
  FAIR)	
  
	
  

High	
  synchrotron	
  radia;on	
  load	
  on	
  beam	
  pipe	
  	
  
•  Up	
  to	
  26	
  W/m/aperture	
  in	
  arcs,	
  total	
  of	
  ~5	
  MW	
  for	
  FCC-­‐hh	
  
•  (LHC	
  has	
  a	
  total	
  of	
  1W/m/aperture	
  from	
  different	
  sources)	
  
•  Heat	
  extracBon:	
  photon	
  stop,	
  beam	
  screen	
  temperature,	
  cryo	
  load,	
  	
  
•  Synergies	
  with	
  SSC,VLHC,	
  LHC,	
  light	
  sources,	
  SppC,	
  …	
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Daniel	
  Shulte	
  

LHC	
   HL-­‐LHC	
   HE-­‐LHC	
   FCC-­‐hh	
  
Cms	
  energy	
  [TeV]	
   14	
   33	
   100	
  
Luminosity	
  [1034cm-­‐2s-­‐1]	
   1	
   5	
   5	
   5	
  
Bunch	
  distance	
  [ns]	
   25	
   25	
  (5)	
  
Background	
  events/bx	
   27	
   135	
   147	
   170	
  (34)	
  
Bunch	
  length	
  [cm]	
   7.5	
   7.5	
   7.5	
   8	
  

•  Two	
  main	
  experiments	
  sharing	
  the	
  beam-­‐beam	
  tuneshig	
  
•  Two	
  reserve	
  experimental	
  areas	
  not	
  contribuBng	
  to	
  tuneshig	
  

•  Currently	
  assume	
  25ns	
  as	
  baseline	
  
•  May	
  be	
  able	
  to	
  reduce	
  bunch	
  spacing	
  and	
  background	
  

•  Might	
  be	
  able	
  to	
  increase	
  bunch	
  length	
  
•  Will	
  explore	
  this	
  if	
  experiments	
  find	
  it	
  useful	
  

•  80%	
  of	
  circumference	
  filled	
  with	
  bunches	
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Michael	
  Benedikt,	
  	
  Frank	
  Zimmermann	
  

FCC-­‐hh	
  baseline	
  16T	
  Nb3Sn	
  technology	
  for	
  ~100	
  TeV	
  c.m.	
  in	
  ~100	
  km	
  

Develop	
  Nb3Sn-­‐based	
  16	
  T	
  dipole	
  technology,	
  	
  
•  with	
  sufficient	
  aperture	
  (~40	
  mm)	
  and	
  	
  
•  accelerator	
  features	
  (field	
  quality,	
  protectability,	
  cycled	
  operaBon).	
  
•  In	
  parallel	
  conductor	
  developments	
  
	
  

Possible	
  goal:	
  	
  
•  16T	
  short	
  dipole	
  models	
  by	
  2018	
  (America,	
  Asia,	
  Europe)	
  

Possible	
  goal:	
  	
  
demonstrate	
  HTS/LTS	
  20	
  T	
  technology	
  in	
  two	
  steps	
  
•  a	
  field	
  record	
  a"empt	
  to	
  break	
  the	
  20	
  T	
  barrier	
  (no	
  aperture),	
  and	
  	
  
•  a	
  5	
  T	
  insert,	
  with	
  sufficient	
  aperture	
  (40	
  mm)	
  and	
  accel.	
  features	
  

In	
  parallel	
  HTS	
  development	
  targe;ng	
  20	
  T:	
  	
  
•  HTS	
  insert,	
  generaBng	
  O(5	
  T)	
  addiBonal	
  field	
  	
  
•  in	
  large	
  aperture	
  O(100	
  mm,	
  15	
  T)	
  	
  



FCC-ee alias TLEP 
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ADA – 1961 - LNF 

√s = 500 MeV 
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Michael	
  Benedikt,	
  	
  Frank	
  Zimmermann	
  

Design	
  choice:	
  max.	
  synchrotron	
  radia;on	
  power	
  set	
  to	
  50	
  MW/beam	
  

•  Defines	
  the	
  maximum	
  beam	
  current	
  at	
  each	
  energy	
  

•  4	
  physics	
  opera;on	
  points	
  (energies)	
  foreseen	
  Z,	
  WW,	
  H,	
  Kbar	
  

•  Op;miza;on	
  at	
  each	
  opera;on	
  point,	
  mainly	
  via	
  bunch	
  number	
  and	
  arc	
  cell	
  
length	
  

Parameter	
   Z	
   WW	
   H	
   Kbar	
   LEP2	
  

E/beam	
  (GeV)	
   45	
   80	
   120	
   175	
   105	
  

L	
  (1034	
  cm-­‐2s-­‐1)/IP	
   28.0	
   12.0	
   5.9	
   1.8	
   0.012	
  

Bunches/beam	
   16700	
   4490	
   1330	
   98	
   4	
  

I	
  (mA)	
   1450	
   152	
   30	
   6.6	
   3	
  
Bunch	
  popul.	
  [1011]	
   1.8	
   0.7	
   0.47	
   1.40	
   4.2	
  

Cell	
  length	
  [m]	
   300	
   100	
   50	
   50	
   79	
  

Tune	
  shig	
  /	
  IP	
   0.03	
   0.06	
   0.09	
   0.09	
   0.07	
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Michael	
  Benedikt,	
  	
  Frank	
  Zimmermann	
  

Short	
  beam	
  life;me	
  from	
  high	
  luminosity	
  (radia;ve	
  Bhabha	
  sca?ering)	
  	
  
•  Top-­‐up	
  injec;on	
  (single	
  injector	
  booster	
  in	
  collider	
  tunnel)	
  

Addi;onal	
  life;me	
  limit	
  from	
  beamstrahlung	
  at	
  top	
  opera;on	
  energy	
  
•  Flat	
  beams	
  (small	
  verBcal	
  emi"ance,	
  small	
  verBcal	
  β*	
  ~	
  1	
  mm)	
  
•  Final	
  focus	
  with	
  large	
  (~2%)	
  energy	
  acceptance	
  to	
  reduce	
  losses	
  

Machine	
  layout	
  for	
  high	
  currents,	
  large	
  #bunches	
  at	
  Z	
  pole,	
  WW,	
  H	
  
•  Two	
  ring	
  layout	
  and	
  configura;on	
  of	
  the	
  RF	
  system.	
  

Polariza;on	
  for	
  high	
  precision	
  energy	
  calibra;on	
  at	
  Z	
  pole	
  and	
  WW	
  	
  	
  with	
  long	
  
natural	
  polariza;on	
  ;mes	
  (WW:	
  ~10	
  hours,	
  Z:	
  ~200	
  hours)	
  

Important	
  exper;se	
  available	
  worldwide	
  and	
  poten;al	
  synergies:	
  
•  IR	
  design,	
  experimental	
  inser;ons,	
  machine	
  detector	
  interface,	
  (transverse)	
  

polariza;on	
  	
  	
  
RHIC,	
  VEPP-­‐2000,	
  BEPC-­‐II,	
  SLC,	
  LEP,	
  B-­‐	
  and	
  Super-­‐B	
  factories,	
  CEPC,	
  ILC,	
  CLIC	
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q Besides	
  the	
  collider	
  ring(s),	
  a	
  booster	
  of	
  the	
  same	
  size	
  (same	
  tunnel)	
  must	
  
provide	
  beams	
  for	
  top-­‐up	
  injecBon.	
  
o  Same	
  size	
  of	
  RF	
  system,	
  but	
  low	
  power	
  (~	
  MW).	
  

o  Top	
  up	
  frequency	
  ~0.1	
  Hz.	
  

o  Booster	
  injecJon	
  energy	
  ~20	
  GeV.	
  

o  MagneJc	
  coupling	
  between	
  collider	
  and	
  
	
  booster	
  !	
  	
  

q Injector	
  complex	
  for	
  e+	
  and	
  e-­‐	
  beams	
  	
  
of	
  ~20	
  GeV.	
  

LifeBmes	
  down	
  to	
  ~15	
  minutes	
  

ipee
ee nL

I
σ

τ ∝

σee ≈ 0.21 (b) 	
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  Benedikt,	
  	
  Frank	
  Zimmermann	
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November	
  1992	
  

10	
  MeV	
  at	
  Z	
  	
  

1.5	
  GeV	
  at	
  t	
  

10	
  -­‐	
  400	
  MeV	
  at	
  Z	
  

LEP	
  

FCC-­‐ee	
  

(funcJon	
  of	
  opJcs	
  !)	
  

Energy	
  swing	
  

J.	
  Wenninger	
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q The	
  average	
  beam	
  energy	
  can	
  be	
  obtained	
  to	
  ~100	
  keV	
  precision	
  from	
  
resonant	
  depolarizaBon.	
  

o  Local	
  energy	
  offsets	
  at	
  the	
  IPs	
  must	
  be	
  modelled	
  !	
  

q At LEP energy calibrations could not be performed continuously, a 
model had to be build for interpolation (up to few days). The final  
accuracy on the energy was limited by the energy model. 

q LEP lesson: to achieve sub-MeV accuracy at FCC-ee the energy 
must be measured continuously. 
o  Use	
  a	
  few	
  non-­‐colliding	
  bunches	
  to	
  monitor	
  the	
  energy.	
  	
  

J.	
  Wenninger	
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Michael	
  Benedikt,	
  	
  Frank	
  Zimmermann	
  

•  Design	
  choice:	
  beam	
  parameters	
  as	
  available	
  from	
  hh	
  and	
  ee	
  

•  Max.	
  e±	
  beam	
  current	
  at	
  each	
  energy	
  determined	
  by	
  50	
  MW	
  SR	
  limit.	
  

•  1	
  physics	
  interac;on	
  point,	
  op;miza;on	
  at	
  each	
  energy	
  	
  

collider	
  parameters	
   e±	
  scenarios	
   protons	
  

species	
   e±	
  (polarized)	
   e±	
   e±	
   p	
  

beam	
  energy	
  	
  [GeV]	
   80	
   120	
   175	
   50000	
  

luminosity	
  [1034cm-­‐2s-­‐1]	
   2.3	
   1.2	
   0.15	
  

bunch	
  intensity	
  [1011]	
   0.7	
   0.46	
   1.4	
   1.0	
  

#bunches	
  per	
  beam	
   4490	
   1360	
   98	
   10600	
  

beam	
  current	
  [mA]	
   152	
   30	
   6.6	
   500	
  	
  

σx,y*	
  [micron]	
   4.5,	
  2.3	
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FCC-hh Detectors 
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A.Ball,	
  F.	
  Gianoz,	
  D.	
  Fournier	
  



FCC-hh: driving requirements 
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A.Ball,	
  F.	
  Gianoz,	
  D.	
  Fournier	
  



Example: hcal depth 
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A.Ball,	
  F.	
  Gianoz,	
  D.	
  Fournier	
  



Detector line guide 
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A.Ball,	
  F.	
  Gianoz,	
  D.	
  Fournier	
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CMS	
  :	
  22	
  m	
  x	
  15	
  m	
  
Solenoid:	
  6	
  m	
  x	
  4	
  T	
  



Atlas-like 
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Some  Physics cases 
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G.	
  Rolandi	
  

Measurements	
  dominated	
  by	
  systema;cs	
  	
  



General detector requirements 
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G.	
  Rolandi	
  



The FCC-ee program 
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G.	
  Rolandi	
  
Challenge	
  for	
  the	
  
DAQ/Trigger	
  system	
  
and	
  Inner	
  Detector	
  

16700	
  bunches:	
  
62.5-­‐50	
  MHz	
  bunch	
  
crossing	
  rate	
  

Rare	
  Z	
  “Decays”,	
  for	
  example:	
   Very	
  good	
  tracking	
  system	
  

The	
  Working	
  Groups	
  have	
  to	
  spot	
  criBcal	
  	
  issues	
  for	
  the	
  detector	
  



FCC-ee Design study: Physics WBS 
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  jobs	
  is	
  to	
  assemble	
  collaborators	
  	
  and	
  find	
  co-­‐conveners	
  in	
  a	
  global	
  way	
  



News from China 
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CEPC+SppC 
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Yifang	
  Wang	
  

•  For	
  about	
  8	
  years,	
  we	
  have	
  been	
  talking	
  about	
  “What	
  can	
  be	
  done	
  
ager	
  BEPCII	
  in	
  China”	
  	
  

•  Thanks	
  to	
  the	
  discovery	
  of	
  the	
  low	
  mass	
  Higgs	
  boson,	
  and	
  
sBmulated	
  by	
  ideas	
  of	
  Circular	
  Higgs	
  Factories	
  in	
  the	
  world,	
  CEPC
+SppC	
  configuraBon	
  was	
  proposed	
  in	
  Sep.	
  2012	
  	
  

A	
  50-­‐70	
  km	
  tunnel	
  is	
  very	
  
affordable	
  in	
  China	
  NOW 



The site: Qinhuangdao 
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•  300	
  km	
  from	
  Beijing	
  
•  3	
  h	
  by	
  car	
  
•  1	
  h	
  by	
  train	
   

Beijing	
  
Qinhuangdao	
  

Tianjing	
  

Beidaihe	
  

Yifang	
  Wang	
  



Beau;ful	
  Place	
  for	
  a	
  Science	
  Center 
Best	
  beach	
  &	
  cleanest	
  air	
  	
  
Summer	
  capital	
  of	
  China 

StarBng	
  point	
  of	
  the	
  Great	
  Wall 

Wine	
  yard	
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•  It	
  is	
  difficult	
  	
  	
  
•  But	
  it	
  is	
  very	
  exci;ng	
  
•  Even	
  if	
  it	
  is	
  not	
  in	
  China,	
  it	
  is	
  s;ll	
  very	
  
beneficial	
  to	
  our	
  field	
  and	
  to	
  the	
  Chinese	
  HEP	
  
&	
  Science	
  community	
  

•  We	
  fully	
  support	
  a	
  global	
  effort	
  

•  Let’s	
  us	
  work	
  for	
  our	
  dream 
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Infrastructure,	
  
cost	
  es;mates	
  

P.	
  Lebrun	
  

Hadron	
  
collider	
  

D.	
  Schulte	
  

Hadron	
  
injectors	
  

B.	
  Goddard	
  

e-­‐	
  p	
  op;on	
  	
  
IntegraBon	
  aspects	
  O.	
  Brüning	
  

Future	
  Circular	
  Colliders	
  -­‐	
  Conceptual	
  Design	
  Study	
  
Study	
  coordinaBon,	
  M.	
  Benedikt,	
  F.	
  Zimmermann	
  

e+	
  e-­‐	
  collider	
  
and	
  injectors	
  
J.	
  Wenninger	
  

Technology	
  
	
  

High	
  Field	
  
Magnets	
  
L.	
  Bo?ura	
  
Supercon-­‐
ducBng	
  RF	
  
E.	
  Jensen	
  
Cryogenics	
  
L.	
  Tavian	
  
Specific	
  

Technologies	
  
JM.	
  Jimenez	
  

Physics	
  and	
  
experiments	
  

	
  

Hadrons	
  
A.	
  Ball,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

F.	
  Gianov,	
  	
  
M.	
  Mangano	
  

	
  

e+	
  e-­‐	
  	
  
A.	
  Blondel	
  	
  	
  	
  	
  	
  	
  

J.	
  Ellis,	
  P.	
  Janot	
  
	
  

e-­‐	
  p	
  
M.	
  Klein	
  

Opera;on	
  aspects,	
  	
  
energy	
  efficiency,	
  safety,	
  environment	
  P.	
  Collier	
  

Planning	
  (Implementa;on	
  roadmap,	
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Proposed international organization structure 

Collabora;on	
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Proposal	
  for	
  FCC	
  Study	
  Time	
  Line	
  

2014 2015 2016 2017 2018 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Kick-off, collaboration forming,  
àstudy plan and organisation 

Release CDR & Workshop on next steps 

Workshop & Review 
à contents of CDR 

Workshop & Review àidentification  of baseline 

Ph 2: Conceptual study of 
baseline “strong interact.” 

Workshop & Review, cost model, 
LHC results à study re-scoping? 

Ph 3: Study 
consolidation 

Report 

Prepare 

4 large FCC Workshops 
distributed over 

participating regions 

Ph 1: Explore options 
“weak interaction” 



•  In	
   line	
   with	
   the	
   European	
   Strategy,	
   CERN	
   is	
   launching	
   a	
   5-­‐year	
  
interna;onal	
  design	
  study	
  for	
  Future	
  Circular	
  Colliders;	
  	
  

• Worldwide	
   collabora;on	
   in	
   all	
   areas	
   -­‐	
   physics,	
   experiments	
   and	
  
accelerators	
  –	
  is	
  essen;al	
  to	
  reach	
  CDR	
  level	
  by	
  2018.	
  	
  

•  FCC	
   R&D	
   areas	
   e.g.	
   SC	
   high-­‐field	
   magnets	
   and	
   SC	
   RF	
   are	
   of	
   general	
  
interest	
  &	
  relevant	
  for	
  many	
  other	
  applica;ons.	
  	
  

	
  

•  Significant	
  R&D	
  investments	
  have	
  been	
  made	
  over	
  last	
  decade(s),	
  e.g.	
  
in	
  the	
  framework	
  of	
  LHC	
  and	
  HL-­‐LHC;	
  further	
  con;nua;on	
  will	
  ensure	
  
efficient	
  use	
  of	
  past	
  investments.	
  

	
  

• Goals	
   of	
   kick-­‐off	
   mee;ng:	
   Introducing	
   FCC	
   study,	
   discussing	
   	
   study	
  
scope	
   and	
   organiza;on,	
   preparing	
   and	
   establishing	
   collabora;on!	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Invita8on	
  to	
  join!	
  

         FCC Study - Summary 
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What	
  Next?	
  	
  
	
  

(or	
  ….	
  What	
  Else?)	
  

Nima	
  ARKANI-­‐HAMED	
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1983	
   	
  : 	
  First	
  studies	
  for	
  the	
  LHC	
  project	
  
1988	
   	
  : 	
  First	
  magnet	
  model	
  	
  (feasibility)	
  
1994  : 	
  Approval	
  of	
  the	
  LHC	
  by	
  the	
  CERN	
  Council	
  
1996-­‐1999 	
  : 	
  Series	
  produc;on	
  industrialisa;on	
  
1998 	
  : 	
  Declara;on	
  of	
  Public	
  U;lity	
  &	
  Start	
  of	
  	
  

	
  civil	
  engineering 	
  	
  
1998-­‐2000 	
  : 	
  Placement	
  of	
  the	
  main	
  produc;on	
  

	
  contracts	
  
2004 	
  :	
   	
  Start	
  of	
  the	
  LHC	
  installa;on	
  
2005-­‐2007 	
  : 	
  Magnets	
  Installa;on	
  in	
  the	
  tunnel	
  
2006-­‐2008 	
  : 	
  Hardware	
  commissioning	
  
2008-­‐2009 	
  : 	
  Beam	
  commissioning	
  and	
  repair	
   	
  	
  
2009-­‐2035 	
  : 	
  Physics	
  exploita;on	
  

14 TeV  proton-proton 
accelerator-collider built in 

the LEP tunnel 

LHC	
  (Large	
  Hadron	
  Collider)	
  

Lead-­‐Lead	
  	
  (Lead-­‐proton)	
  collisions	
  



Physics	
  
Beam	
  commissioning	
  

Shutdown	
  
Powering	
  tests	
  	
  

F	
   M A M J	
   J	
   A S	
   O N D J	
   F	
   J	
   F	
  M A M J	
   J	
   A S	
   O N D

2013	
   2014	
   2015	
  
M A

beam	
  to	
  beam	
  

available	
  for	
  works	
  

16th	
  Feb.	
   12th	
  February	
  

LS	
  1	
  from	
  16th	
  Feb.	
  2013	
  to	
  Dec.	
  2014	
  



Run	
  2	
   Run	
  3	
  

Run	
  4	
  

LS	
  2	
  

LS	
  3	
  

LS	
  4	
   LS	
  5	
  Run	
  5	
  

LHC	
  schedule	
  	
  approved	
  by	
  CERN	
  management	
  and	
  LHC	
  experiments	
  spokespersons	
  and	
  
technical	
  coordinators	
  	
  (December	
  2013)	
  

LS2	
   	
  starBng	
  in	
  2018	
  (July) 	
  =>	
  	
  18	
  months	
  +	
  3	
  months	
  BC	
  	
  
LS3 	
  LHC:	
  starBng	
  in	
  2023	
   	
  => 	
  30	
  months	
  +	
  3	
  months	
  BC	
  

	
  Injectors:	
  in	
  2024 	
  => 	
  13	
  months	
  +	
  3	
  months	
  BC	
  

LHC	
  schedule	
  beyond	
  LS1	
  

Beam	
  commissioning	
  

Technical	
  stop	
  

Shutdown	
  
Physics	
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t
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2015 2016 2017 2018 2019
Q4 Q1 Q2

2020 2021
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q3 Q4

2022 2023 2024 2025 2026 2027 2028

Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3

Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2 Q1 Q2 Q3 Q4

2029 2030 2031 2032 2033 2034

Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4

Q2 Q3 Q4 Q1 Q2 Q3
2035

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q4Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1 Q2 Q3 Q4 Q1

Run	
  2	
   Run	
  3	
  

Run	
  4	
  

LS	
  2	
  

LS	
  3	
  

LS	
  4	
   LS	
  5	
  Run	
  5	
  

(Extended)	
  Year	
  End	
  Technical	
  Stop:	
  (E)YETS	
  

EYETS	
  YETS	
   YETS	
   YETS	
  

YETS	
  

YETS	
  

300	
  z-­‐1	
  

3’000	
  z-­‐1	
  

30	
  z-­‐1	
  



c)	
   	
  Europe’s	
  top	
  priority	
  should	
  be	
  the	
  exploita8on	
  of	
  the	
  full	
  poten8al	
  of	
  the	
  LHC,	
  
including	
   the	
   high-­‐luminosity	
   upgrade	
   of	
   the	
  machine	
   and	
   detectors	
   with	
   a	
   view	
   to	
  
collecJng	
  ten	
  8mes	
  more	
  data	
  than	
  in	
  the	
  ini8al	
  design,	
  by	
  around	
  
2030.	
  This	
  upgrade	
  programme	
  will	
  also	
  provide	
  further	
  exciJng	
  opportuniJes	
  for	
  the	
  
study	
  of	
  flavour	
  physics	
  and	
  the	
  quark-­‐gluon	
  plasma.	
  

HL-­‐LHC	
  from	
  a	
  study	
  to	
  a	
  PROJECT	
  
300	
  z-­‐1	
  →	
  3000	
  z-­‐1	
  

including	
  LHC	
  injectors	
  upgrade	
  LIU	
  (Linac	
  4,	
  
Booster	
  2GeV,	
  PS	
  and	
  SPS	
  upgrade)	
  	
  

The	
  European	
  Strategy	
  for	
  Par;cle	
  Physics	
  	
  
Update	
  2013	
  



LINAC4	
  –	
  PS	
  Booster:	
  
–  H-­‐	
  injecBon	
  and	
  increase	
  of	
  PSB	
  injecBon	
  energy	
  from	
  50	
  
MeV	
  to	
  160	
  MeV,	
  to	
  increase	
  PSB	
  space	
  charge	
  threshold	
  

–  New	
  RF	
  cavity	
  system,	
  new	
  main	
  power	
  converters	
  
–  Increase	
  of	
  extracBon	
  energy	
  from	
  1.4	
  GeV	
  to	
  2	
  GeV	
  

These	
  are	
  only	
  the	
  main	
  modifica;ons	
  and	
  this	
  list	
  is	
  far	
  from	
  exhaus;ve	
  
Project	
  leadership:	
  R.	
  Garoby	
  and	
  M.	
  Meddahi	
  

LS2 : (mid 2018-2019), LHC Injector Upgrades (LIU) 

SPS	
  
−  Electron	
  Cloud	
  miBgaBon	
  –	
  strong	
  feedback	
  system,	
  or	
  coaBng	
  of	
  the	
  vacuum	
  system	
  
−  Impedance	
  reducBon,	
  improved	
  feedbacks	
  
−  Large-­‐scale	
  modificaBon	
  to	
  the	
  main	
  RF	
  system	
  	
  

PS:	
  
−  Increase	
  of	
  injecBon	
  energy	
  from	
  1.4	
  GeV	
  to	
  2	
  GeV	
  to	
  increase	
  PS	
  space	
  
charge	
  threshold	
  

−  Transverse	
  resonance	
  compensaBon	
  
− New	
  RF	
  Longitudinal	
  feedback	
  system	
  	
  
− New	
  RF	
  beam	
  manipulaBon	
  scheme	
  to	
  increase	
  beam	
  brightness	
  



The	
  HL-­‐LHC	
  Project	
  

•  New	
  IR-­‐quads	
  Nb3Sn	
  
(inner	
  triplets)	
  

•  New	
  11	
  T	
  Nb3Sn	
  (short)	
  
dipoles	
  

•  CollimaBon	
  upgrade	
  
•  Cryogenics	
  upgrade	
  
•  Crab	
  CaviBes	
  
•  Cold	
  powering	
  
•  Machine	
  protecBon	
  
•  …	
  

Major	
  interven;on	
  on	
  more	
  than	
  1.2	
  km	
  of	
  the	
  LHC	
  	
  
Project	
  leadership:	
  L.	
  Rossi	
  and	
  O.	
  Brüning	
  

• Obtain	
  about	
  3	
  -­‐	
  4	
  z-­‐1/day	
  (40%	
  
stable	
  beams)	
  

• About	
  250	
  to	
  300	
  z-­‐1/year	
  



to
da

y	
  

“…exploitation of the full potential of the LHC, including the high-
luminosity upgrade of the machine and detectors…” 	



=> High Luminosity LHC project	
  

Project	
  
Kick-­‐off	
  meeBng:	
  11th	
  Nov.	
  2013	
  

(Daresbury)	
  

h"p://cern.ch/hilumilhc	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



“Bière	
  de	
  l'ami;é"	
  


