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Overview	
  
•  The	
  FCC-­‐ee	
  collider	
  is	
  a	
  very	
  challenging	
  machine,	
  with	
  

unprecedented	
  high	
  e+e-­‐	
  c.m.	
  energy,	
  luminosity…and	
  
circumference.	
  

•  The	
  Machine	
  Detector	
  Interface	
  group	
  aims	
  at	
  designing	
  the	
  
Interac<on	
  Region	
  in	
  all	
  its	
  aspects.	
  

•  We	
  need	
  a	
  flexible	
  design:	
  a	
  single	
  IR	
  for	
  all	
  the	
  different	
  energy	
  
ranges,	
  from	
  45	
  to	
  175	
  GeV,	
  is	
  the	
  first	
  solu<on	
  being	
  considered.	
  

•  The	
  crab-­‐waist	
  collision	
  scheme	
  is	
  chosen	
  to	
  achieve	
  the	
  highest	
  
possible	
  luminosity.	
  

•  The	
  large	
  crossing	
  angle	
  (30	
  mrad)	
  together	
  with	
  the	
  high	
  beam	
  
energy	
  may	
  induce	
  in	
  principle	
  high	
  Synchrotron	
  Radia<on	
  into	
  the	
  
detector,	
  driving	
  the	
  IR	
  layout.	
  

•  The	
  MDI	
  group	
  aims	
  at	
  a	
  feasible	
  IR	
  design.	
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FCC-­‐ee	
  baseline	
  parameters	
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Z	
   WW	
   ZH	
   =bar	
  

energy/beam	
  [GeV]	
   45.6	
   80	
   120	
   175	
  
bunches/beam	
   30180	
   91500	
   5260	
   	
  780	
   81	
  
bunch	
  spacing	
  [ns]	
   7.5	
   2.5	
   50	
   400	
   4000	
  
bunch	
  popula<on	
  [1011]	
   1.0	
   0.33	
   0.6	
   0.8	
   1.7	
  
beam	
  current	
  [mA]	
   1450	
   1450	
   152	
   30	
   6.6	
  
H/V	
  emidance	
  [nm]	
   0.2	
   0.09	
   0.26	
   0.61	
   1.3	
  
Ver<cal	
  emidance	
  [pm]	
   1	
   1	
   1	
   1.2	
   2.5	
  
luminosity/IP	
  x	
  1034cm-­‐2s-­‐1	
   210	
   90	
   19	
   5.1	
   1.3	
  
energy	
  loss/turn	
  [GeV]	
   0.03	
   0.03	
   0.33	
   1.67	
   7.55	
  
SR	
  power	
  /beam	
  [MW]	
   50	
   50	
   50	
   50	
   50	
  
RF	
  voltage	
  [GV]	
   0.4	
   0.2	
   0.8	
   3.0	
   10	
  
Energy	
  acceptance	
  RF	
  [%]	
   7.2	
   4.7	
   5.5	
   7.0	
   6.7	
  
Luminosity	
  life<me	
  [min]	
   94	
   185	
   90	
   67	
   57	
  



Some	
  of	
  the	
  main	
  Challenges	
  

•  Synchrotron	
  Radia<on	
  is	
  the	
  main	
  constraint	
  for	
  IR	
  design	
  
and	
  it	
  drives	
  the	
  IR	
  op<cs	
  and	
  layout.	
  	
  

•  Feasibility	
  of	
  	
  magne<c	
  system	
  	
  -­‐main	
  detector	
  magnet,	
  final	
  
focus	
  elements,	
  compensa<on	
  magnets-­‐	
  has	
  to	
  be	
  
inves<gated,	
  also	
  with	
  R&D.	
  

•  Luminosity	
  measurement,	
  as	
  well	
  as	
  other	
  par<cle	
  detectors,	
  
are	
  part	
  of	
  the	
  IR	
  design,	
  challenge:	
  very	
  close	
  to	
  IP.	
  

•  Accelerator	
  and	
  IP	
  Backgrounds:	
  full	
  simula<on	
  to	
  check	
  
detector	
  sustainability	
  and	
  design	
  proper	
  masking.	
  	
  

•  Underground	
  infrastructure	
  is	
  a	
  challenge	
  it	
  itself,	
  of	
  course,	
  
together	
  with	
  MDI	
  group	
  compa<bility	
  with	
  FCC-­‐hh	
  op<on	
  
has	
  to	
  be	
  assured.	
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MDI	
  Work	
  Plan	
  
Step	
  1:	
  
•  Design	
  a	
  IR	
  Layout,	
  main	
  constraint	
  is	
  from	
  SR	
  
•  Develop	
  a	
  detector	
  model,	
  star<ng	
  from	
  CLIC	
  model	
  
	
  
Step	
  2:	
  
•  effects	
  of	
  SR	
  in	
  the	
  detector	
  to	
  determine	
  its	
  constraints	
  
•  lumi	
  background	
  simula<on	
  (bhabha,	
  e+e-­‐	
  e+e-­‐,e+e-­‐µ+µ-­‐)	
  
•  design	
  of	
  SR	
  shieldings,	
  masks	
  
•  IR	
  magne<c	
  system	
  design	
  with	
  detector	
  geometrical	
  constraints	
  
•  beam	
  backgrounds	
  simula<ons	
  

	
   	
   	
   	
   	
   	
  	
  
In	
  parallel	
  also	
  
•  Integra<on	
  of	
  magne<c	
  system	
  with	
  solenoid	
  field	
  compensa<on	
  
•  Luminosity	
  measurement	
  
•  Technical	
  Infrastructures	
  with	
  constraint	
  from	
  FCC-­‐hh	
  op<on	
  
•  Any	
  other	
  low	
  angle	
  par<cle	
  detector	
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IteraCve	
  procedure	
  following	
  the	
  opCcs	
  changes	
  



IR	
  layout	
  	
  
•  Different	
  IR	
  op<ons	
  under	
  study,	
  pros	
  &	
  cons	
  considered	
  
•  Crab-­‐waist	
  collision	
  scheme	
  adopted	
  
•  Synchrotron	
  radia<on	
  is	
  the	
  main	
  constraint	
  (next	
  talk	
  H.	
  Burkhardt)	
  

KO	
  Asymmetric	
  IR	
  layout:	
  proposed	
  solu<on	
  to	
  
overcome	
  RF	
  cavity	
  structure	
  and	
  HOM	
  at	
  IR.	
  

IR	
  Layout	
  from	
  baseline	
  KO	
  op<cs	
  (M.	
  Sullivan’s	
  talk)	
  	
  

Ebeam=175	
  GeV	
  	
  

K.	
  Oide,	
  Monday	
  plenary	
  
A.	
  Bogomyagkov,	
  Op<cs	
  session	
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Corresponding	
  SR	
  photon	
  angles	
  es<ma<on	
  for	
  
studies	
  of	
  	
  detector	
  SR	
  tolerances	
  (A.	
  Kolano)	
  

HOMs	
  are	
  being	
  evaluated.	
  	
  
Best	
  solu<on	
  will	
  be	
  defined.	
  	
  



Detector	
  model	
  
•  CLIC	
  detector	
  model	
  and	
  somware	
  was	
  the	
  star<ng	
  point,	
  FCC-­‐ee	
  IR	
  layout	
  

implemented	
  	
  
•  Main	
  topics	
  in	
  progress:	
  SR	
  into	
  detectors	
  and	
  IP	
  backgrounds	
  	
  

(talk	
  by	
  M.	
  Dams	
  on	
  Luminosity	
  
Measurement,	
  	
  FCC-­‐ee	
  Exp.	
  I	
  session	
  

Thurs.)	
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Beam	
  Induced	
  Backgrounds	
  
§  Luminosity	
  sources	
  

•  Beamstrahlung	
  
•  Bhabha	
  (Radia<ve)	
  
•  2-­‐photon	
  pair	
  produc<on	
  	
  	
  

e+e-­‐	
  -­‐>	
  e+e-­‐	
  	
  e+e-­‐	
  	
  	
  
e+e-­‐	
  -­‐>	
  e+e-­‐	
  µ+µ-­‐	
  

•  Beam-­‐beam	
  (Halo)	
  	
  
§  Linear	
  with	
  Currents	
  

•  Synchrotron	
  radia<on	
  
•  Beam-­‐gas	
  Coulomb/	
  Bremsstrahlung	
  

§  Other	
  sources	
  
•  thermal	
  outgassing	
  due	
  to	
  HOM	
  losses	
  
•  top-­‐up	
  injec<on	
  background	
  
•  High	
  order	
  modes	
  
•  Compton	
  thermal	
  photons	
  
•  ion	
  or	
  electron	
  cloud	
  	
  
•  single	
  /	
  mul<ple	
  Touschek	
  scadering	
  	
  

Some	
  cause	
  backgrounds	
  due	
  to	
  direct	
  
beam	
  losses:	
  par<cle	
  tracking	
  needed.	
  
	
  

The	
  	
  impact	
  of	
  these	
  effects	
  is	
  of	
  course	
  
dependent	
  on	
  machine	
  parameters	
  	
  
(like	
  	
  beam	
  energy,	
  energy	
  acceptance)	
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Conclusions	
  

•  FCC-­‐ee	
  MDI	
  working	
  group	
  is	
  inves<ga<ng	
  
challenging	
  aspects	
  of	
  the	
  IR	
  design.	
  

•  Final	
  goal:	
  develop	
  a	
  feasible	
  and	
  complete	
  IR	
  
design	
  with	
  sustainable	
  backgrounds.	
  

•  Masking	
  design	
  also	
  with	
  impedance	
  evalua<on.	
  
•  Luminosity	
  monitor	
  with	
  detailed	
  simula<on.	
  
•  Different	
  op<ons	
  for	
  the	
  IR	
  layout	
  are	
  being	
  
considered	
  and	
  analysed.	
  

•  IR	
  design	
  will	
  be	
  op<mized	
  for	
  all	
  energy	
  ranges,	
  
even	
  if	
  we	
  are	
  now	
  focusing	
  on	
  175	
  GeV.	
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