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Physics	  Case	  for	  e+e-‐	  Collider	  	  
	  	  

The	  driving	  force	  is	  the	  Physics	  case	  	  



History	  tought	  us	  that	  the	  interplay	  between	  
p-‐p	  &	  e-‐e	  &	  e-‐p	  colliders	  is	  intrumental	  	  

in	  allowing	  progresses	  
	  in	  our	  understanding	  of	  Physics	  

p-‐p	   e-‐e	  

e-‐p	  
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The	  direct	  
measurement	  
(syst.	  from	  Theory?)	  

The	  top	  mass	  

Higgs	  
discovery	  
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We	  now	  have	  the	  full	  basic	  building	  blocks	  of	  SM	  
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The	  primary	  suspects	  
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Decoupling	  argument	  suggests	  
	  that	  deviaOons	  of	  Higgs	  coupling	  are	  :	  

Must	  aim	  for	  High	  (experimental	  and	  theoreOcal)	  precisions	  



The	  dream-‐machine	  

Clean	  Luminosity	   affordable	  

Mature	  technology	  

flexibility	  

SU(2)L	   Full	  SM	  reach	  
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Total	  Higgs	  producOon	  cross	  secOon	  increases	  with	  energy	  



Invisible	  Higgs	  decays	  are	  made	  visible!	  
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Allows	  absolute	  measurements	  

250	  GeV	  is	  the	  entrance	  to	  Higgs	  world	  
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Two	  simultaneous	  thresholds	  :	  	   tt̄ and HHZ

350	  GeV	  is	  the	  entrance	  to	  top	  world	  
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350	  GeV	  covers	  250	  GeV	  	  
physics	  case	  as	  well	  



Tour	  de	  force	  

p
S = 500 GeV & L = 500 fb�1

13	  mMS
t (mt)Much	  cleaner	  relaCon	  to	  
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Circular	  machines	  are	  advocated	  as	  been	  able	  to	  reach	  	  
up	  to	  350	  GeV.	  What	  follows	  goes	  beyond.	  



500	  GeV	  is	  the	  portal	  to	  the	  whole	  SM	  
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base	  line	  energy	  



Coupling	  H]	  at	  about	  5%	  
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Coupling	  HHH:	  LC	  similar	  to	  LHC	  
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1000	  GeV	  is	  the	  Vector-‐Vector	  world	  A	  new	  regime	  	  
for	  Higgs	  studies	  
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GiGaZ	  opCon	  leads	  to	  indirect	  mH	  at	  10	  GeV	  level	  



• Now	  8	  but	  13	  TeV	  soon	  
• Higher	  Luminosity	  	  
• Detectors	  upgrades	  
• Know-‐how	  improving	  
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20%	  at	  1000	  GeV	  

HL-‐LHC/LC	  comparison	  
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20%	  at	  1000	  GeV	  

HL-‐LHC/LC	  comparison	  

And	  they	  nicely	  	  
complement	  	  
each	  other	  	  
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HL-‐LHC/LC	  comparison	  
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HL-‐LHC/LC	  comparison	  

Similar	  statement	  for	  these	  5	  



A	  500+	  GeV	  Electron	  Collider	  can	  cover	  	  
most	  accessible	  Higgs	  couplings	  	  

�
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The	  dream-‐machine	  

A	  QuanCtaCve	  &	  QualitaCve	  	  
difference	  between	  	  

HL-‐LHC	  and	  LC	  

exp-‐staOsOcally	  limited	  

exp&the	  systemaOcs	  limited	  
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A	  brief	  history	  (25	  years	  old	  project)	  



August	  2004	  

November	  2004	  

March	  2005	  
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To	  make	  a	  long	  history	  short:	  



March	  2005	  
June	  2013	  

A	  greatman	  agreement	  



Central	  Region	  IntegraOon	  

21-Feb-13                                       
ILCSC Global Design Effort 30	  

e-‐	  BDS	  

e-‐	  BDS	  muon	  shield	  
e+	  main	  beam	  dump	  

detector	  

RTML	  return	  line	  

e+	  source	  

Damping	  Rings	  

3D	  CAD	  has	  been	  used	  to	  developed	  beamline	  
layouts	  and	  tunnel	  requirements.	  
	  
Complete	  model	  of	  ILC	  available.	  
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And	  the	  detector	  designs	  are	  ready	  



And	  Light	  came	  

from	  Japan	  
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One	  needs	  consensus	  in	  criOcal	  countries	  	  



(1) Physics	  studies	  shall	  start	  with	  precision	  study	  of	  "Higgs	  Boson"	  and	  will	  
evolve	  into	  studies	  on	  top	  quark,	  "dark	  maUer"	  parCcles,	  and	  Higgs	  self-‐
couplings,	  by	  upgrading	  the	  accelerator.	  A	  more	  specific	  scenario	  is	  as	  
follows:	  	  	  

(A)	  A	  Higgs	  factory	  with	  a	  center-‐of-‐mass	  energy	  of	  approximately	  250	  GeV	  
shall	  be	  constructed	  as	  a	  first	  phase.	  	  

(B)	  The	  machine	  shall	  be	  upgraded	  in	  stages	  up	  to	  a	  center-‐of-‐mass	  energy	  
of	  ~500	  GeV,	  which	  is	  the	  baseline	  energy	  of	  the	  overall	  project.	  	  

(C)	  Technical	  extendability	  to	  a	  1	  TeV	  region	  shall	  be	  secured.	  
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Japan	  HEP	  community	  statement	  

This	  is	  a	  quote,	  	  
background	  

picture	  included.	  
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AcCviCes	  in	  China	  
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An	  essenCal	  element	  is	  poliCcal	  
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~	  125	  deputes	  
	  droite	  et	  gauche	  
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March	  27th	  2013	  
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Japan	  

USA	  

Germany	  

CERN	  

France	  

UK	  

Spain	  

Korea	  

Russia	  
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2013	  
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Moving	  from	  the	  “Dream	  Machine”	  to	  are	  tunnel	  heights	  OK	  for	  the	  magnet	  ?	  

	  	  Can	  we	  manage	  around	  this	  tree	  ?	  
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Media	  thermometer	  
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USA	  
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ILC	  caviCes	  are	  at	  the	  core	  of	  various	  projects	  	  
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Circular	  Collider	  ?	  
(so	  far	  just	  a	  set	  of	  unchecked	  but	  nice	  ideas)	  

?	  
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But,	  it	  remains	  a	  very	  interesCng	  set	  of	  ideas	  !	  
Circular	  machine	  might	  be	  technically	  feasible	  	  

and	  it	  would	  provide	  a	  link	  towards	  
a	  possible	  ultra-‐high	  energy	  hadron	  machine.	  
This	  link	  might	  prove	  very	  useful,	  in	  case:	  

	  
New	  Physics	  is	  discovered	  at	  LHC	  

and	  	  
ILC	  nor	  CLIC	  do	  not	  materialize	  	  

LEP3	  should	  not	  be	  dismissed…	  for	  the	  worst	  case	  scenario	  

VHE-‐LHC	  

A	  nice	  wagon	  
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 International Workshop on Future High Energy Circular Colliders 

 December 16-17, 2013, Institute of High Energy Physics (IHEP), Beijing 
 
To bring together people interested in high energy circular e+e- colliders as a Higgs factory as well as future high energy circular 
pp colliders beyond the LHC, and to discuss critical issues in accelerator development, detector design, theoretical aspects of 
Higgs precision measurements, and the physics potential of pp colliders of 50-100 TeV in center of mass energy. 

http://indico.ihep.ac.cn/conferenceDisplay.py?confId=3813 

http://indico.ihep.ac.cn/conferenceDisplay.py?confId=3813 

p.ac.cn/conference/ishp 

IHEP 

Local organizing committee:  

Gang Chen (IHEP)  Guoming Chen (IHEP) Shenjian Chen (Nanjing University) 
Yaquan Fang (IHEP) Jie Gao (IHEP) Yuanning Gao (Tsinghua Univ.) Co-chair 
Liang Han (USTC)  Tao Han (Univ. of Pittsburgh/Tsinghua Univ.) Hongjian He (Tsinghua Univ.) 
Shan Jin (IHEP) Co-chair XinChou Lou (IHEP) Co-chair Caidian Lu (IHEP) 
Yajun Mao (Peking University) Qing Qin (IHEP) Manqi Ruan (IHEP) 
Meng Wang (Shandong Univ.) Yifang Wang (IHEP) Chair Zhizhong Xing (IHEP) 
Haijun Yang (SJTU) Chunxu Yu (Nankai Univ.)  Huaqiao Zhang (IHEP) 
Zhengguo Zhao (USTC) Yangheng Zheng (UCAS) Hongbo Zhu (IHEP) 
Shouhua Zhu (Peking Univ.)   
 

But	  a	  possibility	  for	  China	  
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Faire	  prendre	  la	  mayonnaise	  

	  	  	  	  	  	  



Francois	  R.	  Le	  Diberder	  
LCB	  European	  member	  



(one	  billion	  	  	  	  	  	  	  	  	  	  )	  
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These	  are	  misleading	  units	  
1	  

Cost	  

Linear	  motor	  train	  is	  ~	  10	  ILC	  

Hubble	  telescope	  is	  ~	  ILC	  



ILC	  TDR	  Value	  esOmate	  
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•  The	  Value	  esOmate	  for	  the	  cost	  of	  the	  ILC	  design	  as	  presented	  in	  the	  Technical	  Design	  
Report,	  averaged	  over	  the	  three	  regional	  sites,	  is	  7,780	  MILCU.	  	  

•  This	  may	  be	  compared	  with	  the	  escalated	  RDR	  esOmate:	  7,266	  MILCU.	  	  
•  The	  overall	  cost	  growth	  between	  the	  TDR	  and	  the	  RDR,	  not	  a]ributable	  to	  inflaOon,	  is	  thus	  

514	  MILCU,	  i.e,	  an	  increase	  of	  approximately	  7%.	  
•  The	  net	  cost	  growth	  is	  the	  sum	  of	  

•  A	  cost	  decrease	  of	  approximately	  9%	  in	  the	  total	  project	  cost,	  due	  to	  value	  
engineering	  and	  cost	  opOmizaOon	  of	  the	  machine	  design,	  which	  was	  carried	  out	  aqer	  
the	  RDR;	  and	  

•  A	  cost	  increase	  of	  approximately	  16%	  of	  the	  total	  project	  cost,	  due	  to	  a	  re-‐esOmate	  
of	  the	  fabricaOon	  cost	  of	  caviOes	  and	  cryomodules,	  which	  is	  based	  on	  extensive	  
experience	  and	  studies	  not	  available	  at	  the	  Ome	  of	  the	  RDR.	  

Region	   Value	  (MILCU)	  

Americas	   7,723	  

Asia	   7,982	  

Europe	   7,634	  

Regional	  	  
dependence	  



ILC	  TDR	  Labor	  esOmate	  
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•  The	  explicit	  Labor	  esOmate	  for	  the	  ILC	  design	  as	  presented	  in	  the	  Technical	  Design	  
Report,	  averaged	  over	  the	  three	  regional	  sites,	  is	  22,613	  thousand	  person-‐hours.	  

•  This	  may	  be	  compared	  with	  the	  RDR	  esOmate:	  24,427	  thousand	  person-‐hours.	  
•  The	  overall	  reducOon	  of	  about	  7%	  from	  the	  RDR	  to	  the	  TDR	  is	  due	  to	  	  

•  cost-‐opOmizaOon	  of	  the	  machine	  design	  (reducOon);	  
•  re-‐esOmate	  of	  the	  cavity	  and	  cryomodule	  labor	  (increase);	  and	  
•  re-‐esOmate	  of	  installaOon,	  management,	  administraOon,	  and	  system	  integraOon	  

manpower	  (reducOon).	  

Region	   Labor	  (M	  person-‐hours)	  

Americas	   22.37	  

Asia	   22.89	  

Europe	   22.58	  

Regional	  	  
dependence	  



Value	  esOmate	  confidence	  level	  
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•  The	  Value	  esOmate	  is	  a	  median	  esOmate.	  In	  other	  words,	  we	  esOmate	  that	  the	  probability	  that	  the	  
cost	  of	  the	  ILC	  construcOon	  project	  will	  be	  equal	  to	  or	  less	  than	  the	  Value	  esOmate	  is	  50%.	  

•  Because	  some	  regional	  funding	  agencies	  may	  require	  an	  esOmate	  with	  a	  higher	  confidence	  level,	  we	  
also	  provide	  a	  “cost	  premium”.	  	  

•  The	  cost	  premium	  is	  our	  esOmate	  of	  the	  addiOonal	  Value	  or	  Labor	  required	  to	  achieve	  an	  84%	  
confidence	  level.	  

•  Thus,	  the	  probability	  that	  the	  cost	  of	  the	  ILC	  construcOon	  project	  will	  be	  equal	  to	  or	  less	  than	  the	  sum	  
of	  the	  Value	  esOmate	  and	  the	  cost	  premium	  is	  16%.	  

Median	  cost	  

Cost	  premium	  

16%	  of	  the	  30	  ILC	  
projects	  will	  have	  a	  
cost	  above	  this	  line.	  

50%	  of	  the	  30	  ILC	  
projects	  will	  have	  a	  
cost	  above	  this	  line.	  


