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Ø  Guidelines from LHC 
 
Ø  Discussed options 

Ø  “Consensus” options 

Mazal tov on your 
very round birthday ! 
The age of wisdom !!!  

Roger as I met him during the early HERA period 
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Standard Model at the LHC 
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Latest PDFs from HERA 
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Finally recognized through 
•  EPS prize for DGLAP 
•  Wolf prize for Bjorken 
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SUSY at the LHC – mass limits 
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Exotic physics at the LHC – mass limits 
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Top quark at the LHC 
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Higgs at the LHC 

Taken	
  from	
  	
  P.	
  Bechtle	
  et	
  al.	
  
arXiv:1403.1582	
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Higgs at the LHC 

Current preferred option is in the metastable range!!! 
BUT WITH SUFFICIENTLY LONG LIFE TIME!   
The SM COULD BE A CONSISTENT THEORY 
 UP TO THE PLANCK SCALE   
(from Stefan Pokorski) 
 
(figure from S. Alekhina, A. Djouadib and S. Moch 
 PLB 716 (2012) 214) 
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Guidelines from LHC 
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•  The Standard Model is doing amazingly well 
•  The  Higgs scalar is very much like expected in the Standard Model 
•  There is no indication of physics BSM up to scales of the order 
of 1 to 3 TeV 

however	
  

Guidelines from outside LHC 

•  Neutrinos have masses – not acquired in the SM 
•  There is dark matter in the Universe with no candidates in the SM 
 (axions???)	
  	
  

How should we go about understanding all these issues ? 
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European Strategy 
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•  Europe’s	
  top	
  priority	
  should	
  be	
  the	
  exploita3on	
  of	
  the	
  full	
  poten3al	
  of	
  the	
  LHC,	
  	
  
including	
  the	
  high-­‐luminosity	
  upgrade	
  of	
  the	
  machine	
  and	
  detectors	
  with	
  a	
  view	
  
	
  to	
  collec3ng	
  ten	
  3mes	
  more	
  data	
  than	
  in	
  the	
  ini3al	
  design,	
  by	
  around	
  2030.	
  (HL-­‐LHC)	
  

•  CERN	
  should	
  undertake	
  design	
  studies	
  for	
  accelerator	
  projects	
  in	
  a	
  global	
  
	
  context,	
  with	
  emphasis	
  on	
  proton-­‐proton	
  and	
  electron-­‐	
  positron	
  high-­‐energy	
  fron3er	
  
	
  machines.	
  These	
  design	
  studies	
  should	
  be	
  coupled	
  to	
  a	
  vigorous	
  accelerator	
  R&D	
  	
  
Programme	
  (FCC	
  hh,ee,ep	
  …	
  AWAKE)	
  
	
  
•  There	
  is	
  a	
  strong	
  scienIfic	
  case	
  for	
  an	
  electron-­‐positron	
  collider…	
  The	
  Technical	
  	
  
Design	
  Report	
  of	
  the	
  InternaIonal	
  Linear	
  Collider	
  (ILC)	
  has	
  been	
  completed,	
  with	
  large	
  	
  
European	
  parIcipaIon...	
  Europe	
  looks	
  forward	
  to	
  a	
  proposal	
  from	
  
	
  Japan	
  to	
  discuss	
  a	
  possible	
  par3cipa3on.	
  	
  (Wai3ng	
  for	
  Japanese	
  Gov.	
  decision)	
  

•  CERN	
  should	
  develop	
  a	
  neutrino	
  programme	
  to	
  pave	
  the	
  way	
  for	
  a	
  substan3al	
  	
  
European	
  role	
  in	
  future	
  long-­‐baseline	
  experiments.	
  Europe	
  should	
  explore	
  the	
  
	
  possibility	
  of	
  major	
  par3cipa3on	
  in	
  leading	
  long-­‐baseline	
  neutrino	
  projects	
  	
  
in	
  the	
  US	
  and	
  Japan.	
  (LBNF	
  in	
  FNAL	
  –	
  DUNE	
  in	
  S.	
  Dakota)	
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New	
  LHC	
  schedule	
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Optimal tools? – from Michelangelo Mangano (CC June 2015) 
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Optimal tools? 
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Possible paper choices for the future 
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•  Hadron machines – Higgs factory and energy frontier 
HL – LHC, pp 14 TeV 
FCC – pp 100 TeV,  80 to 100 km tunnel, 16 to 20 T magnets 
CEPC-SppC – pp 50 to 100 TeV, 50 km tunnel…. 
SSC –  pp 100 to 300 TeV, 270 km tunnel, 5 T to 15 T  magnets 
 
•  Electron-positron machines – Higgs factory and energy frontier 
ILC –linear collider, 500 GeV baseline (expandable to 1 TeV) 
CLIC – linear collider, 500 GeV to 3 TeV 
FCC ee – circular collider, 240 to 350 GeV 
CEPC – circular collider, 240 GeV 
SSC – resurrected 87 km tunnel for circular Higgs factory 
 
•  Muon collider – Higgs factory and energy frontier 
Circular collider – 120 GeV (expandable to 5 TeV), 300 m long  
(neutrino factory as added bonus) 
 
•  γγ colliders, ep colliders (derivatives of ee and pp colliders) 
•  Plasma wake field accelerators (laser or beam driven) 
	
  
	
  



6/27/15 H.	
  Abramowicz	
  -­‐	
  Cashmorefest	
  

Energy Frontiers 
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pp	
  interacIons	
  are	
  not	
  very	
  efficient	
  
energy-­‐wise	
  but	
  no-­‐alternaIve	
  	
  
	
  
At	
  14	
  TeV	
  and	
  3	
  ab-­‐1	
  mass	
  reach<10	
  TeV	
  
	
  
muon	
  collider	
  though	
  compeIIve	
  –may	
  	
  not	
  be	
  ready	
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Higgs factories 
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Assuming	
  same	
  running	
  Ime	
  

Muon	
  factory	
  –	
  unbeatable	
  precision	
  on	
  Higgs	
  mass	
  of	
  0.1	
  MeV	
  and	
  	
  
Higgs	
  width	
  of	
  	
  ).2	
  MeV	
  with	
  energy	
  scan	
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Higgs factories 
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Assuming comparable luminosity 
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Higgs factories 
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Higgs	
  self-­‐coupling	
  –	
  ulImate	
  test	
  of	
  SM	
  	
  

At	
  HL-­‐LHC	
  	
  ~40%	
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Possible path to discovery or “closure” 
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•  Energy frontier – FCC hh up to 100 TeV (CERN supported) 
                                  – SCC staged up to 300 TeV even better !!! 
 
The mass range to be explored up to <50 TeV (?) 
But … this is like Columbus adventure with the Indies!!!  
 
•  Precision physics – preferred Higgs factory with 500 GeV cms to include 
 top quark exploration, preferably expandable to higher energies for Higgs  
self-coupling measurements 
Which option would be optimal? 
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FCC well on its way – it has a “rich” home 
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Talk with Jean-Pierre Delahaye (JPD) 
during official MICE inauguration last week 
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JPD figures of merit 
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JPD figures of merit 
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Summary 
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•  The good news is that there are many ideas how to go forward 

•  It is essential that the physics community unites behind the physics 
priorities to establish the optimal “working” conditions 
 
•  The experts should decide which facilities have optimal chances of  
success 

•  The finances, geography, infrastructure have to be part of the  
optimization at a later stage 
 
•  Smaller scale projects should be supported to keep the community 
dynamic  

•  We need all the wisdom we can get !!! 


