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Physics	
  at	
  actual	
  Collider	
  

Let’s	
  start	
  with	
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Pizza	
  Pizza	
  collisions	
  



A	
  rare	
  pizza-­‐pizza	
  collision	
  	
  
where	
  a	
  “hard”	
  sca5ering	
  took	
  place	
  

When	
  two	
  pizzas	
  touch	
  :	
  they	
  interact	
  (violently)	
  
the	
  total	
  cross-­‐secPon	
  is	
  close	
  to	
  the	
  geometrical	
  cross-­‐secPon	
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  hadron	
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  event	
  
nonperturbaPve	
  	
  
string/cluster	
  
fragmentaPon	
  

parton	
  shower	
  

underlying	
  event	
  from	
  
secondary	
  parton	
  interacPons	
  

(pizza-­‐pizza	
  event)	
  

Hard	
  SM	
  matrix	
  
elements	
  

Do	
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La_ce	
  QCD	
  breakthroughs	
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16	
  Pflops	
  

Mastering	
  QCD	
  

Cracking	
  down	
  NN(N)LO	
  QCD	
  Feynman	
  diagrams	
  	
  



LHC	
  	
  pushing	
  the	
  limits	
  on	
  new	
  phenomena	
  BSM	
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Just	
  entering	
  a	
  new	
  world	
  
with	
  a	
  potenPal	
  for	
  many	
  

big	
  surprises	
  	
  



Already	
  powerful	
  enough	
  to	
  	
  
constrain	
  SM	
  to	
  be	
  SM3	
  (!)	
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We	
  now	
  have	
  the	
  full	
  basic	
  building	
  blocks	
  of	
  SM	
  



Light	
  from	
  rainbow	
  is	
  polarized.	
  

Some	
  species	
  can	
  make	
  	
  
the	
  difference.	
  

To	
  menPon	
  just	
  one	
  of	
  the	
  many	
  aspects	
  of	
  the	
  SM	
  riddle	
  



The	
  same	
  is	
  true	
  for	
  ma5er-­‐parHcles,	
  
but	
  they	
  spin	
  around	
  twice	
  slower.	
  

they	
  are	
  referred	
  to	
  as	
  Spin	
  ½	
  	
  
because	
  of	
  that	
  (while	
  the	
  force-­‐parHcles	
  

are	
  referred	
  to	
  as	
  Spin	
  1).	
  

We	
  know	
  very	
  well	
  how	
  to	
  polarize	
  electrons	
  

But	
  all	
  of	
  them	
  do	
  spin	
  !	
  



For	
  a	
  mysterious	
  reason	
  the	
  weak	
  interacPon	
  is	
  blind	
  to	
  one	
  polarizaPon	
  	
  

It	
  can	
  see	
  only	
  lei-­‐handed	
  maTer-­‐parPcles	
  !!!	
  

=>The	
  ability	
  to	
  use	
  polarized	
  beam	
  is	
  a	
  key	
  element.	
  



Physics	
  at	
  next	
  Collider(s)	
  

But	
  this	
  is	
  not	
  the	
  subject	
  of	
  the	
  present	
  lecture,	
  let’s	
  move	
  on.	
  



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

in	
  allowing	
  progresses	
  
	
  in	
  our	
  understanding	
  of	
  Physics	
  

e-­‐p	
  

p-­‐p	
   e-­‐e	
  



e-­‐p	
  

p-­‐p	
  

e-­‐e	
  

q-­‐g	
  

g-­‐g	
  

virtual	
  colliders	
  

e-­‐	
  �
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e-­‐e	
  

virtual	
  colliders	
  

q-­‐q	
  

q-­‐q	
  !!!	
  

The	
  electron	
  is	
  an	
  elementary	
  parPcle,	
  	
  
	
  but	
  sPll,	
  it	
  is	
  surrounded	
  by	
  photons	
  

The	
  proton	
  is	
  not	
  an	
  elementary	
  parPcle	
  



The	
  beauty	
  of	
  lepton	
  collider’s	
  Physics	
  



The	
  top	
  mass	
  first	
  inferred	
  
and	
  then	
  measured	
  directly	
  

Higgs	
  
discovery	
  

The	
  Higgs	
  mass	
  first	
  inferred	
  
and	
  then	
  measured	
  directly	
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We	
  now	
  have	
  the	
  full	
  basic	
  building	
  blocks,	
  
very	
  precise	
  absolute	
  measurements	
  	
  

will	
  pave	
  the	
  way	
  to	
  solve	
  the	
  mysterious	
  SM	
  riddle	
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The	
  dream-­‐machine	
  

Clean	
  Luminosity	
   affordable	
  

Mature	
  technology	
  

flexibility	
  

SU(2)L	
   Full	
  SM	
  reach	
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250	
  GeV	
  is	
  the	
  entrance	
  to	
  Higgs	
  world	
  



Invisible	
  Higgs	
  decays	
  !	
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t threshold

Two	
  simultaneous	
  thresholds	
  :	
  	
   tt̄ and HHZ

350	
  GeV	
  is	
  the	
  entrance	
  to	
  top	
  world	
  



Tour	
  de	
  force	
  

p
S = 500 GeV & L = 500 fb�1

�[m
top

] ⇠ 50 MeV

�[�
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] ⇠ 25 MeV

EW	
  correcPons	
  significant	
  



500	
  GeV	
  is	
  the	
  portal	
  to	
  the	
  whole	
  SM	
  



Coupling	
  HT	
  at	
  about	
  10%	
  



Coupling	
  HHH	
  at	
  best	
  about	
  20%	
  



1000	
  GeV	
  is	
  the	
  Vector-­‐Vector	
  world	
  



August	
  2004	
  

November	
  2004	
   March	
  2005	
  

June	
  2013	
  

hTp://www.linearcollider.org/ILC/PublicaPons/Technical-­‐Design-­‐Report	
  





in	
  Fall	
  2012	
  CLIC	
  CDR	
  was	
  finalized	
  



Director	
  :	
  Lyn	
  Evans	
  	
  



And	
  Light	
  might	
  come	
  

from	
  Japan	
  



A	
  very	
  important	
  issue	
  for	
  the	
  strategy	
  is	
  preserving	
  and	
  building	
  on	
  the	
  
European	
  model	
  for	
  cross-­‐border	
  research.	
  	
  
	
  
CERN,	
  in	
  close	
  collaboraPon	
  with	
  research	
  insPtuPons	
  in	
  the	
  CERN	
  Member	
  
States	
  and	
  under	
  the	
  guidance	
  of	
  the	
  CERN	
  Council,	
  will	
  coordinate	
  future	
  
European	
  engagement	
  with	
  global	
  parPcle	
  physics	
  projects	
  in	
  other	
  regions.	
  	
  
	
  
The	
  strategy	
  notes	
  that	
  cross-­‐border	
  collaboraPon	
  in	
  science,	
  as	
  exemplified	
  by	
  
the	
  CERN	
  model,	
  pays	
  dividends	
  for	
  Europe	
  in	
  terms	
  of	
  knowledge,	
  innovaPon,	
  
educaPon	
  and	
  training.	
  



L.	
  Evans	
  extensive	
  very	
  high	
  level	
  contacts	
  in	
  Japan	
  

And	
  Japan	
  started	
  high	
  level	
  internaPonal	
  discussions	
  



SelecPon	
  of	
  the	
  site	
  this	
  summer	
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45	
  

LHC	
  projecPons	
  are	
  realisPc,	
  but	
  are:	
  
1)	
  dealing	
  only	
  with	
  subset	
  of	
  channels,	
  yet,	
  
2)	
  preliminary	
  (more	
  important	
  things	
  to	
  do	
  :-­‐),	
  
3)	
  cannot	
  really	
  assess	
  experimental	
  limitaPons	
  to	
  come,	
  
4)	
  cannot	
  foresee	
  theorePcal	
  progresses	
  (20	
  years	
  from	
  now!)	
  	
  

LC	
  projecPons	
  realisPc	
  but	
  are:	
  
1)  dealing	
  with	
  (full)	
  Monte	
  Carlo	
  only,	
  
2)  oien	
  preliminary	
  (lack	
  of	
  manpower),	
  
3)  not	
  boosted	
  by	
  real	
  data	
  in	
  hand	
  

A	
  QuanHtaHve	
  &	
  QualitaHve	
  	
  
difference	
  between	
  	
  

HL-­‐LHC	
  and	
  LC	
  

exp&the	
  systemaPcs	
  limited	
  

exp-­‐staPsPcally	
  limited	
  









Many	
  other	
  dream-­‐machines	
  

Clean	
  Luminosity	
   affordable	
  

Mature	
  technology	
  

flexibility	
  

SU(2)L	
   Full	
  SM	
  reach	
  

(at	
  High	
  Energy)	
  





VHE-­‐LHC	
  




