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Higgs	
  is	
  the	
  exit	
  from	
  the	
  old	
  world	
  	
  
and	
  the	
  entrance	
  to	
  the	
  new	
  world.	
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Entering	
  TeV	
  scale	
  physics	
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~1930:	
  Discovery	
  of	
  neutrons	
  
	
  	
  	
  	
  Two	
  new	
  forces	
  (strong,	
  weak)	
  are	
  introduced	
  MeV	


GeV	


~1970:	
  Theory	
  of	
  three	
  interacQons	
  	
  
based	
  on	
  one	
  addiQonal	
  unknown	
  force	
  	
  
(electroweak	
  symmetry	
  breaking)	


TeV	
   ~2010:	
  What	
  is	
  the	
  unknown	
  force?	
  ?	


The	
  Fermi	
  constant	
  	
 The	
  Higgs	
  VEV	


Nambu’s	
  Symmetry	
  Breaking	
  	




A	
  Higgs	
  boson	
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No	
  lose	
  theorem	
  
There	
  must	
  be	
  a	
  Higgs	
  boson(s)	
  or	
  some	
  alternaQve	
  signals	
  below	
  
a	
  TeV	
  energy	
  scale	
  	
  related	
  to	
  the	
  dynamics	
  of	
  	
  electroweak	
  symmetry	
  breaking.	
  	


A	
  Higgs	
  boson	
  is	
  a	
  tool	
  to	
  probe	
  the	
  TeV	
  physics	
  
It	
  is	
  likely	
  to	
  find	
  a	
  Standard	
  Model	
  (SM)	
  -­‐like	
  Higgs	
  boson	
  near	
  future.	
  
May	
  new	
  physics	
  models	
  predict	
  a	
  SM-­‐like	
  Higgs	
  boson	
  as	
  the	
  first	
  signal	
  
to	
  physics	
  behind	
  the	
  electroweak	
  symmetry	
  breaking.	
  	
  

	
  A	
  Higgs	
  boson	
  may	
  play	
  a	
  similar	
  role	
  of	
  	
  the	
  pion	
  for	
  strong	
  interacQon	
  	
  
in	
  understanding	
  the	
  weak	
  interacQon.	
  	


The	
  pion	
  is	
  the	
  Yukawa	
  meson	
  and	
  the	
  Nambu-­‐Goldstone	
  boson	
  associated	
  	
  
with	
  chiral	
  symmetry	
  breaking	
  in	
  strong	
  interacQon.	
  



The	
  SM	
  Higgs	
  Lagrangian	
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v~246	
  GeV	

h(x):	
  physical	
  Higgs	
  boson	


Very	
  simple!	
  
	
  	
  Only	
  one	
  free	
  parameter	
  determined	
  by	
  	
  
the	
  Higgs	
  boson	
  mass	


But	
  this	
  is	
  supposed	
  to	
  be	
  an	
  effecQve	
  theory	
  below	
  some	
  cutoff	
  scale.	


Fundamental	
  quesQons	
  are:	
  
	
  	
  Where	
  is	
  the	
  cutoff	
  ?	
  
	
  	
  How	
  does	
  the	
  Higgs	
  field	
  arise?	
  
	
  	
  What	
  determines	
  the	
  Higgs	
  potenQal?	
  



Mass	
  formulas	
  of	
  elementary	
  parQcles	


Higgs	
  boson	


Quarks,	
  leptons	


W	
  boson	


Z	
  boson	
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W	


W	
 v	


v	


f	


f	


v	

yf	


g22	
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~10	
  TeV	
  

α	
  

Gravity	
  
	
  

Gauge	
  force	
  

Composite	
  model	
  

Extra	
  dimension	
  

SUSY	
  GUT	
  	
  

Even	
  if	
  theories	
  looks	
  similar	
  
at	
  100GeV,	
  they	
  	
  may	
  be	
  completely	
  
different	
  	
  at	
  	
  the	
  	
  energy	
  scale	
  	
  
larger	
  by	
  	
  a	
  few	
  orders	
  of	
  magnitude.	
  



Indirect	
  constraint	
  on	
  the	
  Higgs	
  boson　
mass	
  before	
  the	
  LHC	
  discovery	
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Electroweak	
  precision	
  measurements	
  
combined	
  	
  with	
  the	
  top	
  and	
  W	
  boson	
  masses	
  
indicate	
  a	
  light	
  Higgs	
  boson	
  in	
  the	
  SM.	
  

If	
  a	
  heaver	
  Higgs	
  boson	
  is	
  found,	
  there	
  
should	
  be	
  something	
  more	
  than	
  one	
  	
  
Higgs	
  boson.	




SM	
  Higgs	
  search	
  at	
  the	
  LHC	
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Higgs	
  boson	
  branching	
  raQo	
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Higgs	
  	
  bosons	
  tend	
  to	
  decay	
  heaviest	
  possible	
  parQcles.	
  	















