
TITLE:	
   Introduction	
   to	
   the	
   computational	
   analysis	
   of	
   the	
   static	
   properties	
   and	
  
dynamics	
  of	
  one-­‐dimensional	
  spin-­‐1/2	
  systems.	
  
	
  
Quantum	
   spin-­‐1/2	
   models	
   are	
   the	
   prototypes	
   of	
   realistic	
   quantum	
   systems	
   with	
  
interactions.	
   They	
   are	
   employed	
   in	
   the	
   description	
   of	
   various	
   complex	
   physical	
  
phenomena	
   and	
   have	
   been	
   experimentally	
   simulated	
   in	
   optical	
   lattices.	
   In	
   this	
  
tutorial,	
   you	
  will	
   learn	
   how	
   to	
  write	
   computer	
   codes	
   to	
   exactly	
   diagonalize	
   these	
  
models.	
  You	
  will	
  then	
  use	
  the	
  eigenvalues	
  and	
  eigenstates	
  to:	
  
(i)	
  Analyze	
  signatures	
  of	
  quantum	
  phase	
  transition,	
  localization,	
  and	
  quantum	
  chaos.	
  	
  
(ii)	
   Investigate	
   the	
   dynamics	
   of	
   the	
   system	
   by	
   studying	
   the	
   evolution	
   of	
   fidelity,	
  
Loschmidt	
  echo,	
  Shannon	
  entropy,	
  and	
  various	
  few-­‐body	
  observables.	
  
(iii)	
  Compare	
   the	
   infinite	
   time	
  averages	
  of	
  observables	
  with	
   thermal	
  averages	
  and	
  
then	
  identify	
  the	
  conditions	
  that	
  can	
  lead	
  to	
  the	
  thermalization	
  of	
  isolated	
  quantum	
  
systems.	
  
Computer	
  assignments	
  will	
  be	
  provided,	
  so	
  it	
  is	
  important	
  to	
  have	
  a	
  computer	
  with	
  a	
  
programming	
  language	
  of	
  your	
  preference	
  already	
  installed.	
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