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1.	
  Thermaliza1on	
  in	
  closed	
  quantum	
  many-­‐body	
  systems:	
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  The	
  Fermi-­‐Pasta-­‐Ulam-­‐Tsingou	
  problem	
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3.	
  Integrable	
  vs.	
  non-­‐integrable	
  quantum	
  systems	
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5.	
  Thermaliza1on	
  in	
  integrable	
  systems:	
  GGE	
  

M.	
  FagoJ	
  	
  and	
  F.	
  Essler;	
  Phys.	
  Rev.	
  B	
  87	
  (2014),	
  arXiv:1302.6944	
  
	
  
Transverse	
  field	
  Ising	
  model:	
  	
   H(h) = �

N�1X

i=1

�z

i

�z

i+1 + h

NX

i=1

�x

i



S.	
  Sachdev,	
  Quantum	
  Phase	
  Transi1ons	
  
(Cambridge	
  Univ.	
  Press,	
  2011)	
  

•  Quantum	
  phase	
  transi1on	
  at	
  hc	
  =	
  1	
  
	
  

•  Integrable	
  model:	
  	
  
	
  	
  	
  Quadra1c	
  in	
  fermions	
  ajer	
  Jordan-­‐	
  
	
  	
  	
  Wigner	
  transforma1on	
  

Ising	
  interac1on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  transverse	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  magne1c	
  field	
  

H(h) = �
N�1X

i=1

�z

i

�z

i+1 + h

NX

i=1

�x

i

h	
  hc	
  

Transverse	
  field	
  Ising	
  model:	
  



7.	
  ETH:	
  Evidence	
  and	
  implica1ons	
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does	
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Quantum	
  thermaliza1on	
  (ETH):	
  
-­‐  Every	
  eigenstate	
  of	
  the	
  

Hamiltonian	
  is	
  thermal	
  
-­‐  Thermal	
  nature	
  ini1ally	
  

hidden	
  due	
  to	
  coherences	
  
-­‐  Dephasing	
  leads	
  to	
  	
  

effec1vely	
  incoherent	
  
superposi1on	
  of	
  thermal	
  
states,	
  weights	
  of	
  these	
  
states	
  unimportant	
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•  Prethermalized	
  state	
  with	
  	
  	
  	
  1-Zinst = 2 (1-Zadiab) 
[	
  similar	
  prethermalized	
  states	
  have	
  been	
  found	
  in	
  many	
  other	
  models	
  ]	
  

•  On	
  longer	
  1mescale	
  prethermalized	
  state	
  develops	
  to	
  thermal	
  state	
  
(thermal	
  Fermi-­‐Dirac	
  distribu1on	
  of	
  electrons)	
  
	
  

•  Temperature	
  depends	
  on	
  non-­‐adiabacity	
  	
  



9.	
  Outlook	
  &	
  Key	
  Ques1ons	
  

•  ETH:	
  BeKer	
  (analy1cal)	
  understanding	
  
	
  

•  Reversibility	
  vs.	
  irreversibility	
  
	
  

•  Periodically/quasiperiodically	
  driven	
  systems:	
  	
  
Steady	
  states,	
  prethermaliza1on	
  
	
  

•  Method	
  development	
  for	
  real	
  1me	
  evolu1on:	
  	
  esp.	
  d>1	
  
	
  

•  Hydrodynamic	
  long-­‐1me	
  tails:	
  Global	
  equilibra1on	
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  long-­‐1me	
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  Lux	
  et	
  al.,	
  arXiv:1311.7644	
  
	
  
1d	
  bosonic	
  Hubbard	
  model:	
  Weak	
  quench	
  in	
  regime	
  U>>J	
  



John	
  von	
  Neumann	
  once	
  referred	
  to	
  the	
  theory	
  of	
  	
  
non-­‐equilibrium	
  systems	
  as	
  the	
  theory	
  of	
  non-­‐elephants.	
  	
  
	
  
Nevertheless,	
  we	
  shall	
  aKempt	
  such	
  a	
  theory	
  of	
  non-­‐elephants.	
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