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Problem	
  

DerivaGon	
  of	
  the	
  Rapid	
  thermalizaGon	
  at	
  Heavy	
  ion	
  collison?	
  

Cause	
  

QCD	
  :	
  strongly	
  coupled,	
  &	
  confined	
  	
  deconfined	
  

ThermalizaGon	
  :	
  non-­‐equilibrium	
  &	
  Gme-­‐dependent	
  process	
  

Our	
  soluGon	
  

AdS/CFT	
  can	
  treat	
  all	
  the	
  causes.	
  

+	
  IniGal	
  condiGon	
  mimicking	
  the	
  collision	
  	
  

Rapid	
  thermalizaGon	
  

(1)	


(2)	


(3)	




Problem	
  

DerivaGon	
  of	
  the	
  Rapid	
  thermalizaGon	
  at	
  Heavy	
  ion	
  collison?	
  

Collide	


[Kolb,	
  Huovinen,	
  Heinz,	
  Heiselberg	
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[Hirano	
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Hydrodynamic	
  simulaGon	
  suggests	
  rapid	
  thermalizaGon	
  :	
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Our	
  soluGon	
  

AdS/CFT	
  can	
  treat	
  all	
  the	
  causes.	
  

+	
  IniGal	
  condiGon	
  mimicking	
  the	
  collision	
  	
  

Rapid	
  thermalizaGon	
  

IniGal	
  condiGon	
  ?	
  	


-­‐	
  Bjorken	
  expansion	


-­‐	
  Sudden	
  change	
  of	
  Baryon	
  number	
  density	
  	
  	
  [Ours]	


Both	
  should	
  give	
  the	
  rapid	
  thermalizaGon	


[Janik,	
  Peschanski	
  (‘06)],	
  [Chesler,	
  Yaffe	
  (‘08)],	
  
[Bha5acharyya,	
  Minwalla	
  (‘09)],	
  …	
  

Collide	


[Muller,	
  et.al	
  (‘10)]	
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Plan	
  of	
  this	
  talk	


Our	
  idea:	
  Collision	
  =	
  a	
  Gme	
  dep.	
  baryon	
  density	
  

Time	
  dependence,	
  solved	
  

Nonlinearlity	
  	
  EffecGve	
  horizon	
  

ThermalizaGon	
  Gmescale,	
  a	
  fun	
  part	
  

Universality?	




Our	
  idea	
  :	
  Collision	
  =	
  a	
  0me-­‐dep.	
  baryon	
  density	
  

Collide	


ρ = 0 ρ �= 0

AdS5	
 AdS5	


N=2	
  SQCD:	
  D3-­‐D7	


[Apreda,	
  Erdmenger,	
  Evans,	
  Fralnik	
  (‘05)],	
  [Kim,	
  Sin,	
  Zahed	
  (‘06)],	
  
[Horigome,	
  Tanii	
  (‘06)],	
  [Parnachev,	
  Sahakyan	
  (‘06)],	
  
[Kobayashi,	
  Mateos,	
  Matuura,	
  Myers,	
  Thomson	
  (‘06)],	
  …	
  



Time	
  dependence,	
  solved	
  

On	
  the	
  Flavor	
  D-­‐brane	
  in	
  curved	
  geometry,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  solve	
  nonlinear	
  Maxwell	
  with	
  source	
  moGon	
  	


“Holographic	
  Quantum	
  Quench”	
  [Das,	
  Nishioka,	
  Takayanagi	
  (‘10)]	
  



Details	


D7-­‐brane	
  acGon	
  in	
  AdS5	
  background,	
  for	
  massless	
  quark	
  :	


SoluGon	
  :	


Check	
  :	


 Previously	
  known	
  soluGons	
  
	
  	
  	
  	
  	
  used	
  for	
  phase	
  diagrams	
  



Nonlinearity	
  	
  Effec0ve	
  Horizon	
  

Small	
  fluctuaGon	
  on	
  the	
  flavor	
  D-­‐brane	
  (meson	
  modes)	
  feels	
  	
  
emergence	
  of	
  effecGve	
  horizon	
  in	
  this	
  background	
  soluGon	
  
	
  	
  	
  ThermalizaGon	


Apparent	
  horizon	
  is	
  located	
  at:	


D7	
  scalar	
  fluctuaGon:	
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Example:	
  linear	
  change	
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Fun	
  :	
  physical	
  parameters	
  

Rapid thermalization, 
consistent with hydrodynamics	


for LHC	


RHIC	
  Au	
  Collision:	
  	




Universality?	
  

-­‐	
  Effect	
  of	
  quark	
  mass?	
  	
  Li5le.	


	
  	


Small	
  mass	
  does	
  not	
  change	
  the	
  story:	


-­‐	
  Confining	
  gauge	
  theory?	
  	
  SGll	
  applicable.	


IR	
  modificaGon	
  does	
  not	
  change	
  the	
  story,	
  since	
  	
  
horizon	
  formaGon	
  is	
  around	
  UV	
  region.	


-­‐	
  Supersymmetry?	
  	
  	
  Not	
  so	
  relevant.	


We	
  have	
  not	
  used	
  any	
  fermions.	


-­‐	
  Other	
  models	
  with	
  no	
  asymptoGc	
  AdS5?	
  	
  Significantly	
  altered.	
  	


Ex)	
  Liu-­‐Tseytlin	
  background,	
  valid	
  for	
  	


-­‐	
  Mwhat	
  is	
  thermalized?	
  	
  Quarks	
  and	
  mesons	
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