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Objec<vity	
  and	
  Subjec<vity




From	
  DSR	
  to	
  gravity’s	
  rainbow	
  
J.	
  Magueijo,	
  L.	
  Smolin	
  (2004)


•  DSR	
  (doubly	
  special	
  rela<vity	
  )	
  assumes	
  the	
  universal	
  Planck	
  
scale	
  Ep	
  in	
  addi<on	
  to	
  the	
  speed	
  of	
  light	
  c.	
  	
  

•  The	
  modified	
  Einstein’s	
  dispersion	
  rela<on	
  (c=1)	
  

•  To	
  bring	
  nonlinear	
  rela<on	
  in	
  momentum	
  space	
  to	
  space<me	
  
coordinate	
  is	
  not	
  straighWorward.	
  	
  Under	
  assump<on	
  of	
  linear	
  
realiza<on	
  of	
  plane	
  wave,	
  one	
  can	
  introduce	
  an	
  energy-­‐
dependent	
  vierbein	
  locally.	
  	
  A	
  global	
  curved	
  metric	
  can	
  be	
  
well	
  defined	
  by	
  patching	
  together	
  local	
  frames	
  according	
  to	
  
the	
  equivalence	
  principle	
  if	
  Λ	
  <<	
  E	
  <<	
  Ep.	
  	
  	
  The	
  correspondence	
  
principle	
  requires	
  f(E)	
  and	
  g(E)	
  à	
  1	
  as	
  E/Ep	
  à	
  0
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•  Now	
  a	
  par<cle	
  of	
  energy	
  E	
  see	
  its	
  own	
  rainbow	
  metric:




Mo<va<on


•  AdS/CFT	
  correspondence	
  helps	
  build	
  up	
  
dic<onary	
  between	
  fields	
  in	
  the	
  bulk	
  and	
  
operators	
  in	
  the	
  boundary	
  on	
  solid	
  ground.	
  

•  AdS/QCD	
  provides	
  a	
  useful/controllable	
  	
  
computa<onal	
  tools	
  in	
  addi<on	
  to	
  other	
  
nonperturba<ve	
  approaches,	
  such	
  as	
  la`ce	
  QCD.	
  

•  AdS/CMT	
  shows	
  surprising	
  similar	
  features	
  and	
  
noval	
  proper<es	
  in	
  prospec<ve	
  new	
  materials.	
  

•  “Devil	
  is	
  in	
  the	
  detail,	
  ”	
  models	
  need	
  to	
  be	
  refined	
  
to	
  be	
  more	
  realis<c.	
  




observa<on	
  1:	
  
Cornell	
  poten<al	
  of	
  heavy	
  quarks	
  

Kawanai-­‐Sasaki,	
  2011




observa<on	
  2:	
  
Jet	
  quenching	
  parameter	
  
	
  The	
  JET	
  Collabora<on,	
  PRC	
  90,	
  014909	
  (2014)


•  Jets	
   are	
   produced	
   at	
   very	
  
early	
   stage	
   of	
   high-­‐energy	
  
heavy-­‐ion	
   collisions.	
   	
   Their	
  
subsequent	
   propaga<on	
  
through	
  dense	
  medium	
  leads	
  
to	
   jet	
   energy	
   loss	
   and	
  
suppression	
   of	
   final	
   jets	
   and	
  
large	
   transverse	
   momentum	
  
hadron	
   spectra.	
   	
   There	
   are	
  
different	
  pheno	
  models:	
  GLV-­‐
CU J ET ,	
   H T -­‐M ,	
   HT -­‐ BW ,	
  
MARTINI,	
  McGill-­‐AMY,	
  …




AdS/QCD

•  The	
  cornell	
  poten<al[Maldacena,	
  Andreev	
  et	
  al,	
  

Boschi-­‐Filho	
  et	
  al,…,	
  Yang	
  et	
  al,	
  He],	
  jet	
  quenching	
  
parameter	
  [Liu,…]	
  and	
  other	
  QGP	
  observables	
  
have	
  been	
  studied	
  via	
  holographic	
  method.


Pe
−i dxµAµ

C
∫

= e− λS[C ]



Rainbow	
  at	
  IR	
  
hard-­‐wall	
  model	
  at	
  gravity’s	
  rainbow
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Cornell	
  poten<al	
  at	
  gravity’s	
  rainbow
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[Beringer,	
  2012]


[Bicudo	
  et	
  al,	
  2011]




Jet	
  quenching	
  parameter	
  at	
  gravity’s	
  rainbow
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  The	
  JET	
  Collabora<on	
  2014


and	
  others	
  observables	
  in	
  QGP	
  …




Rainbow	
  at	
  UV


•  QCD	
  at	
  very	
  high	
  temperature	
  or	
  Planck	
  scale?


Drag	
  force:


Jet	
  quenching:
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