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Our	
  main	
  concern	
  in	
  this	
  talk	
  is	
  a	
  pre	
  thermalized	
  state	
  of	
  	
  
plasma,	
  that	
  is,	
  	
  a	
  state	
  of	
  quark	
  gluon	
  monopole	
  plasma	
  
produced	
  just	
  aEer	
  the	
  decay	
  of	
  glasma.	
  
	
  
We	
  show	
  that	
  the	
  pre	
  thermalized	
  state	
  is	
  very	
  similar	
  to	
  
a	
  thermalized	
  state,	
  which	
  is	
  achieved	
  by	
  the	
  thermaliza2on	
  
of	
  the	
  pre	
  thermalized	
  state.	
  
	
  
	
  
First,	
  we	
  note	
  the	
  pressure	
  of	
  the	
  thermalized	
  gluon	
  plasma.	




Pressure	
  of	
  ideal	
  gluon	
  gas	
  (	
  SU(3)	
  gauge	
  theory)	
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The	
  suppression	
  of	
  the	
  effec2ve	
  gluonic	
  degrees	
  	
  
of	
  freedom	
  has	
  been	
  theore2cally	
  understood	
  	
  
in	
  the	
  following.	




semi-­‐quark	
  gluon	
  plasma	

A	
  model	
  of	
  suppression	
  of	
  gluonic	
  degrees	
  of	
  freedom	
  
has	
  been	
  proposed	
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The	
  suppression	
  of	
  dynamical	
  degrees	
  of	
  freedom	
  can	
  be	
  
understood	
  by	
  using	
  Polyakov	
  loop	
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Schema2c	
  picture	
  of	
  quasi-­‐par2cles	
  	
  
in	
  strong	
  coupled	
  gauge	
  plasma	
  (called	
  as	
  
semi	
  quark	
  gluon	
  monopole	
  plasma)	
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Up	
  to	
  now,	
  we	
  have	
  made	
  a	
  brief	
  review	
  
of	
  quasi	
  par2cles	
  arising	
  in	
  thermalized	
  
quark	
  gluon	
  plasma	
  discussed	
  by	
  Hidaka	
  et	
  al.	
  and	
  
proposed	
  by	
  Gyulassy	
  et	
  al.	
  	
  
	
  
We	
  now	
  talk	
  a	
  pre-­‐thermalized	
  state	
  	
  of	
  gluons	
  
and	
  monopoles	
  produced	
  by	
  the	
  decay	
  	
  
of	
  the	
  glasma.	
  



semi-­‐quark	
  gluon	
  monopole	
  (	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  
plasma	
  produced	
  by	
  high	
  energy	
  	
  
heavy	
  ion	
  collisions	
  	


Glasma;	
  classical	
  color	
  electric	
  
and	
  magne2c	
  fields	
  predicted	
  
in	
  a	
  model	
  color	
  glass	
  condensate	
  

semi-­‐QGMP	


glasma	


thermalized	
  semi-­‐quark	
  gluon	
  
monopole	
  plasma	
  

We	
  focus	
  on	
  
pre-­‐thermalized	
  
states	


semi-­‐QGMP	


Glasma	
  decays	
  into	
  pre	
  thermalized	
  	
  
quark	
  gluon	
  plasma	




What	
  amount	
  of	
  gluons	
  and	
  monopoles	
  
are	
  produced	
  in	
  the	
  decay	
  of	
  glasma?	
  	
  	
  

We	
  do	
  not	
  address	
  with	
  the	
  ques2on	
  how	
  
they	
  are	
  thermalized.	
  	
  

We	
  assume	
  that	
  color	
  electric	
  and	
  	
  
magne2c	
  fields	
  of	
  glasma	
  are	
  spa:ally	
  	
  
homogeneous.	
  
	
  

Ques2on?	
  



Gluons	
  and	
  monopoles	
  are	
  	
  produced	
  by	
  
the	
  Schwinger	
  mechanism	
  under	
  the	
  
classical	
  color	
  electric	
  	
  	
  	
  	
  and	
  	
  
magne2c	
  	
  	
  	
  	
  	
  	
  fields	
  (glasma)	
  

The	
  most	
  produced	
  gluons	
  are	
  
Nielsen-­‐Olesen	
  unstable	
  modes.	
  They	
  have	
  
imaginary	
  mass	
  ;	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  color	
  magne2c	
  field	
  BgBi ;

We	
  note	
  

Monopoles	
  causing	
  confinement	
  also	
  
have	
  imaginary	
  mass;	
   MeVi 700, ≈µµ

B
E

Produc2on	
  mechanism	
  

dual	
  superconduc2ng	
  	
  
model	




Produc2on	
  of	
  gluons	
  and	
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suppression	
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  gluons	


MeVT 350=MeVT 280=MeVT 210=

cTT >>

similar	
  to	
  	
  
a	
  thermalized	
  state	
  
of	
  gluons	
  

This	
  “T”	
  is	
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  real	
  temperature,	
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  temperature	
  expected	
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thermaliza2on	
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In	
  these	
  calcula2ons	
  of	
  SU(3)	
  gauge	
  theory	
  
We	
  have	
  taken	
  into	
  account	
  	
  
three	
  types	
  of	
  Nielsen-­‐Olesen	
  unstable	
  modes	
  
and	
  three	
  types	
  of	
  magne:c	
  monopoles.	
  
	
  
Furthermore,	
  
the	
  background	
  gauge	
  fields	
  are	
  in	
  maximal	
  
Abelian	
  two	
  dimensional	
  space.	
  	
  
We	
  have	
  taken	
  average	
  over	
  the	
  direc:on	
  of	
  	
  
the	
  background	
  gauge	
  fields	
  
in	
  the	
  space	
  

Technical	
  detail	
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Conclusion	


a	
  pre	
  thermalized	
  state	
  of	
  gluons	
  and	
  
monopoles	
  is	
  very	
  similar	
  to	
  a	
  thermalized	
  
state	
  of	
  semi-­‐quark	
  gluon	
  monopole	
  plasma.	
  

We	
  have	
  discussed	
  the	
  produc2on	
  of	
  gluon	
  	
  
and	
  monopole	
  by	
  using	
  Schwinger	
  
mechanism.	
  
We	
  have	
  found	
  that	
  	
  

The	
  fact	
  would	
  lead	
  to	
  fast	
  thermaliza:on	
  
of	
  the	
  pre	
  thermalized	
  plasma.	
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