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高温・高密度における新物質相高温・高密度における新物質相

臨界密度： 1012 kg/cm3　 臨界温度: 1012 K

どこで実現？

●　初期宇宙  ( t < 10 -4 sec)：　高温・低バリオン密度 
●　中性子星中心部：             　低温・高バリオン密度　
●　相対論的重イオン衝突：     高温  and/or高バリオン密度



高温高密度物質の相図高温高密度物質の相図



実験 (RHIC)
実験室におけるQGP探索実験室におけるQGP探索

数値シミュレーション
　　　　(パートンカスケード）
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Hadrons in Hot EnvironmentHadrons in Hot Environment

●重いクォーク系と閉じ込め：　 Matsui & Satz, PLB (’86) 
　　　　　　　　　　　　　　　　　　　　Miyamura et al., PRL (’86) 

●軽いクォーク系とカイラル対称性： Hatsuda & Kunihiro, PRL (’85)

0≠qq



T.H., soft-dilepton wokshop at LBNL (’97) 

First principle QCD calculation ?



QCD Spectral Functions
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All information on hadronic correlations
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pQCD says …



How to extract A(ω) from lattice QCD data?
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MEM Image Reconstruction



Dirichlet b.c.
U4(τmax)=0

π & ρ spectral functions 
 from lattice data at T=0　

Asakawa, Nakahara + T.H., PRD60, 091503 (’99)
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Sasaki, Sasaki, Asakawa + T.H.,

                       hep-lat/0209059 (’02)

Nucleon spectral function
 from lattice data at T=0　
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Need more than
30 points for
MEM analysis

Need of aniostropic lattice at T≠0

Asakawa & T.H.,  hep-lat/0208059 (’02)

    Anisotropic lattice

         β=7.0,  323 ｘ Nτ
     aτ＝aσ/4 ≈　0.01 fm
             quenched approx.
　 Machine: CP-PACS
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T.H., soft-dilepton wokshop at LBNL (’97) 
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Chiral degeneracy and non-trivial modes (T ≳ Tc )

      T = 1.4 Tc
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Disappearance of non-trivial modes (T ≳2Tc)

  T = 1.9 Tc



PS Channel (Mπ/Mρ = 0.7)

Para-pion mode？
  Kunihiro + T.H., PRL (’85)

Plasmino gap？
  Weldon, PRD (’82)

Comparison of T = 1.4 Tc and  1.9 Tc

T =1.4 Tc T =1.9 Tc

Inverse Cherenkov effect？
Koike, Lee + T.H., NPB (’93)

pQCD con. pQCD con.
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T.H., soft-dilepton wokshop at LBNL (’97) 
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    Spectral function (temporal correlation): 
　　　　Asakawa & T.H., hep-lat/0209059 (’02)
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Hadronic modes below and above the chiral transition



Summary 

[1]  MEM :  new way of analyzing lattice QCD data

            ●　 D(τ) ! A(ω) : parameterization free, unique solution, significance test
      ●　 better lattice data  ! better  A(ω)           Asakawa, Nakahara+T.H., (MELQCD, Tokyo)

 [2]  T=0 : ground　and excited states
              ●　 useful for hadron spectroscopy (π*, ρ*, N*, Δ*, glueballs etc)
                                                                                           Sasaki+Sasaki., (MELQCD, Tokyo)

         ●　 non-trivial collective modes exist up to  2Tc?

                ●　 evidence of the plasmino gap ?
Asakawa +T.H., (MELQCD, Tokyo)

[3]  T≠0 : spectral change of hadrons (thanks to CP-PACS !)

     ●　 ρ, ω, φ  vs  chiral restoration,  J/ψ, ψ’　vs  deconfinement

     ●　 transport coefficients in hot plasma
     ●　 collective modes in Nc=2 dense QCD (拡大MELQCD)

[4]  T≠0 : future







P[D|A] : Noｒmal distribution (central limit theorem)

P[A] :     Shanon-Jaynes information entropy 　

Principles of MEM
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