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□２つの深刻な問題（→観測と矛盾） 
     問題１：EOSの劇的軟化（観測質量と矛盾） 
     問題２：速すぎる冷却（観測温度と矛盾） 

□打開の方向 
    ①ハドロン物質として、②ハドロン＋クォーク物質として 
ーーーーーーーーーーーー 

  ＊玉垣良三、西崎滋、山本安夫、初田哲男氏、益田晃太各氏との共同研究 





□Problem 2:  (2) Too rapid cooling 
 

      NS cooling due to ν-emission 
         （Ｊ．Ｍ．Ｌａｔｔｉｍｅｒ ｅｔ ａｌ．，ＰＲＬ６６（１９９１）２７０１） 

Y-cooling 





Even Λ-only mixing, situation is the same!  





 Dramatic softening of EOS         Necessity of  “Extra Repulsion” 

TNI3        TNI3u:  Universal inclusion of TNI3 repulsion 
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Extended 2πΔ-Type 3-body Force 

        ;  not  universal 

B* 

;T.Kasahara,Y.Akaishi and H.Tanaka,PTP Suppl.No.56(1974)96 



   (a) 2B come in short distance  

      (b) Deformation (resistance) 

      (c) Fusion into 6-quark state 

(by R. Tamagaki) 

 

Repulsion from SJM-----flavor independent 

                                       → universal ! 

Prog. Theor. Phys. 119 

(2008) 965. 

○ Energy barrier (～2GeV) corresponds to repulsive  core   

     of BB interactions 



Mass v.s. Central Density 

 “Universal 3-body force” 

   means ; “ repulsive and  

   acting irrespective to BB 

   pairs” 









With or without Y-mixed core depends on M 



CASE: 

  TNI6u 





F-G A Pot. 

    Solid lines : Original 

     Dashed lines : Modified    

          due to “NAGARA” 

Less attractive YY int. suggested by “NAGARA” 

V(ND-soft)→ 0.5V(ND-soft) ; Hiyama 



NO Λ-super due to 

“NAGARA” 
 

                         (1) “NAGARA event” → directly 

means “less attractive ΛΛ 

interaction? 
 

○  How about the A-dependence  

   of ΛΛ bond energy? 
 

○ Repulsive effects of 3-body   

   force? 



(2) Delay the Λ-appearance and “pion cooling” 



 A way of approach  

    H-phase    H-Q trans.     Q-phase 
                      <Matching> 
 

 

                     ? 
 
 
uncertain                              uncertain 

□ H: point particle  
          + interaction 
     → G-Matrix, Variational 
 
□ Q: q-matter + asymptotic    
           freedom 
  
□ HQ Phase transition  
     Cross point (Maxwell,  
     Gibbs) → not    
     necessarily  reliable 
 
□ Need new strategy 

□ Possibility of quark matter in NSs 

------------- 

*) [6] T. Takatsuka, T. Hatsuda and K. Masuda, Proc. of “OMEG11”  

         (Nov.14-17, 2001, RIKAEN) 

    [7] K. Masuda, T. Hatsuda and T. Takatsuka, arxiv:1205.362 [nucl-th.] 

*) 



□ Interpolation and Matching 
              (H-HQ-Q window model) 

P        H             HQ                Q 

Bag Model 

TNI3u 

TNI2u 





Some results 




