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1. Introduction 



（候補：白色矮星or中性子星） 

（1968年秋までは２、 ３の可能性が残っていた） 



パルサー発見の論文（Nature, 217 (1968) 709) 



□ Most compact    

     object? 





□ Solution of TOV eq. 
        (RSC, n-matter) 

 

□ Composition and EOS 



□ Example of    

     density profile 
       (BJ-1H EOS) 



1-2. Profile and structure of NSs 
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OPEP   →    OBEP 
 

  π        π,  σ,  ρ,  ω 



□ 4つのスピン・パリティ状態と核力 
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tensor, LS の斜線は実験との比較で決まる範囲であり、矢印は重要な寄与をする中間子 

の効果を示す。「高密度核物質」（玉垣良三著、物理学最前線15, 共立出版1980） 
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1-4. Nucleon Matter 

occ 



Neutron Matter 



Fermi gas (FG) phase and Non-central force 



J=L+1            J=L              J=L-1 

  ↓             ↓                   ↓ 



      □ E/A for Symmetric Nuclear Matter * 

          ---partial-wave state contribution--- 

(In MeV) 

Contribution from non-central forces almost cancels out for each 

partial-wave state 

------------------------------------------ 
* Y. Akaishi & S. Nagata. P.T.P. Suppl. Extra Number (1968), 476. 



2. Nucleon Superfluidities 



2. Nucleon Superfluidity 



OPEG-1 Potential 

crust                          core 
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               2-2. Outline of BCS-Bogoliubov Theory 
 

BCS Theory   (variational method)* 



Bogoliubov  Theory   (quasiparticle method)* 

α 



     Yoshida   → equivalence of two theories* 
 

Difinition of Unitary Operator: 

＝
 

＝
 



   2-3. Theory of Non-zero Angular-Momentum Pairing 

           ↑ 

(S=1, L=1, J=2) 



    □ Extended Bogoliubov Transformation : 

Rewrite 



 ＝
 



            Three elements in gap equations 

○ Here, we note the 3-elements (Fermi momentum  

     k    , effective mass m*  and pairing interaction) to  

     control the energy gap. 

 

 

 

 

 

 
     

 

    #) For 3P2 NN pairing, the situation is similar, although the gap    

        equation becomes complex due to the 3P2-3F2 tensor-coupling. 

FB  B 

           2-4. Superfluidity in NSs 



□ Structure of NS-crust * 

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

*) J.W. Negele and D. Vautherin, Nucl. Phys. 48 (1993) 298. 



□ Energy gap for the composition in NS crust 



Vortex Pinning by Lattice Nuclei 











*) T. Takatsuka and R. Tamagaki; Prog. Theor. Phys. Suppl. 112 (1993) 27. 





          2-5. Relevance to NS phenomena 
 

 

 Pulsar glitch 
 

      Sudden speed-up and macroscopic relaxation time 



Starquake Model * 

------------------------------------ 
*) G. Baym, C.J. Pethick, D. Pines and M. Ruderman, Nature 224 (1969) 872. 

    D. Pines, J. Shaham and M. Ruderman, Nature Phys. Sci. 27 (1972) 83. 



Vortex Creep Model * 



Problems 





Pinning region and the potion 



  ＜捕捉＞ 

 

    質問への回答 （第一回講義関係） 



Questions: 
 

○ What is the order parameter for 3P2 - superfluid ? 

 

・Energy gap , but with angle –dependence like He-3 case 

・ As a “wave function” order parameter introduced by 

   Ginzburg-Landau,   distribution function of Cooper pair. 

 

○ What symmetry is broken ? 

 

・ Rotational  symmetry   ---  formation of vortex 

・ Gage symmetry     --- Coherent state of  Cooper pair , 

   as a  bulk  state  of  the system 
   

   


