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まえおき

電子が主役となる様々な物質構造



電子：様々な物質構造
雪の結晶

中谷宇吉郎

アマチュア写真家Bentleyの写真集(1931年)
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高分子が作る構造
高分子が作り出すアルキメデスタイリング

堂寺知成：日本物理学会誌2006年8月号

複数の異なる高分子ブロックを化学結合させた
ブロック重合体が作り出す構造のこと

サイズは10～100nm（100～1000Å）





核子が主役の系のお話

核密度程度以下の超新星物質と中性子星物質

陽子、中性子、電子（、ニュートリノ）



核子系でもある！



QMD計算　園田修論2006

2048 核子、陽子の割合 x=0.3、周期的境界条件
摩擦緩和法： 高温核物質→温度ゼロに冷却
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核密度以下の物質相
14. Shen et al./Nuclear Physics A 637 (1998) 435-450 443 
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Fig. 5. Tile phase diagrams of the nuclear matter at T = 0, I, 5, and 10 MeV in PB--Yp plane. The regions 

denoted by Matter correspond to the uniform matter described by RMF theory. The regions denoted by 

Nucleus+Gas and Nucleus correspond to the non-uniform matter with and without free nucleon gas, the 

boundary between them is shown by dashed curve at T = 0 MeV. The regions denoted by Gas correspond to 

the unifotm matter close to the classical ideal gas approximation. The ,8-equilibrium curve is also shown at 

T = 0 MeV by dot-dashed curve. 

(from uniform nucleon gas to non-uniform matter) depends on the temperature very 

strongly, while the higher phase transition density (from non-uniform matter to uniform 

matter) is nearly independent of the temperature, which is found almost constant at 

PB ~ 1014 g / cm 3. As the temperature increases, the area of the non-uniform matter 

phase becomes smaller. The non-uniform matter phase disappears when the temperature 

is higher than ~15  MeV. We show in Fig. 6 the neutron and the proton distributions 

for the case at PB = 10135 g /cm 3, Yp = 0.4, and T = 0, 5, 10, 15 MeV. From this figure, 

we can find how the properties of the Wigner-Seitz cell change as the temperature 

out and out ) increases. The neutron and the proton densities outside the nucleus ( n n np 

become large numbers at high temperature, while np out _ - 0 at T = 0 MeV for any PB and 

Yp. There is a tendency that the nucleon number ratio between inside and outside the 

heavy nucleus decreases as the temperature increases. Furthermore, the heavy nuclei are 

dissociated when the temperature is high enough. 

Fig. 7 shows the free energy per baryon f / n n  as a function of the baryon mass density 

PB with various Yp at T = 0, 1, 5 and 10 MeV. In the uniform nucleon gas phase at low 

density and finite temperature regime, the f / n B  are not significantly altered by variations 

in Yp, because the interaction between nucleons is very weak at low density. When the 
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Fig. 2. The energy per baryon &s a function of the baryon density for homogeneous nuclear matter at zero 

temperat~are with the proton fraction Yp = 0, 0.1, 0.2, 0.3, 0.4, and 0.5. The solid curves represent the results 

of  the RMF theory, while the non-relativistic results taken from Ref. 15] are shown by dashed curves for 

comparison. 
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Fig. 3. 3'he neutron distribution (solid curves) and the proton distribution (dashed curves) along the straight 

lines joining the centers of the nearest nuclei in the BCC lattice for the case at T = 0 MeV, Yp = 0.4, and 

PB = 1012, 1013, 1014, 1014"2 g /cm 3. 



Compressible Liquid Dropモデル
もっとも簡単な場合

核子分布に依存する
表面エネルギーwsurfと

クーロン＋格子エネルギー（電子も含む）wC+L

のバランスをとる必要がある

表面エネルギーが支配的

陽子

中性子

体積比u
体積比1-u

セルサイズ原子核サイズ

セルの大きさについてEtotを最小にする条件



表面積を小さくすればよい



非一様物質＝＞一様核物質
核子分布の幾何学的構造は大きく変化
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パスタ原子核と
非対称核物質の状態方程式の話



中性子星物質に話を限る



パスタ原子核の存在可能性
（球＝＞一様となったらなくなる）

非対称核物質の状態方程式が支配といわれてきた
パスタ原子核が存在すると言うモデル計算
Compressible liquid-drop model
FPS interaction (fitted to FP EOS)
Lorenz, Ravenhall and Pethick, PRL70(1993)

µpと表面張力の不定性を考慮

Watanabe, Iida and Sato, NPA676(2000)
Thomas-Fermi model
oya1-4 (fitted to masses and sizes of stable nuclei and FP EOS)
K.Oyamatsu, NPA561(1993)

DBHF EOS
Sumiyoshi, Oyamatsu and Toki, NPA595(1995)

存在しないと言うモデル計算
Compressible liquid-drop model (SKM interaction)
SKM interaction (Lorenz, Ravenhall and Pethick, PRL70(1993))
SLy4, SLy7 (Douchin, Haensel and Meyer, NPA665(2000))

Relativistic Thomas-Fermi model (Euler-Lagrange Eq.)
RMF Lagrangian (Cheng, Yao and Dai, PRC55(1997))
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