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ì`èJöoíïì áEáäé�áMêjæ¤íïì
ö é�áEî¸àâêjì éBá»µÞÜ��|¶�Ý
� ì
é?á¶è þ�é�æäì å
�ïí�é�á¥ãEî�í+ö
é�æ¶ì
à@.�æäé?ëBã¤íïþxé;ö é?î�íW�`àâé?öÁ÷ûè
ì é?ëBã¶åjà¸îâéïÝ6ôUîâî¸éWì é?þxéBè
ãEá¶é?þ
æ¶å|�ö è
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ì é9êjë.íïì�ã¶é�æäåjè êjéõÝ
VHé1&"!9è æCçrèoíïì�ãJð î¸è
à;é�á¥ã©é�áäá¶é�ì�ã¶à¸é�îâî¸éBý:éBìrã�&Båjì á¥ã¤àâã¶è ë�ö éÌS�éBæQ´Kö éBæ¶ì àâé�æ�ëBî¸ëBý:éBìrã'ðþ æäå6ö
è à¸æäégö é�îq÷ûëBì é�æäêjà¸é:î¸åjæäá�ö
é�á¤í�áÄ�6ì�ãU,/.�áäéïÝ·�cíïàâá+åjìß��ã¤æäåjè?�ïé©íïè á¶áäàTã¶åjè
ã¤égè ì é�ý=é�æöÁ÷øë�îâéQ&«ã¤æ¶åïì áµö ëBêjë�ì
ë�æ¶ëBá�ÝqNÜ&�íïè á¶éWö é�áTö é�ì
á¶àâã¶ë�áTþ/, ë�ì
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áäåjè ý=à¸á¶é|´Áî�í�ö
ë�êjëBì ë�æäé�áU&Bé�ì/&Bé�þ æäå6ö è
àâã?è ì
é=þ
æ¶é�áäá¶àâåjìeçrè à!�`àâé�ì�ã9á�÷øåjþ þ�åjá¶éBæ+ðCî¸í�êjæ¤í��`àâã¶ëïÝ
VHé�áXá¶éBè î¸éBá�æäë.íC&«ã¤àâåjì áXö é]S�è á¶àâåjìeçrè àUåjì�ã�é�ì/&Båjæ¶é=î¸àâé�è)á¶é=þ æäå6ö è
à¸á¶éBì�ã+éBì�þ�ë�æ¶àâþ/, ëBæ¶à¸é¬ö
è
&Bå6éBè æQ´7å�0�î¸égáäà¸îâà@&�àâè ý±S�è áäà¸åjì ì
é�é�ìÐS�é�æBÝ7ô@î¸îâé�á�á¶åjì�ãÈ&�éBþxéBì öoíïì�ã�ã¤æäåjþ�þ�é�è�ì åjýÂ� æ¶éBè á¶éBáþ�åjè æ§&Båjì�ã¤æäéQ�oíïî¸íïì/&Bé�æKî¸í�êjæ¶í
�`àÞã¤ëïÝ��Vé«ã¤àÞãEð+þ�éBã¤àÞãKîâéM&"!9è æµö és�`à¸éBì�ãEö éGþ îâè áKé�ìCþ
î¸è áKý:íïáäá¶àZS
Ætíïè êjý=é�ì�ãùí¡ã¤à¸åïì ö é�á¬ì
å*�jíïèq(�ö
é®S�é�æ¬þoíïæ+î�íoS�è áäà¸åjì�ö
è®áäà¸îâà@&�àâè ý³Ç)´qÃäè áäç`èm÷óð &�éCçrèÁ÷øà¸îµíõã��ã¶é�à¸êïì éGî�íXýgíõá¶á¶é;ö éXüG,oíïì ö
æ¤íïáäéQ`[,oíïæBÝ/N þoíïæ¥ã¤àâæµö éGî¸ð?´`î¸éM&1!9è æKá�÷øésÎxåjì ö
æ¶é?á¶è
æÄ� îâè à�ýgÅBý:é
µþboêjè æäé�ÜjÝûú�á¥ãùíïêjé»>É�B>U>B¶Ó´oýgíõà¸áKîq÷ûëBì é�æäêjà¸é?íõà¸ì áäàÁê�íïêjì
ë�é?ì é9þ�é�è
ãXÅBã¶æ¶é9è
ã¶à¸î¸àâá¶ëBéGþxåïè æZæ¶ë�íC&Bã¶àÁ�
�ïé�æ;îâé�áEæ¶ë�íC&Bã¶à¸åjì
áMö
éKS�è áäà¸åjì�´oëBãùíõìrãWö åjì
ì ë�î¸í=á¥ãùíC�
à¸î¸àÞã¤ëGö
èoS�é�æBÝ � ì éXþoíïæ¥ã¤à¸é?ö
é�îq÷ûëBì é�æäêjà¸éë«ãùíïì�ãXè
ã¤àâî¸àâá¶ë�é+þxåjè
æXî¸í�þ/, åïã¶å6ö
à¸á¶áäåq&Bà�íõã¶à¸åjìcö è¹S�éBæQ´HéBî¸î¸é+ìÁ÷óíõî¸à¸ý=é�ì�ã¶é¹þoíïáXî�í�þ æäé�áäá¶à¸åïìeö éö ëBêjë�ì
ë�æ¶éBáU&Bé�ì/&Bé®\

γ + 56Fe→ 13α+ 4n
P;é9þ îâè áEð]&�éBáWö éBì á¶àÞã¤ëBáMåïì'åC� á¶éBæ��jéXè ì'þ æ¶å�&�éBá¶áäè áWö
é»&.íïþ
ã¶è æ¶é9ëBî¸éQ&«ã¤æäåjì à¸çrè é?àâý:þ�åjæ¥ãùíïì�ã
Æ
p + e− → n + νe

ÇÍ´Hçrè à!�õí©ö
à¸ý=à¸ìrè é�æ;î¸é¬ì åjýÂ� æ¶é¬öÁ÷øë�îâéQ&«ã¤æ¶åïì á9éBãFStíïà¸æäér�oíïàâá¶áäé�æ9é�ì/&Båjæ¶éî¸í�þ æ¶éBá¶á¶àâåjì�ö é¬ö ë�êïë�ì ëBæ¶é�á�&�éBì/&�éõÝ!V@÷ûës&�æäåjè î¸éBý:éBì�ã9êjæ¤í��`àâã¤íõã¤àâåjì ì éBîOá�÷øé�ýÂ�oíïî¸îâé¹éBã�íïè ��åjè
ãö écÜ
	cý=áQ´Sö é�á¬ö éBì á¶àÞã¤ëBá¹ö é�îq÷ûåjæäö æ¶é=ö é
1014g/cm3 á¶åjì�ã�íõãäã¤éBà¸ì�ã¤éBá�ÝzN &�é�ý=åjý=é�ì�ã¹îâé�áì éBè
ã¤æäà¸ì åïáµã¤æ¶íïì á¶þ�åjæ¥ãùíïì�ãKî¸í+ý:í*Ãäåjæ¶àÞã¤ëEö éGîq÷ûëBì é�æäêjà¸éWî¸àZ�xëBæ¶ë�éWþoíïæTî�÷øésÎxåjì ö æäé�ý=é�ì�ãFÆ�é�ì%�`à¸æ¶åïì
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æ�ÆhS�è
ã¶è æ¶éG&�æ¶å��
ã¤éKö
éKî�÷øëBã¶åjà¸îâéTðGì
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ã¶æ¶åjì á-Ç«Ý
VYí]&�åjì�ã¶æ¤íC&«ã¤à¸åïì'ö
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üµéµìm÷ûéBáäãVç`è
éµî¸åïæ¶á¶çrè é>î¸éBáYö é�ì áäàâã¶ë�áOìrè/&Bî¸ë�íïà¸æäé�áGÆ
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ã¶éGá�÷ûíïæäæUÅBã¶é�� æäè
ãùíïîâé�ý=é�ì�ã�´rá¥ã¤åjþ þ�ë�éWþoíïæTî�÷øà¸ì�ã¤éBæ¤íC&«ã¤à¸åïì7S�åjæ¥ã¤éMì é�è6ã¤æ¶åïìq� ì éBè
ã¤æäåjìÁÝ

VYí§�`à¸åjîâé�ì/&Bé@ö èW&D,
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î¸á¤íõìrã
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ö é�ö é1&D, å�&�á�÷øës�õíïì
åjè àâãCí
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þ
è î¸áäé�æ©î¸éBá®&�åjè?&D, é�á©é)(`ã¶é�æ¶ì
é�á�Ý�VHéBáCþ/,%�6áäà@&Bà¸é�ì
ááäåjè þ���åjì ì
é�ì�ã
S�åïæäã¤éBý:éBì�ãEî¸é�áEì éBè
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�õí
Ý�VYí�îâà¸êjì
écà¸ìqS�ë�æ¶àâé�è æäé�çrèoíïì öºð é�îâî¸é�æäé�þ æäë�áäé�ì�ã¤é�î¸éæäésS�æ¶åïà¸ö àâá¶á¶éBý:éBì�ãEö é9î�÷øëBã¤åïà¸î¸éõÝ�µ Ü
T|¶
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VHé�á?ë«ã¤åjàâî¸é�áWð�ì éBè
ã¤æäåjì áGëBý:é«ã¶ã¤éBì�ã?ö àZÎxë�æäé�ì�ã¤áWãt�6þ�é�á?öm÷ûåjì
ö é¬éBã?þ íïæäã¶à@&�è
î¸é�áBÝ��Såjè æGîâé�áþ æäà¸ì/&Bà¸þoíõèq(Ü\µî¸éJæ¤í��jåïì ì é�ý=é�ì�ã©ëBî¸éQ&«ã¤æäåjýgíõêjì ëBã¶à¸çrè é|´Tîq÷ûëBý:àâá¶á¶àâåjìÄö
é�ì é�è6ã¤æ¶àâì åjás´µî�÷øë�ý=à¸á��áäà¸åjì�öÁ÷øåjì ö éBá+êjæ¶í
�`àÞãùíõã¶à¸åjì ì
é�î¸îâé�áBÝ�V@÷ûå��
á¶é�æÄ�õíõã¤àâåjìeö
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égæ¶éBý:åïìrã¶é�æð�ö àZÎxë�æäé�ì�ã¤éBá;àâì?S�åjæ¶ý:íõã¶à¸åjì áµá¶è æMî�÷ûíïáäã¶æ¶éõÝmPGíïì á
&�éBãäã¤éXá¶és&Bã¤àâåjìcì
åjè áMé�ìcö
åjì ì åjì
áWè ìo� æ¶é)Síïþ�é�æ���è¡´oþ�åjè æZþ
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VHé�á=ëBã¶åjà¸îâé�á�ð�ì é�è6ã¤æ¶åïì á:ëBý:é«ã¶ã¶é�ì�ã=öoíïì á¬ã¤åïè
ã=î¸éCá¶þ�éQ&«ã¤æäéJëBî¸éQ&«ã¤æäåjýgíõêjì ëBã¶à¸çrè éÌ\@ö
èæ¶í
�ïåjì ì éBý:éBì�ã9æ¤íïö àâåCíïè�æ¶í��jåjì)ê�íïý=ý:í
ÝÏVYéBáGåjì ö
é�á?æ¤íõö à¸åjáXS�è æ¶éBì�ã?î�÷øè ì é¹ö
é�á?þ æäé�ý=à@.�æäé�áå��
á¶é�æÄ�õíC� î¸éBá!, àâáäã¤åïæ¶à¸çrè éBý:éBì�ã�´ïéBî¸îâé�áOáäåjì�ã@ö é«ã¤éQ&«ã¤ëBé�á'�`à�í;ö éBá7ã¤ëBî¸é�á�&�åjþ�é�áVã¤é�æäæ¶éBáäã¤æäé�ás´%&�àâã¶åjì áì åõãùíïý=é�ì�ã
N;æ¶és&�àZ�xå/´m�VíïæU`õé�áBÝÁô@î¸îâé�áEþxéBæ¶ý=éBãäã¤é�ì�ãWö é+æäé�ý=åjì�ã¤éBæWð=î�í�þxëBæ¶àâå6ö é9ö éXæ¶åõãùíõã¶à¸åjìö é�îq÷óíïá¥ã¤æäéC´��`à�íCîâé�á?þ è îâá¤íïæäágÆtæ¤íõö à¸åCþ è
î¸á¤íõæDÇ)´må�0eî¸í�ýgíõá¶á¶é�öoíõì á9î¸é]&.íõáXö
é=áÄ�`áäã-.Bý:éBáW�
àÁ�ìoíõà¸æ¶éBá�Ý
VHé:æ¶í��jåjì ì
é�ý=é�ì�ã�ãU, é�æäý:àâçrè é�ìÁ÷ûéBáäã�å�� áäé�æ��õíC�
î¸é�çrè é:þ�åjè æF&Bé�æäã¤íïà¸ì
é�á9ëBã¶åjà¸îâé�á9ð©ì é�èq�ã¶æ¶åjì áBÝYô@ìeé)Îmé«ã�áäàUî�÷øëBã¤åïà¸î¸é�é�á¥ãXã¶æ¶åjþ®Ãäé�è
ì éC´�&Bé�î¸è
àÁ�t&Bà7á¶éBæ¤í�&�åjèq�jé�æ¥ã+þ íïæ?î¸é¬æ¶í
�ïåjì ì éBý:éBì�ãö è³&D,oíïý=þgý:íïêjì ë«ã¤à¸çrè éõÝq+6à"î�÷øëBã¤åïà¸î¸éZéBáäãTã¤æ¶åïþg�`à¸éBà¸î¸îâéC´jéBî¸îâéMáäé�æ¶í�ã¤æäåjþgS�æäåjà¸ö éEþ�åjè æ>ë�ý=éBãäã¤æ¶éáäè;�=á¤íïý=ý:éBì�ã.Ý�VHéMæ¶í��jåjì ì
é�ý=é�ì�ãµãU, é�æäý:àâç`è
éZþxéBæ¶ý=éBã>ö éMæ¶é�ý=åjì�ã¤éBæ>ðXî¸í?ã¶é�ý=þxëBæ¤íõã¶è æ¶éEö éîq÷óíïá¥ã¤æäéïÝ
VHé�á¹æ¶í��jåjì áK��ëBý:àâáXþ íïæW&Bé�á¬íõáäã¤æäé�ás´Váäåjì�ã¹å�� áäé�æÄ�jë�ár�`à¸íJö éBáWS�è áäë�é�á+éBã¹ö
é�áÂ� íïî¸îâåjì áíïè=ö ës� è
ã>ö éEî�÷ûíïáäã¶æ¶åjì
åjý:àâéµæ¶í
�ïåjìÈ�¹Ý%NI&Bã¶è é�îâî¸éBý:éBìrãQ´jé�áäá¶éBìrã¶à¸éBî¸î¸éBý:éBì�ãTþ íïæ@ö é�á>á¤í¡ã¤é�îâî¸àÞã¤é�áBÝüµàÞã¤åjì á+ì åïãùíõý:ý=é�ì�ã=üG,oíõì ö æ¤íq´z�
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< α, β|V |γ, δ > îâé�á@ëBî¸ë�ý=é�ì�ã¶á>ö
éMý:íõã¶æ¶à@&BéKö éEî�÷øåjþ�ë�æ¶íõã¤éBè æ7à¸ì�ã¶é�æ¤í|&Bã¤àâåjì�ð?ö é�è�(&Båjæ¶þ ás´
< α, β, γ|V |δ, ε, ζ > îâé�áKëBî¸ëBý:éBìrã¶áKö éGý:íõã¶æ¶à@&BéWö
é?î�÷øåjþxëBæ¤íõã¶é�è æTöÁ÷øà¸ì�ã¤éBæ¤íC&«ã¤à¸åïì�ð¬ñ

&Båjæ¶þ ás´oéBãU&:ÝÞÝâÝ
V@÷óßWíïý=à¸îâã¶åjì àâé�ì1&�à#� ö éBá¶áäè á+ö ës&�æäàâã�î¸é�á��`áäãU.�ý=é�ðoA &Båjæ¶þ á�ö é=ýgíïì
à@.�æäé�é)(
íC&Bã¶éC´Sýgíõà¸áàâì á¶åjîâè/� îâéïÝ�> î é�á¥ãTì
ëQ&�éBá¶á¶íïà¸æäéMöm÷ûé)Îmés&Bã¤è
é�æUè ì�ì åjýr�
æ¶éZà¸ý=þ�åjæäã¤íïì�ã7öÁ÷ûíïþ þ æäå�(
àâýgí¡ã¤à¸åïì áOþ�åjè æîâéTæäé�ì ö æäéKá¶åïîZ�õíC� îâéïÝ�VYíWþ æäé�ý=à@.�æäéx�õíMÅ«ã¤æäéµö é>ã¤é�ì
à¸æz&Båjý=þ
ã¤é>è ì àâç`è
é�ý=é�ì�ã7ö éBá7à¸ì�ã¶é�æ¤í|&Bã¤àâåjì áð¬ö éBèq(p&�åjæäþ á�Ý�üµéXçrè àHö åjì
ì é9î¸é9ß;íõý:àâîâã¤åïì à¸éBì�ð7A &�åjæäþ áEá¶è àÁ�ïíõìrãK\

HN = Σα,β < α|T |β > c+α cβ + Σα,β,γ,δ < α, β|V |γ, δ > c+α c
+
β cγcδ

Æqñ
ÝÞÜjÜ*Ç

�Våïè æVþ�åjè?�ïåjà¸æYé)Îmés&Bã¤è
é�æz&Bé�áVíïþ þ æäå�(
àâýgí¡ã¤à¸åïì áHà¸îjéBáäãVì ëQ&Bé�áäá¤íïàâæ¶éµö
éTæäë�ëQ&Bæ¶àâæ¶é>î�÷øë�çrèoíõã¶à¸åjìö éKVHà¸åïè?�`à¸î¸îâé
�ïåjì5AMé�è ý:íïì ì©éBìcè ì éF, àâë�æ¶íïæU&D, àâé?öÁ÷øë�çrèoíõã¶à¸åjì á�&Båjè þ îâë�é�áBÝ

ò6Ü



�Såjè æF&�éBî�í?´Áàâî7é�á¥ãXþxåjáäá¶àZ� î¸é¬ö é�ö ë)boì àâæXè
ìeåjþ�ë�æ¶íõã¤éBè æ?ö éBì á¶àÞã¤ë�æ¶ëBö è àâã¶é
ρs
´HéBìeáäåjý:ý:íïì�ã

ρN
áäè æ

N − s
&Båjæ¶þ áF\

ρs =
N !

(N − S)!
Trs+1,..,NρN

Æqñ
ÝÞÜ3ò�Ç
VHé?á¶és&�åjì öCã¶é�æ¶ý=é?ö éGîq÷ûëBçrèoíõã¤àâåjì�ö éFVHàâåjè?�`à¸îâî¸é��jåjì�AMé�è ý:íïì ìiÆqñ6Ý ÿ�ÇUþxéBè
ãEá¶é?ö
ëQ&�åïýÈ�þ�åjá¶éBæEö é9î�í¹ý:íïì à@.Bæ¶é?áäè àZ�õíïì�ã¤éÈ\

[HN , ] = ΣN
i=1[H

0
i , ] + ΣN

i<j=1[H
1
i,j, ]

Æqñ
ÝÞÜkñ%Ç
�GèJéBì/&�åïæ¶éÈ\

[HN , ] = ΣS
i=1[H

0
i , ] + ΣS

i<j=1[H
1
i,j, ] + ΣN

i=S+1[H
0
i , ]

+ΣS
i=1Σ

N
j=S+1[H

1
i,j, ] + ΣN

i=1Σ
N
j=S+1(i<j)[H

1
i,j, ]

Æqñ
ÝÞÜ.ú[Ç
üµé9çrè àYö åjì ì
éXéBì'ã¶é�æäý:é?öÁ÷øåjþ�ë�æ¶íõã¤éBè æEö éKVYàâåjè?�`à¸îâî¸é;ð�è
ìo&Båjæ¶þ áF\

LN = ΣS
i=1L

0
1(i) + ΣS

i<j=1L
1
1(i, j) + ΣN

i=S+1L
0
1(i)

+ΣS
i=1Σ

N
j=S+1L

1
1(i, j) + ΣS

i=1Σ
S
j=1(i<j)L

1
1(i, j)

Æqñ
ÝÞÜ*��Ç
í��jés&

L0
1(i) = [H0

i , ]
Æqñ
ÝÞÜ
�%Ç

L1
1(i, j) = [H1

i,j, ]
Æqñ
ÝÞÜ3ÿ�Ç

ô@ì�ý=å*�ïé�ì ì íïì�ãZá¶è æ
N −S

î�÷øë�çrèoíõã¶à¸åjì:ö é�VHà¸åïè?�`à¸î¸îâéG�jåïì9AWéBè ýgíõì Æqñ
Ýóÿ�ÇÍ´�åjì�å��
ã¶à¸éBìrãíïàâì á¶àz\
i~
∂ρS(t)

∂t
= ΣS

i=1[H
0
i , ρS] + ΣS

i<j=1[H
1
i,j, ρS] + ΣS

i=1TrS+1[H
1
i,S+1, ρS+1]

Æqñ
ÝÞÜ
�%Ç
�GèJéBì'ã¶é�æäý:é?öÁ÷øåjþ�ë�æ¶íõã¤éBè æEö éKVYàâåjè?�`à¸îâî¸éW\

i~
∂ρS(t)

∂t
= L0

SρS + L1
SρS + ΣS

i=1TrS+1L
1
1(i, S + 1)ρS+1

Æqñ
ÝÞÜ
T%Ç
í��jés&�îâéFVHà¸åjè?�`àâî¸î¸àâé�ìgðg+9&�åïæ¶þ áEö ë)boì àYþoíïæ»\

LS = L0
S + L1

S =
S∑

i=1

L0
1(i) +

S∑

i<j=1

L1
1(i, j)

Æqñ
ÝóòC	%Ç
ô@ì©íïþ þ îâà¸çrèoíïì�ãx&�é«ãEíïîâêjåjæ¶àÞã-, ý=é

N − 1
S�åjàâáQ´råjì�åC�
ã¤àâé�ì�ã§A�ë�çrèoíõã¶à¸åjì
áG&�åïè þ î¸ëBé�áTö åjì�ãî¸í�ö é�æäì à@.Bæ¶é¬ìÁ÷øé�á¥ã¹íïè6ã¤æ¶é¬çrè é�îq÷ûëBç`è íõã¤àâåjì Æqñ
Ýóÿ�ÇWö
égVHàâåjè?�`à¸îâî¸éF�jåjìiAWéBè ýgíõìÁÝ¡N &�é�á¥ãùíïö é
òjò



î¸í'æäë�á¶åïî¸è
ã¶à¸åjì�ö é7&�égáÄ�`áäã-.Bý:é:öÁ÷øë�çrèoíõã¶à¸åjì á�æ¶éBáäã¤é:é)(
íC&«ã¤éC´Sý:íïà¸á9à¸ì
á¶åjîâè/� î¸é¬éBì þ æ¶íõã¤àâç`è
éïÝ
+6àOî�÷øåjì &�åjì áäà¸ö/.Bæ¶é¬î¸í®, à¸ëBæ¤íïæ�&D, à¸é¬þ æäëQ&Bë�ö éBìrã¶égðCáäé�á9ö é�è�(�åjæ¶ö æäé�á?îâé�á?þ îâè á»�oíïás´Håjì�í©îâé�áëBç`è íõã¤àâåjì áEá¶è àÁ�õíïì�ã¤é�áF\

i~
∂ρ1(t)

∂t
= L0

1ρ1 + L1
1ρ1 + Tr2L

1
1(1, 2)ρ2

Æqñ
Ýóò6Ü*Ç

i~
∂ρ2(t)

∂t
= (L0

1(1) + L0
1(2) + L1

1(1, 2))ρ2(1, 2) + Tr3(L
1
1(1, 3) + L1

1(2, 3))ρ3(1, 2, 3)Æqñ
Ýóòjò�Ç
V@÷ûëBçrèoíõã¤àâåjì Ætñ
Ýóò6Ü*ÇMStíïàâãXíõþ þoíïæ¶í��¸ã¶æ¶é¬î�í©ý:íõã¤æäà@&�é¬ö
é�ì áäàâã¤ë:ðJö
é�èq(i&�åïæ¶þ ás´Sö
åjì�ã+îq÷ûë)�jå|�îâè
ã¤àâåjì�é�á¥ã9ö ëQ&Bæ¶àÞã¤é¹þoíõæ?î�÷øë�çrèoíõã¶à¸åjì Ætñ
Ýóòjò�Ç«ÝÁüµé¹ã¤éBæ¶ý=é+ã¤àâé�ì�ã»&�åïý:þ
ã¶é¹ö éBáK&Båjæ¶æäë�î¸íõã¤àâåjì áGðò¹þoíïæ¥ã¤àZ&�è îâé�á�Ý/�Gì'ì
é?þxéBè
ãEæ¶ëBá¶åjè ö
æ¶é9î�÷øë�çrèoíõã¶à¸åjì¹Ætñ
Ýóò6Ü*ÇTçrèÁ÷øè ì é»S�åjàâáµã¤æäåjè?�jëBé9î�í¹á¶åïî¸è
ã¶à¸åjìö éWî�íXýgíõã¶æ¶àZ&�éEö é�ì
á¶àâã¶ëGðXö é�èq(³&�åïæ¶þ áG�`à¸íXîq÷ûëBç`è íõã¤àâåjì1Ætñ
Ý òïò�Ç)´rçrè à�é�î¸îâéWý7Å�ý=éMì ëQ&Bé�á¶áäàâã¶éGî�íæäë�á¶åïî¸è
ã¶à¸åjìCö é9î¸í�ý:íõã¶æ¶à@&BéGö éBì á¶àÞã¤ëXð¹ã¤æ¶åïà¸áI&�åïæ¶þ áI�`à�í¬î�÷øåjæäö æ¶é?áäè àZ�õíïì�ã.Ý
� ì
éJþ æäé�ý=à@.Bæ¶éCíïþ
þ æ¶å�&D, ép&�åjì áäà¸á¥ã¤é'ð�ì ë�êjîâà¸êjéBæ¹î¸éBá]&�åjæäæ¶ëBî�íõã¶à¸åjì á¹ð�ö éBèq(�þoíõæäã¤àZ&�è îâé�áé«ã;þ îâè á�Ýxüµé�ç`è
àVþ�é�æäý:é«ãWöm÷ûës&�æ¶àâæ¶éXî�í�ýgí¡ã¤æ¶àZ&�é9ö éBì á¶àÞã¤ë�ð:ö éBèq(o&�åjæäþ á
&Båjý=ý:é9î¸éXþ æäå6ö è
àâãíïì�ã¶à¸á��`ý=ëBã¶æ¶à¸áäë?ö é�áMý:íõã¤æäà@&�éBáKö éBì á¶àÞã¤ëXð=è
ìo&Båjæ¶þ áF\

ρ2(1, 2) = P (1, 2)ρ1(1)ρ1(2)
Æqñ
Ýóòïñ%Ç

å�0o�£éBáäãMî�÷øåjþ�ë�æ¤í¡ã¤é�è
æZöÁ÷óíõìrã¶à¸áÄ�6ý=ý=ëBã¤æäà¸á¶íõã¤àâåjìÁÝ�V@÷ûëBç`è íõã¤àâåjì©þ æ¶ës&�ë�ö
é�ì�ã¤é�á¶é9æ¶ëBëQ&�æäàâãEéBìã¶é�æ¶ý=é?öÁ÷øë�îâë�ý=é�ì�ãMö é9ýgíõã¶æ¶àZ&�ér\
ρ2(1, 1

′, 2, 2′) = ρ1(1, 1
′)ρ1(2, 2

′) − ρ1(1, 2
′)ρ1(2, 1

′)
Æqñ
Ýóòõú[Ç

üµéBãäã¤é�íïþ þ æäå�(
àâýgí¡ã¤à¸åïì�þxéBæ¶ý=éBãEö é»S�éBæ¶ý=é�æZî�÷øë�çrèoí¡ã¤à¸åïìJñ6Ý ò6ÜÈ\

i~
∂ρ1(t)

∂t
= L0

1ρ1 + Tr2L
1
1P (1, 2)ρ1(1)ρ1(2)

Æqñ
Ýóò���Ç
åjè'é�ì/&Båjæ¶é

i~
∂ρ1(t)

∂t
= [hHF , ρ1]

Æqñ
ÝóòC�%Ç
å�0

hHF
þ æ¶éBì öcî¸íÂS�åjæ¶ý=é]\

hHF = L0
1 + Tr2L

1
1P (1, 2)ρ1(2)

Æqñ
Ýóòjÿ�Ç
üG,oíïçrè é+þoíïæäã¶à@&Bè î¸éF�jåjàÞã;è
ì�þxåõã¤é�ì�ã¶à¸é�îSésÎxéQ&«ã¤àÁSUðgè ìÌ&Båjæ¶þ
á;çrè àSé�áäãGè ì é+ý=å
�jéBì ì é¹ö éã¶åjè
ã¤éBá¹î¸éBá�àâì�ã¤é�æ¶íC&Bã¶à¸åjì
á+ðcö
é�èq(ß&�åjæäþ áQ´w&ï÷øé�á¥ã¬è ì é:ës�jåïî¸è
ã¶à¸åjìeé�ìÐ&D,oíïý=þ ý=å
�jé�ìmÝ7ü;÷øé�á¥ãîq÷óíïþ
þ æ¶å�(6à¸ý:íõã¤àâåjì O�PGß
��Æ�ë�çrèoíõã¶à¸åjì®ñ
ÝóòC�%ÇÍ´@å�0

hHF
éBáäã:î¸é©ß;íõý:àâîâã¤åïì à¸éBì ö éJß;íïæ¥ã¤æ¶éBé)�

�oå�&D`�Ý üµåjý=ý:éWì åjè áZîâé
�jéBæ¶æäåjì áZöoíïì
áZî¸éM&D, íïþ àâã¶æ¶éGáäè àZ�õíïì�ãQ´
î�í�ýgíõã¶à@.Bæ¶éMöÁ÷ûë«ã¤åjàâî¸éWá¶é?þ æ�ÅBã¤éæäé�î�í¡ã¤àZ�ïé�ý=é�ì�ã»� àâé�ì�ðCè ì é¬ã¤éBî¸îâé¹ëBã¶è ö éïÝe�Jíïà¸á?àâîOþ�é�è
ãKÅBã¶æ¶é¬àâìrã¶ë�æäé�á¶á¶íïì�ãXö é�æ¶ë.í|&Bã¤àÁ�jéBæXîâé�á
&Båjæ¶æäë�î�í¡ã¤à¸åïì áZð¬ö é�è�('þoíïæäã¶à@&Bè î¸éBá�Ý
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VYíCýgíõã¶æ¶àZ&�é¹ö éBì á¶àÞã¤ë�ðCö éBèq( &�åïæ¶þ á9þ�é�è
ãFÅ«ã¤æ¶é¬ö
ëQ&�åïý:þ�åjá¶ëBé�é�ì�è ì é¬þoíïæ¥ã¤àâér&�åjæäæ¶ëBî¸ë�éé«ãWè
ì é9þoíïæäã¶à¸é?ì åïìp&Båjæ¶æäë�îâë�éÈ\

ρ2(1, 2) = ρ0
2(1, 2) + ρc2(1, 2)

Æqñ6Ý òC��Ç
= P (12)Π(12) + P (1/2)Π(1/2)

Ætñ
ÝóòCT%Ç
ρ0

2

&�åjæäæ¶éBá¶þ�åjì öoíïì�ãXðgî¸ígý:íõã¤æäà@&�é�ö é�ì
á¶àâã¶ë¹æ¶ëBö è àÞã¤é¬ðgö
é�èq(Ì&�åjæäþ á?ì åjì1&Båjæ¶æäë�î¸ëBé¹éBã
ρc2ð©î�íCý:íõã¤æäà@&�é�ð©ö éBèq(¹&�åjæäþ áK&�åjæäæ¶ë�îâë�éõÝ3VYéBá�åïþxëBæ¤íõã¶é�è æäá

P
áäåjì�ã+ö
é�áXåjþxëBæ¤íõã¶é�è æäá9öÁ÷óíõìrã¶àÁ�áÄ�6ý=ëBã¶æ¶àâá¤íõã¶à¸åjìÁÝ?VHé�áZà¸ì
ö à@&Bé�áKáäè/&Q&Bé�á¶áäàZS�áMì åjì©á¶ëBþoíïæäë�áEþoíïæKîâé�áI�oíõæ¶æ¶éBáZà¸ì/&Bî¸àâì ë�éBáKà¸ì ö
à¸çrè é�ì�ãçrèÁ÷øà¸îâáK&Båjæ¶æäé�áäþxåjì
ö é�ì�ã�ð©ö é�á�þoíïæ¥ã¤à@&Bè î¸éBáF&�åjæäæ¶ë�îâë�éBáQ´Yî¸éBá�þoíõæäã¤àZ&�è îâé�á9ì åjìi&�åjæäæ¶ëBî¸ë�éBá¹í���íõìrãö éBá�àâì ö àZ&�é�á?áäë�þoíõæ¶ë�á�þoíïæ?îâé=ö
ë�î¸àâý:àÞã¤éBè æ�ÝÏN;àâì á¶à7ã¶åjè
ã¤é�ý:íõã¤æäà@&Bé¬ð

S
&�åjæäþ áXì åjì &�åjæäæ¶ëBî¸ë�ééBáäãMî¸é?þ æäå6ö
è àâãEö éBáEýgíõã¶æ¶àZ&�é�áZö
é�ì áäàâã¤ëXð¬è ìp&�åjæäþ áF\

ρ0
S = ΠS(1/2/.../S) =

S∏

i=1

ρ1(i)
Æqñ
Ýûñ�	%Ç

ô@ì)è
ã¤àâî¸à¸á¶íïì�ã»VHé¬þ æäé�ý=à¸é�æWåjæ¶ö
æ¶é¬ö é¬î¸í³, à¸ëBæ¤íïæ�&D, à¸érE§EIHFJ�LaÆqñ
Ýóò6Ü*ÇEéBã9î�í:ö ëQ&Båjý:þ�å|�áäàâã¤àâåjìcö
é¹î�í=ýgíõã¶æ¶àZ&�éXö é�ì áäàâã¶ë¬ð�ö é�è�(Ì&Båjæ¶þ á]Æqñ
Ýóòïñ%ÇÍ´xåjì�þ�é�è6ãGö ës&�æ¶àâæ¶é¹îq÷ûë)�jåjîâè
ã¤àâåjìcö
é¹î�íþoíõæäã¤àâé?ì åjì�&�åïæ¶æ¶ëBî¸ëBéXö
éXî¸í¹ýgí¡ã¤æ¶àZ&�é9ð¬ö éBèq(p&�åjæäþ áF\

iρ̇0
2 =

[
L0(1) + L0(2)

]
ρ0

2

+ Tr3P (1/2)(L1(1, 3) [P2(1/3)Π3(1/2/3) + P2(13)Π3(2/13)]

+ L1(2, 3) [P2(2/3)Π3(1/2/3) + P2(23)Π3(1/23)])
Ætñ
Ýóñ6Ü*Ç

juBEdFBkj ©ZOSOaW<b«ªu`G¬cM�[;`UbCm®­°¯²±¨��³
VYí=þ
æ¶å�Ãäés&Bã¤àâåjì©ö é9î�÷øë�çrèoíõã¶à¸åjì¹Ætñ
Ýóÿ�Çµá¶è æEîq÷ûéBá¶þoíC&Bé+ð7+9&�åjæäþ áEö åjì ì
é7\

iρ̇S = LSρS + TrS+1

S∑

i=1

L1
1(i, S + 1)ρS+1 S = 1, ..., N − 1.

Ætñ
Ýóñjò�Ç
üµéZáÄ�6á¥ã-.Bý:éEöÁ÷øë�çrèoíõã¶à¸åjì
á'&�åjì á¥ã¤àÞã¤è éKî¸íM, àâë�æ¤íõæU&D, àâéIE§EIHFJML�ÆÓEµåïêjåjî¸àâè/��å*�Ï´|Eµåjæäì¡´%H?æ¶éBé�ì¡´
J?à¸æ�`%Yµå`å6ö�´QLR�jåjìmÇYçrè à6þ
æ¶à¸áäéTö íïì áOáäåjì+àâì�ã¤ë�êïæ¤íïîâàâã¤ë@éBáäãOáäã¤æäà@&«ã¤é�ý=é�ì�ãVë�çrè àÁ�ïíõî¸é�ì�ã¶éµðMî�÷øë�çrèoí��ã¶à¸åjì?ö é'�ïåjìÂAMé�è ý:íïì ìmÝ*�Våjè æYþ�åjè?�ïåjà¸æÁæäë�áäåjè ö æäéTîâé7þ æ¶åC� î@.Bý:é|´.à¸î��ïíEö åjì?&!Stíïî¸îâåjà¸æ�ésÎxéQ&«ã¤è éBæö àÁÎmëBæ¶éBìrã¶é�á=íïþ þ
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iρ̇αα′ =

1

~

∑

ββ′

Lαβα′β′(ρ)ρββ′ + Iαα′ ,
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í��jés&g\
Iαα′ =

∑

βγδβ′γ′δ′

W α′β′γ′δ′

αβγδ [ργγ′ρδδ′(δαα′−ραα′)(δββ′−ρββ′)−ραα′ρββ′(δγγ′−ργγ′)(δδδ′−ρδδ′)].
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∑

β

Lββααρβ +
∑

βγδ
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︸ ︷︷ ︸
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∑
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Ý�T�	%ÇEé�á¥ã9à¸ö éBìrã¶à¸çrè é¬þ�åjè æã¶åjè áEî¸éBáZö ëBã¶é�æ¶ý=à¸ì íïì�ã¤áEö éW+6î�í¡ã¤é�æZçrè àHåïìrãEö
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AWåïè áEí��jåjì áI�`èCöoíïì
áZî�í+áäéQ&Bã¶à¸åjì©þ æäëQ&Bë�ö éBìrã¶éC´oçrè é?îâé�áI&�åïì ö àâã¶à¸åjì
áµà¸ì
àâã¤à¸íïî¸éBáUá¶åjì�ã�&.íõîÁ�
&Bè î¸ëBé�áEé�ì'æ¶ëBá¶åjîÁ�ïíõìrãMîq÷ûëBç`è íõã¤àâåjìCö éW+q&D, æ��6ö àâì êjéBæMá¥ãùíõã¶à¸åjì
ìoíïà¸æäér\

h|ϕn >= εn|ϕn >
Æqñ
Ý�T
Ü*Ç

�Gèoíïì�ãµð�î�÷øës�ïåjî¸è6ã¤à¸åïì�ã¶é�ý=þxåïæ¶é�îâî¸éZéBî¸î¸éEá¶íõã¤àâá�StíïàÞã>ðXîq÷ûëBç`è íõã¤àâåjì:ö
é�+q&D,
æ¶å`ö à¸ì êïé�æ>ö ë�þ�é�ìq�öoíõìrã¶é9ö è'ã¶é�ý=þ áF\
−i∂|ΨN >

∂t
= H|ΨN >

Æqñ
Ý�T�ò�Ç
üµéBáKë�çrèoíõã¶à¸åjì
áµá¶åïìrãµæ¶ëBá¶åjîâè é�áKþ íïæTè
ì éGý=ëBã-,
å6ö éWßM��Ætæ¶éBá¶þÁÝ6ô'O�PGßM�!ÇTþxåïè æTî¸í�ö ë«ã¤éBæ¶ý=àÁ�ìoí¡ã¤à¸åïìCö é�á�&�åïì ö àâã¶à¸åjì
áKà¸ì àÞã¤à¸íïî¸éBá»Ætæäé�áäþÁÝoö é?î�÷øës�ïåjî¸è6ã¤à¸åïì�ã¤é�ý=þ�åjæ¶éBî¸î¸é�Ç«Ý
üµé�áEý=ëBã-,
å6ö éBáZì ë)�
&Bé�á¶áäàâã¶é�ì�ãZî�íXö ëBã¶é�æäý:àâìoíõã¤àâåjì=öÁ÷ûè
ìCß;íïý=à¸îÞã¤åjì
à¸é�ì�ö é;ß;íïæ¥ã¤æäé�é)�t�oåq&D`m´`ç`è
àxþ æäé�ì öCî¸íKS�åjæäý:éF\

h = − ~
2

2m
∆ + V HF

Ý��Såjè æ©î¸é1&D,oíõý:þºíïè
ã¶å|�t&Bå�, ë�æäé�ì�ã
V HF ´Zè ì é)à¸ì�ã¶é�æ¤í|&Bã¤àâåjì ésÎxéQ&«ã¤àZ�ïé)ö é�ãt�6þ�éß+q`%�6æäý:éÆh> ìrã¶é�æ¶íC&Bã¶à¸åjì©ö éÂ_Áíïý=à@&D`oµ��jò
¶�ÇZí¬ëBã¶ëF&D, åjà¸áäà¸é]\

V HF
q (ρ, ξ) =

t0
ρ∞

ρ +
t3
ρν+1
∞

ρν+1 +
c

ρ∞2
ξ2 +

4qc

ρ∞2
ρξ +

Æqñ
Ý�Tjñ%Ç
Ω

3ρ∞2
ξ2 +

4qΩ

3ρ∞2
(ρ− ρ∞)ξ + V C

q

avec : ρ = ρn + ρp

ξ = ρn − ρp

å�0
ρn
éBã
ρp
æ¶éBþ æ¶ëBá¶éBìrã¶é�ì�ãCîâé�á�ö é�ì
á¶àâã¶ë�á=î¸å�&.íïîâé�á¬ö é©ì éBè
ã¤æäåjì á=éBã:ö é'þ æ¶åïã¶åjì á=í��jés&

q
Â¹Ü+Ùjò�þxåïè æ9î¸é�á?ì
é�è
ã¶æ¶åjì áXéBã»�¤Ü+Ùjò�þxåïè æ9î¸é�á?þ
æ¶åïã¶åjì á�ÝYô@ì?b ì

ρ∞ = 0.145fm−3 éBáäã�î�íö éBì á¶àÞã¤ë9ö é9á¤í¡ã¤è æ¶íõã¤àâåjì©ö é9î�í¹ý:íõã¤àZ.�æ¶é;ì`è?&�î¸ë�íïà¸æäéïÝ
PGíïì
á>îq÷ûëBçrèoíõã¤àâåjìpÆqñ6Ý�Tjñ�Ç)´

V C
q

éBáäã>î¸éKþ�åïã¶é�ì�ã¤àâé�î ö éWüµåjè
î¸åjýr��íõá¶á¶å�&�àâëEíïè�þ æ¶åõã¤åjìÁÝ��Våjè æîâé�á�&Båjì ö àÞã¤à¸åïì á;àâì àâã¶à�íïîâé�áEà¸îVé�áäãGå��
ã¤éBìrè�þ íïæGè ì é�íõþ þ æ¶å�(6à¸ý:íõã¶à¸åjìJöÁ÷ûåïì ö é�îâéBãäã¤é¬ßWíjíïæ�Ýmô@ìæäés�õíïì/&D, é|´"þxåjè
æZî�÷øës�jåïî¸è
ã¶à¸åjì�ã¶é�ý=þxåjæäé�îâî¸éC´`î¸éBáI&�åjì
ö àâã¶à¸åjì áµþxëBæ¶à¸å`ö àâç`è
é�áZéBãMî¸í¹î¸åjì êïè éGþ�åjæÄ�ã¶ë�éµö
éTîq÷ûàâìrã¶é�æ¶íC&Bã¶à¸åjìF&�åïè î¸åjýÂ� à¸éBì ì é>ì ëQ&Bé�á¶áäàâã¶é�ì�ã@è ìXã¤æ¤íõàâã¤éBý:éBì�ãVáäþxës&�àÁboçrè éïÝjü;÷ûéBáäã7îq÷ûåC��ÃäéBãö é9î¸í�áäéQ&«ã¤à¸åïì'ú
Ý ò6Ý
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> îXé�áäãcà¸ý=þxåïæäãùíõìrã©ö
éeì åõã¤é�æJçrè é�îq÷ûéÍ(
þ
æ¶é�áäá¶àâåjì�ö è &D,oíïý=þ Ñ áäé�îÁSr&�åïì á¶àâáäã¤éBì�ã�Òeöoíïì áîq÷ûëBç`è íõã¤àâåjìÐÆtñ
Ý�Tïñ%ÇEö
àZÎË.�æ¶é�ö é¹î¸í=îâàâã¶ã¶ë�æ¶íõã¤è æäéïÝmN;þ
þxéBî¸åjì á
t0
´
t3
´
x0
éBã
x3
î¸éBá;þoíïæ¶íïý7.Bã¤æäé�áè áäè é�îâî¸éBý:éBìrãEéBý:þ
î¸å
�jëBáMö íïì áEî�í¬î¸àÞã¶ã¶ë�æ¤í¡ã¤è æäé]µ��C	�¶qÝmAWåjè áMí��jåïì áWîâé�áZæäé�î�í¡ã¤à¸åïì áKá¶è
àZ�õíïì�ã¤éBáW\

t′0 = 3ρinf

4
t0

t′3 =
3(ν+2)ρν+1

inf

48
t3

x0 = x3 = −1/2
Ý

PGíïì
ág&BéBã¶ã¶é©þ æ¶éBý:àZ.�æ¶ég�jé�æäá¶àâåjì£ö
é'î¸í5S�åjæU&BéCésÎxéQ&«ã¤àZ�ïéJè6ã¤à¸îâà¸áäë�égì
åjè á�ì éCã¤éBì åjì á�þoíïá
&Båjý:þ6ã¤éMö é�áµã¶é�æäý:éBáµá¶þ
à¸ìq� åjæU� àÞã¤é|´�éBãKö
é�áTã¶é�æäý:éBáµö ëBþxéBì öoíïì�ã¤áµö é;îq÷ûàâý:þ è
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Ý��6ÝâÜ*Ç7é«ãµáäè æµî¸í»Stí|&�à¸îâàâã¶ëZð�î¸í9ý=éBãäã¤æäéWéBìgå`é�è?�`æ¶éìrè ý=ë�æäà¸çrè é�ý=é�ì�ã�Ý

PGíïì
áMîâé;ãùí|� î¸é�íïè Æ7ñ
ÝÞÜ*Ç>ì
åjè áEí��jåjì
áMæäé�þ�åjæäã¶ë?î¸éBá§&�å`é1�7&�àâé�ì�ã¤áZö
é?î�íÂS�åjæ�&�éGþ�åjè æKö
é�èq(
�õíïîâé�è æäá@ö àZÎxë�æäé�ì�ã¤éBá@ö è�ý:å`ö è îâéµö éI&Båjý:þ
æ¶é�áäá¶àZ� à¸îâàâã¤ë�Æ

K∞
Â�òC	C	F�JéBy éBã>ñ��C	F�JéByFÇOþ�åjè æîâé�á?ö éBèq(�ë�çrèoíõã¶à¸åjì
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c
éBã

Õ·Öw×zØ ñ
ÝâÜMÙ®�Oíõæ¤íïý7.Bã¶æ¶é�áEö é9îq÷ûàâìrã¶é�æ¶íC&Bã¶à¸åjìCîâåq&�íïî¸éWö éW_Áíïý:àZ&D`gêjëBì ë�æ¶íïî¸àâá¶ëBé
t0/ρ∞(MeV fm3) t3/ρ

ν+1
∞ (MeV fm3(ν+1)) νP;åjè?&�é � ñ%�|� ñC	jñ Ü+ÙC�

P;è æäé �ùÜ3òõñ ÿ|	 Ü

Ω
áäåjì�ã�´Sþxåjè
æXî¸í'á¥ãùíõã¶à¸çrè é|´eb?(6ëBégæ¶éBá¶þ�éQ&«ã¤àZ�ïé�ý=é�ì�ã�ð

20MeV
éBã −100MeV
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ý:íõã¤àZ.�æäéGé�á¥ã
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Ý�Tjñ%Ç«Ý�> îÁáB÷óíïêïàâãKàZ&�à�ö é?ý=åjìq�ã¶æ¶é�æ;ç`è
é¬î�í:ö
é�áU&Bæ¶àâþ
ã¤àâåjì�ö é¬î¸í:ý:íõã¤àZ.�æ¶é�ìrè/&�îâë.íïàâæ¶éC´xðgö éBá?ö é�ì
á¶àâã¶ë�á?þ æäåq&D,
é�á?ö é¹î¸ígá¤í¡ã¤èq�æ¶íõã¤àâåjì¡´
ö
åjì ì éXö é�áEæäë�á¶è
îâãùí¡ã¤áEæ¶ë�íïî¸àâáäã¤éBá�Ý
üµåjý=ý:égî�÷ûí
�õíïì?&�é�ì�ã¬îâé�á¬íõè
ã¤éBè æ¶á¬öoíõì á9µ��C�|¶»µ��õúC¶Ó´Oîq÷ûè
ì é�ö éBá¬þ æ¶àâì/&�àâþoíïî¸éBá+êjæ¶íïì ö éBè æ¶áþ/,%�`á¶àâçrè é�áÈ&.íõæ¤íC&«ã¤ë�æäà¸á¥ã¤à¸çrè é:é�á¥ã�î�÷øë�ì éBæ¶êjàâégþoíïæ�ìrè/&�îâë�åjì�éBì�ýgíõã¶à@.Bæ¶égì
é�è
ã¶æ¶åjì àâçrè é�þ è æäéïÝ

V@÷øë�ì éBæ¶êjàâéXþ íïæZìrè/&�îâë�åjì'é�á¥ãWö
ësboì àâé9þoíïæ»\

ω =
ε

ρ
=

∫
V HF
q dρ

ρ
+ ωkin

å�0
ωkin

&�åjæäæ¶é�áäþxåïì ö�ðXî�íF&�åjì�ã¤æäà@� è6ã¤à¸åïìg&Bà¸ì ë«ã¤à¸çrè éõÝ[Ne�ïéQ&
V HF
q

ö
åjì ì ëWþoíïæ>î�÷øë�çrèoíõã¶à¸åjì
Ætñ
Ý�Tïñ%Ç)´ îq÷ûéBì é�æäêjà¸é?þ íïæZìrè/&�îâë�åjì

ω
þ
æ¶é�ì
öcíïîâåjæ¶áZî¸íÂS�åjæ¶ý=é?á¶è
àZ�õíïì�ã¤é]\

ω(ρ, δ) =
t0

2ρ∞
ρ +

t3
((ν + 1)ρν+1

∞

ρν+1 +
c

ρ∞2
δ2ρ2 Æqñ
Ý�Tïú[Ç

+
Ω

3ρ∞2
(ρ− ρ∞)ρδ2 + ωkin

avec δ = (ρn − ρp)/ρ

VHé9ã¤é�æäý:éF&Bà¸ì ë«ã¤à¸çrè é9éBáäã�&�íïî@&Bè î¸ë9í��ïéQ&+îq÷óíõþ þ æ¶å�(6à¸ý:íõã¶à¸åjì�ö
éWOI, åïýgíïá����oé�æäý:àÁð=ã¤éBý:þ�ë�æ¶í��ã¶è æ¶é9ìrè î¸îâéïÝ"üµé9çrè àHö åïì ì éÈ\

ωkin =
~

2

2m

3
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(3π2)2/3ρ2/3

[(1 − δ

2

) 5
3

+
(1 + δ

2

) 5
3
] Æqñ
Ý�T%��Ç

+6è æ:î�í1boêjè æäécñ6ÝâÜ3ò�´>îq÷ûëBì é�æäêjà¸é©þoíõæ:ìrè/&Bî¸ë�åïìÄé�ì S�åjì/&Bã¶à¸åjì®ö é'î�í)ö é�ì
á¶àâã¶ëÐÆ
ω(ρ)

Ç¬éBìý:íõã¤àZ.�æäéZþ è æ¶éBý:éBì�ãµì éBè
ã¤æäåjì àâç`è
éWí9ëBã¶ëMã¶æ¤íC&Bë�éMþxåïè æUö àZÎxë�æäé�ì�ã¤éBáx�õíïîâé�è æäá>ö
éMî¸í»&�åjì á¥ãùíïì�ã¶é
Ω
Ý�>t&Bà

c
íCëBã¤ë]b?(6ë=ðJòC	p�JéBy¹Ý3�Såjè æF&�åjý=þoíïæäé�æs´Áî¸éBá?æ¶ë�áäè îâã¤íõã¤á9ö é7�oæ¶àâé�ö ý:íïì�é«ãK�Oíïì ö��

,oíõæ¶à¸þ íïì ö éÌÆ�ã¤æäà�íïì
êjî¸é�ÇÈµ��ïñ*¶µåjì�ã¬ë«ã¤ë=ã¤æ¤í|&�ë�áBÝ!VHé³&D,
åjàÁ(eö é�î¸ío&Båjì áäã¤íïì�ã¤é
c = 20MeV

íë«ã¤ë�æ¶ë�íïî¸àâá¶ë¹ö é�ý:íïì àZ.�æ¶é�ðCæäéBã¤æäåjè?�ïé�æ9î�÷øë�ì éBæ¶êjàâé�ðCî�í�ö éBì á¶àÞã¤ë�ö é�á¤íõã¶è æ¤í¡ã¤à¸åïì�é�ì�ýgíõã¶à@.Bæ¶éáÄ�6ý=ëBã¶æ¶àâç`è
éZö é�á@ã¤æ¶í��ïíõèq(¬æäë.íïîâà¸á¶ëµþoíïæIµ��ïñ|¶qÝ � ìÈ��åjì�íC&s&�åjæäö=éBì�ã¤æ¶éEì åïá@æ¶ë�áäè îâã¤íõã¤á@é«ãUî�÷ûôx�K+ö éMî�í9ý:íõã¤àZ.�æ¶éEþ è
æ¶é�ý=é�ì�ãTì é�è6ã¤æ¶åïì à¸çrè éWö éÂµ��ïñ|¶"þ�é�è6ã§ÅBã¶æ¶éMå�� áäé�æ��ïëïÝ üµéXStíïàÞã>é�áäãTé)(`ã¶æUÅ�ý=é)�ý=é�ì�ãMà¸ì�ã¤ëBæ¶éBá¶á¤íõìrãX&Båjý:þ6ã¤é?ã¤éBì`è'ö é9î�í¬áäà¸ý=þ î¸àZ&�àâã¶ëWö
éXîq÷ûàâì�ã¤é�æ¶íC&Bã¶à¸åjìCè6ã¤à¸îâà¸áäë�éïÝ
+6è æUî¸íMboêjè æäéWñ6ÝâÜkñ?ì åïè áUæ¶é�þ
æ¶ë�áäé�ì�ã¤åïì áµîâé�á!�õíïî¸éBè æ¶áUþ æäà¸áäé�áUþoíïæ

ω(ρ, δ)
ð?ã¤é�ý=þ�ë�æ¤í¡ã¤è æäéìrè îâî¸é=éBã¹éBì ý:íõã¤àZ.�æ¶é=ìrè/&�îâë.íïàâæ¶é:íïá��`ý=ëBã¶æ¶à¸çrè é|´Vþ�åjè æ�ö àZÎxë�æäé�ì�ã¤éBáWS�æ¶íC&Bã¶à¸åjì áXþ æäåïã¤åjì
à¸çrè é�á

x
Ý'VHéBá¬þoíïæ¤íõýg.«ã¤æ¶éBá

Ω
é«ã
c
åïìrã�ë«ã¤ë®b?(6ëBá=æäé�áäþxés&Bã¤àÁ�jéBý:éBìrãQ´Uðo�ùÜ
	C	�éBã=òC	 �'éBy¹ÝRPGíïì
áì åõã¤æ¶é=íïþ
þ æ¶å�&D, éC´Hî¸íCö ë�þ�é�ì ö íïì/&�é=é�ì�ë�ì
é�æ¶êïà¸é�ö é�á��`ý=ëBã¤æäà¸é�ö é�î�÷ûôx�F+�éBáäãXæ¶ë�íïî¸àâá¶ëBé¬þ/, ë)�ì åïý:ëBì åjî¸åïêjà¸çrè éBý:éBìrãQ´6éBì©æ¶é�áäþxés&Bã¤íïì�ãWá¶ír�ïíõî¸é�è
æZð¹î�í+ö
é�ì áäàâã¤ë?ö
é?á¤íõã¶è æ¤íõã¶à¸åjìCéBì©ýgíõã¶à@.Bæ¶éì éBè
ã¤æäåjì àâç`è
éïÝOüµéBã¶ã¶éCíïþ þ
æ¶å�&D, égö àÁÎ�.Bæ¶é:ö é�á�ý:å`ö/.�îâé�ágµ��C��¶�µ��C�*¶�µ��jÿ�¶>å�0 ö
égì åjýÂ� æ¶éBè á¶éBá
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�����IØ ñ
ÝÞÜ3ò�ÙWPWé�ì áäàâã¤ëZëBì é�æäêjëBã¶à¸çrè éZþoíõæ!�oíïæÄ�jåjì�öoíïì
á7î�í;ý:íõã¶à@.�æäéµìrè/&Bî¸ë.íõà¸æ¶éxS�æ¶åjàâö é§&Båjý:ý=é
S�åjì?&Bã¤àâåjì�ö éCî¸ícö é�ì
á¶àâã¶ëCþxåïè æ¹ö àÁÎmëBæ¶é�ì�ã¶é�ár�õíïî¸éBè æ¶á¬ö
è®þ íïæ¤íïý7.Bã¶æ¶é:öÁ÷óíõá��`ý:ë«ã¤æäà¸é

Ω
Ý'VHé�áã¶æ¶à�íõì êjî¸éBá§&�åïæ¶æ¶éBá¶þ�åjì ö éBì�ãGíïè�(©æ¶ëBá¶è îÞãùíõã¶áMö
égµ��ïñ*¶
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&Båjì�ã¤æ¤íõà¸ì�ã¤éBáWáäåjì�ãGà¸ý=þ�åjá¶ëBé�áF\"ë�ì éBæ¶êjàâé�þoíõæ
�oíõæ��jåïì¡´^S�æ¤íC&«ã¤à¸åïìJþ æäåïã¤åïì à¸çrè é|´oéBãGö
àZÎxë�æ¶éBì�ã¤é�áçrèoíïì�ã¶àâã¤ëBáEþ/,%�6áäà¸çrè éBá;éBãMîâé�è æZö ëBæ¶àÁ�jë�éBá�Ý
> îUìÁ÷øé�áäã+þoíïáXçrè é�á¥ã¤à¸åïì�à@&Bà@ö é=æ¶ë.íõî¸à¸áäé�æ9è ì é=ëBã¶è ö é:é)(q,oíïè á¥ã¤àÁ�jégö
é�á+þ
æ¶åjþ æäà¸ë«ã¤ë�áXö é=î�íý:íõã¤àZ.�æäé@ì`è?&�î¸ë�íïà¸æäéUðMîq÷ûëBçrè à¸îâà@� æäéOé�ì�è
ã¤àâî¸àâá¤íïì�ã¡&BéBãäã¤éTô·�F+Ë´3ý:íïà¸ámöÁ÷ûè6ã¤à¸îâà¸áäé�æÁè ì
éTàâìrã¶é�æ¶íC&Bã¶à¸åjìé)Îmés&Bã¤àÁ�jé�æäé�þ æäå6ö è
à¸á¤íõìrã³&�åjæäæ¶és&Bã¤éBý:éBì�ã�&�é�ágþ æ¶åjþ
æ¶à¸ë«ã¤ëBáQ´µé«ã®StíC&Bà¸î¸éJð�ý=éBãäã¤æ¶écé�ì�å`é�è?�`æ¶éìrè ý=ë�æäà¸çrè é�ý=é�ì�ã�Ý

�����IØ ñ
ÝâÜ.ñÌÙÐP;é�ì
á¶àâã¶ëcëBì é�æäêjëBã¶à¸çrè é'þoíïæ7�oíïæ��ïåjìÄö íïì á=î�í)ýgíõã¶à@.Bæ¶éCì éBè
ã¤æäåjì à¸çrè é�S�æ¶åïà¸ö é
&Båjý:ý=é�S�åjì/&«ã¤àâåjìCö é9î�í¬ö éBì á¶àÞã¤ëXð¬ö àZÎxë�æäé�ì�ã¤éBá�S�æ¶íC&Bã¶à¸åjì
áZþ æ¶åïã¶åjì àâç`è
é�á�Ý

VHé;þ�åïã¤éBì�ã¤à¸éBîm&D, à¸ý=à¸çrè éMö é�áTìrè/&�îâë�åjì áµé�áäãµè ì é;íïè
ã¤æäéWêïæ¤íïì ö
é�è æTþ/,%�6áäà¸çrè éGþ íïæäã¶à@&�è
î¸à@.Í�æäé�ý=é�ì�ãMà¸ì�ã¤ëBæ¶é�áäá¤íïì�ã¶éïÝ�ô@î¸î¸é;é�áäãWö ë)boì à¸é9þoíõæ»\

µi =
∂ε

∂ρi
i = n, p.

ô@î¸îâéUæ¶é�þ
æ¶ë�áäé�ì�ã¤éTî�íI�õíïæ¶à¸íõã¤àâåjì?öÁ÷øë�ì éBæ¶êjàâéTþoíõæSî¸íMý=å`ö àZb^&�íõã¤àâåjìGö è�ì åjýr�
æ¶é>ö é·&Båjì á¥ã¤àâã¶èoíïì�ã¤áöÁ÷øè ì é+é�á¶þÏ.Q&BéïÝ�NWè
ã¤æäé�ý=é�ì�ãGö àÞã�´�é�îâî¸éXþxéBæ¶ý=éBãGö
é¹ö ëQ&Bæ¶àâæ¶é+îq÷ûëBçrè à¸îâà@� æäéW&D, àâý:àâçrè é�éBì�ã¤æ¶é¬îâé�áö éBèq('é�áäþË.s&�éBá]Ætþ
æ¶åïã¶åjì áZéBãMì éBè
ã¤æäåjì á-ÇI&Båjì á¥ã¤àâã¶èoíïì�ã¤áEî¸í�ý:íõã¶à@.�æäéGëBã¶è ö àâë�éïÝ
VYí�boêjè æäéEñ
ÝâÜ�úGæ¶éBþ æ¶ëBá¶é�ì�ã¶éWîâéKþxåõã¤é�ì�ã¶à¸é�î?&D, à¸ý=à¸çrè éTö é�áUþ æäåïã¤åjì
á@öoíïì á@î¸í;ýgí¡ã¤à@.Bæ¶éTì é�èq�ã¶æ¶åjì àâçrè éC´HéBì¹S�åjì?&Bã¤àâåjì)ö é=î�íCö é�ì
á¶àâã¶ë�ö é:ì
é�è
ã¶æ¶åjì áBÝeVYéBáF&.íïîZ&�è îâáXåïìrãXë«ã¤ë�æ¶ë�íïî¸àâá¶ë�á9þ�åjè æ
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ö àÁÎmëBæ¶éBìrã¶á+þoíõæ¤íïý7.Bã¶æ¶é�á
Ω
ÝwVYéBá+æäë�á¶è
îâãùí¡ã¤á+áäåjì�ãÂStíïàZ� î¸éBý:éBì�ã�ö
ë�þ�é�ì öoíõìrã¶á¹ö è9Ãäé�è ö é:þoí��æ¶íïýg.«ã¤æäé�áQ´Yé«ã+áäåjì�ã+öoíõì á�ã¶åjè áXî¸é�áF&�íïá�éBì ��åjì�í|&Q&�åïæ¶ö í��ïéQ&9�oæ¶àâé�ö ý:íïì)éBã+íïîqÝ'µ��õñ|¶�ÝeVHé�áæäë�á¶è
îâãùí¡ã¤áEá¶åjì�ãMæ¶éBþ æ¶ëBá¶éBìrã¶ë�áWþoíïæZö éBáWîâåjá¤íïì
êjé�áZáäè æEî�írboêjè æäéXñ
ÝâÜ�ú Ý

�����IØ ñ
ÝÞÜ.ú9Ùß�Våïã¶é�ì�ã¤àâé�îG&D,
à¸ý=à¸çrè é=ö é�á¬þ æäåïã¤åïì á+öoíõì á¹î�í'ýgí¡ã¤à@.Bæ¶é:ì é�è
ã¶æ¶åjì
à¸çrè é®&Båjý:ý=é
S�åjì?&Bã¤àâåjì�ö é?î¸í�ö éBì á¶àÞã¤ë?ö é;ì é�è
ã¶æ¶åjì
áZþxåjè
æKö àZÎxë�æäé�ì�ã¤éBáEôx�K+�Ý/VHé�áZæäë�á¶è
îâãùí¡ã¤áKö érµ��ïñ�¶Áá¶åïìrãàâì ö à¸çrè ëBáEþoíïæZö éBáWîâåjá¤íïì
êjé�áBÝ

+6è æHî¸íGboêjè æäéXÆ ñ
ÝÞÜ*��Ç)´Bî¸é7þ�åïã¶é�ì�ã¤àâé�î�&D, àâý:àâçrè é7ì éBè
ã¤æäåjì á3&�åjý=ý=éwS�åjì/&«ã¤àâåjì?ö é@î�íKö
é�ì áäàâã¤ëö é?ì
é�è
ã¶æ¶åjì áEí¹ë«ã¤ë?æäé�þ æäë�á¶éBì�ã¤ëïÝxüµéBáI&.íïîZ&�è îâáKåjì�ãZë�êjíïî¸éBý:éBìrãKëBã¤ë?æäë.íïîâà¸áäë�áZð+ã¶é�ý=þxëBæ¤íõã¶è æ¶éìrè îâî¸é¬éBãXþ�åjè æ9ö àÁÎmëBæ¶é�ì�ã¶é�áF�ïíõî¸é�è
æ¶á9ö é
Ω
´
c
æ¶éBáäãùíõìrãKb?(6éïÝeVHé�á9æäë�á¶è
îâãùí¡ã¤áXö é�á9æ¶ë)S�ë�æäé�ì/&Bé�á

µ��ïñ|¶Ó´@µûÿjò�¶Ó´jé«ãMµ��CT|¶ á¶åjì�ãTæ¶é�þ
æ¶ë�áäé�ì�ã¤ëBáµæäé�á¶þ�éQ&«ã¤àÁ�jé�ý=é�ì�ãTþoíïæ@ö éBáTîâåjá¤íõì êjé�ás´%&.íïæäæ¶ëBáQ´�éBã>þ�åjà¸ì�ã¶á�Ý
VHé�á]&�íïî@&Bè î¸á+æ¶ë.íõî¸à¸áäë�á¬í��ïéQ&©î�÷ûôx�K+�þ íïæ¤íïý=ëBã¶æ¶ëBé�þoíïæ

Ω = −100MeV
á¶åïìrã�þ
æ¶å�&D, é�á�ö éîq÷óôx�F+¹ö éKãt�`þxé
+q`%�`æ¶ý=éïÝ[VHé�áUö éBèq(=íïè6ã¤æ¶éBá'�ïíõî¸é�è
æ¶á@ö é

Ω
ý:åjì�ã¶æ¶é�ì�ãUöÁ÷øà¸ý=þ�åjæäã¤íïì�ã¤é�á@ö
àZÎxë)�æäé�ì/&Bé�áEðÂ,oíõè
ã¤éGö
é�ì áäàâã¤ëõÝ^+6à�î�÷øåjì®&Båjý=þoíïæ¶é;ð+î�÷ûôx�F+:ö é;æäësS�ëBæ¶é�ì?&�é7Æ

Ω = −100MeV
ÇÍ´
îâé�áæäë�á¶è
îâãùí¡ã¤á>þxåjè
æ

Ω = −75MeV
áäè æ¶éBáäã¤àâý:éBì�ãµîâéMþ�åïã¶é�ì�ã¤àâé�î^&D, àâý:àâç`è
éMö
é�áµì
é�è
ã¶æ¶åjì ás´
íõî¸åjæäáçrè é
&�é�è�(=þxåjè
æ

Ω = −125MeV
î¸éEá¶åjè
áÄ� éBáäã¶à¸ý=éïÝ6üµé�î¸í�í|ÎxéQ&«ã¤éBæ¤í�îq÷ûë)�jåjîâè
ã¤àâåjì¬ã¤éBý:þ�åjæ¶éBî¸îâé

&Båjý:ý=é?ì åjè
áMîâé�á§�ïé�æ¶æäåjì áMöoíïì áEîâé?þ æ¶å�&D,oíïàâìp&D, íïþ àâã¶æ¶éõÝ
PGíïì
á+î¸é�ý=å6ö?.�î¸é�ö é=î�í©êjåjè6ã¶ã¤é=î¸àâçrè à¸ö é|´Áî�÷øë�ì
é�æ¶êïà¸é�þoíïæK�oíïæÄ�jåjìeþxéBè
ã+áäégö ë)�jéBî¸åjþ þ�é�æ
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ÝÞÜ*��Ùß�Såïã¤éBìrã¶à¸éBîG&D, àâý:àâç`è
é�ö é�á¬ì
é�è
ã¶æ¶åjì á¬ö íïì á¬î�íJýgíõã¶à@.Bæ¶égì
é�è
ã¶æ¶åjì àâçrè é³S�æ¶åïà¸ö é
&Båjý:ý=éWS�åïì/&Bã¶à¸åjì�ö é+î�í�ö éBì á¶àÞã¤ë¹ö é¬ì
é�è
ã¶æ¶åjì á?þ�åjè æ?ö
àZÎxë�æ¶éBì�ã¤é�á?ëBçrèoíõã¤àâåjì áGöm÷ûë«ãùíõã¶á�Ý�VHå|�á¶íïì êjéBáQ´I&.íõæ¶æ¶ëBá©éBã©þ�åjà¸ì�ã¤á³&�åjæäæ¶é�áäþxåïì ö é�ì�ãQ´Zæ¶é�áäþxés&Bã¶àZ�jéBý:éBì�ã�´Míïèq(¯æ¶ë�áäè îâã¤íõã¤áCö
é�áp�Më)S�ë)�æäé�ì/&Bé�áWµ��ïñ�¶É´3µûÿjò*¶Yé«ãWµ��CT*¶�Ý
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þ æäåq&D,
éXö
éXî¸í¬ö é�ì áäàâã¶ëXö
éXá¶íõã¤è
æ¤íõã¶à¸åjì¡´q&�åjý=ý=é?á¶è àÞãKµ��C��¶'\

ω = ω0 +
K0

18ρ2
∞

(ρ− ρ∞)2 + [J +
L

3ρ∞
(ρ− ρ∞)]δ2 Æqñ
Ý�T��%Ç

å�0
ω0

é«ã
K0

áäåjì�ã�´Uæ¶éBá¶þ�éQ&Bã¶àZ�ïé�ý=é�ì�ã�îq÷ûëBì é�æäêjà¸é©ð�î�í�ö é�ì
á¶àâã¶ëJö
é'á¶íõã¤è
æ¤íõã¶à¸åjì®éBã=î¸é©ý=å|�ö è
î¸égöm÷ûàâì/&�åjý=þ æäé�á¶áäà@� àâî¸àÞã¤ë�ö égî¸ícý:íõã¤àZ.�æ¶é=ìrè/&�îâë.íïàâæ¶é=á��`ý=ëBã¤æäà¸çrè éõÝ!VHé�ár&Bå6é��7&�à¸éBì�ã¤á7¸céBã
V &Båjæ¶æäé�áäþxåjì
ö é�ì�ã�´Uæäé�á¶þ�éQ&«ã¤àÁ�jé�ý=é�ì�ãQ´Tð�îq÷ûëBì é�æäêjà¸éCö é©áÄ�6ý=ëBã¶æ¶àâéCéBã:ð�î�í�ö ë�þ�é�ì
öoíïì/&BéJéBìö éBì á¶àÞã¤ë¹ö
é¹î�÷øë�ì éBæ¶êjàâé�ö
é¹á��`ý=ëBã¤æäà¸éõÝ¡+6à

ρ∞
éBã?îâé�áWö é�èq(�þ æ¶éBý:àâé�æäá
&Bå6é��g&Bà¸éBìrã¶á?á¶åjì�ã»�
à¸é�ìö ë«ã¤éBæ¶ý=à¸ì ëBáOþoíïæVî�÷øå�� áäé�æ��õíõã¶à¸åjì�é)(6þ�ë�æ¶àâý:éBì�ãùíïîâéC´¡î¸é�áVö é�è�(¹ö éBæ¶ì àâé�æäá7åjì�ã7è ì¬î¸íïæ¶êïéTö åïýgíïàâì éöÁ÷øà¸ì?&�é�æ¥ã¤àÞã¤è ö éõÝ/PGíõì áEî¸é�� è6ãZö é»&�åïý:þoíõæ¶é�æKíïèq(©íõè
ã¤æäé�áZý=å6ö/.Bî¸éBáµì åjè
áZö åjì ì åïì áEî¸é�áµæ¶é�î¸í��ã¶à¸åjì áEéBìrã¶æ¶éXî¸éBáMö
àZÎxë�æ¶éBì�ã¤é�áWþ æ¶åïþ æ¶àâëBã¤ëBáEýgíC&Bæ¶åjá�&�åjþ
à¸çrè é�áMö éXî�í¬ý:íõã¤àZ.�æ¶é?ìrè/&Bî¸ë�íïà¸æäéXé«ã;îâé�áþoíõæ¤íïý7.Bã¶æ¶é�áEçrè é9ì åjè
áWí��ïåjì áMè
ã¤àâî¸à¸áäë�áKö íïì áXPGL�º1NMA�Ýeµóÿ`ÜQ¶

ωδ =
1

2
lim
δ→0

∂2ω

∂δ2

Æqñ
Ý�T�ÿ�Ç

J = ωδ(ρ∞)
Æqñ
Ý�T��%Ç

L = 3ρ
∂ωδ
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