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�Våïè æVþ�åjè?�ïåjà¸æYé)Îmés&Bã¤èé�æz&Bé�áVíïþ þ æäå�(àâýgí¡ã¤à¸åïì áHà¸îjéBáäãVì ëQ&Bé�áäá¤íïàâæ¶éµöéTæäë�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 àâæXèìeåjþ�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

ÆqñÝÞÜ3ò�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�ÇUþxéBèãEá¶é?öëQ&�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, ]

ÆqñÝÞÜkñ%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, ]

ÆqñÝÞÜ.ú[Ç
üµé9çrè àYö åjì ìéXéBì'ã¶é�æäý:é?öÁ÷øåjþ�ë�æ¶íõã¤éBè æEö éKVYàâåjè?�`à¸îâî¸é;ð�èìo&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)

ÆqñÝÞÜ*��Ç
í��jés&

L0
1(i) = [H0

i , ]
ÆqñÝÞÜ
�%Ç

L1
1(i, j) = [H1

i,j, ]
ÆqñÝÞÜ3ÿ�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 ÆqñÝóÿ�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]

ÆqñÝÞÜ
�%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

ÆqñÝÞÜ
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)

ÆqñÝóòC	%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¸åjìáG&�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 ÆqñÝóÿ�ÇWöégVHàâåjè?�`à¸îâî¸éF�jåjìiAWéBè ýgíõìÁÝ¡N &�é�á¥ãùíïö é
òjò



î¸í'æäë�á¶åïî¸èã¶à¸åjì�ö é7&�égáÄ�`áäã-.Bý:é:öÁ÷øë�çrèoíõã¶à¸åjì á�æ¶éBáäã¤é:é)(íC&«ã¤éC´Sý:íïà¸á9à¸ìá¶åjîâè/� î¸é¬éBì þ æ¶íõã¤àâç`èéïÝ
+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

ÆqñÝóò6Ü*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)ÆqñÝóòjò�Ç
V@÷ûëBçrèoíõã¤àâåjì ÆtñÝóò6Ü*ÇMStíïàâãXíõþ þoíïæ¶í��¸ã¶æ¶é¬î�í©ý:íõã¤æäà@&�é¬öé�ì áäàâã¤ë:ðJöé�èq(i&�åïæ¶þ ás´Söåjì�ã+îq÷ûë)�jå|�îâèã¤àâåjì�é�á¥ã9ö ëQ&Bæ¶àÞã¤é¹þoíõæ?î�÷øë�çrèoíõã¶à¸åjì ÆtñÝóòjò�Ç«ÝÁüµé¹ã¤éBæ¶ý=é+ã¤àâé�ì�ã»&�åïý:þã¶é¹ö éBáK&Båjæ¶æäë�î¸íõã¤àâåjì áGðò¹þoíïæ¥ã¤àZ&�è îâé�á�Ý/�Gì'ìé?þxéBèãEæ¶ëBá¶åjè öæ¶é9î�÷øë�çrèoíõã¶à¸åjì¹ÆtñÝóò6Ü*ÇTçrèÁ÷øè ì é»S�åjàâáµã¤æäåjè?�jëBé9î�í¹á¶åïî¸èã¶à¸åjìö éWî�íXýgíõã¶æ¶àZ&�éEö é�ìá¶àâã¶ëGðXö é�èq(³&�åïæ¶þ áG�`à¸íXîq÷ûëBç`è íõã¤àâåjì1ÆtñÝ òïò�Ç)´rçrè à�é�î¸îâéWý7Å�ý=éMì ëQ&Bé�á¶áäàâã¶éGî�íæäë�á¶åïî¸èã¶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
� ìéJþ æäé�ý=à@.Bæ¶éCíïþþ 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`èàVþ�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 èàâãíïì�ã¶à¸á��`ý=ëBã¶æ¶à¸áäë?ö é�áMý:íõã¤æäà@&�éBáKö éBì á¶àÞã¤ëXð=èìo&Båjæ¶þ áF\

ρ2(1, 2) = P (1, 2)ρ1(1)ρ1(2)
ÆqñÝóòïñ%Ç

å�0o�£éBáäãMî�÷øåjþ�ë�æ¤í¡ã¤é�èæZöÁ÷óíõìrã¶à¸áÄ�6ý=ý=ëBã¤æäà¸á¶íõã¤àâåjìÁÝ�V@÷ûëBç`è íõã¤àâåjì©þ æ¶ës&�ë�öé�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

′)
ÆqñÝóòõú[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)

ÆqñÝóò���Ç
åjè'é�ì/&Båjæ¶é

i~
∂ρ1(t)

∂t
= [hHF , ρ1]

ÆqñÝóòC�%Ç
å�0

hHF
þ æ¶éBì öcî¸íÂS�åjæ¶ý=é]\

hHF = L0
1 + Tr2L

1
1P (1, 2)ρ1(2)

ÆqñÝóòjÿ�Ç
üG,oíïçrè é+þoíïæäã¶à@&Bè î¸éF�jåjàÞã;èì�þxåõã¤é�ì�ã¶à¸é�îSésÎxéQ&«ã¤àÁSUðgè ìÌ&Båjæ¶þá;çrè àSé�áäãGè ì é+ý=å
�jéBì ì é¹ö éã¶åjèã¤éBá¹î¸éBá�àâì�ã¤é�æ¶íC&Bã¶à¸åjìá+ðcöé�èq(ß&�åjæäþ áQ´w&ï÷øé�á¥ã¬è ì é:ës�jåïî¸èã¶à¸åjìeé�ìÐ&D,oíïý=þ ý=å
�jé�ìmÝ7ü;÷øé�á¥ãîq÷óíïþþ æ¶å�(6à¸ý:íõã¤àâåjì O�PGß��Æ�ë�çrèoíõã¶à¸åjì®ñÝóòC�%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 áZöoíïìáZî¸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�èãKÅBã¶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

òïñ



VYíCýgíõã¶æ¶àZ&�é¹ö éBì á¶àÞã¤ë�ðCö éBèq( &�åïæ¶þ á9þ�é�èãFÅ«ã¤æ¶é¬öëQ&�åïý:þ�åjá¶ëBé�é�ì�è ì é¬þoíïæ¥ã¤àâér&�åjæäæ¶ëBî¸ë�éé«ãWèì 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)

ÆtñÝóòCT%Ç
ρ0

2

&�åjæäæ¶éBá¶þ�åjì öoíïì�ãXðgî¸ígý:íõã¤æäà@&�é�ö é�ìá¶àâã¶ë¹æ¶ëBö è àÞã¤é¬ðgöé�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+öé�áXåjþxëBæ¤íõã¶é�è æäá9öÁ÷óíõìrã¶àÁ�áÄ�6ý=ëBã¶æ¶àâá¤íõã¶à¸åjìÁÝ?VHé�áZà¸ìö à@&Bé�áKáäè/&Q&Bé�á¶áäàZS�áMì åjì©á¶ëBþoíïæäë�áEþoíïæKîâé�áI�oíõæ¶æ¶éBáZà¸ì/&Bî¸àâì ë�éBáKà¸ì öà¸çrè é�ì�ãçrèÁ÷øà¸îâáK&Båjæ¶æäé�áäþxåjìö 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=öë�î¸àâý:àÞã¤éBè æ�ÝÏN;àâì á¶à7ã¶åjèã¤é�ý:íõã¤æäà@&Bé¬ð

S
&�åjæäþ áXì åjì &�åjæäæ¶ëBî¸ë�ééBáäãMî¸é?þ æäå6öè àâãEö éBáEýgíõã¶æ¶àZ&�é�áZöé�ì áäàâã¤ëXð¬è ìp&�åjæäþ áF\

ρ0
S = ΠS(1/2/.../S) =

S∏

i=1

ρ1(i)
ÆqñÝûñ�	%Ç

ô@ì)èã¤àâî¸à¸á¶íïì�ã»VHé¬þ æäé�ý=à¸é�æWåjæ¶öæ¶é¬ö é¬î¸í³, à¸ëBæ¤íïæ�&D, à¸érE§EIHFJ�LaÆqñÝóò6Ü*ÇEéBã9î�í:ö ëQ&Båjý:þ�å|�áäàâã¤àâåjìcöé¹î�í=ýgíõã¶æ¶àZ&�éXö é�ì áäàâã¶ë¬ð�ö é�è�(Ì&Båjæ¶þ á]ÆqñÝóòïñ%ÇÍ´xåjì�þ�é�è6ãGö ës&�æ¶àâæ¶é¹îq÷ûë)�jåjîâèã¤àâåjìcöé¹î�íþoíõæäã¤àâé?ì åjì�&�åïæ¶æ¶ëBî¸ëBéXöéXî¸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)])
ÆtñÝóñ6Ü*Ç

juBEdFBkj ©ZOSOaW<b«ªu`G¬cM�[;`UbCm®°¯²±¨��³
VYí=þæ¶å�Ãäés&Bã¤àâåjì©ö é9î�÷øë�çrèoíõã¶à¸åjì¹ÆtñÝóÿ�Çµá¶è æEîq÷ûéBá¶þoíC&Bé+ð7+9&�åjæäþ áEö åjì ìé7\

iρ̇S = LSρS + TrS+1

S∑

i=1

L1
1(i, S + 1)ρS+1 S = 1, ..., N − 1.

ÆtñÝóñjò�Ç
üµéZáÄ�6á¥ã-.Bý:éEöÁ÷øë�çrèoíõã¶à¸åjìá'&�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 à6þæ¶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 þæ¶å�(6à¸ý:íõã¤àâåjì á+þ�é�æäý:é«ã¶ã¤íïì�ã�î�ícã¤æäåjì/&�íõã¤è æäéCö é�á�ëBç`è íõã¤àâåjì á�Ý!�Våjè æ

S = 1îq÷ûëBç`è íõã¤àâåjì©ö åjì ì éÈ\
iρ̇1 = L0

1(1)ρ1 + Tr2L
1
1(1, 2)ρ2(1, 2).

Æqñ6Ýóñjñ�Ç
V@÷óíõþ þ æ¶å�(6à¸ý:íõã¶à¸åjìeî�íJþî¸è áÂS�åïæäã¤ég&�åjìá¶à¸á¥ã¤é©ðcìë�êjîâà¸êjéBæ�îâé�ár&Båjæ¶æäë�î�í¡ã¤à¸åïì á�éBì�ã¤æ¶éCþ íïæäã¶àÁ�

&Bè î¸éBá�Ý·�Gì®ës&�æäàâã:íïî¸åïæ¶á¬î�í�ý:íõã¤æäà@&Bé�ö é�ìá¶àâã¶ë'ð�ö éBèq( &�åïæ¶þ á
ρ2(1, 2)

&Båjý=ý:éCîâé'þæ¶å`ö è àâã
òõú
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S = 2

í|boì®öÁ÷ûåC�ã¤éBì à¸æ�è ì é©éÍ(þæ¶é�áäá¶àâåjìÄö é
ρ2(1, 2)

çrè é©î�÷øåjì�þ�åjè æ¶æ¶í�æäë�àâì�ÃäéQ&«ã¤é�æ�öoíõì á
ÆtñÝóñïñ%Ç«Ý � ìi&Bé�æ¥ãùíïàâìeì åïýr� æ¶é�öÁ÷ûíïþ þæ¶å�(6à¸ý:íõã¤àâåjì áGáäåjì�ã+ì ës&�éBá¶á¤íõà¸æ¶éBá�þ�åjè æXíC��åjèã¶à¸æ?ð©è ì éëBç`è íõã¤àâåjìÂboìoíõî¸éµæäé�î¸íõã¤àÁ�jé�ý=é�ì�ãOá¶à¸ý=þ îâéïÝ��Gì¬á¶é§&Båjì�ã¤éBìrã¶é�æ¶í9àZ&�àrö éKæ¶íïþ þ�é�îâé�æOîâé�áw,[�`þ�åïã-,?.�á¶éBáé)Îmés&Bã¤èë�é�áW\

Ù VHéBáX&Båjæ¶æäë�î¸íõã¤àâåjì áZð¬ã¤æäåjà¸á§&Båjæ¶þáMé«ãMþ î¸è áEáäåjì�ãWìë�êjîâà¸êjëBé�á
ÙÜ�Gì)á¶é�áäàâã¤èé¹öoíïì á9îq÷óíïþþ æ¶å�(6à¸ý:íõã¤àâåjì1�JíïæU`õå*�`àâé�ì ì é|´Håjè)ö é¬ý=ë�ý=åjà¸æäéÂ&�åïè æäã¶éoµ �jñ*¶É´
&õ÷ûéBáäãÄ� ð�� ö à¸æäé¬ç`èé=îâé¹ã¤éBý:þ á»&�íïæ¤í|&Bã¤ëBæ¶àâáäã¤àâçrè é¬öÁ÷øà¸ì�ã¤éBæ¤íC&«ã¤à¸åïì�éBì�ã¤æ¶é�ö éBèq()þoíõæäã¤àZ&�è îâé�áéBáäãMá¶èþ þxåïá¶ë9à¸ì?S�ëBæ¶àâé�è æZð¹îq÷ûàâì�ã¤é�æÄ�õíïî¸îâéWö é?ã¶é�ý=þ áZé�ì�ã¤æäé9ö é�èq(9&�åjîâî¸à¸áäà¸åjìáTáäè/&Q&Bé�á¶áäàZ�ïé�á
VHéBáWþoíõæäã¤àZ&�è îâé�áEþ�é�æ¶öé�ì�ãGíõî¸åjæäáZî�íq�Bý:ëBý:åïà¸æ¶é��Wö éXî¸éBè æEëBãùí¡ã;í��õíïì�ã&�åjîâî¸à¸áäà¸åjìmÝ ü;÷øé�á¥ã
&BéBãäã¤éF,%�6þ�åïãU,/.�áäé+çrè àHé�á¥ãWð=îq÷ûåjæäà¸êjàâì éMö é9î�÷øà¸æ¶æäës�ïé�æ¶áäà@� àâî¸àÞã¤ë;öéXîq÷ûëBçrèoíõã¤àâåjì®boìoíõî¸éïÝ

ÙÜ�Gì)á¶èþ þxåïá¶é�î¸ér&Båjè þ î¸íïêjérStíïàZ� î¸é|´Ë&õ÷ûéBáäãÄ� ð�� ö à¸æäé¹î¸éBá?ë�ì éBæ¶êjàâé�á9öÁ÷øà¸ì�ã¤éBæ¤íC&«ã¤à¸åïì�þxé«ã¤àâã¶é�áþ íïæWæ¶íïþ þ�åjæäãWð=î�÷øë�ì éBæ¶êjàâéXãt�`þ àâç`èé+ö èJá��`áäãU.�ý=éïÝHüµés&�àe&�åjæäæ¶éBá¶þ�åjì ö�ð=è ìcîâà@� æäéXþ íïæÄ�
&Båjè æäáMý=å
�jéBìJàâý:þ�åjæäã¤íïì�ã.Ý

�Gìcí|�xåjè6ã¤àâãZíïî¸åjæäáEð¬î�÷øë�çrèoíõã¶à¸åjìCáäè àZ�õíïì�ã¤éÈ\
ρ̇1(1) = −i[h(1), ρ1(1)] + I = −iLρ1(1) + I,

Æqñ6Ýóñïú%Ç
çrè àHé�á¥ãMî�÷øë�çrèoíõã¶à¸åjì'ô'O�PGßM�ÜÆqôz(`ã¤éBì ö éBö5OZà¸ý=é»P;éBþxéBì ö éBìrãGß;íïæ¥ã¤æäé�é)�t�oåq&D`qÇ«Ý/VYé9þ æäé)�ý=à¸éBæUã¶é�æäý:é�&�åïæ¶æ¶éBá¶þ�åjì öCíõè³&D,oíïý=þgý=å
�jéBìÌ\

h(1)
é�á¥ãKîâéWßWíïý=à¸îâã¶åjì àâé�ì¬ö é;ß;íïæ¥ã¤æ¶éBé)�t�"å�&D`ö ë)boì àYþoíïæ»\

h(1) = H0(1) + Tr2V
A(1, 2)ρ1(2),

ÆqñÝûñ%��Ç
V A ëBã¤íïì�ã¬î¸é=ã¤é�æäý:égöÁ÷ûàâì�ã¤é�æ¶íC&Bã¶à¸åjì ðcö é�è�( &�åjæäþ á¬íïì�ã¶à¸á��`ý=ëBã¶æ¶à¸áäëC´ L é�á¥ã�î¸é®VHàâåjè?�`à¸îâî¸à¸éBì
&Båjæ¶æäé�á¶þ�åjì ö íïì�ã.Ý·VYé'ö éBèq(6à@.�ý=é©ã¤é�æäý:é

I
éBáäã�îâéCã¤é�æäý:é©ö ép&�åïî¸î¸àâá¶àâåjì�çrè àWàâì�ã¤æ¶å`ö è àÞã�ö é�áé)Îmé«ã¤áMö à¸áäá¶à¸þ íõã¤àÁS�á�Ý

VHåjæ¶áäçrèÁ÷ûåïì á¶é=þ î�í|&�é�öoíïì áXî�í��oíïáäé:öé�áXëBãùí¡ã¤áXþ æ¶åjþæ¶é�á |α >
ö è ßWíïý:àâîâã¶åjì à¸éBì�ð©è ì

&Båjæ¶þ ás´î�÷øë�çrèoí¡ã¤à¸åïìJñ6Ýóñïú�áB÷ûës&�æ¶àÞãF\
iρ̇αα′ =

1

~

∑

ββ′

Lαβα′β′(ρ)ρββ′ + Iαα′ ,
ÆqñÝûñ��%Ç

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′)].
ÆqñÝûñ�ÿ�Ç

ò��



� ìéGö é�æäì à@.Bæ¶é;íïþ þ æäå
(6àâýgíõã¶à¸åjìÈ&Båjì á¶àâáäã¶é?ð�ì ëBêjî¸àâêjé�æ>î¸éBá>ã¶é�æäý:éBáµì åjìgö à�íïêïåjìoíïèq(=öéGî�íý:íõã¤æäà@&BéGö é�ìá¶àâã¶ëïÝmV@÷øë�çrèoíõã¶à¸åjì'öÁ÷øës�jåïî¸èã¶à¸åjì©ö àâá¶á¶àâþoíõã¶àZ�jéboìoíïîâéXéBáäãWíïîâåjæ¶á�\
iρ̇α = −i

∑

β

Lββααρβ +
∑

βγδ

Wαβγδ [ργρδ(1 − ρα)(1 − ρβ) − ραρβ(1 − ργ)(1 − ρδ)]

︸ ︷︷ ︸
I

.

ÆqñÝûñ��%Ç
VHé?ã¤é�æäý:é?öéK&Båjî¸îâà¸áäà¸åjì

I
æ¶éBá¶þ�éQ&Bã¶é�îâéGþ æäà¸ì/&Bà¸þ�é?ö éK�Oíïè îâà�Ýq> îÁþxéBèãMá¶é9ö ës&�åjý=þxåïá¶é�æEéBìè ì©ã¤éBæ¶ý=é?ö é9ê�íïàâì

ργρδ(1 − ρα)(1 − ρβ)
éBãEè ì©ã¤éBæ¶ý=é?ö é9þxéBæäã¶é

ραρβ(1 − ργ)(1 − ρδ)
Ý

VHé�ã¤é�æäý:é=ö é:ê�íïà¸ì¹&�åïæ¶æ¶éBá¶þ�åjì ö�ð'è ì é7&�åjîâî¸àâá¶à¸åïì�é�ì�ã¤æäégè ì é:þoíïæ¥ã¤à@&Bè î¸é�öoíõì á+îq÷ûë«ãùíõã
γ
é«ãè ìé'þ íïæäã¶à@&�èî¸égö íïì á¬î�÷øëBã¤íõã

δ
&Båjì ö èà¸á¤íõìrã=íõèq( ã¶æ¤íïì áäàâã¶à¸åjì áW�jé�æäá�î¸é�á¬ë«ãùíõã

α
éBã
β
´z&BéQ&Bàí��jés&�î¸é©þ�åjà¸öá

ργρδ
ði&Båjì ö àÞã¤à¸åïì®çrè éJî¸éBá:ë«ãùíõã¶á

α
éBã
β
ì écáäåjà¸éBìrã:þoíïá=ö ëtÃ¶ðeå�&Q&�èþxëBá

Æ
(1−ρα)(1−ρβ)

ÇPÝ[VYéZã¶é�æ¶ý=éEö éEþxéBæäã¶é&Båjæ¶æäé�á¶þ�åjì ö:ð9è ì é�&�åjîâî¸àâá¶à¸åïì¹é�ì�ã¤æäéWèì éWþ íïæäã¶à@&�èî¸éöoíõì á7î�÷øëBã¤íõã
α
éBã7èì éZþoíïæ¥ã¤à@&Bè î¸é>öoíïìá@î�÷øëBãùí¡ã

β
&�åjìö è à¸á¶íïì�ãUíïèq(�ã¤æ¶íïì áäàâã¤àâåjì á3�jéBæ¶áUî¸éBáOëBã¤íõã¤á

γ
éBã
δ
´Ë&�és&�à@í��jés&¬î¸éXþxåïà¸ö á

ραρβ
ð³&�åïì ö àâã¶à¸åjìJçrè é¬î¸éBá;ëBã¤íõã¤á

γ
é«ã
δ
ì é¹á¶åïà¸é�ì�ã?þ íïá;ö ëtÃ¶ðå�&Q&Bè þxëBá]Æ

(1 − ργ)(1 − ρδ)
Ç«Ý
Wαβγδ

æ¶éBþ æ¶ëBá¶éBìrã¶é¹î�í¬þ æäå��oíC�à¸î¸àÞã¤ëGöéXã¶æ¤íïì áäàâã¶à¸åjì©é�ì�ã¶æ¶é+îâé�áë«ãùíõã¶á
γ
éBã
δ
é«ãWîâé�áZë«ãùíõã¶á

α
é«ã
β
Ý

V@÷ûëBçrèoíõã¤àâåjì®ô'O�PGßM� í�ëBã¶ëCå��ã¤éBìrè éCé�ì�ì ëBêjî¸àâêjé.íïì�ã¬èì®êïæ¤íïì ö�ìåjýr� æäé�ö éCö éBêjæ¶ëBáö é=î¸àZ�xéBæäã¶ëïÝÁô@îâî¸é¬ì é�þ�é�èã�ö åjì/&]S�åjèæ¶ì àâæ?ç`èé:îâé]&�åjý=þxåïæäã¤éBý:éBì�ã9ý:å
�jéBì�ö è�á��`á¥ã-.�ý=éïÝ3> îéBáäãr&Bé�þ�é�ì ö íïì�ã¹ì ës&�é�áäá¤íïàâæ¶é�öm÷ûàâìrã¶æ¶å`ö è àâæ¶é�ö é�áK{oè/&«ã¤èoíõã¶à¸åjìá�ö é=ö éBì á¶àÞã¤ëgáäàTîq÷ûåïìeáäåjè/,oíïàÞã¤éö ës&�æäà¸æ¶éEî¸í9öà¸á¶þ�é�æäá¶àâåjì�ö é�á>å�� áäé�æ��õíC�î¸é�á>éBã>îq÷ûëBý:àâá¶á¶àâåjì¬ö éMþoíïæ¥ã¤à@&Bè î¸éBá�Ý�> îoáB÷óíõêjàâãUö åïì/&Wöm÷ûéÍ(��ã¶æ¤íïàâæ¶éµîq÷ûàâì?S�åjæäýgíõã¶à¸åjìXð�A &�åjæäþ á@î�í;ý=åjàâì áw�à�íïàâá¶ë�éKíïá¶áäåq&Bà¸ë�éKð;î�÷øà¸ì?S�åïæ¶ý:íõã¤àâåjìXðGè ì¬éBã@öé�èq(
&Båjæ¶þ áG&�åjì�ã¤éBìrè éGöoíïìáKî�÷øë�çrèoíõã¶à¸åjìgô'O�PGßM� ÆÄµóÿõú�¶�ÇPÝ üµés&�àxþxéBèãIÅBã¶æ¶éWæ¶ë.íõî¸à¸áäëWö íïì áKîâé&�íïö æ¶éö éCî¸íJþ/,%�`á¶àâçrè é©áäãùí¡ã¤à¸á¥ã¤àâç`èéïÝ!VYí5S�åjì?&Bã¤àâåjì öÁ÷øåjì öéCð1A &�åïæ¶þ á¬öÁ÷øè ì�á��`á¥ã-.�ý=éCé�á¥ã=íïî¸åïæ¶áö ës&�æäàâã¤é?þ íïæKè ì©ý=ë�î�íõì êjé;á¥ãùíõã¶à¸á¥ã¤à¸çrè é;ö é?ö ëBã¶é�æäý:àâìoíïì�ã¤áZö éK+`î�íõã¶é�æµöé�S�åjì/&Bã¶à¸åjìáKöÁ÷øåjì ö éBáð¬è ì�&�åïæ¶þ áBÝ � ì�&�æäàâã-.Bæ¶é?éBìrã¶æ¶åjþà¸çrè é?þ�é�æ¶ý=éBãMíõî¸åjæäáKö é?ö ë«ã¤é�æäý:àâì é�æZî¸í¹ýgí¡ã¤æ¶àZ&�éWö é�ì áäàâã¶ë�ð
A &�åïæ¶þ áMî�í¬ý=åjà¸ì áG� à�íïàâá¶ëBéïÝmAWåïè áI�jé�æäæ¶åjìá;çrè éXî�í¹ö éBáU&�æäà¸þã¶à¸åjì'ö éBáXS�åjì?&Bã¤àâåjì áZöÁ÷øåjì öé�éBìã¶é�æ¶ý=éEöÁ÷øåjì ö éBî¸éBãäã¤éBáTþ�é�æäý:é«ãTöm÷ûå��6ã¤é�ìà¸æUè ì éEé)(6þ æäé�áäá¶à¸åïì�á¶àâý:þ îâéKþ�åjè æUî�í?ý:íõã¤æäà@&�éZöé�ì áäàâã¤ëðÈA &�åjæäþ áEö è'á��`áäãU.�ý=éïÝ

òC�



�g��� 5 ª�Ý9¦I¬)¦§ � 3¦�� ¦§ �Ý9©u~G¢�
 �1¢W�3�Í 3�)¢Âª ¦�ª ¢Âª�Ý9¦I¬s¦§ � 3¦��
VYí�ã¤æ¤íõì á�S�åjæäý:ëBé¬é�ì�åjì ö éBî¸é«ã¶ã¤éBá?é�á¥ã�èìeåjè6ã¤à¸îVþxéBæ¶ý=éBãäãùíïì�ã9ö é¬ö ës&�åjèþxéBæXèìi&Bé�æäã¤íïà¸ìå��[ÃäéBãMýgí¡ã-, ëBýgíõã¶à¸çrè éÈÆ�S�åjì/&«ã¤à¸åïì áQ´ åïþxëBæ¤íõã¶é�è æäáQ´ éBì á¶éBýr� î¸éBáWöé�áEö åjì ìë�é�á-ÇEéBìJöàZÎxë�æ¶éBì�ã¤é�á

&Båjý:þ�åjá¶íïì�ã¤é�árS�æäë�çrè éBìrã¶à¸éBî¸î¸éBáQ´7é«ã�öÁ÷øëBã¤èö à¸éBæ]&D,oíïçrè ép&�åjý=þxåïá¤íïì�ã¤égöoíïì á�è ì éCës&D, é�îâî¸éCö éæäë�á¶åïî¸èã¶à¸åjì�íïö ë�çrèoí¡ã¤éïÝzVHé�á+þæ¶ëQ&Bè æ¶áäé�è æäá¬ö é®&BéBã¶ã¶égã¤és&D, ì àâç`èé�åjì�ã¹ö éBá¹åjæäà¸êjàâì é�á?ã¤æ�.�á¹öàÁ�
�ïé�æ¶áäé�áx&�åjý=ý=éKî¸éBá@ýgíõãU, ë�ý:íõã¶à¸çrè é�áOþ è æ¶éBáXµ��%�
¶É´ïî¸é�á@ë«ãùíõã¶á'&�å�,ë�æ¶éBì�ã¤á>é�ì�þ/,%�`á¶à¸çrè éWµ ���|¶oåjèîq÷óíïì íïîZ�`á¶é¬öé=áäà¸êjì íïèq()áäà¸á¶ý=à¸çrè éBá?é�ìeà¸ì êjëBì à¸éBæ¶àâé9µ��jÿ*¶qÝ3VSí�ãU, ë�åjæäà¸é�öÁ÷øåjì ö éBî¸é«ã¶ã¤éBáF&�åjì ì í��¸ãíC&«ã¤è éBî¸îâé�ý=é�ì�ã@ö éEì åjýÂ� æ¶éBè á¶éBáTíõþ þ î¸àZ&.íõã¶à¸åjìáOöoíïìá>öàZÎxë�æ¶éBì�ã¤é�áUö àâáU&Bà¸þ îâà¸ì éBáQ´ïîâé�á@þ îâè á@ì åjý]�
� æäé�è áäé�á&�åjì/&Bé�æäì é�ì�ãWésÎxéQ&Bã¶àZ�ïé�ý=é�ì�ãMî�÷ûíïìoíïîÁ�6áäé?ö é?ã¤åjè6ã¤é�áEáäåjæäã¶é�áMö é9á¶à¸êïìoíïèq(xÝ

VHé�á=ë�çrèoíõã¶à¸åjìá=þæ¶ëQ&Bë�ö éBý:ý=é�ì�ã:æ¤íïþþxéBî¸ë�éBáQ´@ö ës&�æäàZ�õíïì�ã=î�÷øëBãùí¡ã�öÁ÷ûèì£áÄ�6á¥ã-.Bý:é'éBã=á¶åïìë)�jåjîâèã¤àâåjìCã¤é�ý=þ�åjæ¶éBî¸î¸é|´ì ës&�éBá¶á¶àÞã¤éBìrãWî�í¬þ æäå�ÃäéQ&«ã¤àâåjìJöéK&Bé�áMëBã¤íõã¤áEá¶èæMèì éW� íïá¶éõÝmVYéF&D, åïàÁ(ö éG&�é�îâî¸éÍ�t&�àréBáäã@è ì]&Båjý=þ æ¶åjý=à¸áSö à=�g&Bà¸îâé>éBì�ã¤æ¶éZþæ¶ëQ&Bà¸áäà¸åjì�éBã7ã¶é�ý=þ áOö éG&.íïîZ&�è îqÝ�> î6é)(6à¸á¥ã¤éKöàZS �
S�ëBæ¶é�ì�ã¶á§&D, åjà#(gþ�åjáäá¶à@�î¸é�ás´6áäé�îâåjì�î¸éBáTý=å`ö é�áTö é;æäë�á¶åïî¸èã¶à¸åjì:éBãKîâé�áTý:å`ö/.�îâé�áBÝq�Såjè æTé)(6é�ý=þ î¸é
&Bé�èq()öé�ãt�`þ�é�áW�F�5Paµ���T*¶I´��'�oP¯µ ����¶Ó´Híïþþ æ¶å�(6à¸ý=é�ì�ãF&D,oíïçrè éÈS�åjì/&«ã¤àâåjì�öÁ÷øåjì ö é=ðCè ì éþoíõæäã¤àZ&�è îâéGþoíïæEè ìéXêjíïè á¶áäà¸éBì ì éïÝ

VHécý=å6ö?.�î¸éoPGL�º1NMA�æ¶ë�íïî¸àâá¶é©è ì¯ës&D,oíïì�ã¤àâî¸îâåjìoíïêjé©ö écî�í)ýgíõã¶æ¶àZ&�é©ö é�ìá¶àâã¶ë�á¶èægè ì é
�oíõá¶é¹ö éKS�åjì/&«ã¤à¸åïì áGíïè�(cþæ¶åjþ æäà¸ë«ã¤ë�á� à¸éBì�þoíïæ¥ã¤àZ&�è îâà@.�æäé�áK\xîâé�áWåjì ö éBî¸éBãäã¤éBárµûÿCT|¶Gµ���	*¶�Ý�PGíïì á
&BéBã¶ã¶é¹þoíïæ¥ã¤àâéXìåjè á?íïîâî¸åjìáMöåjì ì éBæ;è ì é�æ¤íïþà¸ö éXþ æ¶ëBá¶éBìrã¤íõã¤àâåjì�ö éÂ&�é�ãt�`þ�é+ö éWS�åjì/&Bã¶à¸åjì'éBãö é9îâé�è æäáMþæ¶åjþ æäà¸ë«ã¤ë�áBÝ

PGíïìáÂ&�é«ã¶ã¶é:þoíõæäã¤àâéC´Áìåjè á�íïî¸îâåjì áM�ïåjà¸æF&�åïý:ý=é�ì�ãXî�÷ûíïìoíïîÁ�`á¶é¬é�ìeåjì ö éBî¸é«ã¶ã¤éBá�áäé:æäës�C.�î¸é
Å«ã¤æ¶éEè ì=åjèã¶à¸î þ�é�æÄS�åjæ¶ý:íïì�ãUþ�åjè æ@î¸éKã¶æ¤íïàÞã¤éBý:éBìrãUöéMîq÷ûëBçrèoíõã¤àâåjì¬öÁ÷øës�ïåjî¸èã¶à¸åjìmÝ%V@÷óíïì íïîZ�`á¶éEéBìåjìö é�îâéBã¶ã¶é�áKÆÄµóÿ��
¶É´ZµûÿC�|¶ Çµí¹ëBã¶ëGö ës�ïé�îâåjþ þ�ë�é9öoíïì áµî¸é�&�íïö æ¶é;ö é?î�í�ãU, ë�åïæ¶à¸éWö è©á¶àâêjìoíïîxí|boìCö éþ æäåjþ�åjá¶éBæ>èìgåjèã¶à¸î/&Båjý=þ î¸ëBý:éBìrã¤íïà¸æäéZð9î�÷ûíïìoíïîÁ�6áäéZö é�"åïè æ¶àâé�æ@çrè àoþ�é�æ¶ý=éBãäã¤æ¶íïàâãUè ìéWë«ã¤è ö éðgî¸í7S�åjàâáWö íïì á;îâé+ö åïýgíïàâì é?ã¤éBý:þ�åjæ¶éBîVé«ãGáäþoíõã¤à¸íïî�Ý^> îSá�÷ûíïêjàÞã;öåjì/&¹öÁ÷øè ì é¹íïìoíïîÁ�6áäé�ã¶é�ý=þ áÄ�
S�æäë�çrè é�ì?&�éïÝ>üµéBþxéBì öoíïì�ãQ´@î�÷ûíïìoíïîÁ�6áäé�é�ì�åïì ö é�îâéBãäã¤é�á¬þ�é�è6ã=íïè á¶áäà§ÅBã¶æ¶é®&Båjì áäà¸ö ëBæ¶ë�é�&Båjý:ý=éè ìJý:àZ&�æäåjáU&BåjþxéXþ�é�æ¶ý=éBãäãùíïì�ãMö é�á¶éWS�å�&.íõî¸à¸áäé�æZáäè æ;ö éBá;á¥ã¤æ¶è?&Bã¤èæ¶é�á;ð:ës&D, é�îâî¸é�áMö àÁÎmëBæ¶é�ì�ã¶é�áQ´àâîxáB÷óíïêïàâãµíïî¸åjæäáµöÁ÷øè ì éGíïìoíïîÁ�6áäéGþ�åjá¶àÞã¤à¸åïìq� ës&D, é�îâî¸éF\?&õ÷ûéBáäãI&BéBãMíïáäþxés&BãZçrè àxæ¶é�ìöCî�÷ûíïìoíïîÁ�6áäé;éBìåjìö é�îâéBã¶ã¶é�áEþoíïæ¥ã¤àZ&�è îâà@.�æäé�ý=é�ì�ãEíïö íïþã¤ëBéXð�îq÷ûë«ã¤è öéXöé�áEá��`áäãU.�ý=é�áWç`è íïì�ã¤à¸çrè éBá�Ý
juBkj´BGA ��<�SMCm�[�`URURGbCmaM_µCY

V@÷ûës&D,oíïì�ã¤àâî¸îâåjìoíïêjé:öÁ÷øè ì é³S�åjì?&Bã¤àâåjì éBì�é)(`ã¤æ¶í
�jíïì�ã�î�÷øà¸ì?S�åïæ¶ý:íõã¤àâåjì)î�íJþî¸è á¹þ�é�æ¥ã¤àâì é�ì�ã¤éþ�åjè æ�è ì ý=à¸ì àâý¹è ý�ö égþoíïæ¤íõýg.«ã¤æ¶éBá+éBáäã¹èì�þ æ¶å��î@.�ý=é7� à¸éBì &�åjìì`è�öè�ã¤æ¶íïàâã¶é�ý=é�ì�ã+öèáäà¸êjìoíõî�Ý�V@÷ûíïìoíïîÁ�6áäé:öég�oåjèæ¶à¸éBæ9é�áäã�è ì é=ý=ëBã-,å6ö éÈ&Båjè æ¤íõý:ý=é�ì�ãXèã¤àâî¸àâá¶ë�é¬þ�åjè æF&Bé:êjéBì æ¶éö é�þ æ¶åC� î@.Bý:éBá�Ý�ô@î¸î¸é»S�åjì?&Bã¤àâåjì ì éXæ¶éBî�íõã¶àZ�ïé�ý=é�ì�ãM�à¸é�ìJþxåïè æWöé�á;áäà¸êjì íïèq(Jæ¶ëBêjè î¸àâé�æäáMé«ãGþ�ë)�æäà¸å`ö à¸çrè éBá�Ýw�cíïàâá�þ�åjè æXæ¶éBì ö æ¶ég&�åjý=þã¶é:ö é:á¶àâêjìoíïèq(�àâæ¶æäë�êjè îâà¸éBæ¶áQ´mé�î¸îâé�ì ëQ&Bé�á¶áäàâã¶é�è ì�ã¶æU.�áêjæ¶íïì ö=ì åjýr�æ¶éMö éWþ íïæ¤íïý7.Bã¶æ¶éBá�Ý`üµéMì åjýr� æäéWéBáäãTé�ì/&Båjæ¶éMþ îâè áUà¸ý=þxåjæ¥ãùíïì�ãUö/.BáTçrèÁ÷øà¸îoáB÷óíõêjàâã
òjÿ



öÁ÷øëQ&D, íïì�ã¤à¸îâî¸åjìé�æZè ì é»S�åjì?&Bã¤àâåjì©ìrè î¸îâéGá¶è æMè ì'ö åjý:íïà¸ìéGà¸ý=þxåïæäãùíõìrã�Ý?PWé�þ îâè áZî¸éBáEá¶þ�éQ&Bã¶æ¶éBáæäë�á¶èîâãùíõìrã;öÁ÷øè ì é�ã¶é�îâî¸éXíïìoíïîÁ�`á¶éXá¶åjì�ã�&D, íC&�è ì�öësboì àâá;öoíõì á;è ìcö é�áWö é�èq(JéBá¶þoíC&Bé�á?ö è íïèq(
Æ ã¤é�ý=þ á��BS�æ¶éBçrè é�ì/&BéC´�þ�åjá¶àÞã¤àâåjìq� àâý:þè î¸áäà¸åjìmÇPÝQ> î éBáäãUàâý:þ�åjá¶áäà@� îâéTöm÷ûå��6ã¤é�ìà¸æOèì=áäþxés&Bã¶æ¶éZý=àÁ(`ã¤éö åïì ìoíïì�ãUè ì éZæäé�þ æäë�áäé�ì�ãùíõã¶à¸åjì�ö éZî¸íS�åjì/&«ã¤àâåjì¬öoíïì á'&Bé�áUö éBèq(¬éBá¶þoíC&Bé�áTðGî�íS�åïà¸á�Ý � ì éKã¶é�îâî¸éæäé�þ æäë�á¶éBì�ãùíõã¶à¸åjì�áB÷óí��C.�æ¶éWé)(`ã¤æ�Å�ý=é�ý=é�ì�ãKè6ã¤à¸îâéZöoíïì áTö éMì åjýr� æäé�èq(:ö åïýgíïàâì é�ás´�éBãTá¶þ�ëQ&Bà�íïîâé)�ý=é�ì�ãSþxåïè æHö ëQ&Bæ¶àâæ¶é@î�÷øé�áäþoíC&Bé>öé�áSþ/,oíïáäé�áSöÁ÷ûèì�þ æäå�� îZ.�ý=é@ð�A &Båjæ¶þá�Ý¡ü;÷øé�áäãVþ�åjè æHæ¶ëBþxåïì ö æ¶éðK&�é�áµî¸à¸ý=àâã¶é�á@çrè éGîq÷óíõìoíïîZ�`áäéWþoíõæTåjìö é�îâéBã¶ã¶éGíXëBã¤ë&�åjì;��è éGþ�åjè æ>î¸éMã¤æ¶íïàâã¶é�ý=é�ì�ã>ö è�á¶àâêjìoíïîÓ´þ èà¸áEé)(6þ�åjæäã¶ë�é9éBãMö ë)�jé�îâåjþ þ�ë�éXöoíïì áEö é9ì åïýr� æ¶éBèq('íïè6ã¤æ¶éBáEö åjý:íïà¸ì éBá�Ý
juBkj´BEd £¦MX¶�bCW;Y\[([;Y

N3�ïíõìrãXöÁ÷øà¸ì�ã¶æ¶å`ö è à¸æäé¹ö àâæ¶éQ&«ã¤éBý:éBìrãK&Bé�á»S�åjì/&«ã¤à¸åïì á?çrè é�á¶åjì�ãXî¸éBá?åjì ö éBî¸éBãäã¤éBáQ´Hì åjèá�íõîÁ�îâåjì áZà¸ì�ã¶æ¶å`ö è à¸æäé?è ì éXíïìoíõîZ�`á¶é9à¸ì�ã¶é�æ¶ý=ë�öà�íïàâæ¶éïÝqVHéF� èãMö éF&�é«ã¶ã¤é�íïìoíõîZ�`á¶é9ö ë)�jé�îâåjþ þ�ë�éXþoíïæ
H9íC��åjæ¬þxéBæ¶ý=éBã�è ìéJæäé�þ æäë�á¶éBì�ãùíõã¶à¸åjì®ý:à#(`ã¤éCö é'î�í5S�åjì?&Bã¤àâåjì®ð�ë«ã¤è öà¸é�æBÝR�Våjèæ=áäépStíõà¸æ¶é|´ðcî¸ícö àÁÎmëBæ¶é�ì?&�é�öÁ÷øè ì é:ã¤æ¤íõì á�S�åjæäý:ëBégö é®�"åïè æ¶àâé�æK&�î�íõá¶á¶àâçrè éC´Vî�÷ûíïìoíïîÁ�6áäégS�æäë�çrè é�ì�ã¶à¸é�îâî¸é:é�áäãæäë.íïîâà¸á¶ëBé?é�ìp&�åjì%�ïåjî¸èoíõìrãMî¸íÂS�åjì/&Bã¶à¸åjì©ë«ã¤è ö àâë�é9þoíïæZèì éKS�éBì/ÅBã¶æ¶é?ã¤éBý:þ�åjæäé�î¸îâéÂ\

W (λ, b) =

∫ inf

− inf

f(t)w(t− b)e−2iπλtdt
ÆqñÝûñ�T%Ç

�Gì å��6ã¤à¸éBì�ã¹íïàâì á¶à>è ì éBì á¶éBýr� îâégö ég&�å`é1�7&�àâé�ì�ã¤á¹öë�þ�é�ì öoíõìrã¹ö égö éBèq(�þoíïæ¤íõýg.«ã¤æ¶éBá³\Sî�í
S�æäë�çrè é�ì?&�é

λ
é«ã?î�ígþ�åjáäàâã¤àâåjìcöé¬î�ígS�éBì/ÅBã¶æ¶é¬öÁ÷ûíïìoíïîÁ�`á¶é

b
ÝÁöoíõì áGî�÷øë�çrèoí¡ã¤à¸åïì�þ æ¶ës&�ëBö é�ì�ã¤é|´�SéBáäãMî¸é?áäà¸êjìoíõîHð�íïìoíïîÁ�6áäé�æs´

w
î�íÂS�é�ì?ÅBã¤æäé�è6ã¤à¸îâà¸áäë�éGþ�åjè æZîq÷óíïì íïîZ�`á¶éõÝ

�Våïè æEæ¶ë.íõî¸à¸áäé�æI&BéBã¶ã¶éXíïìoíïîÁ�6áäéWHXíC��åjæKöësboì àÞãMî�íÂS�é�ì?ÅBã¤æäé9þxåjæ¥ãùíïì�ãMá¶åïìJì åïý \

w(t) = π−1/4e−t
2/2 ÆqñÝøú%	%Ç

éBìJö ë)boì àâá¶á¤íõìrã
wλb

ö é�î¸í¹ýgíõì à@.Bæ¶éGáäè àZ�õíïì�ã¤é
wλb(t) = w(t− b)e−2iπλt ÆqñÝøú Ü*Ç

�Gì'þxéBèãX&�åjý=þ î@.«ã¤éBý:éBìrãKæ¶éQ&Båjì á¥ã¤æ¶èà¸æ¶é9îâé?á¶à¸êïìoíïîÁàâì àâã¶à�íïîmSG\
f(t) =

∫
W (λ, b)wλb(t)dλdb

Æqñ6ÝûúròCÇ
üµåjì�ã¤æ¶íïà¸æäé�ý=é�ì�ãWð¬î�÷ûíïìoíïîÁ�6áäé?ö éK�oåjè æ¶àâé�æs´ î�÷ûíïìoíïîÁ�`á¶é?þoíïæXH9íC��åjæ¶é«ã¶ã¶é?þ æ¶ëBá¶é�ì�ã¶é+î�÷ûí��õíïìq�ã¤íïêjéXö é+ö ës&�æäà¸æ¶éXî¸éXá¶àâêjìoíïîYö éXý:íïì à@.Bæ¶é9ý=àÁ(`ã¤éXé�ìcã¶é�ý=þ áMéBãWé�ì5S�æäë�çrè é�ì?&�éïÝ�VYí:ý=å*�ïé�ì ìéì åïì£ìrè îâî¸éCö éCã¤éBî¸îâé�árS�åjì/&«ã¤àâåjì á¬ì é©æ¶ëBþxåïì ö£þ íïá=íïèq(�îâà¸ý=àâã¤éBá+éÍ(þ�åjáäë�é�ág&�à#� ö éBá¶á¶èá:þ�åjè æö ës&�æäà¸æ¶écö é�á³S�åïì/&Bã¶à¸åjì á:çrè à;þ æäé�ì ìé�ì�ã©ö é�ág�ïíõî¸é�èæ¶á�ìrè îâî¸é�á:á¶è ægè ì¯î�íõæ¶êjéJö åjý:íïà¸ì éõÝxVSíã¤íïà¸îâî¸érb?(6égöégî�í9S�é�ì?ÅBã¤æäégöÁ÷ûíïìoíõîZ�`á¶é=ì égþ�é�æäý:é«ã+þ íïá+è ìégåjþã¶à¸ý=à¸á¶íõã¤àâåjì�ö è ìåjýr� æäé:ö éþoíõæ¤íïý7ÅBã¶æ¶é�áEþ�åjè æZö ës&�æäà¸æ¶é9è ìéFS�åïì/&Bã¶à¸åjì©à¸æäæ¶ëBêjè î¸àZ.�æäéGþ æ¶éBìoíïì�ãMö é�á��õíïî¸éBè æ¶áZáäè æMþ î¸è áäà¸éBè æ¶áåjæäö æ¶éBáKö é?êjæ¶íïì ö éBè æ�Ý ü;÷ûéBáäãEöoíõì á§&�éM� èãZçrèÁ÷ûí¬ëBã¤ë;ö ës�ïé�î¸åïþ þxëBé?î�÷ûíïìoíïîÁ�`á¶é;þ íïæµåjìö é�îâéBã¶ã¶éïÝ

òC�



juBkj´Bkj ¯·W<MCmSTV¸�bXW�¬c�«Y¹Y«mºbCmS^aY«RUY\[V[�Y«T
VHé�á>åjì ö éBî¸é«ã¶ã¤éBáTáäåjì�ãµöé�áRS�åjì/&Bã¶à¸åjìá>åïáU&�àâî¸î¸íïì�ã¤é�á@öéWý=å
�jé�ìì éWìrè îâî¸éEçrè à"þ æ¶éBì ì éBìrãµö é�á

�õíïîâé�è æäá=áäà¸êjìàZb^&�íõã¤àÁ�jé�á¬áäè æ=è ì£àâì�ã¤é�æÄ�õíïî¸îâé�ö é©ãùíïàâî¸î¸é7boì àâéïÝRVYí Stíõý:àâî¸î¸é=çrè àEá¶éBæ��`à¸æ¶íeð)î�íö ës&�åjý=þ�åjá¶àÞã¤à¸åïì�é�á¥ã9êjë�ì ëBæ¶ëBé:ðCþoíõæäã¤àâæ;öÁ÷øè ì é�åjìö é�îâéBã¶ã¶é¹ý7.�æ¶é
ψ(x)

�6à¸í�ö é�á?åïþxëBæ¤íõã¶à¸åjì áö é?ã¶æ¤íïì áäî�íõã¶à¸åjìCé«ãMö é9ö à¸î¸íõãùíõã¶à¸åjìo\
ψa,b(x) =

1√
a
ψ(
x− b

a
)

ÆqñÝøú�ñ%Ç
å�0

a ∈ R+∗ éBáäãMî¸é?þ íïæ¤íïý7.Bã¶æ¶é?ö é9ö àâî�íõã¤íõã¤àâåjìgé«ã b ∈ R
&�éBî¸è àÁöé9ã¶æ¤íïìá¶î�í¡ã¤à¸åïìÁÝ

VYíWStíïý=à¸îâî¸éKö éXS�åjì/&«ã¤à¸åïì áµö ë)boì àâé�áµþ íïæ
Ψ(x)

&�åïì áäã¶àâã¤èé;è ì é�oíïáäéGö é;îq÷ûéBá¶þoí|&�é;öé?ßWàâîÁ�
��é�æ¥ã

L2(R)
ÝC> î6é)(6à¸á¥ã¤éKö àÁÎmëBæ¶éBìrã¶é�á7áäåjæäã¶é�á@öÁ÷øåjì öé�î¸é«ã¶ã¶é�áQ´ïíïìoíïîÁ�rã¤à¸çrè éBáOé«ã@ì åjìq� íïìoíïîÁ�rã¤à¸çrè éBá�Ý

�Gì9þxéBèãHã¤æäåjè?�ïé�æHè ì éR��åjì ì é@àâì�ã¤æ¶å`ö è/&«ã¤àâåjì?ð§&�é«ã¶ã¶éUãU, ë�åïæ¶à¸é7í
�ïéQ&Uö éBáSìåjýr� æäé�èq(Gé)(6é�ý=þ î¸éBáöoíõì áZî�ír�EésS Ý¡µóÿC�*¶�Ý?N�ã¤àÞã¤æ¶é;öÁ÷ûéÍ(6é�ý=þ î¸é?îq÷ûåjìö é�îâéBã¶ã¶é;ö àÞã¤éXÑt&D,oíïþ�é.íïè©ý=é)(6à@&�íïà¸ì�ÒD´ré�á¥ãEæ¶é�þæ¶ë)�áäé�ì�ã¤ëBé+á¶èæMî¸í]�Oà¸êÝ ñÝÞÜjÝ
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�_���IØ ñÝÞÜMÙ��Gì öé�î¸é«ã¶ã¶é�Ñt&D,oíïþ�é.íïè'ý=é)(6à@&�íïà¸ìqÒ;í��jés&�á¶í=öà¸î�í¡ãùíõã¶à¸åjì:éBãMá¤íÈ&�åjì�ã¶æ¤íC&«ã¤à¸åïìÁÝ

VYí+ã¤æ¶íïì á�S�åïæ¶ý=ë�é;éBìCåjì ö éBî¸é«ã¶ã¤éBáKé�á¥ãZî�í�ö ëQ&Båjý:þ�åjáäàâã¤àâåjì=ö éGî�íKS�åjì/&Bã¶à¸åjì:à¸ì àÞã¤à¸íïî¸éEá¶èæKî�í
�oíõá¶é9ö é�á�S�åjì/&«ã¤àâåjì áKå��6ã¤é�ìrè éBá;þoíõæZî¸é�áZåïþxëBæ¤íõã¶à¸åjì áZöé?ö à¸î¸íõãùíõã¶à¸åjìgéBãEö é?ã¤æ¶íïì áäî�íõã¶à¸åjìCþ æäë)�
&Bë�ö éBìrã¶é�áBÝ¡VHé�áX&�å`é1�7&�àâé�ì�ã¤á

Da,b
ö éK&�éBãäã¤éXö ëQ&Båjý=þxåjáäàâã¶à¸åjì©á¶åïìrãWå��ã¶é�ìrè áWþoíïæEî¸é9þ æäå6ö èàâãá�&.íïî¸íïà¸æäéGö é»S7þoíõæZî�íÂStíïý=à¸îâî¸é

ψa,b
\

Da,b =

∫ inf

− inf

f(x)ψa,b(x)dx =< f,Ψa,b >
ÆqñÝøújú[Ç

å�0
Ψa,b

éBáäã�î¸é³&�åjý=þ î¸éÍ(6é®&�åjì*Ãäè êjè ëCö é©î¸íoS�åjì/&«ã¤à¸åïì
Ψa,b

Ý'VYícã¶æ¤íïì áÄS�åjæ¶ý=ë�égé�ì�åjìq�ö éBî¸é«ã¶ã¤éBá+öÁ÷øè ì éÈS�åjì/&«ã¤àâåjìeæäé�þ æäë�áäé�ì�ã¤éCíõî¸åjæäáXî¸í'þæ¶å�Ãäés&Bã¤àâåjì�öé:î¸í�S�åjì?&Bã¤àâåjìeíïìoíïîÁ�6áäë�é=á¶è æ
òCT



î¸í³�oíïáäé¹öÁ÷øåjì ö éBî¸éBãäã¤éBá�Ý¡N þ íïæäã¶à¸æ;öm÷ûéBî¸î¸é�åjì�þ�é�èã?æäéQ&Båjì áäã¶æ¶è àâæ¶é¹éÍ(íC&Bã¶é�ý=é�ì�ãXî¸é+áäà¸êjì íïîVöèö ëBþoíïæ¥ã�´"ð]&�åjìö àâã¶à¸åjìCö éF&Båjì ìoí��âã¤æäéGã¤åjè áEîâé�á�&�å`é1�7&�àâé�ì�ã¤áBÝ
P;éBá¹é)(6é�ý=þ îâé�áXöÁ÷ûèì é³�oíõá¶égöm÷ûåjìö é�îâéBã¶ã¶é�áXö è�ãt�`þ�é

Φj
éBã

Ψi,j
á¶åïìrã+à¸îâî¸è á¥ã¤æ¶ëBá?á¶è æ�î�í

�Oàâê Ý�ÆtñÝóò�Ç«Ý

�����IØ ñÝóòÂÙ®EKíïáäé9öÁ÷ûåïì ö é�îâéBãäã¤é�áXEx� á¶þ îâà¸ì éBá�Ý

N ê�íïè?&D, éEé�áäã>æäé�þ æäë�á¶éBì�ã¤ë�éWî�í�S�åjì/&«ã¤àâåjì¬öÁ÷øëQ&D, éBî¸î¸é
Φj
Ý�ô@î¸îâéZé�áäã>ì åïì:åjá�&�àâî¸î�íõìrã¶éTã¤íïì ö àâá>çrè éîq÷ûåjìö é�îâéBã¶ã¶é

Ψj
´ ð¹ö æ¶åjàÞã¤é|´é�á¥ãMö é?ì åjæäý:é?ìrè îâî¸éïÝ?PGíïì áI&BéF&.íïáZþoíõæäã¤àZ&�è îâà¸éBæQ´`î¸é�áZåïì ö é�îâéBãäã¤é�áèã¶à¸îâà¸á¶ëBé�áKáäåjì�ãMî¸é�á§S�åïì/&Bã¶à¸åjì á�ER� á¶þî¸à¸ìé�áKÆtáäþ î¸àâì é�áI�à¸åjæ¥ã-, åjêïåjìoíïîâé�áDÇXµ�TC	|¶Hö é9á¶èþ þxåïæäãX&�åjý]�þoí|&Bã�´oáÄ�`ý:ë«ã¤æ¶àâçrè é�áEéBãMåjæ¥ã-, åïêjåjìoíïîâé�áBÝ

V@÷óíõìoíïîZ�`áäécý¹è îÞã¤àâæ¶ë�áäåjî¸è6ã¤à¸åïì�é�áäãgþoíïæ¥ã¤à@&Bè î¸àZ.�æäé�ý=é�ì�ã�à¸ì�ã¤ëBæ¶éBá¶á¤íõìrã¶é�öoíïìágî¸é�&�íïágå�0£î¸éáäà¸êjìoíõîMë«ã¤è öà¸ë'þ æ¶ëBá¶é�ì�ã¶é�ö é�ág&�åjý=þxåïæäã¤éBý:éBì�ã¤á=ý¹è îâã¶à¸þ îâé�á=ðeöàZÎxë�æ¶éBì�ã¤é�ágëQ&D, éBî¸î¸éBá�Ý·PGíïì á
&Bé7&�íïáF&�é¬ãt�`þxé�öÁ÷ûíïìoíõîZ�`á¶é¬þ�é�æäý:é«ã9ö é�êjë�ì ëBæ¶éBæXèì éÈ, à¸ëBæ¤íïæ�&D, à¸é¹öm÷óíïþþ æ¶å�(6à¸ý:íõã¤àâåjì áGáäè/&)�
&Bé�á¶áäàZ�ïé�á7ö éUî¸íIS�åïì/&Bã¶à¸åjì¡´káäé�îâåjì�î¸íZæ¶ë�áäåjî¸è6ã¤à¸åïì�í��ïéQ&µî¸íïçrè é�îâî¸é7åïì�áäåjè/,oíïàÞã¤éUëBã¶è ö àâé�æYî¸éUá¶àâêjìoíïîqÝ

V@÷ûåïì ö é�îâéBãäã¤é�ýg.Bæ¶é�þ æäé�ìoíïì�ãXö éBáK�õíïîâé�è æäáXáäà¸êjìàZb^&�íõã¤àÁ�jé�á?áäè æ9è ì�à¸ì�ã¤éBæ��õíïî¸îâéÂboì àÓ´¡&D,oí��
&Bè ì é+öé�áS�åïì/&Bã¶à¸åjì áMö éXî�í]Stíïý=à¸î¸îâé

ψa,b(x)
þ æäé�ì ìé�ì�ã?ð=î¸é�èæMã¶åjè æEö é�áX�õíïî¸éBè æ¶áMá¶àâêjì àZb/&.í��ã¶àZ�jéBá9á¶è æ9è ì�à¸ì�ã¤éBæ��õíïîâî¸éWb ì à�Ý3+`à!� à¸éBì)ç`èég&BéBã¶ã¶é=íïìoíïîÁ�6áäé¬á¶é]StíïàÞã?ö é�ýgíõì à@.Bæ¶é¹îâåq&�íïî¸àâá¶ë�é|´ã¶åjèãI&Båjý:ý=éMî�÷ûíïìoíïîÁ�6áäé;éBìpHXíC��åjæäéBã¶ã¶éïÝqVHé�áZåjì öé�î¸é«ã¶ã¶é�áKë«ãùíïì�ãZö é;ý:å
�jéBì ì é?ìrè îâî¸éC´`î�÷øà¸ì�ã¶ë)�êjæ¶íïî¸é�ÆqñÝøújú[ÇYþ æ¶éBì ö�ö é�áw�ïíõî¸é�èæ¶á7àâý:þ�åjæäã¤íïì�ã¤éBáOþ�åjè æOèì é§S�åjì/&«ã¤à¸åïì¹à¸æäæ¶ë�êïè î¸àZ.�æ¶é>éBã7á�÷ûíïì ìrè î¸éþ�åjè æ7èì é§S�åjì/&«ã¤à¸åïì¹þoíïæÄStíïàâã¶é�ý=é�ì�ã7æäë�êjè îâà@.Bæ¶éïÝjüµéZçrè àþ�é�æäý:é«ã¶ã¤æ¶íGö éKã¤æ¶íïàâã¶é�æVö é�á!S�åjì?&Bã¤àâåjì á

&Båjì áäã¤íïì�ã¤éBáµåjè=ìrè î¸îâé�á@á¶èæTè ì=à¸ì�ã¶é�æ��õíïîâî¸éKàâý:þ�åjæ¥ãùíïì�ã@öoíõì áTîâéZþ î�íõì�ã¶é�ý=þ áÄ�ÉS�æ¶ëBç`èé�ì/&BéGí��jés&è ì+ì åjýr� æäéTý=à¸ìà¸ý¹è ýºö é>þoíïæ¤íõýg.«ã¤æ¶éBáQ´*&�éTçrè à6æäé�þ æäë�áäé�ì�ã¤éZè ìéTåjþ6ã¤à¸ý=à¸á¶íõã¤àâåjì?à¸ý=þ�åjæäã¤íïì�ã¤é
ñ�	



þoíõæZæ¤íïþ þ�åjæ¥ãMð=îq÷óíïì íïîZ�`á¶é;ö éK�"åïè æ¶àâé�æ�Ý
�Gì�þxéBèã��ïë�æ¶àÁboé�æ;ç`èé¬î�÷øåjì�í³� àâé�ì�è ìé¹ö ëQ&Båjý=þxåjáäàâã¶à¸åjìJý:à#(6ã¶é+éBì�ã¤é�ý=þ áGé«ã?é�ìÌS�æäë)�çrè éBì/&�éõÝxàâîmá¶è��=ãWö éF&�åïì á¶àâö ë�æäé�æEî�í+ã¶æ¤íïì áÄS�åjæ¶ý=ë�é?öéW�oåjèæ¶à¸éBæZö é�áEåjìö é�îâéBã¶ã¶é�áF\

ψ̂ab(ω) =
√
aψ̂(aω)f̂(ω)e−ibω

ÆqñÝøú[��Ç
V@÷øà¸ö éBìrã¶àâã¶ë?ö éK�Oíïæäá¶és�õíïîÓ´ ëBã¤íC� îâàâãZè ìé?á¶éQ&Båjì ö éXé)(6þ æäé�áäá¶à¸åïìcþ�åjè æZî¸éBáI&�å`é1�7&�àâé�ì�ã¤á

Da,b
éBì

S�åjì?&Bã¤àâåjì�ö éBáGã¤æ¶íïì á�S�åïæ¶ý=ë�é�á?öé]�oåjè æ¶àâé�æs´xö éBá9åjì ö éBî¸éBãäã¤éBáGéBã9ö é+î�ígS�åjì?&Bã¤àâåjì)ð�íïì íïîZ�`á¶éBæ�ÝüµéBá®&�å`é1�7&�àâé�ì�ã¤á:á¶åjì�ãgö åjì/&'ëBã¤íC� î¸àâá=íïè á¶áäàM� àâé�ìÄðeþoíïæ¥ã¤àâæ=öéJîq÷ûéBá¶þoíC&BéJã¶é�ý=þ áQ´>çrè écö éîq÷ûéBá¶þoíC&BéXS�æäë�çrè éBì/&�éõÝ?V@÷øà¸ì�ã¤éBæ��õíïî¸îâéZå�0=î¸é�áUåjìö é�îâéBã¶ã¶é�á>þ æ¶éBì ì éBìrãµö é�áR�õíïî¸éBè æ¶áUáäà¸êjì àÁb^&.í¡ã¤àZ�ïé�áæäé�áäã¶é§boì à6öoíïì á@îâéµþ î¸íïìrS�æ¶ëBç`èé�ì/&BéïÝ��Gì�í;ö åjì?&Zè ì éEíïìoíõîZ�`á¶éKý=àÁ(`ã¶éµéBã7î¸å�&.íïîâà¸á¶ëBéTéBì¹ã¤éBý:þ áé«ãGé�ìÌS�æäë�çrè éBì/&�éõÝYüµéQ&BàOö àÁÎ�.Bæ¶é+öm÷ûè ìé¹íïìoíõîZ�`á¶é�ö é]�oåjè æäà¸é�æBÝÏVYéW&�å`é1�7&�àâé�ì�ã���þ�é�æäý:é«ã;èìþoíõæU&�åïè æ¶á@ö è¬áäà¸êjì íïî6éBì¬ã¤é�ý=þ ás´jíïîâåjæ¶áVç`èéZî¸éµþ íïæ¤íïý7.Bã¶æ¶é
a
ý=å6öàZboé>î�í;þî�íïêjéTö é§S�æ¶ëBçrè é�ì/&Béáäè æEî�íïçrè éBî¸î¸é;þxåjæ¥ã¤é?îq÷óíïì íïîZ�`á¶éõÝ

Da,b =
√
a

∫
ψ̂(aω)f̂(ω)e−ibωdω

ÆqñÝøú%�%Ç
+6åïè áEæ¶ë�áäé�æÄ�jé+çrè é9îq÷ûåjìö é�îâéBã¶ã¶é

ψ
áäã¤íõã¤àâá�StíïàÞãZð�î�ír&�åïì ö àâã¶à¸åjìCöm÷óíïöý:àâá¶á¶àZ� à¸îâàâã¶ëWáäè àZ�õíïì�ã¤éÈ\

Dψ =

∫ inf

− inf

|ψ̂(ω)|2
|ω| dω < inf

ÆqñÝøúrÿ�Ç
VYírS�åjì/&«ã¤à¸åïìCà¸ì àÞã¤à�íõî¸é�SOþ�é�èã�Å«ã¤æäéXæäéQ&Båjì áäã¶æ¶è àÞã¤éF&�åïý:þ îZ.Bã¶é�ý=é�ì�ãEð¬þoíïæ¥ã¤à¸æµö é�á�&�å`é1�7&Bà¸é�ì�ã¶á
Da,b

\
f(x) =

1

Dψ

∫ inf

0

∫ inf

− inf

Da,bψa, b(x)
dadb

a2

ÆqñÝøú%�%Ç
+6àoîq÷ûåjìö é�îâéBã¶ã¶éKá¤í¡ã¤à¸áÄStíïàâãOî�í�&Båjì ö àÞã¤à¸åïì¬öÁ÷óíõö ý:àâá¶áäà@� àâî¸àâã¶ëC´kåjì�þ�é�èã>æäéQ&�åïì áäã¶æ¶è àâæ¶éZî�íMS�åïì/&)�ã¶à¸åjì=íïìoíõîZ�`á¶ëBéMöé�Stí���åjì=é)(íC&«ã¤éWð9þ íïæäã¶à¸æ@ö éBáx&Bå6é��7&�à¸éBì�ã¤á>ö éEî�í?ö ëQ&Båjý=þxåjáäàâã¶à¸åjìÁÝjüµéZã¤æ¤íõàÁ�ã¶é�ý=é�ì�ãSþxéBæ¶ý=éBãSöÁ÷øésÎxéQ&Bã¶è é�æVè ì éTíïìoíïîÁ�`á¶éUþxåïá¶àâã¶à¸åjì�� ëQ&D,é�î¸îâé§\kî¸é@þ íïæ¤íïý7.Bã¶æ¶éUö é@ã¤æ¶íïì áäî�íõã¶à¸åjìåCÎxæ¶éEî¸í9þ�åjáäá¶à@�à¸î¸àÞã¤ëTö éEþoíïæU&Båjè æäà¸æUî�÷øé�ì áäé�ýr�î¸éZö éMî�íMS�åjì?&Bã¤àâåjì¡´�íõî¸åjæäá@ç`èéWîâéMþ íïæ¤íïý7.Bã¶æ¶éZö éö àâî�íõã¤íõã¤àâåjì¬þ�é�æ¶ý=éBãTö éWý:å`ö àZb é�æ@î�í»S�æ¶ëBçrè é�ì/&Bé?ö éMî�÷øåjì ö éBî¸éBãäã¤éWíïìoíïîÁ�`á¤íïì�ã¤éK\`þ î¸è á>î¸éEþoíõæ¤í��ý7.Bã¶æ¶éEö éEö à¸î¸íõãùí¡ã¤à¸åïì¹é�á¥ãTþ�éBã¶àâãQ´jþ î¸èá>åïì7�õí?þxåïè?�jåjàâæ>íïìoíïîÁ�6áäé�æUî¸éBá@ö ëBã¤íïà¸îâá@ö éEî�í��õíïæ¶à¸íõã¤àâåjìö éJî�í1S�åjì/&«ã¤à¸åïì£ë«ã¤è ö àâë�é|´x&Båjý=ý:é'á¶àEî�÷øåjì®þxåïè?�õíïàâã=æ¶éBê�íïæäö é�æ:î�í1S�åjì/&Bã¶à¸åjì£ðeöàZÎxë�æ¶éBì�ã¤é�áës&D, é�îâî¸é�áBÝ

juBkj´B » ¯·W<MCmSTV¸�bXW�¬c�«Y¹Y«mºbCmS^aY«RUY\[V[�Y¹^a`UT���W<¼\[�Y
VYíKã¤æ¤íõì á�S�åjæäý:ëBé@é�ìXåjì ö éBî¸é«ã¶ã¤é'&Båjì�ã¤àâì`èé>éBáäãe&�å��ã¤éBè á¶é>é�ì9ã¤éBý:þ áHöéx&�íïî@&Bè îjé«ãYé�ì�ã¤æ¶í���ì éè ìé:æäé�ö åjìöoíïì/&Bégö é=î�÷øà¸ì?S�åïæ¶ý:íõã¤àâåjìÁÝm> îUìÁ÷ûéBáäã�é�ìeésÎxéBã�þoíïá9ì ëQ&Bé�áäá¤íïàâæ¶égöég&�íïî@&Bè î¸éBæGã¤åjè á

ñÜ



îâé�á9&�å`é1�7&Bà¸é�ì�ã¶á'þ�åjè ægæ¶é�þæ¶å`ö è à¸æäé�î�íiS�åïì/&Bã¶à¸åjì íïì íïîZ�`á¶ëBéïÝ��Gì þ�é�èã©éBìºæäé�áäã¶æ¶éBà¸ì ö æäé�î¸éì åïýr� æ¶é�éBìeþ î¸í��.íõìrã9îâé�á?åjìö é�îâéBã¶ã¶é�áXíïìoíõîZ�`á¤íïì�ã¶é�áXá¶è æ9è ì é�êjæäà¸îâî¸é+öà¸áU&BæU.«ã¤é�öoíïì á9îâé¬þ î�íïìã¶é�ý=þ áÄ�ÉS�æ¶ë�çrè éBì/&�éõÝ
VYí�ã¶æ¤íïì áÄS�åjæ¶ý=ë�é©éBìÄåjì öé�î¸é«ã¶ã¶éo&Båjì�ã¤à¸ìrè é|´R&�åjæäæ¶à¸êïép��é.íõè/&�åjèþÄö é'î¸àâý:àÞã¤é�á+ö éJîq÷óíõìoí��îÁ�6áäé�ö é³�"åïè æ¶àâé�æQ´Yý:íïà¸áXì é:þxéBæ¶ý=éBã¹þ íïá+è ìé�åjþã¶à¸ý=à¸á¤í¡ã¤à¸åïì�öè ì åjýr�æ¶égöé³&�å`é1�7&Bà¸é�ì�ã¶á

&Båjì á¶éBæ��ïë�áEî¸åjæäáµö é?î¸í�ö ës&�åjý=þ�åjá¶àÞã¤à¸åïì5\îq÷ûàâì?S�åjæäýgíõã¶à¸åjì�éBáäãZæäé�ö åjìöoíïì�ã¤éõÝm�GìCþxéBèãZî¸àâý:àÞã¤éBæîâéWì åïýr� æ¶éWö é�&Bå6é��g&Bà¸éBìrã¶áQ´`ã¤åjèãTé�ìCöåjì ìoíïì�ãµè ì éGö éBáU&Bæ¶à¸þ6ã¤à¸åïì³&�åïý:þ îZ.Bã¶éWö é;î�í»S�åjì/&Bã¶à¸åjìàâì àâã¶à�íïîâéTéBì:èã¶à¸îâà¸á¤íõìrã7è ì éZã¤æ¶íïì á�S�åïæ¶ý=ë�éZé�ì=åjì öé�î¸é«ã¶ã¶é�áUö à¸á�&�æ�.Bã¤éõÝ6ü;÷ûéBáäã�� ð�� öà¸æ¶éZçrè éEîq÷ûåjì�ì é
&Båjì á¶àâö/.�æäé9þ î¸è á

a
é«ã
b
&�åjý=ý=éGö é�áZþ íïæ¤íïý7.Bã¶æ¶éBáI&�åjì�ã¤àâìrè áQ´oý:íïà¸áTçrèÁ÷ûàâî¸áZáäåjì�ãEî¸à¸ý=àâã¶ë�áTíïèq(

�õíïîâé�è æäáZö à¸á�&�æU.«ã¤éBáWáäè àZ�õíïì�ã¤éBáF\
a = aj0b = kb0a

j
0

ÆqñÝøú%T%Ç
å�0

a0
é«ã
b0
áäåjì�ãZö éBáI&�åjì á¥ãùíïì�ã¶é�áZéBãeÃKé«ãI`=ö é�áZéBìrã¶à¸éBæ¶á�Ý?VHé�&D, åjà#(�öÁ÷øè ì é?êïæ¶à¸îâî¸éEö?�jíïö à¸çrè é

&Båjì á¶àâáäã¶é�ð¬þ æäé�ì öæ¶é
a0 = 2

é«ã
b0 = 1

Ý^�?ì'þ�é�èãMíïîâåjæ¶áZáäåjè á�&�éBæäã¤íïà¸ì éBá�&�åjì öàâã¤àâåjì áFÆÄµóÿ|T|¶�ÇæäéQ&�åïì áäã¶æ¶è àâæ¶é9î�íÂS�åjì?&Bã¤àâåjì'íïìoíïîÁ�`á¶ë�éXí��jés&�èì'ã¶é�æ¶ý=é?öÁ÷øé�æäæ¶é�èæWì ëBêjî¸àâêjé.í|� î¸éõÝ
V@÷óíõìoíïîZ�`áäéMý+è îâã¶à¸æ¶ëBá¶åjîâèã¤àâåjì+öm÷ûè ìéXS�åjì?&Bã¤àâåjìrS¡&Båjì áäà¸áäã¶éEé�ì=è ì é�, à¸ëBæ¤íïæ�&D, à¸éZöm÷óíïþþ æ¶å�(6àÁ�ý:íõã¤àâåjì áTá¶è/&s&�é�áäá¶àÁ�jé�á

fj
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ÆqñÝ��C	%Ç
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fj−1

ö é+î¸ígS�åjì/&«ã¤à¸åïì
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fj−1 = fj +
∑

k

Dj,kψj,k =
∑
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∑
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ð:þoíõæäã¤àâæWöé�á
Cj−1,k

Ý � ìíïîâêjåjæäàâã-,ý:éWë�çrè àZ�õíïîâé�ì�ãEþ�é�æ¶ý=éBãEöéXæäéQ&Båjý:þ�åjáäé�æEî�íÂS�åjì?&Bã¤àâåjì'ð]&�é�áMö àÁÎmëBæ¶é�ì�ã¶é�áEëQ&D, éBî¸îâé�á�Ý
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&D, éBæU&D, é'íïîâåjæ¶áXî�í'þ æ¶å�&�ëBö è æäé�çrè àµþ�é�æäý:é«ã¶ã¤æ¶íJö égý:àâì à¸ý=à¸áäé�æ?î¸é:ì åjýr�æ¶égöé³&�å`é1�7&Bà¸é�ì�ã¶á

ñïú
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n = 7
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Kα =
∑

αβγδ

Wαβγδ{ργρδ(1 − ρα)(1 − ρβ) − ραρβ(1 − ργ)(1 − ρδ)}
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∑

λ
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∑
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kκ)
éBã −→

k′ = 1
2
(
−→
kν −

−→
kλ)
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>
Æ�å�0:îâéZá��`ýr��åjî¸é

∧ á��`ýr��åjîâà¸á¶é�îâé=þæ¶å`ö è àâã+íïì�ã¤àâá��`ý=ëBã¤æäà¸áäë
Ç«ÝSüG, íC&�è ìé�ö é�áKS�åjì/&«ã¤à¸åïì á�öm÷ûåjìö égð'è ì &Båjæ¶þ áéBáäãMö ëQ&Båjý=þxåjáäë�éXá¶è æEè ìéK� íïá¶é9öÁ÷øåjì ö éBî¸é«ã¶ã¤éBáW\
|φλj >=

∑

i∈Iλj

ω
λj

i |αλj
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|ΦN >=

∑

M
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í��jés&g\
|θM >= |αλ1
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> ∧... ∧ |αλN
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>,

ÆqñÝ����%Ç
M
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i1, ..., iN
ÝËVYí³S�åjì/&Bã¶à¸åjìJöÁ÷øåjì ö é�ð®A

&Båjæ¶þ áEö è'á��`á¥ã-.�ý=éXá�÷øëQ&�æäàâãWíïîâåjæ¶á�\
|ΨN >=

∑

K

aK(t)|ΦN
K >=

∑

K

aK(t)
∑

MK

bMK
|θMK

> .
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∑
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K | =

∑

K
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∑

MK
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|ΘMK
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AWåïè áEí��jåjì áI�`èCöoíïìáZî�í+áäéQ&Bã¶à¸åjì©þ æäëQ&Bë�ö éBìrã¶éC´oçrè é?îâé�áI&�åïì ö àâã¶à¸åjìáµà¸ìàâã¤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¸åjììoíïà¸æäér\

h|ϕn >= εn|ϕn >
ÆqñÝ�TÜ*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:öé�+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 >

ÆqñÝ�T�ò�Ç
üµéBáKë�çrèoíõã¶à¸åjìáµá¶åïìrãµæ¶ëBá¶åjîâè é�áKþ íïæTèì 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¸åjìáKà¸ì àÞã¤à¸íïî¸éBá»Ætæäé�áäþÁÝoö é?î�÷øës�ïåjî¸è6ã¤à¸åïì�ã¤é�ý=þ�åjæ¶éBî¸î¸é�Ç«Ýüµé�áEý=ëBã-,å6ö éBáZì ë)�
&Bé�á¶áäàâã¶é�ì�ãZî�íXö ëBã¶é�æäý:àâìoíõã¤àâåjì=öÁ÷ûèìCß;íïý=à¸îÞã¤åjìà¸é�ì�ö é;ß;íïæ¥ã¤æäé�é)�t�oåq&D`m´`ç`èàxþ æäé�ì öCî¸íKS�åjæäý:éF\

h = − ~
2

2m
∆ + V HF

Ý��Såjè æ©î¸é1&D,oíõý:þºíïèã¶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 +

ÆqñÝ�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�ìá¶àâã¶ë�á=î¸å�&.íïîâé�á¬ö é©ì éBèã¤æäåjì á=éBã:ö é'þ æ¶åïã¶åjì á=í��jés&

q
Â¹Ü+Ùjò�þxåïè æ9î¸é�á?ìé�èã¶æ¶åjì áXéBã»�¤Ü+Ùjò�þxåïè æ9î¸é�á?þæ¶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
PGíïìá>îq÷ûëBçrèoíõã¤àâåjìpÆqñ6Ý�Tjñ�Ç)´

V C
q

éBáäã>î¸éKþ�åïã¶é�ì�ã¤àâé�î ö éWüµåjèî¸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|´"þxåjèæZî�÷øës�jåïî¸èã¶à¸åjì�ã¶é�ý=þxåjæäé�îâî¸éC´`î¸éBáI&�åjìö àâã¶à¸åjì áµþxëBæ¶à¸å`ö àâç`èé�áZéBãMî¸í¹î¸åjì êïè éGþ�åjæÄ�ã¶ë�éµöéTîq÷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'úÝ ò6Ý

�ïñ



> îXé�áäãcà¸ý=þxåïæäãùíõìrã©öéeì åõã¤é�æJçrè é�îq÷ûéÍ(þæ¶é�áäá¶àâåjì�ö è &D,oíïý=þ Ñ áäé�îÁSr&�åïì á¶àâáäã¤éBì�ã�Òeöoíïì áîq÷ûëBç`è íõã¤àâåjìÐÆtñÝ�Tïñ%ÇEöàZÎË.�æ¶é�ö é¹î¸í=îâàâã¶ã¶ë�æ¶íõã¤è æäéïÝmN;þþxéBî¸åjì á
t0
´
t3
´
x0
éBã
x3
î¸éBá;þoíïæ¶íïý7.Bã¤æäé�áè áäè é�îâî¸éBý:éBìrãEéBý:þî¸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¶èàZ�õíïì�ã¤éBáW\

t′0 = 3ρinf

4
t0

t′3 =
3(ν+2)ρν+1

inf

48
t3

x0 = x3 = −1/2
Ý

PGíïìág&BéBã¶ã¶é©þ æ¶éBý:àZ.�æ¶ég�jé�æäá¶àâåjì£öé'î¸í5S�åjæU&BéCésÎxéQ&«ã¤àZ�ïéJè6ã¤à¸îâà¸áäë�égìåjè á�ì éCã¤éBì åjì á�þoíïá
&Båjý:þ6ã¤éMö é�áµã¶é�æäý:éBáµá¶þà¸ìq� åjæU� àÞã¤é|´�éBãKöé�áTã¶é�æäý:éBáµö ëBþxéBì öoíïì�ã¤áµö é;îq÷ûàâý:þ èî¸á¶àâåjìÁÝCVYéBáG&D, åïàÁ(ö éM&�éBãäã¤éWà¸ì�ã¤éBæ¤íC&«ã¤à¸åïìgá¶é;á¶åjì�ã§� íïá¶ëBáZá¶è æTî�í�æäé�î¸íõã¤àÁ�jé�ý=é�ì�ã·�xåïì ì éGíõþ þ æ¶å�(6à¸ý:íõã¶à¸åjì=ö é�áG&.í��æ¶íC&Bã¶ë�æ¶àâáäã¶à¸çrè é�á>ö éMî�í9ýgí¡ã¤à@.Bæ¶éZìrè/&Bî¸ë.íõà¸æ¶éWÆtñÝ��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

PGíïìáMîâé;ãùí|� î¸é�íïè Æ7ñÝÞÜ*Ç>ìåjè áEí��jåjìáMæäé�þ�åjæäã¶ë?î¸éBá§&�å`é1�7&�àâé�ì�ã¤áZöé?î�íÂS�åjæ�&�éGþ�åjè æKöé�èq(
�õíïîâé�è æäá@ö àZÎxë�æäé�ì�ã¤éBá@ö è�ý:å`ö è îâéµö éI&Båjý:þæ¶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¸åjìá?öÁ÷ûë«ãùíõã¶ágÆqôx�F+/ÇGö åjè/&Bé=é«ã9ö è æäéïÝ3VHé�á»�õíïî¸éBè æ¶á9ö éBá9þoíïæ¤íõýg.«ã¤æ¶éBá

c
éBã

Õ·Öw×zØ ñÝâÜMÙ®�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�´SþxåjèæXî¸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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ÆÓ�6Ýóñ�Ç«Ý
juBkÚ´BGA ÎÏW<bXOSW;`U�\[;��Y«m®¬cM�[�`U¼�W<Y¹mÒQa�\RU�«MC`�W<YÉ`UmaÛSmS`UY

AWåïè áEý:åjì�ã¶æ¶åjì áEàZ&�àmöé�áMæ¶ë�áäè îâã¤íõã¤áZþ�åjæ¥ãùíïì�ãEá¶èæMî¸í¬ýgíõã¶à@.Bæ¶éGìrè/&Bî¸ë.íõà¸æ¶é?àâì?boì àâé?ð¹ã¤éBýÈ�þ�ë�æ¶íõã¤è æäé?ìrè î¸îâé?éBã�&.íõî@&�èî¸ë�éGð�îq÷óíõà¸ö éGöè'ý=å`ö/.�îâé»PGL�º1NMA�ÝÏVHé»&�åjý=þxåïæäã¤éBý:éBì�ãZö éF&�é«ã¶ã¤é
�õú



ý:íõã¤àZ.�æäéGé�á¥ã&Båjý=þ î@.«ã¤é�ý=é�ì�ãZöëBã¤éBæ¶ý=à¸ì ë?þ íïæZî�÷øà¸ì�ã¤éBæ¤íC&«ã¤àâåjìCé�ì�ã¤æäé9î¸é�áZìrè/&Bî¸ëBåjì áEî�ír&Båjì áäã¶àÁ�ã¶èoíïì�ã.Ý üµéBã¶ã¶é?à¸ì�ã¤éBæ¤íC&«ã¤àâåjì�é�á¥ã�&.íïæ¶íC&Bã¶ë�æäà¸á¶ëBéGþoíïæµî�÷øë�çrèoíõã¶à¸åjì ÆtñÝ�Tjñ%Ç«Ý�> îÁáB÷óíïêïàâãKàZ&�à�ö é?ý=åjìq�ã¶æ¶é�æ;ç`èé¬î�í:öé�áU&Bæ¶àâþã¤àâåjì�ö é¬î¸í:ý:íõã¤àZ.�æ¶é�ìrè/&�îâë.íïàâæ¶éC´xðgö éBá?ö é�ìá¶àâã¶ë�á?þ æäåq&D,é�á?ö é¹î¸ígá¤í¡ã¤èq�æ¶íõã¤àâåjì¡´öåjì ì éXö é�áEæäë�á¶èîâãùí¡ã¤áEæ¶ë�íïî¸àâáäã¤éBá�Ý
üµåjý=ý:égî�÷ûí
�õíïì?&�é�ì�ã¬îâé�á¬íõèã¤éBè æ¶á¬öoíõì á9µ��C�|¶»µ��õúC¶Ó´Oîq÷ûèì 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¶égìé�èã¶æ¶åjì àâçrè é�þ è æäéïÝ

V@÷øë�ì éBæ¶êjàâéXþ íïæZìrè/&�îâë�åjì'é�á¥ãWöësboì 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

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

ω
þæ¶é�ìöcíïîâåjæ¶áZî¸íÂS�åjæ¶ý=é?á¶èàZ�õíïì�ã¤é]\

ω(ρ, δ) =
t0

2ρ∞
ρ +

t3
((ν + 1)ρν+1

∞

ρν+1 +
c

ρ∞2
δ2ρ2 ÆqñÝ�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�öéWOI, 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

5
(3π2)2/3ρ2/3

[(1 − δ

2

) 5
3

+
(1 + δ

2

) 5
3
] ÆqñÝ�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�ìá¶àâã¶ëÐÆ
ω(ρ)

Ç¬éBìý:íõã¤àZ.�æäéZþ è æ¶éBý:éBì�ãµì éBèã¤æäåjì àâç`èéWí9ëBã¶ëMã¶æ¤íC&Bë�éMþxåïè æUö àZÎxë�æäé�ì�ã¤éBáx�õíïîâé�è æäá>öéMî¸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�íïìêjî¸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`èéZö 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 èæ¶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¶ëWöéXîq÷ûàâì�ã¤é�æ¶íC&Bã¶à¸åjìCè6ã¤à¸îâà¸áäë�éïÝ
+6è æUî¸íMboêjè æäéWñ6ÝâÜkñ?ì åïè áUæ¶é�þæ¶ë�áäé�ì�ã¤åïì áµîâé�á!�õíïî¸éBè æ¶áUþ æäà¸áäé�áUþoíïæ

ω(ρ, δ)
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Ý'VHéBá¬þoíïæ¤íõýg.«ã¤æ¶éBá

Ω
é«ã
c
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ρtot(r) = ρp(r) + ρs(r) − ρs(r) + ρe(r)
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