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�lÛ�âVã�âaá-ã ÛFÚ/æ-à�ÛHâ,�ß�ÛHÜªÝ|Ü�Ú6��Ù1çVçVîÇè-ß�ÚHâ8�ß�ÛFÞß1��æ9Ù1áIÛFæ�� ��Ù1ã ÛFß�Ú�ß���æ9Ù ÛHâaÜ�ám2M#'� � !$Q � L>(V4�Ù á-è
ãHß�ß�ÞÜ�énÛFÞ-ßMâaÚ/ÚHß��ß4Ú/ãHâVå-çaßMèîKá9Ù��hâaà�ã@Ü1Ý
ÛHÞ-ßMÚHß4èæ-à4ß�è�ã/îKã/ÛHß���ß��hß4Ú/ê�ß4ãqÝ|Ú/Ü��\ÛFÞß�Ú/ß��ß�ÚHã/âaå-çVß
èîKá9Ù��hâaà�ãMê�ß4á-ß�ÚFÙ ÛHß4è�å�îzÛHÞ-ßhóeÙ��hâaçOÛFÜ�áâòÙ1á�Ü ÝpÙ���Ù à4ÚHÜ1ãHà4Ü1ä-âaà�ÛFÜ Û)Ù1ç�ã îKã/ÛFß�� � �Bá�ÛHÞ-âaã>Ù1ä#!
äUß4á-è-â��xõ�é'ß@ä-ÚHÜ=Kâaèß�ã/æ-à)Þ¥ÙMèß4ÚHâ8 Ù ÛFâVÜ�á�Ù1á-è�ß��	ä-çVâaà�âVÛFçOî�ã/Þ-ÜLé°ÛHÞ-ß�Ù1ä-ä-Ú/Ü=�	â,��Ù ÛHâaÜ�áã�âaá>�Ü1ç,�ß�è
âaá{è-ß�ÚHâ8	âVá-ê¡ÛFÞß���æ9Ù á�ÛHæ�� �¥Ù1ã/ÛHß4Úqß���æ9Ù;ÛFâaÜ1á �
iªßMã Û)Ù1Ú Û�Ý|Ú/Ü��\ÛHÞ-ßS�Kæ-Ù1áIÛFæ��ãÏ�âaÜ1æ�KâaçaçVßeß��Kæ-Ù ÛFâVÜ�á�!

~ = 1
('ÛHÞ9Ù Û�è-ß4ã/à4Ú/âaåUß4ã@ÛFÞ-ßMè-ß�á-ãHâOÛBî

�¥Ù ÛFÚ/â8�
ρ(t)

Ü1Ý
Ù¡ÛFÜ1ÛFÙ1ç�ã/îKã ÛFß���é@âOÛFÞ�óeÙ��hâaçOÛFÜ�áâòÙ1á
H

ρ̇(t) = −i[H, ρ(t)]

= −iLρ(t), !$Q � øCQ�(

é@Þ-ß�ÚHß�é'ß�Þ-Ù=1ß�è-ß�b9á-ß�è�ÛFÞ-ß�Ï�âaÜ�æ�KâVçaçaßeãHæ-äUß4Ú/Ü�äxß�ÚFÙ ÛHÜ�Ú�Ù1ã�ÛHÞ-ß>à4Ü����¡æÛFÙ ÛFÜ�ÚqÜ Ý�ÛFÞ-ß�óeÙ5�¥âVçU!
ÛFÜ1á-âòÙ1á�é@âVÛHÞ�Ù á�Ù1Ú/å-âVÛHÚFÙ1Ú î�Ü�äUß4ÚHÙ ÛFÜ�Ú O õ LO = [H,O] � �BáhÛFÞ-ßYÏJÙ1ä-çòÙ à4ß@ãHä9Ù à4ßT! t→ s

(�õ�ÛFÞ-ß
Ï�âaÜ�æ�	âVçaçVßeß���æ9Ù;ÛFâaÜ1á�âVã

sρ̃(s) = ρ(0)− iLρ̃(s), !$Q � ø6ð>(

é@Þ-ß�ÚHß
ρ̃(s)

âaã�ÛFÞßKÏJÙ1ä-çaÙ1à4ß�ÛHÚFÙ1á-ã Ý|Ü�ÚF�]Ü1Ý
ρ(t)
õ�Ù1á-è

ρ(0)
âVã�ÛFÞ-ßhâaá-âOÛFâaÙ1ç
à�Ü�á-è-âOÛFâaÜ1áuÜ ÝEÛFÞß

ÛFÜ Û)Ù1çJã/îKã ÛFß�� � #'��æ9Ù ÛHâaÜ�á{!ËQ � øLð>(qä-ÚHÜ=Kâaèß4ãeÛHÞ-ß�Ý|Ü�Ú6��Ù ç�ãHÜ�çVæÛFâVÜ�á�Ü1Ý
ÛFÞ-ß[ÏJâVÜ�æ�KâaçVçaß�ß��Kæ-Ù ÛFâVÜ�á
âaá{ÛFÞß�ÏJÙ1äçòÙ1à�ß>ã/ä9Ù1à�ß1õ

ρ̃(s) = 1
s+iLρ(0) � y�Ü1ÛFß�ÛFÞ-Ù Û 1

s+iL
âaã�Ùhã/æ-äUß4ÚHÜ1äxß�ÚFÙ ÛHÜ�ÚeÙ á-è ã/Þ-Ü�æ-çVè

åUß>âVáIÛFß4Ú/ä-ÚHß�ÛFß�è�Ù1ãqÛHÞ-ßMâaá>�ß�ÚHãHß>Ü1Ý
(s+ iL) �

�Bá��¥Ü�ã Ûqä-ÞIîKãHâVà6Ù1ç�Ù ä-ä-çaâVà6Ù ÛHâaÜ�áã4õ�éEßMÙ1Ú/ß�Ü�á-çOî�âVáIÛFß4Ú/ß4ã ÛFß4è{âVá�ä-ÚHÜ�äUß4Ú ÛFâVß4ãEÛHÞ9Ù Û@Ù1Ú/ß�è-ß�ÛHß4Ú"!
�hâaá-ß�è�åIî�ã Û)Ù ÛHß4ãpâVá�Ù�ã/æ-å-ã/ä9Ù1à4ß�Ü Ý�ÛFÞ-ß�ÛFÜ1ÛFÙ1çUó�âaçVåxß�Ú/Û'ãHä9Ù à4ß � È�ãHâaáê¡Ù�ä-Ú/ÜRW/ß4à�ÛFâVÜ�á�Ü�äUß4ÚHÙ ÛFÜ�Ú
P õ�éEß@è-â8	âVè-ß'ÛHÞ-ßqè-ß�á-ãHâOÛBîT��Ù;ÛFÚHâ���Ü1Ý9ÛFÞ-ßpÛHÜ1Û)Ù çã/îKã ÛFß��¨âVáIÛFÜ�Ù�Ú/ß4çaß� Ù1áIÛ*ä9Ù1Ú/Û ρ1(t) = Pρ(t) õ
Ù1á-è�Ù1á�âaÚ/ÚHß�çaß� Ù1áIÛrä9Ù1Ú Û

ρ2(t) = (1−P)ρ(t) ≡ Qρ(t) õ	ãHÜ�ÛHÞ9Ù Û ρ(t) = ρ1(t) + ρ2(t) � y�Ü1ÛHß
ô�Q1ð



ÛFÞ-Ù Û>å�î¦èß�b9á-âOÛFâVÜ�á�õ�ä-Ú/ÜRW/ß4à�ÛFÜ�Ú/ã P Ù1áè Q �¡æã/Û>ãFÙ ÛHâaã Ýkî PP . . .P = P õ QQ . . .Q = Q õ
Ù1á-è PQ = QP = 0 � ]�ä-ä-çOî	âVá-ê P Ù1á-è Q ÛFÜ�åUÜ1ÛFÞ�ã/âaè-ß�ã�Ü1ÝJ#'� � !$Q � øLð>(�õxéEß�Ü�å	Û)Ù1âVá ÛBé'Ü
à4Ü1æ-ä-çaß�è çVâaá-ß4Ù1Úpß��Kæ-Ù ÛFâVÜ�á-ã4ë

sρ̃1(s)− ρ1(0) = −iPL[ρ̃1(s) + ρ̃2(s)],

sρ̃2(s)− ρ2(0) = −iQL[ρ̃1(s) + ρ̃2(s)].

&qÞ-ß�ãHß�ß���æ9Ù;ÛFâaÜ1á-ãeà4Ù1á�åUß¡ãHÜ�ç8�ß�è�ÛFÜ�Ü1åÛ)Ù1âVá ÛHÞ-ß�Ý|Ü�Ú6��Ù ç�ã/Ü�çaæ	ÛFâaÜ1á Ý|Ü�Ú@ÛFÞ-ß�ÚHß4çVß� Ù1áIÛ�ä-Ù1Ú/Û�Ü1Ý
ÛFÞß>èß4á-ã/âVÛBî3�¥Ù ÛFÚ/â8��âaá�ÛFÞß�ÏJÙ1äçòÙ1à�ß�ãHä9Ù1à�ß1õ

sρ̃s(s)− ρs(0) = −iPLρ̃s(s)− iPL 1

s+ iQLρb(0)− PL 1

s+ iQLQLρ̃s(s)].
!ËQ � øLö�(

&qÞ-ß¡âVá>�ß4Ú/ãHßTÏJÙ1äçòÙ1à�ß>ÛHÚFÙ1á-ã Ý|Ü�ÚF��Ü Ý%#'� � !ËQ � øLö>(pîKâaß�çaè-ã@ÛFÞ-ß>Ý|Ü�çaçVÜLé@âaá-ê�è-â8�Cß�ÚHß4áIÛHâòÙ1çr!BâaáIÛHß4ê�ÚHÙ1ç
ß���æ9Ù;ÛFâaÜ1á{ÛHÞ9Ù Û�è-ß�ãHà4Ú/âaåUß4ãqÛFÞßMÛHâ��hß�ß�1Ü�çaæ	ÛFâaÜ1á�Ü Ý

ρ1(t)
ë

ρ̇1(t) = −iPLe−iQLtρ2(0)− iPLρ1(t)−
∫ t

0

dτK(τ)ρ1(t− τ),
!$Q � ô ñ>(

é@Þ-ß�ÚHßMéEßMÞ9Ù��ß>è-ß�b9á-ß4è�ÛFÞ-ßS�hß��hÜ�Ú/îKD1ß�ÚHá-ß�ç

K(τ) = PLe−iQLτQL. !ËQ � ô	øC(
&qÞ-ßTb9Ú/ã/Û�ÛFß�ÚF�ÄâVá�ÛFÞ-ß�Ú/âaê�ÞIÛ�Þ-Ù1á-èuãHâaèß�Ü1Ýf#%� � !$Q � ô ñ>(�ß��	ä-çVâaà�âVÛFçOî�è-ß4äUß4á-èã>Ü1á¦ÛHÞ-ß�âaá-âOÛFâaÙ1ç
à4Ü1á-è-âVÛHâaÜ�ázÜ Ý'ÛHÞ-ß�âaÚHÚ/ß4çVß� Ù1áIÛ�ä9Ù1Ú ÛMÜ1ÝrÛFÞ-ß�ÛFÜ Û)Ù1ç�ã/îKã/ÛHß��

ρ2(0) � ó�Ü�é'ß�1ß4Ú�õ
åIîzà)Þ-ÜKÜ�ãHâVá-ê�Ù1á
âaáâVÛFâaÙ1çIà4Ü1á-è-âVÛHâaÜ�á�ãHÜ�ÛFÞ9Ù;Û Pρ(0) = ρ(0)

õ�é'ßqà6Ù1á"�¥Ù�D1ß
ρ2(0) = 0

õIÙ1áè¡ÛFÞ-ß
ρ2(0)

ÛFß�ÚF�Óé@âaçaç
 Ù1á-âVãHÞ{âaè-ß�áIÛFâaà4Ù1çaçOî � N}Ü1Úpß��Ù��hä-çaß õ	ÛHÞ-ßMä-ÚHÜRW/ß�à�ÛHâaÜ�á�Ü�äUß4ÚHÙ ÛFÜ1Úqè-ß�b9áß4è�âaá�#'� � !$Q � øC(pÙ1á-è�ÛFÞß
ä-Ú/Ü	è-æà�Û�ã/ÛFÙ ÛFßMâaáâVÛFâaÙ1çUà4Ü�á-èâVÛFâVÜ�á�è-ß�b9á-ß4è âaáE#'� � !$Q � ù>(EãFÙ ÛHâaã Ýkî�ÛFÞ-ß�ÛHÞ-âaãqà�Ü�á-è-âOÛFâaÜ1á � ó�ß�á-à4ß õ
åIî{ãHß�çaß4à�ÛFâVá-ê�Ù�ä-Ú/Ü�äUß4Ú�à4Ü��¡åâaá9Ù ÛHâaÜ�á�Ü Ý
ä-Ú/ÜRW/ß4à�ÛFÜ�Ú�Ù1á-è�âaáâVÛFâaÙ1çUà4Ü�á-èâVÛFâVÜ�á-ã�õ�#'� � !ËQ � ô1ñ>(pà4Ù1á
åUß>ã/â��hä-çaâ8b9ß4è¥ÛFÜ

ô�Q1ö



ρ̇1(t) = −iPLρ1(t)−
∫ t

0

dτK(τ)ρ1(t− τ).
!$Q � ô1ô�(

#'��æ9Ù ÛFâVÜ�á�!$Q � ô�ô�(pÞ9Ù1ãeÙ¥á-Ü�áC!:A�Ù1Ú6D1Ü=KâòÙ1á-�¥ß��¥Ü1Ú/î�D1ß�ÚHá-ß�ç[õxÙ1á-è âaã�âaá ÛHÞ-ßMÝ|Ü�ÚF��Ü1Ý�Ù¥ê�ß�á-ß4Ú"!
Ù1çVâ�Æ4ß�è N}Ü�DGD ß4Ú"! ; çòÙ1áàIDuß���æ9Ù ÛFâVÜ�á � &qÞ-ß�b9Ú/ã/Û>ÛFß�ÚF�ºâaá�#'� � !ËQ � ô�ô�(eÚ/ß4ä-Ú/ß4ãHß�áIÛFã�ÛHÞ-ß¥æá-âVÛFÙ1Ú/î
ß�1Ü�çaæ	ÛFâaÜ1áhê1ÜC1ß4Ú/á-ß4è¥å�î�ÛHÞ-ß�óeÙ��hâaçOÛFÜ�áâòÙ1á�Ü1ÝxÛHÞ-ß@ã/îKã/ÛHß���õÙ á-è�ÛFÞ-ß�ãHß�à4Ü�á-è�ÛFß�ÚF�¨Ú/ß4ä-Ú/ß4ãHß�áIÛFã
ÛFÞß�èâaãHã/âaä9Ù;ÛFâ,1ß�èîKá9Ù��hâaà�ã�Ü1Ý@ÛFÞ-ß{Ú/ß4çaß� Ù1áIÛ�ä9Ù1Ú/Û�Ü Ý�ÛHÞ-ß�ÛFÜ1ÛFÙ1çEã îKã/ÛFß�� � y�Ü1ÛFß�ÛHÞ9Ù Û�ÛFÜ Û)Ù1ç
ã/îKã ÛFß��$ã ÛFâaçVç-æ-á-èß4ÚHê1Ü	ß�ã'æ-áâVÛ)Ù Ú/î¡ß��Ü�çVæÛFâVÜ�á-2�#'� � !ËQ � øCQ�(V4TõKâOÛ*âaã�ÛHÞ-ß�Ú/ß4è-æà4ß4è�ã/îKã/ÛHß��$è-ß4ê1ÚHß4ß�ã
Ü1ÝqÝ|Ú/ß4ß4èÜ�� !TÙ ÝkÛHß4Ú�ÛHÚFÙ1à�âaá-ê Ü�æÛ¡ÛHÞ-ß�ß�á>	âVÚHÜ�á��¥ß�á�Û¡è-ß4ê�Ú/ß4ß�ã¡Ü1ÝqÝ|ÚHß�ß4è-Ü��<(�ÛFÞ9Ù;Û¡Þ9Ù��ß�ÛHÜ�åUß
è-ß�ãHà4Ú/âaåUß4èuåIîzÙ�á-Ü�á#!læ-á-âOÛ)Ù1Ú î�ß��Ü�çVæÛFâVÜ�á � ìEçVß6Ù1Ú/çVî1õCÛFÞ-ß�áÜ�á#!Bæá-âVÛFÙ1Ú/î ß�1Ü�çaæÛHâaÜ�ázâVã�Ù�ÚHß�ãHæ-çOÛ
Ü1Ý�ÛFÞ-ßMã/ß4ä9Ù1ÚHÙ ÛFâVÜ�á{Ü1Ý�ÛFÞ-ß�ÛFÜ Û)Ù1ç�ã îKã/ÛFß���âaáIÛFÜ�ÛHÞ-ßMã/îKã/ÛHß���ä9Ù1Ú Û�Ù1á-è{ÛFÞ-ßMå9Ù ÛHÞ{ä9Ù1Ú/Û �
&�Ü�è-ß�ÚHâ,1ß�ÛFÞ-ß�èîKá9Ù��hâaà�ã�Ü1ÝEÙ{Ú/ß4è-æà4ß4è�ã/îKã/ÛHß���õ�éEßhãHß�ä9Ù1ÚFÙ;ÛFß�ÛFÞ-ß�ÛHÜ1Û)Ù1ç�óeÙ��hâaçOÛFÜ�á-âaÙ1á

H
âaáIÛFÜ�ÛHÞ-ßMã/îKã/ÛHß���ä9Ù1Ú Û

HS

õÛHÞ-ßMå9Ù ÛHÞ ä9Ù Ú/Û
HB

õ}Ù1á-è{ÛFÞ-ßMã/îKã ÛFß���!Bå-Ù ÛFÞ�âaáIÛFß�ÚFÙ1à�ÛFâVÜ�á�ä9Ù1Ú Û
λHSB � i�ß�Ù1çaã/Ü�ÚHß��KæâaÚHß�ÛHÞ9Ù Û HS

Ù á-è
HB

Ü�äUß4ÚFÙ;ÛFß�âaá�ÛBé'Ü{è-â,�xß4Ú/ß4áIÛ�ó�âVçaåUß4Ú/ÛeãHä9Ù à4ß4ã�õ�ã/Ü
ÛFÞ-Ù ÛpÛFÞß4âaÚ'à4Ü����¡æÛFÙ ÛFÜ1ÚJ Ù1á-âVãHÞ-ß�ã4õ

[HS, HB] = 0 � &qÞß�à4Ü�Ú/ÚHß�ãHäUÜ�á-è-âVá-ê"Ï�âaÜ�æ�KâVçaçaß@Ü�äUß4ÚHÙ ÛFÜ1Ú
à6Ù á åUßMè-ß4à�Ü��¥äUÜ�ã/ß4è Ù1à4à�Ü�ÚHè-âVá-ê�çOîxë

L = LS + LB + λLSB.
!ËQ � ô1ù>(

�Bá Ù1è-è-âOÛFâaÜ1á�õ	é'ß>Ù1çaã/Ühèß�b9á-ßMÛFÞß>äÚHÜRW/ß�à�ÛFâVÜ�á{Ü�äUß4ÚFÙ;ÛFÜ�Ú/ã P Ù1á-è Q = 1− P æãHâaáê

Pρ = ρeq
b TrBρ.

!ËQ � ô5L>(
y�Ü ÛFß�ÛHÞ9Ù Û�ÛFÞ-ß¡äÚHÜRW/ß�à�ÛFÜ1Ú�âaá�#%� � !$Q � ôRL^(@áÜ1Û�Ü�áçVî�è-ß�b-á-ß4ã�ÛHÞ-ß¡ÚHß�çaß�1Ù á�Ûeä9Ù1Ú Û�Ü1Ý�ÛHÞ-ß�ÛFÜ Û)Ù1ç
ã/îKã ÛFß�� åIî¦ÛFÚFÙ à4âaáê Ü�æ	Û�ÛHÞ-ß¥âVÚHÚ/ß4çaß� Ù1áIÛ�ä-Ù1Ú/Û4õ
âVÛ�Ù1çVãHÜ�ä-ÚHÜ=Kâaèß4ã�Ù è-ß�b9á-âVÛHâaÜ�á¦Ý|Ü�ÚMÛFÞ-ß�ÛFß�� !
äUß4ÚFÙ;ÛFæ-Ú/ß�Ü1Ý�ÛFÞ-ß>ã/îKã ÛFß�� � #'� � !ËQ � ô5L^(EâVãeÙ�à4Ü�á>1ß4á-âVß4áIÛ�à)Þ-Ü1âaà4ß>Ü1Ý�äÚHÜRW/ß�à�ÛFÜ1Ú4õ}å-æÛ�ÛFÞ-âVãqÝ|Ü�ÚF�
âaã�á-Ü1ÛeÚHß���æ-âVÚHß�è � /eÛFÞß4Ú�ä-Ú/ÜRW/ß4à�ÛFâVÜ�á�Ü�äUß4ÚHÙ ÛFÜ�Ú/ã�à4Ù1ázåUß�à)Þ-Ü�ã/ß4ár2 ô1ù	õ�ô5L54 � i�âOÛFÞ�ÛHÞ-ß¡è-ß�b9á-âU!
ÛFâVÜ�á�âVá�#'� � !$Q � ô5L^(�õ9ÛHÞ-ß�ä-Ú/ÜRW/ß4à�ÛFÜ�Ú P Ù á-è�ÛFÞßaÏ�âaÜ�æ�	âVçaçVß�Ü�äUß4ÚFÙ;ÛFÜ�Ú/ãeãFÙ;ÛFâaã Ýkî�ÛFÞ-ß�ß���æ9Ù1çVâVÛHâaß4ã
LBP = PLB = 0

õ PLSQ = QLSP = 0
õ�Ù á-è PLSBP = 0 � &qÞß�çòÙ1ã Û�ß���æ9Ù çaâVÛBî�âVãeÛFÚ/æ-ß

âVÝ�ÛHÞ-ß�ÛHÞ-ß4Ú6��Ù1ç�Ù��ß�ÚFÙ1ê�ß�Ü1Ý
HSB

Ü=�ß�Ú�ÛFÞ-ß¡ß���æ-âaçVâaå-Ú/âaæ���å9Ù;ÛFÞ�ã Û)Ù ÛHß4ã�âaãYÆ4ß�ÚHÜ-õ 〈HSB〉eq = 0

ô1ð�ñ



!|é@Þß4ÚHß 〈...〉eq è-ß�á-Ü1ÛHß4ã TrB{...ρeq
b }
( � y�Ü ÛFß�ÛFÞ-Ù ÛpÝ|Ü�ÚEÙ1áIî�óeÙ5�¥âVçVÛFÜ1á-âòÙ1á�é@âVÛHÞ 〈HSB〉eq 6= 0

õ
é'ß�à6Ù áªÙ1çOépÙ6îKã�Ù1å-ãHÜ1ÚHå�ÛHÞ-ß¥Ù=1ß4ÚHÙ1ê�ß�âVáIÛFÜ

HS

Ù1á-è�Ü�åÛ)Ù âaáuÙ á-ß�é¨âaáIÛHß4ÚFÙ à�ÛFâVÜ�ázÛFß�ÚF�Äé@âVÛHÞ
 Ù1á-âVãHÞ-âVá-ê�Ù=1ß4ÚHÙ1ê�ß1õ

H ′
SB = HSB − 〈HSB〉eq

õJÛFÞ-ß�ÚHß�Ý|Ü�ÚHß õ�ÛHÞ-ß¥à�Ü�á-è-âOÛFâVÜ�ázÛFÜ�ß4ã/ÛFÙ1å-çVâaãHÞ¦ÛFÞß
ß���æ9Ù çaâVÛBî PLSBP = 0

à4Ù1á�Ù1çVéEÙ6îKã�åUßMÙ1à)Þ-âVß�1ß4è � N9Ü�ÚqãHâ,�¥äçaâaà�âVÛBî1õ�é'ß>Ù1ãHã/æ��hß 〈HSB〉eq = 0
Þ-ß�ÚHß6Ù;ÝkÛFß4Ú �J; çaæ-ê�ê1âaá-ê[#%� � !$Q � ô ù>(râVá�ÛHÜT#'� � !ËQ � ô�ô�(rÙ1á-è�Ù1ää-çVîKâaáê�ÛFÞß�ß���æ9Ù1çVâVÛHâaß4ã�õKé'ß�Ü�å	Û)Ù1âVá
ÛFÞß�ß���æ9Ù ÛHâaÜ�á¦Ü1Ýf�¥Ü ÛFâaÜ1á�Ý|Ü�ÚeÛHÞ-ß�ÚHß4èæ-à4ß�è�ã î	ã ÛFß���Ù ÝkÛFß�Ú�ÛFÚFÙ à4âaáê�Ü�æÛ�ÛFÞß�âaÚHÚ/ß4çVß� Ù1áIÛ�å9Ù ÛHÞ
è-ß�ê�ÚHß�ß4ã�Ü1Ý�Ý|Ú/ß4ß�è-Ü���ë

σ̇(t) = TrB ρ̇1(t)

= −iLsσ(t)− λ2

∫ t

0

dτTrB

{
LSBe

−iQLτQLSBρ
eq
b

}
σ(t− τ).

!ËQ � ô�.�(

#'��æ9Ù ÛFâVÜ�áE!ËQ � ô�.�(�è-ß4ã/à4Ú/âaåUß4ã�ÛFÞ-ßqè	î	á-Ù��¥âVà4ã�Ü1Ý}ÛHÞ-ßqÚHß�è-æ-à4ß�è�ã î	ã ÛFß��gæ-á-è-ß�Ú�ÛFÞ-ßqâVá-âVÛHâòÙ1ç�à4Ü1á-è-âU!
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â � ß � λ � 1 � �BázÛFÞ-ß λ � 1
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σ̇(t) = −i[HS , σ(t)]− λ2

∫ t

0

dτTrB {[HSB, [HSB(−τ), σ(t)⊗ ρeq
b ]]} . !ËQ � ô1÷�(

&�Ü�ß��	ä-çaâVà4âOÛFçVî�ß� Ù1çaæ-Ù ÛFßMÛFÞ-ß>ÛFÚHÙ1à4ß�ÜC1ß4Ú�ÛFÞ-ß¡å-Ù ÛFÞ è-ß4ê�Ú/ß4ß�ã�Ü1Ý�Ý|Ú/ß4ß4èÜ��¥ã�õxé'ß�à�Ü�á-ãHâVè-ß4ÚeÙ
ê�ß�á-ß4Ú/âaàMä-ÚHÜKè-æ-à�ÛqÝ|Ü�ÚF�¼Ý|Ü�Ú

HSB

ë

HSB =
∑

n,α

Sn ⊗ Bα,

é@Þ-ß�ÚHß
Sn

Ù1ÚHß�Ù1á�ã îKã/ÛFß��]Ü�äUß4ÚHÙ ÛFÜ1ÚHã4õxÙ1á-è
Bα

Ù1Ú/ß�å9Ù ÛHÞ�Ü�äUß4ÚHÙ ÛFÜ�Ú/ã4õUãHÜ�ÛHÞ9Ù Û
[Sn, Bα] = 0 �í	æ-åã/ÛFâOÛFæÛHâaÜ�á{Ü1Ý

HSB
âaáE#'� � !ËQ � ô1÷>('îKâaß�çaè-ã

σ̇(t) = −i[HS , σ(t)]

−1

2
λ2

∫ t

0
dτ

∑

n,n′,α,α′

{
[〈Bα′(−τ)Bα〉eq + 〈BαBα′(−τ)〉eq] [Sn, [e

−iHSτSn′e
iHSτ , σ(t)]]

− [〈Bα′(−τ)Bα〉eq − 〈BαBα′(−τ)〉eq] [Sn, [e
−iHSτSn′e

iHSτ , σ(t)]+]
}
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Cα′α(τ) = 〈Bα′(τ)Bα〉eq = Γα′α
r (τ) + iΓα′α

i (τ),
!ËQ � ô1ð�(

é@Þ-ß�ÚHß
Γα′α

r (τ)
Ù1á-è

Γα′α
i (τ)

Ù1Ú/ßeÚ/ß6Ù1ç}Ý|æ-á-à�ÛFâaÜ1á-ãEÚ/ß4ä-Ú/ß4ãHß�áIÛFâaáê�ÛFÞ-ß�ÚHß4Ù1çxä-Ù1Ú/ÛpÙ1á-è¥ÛHÞ-ß�â,��Ù1ê1âU!
á9Ù1Ú î>ä9Ù1Ú/Û
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〈BαBα′(τ)〉eq = 〈Bα′(τ)Bα〉∗eq = Γα′α
r (τ)− iΓα′α

i (τ),

é'ß�Ü�å	Û)Ù1âVá
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σ̇(t) = −i[HS , σ(t)]− λ2

∫ t

0

dτ
∑

n,n′,α,α′

{
Γα′α

r (−τ)[Sn, [e
−iHSτSn′e

iHSτ , σ(t)]]

−iΓα′α
i (−τ)[Sn, [e

−iHSτSn′e
iHSτ , σ(t)]+]

}
,
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