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Fj�
αkk′

O	]9i
VWO�inO	l,]^O	\,J
_,O!LuFIVsNIJ9HK]nN.inHKFIlUFj\�]9\,]^[	O0L2i^HK},HWVKH�inm�m	VKO	[	inJ9HKyz\,Otf,[0O&i^O0l,]9O0\,J
L,w,m	l,FjTom0l,FIVKFjkjHWyz\,O
�jm0J9HW�:OY[0O	J9inNIHKl,O	]GVKFjHW]M[0Fjl,]�inH�in\2i^HW�jO	]G_,\,O0]aNI\oTUHWVKHKO	\��*HW]^FIi^J^FjL(OId�f�fWf���_:NIl,]GVKO	yz\,O0V�}:NIHWkjl,O
VsN!_,HW]9i^J^HK}2\2inHWFjl
_,O�[xw:NIJ^kIOIf

$&%('*),+.-*/0),��-='*-�1���� @�'���)S1�%(��@��G�W�(�Z� +3%����e5 @ � ),5�/�'��¡�z1;)21£¢z/IB¤XG¥¦Nti^FjTUO�§©¨©]9ce]9i^�0ToO~L,J^FtinFjl£ª
m0VKO	[	i^J^Fjl�_:Ntl,]GVg¥«m	ixN.i�¬;]Ml,FIlo_2m0kjm	l,m0J9mY_2O|Vg¥¦§�NIToHKV�inFjl,HWO0l�VKHW},J^O

H0

dtm0[	J^HWiG_,NIl,]M\,l�J^O	Lu�	J^O|Fj��VWO�L,J^FtinFjl
O0]9i®­�Vg¥«FjJ9HKkjHWl,O

ϕ0 = ψ100, ε0 = E1 = −EI ,
m0l,O	J^kjHWO�_2O�¯|ce_,}(O0J^k

,
O0]9i°L,VWFjl,kjm
_:NIl2]°\,lU[xw:NIToLUm	VKO	[	inJ9HKyz\,OYORQeinm	J^HWO0\,J −→

E
w,FITUFjkI�0l,O
\,l,H�±4FjJ^ToOIdI[0OYye\2HuHWl,_,\,H�iG\,l²ToFjToO0l�i

_,HKL(FjVsNtHKJ^O −→
P
�*FILum	JnNti^O0\,J NI\2i^F�NI_.³9FIHKl�i ∼ ~q

��[0FjToTUOGJ9m0L(Fjl,]^OP_,\�]9ce]9i^�0ToO�­
[0O	i9inOPHKl2´,\,O0l,[	OaO{QSi^m0J9HKO0\2J^OIf
XM¥«m0l,O	J^kjHWO�_�¥¦HWl�inO0J^NI[	i^HKFjl

W = −−→E · −→P [	Fjl,_,\,H�iY­o\2lµl,FI\2�jO	V�§®NIToHKVWi^Fjl,HWO0l
H = H0 +W

d,_,FIlzi
VKO0]MmRixNti^]GL,J^FjL2J^O0]G_,m	[0J9HW�jO	l�i°_2OYl2Fj\2�jO0NI\SQomRixNti^]P_?¥¦m	ye\2HKVKHW},J^Oa_,O
Vg¥¦NtinFjToO�§¶yz\,H:l?¥¦O	]9i°L,VK\,]M\2lo]�ce]9in�	TUO
HK]^FIVKm
T²NtHK]MO0l²HKl�inO	JnNI[RinHKFIl²N;�jO	[�VWO®ToHKVWHKO0\��4VKO
[xw:NIToL −→

E
�{feXG¥¦Nti^FjTUOY§·]^OYinJ^FI\2�jO®_:NIl,]°\,l²mRixNti°L,J^FIL,J^O

ye\2O�Vg¥«Fjl�L(O0\Si�O0]�inHKToO0J�L:NIJ�VsN�TUmRinw,Fe_,O²_2O0]~L(O0J�in\,J9}:NtinHWFjl,]�]9inNtinHWFjl,l:NIHWJ^O	]0f ¸�HKJ9O²yz\,O�VWO²[xw:NtTUL −→
El�¥¦O	]9iYL:NI]|i^J^FjL�HWlzi^O0l,]9OU�*]^HWl,Fjl�Vg¥¦Nti^FjTUO�§¹]^O0J^NIHWi�HKFjl,HW]^m;�°[I¥«O0]�i�HWlzi^J^Fe_,\,HWJ^O�\2lµL:NtJnNITo�	i^J^O&_,O�[	Fjl�inJ^rIVKO

λ
L(Fj\,J −→

E → λ
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_,O�]^FjJ�inO�yz\,O
H0 → H(λ) = H0 + λW = H0 − λ
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d2Fj��_2Fjl,[
H(λ)ϕ(λ) = ε(λ)ϕ(λ)

dSORiYN��IO0[�]^O	VKFjl
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ϕ0 → ϕ(λ) = ϕ0 + λϕ1 +O(λ2).
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ϕ1 = Q(ε0 −H0)
−1QWϕ0 =

∑

n≥2

n−1∑

`=0

∑̀

m=−`

〈ψn`m|W |ψ100〉
E1 − En

ψn`m.
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∂ε(λ)

∂λ
= 〈ϕ(λ)|∂H(λ)

∂λ
|ϕ(λ)〉 = 〈ϕ(λ)|W |ϕ(λ)〉 = −Ek〈ϕ(λ)|Pk|ϕ(λ)〉.

À NIVK[	\,VKFjl2]®_,FIl,[�O	l£\2inHWVKHW]nNIl�i
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ϕ(λ)
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L,J9FjL,J^O	]®_2O
H0
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〈ϕ(λ)|W |ϕ(λ)〉 ' 〈ϕ0 + λϕ1|W |ϕ0 + λϕ1〉+ · · ·
= 〈ϕ0|W |ϕ0〉︸ ︷︷ ︸

=0 par parite

+λ (〈ϕ0|W |ϕ1〉+ 〈ϕ1|W |ϕ0〉) +O(λ2)

= λ
∑

n≥2

∑

`,m

(〈ψn`m|W |ψ100〉
E1 − En

〈ψ100|W |ψn`m〉+
[If«[If )

+O(λ2)
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∑
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E1 − En
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〈ϕ(λ)|Pk|ϕ(λ)〉 = − 1

Ek
〈ϕ(λ)|W |ϕ(λ)〉 = −2λ

Ek

∑

n≥2

∑

`,m

|〈ψn`m|Ek′Pk′|ψ100〉|2
E1 − En

+O(λ2)

= Ek′2λ
∑

n≥2

∑

`,m

〈ψ100|Pk|ψn`m〉〈ψn`m|Pk′|ψ100〉
En − E1

+O(λ2)

= αkk′E
k′λ+O(λ2)
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∑
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En − E1

= 2e2
∑

n≥2

∑

`,m

〈ψ100|qk|ψn`m〉〈ψn`m|qk′|ψ100〉
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ε(0) = ε0
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E1 − En
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