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Ĥ = T̂ + Û + V̂  "!$�E!:�"�!$E�&8:E!%$�"��GE�&$8#�GeIabAg

�-������. 
xk !"��_tfi8puS^ Ψ$%��vT &$%8nThlhle

�
�������. 
BcIC,vTzS^ �.���'[&]2mcH�.�8Yr]9
_tfiBcIC,'$%RvT&$%@h0>�

&$% ⟺ Ψ$% ⟺ !"

Egs = min
⇢

E[⇢] = E[⇢gs]
<latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QmQ3ojzgbo/EzizbQByye2eqnMU="></latexit><latexit sha1_base64="QmQ3ojzgbo/EzizbQByye2eqnMU="></latexit><latexit sha1_base64="/2TKj3gDqdOzUVqbHrdOheHPBrA="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit><latexit sha1_base64="CVn9y1ErcZBzBPAGOFrgCYpBPVs="></latexit>

�.�

��	���.�1=&$%2`=?>��ZsoT9&$%1=
n8K=<>\j2M1>�

- ygfi:8ol��Pnwm.��� �..���

6F$����1&%DD��564)	� �,+(�

�bt�vTzS^+[&(-, /)]TlP>ur]da
⁄2+ & -, / 2& -, / = 0

 xq84;Ψ$%Tsk26Lki�



!8+-.�,F/*�3eC
"#Ψ %&,⋯ , %) = +Ψ %&,⋯ , %)
>�"E=%&,⋯ , %)!nI 
0:�! #@�"#$%:cB 

��!	��

d;PT!�,(%)!r4i95=!�Ψ(%&,⋯ , %))
Mh1�"&�

���
������
������	��.� ���

ON<a?
/+ ,
/, % = 0

1�
�������
	��
2 	��

!r4g(A�D

s >r4g"@o!���#qS(2S 



	 ���%A�.����#�
 �
���%JD.�F*+DE&,
!H?.�A�#
 

	 KB>C�:6%3?-��� 

@E=G2<�8�
����������
��
#��
�
��KB>C%3?-�� �@E=G2<%F��IT��
;0��
�
�

?

!" #[%]?

.$!�45%91�#/��2<.IT�� 

�����	���



���
��	-����

������

DFT
(Density functional theory)

FRG
(Functional renormalization group)

DFT-RG
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Ũ(p)G̃(3)

� (P,�P ) + G̃(2)
� (0)

✓
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@�µ� � Ũ(0)⇢gs,� +

1

2
U(0)

◆

@�G̃
(2)
� (P ) =� Ũ(p)G̃(2)
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Ũ(p0)G̃(4)

� (P 0,�P 0, P ) +

Z

P 0
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� Generating function of the connected correlation functions

� Effective action (EA)

�[O] = sup
J

[J · O �W [J ]]

!": Indices of coordinate and internal degree of freedom

� Quantum EOM

Determines the behavior of

the expectation value of #

W [J ] = lnZ[J ] = ln

Z
D�e�S[�]+Ji1,··· ,inO(�i1 ,··· ,�in )

��[O]

�Oi1,··· ,in
= 0

� Some types of EA depending on the choice of #
� 1PI (1 particle irreducible)

� nPI (n particles irreducible)

� 2PPI (2 particles point irreducible)

O(�i) = �i

Oi1,··· ,in = �i1�i2 · · ·�in

Γ: Generating function of 1PI diagrams

O(�i(x),�j(x)) = �i(x)�j(x)

not 1PI

1PI

H. Verschelde, M. Coppens, PLB (1992)

Φ&: Fields

Γ: Generating function of nPI diagrams

Effective action formalism for DFT-RG
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