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ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʘʣʴʥʳʭ ʚʝʱʝʩʪʚ



ʏʪʦ ʪʘʢʦʝ ɿʆʅʓ
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ʋʧʨʦʱʝʥʠʝ ʟʘʜʘʯʠ ʜʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ

ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ ʟʦʥʥʳʭ ʤʝʪʦʜʦʚ:

1. ʨʘʟʣʠʯʥʳʝʙʘʟʠʩʥʳʝ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ űi(r)

2. ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ Vone-electron(r)

3. ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ Vxc(r)
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ɿʦʥʳ ʞʝʣʝʟʘ
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ʉʠʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ
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ʄʝʪʦʜ DFT+U

ɼʣʷ ʫʟʢʠʭ ʟʦʥ
ʠʩʧʨʘʚʣʝʥʠʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʚ ʜʫʭʝ ʤʦʜʝʣʠ ʍʘʙʙʘʨʜʘ:
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Vmm'
ů=

×
m''m'''

{ <mm''|Vee|m'm'''> nm''m'''
ïů+ [<mm''|Vee|m'm'''>ï<mm''|Vee|m'''m'>]nm''m'''

ů}ïVDC.

ʄʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʤʝʞʵʣʝʢʪʨʦʥʥʦʛʦʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Vmm' ʚʳʨʘʞʘʶʪʩʷ 
ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʛʘʨʤʦʥʠʢʠ Ykqʠ ʠʥʪʝʛʨʘʣʳ ʉʣʵʪʝʨʘFk:

<mm''|Vee|m'm'''> = ×k ak(m,m',m'',m''') Fk,

ak(m,m',m'',m''') = 4ˊ/(2k+1) ×q=-k
k <lm|Ykq|lm'> < lm''|Ykq*|lm'''> 

ʉʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 
ʥʝʜʠʘʛʦʥʘʣʴʥʫʶ ʧʦ ʩʧʠʥʦʚʦʤʫ ʠʥʜʝʢʩʫ ů ʧʦʧʨʘʚʢʫ:

Vmm'
ů ů' = (ŭůů' ï1)×

m''m'''
<mm''|Vee|m'''m'>nm''m'''

ů',ů+ŭmm' ŭůů' ɚmů+

İ (ŭm,m'-1 ŭů,-ů' + ŭm-1,m ŭ-ů,ů' ) ɚ ã(l+m) (lïm+1) 



ʀʜʝʷ DMFT
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ɻʘʤʠʣʴʪʦʥʠʘʥʩʪʘʥʜʘʨʪʥʦʡʤʦʜʝʣʠʍʘʙʙʘʨʜʘʜʣʥ̫ʝʚʳʨʦʞʜʝʥʥʳʭʵʣʝʢʪʨʦʥʦʚ
ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠʚʪʦʨʠʯʥʦʛʦʢʚʘʥʪʦʚʘʥʠʷ:

Ǧ=ɆijstijǗ
À

isǗjs+Ɇi UniŷniŹ

ʆʜʥʦʯʘʩʪʠʯʥʘʷʬʫʥʢʮʠʷɻʨʠʥʘ:

G(k,iwn)=( m+iwn-ek-S(k,iwn) )
-1

S(k,iwn) ī ʩʦʙʩʪʚʝʥʥʦʵʥʝʨʛʝʪʠʯʝʢʘʷʯʘʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷʢʫʣʦʥʦʚʩʢʠʤ
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ.
ʇʨʠU<<W ïʜʠʘʛʨʘʤʤʥʘʷʪʝʭʥʠʢʘ;
ʇʨʠUÓW ïDMFTʧʦʜʭʦʜ. 

ʧʨʠdŸÐ S(k,iwn)ŸS(iwn) ʤʦʞʥʦʨʘʩʩʤʘʪʨʠʚʘʪʴʦʜʥʦʫʟʝʣʴʥʫʶʌɻ ʤʦʜʝʣʠ
ʍʘʙʙʘʨʜʘʢʘʢʌɻ ʥʝʢʦʪʦʨʦʡʵʬʬʝʢʪʠʚʥʦʡʦʜʥʦʧʨʠʤʝʩʥʦʡʤʦʜʝʣʠ(ɸʥʜʝʨʩʦʥʘ) 
ʩ ʪʘʢʠʤʞʝʢʫʣʦʥʦʚʩʢʠʤʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤʥʘʫʟʣʝ. 

G0, S

Gimp, S



ʈʝʘʣʠʟʘʮʠʷ DMFT
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ʇʦʩʨʝʜʩʪʚʦʤ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ.

ʐʘʛ 1. ɺʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʨʝʟʝʨʚʫʘʨʘ

ʐʘʛ 2. ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʧʨʠʤʝʩʠ

ʐʘʛ 3. ʈʝʰʝʥʠʝ ʧʨʠʤʝʩʥʦʡ ʟʘʜʘʯʠ ɸʥʜʝʨʩʦʥʘ ʩ ꞉

ʐʘʛ 4. ɺʳʯʠʩʣʝʥʠʝ ʥʦʚʦʡ ʩʦʙʩʪʚʝʥʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ

ʇʝʨʝʭʦʜ ʥʘ ʰʘʛ 1c ɫ ɫ ʧʦʢʘ ɫ᷆ ɫ ᷆ ɿ

ὋὭ Ὥ ‘ ὌὯ ɫὭ

꞉ Ὃ ɫ

ɫ ꞉ Ὃ



ʌʫʥʢʮʠʠ ɺʘʥʴʝ
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ʇʦʣʥʘʷʠ ʧʘʨʮʠʘʣʴʥʳʝʧʣʦʪʥʦʩʪʠ

ʩʦʩʪʦʷʥʠʡLaMnO3ʚ ʨʘʟʣʠʯʥʳʭʙʘʟʠʩʘʭ
(ʥʝʤʘʛʥʠʪʥʳʡLDA ʨʘʩʯʝʪ).

ɼʣʧ̫ʦʣʥʦʦʨʙʠʪʘʣʴʥʦʛʦ
ʨʘʩʯyʪʘʙʝʨʫʪʩʚ̫ʩʝ 
ʚʘʣʝʥʪʥʳʝ ʦʨʙʠʪʘʣʠ:
Mn- 4s,4p,3d, 
O- 2s,2p,3d, 
La- 6s,6p,5d,4f. 
ʈʘʟʤʝʨʥʦʩʪʴH(k) 208*208

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʮʝʜʫʨʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 
ʙʘʟʠʩ ʬʫʥʢʮʠʡ ɺʘʥʴʝ:
Mn- 3d, 
O- 2s,2p, 
La- 4f. 
ʈʘʟʤʝʨʥʦʩʪʴH(k) 96*96.



ʇʫʙʣʠʢʘʮʠʠ (ʘʧʨʦʙʘʮʠʷ)
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ʈʝʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʠʤʝʩʷʤʠ
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ʘïʥʝʩʢʦʣʴʢʦ ʷʯʝʝʢ ʠʜʝʘʣʴʥʦʛʦ 
ʢʨʠʩʪʘʣʣʘ (ʩʚʝʨʭʷʯʝʡʢʘ);

bïʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʧʨʠʤʝʩʠ ʚ ʩʚʝʨʭʷʯʝʡʢʝ.

Åʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ
ʫʧʦʨʷʜʦʯʝʥʠʝ
Å ʧʦʷʚʣʝʥʠʝʩʚʝʨʭʩʪʨʫʢʪʫʨʚ 
ʧʣʦʪʥʦʩʪʠʩʦʩʪʦʷʥʠʡ;

Å ʟʘʚʠʩʠʤʦʩʪʴʨʝʟʫʣʴʪʘʪʘ
ʦʪʚʟʘʠʤʥʦʛʦʨʘʩʧʦʣʦʞʝʥʠʷ
ʧʨʠʤʝʩʠ

Åɼʠʩʢʨʝʪʥʳʡʨʷʜ
ʢʦʥʮʝʥʪʨʘʮʠʡ
Å ʟʘʚʠʩʠʤʦʩʪʴʦʪʨʘʟʤʝʨʘ
ʩʚʝʨʭʷʯʝʡʢʠ

Åʇʦʥʠʞʝʥʠʝʩʠʤʤʝʪʨʠʠ
Å ʧʦʷʚʣʝʥʠʝʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ
ʘʪʦʤʥʳʭʧʦʟʠʮʠʡ



ʈʝʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʠʤʝʩʷʤʠ
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ʩ-ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʝ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʠʤʝʩʠ ʚ 
ʩʚʝʨʭʷʯʝʡʢʝ;

d ïɻ ʬʬʝʢʪʠʚʥʳʝ ʘʪʦʤʳ ʚ 
ʩʚʝʨʭʷʯʝʡʢʝ(ʧʨʠʙʣʠʞʝʥʠʝ 
ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ).

Åʅʝʪʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦʫʧʦʨʷʜʦʯʝʥʠʷ
Åʥʝʪʧʦʥʠʞʝʥʠʷʩʠʤʤʝʪʨʠʠ
Åʧʨʦʠʟʚʦʣʴʥʘʷʢʦʥʮʝʥʪʨʘʮʠʷʧʨʠʤʝʩʠ
Åʧʨʦʠʟʚʦʣʴʥʦʝʢʦʣʠʯʝʩʪʚʦʧʨʠʤʝʩʝʡ



ʏʪʦ ʪʘʢʦʝ ʢʦʛʝʨʝʥʪʥʳʡ ʧʦʪʝʥʮʠʘʣ
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ
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