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Gutzwiller projection operator (V45— MDE & EEF)
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MIT: metal-insul_ator transition Cf. Georges, et al. RMP (1996).
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FC-MIT: filling control MIT ® O ® O
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Cf: Imada, Fujimori & Tokura, RMP (1998).
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HllBERPA (cRPA)D /3L (2 &5 F ZhiEwk 48 B 1 A o) 54
Ref. F. Aryasetiawan, et al., Phys Rev B 70, 195104 (2004).
W=[l-vP] 'v=1[1-0vP, —vPy] v

=[(1 —vP){l -1 —vP) Py} v

={1-1—=vP) P, 7 1 = vP)

=[1-W.P,]"'W,,

W, =[1—vP,] 'v. COEDERMEEERAZUVELTIRALTELLY,

Hel201 T11201 CaCuO,
Upase [eV] 12.2783 13.7685 13.7885
Ucereenca 1€V] 2.9462 1.7088 3.0397

ZHREERICKOIEHAELERH DS,
W) = [1 = v(Paq) (@) + Pgp(®)] v
Ref. S. Teranishi, et al., J. Phys. Soc. Jpn., 87, 114701 (2018). 11
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M

>10eV >1eV ~ 0.1
Al >10eV >1eV ~ 0.1
Cu oxides >10eV 1~4eV 2~6

- HELDOAMEREEERRE (FBBE/NTA—F) U, [THHIRESTHRE,
o NURIBOEEMU,, /t ZROTNS,
« YIBIKREEIZIFSORT7—t UNUFIR) 2> TV,

HEEMIREBIZTTE EBIRET U/t BRJLLGEHIRNHSN TS,
« E(LVEFZ (Heavy Fermion system)
- Rt ERBEER
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} Dipole interaction ‘

LDirect exchange : (Cf. Heitler-London theory) J

LKinetic exchange : (Cf. the Hubbard model) J

tSuper exchange

LDouble exchange

RKKY interaction

Anisotropic exchange interaction

LDzyanshinsky-Moriya interaction J
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U: Intra-orbital repulsion
U’: Inter-orbital repulsion

‘ ‘ ‘ ‘ ‘ m V: Inter-orbital repulsion

u U-J J.: Inter-orbital exchange
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T 000008
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(F channel)
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(metallic F)
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The Kanamori-Goodenough rule
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Half-filled d-shell
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_________________________________________

Formation
of Wannier
orbital

=

overlap

Existence of the transfer

Antiferromagnetic exchange interaction

fEIR/ \NN\—RIEB[Z L BAnderson|Z LA i—HIRIBIZH(THED.
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Sr2*Mn**0%, : Mn**[&(3d)3

[ ER Bk E R IRAE1E A

B :RUOBYLL
IR

overlap

No overlap

sk 1% B HAE B F

—————————————————————————————————————————

G-AF ()

Fang, Solovyev & Terakura, PRL 84 (2000) 3169.

G-typeD RIEEIRENFRE
: Kanamori-GoodenoughBll[Z kA&
: GGAIZKRDETEMR. ZHEEL &I,
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s AEEESU(2)

overlap overlap

overlap overlap

RGRHETE B3 IRE BLAE GGAIZ&k B - BRI E V£
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s AE R Ising

No spin
on O

C-AF (C2)

GGAfZ (x=1D HZZT))
GGAIZH [+ 2B D 1t (Ising ) B A AL R, mNEZIA
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VJVthm»wéﬁﬁ% %2 B L BA $ IR B
EEL“I'\T/‘/—‘V)I/':F'U) ‘ Kohn-Sham/\>F
BHEFHR
S LIS GWiIE L, GWTi%
B — BR Rk W: Wave

(Screened Coulomb interaction)

Full Green’s function
/ - / S S
N GWIR{ld B BE4EA
— 4 »> va‘k

Feynman % " ' ‘ ERF/\UR
Dyson A=
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Energy relative to Fermi energy [Ry]
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W= C | C? :
0 T 1 2 T 1 +...

The lowest state A state with an A state with two
electron-hole pairs.

minimizing energy  electron-hole pair
of (T + ﬁeff% . created by V...

COEIGHEMNBENL L, BEERDZERNOIT AERRBITEMBETED X
R 2RI EEREBIRILEF—Z T TITEEEET 5,
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g . LB
X = (ri » O )
The lowest state 4(x) #0x) - alxy)
minimizing energy R O (2 (x) #.0e) - B(xy)
of <f+9e]j | o
P (xl) P (xz) Py (xN)

==L, CORENLERE LS, DEHIKE
YT ESICEE5— T XA L ETH S,

26



IN—RL—-T 4973818 D % 5 22

o N—FL—TAYIELTIZ N—,L—TAYIFEARD
NG Z5EH—AL—3ETRIFAINDEHHETHIGV(NE
F’"('T’CL\éEa?%d)l*)l/#—ﬁ—ﬁ’ft’&ﬁof:o

Elp]= Ey [0+ el @]+ Erpulo]+ | @ v(h(r)

;OD_E’E [ 5V DB En(NZROTINS ], EHDE.
BMFEEHN()ELTHELGLDERHEMZTE —RAL—4715
REL-FEHBETIEE >ELTWAS, ERGTIEETES,

mEEZEMN T HZER T, KK

1. SRRBEROEMET | o i 7 S
2. BYHEN—EFREDE 2 HROER ) FEAMHE

THoT&LLY,

27



ZENEBEDANSTO—

« ZE(BFZEH) NI 5550 —= 45
Hohenberg & Kohn (1964)

« MRSINSEEZEMDTTEEEEN
Harriman (1980), Lieb (1982)

o A= N\—HI)L-ITRILF—AERDTFFEALEA

Lieb (1982) _‘

EFROBEILMHEL.
BEEEREL-ESACBERALND,

Hohenberg & Kohn (1964)
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Kohn-Sham
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Energy relative to Fermi energy [Ry]

18} Nb (nonmagnetic)
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DOS [States/Cell/Ry]

0.4 -03 -0.2 -0.1 0 0.1 0.2 0.3

Energy relative to Fermi energy [Ryl
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e FelXIEREMEIRRETREWIKREE ESE
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Bh., EBRICITU HFTERITRKEELD
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3dBBRERICHTHEFIREDFFEIL,
— B—[JFIZHIERDRAE N RIS HIVNMNES
« JURH|IEHEREERDMEREBELEAE Y AEERIESH
— AR mARDSZE&EYMD
— ZOSHIENLHPT AJGeE ZRARD LA BENLIEEFERT D.
— d-BEFIRODEEZ—RIZELOTLS.
« RFRIAEIC XK BEETS.
« ETNIE, FEWNdANUR ERRTS.
UTDEOIGHERE— AV RE T HRBIMERREX, EEEFaE
(an itinerant electron picture) [C&2> TERMESNBIREZTH S,

Element TJK M/ug Configuration
Fe 1043 2.219 3d°
Co 1404 1.715 3d’
Ni 630 0.604 3d8
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TAZYIA—2TOXFyTHBAZEIRE/NILT DE&EH
Y. Wicaksono, et al. CARBON 143, 828 (2019).

FEEIR: PBEsollZ&YNi/graphene D EEREFXHIN,
AEVIEENDHBER: RETHILEENRTELNDERTHI,

Minor spin ]

K M

re

Dirac cone is open. Anti-parallel Parallel Dirac cone is close.
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Rk AP P PJ
- Gapless | Gapless
==

TET DC gap Major Minor

Gapless | Gapless
JVEF | pCgap | O "

Minor Major

= RAENKEFERTUIYILIZAASILA AN
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Linear-Polarized magnetochemtstry 3.336 @

— | Light Irradiation High TMR ~1200%
k N 0.08 I I I . |\ r . . HC1B-BC2H BC1B-NC2H BC1N-NC2B
i T T T T T TR T T @ 2 1,

e - L b - - . g
> 0,07 || APC Spin-up - S &7 b X
= L |— PC Spin-up | 424l 34 Paf 4
'8 0.06 | PC Spin-down . ¥ o -» .. = "
3 L |— APC Spin-down ] e &l Bi.. [
e 0.05F | = Eiz 0.03 "' * 1424 g

— D; [ | ] gf‘w' 0.02 K
S 0.04 -' | - e
o 1 + } I
2 003 | - HC1B-BC2H BC1B-NC2H BCIN-NC2B
E L I Gonfigurations
s - - ni i
g 0.02 [ I - Mechanical Shift
o
= 001 | -
(-)0.5 -04-03-02-0.1 0 0.1 02 0.3 0.4 05
E-E, (V)

Mechanical Shift

Spin-Topological Electronic
RFEYE MR (BERm) Valve in Graphene-Based

. . Magnetic Junction
’ ¥ELL\¢%EE¥\ 7__/ \/rx*%;'ﬁ g Volume 9 - Issue 5 | May 2023
» . REUILYROZHRETF
- REMHEEHR MDPI) (st
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MgCu, B S— XY E DLSDAGTHE

MgCus type
Cu-site
Fe Co Ni
Mg-site | Sc meta meta | para para
Y | ferro ferro | meta meta | para para
T para.  para
Zr | ferro ferro | para para

left side:exprimental result. right side:result of calculation
ferro= ferromagnet, para=paramagnet, meta= metamagnet

NOLRPOYETIILSDADIE RN EERZF EMMIZERBATETLA.
ZMH—AT,
GGA 5T & I[X YCo, ZRMMETH A LERT 5.

COHRERIE Fe ITEWTTL LAGGANW 4= HIRI 5— A T. LSDALYE
CHEEELTGEWELWSTBREMIRITH S.

) EEUABERICEZ TSI U EORRERELTNS.
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d3- d*-shell
d* , & d* d3
::::?? “f"———%?: :jL—:— p—

overlap
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BHELTLNS. iz AL TN,
BELTLS dy [EN\VMIREEZEH-TLNVS

it —_EXBRMEEER (£FEREMHE) =6 BEDEFYHILEF
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By M. Shirai, et al.
CDEAIZDHEFNAOTLS.
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P9 dE $nEh B CrAsD B FIKFE

DOS[states/eV/spin/atom or unit cell]
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J 9 —sxmmEnm |
Ik & AR

Energy[eV]

38



Energy (eV)
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Ce la, B, (0<x<0.2): IEZE TR R

x=0.125 x=0.037
A—/IN\— L& lonlyit & A—/\—t L% T-onlyit &

. £ 88 3 o
— I,inL=2basis LaB,DIKEELER —— T,inL=2basis LaB,MDIKRELIERK
I's in L=2 basis

I's in L=2 basis
1AE=O.9eV IAE=O.3eV o
[, in L=2 basis [’y in L=2 basis
AE : R FBNBRDA—5 —
Tk
4fxyz in L=2 basis

— 0.65 [ I', in L=2 basis

>

2

%

:ﬁ) Afz> Afyz? 4fx(x2-3y2)\l/

0.00 [ 0.03
4fxz? Afz(x>-y?) 4fy(3x2—y2)/]\

I'y & T'5 (degenerate) in L=2 basis

BEELT, USNDHHHER
= 6lEAIfRIDERIIZE AR + LSHHAEEA
& EFHHEBEIER OETORENEE

4f state LaB conduction state
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T VASSEYIE SR PO ECEYIES

x=0.125 Relativistic-pseudo-potential calculation of a paramagnetic La;CeBys

I', in L=2 basis

Hybridized I'y & T,
(Hybridized T, & T X{_

5
in L=2 basis)

o WERDOFAHEMEIT (0<x<0.2) THEGELFHE (NW\UFMR) IZKYRBTLE
“j-j coupling scheme ” ([ M EEIRED4EHERET 5 Z D)
MNEYIEEZLGUVVER LA EEHTULNS.
o LLALSKERIZEAKIY/NSWNDRHITIER S mAIEEMIC L S0 EMEREME
(A +2)EIZRHSETWLHEERETHIENTES.
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MR-DFTIZ&BETILIE

x=0.125
S + =
THEE DT 7T ER SARFREL O =¥ 5]
Cott; A—> s v cedt, 41 5.1
_ » Vi), =|37 55| 2x107eV]
Ce 4f, V¥ —> AN Ce4f, 60 3.2 i
Cedf A—> 3 v Cedt j=l  j=2
v I &R A B 15
MB@ B W —> & AN MBe & = ﬁﬁgﬁﬁ

[BERBIEZEHLT7yTav/N\—23 NS ILh=TF Y

: T A4 A4 1 T A A7 —
{ LA AP, B S Ehe _EPBHZ"’ ’ J‘P,.>—E|\Pi>,
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DMFT algorithm

Cf: Georges, et al., RMP 68, 13 (1996).
Kotliar, et al., RMP 78, 865 (2006).

DMFT: Dynamical mean field theory (EjRJF1515T L)
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A solver for the
impurity Anderson model
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