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RROPHEDBFZC BT, EFHOBEERICLD 1362 Tbot b EELBETHD, 20K
BT, HOBHEEEFREFIE LT, BBEDEEZ ZHOCRI L OTEX 53BN TFERRBR L 2ORE
DERIZOVTERT S, B1ET, BHBEETRORDL ERNLHERTH 5 Hubbard 4% & Anderson
BOWHIZOWTHREL, F2ETHNSFRERICOVWCHEAT S, 3=, BNSTFEELLHZ S
B ORI OVTHRAT B,

%1% Hubbard % ¢ Anderson & #!

1.1 Hubbard &

1.1.1 Hubbard & ® Hartree-Fock 3T {4

Hubbard #5784
H IZtijC$Cja+Edznia+UZ’niTn,'l (1.1)
ijo i i
AR OBRI L LT, FUWHENRINTEE (1], BETIE, BHESRBEEEDET IR —ICBIT A
BELTEBAMZHAVWONRTWS, t;id A ik jORFIEDOELY B, EJ3dAEDOTIAX—, Ulk¥ A b il
BEFP 2RI KL ED I —a V FADTZIVX —TH D, cf, cigr nig XY A b iTOBFOLER - BRFEETF &

g

BTHEETFTHD, cip = N12Y, ape*Ri B RRAT B L, NIV =T U OB 1ET
Ho = Z&CI,,cka, Ex = Z t; etk R (1.2)
ko i :

BT B,

ZZTiX, £FHHIZ, Hartree Fock HEUZ Lo TZOMEEZHL 5, Fio, FREMIRIEL BREMERES T 2R
HILitTDHE, BEFROPMFEIBHFICLLPT—EE L TEV, HartreeFock(HF)EEITiX, BT s —orFH
@ﬁﬁt, NG| @E@ 5 B@ﬁﬁ%ﬁiﬁﬁ'@ﬁé‘ &if:

Unianiy 2 U Y (n_o)nic — Ulng)(ny) (1.3)

LT D, REOEHI2ZENEZZHETHLDOTHIN, EHTHHDTKRL, L-T, HFELTIX, dBEFH=x
FNE—% Bgy = Bg+ Uln_o) CBEXBIIT IV iz 3,

BFROKEE AN B DITIE, Green BIMMERITH D, Green B G(e)iX, 5DBE, (e —H)G(e) =1 DWETH
5, FHEYEERBIZL 5L,

1 1
Crole) = = .
ko (©) € —¢ex — Eyo e—ex— Eg— U(n—a) (14
LB, Eic, 194 Mo oREBEER,
1 1 -
po(e) = —— zk:ImGka(e +i0Y) = 3 Ek:a(e —ex — Eao) = po(e — Eq — U(n_,)) (1.5)
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LEEIRD, ThbL, REEET, BEEHOREEERS 7 IMLEFTOLOICR TS, ERMKET, 1
MY D OBFEn = (ng) + (n)) R0 < n < 2THIL, ERERB,

Hartree-Fock Bl CiE, SBAMEA MBI A5, T =0T Up(0) > 1&R5, 12720, p(0)iX7 =)V IETOR
BEETHD, ZOHBRETAMBEICHRL T, FeRONICEAL, SUFHEMIOBONWEREEELZHVWAS L, ER
KHERTETE ABBBRESIELNTLE S, ZOEMBIX, Hartree-Fock BTl TIX ERE AL L TRME AL DEF
OFEHEMIZLDOLLTRIFE-TEY, KAAEZ ALV OBTFRINBIEIDREZIMY ZATHRWZDIZ, &
BHEREOTRILF -2 B RHEbLoTLE>TWELEHTH D,

1.1.2 Hubbard &0 RPA {1

Hubbrad #& DOBEER $B453Z
, U
W =UY nanig = 23 [(n +nit)? = (nig = nay)?] (1.6)

1

LHET B, SE=(1/2)(nig —ngy) B Y, BLRREIUY,(S7)? L BT 5. i A F OB (D25 IE M; = gupS?
TEXBND, FTFHOEIFCLIM ST, U, (SF)? - 2U Y,(S7)S? CHBT B2 LIcL & 9, SMNBRESHHC & 518
Bt M, = — Y ousHS? CHBHOT, HFHELHDET,

W =3 (9usH +2U(S;))m; (17)
DOEBR 1M D, T % Fourier L T, F 0 elar~iwt R4 54 5 MG EIT,
(S*(g,w)) = x0(a,w) (gupH + 2U (S*(q,w))) (1.8)
L3, ZZT,
xolaw) = i [ nsy0, %)
]

1 e e @l + b = §Ta(a.0) (19)

X, MEERAORVWE XOINEBRETH D, (S*(gw)) IV THEL L,

omB(5*(q.w)) =X (@ @)H,  X*(qw) = (918)’; Xo(4,w) (1.10)

- 2Uxo{q,w)
t72%, ZZT, x**(q,w)i¥ Random Phase Approximation (RPA)IZ X 2@WHFBER L FHIN S, ZZTOHEENMD
bhbEEY, RPAIZ (B8 REHEELNL b2 52, ROETHD [BHTHRER] (RPAXV LT L3S
NIEBRERS>TWB) L EX O L WY, BI#972 Hartree-Fock L& FESFA LWy,

T — 0TiX, Tp(0,0) =p(0) 725, p(O)IX7 =NV IHETCORBHEETHD, ZDEE, —KRBIBIIXT 5872
WRERIT (g=22170)
2u%0(0)
1-Up(0)
ERDDT, Up(0) > 1 THRAMERBIIALEI Y, MBS RET D, = O%&ME Hartree-Fock Ll & RIL Th 3,

x = x(0,0) = (1.11)

1.1.3 Hubbard BE N2 REHIL 3BT RILF—
BETEICHEERR D BE, Bk, ALY o DEFOEBLY TR T 5 Green BT, UTOESICEHRSNS:
Guole) = =i [ dt € (us (0, L, OL) (112)

MEEARRVERIE, Cuol(e) = (€ —a) L L5, MEEERSHEE, BNRCEERRRET D, —C,

1

Cro(e) = € — ek — Lo(k,€)

(1.13)
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DRIZEIND, ZIZT, Sk, e)ITHETRAF —LBETN, MEEHOYDRIITNTIZIZA->TNS,
Unbha<, &BL2->T0 554, Hubbard EICHT 2 HE T RAX —ik, 2KEGHOHE T,

2 , _ A1 — Fu _f, ,
Sy (ks€) = Un_y + (_l{) ) (1 = fira) fic (1 — fiv—q) + frra(l = fir) fir—q (1.14)

N Ya =4 —— €k+q + e — €k’'—q + 0+
&téctﬁb,q+Ew%¥K&k§wrwéoﬁﬁ7mw5ﬁﬁ§&f&éo::Tﬁ,zﬁwgmﬁﬁﬁw&%
HIpzZicl, &6i, AL BED2O0IHT B, FRLERIE,

U\
ImEP (k,€) = - (ﬁ) D O(exra — WOk — ex)b(Ew_q — 1)5(e — Ektq + Ex — Ex'_q)
k'q

2
=-m (%) > "Ber, — WOk - €1, )0(E1s — 1)8(E — €1, + €z — €15 )ktier lr ks (1.15)
ki koks
E725, ZIT, €k > o kg <y €y > pERBDT, FAIEROTD g, — €k, +Eky > U THD, £oT,
ImE,(,za)(k,s) iLe>pTRITRE O RDZ LBDND, ZZTEBID, 1y =6y, —p, vy = H—Eky, V3 = Exy—H, V= E—L
EBLLE, vy, 1, 3>08RD,

O (e o] {e o]
Ingza)(k,s) = —7rU2/ dul/ du2/ dvs p(v1)p(12)p(v3)é(v — 11 + vy — 13)
0 0 0
A, [d, [dO
X / 47:1 47’: / 1 :’ Otz e s (1.16)
tieb, 2T, 40 40 46
plon)olvaiots) [ Sl [The [T 5y, (117
o, vo, vy DFRRD72BIRE U TEH p(0)2 (Oktkey ey tks)av CREMZ DL, BY OBSIT,
o0 o0 o0 o0 o0
I :/ dl/l/ dVg/ dvz 6(v — vy + vy — 13) =/ dV1/ dvy O(v — vy — 1) (1.18)
0 0 0 0 0

R, REOHML, 1n >0, 1.>0, +1, <vObbbIZABWOEEERLEZDT, [= vk, o<,
TmEF (k. ) = — ZU%p(0)* (it -+ s Voo ~ 1)8(e — 1) (1.19)

ERED, InSF (k)i TH 0(c — p) 2 0(i — &) IKEDBLS, FBTHS, LoT, AETILF—OEEmiL
TN IEPSW ST INANF —D 2FRITHBITHZ LI D, ZhiZT = IBERBRY LB S0 — BT
Thd, HRIBETIE, ks < ERp D& %k,

ImS® (k,e) = —;-rUZP(U)3(5k+k2,k1+k3)av[(€ — p)? + (wkpT)? (1.20)
&3,
HET ALY —OEMRIHBEHEZ LEL 4555, Fermilihko—B8ic tt2if,
x(k,
Bk,e) = 500 p) + ZED| oy (L.21)
e=p

ERATESD, L, RACVEAFRIERLU, 27 =1 - D' (k,p) L B< &, Green BT

1 Zk

G = ~
(k.€) e—ex—X(k,e)  e—p—é

(1.22)

ERoT, BYVRENTETIAF =& = 2 (ex — p+ D(k, p)) TEEHOZ LIk D, RRBELXZH-&BE L TE
%50
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1.1.4 Hubbard BE O EFHER & Heisenberg iE3!

Kz, RUFBEY G —a FAODEBEFIZKEVEREEX 5, 7, T2ICL; =0ThdLT5L, &
FREBTT, TAENOFEFIZLLEE->TWVD, TREFETEBREV D, I OEIRTO Green BT, —RHZEHRNX
(1.12) iIT X - CEHET 5, #HRIT,

_1- <n_,,) (""—0)

Go(e) = c—E s (BatD) (1.23)

&%, LIehdoT, RBHEEIX
po(€) = (1 = (n—0))b(¢ — Ea) + (n—0)d(e — (Ea + U)) (1.249)

THEZLND, NUFERDTNCEROE &L, TAZBEICEOTHEDER 2K bDEFRTE S, (LERT
YxNEuLLT, bL, Eg<pTE;+U > pThiiE, BFIEL TN/ F (lower Hubbard band) & 562 S#L,
£?D/3F (upper Hubbard band) iZ5E£ICETH D, TORITIIU THE DRE EDZRIAXK—FK o 7RHVTN D,
LieoT, ERPOBEHENMTTH, BEFEIXF vy 72 MOBLDZ EBHET, BWTRVWEET, EREE2S, =
L% Mott R L R, BE OV MK (N R Ry T OETOAVFETHBEBEOETCHEE->TWVAE) LK
M5, (K128R8, ) EBFIAL B LAE THEORESHERL TWEED, KES120XEVEHET S, L %M
Th b,

PaolE) Pa(€)

Eq EaU Eq EgU

1.1: Hubbard 8 (a) TR W =0 & (b) T DEBEU > WIZRBIT D IRIBHE

Energy Band insulators U~0 Energy Mott-Hubbard insulators
U>0
1s ‘
U
' . s )
metal:  insulator metal E insulator
' -
) Lattice : Lattice
constant constant

39
1.2: /3y K #a ik & Mott-Hubbard #2514k,
BNT, Ut ;oex, BYEI 2V A FDREER, tipn=tn=-t&T5HL, NINVIF=T UL,

Ho = —t Z(CTGCZQ + C;ocla) + U("lT"ll + nnggl) (1.25)
L3, BoHAERBBININ =T LL, EEFEEZ 2L L, THRKEZ EFNEFROY A MEFR 1EBT > EmE E
FRTRZOAL VRETHFEL TWBERAIZBEZ 21215, 75L&, EE#HO L X 0EARBIIRET, 17, 1, 14 17
D4DOT, ZXIAX—FO0TH 5, F1HD2o01, F1EEZEHL L TCEF2ENLBE I L LEL &I, TTICEFRN
BEoTWBEDIIBTZERNHERY, LER-T, BEBEITIERZRL2F-LVOT, BEZRFALX—IZ0NEFT
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HD, BYDO2IODKEEITITHESR

1o
1l A, (1.26)
o\ % ¥

b0, XoT, BHMEIZOL —42/UL2D, ZOEIACVIERL |EHDOETHIND,
Hy=JS; - S, (1.27)

EFTE, J=42/UL72%, $7bb, t <UT, Hubbard AN, % Heisenberg %

4¢2
M= J;Si-8;, Jyj=-->0 (1.28)

U
(i.5)
LEMTHDZ LIT2D (G,)) IERBEROMEZHLDT), LENR-T, ¥4 Fdbl ) OBFEN 1 T Mott ik L
72 5TV % Hubbard #5843, RBMBEHEKFELRITEMICHI - Lich S,

1.1.5 15T Hubbard & 0 342

Hubbard #7043 Bethe (RBLIEI £ 0, 1 KT > CREME MBS - EAMKS (2. ThICEBE, U>0T, 19
A LB DEFHEn = N /NB1DL EDBZLRIREET, 1 BEFHEIIZIARDOT IR — - ¥y P REET S,
TNLSNIER LR DD, 3RTCBIT 5 BEDSBE R4, F Fermi#is (Tomonaga-Luttinger itk 8,4 &% 5B,
HE %K 1.31I27 7,

insulator

Uk metal metal

0 1 n 2

B4 1.3: 1k 7CHubbard RO KX,

1.1.6 Hubbard il B2 T L ¥ —

Hubbard[5]X, —#DHI T, Hubbard ROHEZ MR E7-0DEMFELERL -, Green BT X 5ES 5
B2 YWHALIL 72, Hubbard I & FHIN 2T, RFRERTO Green B3 (1.23) 2V 5 &, —BDEAD Green

F3E 59N )
Go(ke) = ——— 1.29
(6 = o (1.20)
THEZBNRBELE, ZhE, BRZRVE—T,(k,e) ¥HAL T,
1
Golk,e) = s (1.30)
LEE, BRI XAX—3EHIC LT
2 _
To(e) = Un_y 4 — LRzl =n-0) (1.31)

e—E;—-UQ1-n_,)
Li2%, ((ng) BT n, L FVTWV3,) %153 Hartree Fock FIC L DA BT XAVFR— L AU TH B, BEFELNHK
EFHEND Ey = -U/2, n, = 1/2 (n:n; +n = 1) &,

U U?
B(e) = 7+ e (1.32)
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LB (cEWLI),

RABE B .

Gle) = %; e E e = G- TE) (1.33)

DEBEBMDZLICLIROONDN, S,(e)IXETHBEDT, ple) = pole — £(e)) TMBUCFHETX 2, =& ITEF
EAMBFEOL XX, N(e)ide =0THRETHDOT, REEEIL po(c) 2IBE LD T 20U ~EHIZRY, TORICT XL
F— - Xry7BHKRD, FHBOKREEE p(c) = 2nW)/1~ (e/W)2, W = 1 Z RV BEOFEH% K 1.4(a) 2
Y, COERTH, Fyv7RUBDTHTHOHIEFEET S, 0%, Hubbard X U # 0 TILEIC Mott #i&k
theizy, PRALHBIRTERTTFRINDZ L LITRRS, (UNDEFNUE, RAT LV IRBRIBVBY 7213
BIEL2Y, EBROEETHEIEBIONTVS,) 2D Mott EZRARETIE, BEFREAT A MI1ATHOFE->TW
T, ACVDREXPIANFIANAFIR>TWD QVEOERRHS), 2L, EFES11LTHATOIISRE 25,

0.7

0.7

p(e)
p(e)
~—

e e

L e e
n L

...
— hadd
——— Se~.

e o e e e

N
m o
N
N~
m o
[N

Xl 1.4: (a)Hubbard ID#5s, (b)Hubbard 111 OEFRIZ K 5 Hubbard ERIOKEBEE, & biZ, U/W =0, 0.5, 1, 2,
U=0TORBEEZE2OFAEL TS,

Hubbard IOZRTIL, UBNSCFEBULEICKELS DL, BFRAVIFBETWERER o7 KEZAVWTHL DR
PR E OB, BFRITHETE-TI/ o FATHELZVIIRTEHE (VbW B LROER[6) X AL BE)
BA>TWDB, ZOkdD, BEORBEEL L5, U—*oo'@%%%ﬂgfiﬁ*—ﬂ\‘/ﬁ:ﬁUe”GiUe” <W(~x» F"E)’C’
HY, p(0)=1/W &7 5LBBEMENBROEHIB- SNV, —F, RBEER—ETRL, HBHLIATKEIRLY—
ZEFOTVT, IR 7=V I RXAX—BABL TV, BREMEOSIIME Sh 5 5, EEO Fe Ni DRER
BEXEDL SR> TWVS,

1.1.7 Hubbard III:Z{{L& CPA

BEFESR10L EHEITHBEKICR>TLES REHRT 572, Hubbardid & bIZHEEIZ% B L, Hubbard I1I & FFE
Th5ER%FELE(7),
H=U) niny (1.34)
Z, AVVRoDEBEBFICHL T, ni o PHETU, 1—n;i_, DHERTODRT VI ARFHTHVERLEEL, T4
AE@ICHY D Coherent Potential Approximation(CPA)[8] %8 L 7z, CPATIX, ZDF ¥ A - BF ¥l k
HEELD TITHO T 01272 D544,

U-%, -8,
o wosae T e = (1.35)

EDHETRAF — (T -V PRT U VY V)E(e) 2R DB, ZORREHT L,

Un_, .
Y,(e) = =05 @G0 (1.36)
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kb, TIZT, ) .
Gole) = —JV;e—ek—Ed—Ea(s)

(1.37)

Thd, ZORERNT I, () R, BFEARNBFOFHCREREZHEL 2ERE K 1.4(b)I5FT, U > U, = V3W
TX Yy THRE, EEL 250, UOHRIZHLELLARDOEVEZLTWAEY, U< U, THT = 0 CERENR
DBEREZSTLE D,

1.2 Anderson &%

Fei2 L2 B 5 & BMBHEDO RAL MY 5I101L, BMLSBIC FeHT% 1BEANL L XDES B 2B/ 5 &
BHATHS 5, £ZT, £RTO 1EORKEFHHEHSOTHEAL LT, Anderson(9]iFRD & 5 BRI A £5L /-,

H=23 exciycho + 3 (Viaci,do + H.0) + Egy . d}dy + Ungng,. (1.38)
ko ko '

IZT, ex3EEET SEFLHSILIET D) OZIAX—, B3 dBliDTRIVE—, Vi iiEEEF L dEFD
RBREZHODOTHY, URdETHRIOZ—a @y TH5, dEFTHIE, AEHRI(=2T5EHE EEEFL—
BICIIEBORY b R5, LBALZZCREBEOEDIZ, s, d& biz, BEDOHEEEITEZ X T2V, Andersoni
R bo b bV U IARBEROETATH DL L HIC, BORRIBHY FHBRCBVTCEEL G L 234D T,
ZZTEDHEIZSVWTHRRTEL,

IDNINP=T U, RO 3DDBEICOVTIE, B I EHHES,

U=0D1FE 0L, SEHEEARRO—EBELRY, sLdRBRLEAVFIEAY Y FRX L FTREXOE
FHRRBTOT7 NI RXVX—FETHEEY, U U EREL25,

Vig=0DFE Z0LEL, sBEFLIBEFRERCYIBINEOT, dETRII T 24 I OBOPICINIL - A 4
YlipB, LER-T, Eg<0TE;+U >0ThNIE, BMRE— AV M2,

=0 FRBEBHDBE sEFEIBHIRVOT, BR Vi TAEHETOsETF GREREBEET L) Pt Z2h
LW, T42bb, REHEEZOEY O A FOES 7 5 27— T LV, Hund 505 3L ¥ —
ZHODIZEZTWRVOT, BTENBRELR O ERRET | SERE, F#%40 28EREL 25,

1.2.1 Anderson# % M Hartree-Fock Tl

ERDBEUANDO—ROFHEITIT, Anderson MBI BT IIMT 2\ . Anderson[9]iX 2%, Hartree-Fock iz
AWTERLT, $72bb, Hubbard BN L & L FA4RIZ, NIV =TV DOEIHED E %

Eq4— Ego = E4+ Ulng_,) (1.39)
ICEEBMINE LV, "IN =T URERARRY,
Hyr = Zekcz'ocka + Z(dectad" + H.C) + Z E’dod;da (1.40)
ko ko o

E7B, TONINE=T i3 —hREE L TR ZENTE, dETF O Green BIf G9, 1L,
1

Gle) = e B TE (141)
LREH, ZZT,
TEe)=). _ Wl —im Y |Var|*8(e — ex) = —iA(e) (1.42)
- k8—6k+i5_‘ - o K= .
LBV, Al) DEILF—FLAEONTH S ERELT, Ae)~ A (const.) & ERTHEBT 57 Licd 5L, A&
F D Green Bi%k & KRIBHEEIX
1 A 1
4 10y ————— e)=——e——— -
Cule +i0)= —p——r O =D (1.43)
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pa(®)

N

Eq

1.5: Anderson ¥8? Hartree-Fock #TEliC & 5 d BT IRIEE E

LB, %FE, EploPliFou—LryReis (K1.5),
WE, (BERTF VAR 0L ED L, BET =0TCOdETHOFHME (ng,) XdEFREBEELHEILT, UTO
IorcExbhs
0 0 i
(nao) = /:Wdepda(s) = %[W (—S:—E_:—d(ig)—z—m = %cot‘,"1 ES—” = :—rcot_1 Ed—i-UA—(Tﬁ_—”—) (1.44)
Zhid, <nd]> & (ndl) oW T OEN FRAUC 25TV S, ¥alkigad LT, EBg= —U/2 BEEY ﬁo%‘:ﬂ:, Ey+U =
U/2t%%, Z20kE, dBFEIDK1IBHEDIEEOIINX—L, ZTREEIRHMEDALY V EF-2EEOET
EEDDBLEDTRIAE—DR, 72N IEEHATHHRAB L DD T, symmetric case ¥ ITEFELNBHEL LS,
ZOBFROEFRROMIL, U < nADEEIT, (n4;) = (ndl) =1/2—2DHTHBHR, U >7nA 2B e, filuc (ndT) #
(nay) D2ODERFET D, LIERB->T, U=U, =7ABBEBRRTHY, U > U, TREBIEM = up((ndr) — (nay)) #0
L%, BRBRETIE, HIERBET. UL ECHBLRHERT S, ZOEBII2KREBL RS, LHL, Anderson BT
i, MEERRREMY A FDOBTHEDT, 0RTREARINTVD, —RIZ, BRIERTIELE DD REM
BEREECRFECE T, HEBRILRVITTHS (10, 11, HBEBRLEL LD, Hartree-Fock iEla AV icgnt
hdEEILND,

1.2.2 Anderson BE O RFER
Kic, BFHREVDbIE Vg = 0, 27RRACZETHEBA = 0DBEEFHL Y, dBET D Green BT,

Hubbard #H o & & & BIERIZ, - ) ( )
1 —=—\Nd—0 Nd—o
Gao(e) = —— B, T iT(Ea+0) (1.45)
LB, LEEdoT, RIBERET
Pdo(€) = (1 — (nd-0))d(e — Ea) + (na—a)d(e — (Ea + U)) (1.46)

THEALND, T=0TERT Iy A2 0LBLE, (1) B2 > 0720 (nge) =0TH D, Eiz, (2) Ea <0< Eg+U
THIUE (ngo) = L, (3) BEa+U <0725 (ng,) =1L %25, LRE Y FAE AL OBTFHIFCEL S, BEE— A
v FOEHEIIOTH D, LoT,

(1) pas(e) = 8(e ~ Eq) (ngy =0 (Eq4>0)
(2) paol(e) = 16(c — Eg) + 38(e — (Ea+U)) (na)=1 (Ea<0<Ez+U)
(8) pas(e) = 8(e — BEq —U) (ng) =2 (Eq4+U<0)

LB, TIZT(ng) = (nat) + (na)) THB, A>0ThHIUE, ZNHDTF A IBEESBADET—L U YERTES R
bILBLEIOND, ZHILRTE® Hartree-Fock IlORER EEWERAR S, L <IT, (2) DFHE, Hartree-Fock Tl
WM TCREC B 2P LE LE—2D Y= TRENDY, LROMTIE, 22008 — BN Ey & Eq+ UINLE

LTW3, B, 1
Gaole) = €~ Eq—Z,(¢)

DOFIZEL &, Hubbard BBID L & L FHRIC, BFEARMKFOL X S,(e) =U/2+U?/4e b 725,

(1.47)
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a — b

PaolE) P4(e)

Ea E+U Ey EqtU

& 1.6: (a) TR A — 0, (b) EFHEIREFEU > A TO Anderson RO KB K

1.2.3 s-dBEREEHEDR
VT, FHFEBRIZEWVWA < UDBE%E X5, Anderson BRIOREB H i ZBEE LT, H =Ho+ Humiz &

#FT, TT3 .
T= Hmix + Hmi:: m”miz + - (148)
ERLT, BL7TOL 57@88%2EB2 5L, FOAMNERT,
) Py L 2Val?
(kT LITIE LT = -V P UV‘”" T (1.49)
) ' 1 - 2AVal?
(kGLITIE LT = Vh&+&%r——7— (1.50)

B 1.7: 2ROEBERERIC L A EELD T1751

AT, bEbEDONAINF=TUVRAE VEROERIC OV TE SN TH D, TITALRIRXVESFHT, T~ JS- s
OB EBEF DT TH S (SIIMEHETOAY U BE), EBE, Hpi, P 2KRETOHBHAT, Anderson X symmetric
caselZBVT, US> ADLE, ROsABRIL EMHL 725 (12):

Jmiz
HAnderson jasd Hs—d = gekctocka + E‘N— kk,zaal S- Uﬂa'c:ack'a" (151)
L, s=o/2%AVi, KRBT BEENCEEET L BEETOAY Y Z2RHATICAT 5L SicHX,
2
Imiz = % (> 0) (152)

TExbh B,

—RZ, CEBETOBOFIIFMYEZ BV EZEE, MEFEANINV =TV, GBHET L THAYEL OBORK
R RS BB R B Ju (< 0) Ofnd 72 3, BARIAI, LITRULEEL S, RSN TRAEER
DOICEEXETENTED, LoT, FTHMLEEETEORBMAEERJ = Jur + Jnic PHFBIL, ZThbOMTHR
EFEND, JRKBEREHZES, CEETFIEER - B VR TR : EVIC AV ZRBS T REARICLY
BMHELSN, WhWBEENE 13| 2RI T, EEHRICIE, 7oV I@OFELE, AL ORTHERREN R REE
BlELTW5, BREFIER CHEACRETHR, EHEE Tk = De~V/PO0J (DI U FIB) LT TCiRa=4Y
T 4 —1BRRE FHEN D — BT 5, T =0T, GEETFIRMpAL Y & LEE—HERE] LFEIh 5268
REEIRIEICK D, FEREMEE 225 [14). Z DRIBIX, Anderson HRIDOIIED O RIE, UL OWTOEESHIRE L i
BIC OB o RIBE RDBZ R TE B [15], EBE, UTRAESD X I, BROBHHEIZL-TH, AEREORKER
RO EEL LN TES,
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1.2.4 2ROBEEHE

B ORBKICE~<7= L 8Y, T Anderson ERIOEERET 1 HETH Y, BEEIHOL XOEEREL EEMNIC
DOEBROTWBZ LIRS, £2C, 22T, HE=3AX—%, HEERD 2RI CTHBHRIZLVHET S, 77—
vy FAHED 5, Hartree-Fock il TR Y #x 2 0% EBEHEBEICAND L, "INV P=T U,

H=Hur+H, H =U(ng — (na))(na — (na))) (1.53)
L7825, Hubbard RO & & » RIHRIZ, 2IROB 2T RAF—iT,

D) = Uz/d&‘l/dé‘z/d&a Pa(e1)p(e2)pY(e3)
(1 = f(e)f(e2)(1 = f(es)) + f(e1) (X — fle2)) f(es)

x € — €1 + €9 — €3 + 10F (1.54)
L%%, HEOHEAD Hubbard RN L E LRIL T, ZRAX—RLERT L ¥ APLRBI LT DL,
@y T2 00\3.2 & Ur .,
ImX;”(e) = 2U pa(0)%e® = 2(7rA)36 (1.55)

L 725, BtkO%ERIL symmetric case By = ~U/2D L ETH D,
BT RAX—DEEIL, symmetric case TA — 0D & XIIMHBUCHETE S, 2D & XX, pY(€) — 8(e—Eq) = 6(e)

%D, 1 1
1\3 1N\3 2
Rex®(e) — 22 T &) j(f’-) - (1.56)
LB, TAEEFEROELVAST ALY — 42 52TV, LoT, 2/EBL, BFELGHAZES, U—0TH
U—ocoTbELWERY 52 5,

1.2.5 7z ISR
FLWEHE15]IC K5 &, Anderson BN B R A¥ —id, KR - X L¥—T,

_ A_, e,  mkpT
Bale) = (- Ve iR+ (P2 4 (157)
2
% = 1+(3—%)u2+0.055u4+~-', (1.58)
. 3n?
o= ut(15- T+ (1.59)

725, 2T, u=U/rATHD, £, BWHEE, RV HEE, EFHBLHT,

xe = 2pa(0)(X11 — X11)5 , (1.60)
2
xe = P00 + 300, (L61)
272 .
v = S-RbpaO)in (1.62)

LHEENTOS, U—ooTiixe > 0L BRBRETHEDT, %91 =Xqy L7285, £oT, Wilson b & FHIN B @A,

2,2 v v
Ry ="reXs _XutXu _ o (1.63)
2
3ug v X1

L2, ¥, BEBECTOBIEL, THHOHC=FIAX—2BAMRTORC=RAF - LTRAL THRETD L,
p(T) = A,T?, A, L78%, —H, yx x11RDT, U — 00 TH, Kadowaki-Woods 8l A, o v? 23R Y o T &
2725, 72120, AR TR IAIEEBICIIR Y L2220,
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3k — b

b A1 ]
0.3F ------U=0 .

X(e)
p(e)

X 1.8: F#i# Anderson #7802 KIBFENRIZ L 5 AT RAF— L REBHBE

1.2.6 #BYsAFEh’ Green 8L d EFRERE

2T, PLEX Y, AndersonEED Green BIEIL,

1
£ — Ed + A — 24(6)
T3, BOZFAE—L, T =0, ExFIALFX—T, T4(e) = 54(0) + Z4(0)e +--- LEBATE D, ZhERATIL,

1 z
(1= 2,(0))e — (Ea + £4(0)) +3iA € — Ea+id’

Ga(e) = (1.64)

Gale) ~ (1.65)

LB, ZIZT, z=(1-Z40) iRV RHETF, Es=2(Ea+ T4(0)), A=zARTNTHh, #VirThizdxX
AF R E EOBEV ), BIHIOERICIE, 2= THDX, EWBRET MV DL 2=4Tx/rAL bET D
DT, US> ATIHz<1THD, ¥, A~Tx LD, dETFOREBEET

A

1
S e AEFY.Y (1.66)
ThY, BVRENIAEROED VI T, TWEOKRE JITRY AENTEOROE —2 255,
le} > ATIX, (1.56) % Rv>% &, symmetric case Tid,
pa(€) = —~ImGa(e + i) —» —A/”___ (1.67)
g U“., 2
(6 - E) + A

LB R, 4BIe=2UR20DL XITRMNIRBDT, pi(e) X Eg=0DE— 7 DENT, e =2U2IHBADY—7
EEOZLIIRD, BB, 2ROBEB XX —L, ThEAVWTHELZRBEELZE18IZ7T, pi(e) X350 —
IHBIRBN, £~ 0D — 7 BIEEY —7 LR, EEDHRCBIT SER - B X —TOEFOMOEEAEIZ O
v— 2 DRI &5,
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F2E REREAEFROBNY FI5EHE

2.1 AEPVRIZBIT HFIE5HESE

AEFRICHL T, DFEECELITEHEUE FHIN DI FERAHTH L B mbN TV D, MR L
T, AV 7R

Hz_zJijUin —hZai (2.1)
(i.5) i
BEZD, HFRELUTIE, —DDRAE LV 6; =+1ZFBLT, TOFEFLYVDORAL NI OWTIITEHETEEXHR IS, T
tbb, ERONIAI=T %
Hmr=— Z(Z Jijlo;)) -0 — hzﬂi ‘ (2.2)
i J i

TEET S, RBERTFRORE 2L, 510, BEMRFEZSHIIBVT, (o)RBMcLbRne+3L, Zh
X, AR heg = h+2J(0) Db ETOMMLAL L DEREOAINV =T

Hur = —het 3 0; (2.3)
i

EERbT, TREANT, (0)88
(o) = tanh(Bheg) = tanh{B(zJ (o) + h)] (2.4)

LHESNBDT, ZOXEBNT (o) 2RHBZ LHHEKD, 22T, =1/kgTThH 2,
ZOERIE, HyriRT IV b7 LT, BRATIAX — FIZET3RANENESE

F < F=Fuyr+ (H—Huyr) (2.5)

XY, FOF2ADBhgCBAL TRMET AL COF B hag b BETDHILLRETH S, Fypld Hyrit k3
HETZRAAX— (YR HMriC L B3EHTHS, T2,

F = —NkpTlog[2 cosh(Bheg)] — %Jz(a)2 — (h = heg) N {0} (2.6)

&, OF[Oheg =0& Y, heg=h+J2(0) %2185, ZDLE, (H—-Hyr) = NJz{c)2/2L 725,
ZOGTRERIT, 2 o o THBIZEL L D2 EBMONATVS, £, FHEDLLOTIHDN 2 > 00 TO(1/2) —
0L AREDMHLTHD, TabbH, HEX

F = Fo.qg — NkgT log(e™P(Ht—Mer)) (2.7)

‘:B‘I‘T, H—HMF:(NJZ/Z)(U)Z—-Z(’-J) Jijéaiéoj ((50,;—_-0','—'(0')) &;ﬁb‘rﬁﬂﬁj—ék, z — 00 TiL

(i3) ()
— e PNIH 21 L O(1/2) + - ] = e BH=Hmr) (2.8)

2
2 2
(e_ﬂ(H_HMF)> = e PANJ/2 | + ﬁJz Jij ((50’,’50'3') + S'BTJ)" < (Z Jij(50’i50'j) > vee

LB, koT, FoFThY, HTFHROHATILY —N 2 » o CEMTHD I LIZ/ D, dRTO MM HET
BEZDHE, 2=2dTHANDT, 2o 00ldd—c0oZBEKT S,
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2.2 ZERTEBROEFLDOETF

Tk, BETIETRICBVT, HFHEMERERC, 2 5> 0 CELLARZLIBBRIZEDLSRVLDOTHB S
»? BFRONINVI=7 & LT, Hubbard 8%

H= Z t.-jc;';cj, + EdZn,-a + UZn,-Tnﬂ (2.9)
ijo io i

ZBIZ L 5 5, Hartree-Fock LTI Unyyng 2 U({nip)ng + nip(ng)) — (ng)na ) KB EBRZ B2 Lok 308, Zh

X E; % Eda =Eq+ U(nd,,) TEXBZ AT TOHETHS,

—7, BFERU > W (U FIE) Tk, REBER e~ Eg& Eg+ U D 2EFNCE — 27 28O Mott gk L 72 5
39T Y, Hartree-Fock iFEUIZNEFHETE 22\, Hubbard B, UK WHrHU >W~DOBYEDbY # R TX
DEBREESHE LN, RIL o1,

BFRICAHL T, z2— co CHEILRD L 5 R2BRERELIZDIX, Metzner & Vollhardt[16] Th B, Ziizen,
UKSWHroU>WADBIELDEZELSERTEALH>RBRELTEHSK, [ BHSFREER LLTREL
oo BEBELLTENEH D, iz, BAREBEOMHESE L TIL[18,20, 21|13 5,

2.2.1 B#MBISHRFLOBHASESFORERE

IWIERICHT DEMMGHEFEIRL T, dRTICBIT 2 BB BT EOE TR tight-binding AN L b
XD, BMFEEER1L3 DL, =X BRI

d
Ex = —2t2cosko, (2.10)

a=1

ThEzbh5, HEEADORWE &, ETOREBETL,

pole) =5 3 Ble—ew) (2.11)

keB.Z.

TEZRBINDD, TLFERO7— Y 2 HE\HER

* dA
8e — - A v\(s—sk) .
(e —ex) /—oo ot (2.12)
A,
* dA LA 1 —ide
pole =/ —et — e "k 2.13
o(€) e Nzk: (2.13)
ERbY, ZTIT, N3, o= (- eBECILIRTBE, ((ex)?t) =0 (niZBH) IKEELT,
e A2 e
(e“k)=1~34ﬁ)+52@@+-~ (2.14)
4t2 2 ™ dk
(ed) = N Z ZZCOS ko coskg = %dz cos?kq = 4t2d/ dk cos? k = 2t%d, (2.15)
gl m _y 2T
4 16t4
(ex) = TZ Zcoska cos kg cos ky cos ks
k aBfvyé
16t4 4 2 2
= TZ(ZCOS ka+3Zcos ko cos® kg)
k «a a#p
= 16t4[0(d)+§d(d—1)]:12t4d2 (2.16)
TIT, VA =WE—EXRELRNDt -0, d— o DERE LB L,
(e7™ k) = 1 — A22d + %X‘t‘*d? 4 e A (2.17)
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LoT,
% dX e, Aw?/a
po(e) = /;Oo 3¢ ‘e / (2.18)
oL T,
1
pole) = Wwe‘(e/w)’ (d — o) (2.19)

2155, 7742bb, d— coDBRTIE, BABIFRFLEOEBHAREFOREEERY 7 ABLEA2 5, (U EOFERIL,
METHFACBT 5P OEBRERDER L BEIL TW5,) EBE, d=1, 2,3, 4,5, ---coDN& XDREFFIIK 210 &
T2 Y 23], d=4TIHIELAL d=00lZiEV, d=3TH, d=2LVitd=oc0lZi\,

AN NN A NS EE LS CARE RARE RAL]

" e
!2@2'.
E

Riw)

<
e rdrodond

rdbdadlasslas

uhid MAAS AAAS SALE SALA LM
b 2

i

Niw)

Aredhooundssdodeadaad aadid.

N}

w W

2.1: HHBY HHT LOBBBTDd=1, 2, 3, 4, 5, - col B HIRMEHIE,

2.2.2 2ROBET ALY —

wiC, BRI H#ET EO Hubbard 8% £ %, REREBOZFAX—|ZETS, EFHO/—a  MEEBICLS
QROBEY ANAVF — 5 FD, Zhik, BEARICLY,

fk‘sz(l_fkg)(l—fk4) (220)

€k, + €k, — Eky — €k,

) Uz
By (U)Zﬁ Z 011 +kp k3 +kq
ky-ky

THEABND, FFDT7 2V IFHEBDD, ey, +ex, — ek, — €k, > 02D T, fEER

/ e Mk I~ oK) g\ = ! (2.21)
1] €ks T €y — €k ~ Ek,
BV IE, Zhi X '
6k1+k2,k3k4 = N Z e—i(k1+kz—k3—k4)~R (2.22)
R
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W) — b

BRATRY, i
EPU)/N = -U? / dAY " FH(A, R)*F~(\, R)?, (2.23)
4]

1 .
F*(\,R) = NZ fe*ke® R pP=()\ R) N§ (1 - fi)e deke kR (2.24)
k

LETD, &T, ZIT, ff=f fi=1-fidBL,

Y F*(\R)?=F*(),0)2+ Y F*(\ R)? (2.25)
R R#0
S, #h, ,
1 cr  +ik- 1 2 .
;Fi(A,R)"’ - ; (N zk:fkie:t,\ ket kR) =~ Zk:fki et2Xei (2.26)

Lid, BEORAL, FEAHALPAROLOZ NERL TN TEH->TVWADT, O1) DEBETHS, L = B4,
RIZOWT ORI BE BT 405 2B 5005, (2.25) EADDE2HT O(d x L) T B, LT,

FEA R#0) ~ (d = o) (2.27)

1
O(—=) -0
(\/g)
L12%, $bb, 2ROEFEHTRILX—iX, d > 00 TO(1)THD R =0DEDAHMNEY,
E@W)/N - -U? / dAF+(), 0)2F~(), o)2+0( )

Z Jiey fiey (1 — fie ) (1 — fic,)

€k, + €k, — €ks — €ky

(2.28)

ERHNB, L, MHDAXT, BEROFRFEOT LV IERE 1I/N TEEHRI-HDIZELY, BROBEHETE RIE
Thd, T72bH, d—> coDERTIE, BHOBREFEHEZEBL RS THLEWVWI LITR B,
2.23 HZIRLX¥—

2RO BT RF—L,

U\® (1= fie) Frea (1 = fiey) + fiey (1 = ficy)
(2) — v E : 1/Jk2 3 1 2/ k3
2k €) (N) Sictics s +s € — €k, + Eky — Ekg + 10T

kikoks
£ (k,e) + 2@V (K, ¢€) (2.29)

LHEEIND, ZIT, ZOHSZRAX—ZcDOBbLYIZ, BEK  DERLLRL, HE Tz oe+i0t e, bEICE
TZEILT D, MITFEOERL Y, E# EOMTEEL, ERTROES OB S THEL TR, sty
HETERRETTHILNTE D, I T, 2=1e & B, T5H&, A ABRFEICLY, kL xiE, (k6
T‘i&'kl—Ekz-i-Eks >;lk-ﬁf§itf;

/ e/\(is—ekl +ex, “EkS)dA = —- 1 (230)
0 1€ — €k, + €k, — €k,

REERATDHE, .
2O (k,ic) =U? Y e R / dre**F+ (X, R)F~ (), R)?, (2.31)
R 0

L2 D0, d—coDBRTIIR=0DHBEY, BERLLEOXRRT, EBRFFULERL T, HEOBEDT LA
A 1N TEEHBRIATDLOILELY, Z(2b>(k,s)bﬁ%ﬂb5° L£oT, 2RODBEBTRAF—F,

o Z (1 = fi, ) fio (1= fiey) + fre, (1 — fiy) fies

»(2) k,
(k€)= € — €k, + €k, — €k, + 10T

(2.32)
kikoks
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LRBM, EHIT, 1= [derdleg —ex,) REETAL, po(e) = N1 Y, 8(c — ex) & VL,

@) = Uz/d€1/d€2/d€3 po(€1)po(e2)poles)
fle1))f(e2)(A ~ f(e3)) + fle1)(A — f(e2)) f(e3)

E—¢€1+€Ey—e3+10F
E55, SOE)PEBICESANI LICEREL THRLY, ZOBHETFAF¥ —X Anderson BEDOFE L RL KL LT
W5,

(2.33)

2.2.4 Dyson AR
Wk % F o - RIEEDOESNT Green B3

Glk,e) = ﬁ—ii(‘k‘éi (2.34)
TRENBH, ZhiL, EEHO Green MK GO(k,e) = (€ — &) P £ ANVT,
G(k,e) = GOk, ) + GOk, &)= (k,e)G(k,€) (2.35)
EbETDH, ZhEF MY rFRERE V), 7V FRLTHA PRRTELCL,
Gijle) = GY(e) + Y Ch(e)Zhe(e)Cei(e) (2:36)
k£
L72B, d— oo T, HEZFAX —ARERICLLRLRBOT, BEMTIRY A MIBEL THAMIZRES -
%i;(e) — T(e)dy; (2.37)
£oT, ¥4 FER,
Gij(e) = GY(e) + Z GY%(e)Z(e)Gj(e) (2.38)

L7225,

M 2.2 SREFHRR, PLOYA b (BA)E0ET D,

ZIT, BA iDL iNTRRICBOT, HBY AN (ZhEYAF0LTS) USRI B UL 2HKES vt
ARG EHRCTRTREL BFTBWEbOE G, ¢T3

Gij(e) = G%(e) + > Gh(e)T(e)Gij(e) (2.39)
k(0)

IhERAWDE, ¥ A k0 TO Green BEIX
Goo(E) = éoo(é‘) + éoo(E)E(E)Goo(E) (240)
BRIl B, T, Goole) % EHEEI0 Green BI%k & B, A $i# Anderson By

Zskckackg + Z(deckod + H.c) + Ed Zd ds + Ungng, - (2.41)
ko ko
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Table 2.1: AL ZOPFHRBHR L EFROBNY FHRBEHROLE

AV RO FEER BT ROBNS FRER
ﬁ%% he[f é(E)
I3 (o) (e) 724X G(e)

O Green IO 5 A Y FBRERU TH B, 120, &k, Viar Eald, U =00 Green B8 Goole) o —F¥
HEICRDD, JOEDFMYBE LB THERECTIAX —2HELTH, T2 AHROEET XL¥—L L
TEODE 528, ZOFEATEIARTIZRVD, EHHECEY, TATIWILERTIENTE 322,

PEiZ&Y, d— coDBRTIE, HFLEOBEFOERNL, HB5—20% A MNIERTHE, TOHA PSS TOME
HERODRERY DAY THENEE) DORMPBEL SHE VI Ltk s, Tobb, 1 RHWRELd=0%kT
EVbhBa, d=1,d=2, .- - L REEF LT T L, d=c0iZE-T, BRd =00 (F%h) REmEEICERT
5, LVWOHMBILR-TWAZ LI 5, ¥, APEETDO 1A M 2BXF X, 54 LRICHIT 5 CPAER
(7, SJIZEEIL TV 5,

O

o a a o
1l
w N

d =

" ~ ; - o

B 2.3: (a)d - 0o Ti, BF LOEFOMBITAEE T OBMEAMDEL SM2 5, (b)d=0,d=1,d=2, ---
LkyE P T L, d=oilE-T, BRd=0ICERT S,

FORMEEE p(e) X, HFT Green B¥K
1 1 1
k k

DEE»L .

ple) = —;ImG(s +i0%) (2.43)
ik okEs, —%, .
G(e)"1+X(e)
X, ¥4 FOCOREEROBRE VAL FIV 7 Green B33 E BT 2 Z LA KD, (FoFFREMITEL S
RLEDTHBEDT, Gle)DZ L& cavity field L bWV 5,) £ZT, Ge) ¥ A b 0 TCOTMMAIED BB Green B
LT, ZOVA M COZGBREBLLRHE (BFEr Tl ulk, EHERY) TROVVKT, S 2 BHETS
& T, HREREBICS(E)MBRED, LV IBEIIR-TWS, ZOBMNSFEEBRE RS2 L0, ThUlgic, &
#] Anderson BRI L TAAKIZ Lo THHNW TV [24, 25],

GE)MHBERBRICLY Ge) BRED L ZAIE, AEVRICBT B FHBERT, 5F8 (D) heys H bR
(o) = tanh(Bhess) BRED Z LIZHIEL TV B, £2T, GE)BIFH, Ge) £IT T(e) M ) ITRIEL TV B &
%5,

HMES FHFICL T, BESOREBEHEET, ROTELSIWEY U ZBIBEEL 2503, BEDFR(3KITLUT)
T, REBEOBRITIARTH D, £2C, FUABoOED VI, E2W CHEM 1 OB OREEEEN LiIE LIE AL
bhs:

G(e) = Goole) = (2.44)

2 €\2
po(e) = —1\1- () (245)
Bethe ¥+ (Cayley tree) EDBETFOIRBEEILd - co TIDFBICR DI ENTED (W =22t &R D) MR, &L 5,

BRTCORBEREORHMEN U ABAKLI L L KDL TWAZEN, ThERAVIBETHD, Z0LXiT, (242)
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BICHETET,

_ [ ple) 2
o) = /de e—e'—B() e-2(e) +iy/W2 = (e - 2(e))? (2.46)

. 1 1
“O=GoTTe " i-Eae)

Ly, GRGTHEHERDbENS, Z0D G4 EEH D Green B3 & T 5 B %) Anderson REMHEENT 7 — v o R AEE N
X, FOHETRIAX —F @Y L FETHRL, (246)ICAAT 2, ZTh 2RI 2 ETHRYVIEWHE, ACERERHHN
Bond, THMEESBEECRT TOIE, Zhild — co DT L0 (EEER T)MEEMAT 2B FRICHT 2 HE
fREAeD, L, FEHBBEIRANFRZT TR, Green IS OV THIERICHES ZENLETH D,

En, TORRERVDE,

(2.47)

2.3 BFEM1TFHMYBBORE

G(e) IT B FRHMMBIREIC 3517 5 BIEH) Green IO BREIL T5—F, G(e) LR (244) THENL TV 3, ZDG(e) i3,
#%h Anderson #55 (2.41) DEEH D Green BIsE L TEHETHZ L3 %D, RERDIE, HOEEHdEF GreenBd
=

~ 7 |2
G(e) = 7 : IVkL:k

1
TECTE () = ; — (2.48)

ThHY, Eg & WEBBIOBEZLICLY, |gf >0 TGE) — e 2 RDX2%HO05 ) 2 BRTHDIC+
HTHEINLTHD, FELIOLE, T()REREARTZ LIHERT, RO FAX —(KFHENEL 50T, Th
FPELLBYEIMLERD D, DX 57 Anderson HENT Bethe (RELIEIZ & - T Z &KW,

A% Anderson BRI DORREIZIY, KO L5 bONRH 5 :
Bethe {Z3% (BA) B# 228, [(e)=—1%, BHZEDH, DMFTICEZ RV,
#7458 (CFT) BB, T(e)=—E, B=RAX —0D%H, DMFTITIXEZ R,
2 RiBBER (SOPT)(17] 7 =/ I WM R T 528, ERRRENEL <RV,
B O 41855 2 RIZHH (SCSOPT)[26] 7 =/ IIWEMEIIHR T 225, e ~ U, U + B4 DY — 7 e,
RESHH (IPT)[28] METREGZMEENPTVR, UK THERREREL <AV,
FEREFH (NCA)(25] EHEEEIIIEL VA3, KR TY =V SWIKICR SRV, U <o TRAS=T v 7 ARESLE,
slave-boson % F#5% (SBMF) - X A¥ — i3 X%, REZBEBLH 5,
BRZOMENN AL (ED)[29] HIBR &V I LSMNIRSREEDB AL R2WD, A7 bLAEEREY,
BFEVTHLOEK(QMC)([30] KA, KIRE U > WIEHRF, RA~7 M ORMHEEITRE,
BIEMR Y AHE (NRG)[31] B X AX —TRELBBENR LVD, BV F—COMMBER L6 S5,

ENTh—E—EXH 50, BELEROBES, BRLEEDO LVORKENRVIAZEETH S ), L, HEEN
%<, BENRRCERTHCIIEENH D, UNKE CRBEHRELRKIVWRTIET < Tk #BRFIENCAR L, U
BERYRELBRTIE, 2kEEY KET 5 ERHE (IPT)BMEVRT WV, IPTIRU — co TIRRFERIZIMHEEN D
BRICHET 52 EMTEDA, U> ATRERBREZEL <2V,

Z I T, IPT# (28] % AV 2, Hubbard HEIOBRY S FHERIC L 23 EFIZRY, IPT TR, AT MBKEEL
Rt g oTC, 2KkBHBEZAVS, HEFIEE LTI, 7, Z(e)=0LBWT, (246)I2LY G(e) &, (247)I2 LY
Gle) 2k, &5i2, ple) = —(1/m)ImG(e +i0N) 2 HET D, ZhE AV, 2KkDEETXVE -5 (e) %,

£ (e) = U? /dE]/dEQ/dE;; 5(61)5(62)/3(63)f("El)f(—Ez)f(Es)+f(51)f(€2)f(—53) (2.49)

€—¢g) —€x+€3+10
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Wit/ —

WEWHETS, EEOHETIE, KOL 57— VxFERE2AVWTHETS L HES L

2@ (e) = —iU? / dt et [B(t)a(—t)B(t) + a(t)B(~t)a(t)], (2.50)
]
Zg }: [ :ds e~ 5(e) f () (2.51)
IPTTiX, &b, RKFEBRU — oo & BT ARNVF —1ER || > 0o TIEL V> Green 2 BHTH L H1Z, 2kDEE
TRAX—%
AT@
o) = ﬁ (2.52)
EVOITBICHET %, 12721 L) (o
n(l —n/2 2(1 —n
TR PTG/ (259

T, Al G(e) o ROEBFHTH B, $7, 7V —FAOBTRERT L 512, By WET 55, S(e)h 5 £(0) %
ZLEINWTRNTYH, ELRICKRFIRIZM T N TES, (246)ICL>TGe) &KD, B, UEDOHER KT
LETHYIET, TWEARBRREREEL V) [28), IPTHEIZL3EFEAMRE EGHOBESOHESN Y, K24, 2.5
WY [32), 7238, EFELAHLBEEIEIn=1/2DTA=1, B=0&7%0, IPTIHEHO2KBEHLRLICL S,
I, FRHBEEEBNCGE)DOPDYIZGE) 2AVE ((247T) TE2RO S E2EBT5) &, Wb 5 HOERE 2
wBEE (KB Td - oo b L TEBHRBRFAZERLLELO) KRBT S,

pE)

K 2.4: EFELRHRBED, U/W =1, 1.5, 2icx9 5, IPTIZ & 5 Hubbard BB O K IEREE DS EREE,

2.4 RATAVTLHWMSEFE

BlE LT, dKRITOBPBIITHTF LD Hubbard B A £ 2 5, =X VX —58EFR e 13 (2.10) THEX BN B,

BT A Q = (mym,m,-- ) EEBXDE, expq=—ex EVIHHEERF-TWBHI L Bbr 5, HTFEELERVS
&, BREFORBEZ

_ 2 x0(Q)
X(Q) = (918) =505y Wxo(Q) (2.54)
L72%. ZZT, xo(Q)IMEERADRNE XD X(Q) T,
Serq = fic . p(0) 1-2f(e
xo(Q) = zkﬁq_&, / ae- 2L (2.55)

LREAND, 7xb SECOREEES p(0), v R 2D ¥ Uik, #xt0BERBTH,

D
0@ -2 [0 P10y T~ o (2.56)
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[5480a] MM FEOFR (200345

X 2.5: EFEAIERNHL, UW =2, Eg/W = -25~ 053 %, IPTIZ K% Hubbard R OREEE, Er =0
iZE>Ths,

LRBR, bEPEREBETHIUE, BMTe=0TREYT, BETEETHALN LD,
LMD, Thbb, x Q) IHMERTHEMITWAL, HHBETL = 2Uxo(Q) ~ p(0)Ulog(D/T) Z#if=L,
x(Q) s oo kid, ZOBRETY = De VPV I Q CRO SN AMEBHF~DFRLERERDLTOT, REEMENE
T 5 Née IBEICHEL TV 3,

BFESBFEL0 18 (half-filling) D& &, U > t TR Mott ik L 22Y, J = 2/AU OXBBEER%
Fol- RBEHBIEATRD AN, Lo T, BEL UKL THEEEC L, M260X 50 d s TEIND, EFE, B
FAST T DO TIE [30], REBBED EMADOS—T B2 OV TR B3] THEXR TR TWA, ZhbDOFRETIL,
{KIB CRORRMERRFN AL, IREIZER<S Mott iz 2 BWOEBLTLE Y, LAL, BFII7F AL —Y a2 HAT
B LI LV HERHEFEREX, Mott BBE HREEHZ LN TES[33,

SEBEMERRFFORAIZBL CiE, BN T O, BRCKEVWUTORRI 2T EMAFHRNTONR TS (34,
ZhZHL, d— colTHSRL 2SI FR FIC BT, RIBBEICHWE —I7B3H Do, THIEEKRELS WD
OETHRUENRTAET 52 ERFLN T3 (35], 7o, BEMICHT 2MEFHEOHRLALN TV [36].

x0(Q) ~ (2.57)
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Wit —

2.5 Mott#&#H

PM

PI

» U

0

B4 2.6: Half-filled Hubbard #0972 4B [X

FOABME AR T REICALN D L I RBERNR TS A M —2 a URBEETIRTIE, XATF AT BboTH,
EEF CRIBEFBBELRZVWEAREIONS, 20X IREPEIT, EFENKFAYEY 1A (half-filling) DiFA,
RICENENT 22ELTAVFERZELSE, EHOICEFHEORIF T IELES, it U/W omé & biz,
EREPD, HOWHRRT, Mott KRBT 5, REITIZ, B DBE, WK D L R KBRS R4
T 58, k-(BEDT-TTF);Cus(CN)3 & W 5 FHLAYTIE, REMRFEY 2 &9 Mott i ic R 2 - LR B H X
TS 37, REBBEBRFEZEX VAT, 8895 73R & 5IE Y A% 8% FV 7 Bulla[38] 12 X 5 Hubbard 4%
DR FREEEOHELM2.TICHE S, 72V IWEOEELBE — 7 R U OKME ¥ bIZHEL 2D, U. CHEBL,
Mott EEICEB T 5, BROFMIL, HTORFORK, K287 T LI, ERTIAEBTHY, BBAU, DE
AIlC, &R EBREOXERENEET D Ldbh o1k [39],

—_—

~—

KIZ, BEBRIAUOHEERD L 5, G) 3T IR EILED HBH) Green B2 DT,

04
0.3
0.2
0.1

0
0.3
0.2
0.1

0
0.3

0.2 f

0.1
0.0

Bethe hypercubic
A u=o.'suc | | | U=0:8Uc |
: : V\\\j
L U=0-;9Uc ‘ e 1 L =o.!99uc %
AVANRY,
Fu'=1..1uc | | i u=1.l1uc
-14 0 4 8 -8 —‘4 0 4 8

X 2.7: BullaiZ & % Hubbard iR DR EFE DO EER

Gle) ~

1

T e+iA
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[ %4800 Wi FREOFR (20034 5) |

TIW

Crosover region

7
3

metal insulator

Te

)
1
1
i. 1st order tr.
Coexistence region \“}
Y

B 2.8: EKEEFFM R Z B2V & Lz & & D Half-filled Hubbard R DK, Uy < U < Up TIREBIA & EAEN E1F
5,

LEIBLTBHE, Us AT, Ge) ~1/c k725, —F, R (2.47) DRI L FFHIRTO Green B Gle) = (e— L)1
ERNTGE) kDB,

1
G(e) = 5 = 5 ~ - 2.59
(5) e — -“—;—G(E) e WTE__I’U;_!’ € ( )
LRoT, BMICU > ADLEE, TRLAMBIR-TVBI ERb2 S,
Bulla & Potthoff[40] 1%, €B-EKEEBEEZ T U = U, OF CILTHY — 7 D ERICHAL 29,
Gle) = —r A=Y %% (2.60)

e—Ae)’ €~ €&k €

k

TIEBPITE 3L Lz, T3, ADAMBEES H 5 b3 Anderson BRI, UL ~UL Eg(= 0) D dEFDS, go(=0) &
WOV EHSDEGEEEFIEL V) CRETHIEEL LS, TRCUEZ AN TRV HONG(e) 252 503, 294 M
ROT, BT ZERTED, TORE, e ~0TiE, GlE)ide =26V UK ENENNERER o = 18V /U2
0200 THLDLENS, ZD2O0BEEH 2DV EODEBEHILT,

Gle) ~ 2% (2.61)
>
LB, ZOGCE)ERVTHLWGe) kb,
. 1 1
Gle)= ——— =~ _ 2.62
(&) e—Ale) ¢— 9*7%2 ( )
LB, U— U THRIDHEDHZYELIZIGRL, D G(e)
G(e) = 1‘.,2 (2.63)

EZELLARBITTHENG, 92VE/U2=VE, thbb, U=U.=3ts72d, —BOEFTIE

U,~6 /Z t2, (2.64)

LirB, ZThP UDBERMEE 525, Bethe 8FTlE, BBED; =t/2/z2L L >THY, ZTDLEARVFRIE2ETH
5, £»7T,
U.=(3/2) x 7S/ Fig (2.65)

LS kizhd, ZoOflIX, NRGARYIZ L ZFHEMIZITY,
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2.6 ¥ AndersonER -LENEFHR

HNBETRMA &I, 4 SIEFL2ELLEDT, BRTCEFOFVEESBHET D 100~1000ZI2 b7 5585
W, BVWEFRIIANT DR LMEL SN AT, RAMIZHT S Anderson EEI D d BT % (EFITR L CABIC
W7 B Anderson BRI TH % -

Hpam = Y exciycuo + Ef ania + Uannm + ) (Vie™ R fh o, + Ve Righ 1) (2.66)
ko i0 i ko
R i3 {2 BURTOMBERTH S, Ce® YbILAWTIE, MEICHHRL 72 fHUEIX, ACBEMAERICLY J=5/2
LT 2DRMBITHIRLTIY, CeTiE5/285, YbTIR7/2MEEIREL 25, SLIHRENEIC LY, KERED?2
B (T772Y) 03 4EE (Te2E) KARDZEENSB, ZITH, BEOELD, 28EHOEEEHE, §= /20
AEELTHRIZEIRT D, ZOEEIZOWTIL [42] THANLA TV S, fEFD Green B
G(k,e) = ! ; (2.67)

Vi
£ — Ef - Ef(k,e) - 8—k6k

EETD, T<HETERBLIL, d— o TRIBFOHBCTIAXF—IBBIC LR RD, &5IZ, 7z I

HERARY IO LEL T Bp(e) = 5p(0) + £5(0)e + - LRBATE B2 5L, BVRROFHEICLY, G iiE=k
¥ —7T

Gf(k,E): z

€—E'f—

72 (2.68)
£ — Ex
LET D, TITEy=2(Er +34(0), V2 =2V2LBVI, 20 RABETT, 21 = 1-5(0) THs, HE=0
BURFOTRLE—% B Z,

~ ~ 2
+E _E N
B® - .E.kz_f + \} (ﬂ‘z_f> +72 (2.69)

Lled, Thz, H20C7d, SBHRZEVEFRATIE, 7243« XX —EIRNE—X v 7X vo 7 OEO
NUFRELIETVIHEFCMEBELTRY, FOEDICEDEEN KX LoTINA, BF LR RERIL, 2464
Boabizlmt s,

X 2.9: JA# Anderson #RI D K

{51 D Green B (2.67) 13, HEBOF GO (k,e) L T, MEMMOSH B & 212

1
GV (k)1 - Ty(e)

Gy(k,e) = (2.70)
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[4548 WL FEOFER (20034:5)

LEIB, 22T, GOk,e) DY A M ERC () HANTH A YV FRAE HFIT, Hubbard HED L & & R,
d— o THEZIAX —0H A FZBEL THANLRD I EHRED, £27T,

Gy€) = Cpale) = 37 3Gy lhse) (2.71)
k

% T Hubbard #H 0 & & X A BN FHEREBRT DI LN TED, ZITH, Tp(e) IRERBEICLY
HET S, $7HOTRAX —% Hartree-Fock Il TEHEL, Tp(e) = Uny EBL, KIZ, Gyle) &K, RifinsLrs
WZREV, A b i TOEEHRODEIRY BRIz Green B ZED:

~ 1

Gﬂd=aﬂaj¢§R5 (2.72)
TRED, FEFORBEEL 5;(c) = —(1/m)Imb(e +i0) KL DV RDTHL &, 2RBHOHETFL¥—id
B0 = U [aer [aes faes pytenpptenpyieg LN CRMEBNLIMENTE o2y

CHEXNS, EEOHETIE, 238 THRAEL IR T — Y ERERVCTHET S, K&IC, [EFD Green BT

1
Gyle) = V2g(e)F(e — V? - .
7€) = 9(e) 1+ V2g(e)Fe = VZg(e))],  ale) = — AR (279)
1 1
F(2)= 5 2 7o = @/W)le/W - VWP 1] (2.75)
k
LEbEn3,
Ebic, BFELHRHOL 2 bRFERSELRD LI, HEZILX —%
25(e) = AP (€)/(1 - BEP (e)) (2.76)
EWORKMET . 2L,
aoud=ng/2) 20— ny) (2.77)

T ag(l-ng/2) T Ung(1-ng/2)
T, nipik pp(e) M HRDEBFRTH D, T 5T 5L BFEAIMHFOREI Luttinger MAIZ W7 22V OT, M
=T LD, S(e) 7D Sp(0) ELBINTHL 32, ULEBRRT 5 ETRYVBLARTS (43D, cHickvED
THRAF—L (EFORREEELHELFAZUTIORT, DROERE—7PMEEET LRAL T2 0RL, BK
Xy T EE-TWS, BFELHHAREEL TN I - TFIAF—DBHE 38X xy 7 OPRMCHHDT, Zhidbx
Y HTHRARLEBEEEDEF MR- TS, L, BROTHIERV EHEFLORWVETHET VEHY
TVWBEDIZ, X¥ry 7 OBOE — 7 NBREOHHEIHSTHIL>TW D,

T T T T T T T T T T T T T
PAM
1rw=1, u=2, E~1 PAM
—_ W=1, U=2, E~1
& ~ 1+ |
W ok- 2
a
-1
Im X(€)
2 L It ' 1 PO h i
4 2 0 2 4 00— 2 4

X 2.10: /8 Anderson M D H 2= R X — & (B TFIREEE,
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) — b

2.7 BREIHERE

CRFPOFKERTHT, EREE T LT TREEFICL > TRRMICER SN, G EERESHRT 5, F
WL 7 =)V IZRANX—EFED kpTy THE OBOFOETIC L > TITbR DT, EkT 2 EFORIL N, (0)Tx TV
EL7B, TTT, pe(0) ~1/Epid7 =V IEETOEEETOREEE (BFRY7-D), NEIBKFAORKTHS,

BOEFRREOFLIBULEWTIE, T_NTOEMBIZHRL EH IBULEOBYEA BB THEDT, 20
TATHER L ERRBE ML, Noor ~ N2p(0)Tx PIEEBEFRLEICR DM, HIMEEETORK N, 28+
ZEETERY, LEBST, bL N2 (0)Tk > N, CHIEEEEFORNREY <A D, i GRETERCE
iJ % Noziéres ® “Exhaustion” BIRE & V> 9 [44],

KBTI, 1HERREBEZERTICEETORN, BET 5 1 BREREM TR TR RS, 2 TRAKELT
FERIAEIRIEZ B DITIX, BEVEA A o DS ERERE D ROSREMEARBEZ o mRIE L T AMEN H B, Zhd | RO L0 EE
1HEEBRIINESINDOT, BBELERTIR, AHREREDHICHAT S THRINS,

b O —DOOMBEL LT, IRAHBEICE T, KETOYMEBOIRIE VL, XTI ODBET TAF—L X
NER, TNRAYPRTHLEYIOONE HDEVHRBETHS, Tt 1 RS ERSh2BETCHILETEE, 2h
LD GIEET, BRFREEL 1EHETHOOBMHRBET, A HEET L LEXOND, £, BVEFEWED
BIESUIRER»GBREL TH T &, EFEHRICL IIBHOEAN D 50, T0OH L ZEIEDD, KIS
Wot&kﬁwt,&ﬁﬁﬁ7:»iﬁ¢%tbtﬁ01p~pvhﬂﬂoxbiw&ﬁﬁgthmmadlb~mmﬂﬁ
ERBEbL o,

Pruschke & [46]iX, DMFT & NRG¥ AIWTZ OBBEZHEL, n. ~ 1 Tix Ty & Ty KM THAL, To2Tk &4
VD, B—DREAT—NDHEBFET DN, nl08TiETy K Tk THY, MR 20D R —UBREET S E VS ER
ZHL7, 127U, Nozitres& £729, Ty oc Tgnee™ THHELTND, 28, TklLEEEY—2 OENS, Thiige
TARNF =DV RHBEFLLHMBEL T B, LALAREG, BHDOHEIL, no~ 108 X THBEKL R A3EF AL TH
bh Ty, LHTL LBEETIEARN,

2.8 AEEE

CeCug IZRIEI TR~ 1= BRMEERRO MR 2B TH 5, BERIEFUT, BECTEEDRL 7T, KETIAHE
THHEDITEP L, DFSREFOINIA I BRBEFADOHZZ T, Cek FERAED LalZBH]L 7= Cey_,La,Cug 84
i, z=0TIHAHNLEVETR, z - | CRERLRAMESAT REWEER L 29, ESEMIIRESY T3 L
#ila2=F V7 4 —BRETHFHNT S (47, 48], THOBETIIZ D2 DR BURRLZBIEDS, “0OX
I EEDRDLBENTICPAICL > THR I Z EA MRS [49]. CPAIREDLE DI DAL 1 FHMAEE (EFMELR
L) EBRFTZLENRHRDZOT, ZhEFH BN FERREELZEDET, HEOB BEEESLSOERY ERLT S
T EHNRTE B [50, 51),

BETFELRNTETHOLBHRIRELE S 720, (BT HL AV FIERHEETEL, $hbb, BEEFOTRILY—
DI et THLEE, (BETOTNEag b LTBL, £77, H5Y 4 FEERGEFCTEDOLN TR L 211, fEF
=RV F—Er Y npo Wb 3b0E45%, 22T, NfiglE A e DIBFOETHD, Celixtd % LamiBE
T2, Lat A MU fEFREN VISR THIEIVDT, B - ok Thid LV, BHEF : ERMETFOE
BEENEN, 1—-zbz kT3,

HHEEPACERLF — (BHBRLET VS AR RZLDBDETESEL) SE) Lo TREBINTWD ET 5,
HBHYA N TDIEF Green BT

Q@:/@ Pe(v) (2.78)

V2
e—au—S(u)—g_V

TEZOND, ZOFA FBEERFTHHT2HBE, ZOV A FTOBEPRL S L F AFRZLSEALTY RV

cavity Green B%%, A& FHEIZ .

N TORE0)

(2.79)
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[4E481E] MTEEFEOFER (20034 5) |

THEAT D, BERTFOH DY A b T, ZOGEHERICLT, SEPRICLI8ELE, BN FETHEL, 0
HRE
Xy =X¢[0] (2.80)
ETB, FOMDYARTHE, RFIVIYYNVEZZIBETTHD, ThHBAbLEI->T, BRSE) 2EY BT,
EODGi(e) TRBINDEFIL, HDF A MIBEHFETNRHIUL UL L2268 %E, FBERERTEHNE, E;
DORF N EFTH, CPADRRIZO L 5T S(e) 2 HHDHITIE, THHIZLHHED TTFINEEL L ToiTi
BEMEBLTRNILY, Thbb,

S-S Ei-S
(l"ﬂl-mf—acﬁ+”1~um—$c,"o (2.81)
ZIZTE ook TBE, ZORIT
(Zs(e) = S(e)|Gsle) = = (2.82)

L%, UEORE BRERFIHONTONE, EEOREIIXTHHELITI T LM TE D, K (50] 138 CEEE
2RBEREAVTHESTZINX —DHELTo 1, BREEET, WBIGEEREAY,

2e2h af(e
o(1) = == / de (- ’(;i_ )) zk:vﬁz [(1mGec(k,€))* + 20 (InGey(k,€))* + o (InGs(k, )’ (2.83)
THEZBND, L, d > o THA—T v 7 AHENR 0L 2D T EH AV, G & Gepld Green I D ce, cf 5y

Thd, BRIEFRICODWTOERY, K2.11Z7Y, 723, Hubbard BERIZ DWW TH, DMFT4+CPAIZ K B EMRTT2
bh T3 [52.

25

N

0.5

PIIK1-x)

of

2

0.001 0.01 0.1
T

B 2.11: R X 3B LOERIBRAOEEIC L 55,

2.9 AEERAE

ERRERIE L 13, SROBEBEOMN AU FERETHY, 1 EFEE (XU FHE) TRV RAX— - K yry
TE,N, SEHRICE-oTERVAERZODLEILRD [53, 54], RIFIOERNH bOMHLBY, E NL@F, ik
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Wi/ — b

BEE Ty OREL 2D, AHERETIE, ¥ro7OTOAVIRERICEFEINTEY, 2O LEDOAY FEELic LT
HbD, 7xNI c TRAX—ZARAURE vy P ORICHIET B,

—%, BRTEZHOET - EFLMBBESIN, ThOREVCERETIEDIZ, EBRFOEGRARICARY, Th
b, BRTREEEOX vo 7 b E-TLE S, EHPRIT, BI1ETENL LS, FEHOBFOXL L 0O
FEE, TV IEOFECL-TRIS, LL, BFERETIR, BBETHLICL12bLT, Riid~rLk>
RHEIET, XYy T OWKTIRELVLEET, EHESRENEIY 35 Lz s, BRMEEERIED, #REE,
HE, BEREHAORDSEVER2.120 L 512725, #HHERIIEIERT Curie DERIZTRIA, EETRE— 7 2 E-7%,
—EELRD, DRAK— - XYy T RHH LD O THBENMEEBRTOTR —EEER>TWEDER, &+
BILEYMDORE, ACVBEREERARKE VWD, BEMAEHOEETR VWV EHTHS (Van Vleck #BiZE), F
7, WHREOEY -1, BEHROPRETHS, HATEETEH L b vy 7HRRVDLD L SICELEW (=771,
EREHROID, EIFERLTVD), BRTHEF vy 7 OO WBMEEN HEET 5, ERURHUL, BEEM: Bl
B p(T) ~ eFalk8T 557,

X C/T P

T —> T

TK (E gap/kB)2
B4 2.12: SUBIKY R ORER, W, BRIENROBEEL,

TS IE D BEBIIE YDB,, & JiTh 5 & £8LE&Y (56, 57, 58] T, KR TO0.01eVUTFOTILX — - Xxu /%
FOLEXONTWVD, AR BIT 2= XNVF — - Xy POREICO>VTIE, BEOYE CIRIETPEEETD
PUERBSHERICHEETH D, YDBo i DWTIL, Bill, LDAHUMKIC XAV FHBICESE, dBEFNLAR A EEA
¥ R B BRI EZR tight-binding band THEDLEIN B Z L b2 Y, MEEEL ZEL BEENLBEE LAV X vy
THROBHEB D THL TSN [59], b D — it CesBiyPts T, E,/kp ~ 30K TV Th 5, HMEERKIED LR
AV RERETH L0, BFOBREEBEMET, »o, IHRTHENAL KSR B {LEMTET S E 5T
H2, BEERILEVTI, L7 L bMHEEAME LIV 2R\, FeSi[60] btk L R4 LR TX 5 (55, 61),
¥ ¥y TR I0K DRETH DR, J0KBETHEAL TV (62, Zhid, SEPRIZL-T, ¥rv 7/ BBED LR
LLHIBHECKEDLDTH D, ZOPHEDEE, ACUREHREFEARTEVOT, $RRIEREBRCHET S, &
RATIE, AEDOPLERHBIHNTND L VDR TV [63], /3 FHEIC X DREHEES HBESCL Y, BT
SEmLEUO, HOEEE 2KEHRICLY, ZHEDENH B L XOENTREZEDORELSLY, KA =EEDE
EELOFEERY M2 13 RTHRT — 713 [62] 12 & 5,
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(4548 WA TFEOFH (20034 ) |

4

(arb. unit)
o o
(93] H

T

|

e
¥

o(w, T)
=}

H

(s

(o]

p(w) (state/eV atom)

—
T
i
i
A
1

o(®, T) (10°Qem™)

2.13: % : FeSi DIREEEORBEE( £ : RFCEEOIERAE (L) L KR (T) & Ol

E3FE BN FHSHEROSIDORERE

3.1 d<oo~DHFR

3.1.1 WY ITRE—EH

d — oo DEIRICIIT BN FHER T, T TOHA MIR%THY, X (242) TRDOENSY A b 0TD Green
RIS Goo(e) DA% FAVIE REMIRIREL 72 5 TV B, Goo(e) 12 Gk, e) F B OV TEHZ L oL bDTH DS, Th%
FEEL T, NEAOBTFANHEETE, N, = LAEOBFEA»LRD 7 7 AF—CaET 5 (K3.1(a), $TDI 7
2 —REMETHBETHE, RLETERDS LEORRERY, BAHROBIN/N LD, —F, TIANT Y - —
LOKE XN D, TOMID K AL, bEDAYFTWRE, MR — OBSICHEL, B1T YLT -
SR D i, BT IAF —DOAV R ERD, BROKEWE Z AT EEMTIOERMHIISL, Ok
Ve DWYE, 7T ARI—DFORERRTILICRD, EIT, bEDTIATY -V =% NAACGEL, Th
FRohicfERAK 2L 5 (K3.1(b)).

TIT, HETEIAX—S(k,6) D kEFHERBNE LT, NAO K RCOEE(K,e) TREEEDHZ LT D, &
-, KL LEBLVNTORKCOWT Green BEOFZE LD CTHLDY),

- N~ 1
G(K,e) = Wzk: P 7 (3.1)
LEHTH, INEFERLL )
Gijle) = 57 D G, e)e™ ™ (3.2)
¢ K

H, A X N, DR—D 7 T A4 —H IR AT RO Green B TH 5, MDD 1HTTHRIAT DL, K= 170, €=
1~LTHBDH, o -+ Lad LTH Gy RERLAR, $ibb, ;37 7 AF—OFTOBEBTREEZ LT D
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B 3.1: () BTFE7 T 25 —CHEF D, (b)7 ATy =k, REA(AL) EETrEM ST 5,

Green 8T 5, DMFT D & & L @#RIC, G(K,e) b
1

9K = G T 5K (3:3)
oLBL, Zhid, 27 FRF—NTOEEHEERY BV Green ¥IZ 2 > TWD, Zhid&biz,
G(K,e) = G(K,¢) + G(K,e)5(K,e)G(K ) (3.4)
EHLET D, EEMTET L, ,5,mEITFRI—HNOFALLLT
Gi; =Gij + > GitZemGmj (3.5)
¢m

LoT, d-ocoD& & LFERIZ, Gij(e) X EEBD Green HK L LT, TOHFIZEDAEFNTWE I FAF—FF LT
UNRBNTWD L 3727 5 25 —FEE BEMIZAROTRNE, FRCAETRIAX—5,;(), R S(K, o) RRDE
hd, UEZ®VELT, N.BAO K JIZBT2HEZRVE—N(K,e) ¥ HCERBICRO 5 H5iE%, B 5 24—
FEL(DCA) &V 5 [64, 65, 66], Ziidd — oo iZ BT BB FHERODd < co ~DIED—ODFETHBH L ELL
nTns, ZOEROEHE, N.=1TDMFT &40, N.= NTHEEL 252 L, BROBITEREREIh T,
5Z¢ThHD,

BB, G(K,e)ixeroikigsE

pic(e’) = 263 8(E! - excane) (36)
ERVBE, | »
. G

LBEF D, SHICINEE, ImTk(e) <0THB X 5 2B Tk (e) BT,
1

G(K,e) = e —X(K,e) — ex — k(e — B(K,¢)) o
LT B, WL LIE, (
PKAE
GO(K,e) = /d56_5,+16 (3.9)
L L, ImGUK €)= —mpk(e) <OTHDND, 4T, ImFk(e) <OTHD LD RBEYRBEM k() ZAVT,
o - 1 (3.10)

e —ex — k()
EEFLHDOTH D,

DCA DGHIE LT, d B#B{EE [67]), Mott #4555 (68, 69], disorder([70, 71] %2 23% 5, random ROEHRTH 5 CPA
i, INETRZ 7R —ICHRT 5 & TN BN 2428 ORI H o745, Jarrell & [70]iZ DCA 2 AWVTC, Zhb
DTERRIZERIL 7=,
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3.1.2 Self-Consistent Cluster WL

d< coDHREMYRALHEL LT, thoFEbREEN TS, Schiller & Ingersent[72]13, RE&MAEDBHT IV
¥ —% Green ¥ G,; L BET= RNV F— 5, DIAREKLE L T

Qomrr([Gijy Bij] = —Trin[(iwn + )85 — tij — i3] — Tr(EG) + @[Gyj) (3.11)

& &7 (9G] ¥ Luttinger functional & FHINL3) &,

. _ 6P
Gij = [iwn +p —ti; — Ty ™", Ty = Fem (3.12)
EEFBIEDLHELT, &%, 1Y Ah, 29 (b, ... TRbIWHIHEHSOFEL T,
¢ = Zq)l l]] + ZQQ[GN: ]JvGij] + e (313)

(i5)
BHEL, 29 A UALOBREBRTAIZLIZED, 294 FETOMRBEBRERY ANLBHSFHERBOd < co~?

R ERLLZ, L, 40k 25, Falikov-Kinball ®57 /L 7% & B AEAIC R L T LA FERITabh Tuhizn,
3.1.3 AEVELSEOEREOES
ﬁw&ﬁ%&&@#aa,@%%%%xmzzzuwmféﬁ)towf
v (8% = / dw(n(w) + Zlmxmm,w) (3.14)
OFRARY LD, Z 2T, n(w)id Bose 3BT, S = (1/2)(nit —n4)) TH B, T_TOHA MIRAETHDHEL

T, (89)%) = (1/9)((n) — 2(nqny)) (n=ny +n) EAVD L,

Z/O dw(n(w) + %)% 3 Imnxm(g,0) = %(n —9nny) (3.15)
q

T
MEY Lo, BHRIZLT, {(np4+n; — (n)?) = (n+2nm) — (M) 2RV L, BREEEICHELT,
2 [® 1,1 1 2
;/0 dw(n(u)+§)ﬁ zq:Imxc(q,w) = Z(n+2n7nl - n?) (3.16)

NRY Lo, #REEZ RPATHET S L,

HO(va)
1 - Ullp(q,w)’

Ho(q,w)
14 Ullp(q,w)

LB, TITHE, SBOUREMEU,,, U TEEHRL, BxXLVX—@BRTHY D>, RETALHEO2 KD
ﬁ%&gu(?‘) <‘:‘ Uc, Um):(DES%E‘C

2x5PA (q,w) = 2X5PA (g, w) = (3.17)

Ue = (@) + 8000, Un =an @V, a(0) = 570 (3.18)

ZAVWT, LoRMAZSBRETHEZTILICHRODZ LIZT 5, I Two-particle-self-consistent (TPSC) #fEl& v

573 Thbb,
2 /0 " dune) + %)% Sin g e _’;"(ﬁo“{;w) = () = 2(nimy),
2 0 1VI() q) )

HARBIOHEPRTHE () — O, sf=5(s+1)=3/4af;5° C ORI LA, 5 - PREOERT, BFELTH
NulEORREE EKEBL, £, 2RTUTCTRIELE OO GBIREN 0L 72 5 &V 9 Mermin-Wagner O EE [10]
AR YT 5, &b, FLEX T2V  Hubbard V' — 27 b HH N5,
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BEFELRHOL &1L, A OHHEDOAEXNTI+RTH D, TA[T4)iX, EEMOFRNIDOLEEZ DL &, &
B2 FEBEEN — BRI, (a,)
z2 _ Xolq,w '
@) = T3 0(g,w) + M@ ) (3:20
EEBETDZEEZAVT, Mqw) BREOHEETHERANT) TEEL, EofMmBlxAWTREZLELE, Z0E

T, FREEOUENEHREHE~7 PV QDAY T

xo(g+Qw) ' ~x0(Q,w) ' + Ag® —iCw + - -- (3.21)

LRETESETHE, MANERICHETE, NT) 2 xo(T) = X**(Q,0) #RETE 5, = OEaAILSCR (Self
Consistent Renormalization) Big& LiZhTkY, Wb 2 BEFERAL (QCP)EFEORELYHLBE Z LN TE B,
QCP &iX, 7L, EAILY, BMIEBRENREAIL T0L2B 8%V ), 3KRTHLWHE D RERMEERFD B
T5HE, QCPOEFHETIY, BIKELEICERTARE, EKEFNENENERTCpL/T x —VT, Ry« T2 L7
BT EMRTREND,

TPSCHGHP SCREMIL, 1V A FOBFIEOEDLEZRYIAA TS DMFTIZHAS, Y4 FEORESE 28
BYRAATWDEWVWZ D, DMFT Tid#h A FEIOBSMEEIIHOLR S FHEERERSOL L TLHABE IR THRY,
5, TPSCX SCRIZMAHBRITITANVS Z ENTERY, SFALREAR[75]1k, £ SCREH % HRRACHEMBERIC
JEEL =, 22T, BONREES

1

MQ+qw)gxde1—ﬁﬁT%+Af (3-22)

EREL, RFTHRE x, OWHE E=FAF—TRAL, xu(w) '~ (1 -w/T)/xu(T)EBNTVS, LiL,
MEFRE T, wiTk TRERTINX—KFMERFET 20T, Z0 xL(w) ' #ETILF —CREETIC, DMFT
OFEBATHREINZbDE2HEXE, DMFTIZAEVORLE Z YV IAAT, DMFT & SCROMESHEHN TEHEEX
55 43, v

AU DEOEY, RELEAC VLAV VETRAEBT I ENFINDI LD, BF LAV UVEEOREERAI
xfLC, DMFT#&f T2 2 L5 TX 3 [76], MHEDLYD, AL HE IFEED boson CROTZ EICTBE, EF L
boson D JHFT Green BT ENEh

1 1 1 1
€Nl o e POTNLETa i (323)

EEFTD, ZIT, wgll ALV EOTILF —, (w)BWZEHTHECTRLX—ThHD, 1 FOTOMEIERE

D BV Green BT . .

G(e)~1 + ()’ Do(w) = D(w)-! + (w)’
L72%, BF L boson & FREND intersite A & HIZ 1/Vd TAL—A L TRWE, BEZRXLX—DRRFIICARS Z
ERTFED, £IT, () & Mw) 2ZNTNRDHREEZTRNT, ZhoDHFEANAL, BOEEEICHETD
ZEMTED,

Gole) = (3.24)

3.2 BERMNIER~NDIER-/NVF FELEORE

Anisimov b [77]i%, /S REHEOER% tight-binding B TR L, T IEEO /s — vV FAHOEEZMA T, 8
HISTHERE 2REBHRIZL Y BEPRELEALEAVFORERLIT oI,

BNSFHERIL, (3.11) DX 972 Green MG & B =X A X — SORBH Qomer[G, Z] = ~Trin(~G™1) -
TH(ZG) + P[G] 15, THRFAMNTHHELTELZENTEBH22), —H, "V IFHETILAVWOhAHBERR
HIETH, ROBATFIAF—2 ETFEE p(r) & Kohn-Sham BT > & ¥ )b Vs DB Qupalp, Vks] ELTEHEX BT
EMLHRET S,

- ; Ry e [plr)p() .,
QLDA[P’ VKS] = —Tr ln[(zw + ﬂ)ézj — t‘LJ — VKS] —_ Tr(VKsp) + T‘r(%xgp) + —2— IT - 1‘I| drdr + Exc[p] (325)
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IREpTENTHILITEY, ’
= 2 p('r) ’ 0E[p
Vks = Vext + € / - r,Idr + Sp(r) (3.26)
Vks TEXTHILIZLY
1
(Tru (u‘) +u- VKS)(Sij - t,'j) (1‘) - ,D(T) (327)

EHD, p(r) =2, Vi n(r) EBWT, P(r) I LEEE DT TESTHIE, Kohn-Sham FEXEHBZZ 08T
x5,
Kotliar & [78]1X, b a A L A

QDMFT+LDA[py q)}(s, G, E] = —Tr ln[iwn +u+ Vz — VKS — 2] — /szpdr — TT(EG)
2 !
+/mmh+%/%%%#mﬂ+&M+ﬁ@M~%g (3.28)

ZIATDHZEICEIY, DMFT & LDAZBE L RHROBRERAALATVD, B, HEDE -4 3B EIEAD double
countingDZELBIETHDHEL TS, ZOERILE, Cellular DMFT & FESHT L W ILIREI S F 3585 [79) & AW T,
Pu® o-§ HEIDEBORBEL AL TV 5 (80, 81),
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