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Determinant Quantum Monte Carlo Study of
Doped Kondo Lattice

Abstract: Heavy fermion materials are strongly correlated electron
systems and often exhibit unconventional superconductivity. One of the
central issues of highly debate is the nature of their various anomalous
properties, which in recent years have brought more and more attention.
In this thesis, we use the two-dimensional periodic Anderson model to
simulate heavy fermion materials and apply determinant quantum Monte
Carlo method (DQMC) to solve the model and study the process of
hybridization and the effect of doping. Our main conclusions include:

(1) A temperature-hybridization phase diagram in un-doped Kondo
lattice. With increasing coupling between conduction electrons and
localized f electrons, we find a metal-Kondo insulator phase transition at
high temperatures and a metal-antiferromagnetic insulator-Kondo
insulator transition at low temperatures. In the antiferromagnetic insulator
regime, conduction electrons and f electron exhibit orbital-selective
behavior.

(2) In the antiferromagnetic (AFM) insulator regime and the Kondo
insulator (K1) regime, when one f electron is removed, we find a spatial
damping distribution in the hybridization strength due to interference
effect. The spatial distribution of conduction electrons exhibits oscillation
character in the AFM regime, while damping feature in the KI regime.
The oscillation originates from hopping of conduction electrons, while
impurity scattering is responsible for the damping behavior.

(3) In the KI regime, impurity brings about bound states in the
central hybridization gap of the spectral function. The weight of bound
state is highest at the doped site of conduction electrons and decreases
sequentially for the nearest neighbor site of f-electrons and c-electron and
the next nearest neighbor f-electron site. When the impurity energy level
Is moved to the Fermi energy, these bound states move correspondingly
toward the gap center.

(4) Impurity’s interferences with the distribution of c-electrons,
hybridization strength and bound states are restricted at nearest neighbor
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and next nearest neighbor sites.

(5) In the KI regime, with more impurities doped into the lattice, the
system undergoes a Kl-metal phase transition. This transition is a 1%
order phase transition and the threshold is about 30%. Thermodynamic
properties change continuously across the transition, while transport
properties change abruptly at the critical point due to percolation.

23 figures, 2 tables and 57 references.

Keywords: Periodic Anderson model; Determinant Quantum Monte
Carlo; Impurity bound state; Metal-insulator transition
Classification: O4
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2 FHAM Anderson IBEIFIITHIN EFRIFFZ A
2.1 [EEAM Anderson t&H!

JE M Anderson FRZAE 32 DL K Bl D HB S FH 31 B 2R OKR AR FT 2S H
BRI EUGON R BTS00 S T A AR . B IR
K PR EORG B S8Rk, AR RAEAE— > Ruderman—Kittel-
Kasuya—Yosida (RKKY) AHEAEH SITREBON )54+ RKKY FH AR H 2 i £
TS5 S BT IR LA (Rl A s R 2 (R AR AR, e R £ T
(IREFE T 10 FATHER T Rk b o S R R 24, T JRE O B e 1 Jmy sl i, A
PIANE 2 (BT I e A o fE S s T £ r T omil & 00BN, TN 3
FEM, XTI EAEN, K& 00T RKKY A FHAS R 8000 T R s 4 4

A8
BEAZGFR, M Anderson A5 R G B8N
H = -t Z (¢! ¢jo+ Hoc.) — ,chcjﬂcw
<1j>,0 1,0

+V Z(cggfw +H.c)+U ZanTnﬁ
—Hr Z szafia + Z‘ff‘f;rgfhfa

HAp B el Mo, 70 M RAERS 1 AP AR K — AN BN ST, £
Jio P BIERIRAE 1 b F= A2 FNEE K — AN H e o 1) £ HLF o S5 LA £ H IR
WL WA, = clciofind, = fl firo € NETEAR S5 LT Z R A3 .
A2 F 1 A1 T AT TS PRAN T BB o5 840 7 5707 2 TR] ) e 08 1R R A 5 mp
CLEIL S vV BATHT T N TARH) £ T RELE, Ri LA RmNT, 1 ALH S E
¥EaTE, BRIEETN. AR f B2 BAEER R ECHEEN U, X2k
FRERRERIRHIE, 24 U 288 KIS, RAE i B kv g 40|, A 1% Anderson
B A, T e A A AR
H=—t Z ((;:-racjg + He)+J Z Se- S;—f
<1.j>.0 i

Hf g =8V2/U, sc=1/25 ¢l o, veivor o NIEFIFERE . 24T 1 GEIR G Mt
R T TR o

JEA 31 Anderson AT DLA ] 2-1 7R, fEER T, A Anderson 15
TR IR () 52 SR e AT 9, BREE F L on R AP R TR I E PR R sl T AT
B AR T, R 5 T BT R AT IT T — N RER, FE LB 0L T,
e T Te KRAEEAT e (R R A 254K
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w

FEET e

¥

O wadl
o'e o ;ﬁﬁ@%k
3]
® o o wumELHEEER

fEf

B 2-1 M Anderson R 7~ & H

2.2 TR EFERIERE A

T 3 Anderson B A 22O A HAE FH X — DUAR TR AFAE, 208 2
ANBEREAT AR, BIH AT NI, AMIEERE TRZMIEBE 75, iy
J7ERE, RISl T7 v R BRYEAR R, 1R 22 IR AT B 7 VA I 45 Rl 2 AN e
W5 IR R KRR SRR AE M T o T SSAE R 1R 2 BUE SR T VR 77 A, 4T
FIAE TSR R P2 P i — M, fE R R B 2 SR, 1 BUE T
15 21 1) 25 FE AR 2 HERF I o

TRATTHE G B0 5 7 N PR 0

Hy = —t Z (¢l cio+ He) — e Zc;cf(,

<ig>.0 1,0
+V Z ((:;r(,f,,»f_T + H.c.) — gy Z f:af,-o

Hy=U>" n.{Tnﬂ
]

GBI BD RN 3% BE USRI FL AR P A U Trotter 23 A% 1L AR FLAF .
s I BE B
f=1/(kpT)

B E BB N LB, 8—H K E AT, 5] N\ Hubbard-Stratonovich (HS)
WA h, WK RIEC 7 R 2] AR A
Z =, |My(h)[[M_(h)|
Heoh N HS 3, HFEM,(h) (o € {+. =P Kz XH
Ma(h) =1+ B, (hL) Br 1, (hL—l) B (hl)
INBALEERE, Xl =1,2,--- L,
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H R KA 2218 S 2 JA I Anderson BRI ANA Byiy &1 5 R 2 ik

Byo (hy) = eovdingthnahyze ) o= ArK
FERE K F3R 1) 2 T I ShRERE e, BRI AocR i r I, 28
v =cosh™" (eVA2YAIL T BT EAR A58 . B s B e S HS 1

HS Field

Temporal space

P IRt VAR (R VA S A Y

Propose a new configuration

: by flipping HSF(2.3)

31 ¥ ¥ @ ¢
219 v O @ 1>
1140 0194 9 v

Spatial space
B 2-2 fentia Ao A R LB F HS % & J 1Y

# 2-1 DQMC 245742 @

Algorithm 1 DQMC sweep

Hi=11i=1

2) Fip by, = —hy;

3) Compute the Metropolis ratio
M (R)] [M_(R)|
| Mx(h)| |M—=(R)]

4) Acceptance condition (random number r)

rl.i

hi i« hE_f if <1y

5) If i < N then

1« ¢+ 1, go to step 2
6) If i=N and ! < L then

i+— 1,1 —1+1, goto step 2
7) Compute physical measurements

12



H R KA 2218 S 2 JAITE Anderson FRURIH B 7 8T 520 Dk

SR E@ i B AL ) SRR B LI, X2 IRATH AT IR E TSR~ P 5
% (DQMC). [+

DQMC 7775 K H Metropolis 5k, ik 2-2 Fias, 153NS 8] B AT F A%
w1 AL RBI h (S NM D,  H Metropolis ELRFIWHZENE & 15 7 Bi%
%2, Metropolis tLFEA] LLKIR N

o ML) ()]

Li = TN (B[ (B)|
i M2H gamma, TR DAEAAR B MARLE 05 AT, B
Tf B S R

7

— M p<1

1+ gamma-r,,

_ 8 1i

p= r
1,i ’,121

l
,

gamma +r,;
#ip KT — [0, 1] ZEIMBENIE, s X R sies, ™A 7 —ASihL
B, BFEL, A8 h REFAZE . X—IRBHIBT S R LU, 5T T — Mg R
MEAEI T, KT E R s 58 LG, BBk S — AN T B, AN Wt 25 52 0
(R A o SR — B ) (1 $E 52 Kok AT gamma 8. — 58115 [ HS 1 LN A
TCR SRR — N (sweep), W 2-1 FioR.
FESCERFE P, DL B Fa e R e A PR BRI IO S o P R B ) 5 S
N
G7(h) = M (h)~"
SR A I R, SR BT AR R O BRI i R
DQMC AL H AN B A Al R BRI AR B . B — i BB R
Metropolis HiERIXBIAF P H . B Bi) 32 B 2 #0140 HS 145
F, HhAE R B AR DN B Y 3 2 A

Warmup stage

| Random HS field | Maks

v measurements
Use Metropaolis

algarithm to find Make

steady HS field measurements
(one sweep)
yes

Make

A 2-3 DQMC #3477 & A
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2.3 DQMC BFITAIET B E 2 E

FIH DQMC R F 1 Anderson #RLRS, AT HIFEF K IET fortran 90/95
£ QUEST 7, B R ZAZALFESS AT GPU 575, N DQMC HIF-AT#E4L T A 2
o EIE, CEAEH TR R S T KRR 6L BLAS/LAPACK, it R
ENE, UL E RS . BRATE QUEST L AR FM TR 26, DMEEE
FFFA 1 B A1 Anderson A= 74 DL K 45 24 B ()35

WK 2-3 Pros, EREIE, BATEHMPZ RIS, bl E—A HS
Y, 18id Metropolis HiERKF 4 1AM A T B (— N %D JEHHE
FOERIHS ¥, & b, K4 5000 A MG, KRAEERIRSI %5
JE [PIRAS o SR 5 HE NFAE BT B, [RIFE ISR F Metropolis %247 10000~100000
AR, FRAHEIX B 13 7 il TN HAT R AT, RN, YO
B% 50 YA G PSR I SE SRS, AT — IR . TP T AN
R E T E TR ENESS, PR SR 5 T I E AT, s
PR AN LR,

MARFE IS, BATRIAKHME 90 % I IFEAE T AN REREAT B bR R B IE AR
e MSTHEAS AR b 7 a5k 2-2 s FRATAT LA 5 DQMC [ IN [A] 52 %
B —ANEfrE RS, GRS E N NL, BN Eid 2 T EAS R R
A LAY NAN FIHE R AR DL B — > N*N RERE R 38, I IR &2 2% B2 MO (N3 L),
H— AN SR BT R AR RO (N L),

T S 2R B R E DY IR 7 5 BERL - H 38 I B eI TR 1S K AF R 4R,
Hefst DQMC RETHE ) S A KN IEE SZBR o FRATAT LR A —Se B AR R gk 1+
HAFE. i, 7F QUEST " RIH T3#%¢ (wrapping) (475, %4350 LLF A
KEA

Pl

i

G = B7YGy By

AR AR bR B0 AN — N (] BE R B R — NI B, JEAS FE BN A 52 2 B 9O (NP L)
ME LR, BE R fRE I = AMERE R SRE R . FIRIX AN GRS, A TR
HEIRERESRO (N3L).

TEMEAR RT3, 468 (L) B U RKEF, HERERMB. B _, --- BB
A UNURE G KRB, RS RA R, Hbud i EEANGEH T/
) BB L. TRV A RR R KB TSR BAT T I 8 — AN R B 52 K T
fB, RHAE wrapping SFEIERIOIH RIS R R BT HZIVEE N, HEH T
THERE B, R TE MG SRS R eR B X, THE R 2 X H ) T O (N3L?),
WK 2-4 Fios.
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HeAk, FATEAT PSR e R B AR E, Wy BTk
(Stratification method), XF v RHMFER QR 7 fdH 15, LrlE 1 RN
H, ANBOMREUR G AE— S, /NI RGBS IS 0L, X PR B 4 B AR
QUEST M HAf S, It HER/FHAE 7RG A %AE.

4% 2-2 BLUE GENE/P E3# A3 & 65 DQMC 4 L8 9] 1 3 5 A1)

Task Percentage of ime
Equal-ime Green’'s function 46 21%
MC 1teration 561%
Equal-ime measurement 196%
Unequal-time Green’'s function 45355%
Unequal-ime measurement 0.67%
Execution ime (seconds) 1038258

70000 | m =10
e [=20
goooo | 4 L=40
time(L=40)=0.00000066"size"6*40"2
time(L=20)=0.00000093*size"6*202
50000 |- time(L=10)=0.0000015"size"6*10"2
7 40000 |
K
£
— 30000 |
dtau=0.1
20000
10000
O A 1 P
2 4 6 8

Size

B 2-4 DQMC # i8] 2 24« &
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3 ZgFinkmtziARIZEE

3.1 TBRIARERITSEE MMM R

HMH DQMC 773k, AR08 v SR A FRAR AN A PR B0 5 393
Anderson # . DQMC J7 VAT 5 1] @A i) 412 7 VAU, SR H 714 2R ) S B
RE, AR -2 ORI R R, 755 Rt a] B S, iy AFRATTIE R
ST L R T A A A 5 T 0, BRI AR RN EIRAS R - 2R
XEARTE o TR T B 28 TSR R, 455 Al AN ™ BN (R T SR SR A ] 1252
TWHIZ A

H1F DQMC FTH5E R 2% Rl RO RT T ARAR DY, FRATTFT e T S 1 4
FARANSZR] T BRI IR ERATPA KT A #GEE T 10X 10 FIXUZ d
I (RN, —RREHE T TR, FR, @dRELR T
() PRI R IR AT F JATE S S 2 P DU S 7R R A RE SR IR RN 3 A ] DA o H K
I T HRATER N, TAS 2T 45 FBORE . D 7 AE VTS0 B2 S5 Ta) Y #E 2 1R) A1
iy, FAVEBAT =t/4. f TR ESHLINBCIU = 6, X—HEAELL
B S B S PR L Z T AR AR o BRARARAER UL, BATRT T i
I KNt = 20, BERFERFERUR, eSO H B PR T RHE AR IR AL )5

V% B8 0o (w ) FE A FH B KR s 101 SRAS I, i e e T AR 4 X

—WwT

G(r) = fjooc dwﬁp(u)),

FRATTAT AAS SR B 1/ s IR R . Ko G(r) = 3 <Tein (1)l (0) >R B H
DQMC KA. BT RO , 30413 T B R i 1 - 1 et i
#
el 1y) = /N (=1 (g = niay) (nir — niy)).
Jey
m =3 ((nir — niy)*) /N,

i

PLE R SN 5 o o
Su = 1/3N Y (—1)F[2(0707) + (o707)],
Hro! = f:me + CLCz‘m o; = cITc,:T — f:Lcuo A7 B e - B e S R AR A AR A 0 2
() RIS X R RIS, RS IR AN RIS R R AS R,
D5 B A 28 B A KRR () S kb 235 ) o Sy S o ) DR/ DT DA FH SR 156 B s B 1 A1 )
Ko
AR T e A% I A FR . B 20 v BN, 3 e AR S
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RIZRALIE RE AN B 3-1 o V BUNES, Gl A AE IR RER, S BT iP5
RIANEBATN, BEE VI, RERBHTIF, 2 V=25, RIEHIAEREY
B S LT R BUOIE BR AE G ARAT O o T Ry R 3 AT BN B A, VAR O
T 100 i, R T RIONEET Y (BPRcA BB, 2 v=1.0 if, &
TR VR B MR RRERR, BEE V ZWEing 1.5, RERLIZHCH, #id 1.5
LG, RER R824 1S B 98 !

p () ps(w)
0.4F —0.7 |
(a) (b) Hoe |
0.3 -lattice lattice dos |
0.z I
III.III_

A 3-1 Fib 2 00k Sh A% 69155 .
(a) Fa T893 FH Ko (w), (b) AHBETFHERKpr(w)o

FAL I FE A AR R RAERAOAAL, WA B R A T AR AR (L. A
3-2 (@) P, HFRIBEYERE V BT R EE b g, 1 Sy il R i
s BT, H& 5 feE7FEE. K 3-2 (b) F1v=1.0 A1 V=2.5 [ H jie- H liex
PR R B, R R e B KRR RN, SNEA8R T IEAS o X Ui, v=1.0
I £ HLF I RERE A BRI RERR . ARIEIE 3-2 (o) At e i 6 4 DR 1 Bk
PR TN, 4V IEME] 1.5 B, REBEMEREARTE R, XA 1.0 ] 1.5 f1iX
W4, WOXFP R ERBEAS A & Mott 4424k (Mott 482 PR FIRETEI RIS, BEFRAN
SR, MRLZAZ Slater KRB Z 4K (Slater 4aS A MLV R I, RERR A
GLNEEDN

ML JRe b ) 2 AL FE R 0 H SR I S B 5 v] LA RKKY A ELAE 53 2%
N e G ki . i 3-3 Fias, H Doniach AHPE 52 AT%0, RKKY IR bR SRS
PERERR J=8V2/U NP7 KGR, T iR 5 ] e B KGR 24 VIR,
RKKY fEH 5 £ 5, R f s S TS E/ER, fim TRsa T
[ R R RIREH . T VECKIIEOL, S TR £ TR A E AR 98, Ik
RUSLBR s 1 R, Tem T AR, fER 3-2 (@) #, SRR
WEFEAER VIS f R FEA, WHESRMENSHHE T35 T oI r v 5w i
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2, 5B ARRS. MK 3-1 (b) S/ f 78 V=2.5 I’ 4T
T AR T8 R RE R XS ML B e SRS I RERT .«

(a)1.0—

0.9

—— c-electron
—— f-electron

0.8

S

0.7

0.6

0.00 &= ] | | l

0.00 0.05 0.10 0.15 0.20
N—1 /2

B 3-2 UMk &b A B RSP R
(a) S b FFo f BT 695 BRat4E,
(b) fH-F8 B®-ARAIKIK, AT —ANAZ AW GRBRZR,
(c) B AekmhtEM B 89 A R RT3,
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T\

;
Ty ox exp( —W‘E‘?) /,: 3

') NI
4 Trgxy < Jg( Ef)

4.0 + AF

Us

2.0 r

0.0 b . .

D-D 015 1.0 1'5 2‘0
A

B 3-4 iR AT IEHE i As £ % B Mk Anderson BE 6948 o
AF KR R4k a2, %4K , SL A K A # ik iita, (5
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3.2 ZEHiEkkSARHARIEEE

N

FEAS R B () 2 A i AR R, G0 I A 2R 0% o 0 DA R B I B e 7, 3RAT
AT DLAS B30T e A O PR TELAH 1 o ML Vekic 25 N5 Y T 21306 i A 3P Anderson
B U-V ESAHE & 3-4 s, TR, VAR, FEESNRCERML A K 4
GAk, VECRE, KEFHEIR, XREA B RBEIT AT REAZE . 4R,
X R LRI TAE, 320 5L 5 IR 5 R 2= A BR ), X AN R iR A B AN S AR 4%
Biltn, R RAGAR X ISR T B BT AR — 8510 IR A — 8 L.

TATIAF 2 )23 09 J BAME Anderson A58 ()46 BRIEAH B W& 3-5 Fis. KR
B, R RENT T RGNS AR B NTHE I e AR AR A I A2 o e AR AE— AN
HEIRFER, AR X EN 2B —HASRE, REERERE TR
RUAL— AR NI A RS . V AR/ S TR RS R T & B A, Bl
FERRAR, @AM X8/, AMERI TR OAFE SR, 5 M. Vekic 453
— 3 FERER N, ML GARARTE 2%, 1R 2R L3 I\ 42 AHAH AR 2130 Sl 4 2
A BT A AR AR I R 35 A SR ) — AR

0.09 F | | | | R
0.08 _
Metal

0.07 Kl —
)
~N
|_

0.06 _

0.05 _

AFM
0.04 1 | | | | H
0.6 0.8 1.0 1.2 1.4 1.6
V/t

B 3-5 ULk A bk A Bk Anderson A2 A A9 A FR S AE B o
AFM K& R ekt 26540, KT R IR %AK,
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3.3 KE /NG

BARIREE N, € S EAE RIS, F 20 0 8 IE Anderson #E7UHF 7T
AT At s PRI PE R

(1) FEEZRACBREERSE M, SR T40 1 e R BT A SR AR
B RE. R VAR OSSR, PRV I VBRI, KV
I JUIAR 5 e B o

(2) FEER/NR VR, RREI T PUEERFENLGAEM, N ireE
F, T ETFITH TR AR, SO £ Rl 5 F %8 RKKY AH
TEH, B KR S BR R

(3) FER VIR, ITBRZON EE RKKY RGN0 A 2 I B K. 3l i - 5 JR ek
HLT T BT e B IR B ] 7 SR 1 I B BRI R DR A2 A7 AE (13
SCYRIELE TN B 2, TR AR TE T R, RIS 3 H 3 = 3 F 1 38 D i
AT R A8 A

(4) A2 T ARG T-VAHE, BOmEER, R RAMEAE R,
BEE VIR, S H AN £ T B SR A AR A NI R A A A

(5) VALl BRSO — 20, HATARIR J7 1A A B 35 5 SOk o 2R 25
MBI 5
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HH R R 2 2 S 4 JTER AR BN B AR R BN

4 IFHRERETP R NS IR EEIED
4.1 BB FERNEE TS

£ E—Fd, AVSR] 7 F500 4 Anderson BAYFEE-SAHBEAER U=
6 T -VAHE. BARIRE, & RAFEAE S48 AR B30T R 48 Z AR AR AR I FE
TEARFE A, FoA] 3 BUHS TR SCBR LA 2 Ak X AT [ e AR XS E S H (A
HVARED, £ 10X 10 B &g REA E, @R EREE f B TRREZCRIIN
—ANTEALAET, AR E IR R AR A R TR ASE R (4.2 1) 52
M,
4.1.1 SFBEFMELEENTE SN

FEIE] 4-1 1, 2 ARER S BRI 268 G A X3, A7 AR Jie 2 25 Ak [X 3 Hh1 ()

'1.014
1.012

v=2.5

1.35

1.30

1.010 1.25

1.008 1.20

1.006
1.15

1.10
1.05
1.00

-0.10
-0.15
-0.20
|-0.25
-0.30
-0.35
-0.40
-0.45

1.004

1.002
1.000
0.998

4 6 8

-0.02
-0.04
-0.06

i} 2

-0.08
-0.10
-0.12
-0.14
-0.16

-0.18

H-U.ZD
0

-0.22

0 2 4 6 g 0 2 4 6 8

A 4-1 3 £F EEH(n) (a) V=10 (b) V=25
G F AR B (cl fi) (c) V=10 (d) V=25
RARE Al =30,
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H R KA 2218 S 4 JTHR AR BN B AR R )

(b) P i) 3t HEL 1 S AR OS5 AT T R, 2R AR S B AR ECROR, R
TFME 1.0, HEEE V RGO K. SRR A XA o o A R IR PR
BB AR AR B S HEAUE /N T 1.0, mHUGEB LG,  HHIRECRNEARA 22051
W, ET 10, MBS, SHE A 2RI, Bk AE
K, BALARA IR, g T UGRAT LR, SR EO/ NS 28 AR .
WAEBRATRRATL b, 25 (SR 2 SRk ) JR PR T2 o B Bl R AN 4K . A
B 4-1 (o) (d) B, ZRABREE(c! fi) 075 18] 43 A B AE T A [X 38038 52 B 3ty
A, BASRE T Sl AU AR X 8k, 2% 5 Ak R 2 A o P 5 9

4.1.2 SREERURAEREX BRI

FATAF B 2% SO B 7S50 1 SR T8 45 R 5 30k [54-551 FHIEERIRAS
—#. fE3CHR [54-55] ", Jeremy Figgins Fit HI A5 B Ay ile e itk £ 5L 7Y

H = -t § Ci‘,acr’,a K E C'Jrr‘,acr-,a
<r,r’'>,o T,

J
‘|’§ Z Sfci,aaaﬁcﬁﬁ + ZITW&{(S{J{

ra,p rr

Horb ) iR G, 1 mil i R 7 2 M B RS &, S AiLRETF A
WEEAT. BRI BITTENR N S BRT732, A T8 DX 38R D 5 135 0 30 e 5 i [X
B, GERBAGARXIE), EZXIEPB AWM —Moy a3, 530710
E—2, —MoR R A, fE R (FRT) RN, ZARR
ST B AN I AR AR R A, R TR IR R, XA
B R EUAS A R BUG B A BT A —FF o FEARATTRIZE b, S5 1 PR ORI 2
AR FE I 23 18] 73 AT 3 N R 3 MG, BE PR B I3 R AR EOR gk, A B AR 244k
1) 7 FEL BT TR B /N B KT R o T 28 1) 52 35 10 ] R 2 A TR RS0 DR B K T
SE o ARAHRJE I o3 AT B 3T HLT I 20 AT O E , MR NS L S5 R AT R S e A
K—FF. BRMBETE Y, FAbnmith s, T30 R 5E iR T2 sl e B3
IZAL BT L R B EOR . R I S R T S DS, AR A A
D G e AE A B, BRI R R iy, An  SUBEIIALE, EBIERITESR
JF IS AR o MEE ] DAFR AR A I TS b bS8 2% B b 1) 2l R RE = T
WG AL B o A ek o FRATT A 210 S S R e T Y B SR A0, (H PR AME AL iy
S R B DA S BT B Z 5N K — ¢, BT AAT EEPEAS K .

7E3CHR [56] H#, Jian-Xin Zhu ¥ H JE Bt Anderson #AYFT Gutzwiller i
L, AEE TR TR X AR 2 128 oo S i1 AR R SRR L Kokt
SR L SEIN o Z T A T S AR 45 R — 2, B B H B fal ST
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SBEILLEAL, (EAATTI 2% BT A T als BT o5 H O A AL s P o de /N o [, At
MIAER BRI T Fano T MIWEFE, [RIFEBA R 1 SRUI Rk TP B4

4.1.3 MRS FHIRI S

101.0F I I I T H
(a) A

100.5 — n

—tn /2

100.0
99.5 J -

= = =]
9&0$—ﬁ—€’ékjd | | H
1 2 3 4 5 6
V/t
V/t
1 2 3 4 5 6
20F | | | | T
(b) !
_8 )
'516
Q@
@)
_512
o .
©
o 0.8
C

A 42 TRV focl 89 82F & 2
(a) LEREAFHEELTEEEHR, ZEARAIETE EEHK, EER AL BB —F,
(b) MR A8 o F & JE 4o
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N T BEARRAT A R UL R SCREE RAFEA R B SRR, FAT 18T 58 A0S0t
Fo 1EE 4-2 (@) 1, AT THEE VIR, SMSwET S, (BT
AR AL S A PR AR A . VRS, A T ORRR, T T IR R
S—ANHTF, 99 AN, 1 V=2~3 Z [0, S S EEEeE T —A4, 100 &
101, T f T SRR, A SEEsEn T —1, 46K 41 (@
(b) AIH1, BEANA—ANHFRIE T 2 AL B S B 1o SETESRME,  FRAT10 AT %
JRAR T T AREEL W 4-2 (b) foR, WEESIRERIREE VG, Ak
(A1 LT A A AR R TR i o 40 R S 2R R PR S 2R R OR V=1.0 A V=2.5(RJ
SRR 246 5 A DX ST Je 4 2 R X380 o 4 BB 12 A R T BB R /NI 84 o B
REZL GBI KB 30, H¥EECe i, BEAMIE A Rege, HILT &AME
T V=10, e} ~3, XT V=25, e ~15), SRIGHN. HEH & HE S
A, MARREHR R KRR, SIEEEET 1.0.

TEF—ES R E, 9T IS SOk EE Rk T X, AT S BT
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