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1.1 BEEEDIA M VT TER

IR n I TBT5FETOHET Z cpa,
{tm,a,Cnp} = 0, {cm,a,clﬁ} = Jmndapg & L TN
IV h=T U

H = Z Z Cin,atgnﬁnc’nﬁ (1)

mn af

ThHsd. ZZTa, BIFETONMBEHEE (ALY XH,
B, HDVIFEIETFOBRMERY) KT RIS EL
WA B IUE t 1E m —n OBBUZRZDT (120 ), ¥
REIRIZBVWTANAINI=T VT O & S IZHHIC
A

H=Y % ch(k)Hap(k)cs(k) (2)

k ap

I TCHBBERIBIAETOHET

co(k) = \/1N ; e~k o (3)

L&
Hop(k) =) e ®mig? (4)
EEALE. 272, calk) & {ca(k),ca(k)} = 0,

{calk),cl(K)} = Opprdap 1HED . & (2) 1& 2 KB
ThHY, 75 H(k) OEAEPTINVF -2 52 5.
1.2 AR—RmTHE

N < oo V1 FO—RTHEHDGE I, MESFRMEH
BVWOTHEERRTHILIETERL., LMo T,
gN x gN 175 (g lZWNEEEEDOH) ZEHENALT S
ZriTib.

1.2.1 BABUESR
BEmiiEoRTEL %2 L, LT5L, NIV =T
%

N—1N—-—m

H= Z Z ! tmCniym + h.c. (5)

m=0 n=1
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1 491 MEAL BRSAEPHK (a) & (b) @
SBa. FEBERICBVTI, t3 =1t to = t) ORFER

H5.
Zé%ﬁ'%) %ﬂ"f ]\Z“:%E (01,62,--'CN)T t?ﬂﬂi,
to ty 12 IN-1
tI to 1 t2 IN—2
£ 4
" 2 1 (6)
tT
2
75;\/-1 t;rv_z to

CHHIZRRTE 5.
Z .
122 FHERER
IR U 7RSSR St oMz, AR R E2 RS
ZrEhd. L OHE, TOHVERY A ZXGEIN
T, AMBIRERMATIE, YA NN & 1PEPDZ LI
o, HlzIX, c}LVcNH :c;rvcl EWo EHBE NS, Z
ZTep=cChen THD.

ZORERE LT, MBBOB D & LT by, ,tngo
EPEZEZNERWV. RERS, B mEEROBE L O
H%E

t; 1&g x g 1751, X 1(a) D

N N—m
Zthmcn+m = Z thmcn+m
n=1 =1

LERINDHDT,

(a) BfEi—7T (b)) RUT7EFLY
A —tgry —td

B2 (a) Ao E (b) RV TEF L.
DT R U N TR WA,
W3,

A BRAE
R IZE D - T

YVWOHENRK D EONSTHS. 4T hOIEE
1(b) 1R L 7.

2 BRI

2.1 Hfi—RTsE
FIEBMAE AL LT, X 2(a) (TR d HM—RouiH
EFEZL. BRI OAREEZ, TOME —t &

THE, NINF=ZT U
H=-tY clepyr+he (10)
LHEZOoNS., TITRFEHITLI LLTWS. £,
A VR EONHHEHEIZHEEL TWE. EHERR
Tl
H=-2t) cosk cl(k)c(k) (11)
k

Y55, LTI A LE —HAMIE BEk) =
—2tcosk L 5ZxoND. ZOREHAK LT AILF—N
YRIFEaYA N RRELIEENS.

22 EIRFOBA-R)T7EFLVEHELT-

RV T7EFLUVERTRA NN VT 4 V7 FEALE
Su-Schrieffer-Heeger &5 & IFIEN T W52, EixZh
WIGIZHAERREZ U B bR O U AIVIRRETH B, T
NIZDODWTIEBETIHERS, T, KU TEF L VT
2(b) ITmRT &S s) & double bond
(—tq) BRFLUTCEN >~ TH S, LizdoT
BEARBAMREAITIZ 2 DO FRPEENE. VXD
&, BT RA LT R B WERTERN 2T THhT—IR
FTHZR Y. oL gz EIFATHS. El
BTHEEEZ S O5E, BETOHET cnh o (3T RO
n&, BETOEEc=ABTIRNLINS.

FEEININ =T VE2HEEFLTALSI LTS LS
MAM, BAEOED HIZIEK 3 ICRT LS @D D
ROFRD B, Wi, EHODOHD EEATHREIR

Z, single bond (—t

*2'W. P. Su, J. R. Schrieffer, and A. J. Heeger, Phys. Rev.
Lett. 42, 1698 (1979).



3 HAMEEEDOLDITEINT

FURDEDN, NINVIF=T VORMT EORITELRS.
IITRERLMESREVCHEEAS. MER2 L, A
Y4 ~DFEHMIE single bond, B ¥ b DAL double
bond &7->TW5. ZOMWELZITFZKELT, BAIFD X
IININI=T vERT.

H=- Z [tscL’Aan/g,B + tchBan/g’A + h.c.

(12)

H =Y cl(k)H(k)c(k) (13)

YIRBRICBB. 22T (k) = (ca(k), en(k)T B &
02 x 2 174

H(k) = <_tse—ik/20_ L i —t etk/2 5 tdeik/2>
(14)
EEALEZ. EREF ATV 0 ZHWT
H(k) = dy(k)os + dy(k)oy (15)
riLEINGE, ZIT
dy(k) = —(ts +ta) cos - (16)
dy (k) = (ts — ta) sing (17)
Thb. H(k) DEAMHENRZXILF =NV R
B(k) = £/du(k)? + d, (k)? (18)
*5.2%.
23 EAKTF

WIZ =R Dfle LT, BAEFETDORA MLV
T4 VIR DOWTHAT 5. fliHE D72 Bl o B
OBODAZZELT, NI T Vik

H= Z Z ch,(—t)enta, +hec. (19)

n p=1

B ZOES RBMAROECS, NIV PET YOS -V ORES
WO HIHET S, Lhrl, ROWBEHNZIEL BT 51213
mONTMEN R D (= THED L RBETHPEFZL V.

M4 EHKFETOE—TVILT V.

4 ky
A M
- k
L 1 i I X] z
g 0 >
-2 L 4 4 .
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I X M T

M5 FEHEFOIRLF—NUKR

LEIFB. 22 Tar = (a,0), az = (0,a) FIESHKTD
HAWHERTZ NV THD. a lIBRTERTHEH, Zh
EFRIOBNIZERDCTa=1LT5. —XITLORFL ARk
U CTHEBELRT S &,

H(k) = —2t(cos ks + cosky) (20)

THOH, TRLF=DRDENS.
AREICDOWT

ZZTOHID&SIZ, BEZIRTGDOGEITIE=R0CT
Oy bEAWTIRLVE—NY RE2HITFER, iz, 2
M= EOBEIZIE, 2TO/RIZB TS TRV F—
Ny RzE—FIZiHi<Z2ixTtcERhv. 2ZTLIELE,
EXN MR EDA TN Y RARRENG. EAKTFOGH
ZiET = (0,0), X = (7,0), M = (7,m) D =% ¥<
I ZRVF =NV KDL NSE (K 5).
24 ABR—RITHE

N ¥4 b OB —woe# (B 28 W Tmil#
Ry ITREIEZRBE

Hopc = . (21)
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AR MIUBOTRENT WS, BLh S LEFHEIT
27 /N @it ns.

WS N x N FRTRINS., —F, FMERSME
BWTiX

Hppc = . ‘ ' (22)

5. (I,N) & (N,1) fant —t iZhoTWnWad Z iz
AR (M132R). 26, AMEROLEICIXESRE
RETBIENTEDT,

H ¢l (—t)cpy1 + hec.
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3
Il
=

M (kp) (=2t cos ky)c(kn) (23)
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Il
=

n

Ths. ZITky,=—-71+2n7/N. THIE N — co D
B (1) £ 0T, EHRA I N A0z &
L7zdDIZ72->TW0Wa (K6 2. ZHIEROFEMIC £
SIEWEETH 5.

3 94 MM VT4V TEEOEN

31 BEERE
32 BIEERE
AR EREBTIENINV D =T VI cmatng ¥
ChaCh g BV TR TREBMEL 2 VEDSBNG . Zh

&SIV =T v % Bogoliubov-de Genne (BdG)
NIV =T IR BARE

H = Z Z CL,,yat?nﬁncn,ﬂ — K Z Cinﬁacm,a
m,o

mn af

1 (e a O\ *
+ 9 Z Z [c;rn,aAmﬁnciz,,B + Cm,a(Avﬂlm) Cnﬁ}
mn of

(24)

ThHd. ZITplRROMEERT Y ILTHY, HIE
HAEHS AW (pair potential) EIFIXNT WS,
BUR, —#Ghzid X555, R0 EEDZDITIZRIED
Bl "2 DR,

BT DT ¢ (JIEHERCZHBGRICHKE D Z & ICHERT
5Y, EHIHERNT ¢, cng = (ChhaCng—CcnpChia)/2
EBITSE. WRIZ, ema = (cm,a,cinva)T EWVWISIRT B
VEEALT

H= % Z Z cin,aHgfncnyﬁ (25)

mn «of

DIzFRES. 2T

%gnﬂn — (t?nﬁn - ,U,(Smn(saﬁ

AV
oy )

—(t98 )" + 16mndas

(26)
THhb. ZOLS, BFc“E ct 22tz
HEDEFMFREFATNS., FLEREBORE & [HRRZ,
SR FRIE A DAL 128, — 198 AeB L, AP
EW D ZERMAFMEEIZ R 205, NIV =T VIO
IO ICHEBEFRTES.

H:%E)ﬂmmmqm (27)
k
h(k) — ul A(K)
n0= ("Nt k) @
ZZTRZ M e(k) D a Kol
_ ( cal(k)
Ca(k) = <CL(—’C)> (29)
THY, 1751 hik) & A(k) D (af) i
hap(k) =Y e hmios (30)
Aap(k) =3 e mAns (31)

LEHRING, £, 1FHATHITH .

H(k) A EIXEEEIRAEIZ 513 2 I T % L% —
ThHIEEUTFICRAS. £7, Hk) ®i HBHORE
1 Ei(k) & H(—k) OEAMEE 1275 T Ei(k) =
_E_j(—k) BB Z L EHT .

cz(?é>x (32)

CEBRaI=2) —EHMmEEZS. WEBE Ak) =
—AT(—k) =3 DT, H(k) X

CH(k)C™' = —H(—k) (33)
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—E_i(~k). 2O&>uKaI=2Y) —HMEIZETEL
SRR 8 2\ IZ A BB 72 & 2 X B

4 TOv5LE

BREDONIN =TV ERAT ZEH hmitld

void hmltld(std::complex(double) *a, int n, int g,

std::complex(double) xe, std::complex(double) t, int b)
AREDONIN =T v

N N,
H= Z clec, + Z (chtensr +hec.)
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+bx cjvtcl + h.c.
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e ot . 0
S (34)
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#1 hmltld D AHH

G1E A il
a NIV R=T V78] (gN)? B4 double complex fit4i]
N Y1 MK int
g PR R D2 int
€ A4 T RILF— g® B4 double complex At 1l
t Yy ¥y s g® B4 double complex At 1]
b B SAE int




