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HlE]L: spin 1/2 dimer (full diag)
#lE2: spin 1/2 chain (Lanczos)
HE3: J1-J2 Heisenberg model(Lanczos,TPQ)
pilRE4: Kitaev model (Lanczos,TPQ)

#ilE5: Hubbard chain (Lanczos,TPQ)
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1. Heisenberg dimer, Hubbard dimer
H = JS,5
H = —t(C(JSJCla + hC) -+ U(TLOT’NJ(N —+ nmnu)

1. &R e p L F—EZRDE L & 9,
Bmin=-3/4(1 ), Emax=1/4(3 M) & %217

2.5=1,2/3,2 - LTHICZ 2D EL &
Emin=-S(S+1), Emax=S2 £ % 513§

3.Hubbard BITHH L Z 2P >TAHAEL &)
(half filling , S2=0) p _ U,% <« (14 /1% (A/0)2)

4. Lanczosit, LOBCGHETEIALTAEL &9
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1-1. Heisenberg dimer 1-2. spin-S Heisenberg dimer
DIFRE DIFE
L = 2 L = 2

model = "Spin"

WEEil, = Sl method = "FullDiag"

method = "FullDiag"

lattice = "chain" }aitéfg = "chain"
oA 2S5z = 0
25z = 0 =

25 =2
J=0.52DI2Y 4 FT 28=2¢ 9B LS=1Ic D £
FAMIBR S L g (FEAE U2 1 uix2s=1),
ZONBATLES D 28=3,28=472 £ & U,

S=3/2, S=2DFHRIZ Y P Z ¥ 37,
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1-3. Hubbard dimer
DIRE

L = 2

model = "Hubbard"
method = "FullDiag"
lattice = "chain"

t = 0.5

U= 4

25z = 0

nelec = 2

Ny, t=0.5%DIF2Y A4 T
FIESR ST Lt
Z B ZTLEI D

1-4. Heisenberg dimer

DL
L = 2
model = "Spin"
method = "Lanczos"
lattice = "chain"
J =0.5
25z = 0
L = 2
model = "Spin"
method = "CG"
lattice = "chain"
J =0.5
25z = 0

method=“Lanczos”, “CG” &3 5 Z & TLanczos,
LOBCGDHIHNTE XTI,

Lanczos!ZIE L \WIZTTE & £ 925,
WRHESAED V)L B 22DV S BIGE ISR LT
VWEVEOIZT— Ay —UPTHDTHEELTIIV



plE2: Heisenberg chain

H=.J) 55
(4,7)

1. Lanczos T I F—ZGHA (4 XL= 2007 ¥ T)
SILCIREE L — i REED = 2L X —25(F v v A ila
>F¥r v 7OREIZI/LT7u0y PLTAFEL LD

2. a8 % v CLanczos. LOBCGTHEALTAEL &5

3.5=1DNA VXNV I EHTHRICZ EZ2R>TAHAEL &)
(Haldane gap)

4. (¥J#)S(q,omega)Z i LTAEL &k 9,
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1-1. Heisenberg chain D fi# &

L = 12

model = "Spin"
method = "Lanczos"
lattice = "chain"
J=1.0

25z = 0

i output/zvo Lanczos_ Step.dat
E0=-5.3873909174 ,E1=-5.0315434037

AE= E1-E(0 ~0.355
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B8 2: S = 1/2 Heisenberg chain

TS

m S = 1/2 Heisenberg chain
EF v v TOFRALBEDED
DETBIEBN. logl DX
HHIED RN S D THEERIE

BRATONEE L L)

\Delta

0.5

|
a+ b*x
Lanczos

1/L

m S=1/2 XY chain (J; =0,J, = 1.0) TlFH > EREICHIT S

n — ﬁﬁ@ [E1RE

- S=1 Heisenberg chainlZ9 % & ¥ ¥ v 7L Z 5139 (Haldane gap)
—HE M [input file T 2S=2 £ 357217}
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1-2. Heisenberg chain D fi# &

L = 12

model = "SpinGC"
method = "Lanczos"
lattice = "chain"
J =1.0

H= 10.0

L = 12

model = "SpinGC"
method = "CG"
lattice = "chain"
J =1.0

H= 10.0

exct =4

H% HF % —>SpinGC (SzIEHRLE)

Lanczos— B2 W2 %

12.000000
12.000000

stp = 74 -57.0000000000 —-56.9998301292
stp = 76 -57.0000000000 —-56.99999672006
stp = 78

CGHiHRIE A Z T\

i= @ Energy=-57.000000 N=

i= 1 Energy=-49.000000 N=

i= 2 Energy=—48.866025 N=

i= 3 Energy=—-48.866025 N=

12.000000
12.000000



HlE2: s 111

1-3. Heisenberg chain D fi# &

L = 12

model = "Spin"
method = "Lanczos"
lattice = "chain"
J =1.0

25z = 0

2S = 2

LR 1345 H OBE )i
1-4. S(q,omega)
WMR=JNWZT7 v 7P




BlE3: J1-J2 N4 & > X)L 7 il
H=J1Y S5S;+J Y 8
(i.) ((i.9))

1. Lanczos T L ¥ —ZGHE (Y4 A4 x41h7)
2. TPQTILEZ G J2/J1-0.5TEH L B0 ?)
3. BBV HNUEACUHBDHBELTAEL LD

L =4

W=14

model = "Spin"

method = "Lanczos"

lattice = "square lattice"
J = 2.0

J’' =1.0

25z = 0
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J1-J> Heisenberg model, Ns=4x4,
E. Dagotto and A. Moreo, PRB (R) 39 , 4744 (1989)

TABLE 1. Ground-state energy (Eo) and first excited-state
energy (E) per site (both singlets with zero momentum) of the
2D Heisenberg model with frustration as a function of J; on a
4 x4 lattice. The error is in the last digit.

J> Ey E
0.950 —1.065978 —1.0160
1.100 | —1.047189 —1.0254
1.150 —1.047183 —1.0307
1.200 —1.051792 —1.0380
1.325 | —1.089 305 —1.0804
1.400 —1.127716 —1.1169
1.500 —1.188546 —1.1691
1.600 —1.254670 —1.2233
1.750 —1.358437 —1.3072

T LPCTHWTIHHTEZ 5,



pili&4: Kitaev model
H=-J, » S/Sr—J, Y SSY—J. > 5755

z—bond y—bond z—bond

1. Lanczos TZ 32N F¥—Z5IE (4 X18Y A4 F L)

2. TPQTLLEVE A =3 5 FR T DIRMEDRAZ B> ?

3. (FEIE)IEHD A ¥ B D 12 0% fifks2

4. FEEINA NIV IHZTEEI R LN?

5. RIS % DT TRAL DIREMRAAYE D & R D55 R ] e

W=3

L =3

model = "SpinGC"
method = '"Lanczos"
lattice = "Honeycomb"
Jox = -1.0

Joy = 0.0

Joz = 0.0

Jix = 0.0

Jly = -1.0

Jiz = 0.0

J2x = 0.0

J2y = 0.0

J2z = -1.0



#lRE5: Hubbard chain

H = —t Z(czacja +h.c.)+U Z Nt |
(,9) 2
1. Lanczos T 3)L¥— « “HNHEZGHE (4 A8Y A M)
2. TPQTHEN « — 8,54 %2 35
3. (FE) SNty v 7R 2GR L TTPQ & ik

L =8

model = "FermionHubbard"
method = "Lanczos"
lattice = "chain"

t = 1.
U = 8.
nelec
25z = 0

I ©
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Comparison of FullDiag, TPQ, Lanczos method

Hubbard model, L=8, U/t=8, half filling, S;=0

2.5 . 0.25 .
—e— TPQ —o— TPQ
2 | — FullDiag — FullDiag
02}
- =« [Lanczos - =« [Lanczos
1.5}
. 0.15¢
< 1 1=
n Q0.1
0.5 ]
0l 0.05¢
0.5 e 0 - - - :
102 10" 10 10" 10 102 10" 10° 10" 10
T/t 1/t

TPQ method works well !



