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FT1Z Whatis HD?

1.1 HO &lE?

KR T — &2 & HER R DTG R & O EEIERIE. MERFEOMR T 0 AD—2D% L Ko TWE T,
PIZE, AR 3L F —JifRME 2 RIS 5 EAADTRE KRR, iR D» o RS o A% ALY - E—
X BLUOF 2V - VA RAEFEOERT — 20520 ERICH2BEFREZHET 2701213, #
A AR D MG SR & O LEBEDS BRI R TS,

HERER O AL Lk, BENAE P NEME HOS ERBNREITENTE 2D EETE 2T
TY, ZOHNDDIZIE, HIE TERFOUBRSIREIRIIE S N EHERE Y LNy 7 —2 TITPACK
PRERSFHEINTEE L, THETIFEIEREFEOGK D H D ZOF RIS RRADHE
FIZResNTEFE L, L L, SHEEOESRC X - T, WHHLZFIH LT ooN— FER 18 I8 F /. AE
12 DT A Y U 36 T mEEOFHENERICETIHE L BoTVWET, /2. BFHEINEDOHR
B OPYckh, REREHEABREDaX P TOEREEFESAREL 2D, HEASHBEROEER
DERBMLEATDAREL Ko TETVWET °, ZALDFHENREICKR > - HRICIIEAY RIETE
BOTHAEVHEa 72RO LWVEIEHR Y —F7 27 F v b h, ZoWEERARICELLDOD, il
EICHHATRER T L WY 7 b = 7 DGR ATV E Lz,

COEIBRBERICEDSE, NHETFHREY AN— Ry Fr—I HO X, TV F a RIEHE D S &EFERER
DHEIREE S L MERIRIRAE 1203 2 B bik e, BWAIER TIREE ° 2EMR e L2 BRIEEE
. L OFRRLLI—Y — - A R =T x4 AL LB IAHNEEXNET7 TV r—> a2 HIELTH
RAINF L. Y TIARAN— RN B oAU ZREANCERE D . ZHE N — FERS S y o>
YA F—SPAMHEERARF X T 7IHD X 512 SUQ) MFMEZ I 2 HEER 2R BT A VBRIl X512
EREET L JREAE Y MEE UL s TR T, 22— — O ERIZIE U TIAILR & A8 T8 i
THIEHNTEFET, REREBLCARBEETCONTZ AL —1EdbBEAA. HEASER - A U
KT 24D T84 BYHEENFHEAREL ZoTVE T, EREEZETEL Y —Y — 25T
FIHWZ72 N T3,

1 E. Dagotto, Rev. Mod. Phys. 66, 763-840 (1994).

2 M. Imada, M. Takahashi, Journal of the Physical Society of Japan 55, 3354-3361 (1986).

3 J. Jakli¢, P. Preloviek, Phys. Rev. B 49, 5065-5068 (1994).

4 A. Hams, H. De Raedt, Phys. Rev. E 62, 4365-4377 (2000).

5'S. Sugiura, A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).

0y, Yamaji, Y. Nomura, M. Kurita, R. Arita, M. Imada, Phys. Rev. Lett. 113, 107201 (2014).
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111 512X

RKYZ7boz7D70r7 I 58y 5 —IB XY — 22— F—HX GNU General Public License version 3
(GPL v3) ICHEUTEIMA SN TWE T, H® (hphi) Z5IHT3EE. DUTOX#ETIHL T ZE W0,

Mitsuaki Kawamura, Kazuyoshi Yoshimi, Takahiro Misawa, Youhei Yamaji, Synge Todo, and Naoki Kawashima,
Comp. Phys. Commun. 217 (2017) 180-192.

1.1.2 Q-1 hk

© 2015- The University of Tokyo. All rights reserved.

RKY 7 o =713 2015,2016,2017 FE HEKEVERTRRY 7 v v 2 7@EN T 27 PO EE %
BRI NTE D, ZOE/EMIIEFREDFELTVETD,

1.1.3 EREWME

AV 7P 273U TORBEMEFICLDARESINTHE T,
* ver3.5.1(2022/6/14 Y Y — Z)
* ver3.5 (2021/9/29 V Y — R)
* ver3.4 (2020/6/2 V V) —R)
- FFE
s FEF BEK CGREURE ITERTFERT)
s IR e CRECRSE TR ZER)
s AL GRS WITERZE)
s A —BE GREURSE VIMERTFERT)
s = BIR (RAGH R B ANBERS S RFFEAT)
s [LHE PR CGREURZERFGE T RMFERD
« BEEL BIA (REURY: HAERIIZER
s /NP B (KRR EBAE 7 T X4 7)
- ayzrbta—-7T4x—K—
s JIEs T GREURSE PIPERZLA)

ver.3.3 (2019/7/19 V U — R)

ver.3.2 (2019/4/27 U U —X)

ver.3.1 (2018/9/3 J J — X)

ver.3.0 (2017/12/25 V J —X)
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- BASEH
* {8 HIR CREUREE PIPEWTEAT)
s TR el GREUREE WIPERFSEAT)
s 75 B GREURSE PIMERTEnn)
s HFHER GREURSERFBE TRR5ER
s (Lt P GREURZE RSB THRIFFER
s EE IR GREURYE BEYSRITSER
- uyzrba—T4Fx—K—
s )15 TR GRAEURSE PIMERTSERT)

e ver.2.0 (2017/4/11 V Y — R)

ver.1.2 (2016/11/14 V V) —X)

ver.1.1 (2016/5/13 V ) —X)

ver.1.0 (2016/4/5 V) U —R)

- BAZEH
s =8 B CREURERSBE VIETTSERT)
s TR e GREUCREE WIPERFSEAT)
k7 R B CREUREE PIPEWTSEAT)
s (Lt T GREURSE RSB THRIFSER
s BRE BIR CREURY: FIRITZERD

- Juyzrtra—74x—K—

w JI1E I CREURY: PITEWTFERT)

BIFRIR

UToRETE#EST 2 Z e 2R L TWE T,
o BRAREYIMEMZT A ——2a Y ¥ a—&—> 27 4 B lohtaka)
e Linux PC + intel 2 >34 5
e Linux PC + gcc

* Mac + gcc

1.1. HO &IX? 3






BE2E How to use HP

2.1 B4

HO Da >4 B LEFEHIIERD D DBRBETT,

e C/fortran 2 > %4 T (£ T, B, GNU & Y)

BLAS/LAPACK 4 75V (4 > 7MKL, &1, ATLAS 72 )

e MPI 54 72U (MPLIFIZITHORWESEIDED D FHA)

ScaLAPACK 54 75V (&AL THHA LR WVIRSIINED D TEA)

MAGMA 74 72V (&AL THEHALZWEESEZLED D FHA)

B5RHIC:

5/ intel 3> /N1 5 —TDFHRE

intel 2384 FEREHT3HEICE. 3254 FIBEOZEFARZ Y 7 %@ F 2 ONHETT,
64 £ » b OS T bash Zfifi o TW 2 HEITIE

source /opt/intel/bin/compilervars.sh intel64
ERAAe
source /opt/intel/bin/iccvars.sh intel64

source /opt/intel/mkl/bin/mklvars.sh

&% ~/.bashrc ICEH L TLFE W, HLAWRBFRBDary {5, 9477 VD= a7 L% Bitk
FTEW,
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22 1A M—ILAEE

H ZRDGFiPHX Y a0 — FTEXT,
https://github.com/issp-center-dev/HPhi/releases
Kyoa—RLET77ANVERDESICEMLTIZE W,
$ tar xzvf HPhi-xxx.tar.gz

HP F cmake ZRHLTA YA M=V TEEF, HOZEMALZZT 4 L2 VYD SR %$PathTohphi . Bl
K7 4 L2 bV %Z$HOME/build/hphi ((EE DT ZIEERTRE) & L2HE12,

cd $HOME/build/hphi
cmake -DCONFIG=gcc $PathTohphi
make

TaY AN TBI N TEET, DRALDFEIZ ScalAPACK Z /] $ 23541213, -DUSE_SCALAPACK=ON
D 7> a % cmake FIZDIFTL ZE WV, 3 2084 L%, SHOME/build/hphi [E FIZ src 7 4 /L XDMERL
TN, FAT7 7 AV TH 2 HPhi BED 7 4 VEXNER ENE T MPL 74 75 UMBRWEEIZIE, MPI
IEIEDEITT 7 A ADMER SN E T,

7B, LOFITIE goc a2 4 TZFHRE LT Y 84 MR > TVWE T
* sekirei : YMEWIFEFTS A7 4 B 7 sekirei”
* sekirei_acc: YIMERFZEAT S 27 4 B ” sekirei” (MAGMA 74 75V 23 255)
o fujitsu: LI 45
e intel : intel & >»%A4 F + Linux PC
e gcc : GCC + Linux PC

DF T arPHEINTVWES, T, HPhi #EREALZT4 L 27 MU TEL RT36%Z/RL £ (intel
a v 4 5 DEE).

mkdir ./build

cd ./build

cmake -DCONFIG=intel ../
make

F4T7#%. build 7 # L XE FIZ st 7 AL ZHMERR X AL, HPhi 23 src 7 # VAPIHER SN E T, BB, av
RAFGHREBEL AV SAIVLUE LZWEEIZIE, 8B build 7 4 VX Z L HIBRZAT - 72 LT, #Fillic L3efE
XTI BEDLET, /. SSE2 MMHEHHIK 25E12IE. cmake TD 2 >4 JLIRF-DHAVE_SSE2
PRIIMATLZX 0.

BHIC:

CMake HZ StdFace (https:/github.com/issp-center-dev/StdFace, A & > X — K E— R D 8—H —) B’HEIT
Xyrua—REINET,

6 £ 2 &= How to use HP
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HLHBIDETu— FIZEKB LSS, sh src/StdFace/download.sh ZEfF L TX v ra— K%
LTLEZW,

H LI, BIoOEATc & w7 > a— K L7z StdFace Z V720 5E13.
-DSTDFACE_DIR=<path_to_stdface> % cmake I~ FIZIEL TL X\,

23 T LI MUIEHK

HPhi-xxx.gz % fEHRRICHR I NS T 4 L7 P UBRZM TITRLE5,

| --CMakeLists.txt
| --COPYING

| --config/

| | --fujitsu.cmake
| | --gcc. cmake

[ |--intel.cmake

[ | --sekirei.cmake

[ | --sekirei_acc.cmake
| --doc/

I |--en/

| |--ja/

| | --tutorial/

| | --tutorial_HPhi_en.pdf
| | --userguide_en.pdf
[ | --userguide_jp.pdf
| --README . md

| --samples/

| --src/

I |--*.c

[ | --CMakeLists.txt

[ | --include/*.h

[ | --makefile_src

| | --StdFace/

|--test/

| --tool/

23. T4 LI RUER 7
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2.4 BEEXMEBEVNS

HP TERAEX Y E—FE—FRLIZFAR—PE—FD2ODE—RFPEFEELET, ZTITIE. RAEX VX —
FE—FBIULZF 29— b E— FTOFEICEHL T, ZRZFNEAN LT EZELEHL T,

241 RAVHA—KRE—F

AR — FE— FTOFEHREITELOBED TY,
L GHEHT 1 L2+ Y DR
FHESFVABZEWM LT 4 L2 PURERLE T,
2. ARV X —FE—FNHANT 7 4 VDIERK

AR X —=FE=RFTE, H62LDHEI NV DO0DET L (Heisenberg ET
JLR2 Hubbard €7 /L) RMEF (IESHEFRY) ZIEL. 205120200
NI RA—=R— (Tt - TR UHEERA V4 7 —u VR Y) LEtEF
% (Lanczos i, TPQERE) ZRELE T, &7 7 A4 WM& How to use HPhi IZHEW
REE LT 22X,

3. FEAT

“-s” (“--standard” THH) &2 A a > LTREDE, 1 TIERLI=ATIZ »
ANZ%E5 8 L, HPhi #EITLE T,

o 21 7 L/OpenMP i DIFE
$ Path /HPhi -s Input_file_name
o MPLIAI/IANA 7Y w RAH D&
$ mpiexec -np number_of_processes Path /HPhi -s Input_file_name

T— A5 —3aVRARAVETF2a—- A VI ATFLAENHLTWAREEITS
DX 2HEY a TRAATY FOFIBE LTEX 258050 %3, sfL B
WDYRTLADY =27 NVEITHBRLIEI N, Tt 28O ECEL TEEHET
ZRICZEDEEDDDICHET 20BN H D FT, iHli: 7OLAHDERE 2SR
&V,

4. BHER

FHEFEITOREIZOW T output 7 # L RIZR 77 7 A A EhES, Hh&dh
277 ANDFMCEL TR EAT 7ML 2BZICL TN,
5. B R

FHEDIEFK T L2GE. 5HEE — FIZHEW output 7 + VX IZEHEFER 7 7 4 L3
HhEhgd, Hhashzd 7 > A VOFIICBEL TR A7 71IL 22E1CLTL
72 E W,

BRHIC:

8 £ 2 &= How to use HP



H® Documentation, 1) 1) —X 3.5.1

OpenMP X L v RHDISE

FATHRED OpenMP D A L v FEZIEE T 25813,

HO ZFEITTIHENTLLTDORICLTL X W (16 AL v FDEFE),
export OMP_NUM_THREADS=16

242 THX¥AN—FE—F

IFZAN—FE—RTOEEAZEITTERDED T,
1. 5HHHT 4 V27 Y OFERK
RS F U A BENIMER) 2 LT 4 L2 FY RIERL 5,
2. FEATT 7 7 A M DIERKL

IXZN—FE—FTE, AIN T VOITRTCOELRERT WA 7 7 4 L2 &
BEMFDT 740, BIXEERASLD I 7 ANVZDY RN 7 7 A VBERLET, &7 74
NMEIIFZAN—=FE—RFBAADTZ 71 HREVEH L TL W,

ERR:

URAM 77 ANLDIERIFA X X — FH®D 7 7 4 )L StdFace.def Z W3 L BBIIENT 3 Z 2 5T
X¥9,

3. 517

“_e” (“—-—expert” THHN)EA T a e LTHED L, 2 TERLIZANV AT >
ANZEFIRHE L. Z—IFA00 HE ZFETLET,

e >V 7 1/OpenMP %]
$ Path/HPhi -e Input_List_file_name
o MPLA/ANA 7Y v R

$ mpiexec -np number_of_processes Path/HPhi -e

Input_List_file_name
T ABDIEEICEH L TFFHETA2RICEDEED D DICHET %4
EnHH FET,
AR TOEZMDEE 22 ZE W0,
4. AR
FHESETOREICOW T output 7 # AKX 77 > A A hEnE S, Hhans 7y
ANDOFFCEAL TR HAT 7ML ZBERZ LTI,
5. BoRhtioR

FHEMIER T L5 E, FHRE— NIZIEW output 7 + L ZIZEHRAR 7 7 A Ah I &
NEd, HhEhd 7 7 AVOFICBEL TR HAT 717IL 22EICL TLEE W,

2.4. BERWBREVA 9
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243 7O ZAHBDHTE

MPI WiF)/INA 70w FAiFEAWEGE, e 28U TDO XS ITRELTLZE W,
1. Standard E— F
o BT RN I TR

AR B —RKE—RFHANT 7 4 LT model="Fermion Hubbard", "Kondo
Lattice", "Fermion HubbardGC"DIHEIX. TR RED 47 722 X 51
RELTLEEW,

s AV V%K
AR E—RKE—FKHANZ 7 £ LT model="Spin", "SpinGC" DIFE X,

ANT7 740D 28 DEIZHR LT Tt 2ED QS+ 2725 X5 ICHEL
TLEZIW (T 7 4L M 2S=1),

2. Expert E— I
o EBTRMEHEE TR

CalcMod 7 71 JL @ CaleMod 7 7 4 JL'C, CalcModel ¥ L T fermion Hub-
bard A TR FHR U258, T 284" 2B XD ITERE
LTLEZW,

« AV V%

CalcMod 7 7 JL @ CaleMod 7 7 A JL'C, CalcModel ¥ L TR ¥ V&%l
IR L7581, LocSpin 387 71 )L @ LocSpin 7 7 A V2SI
Ot 2ABERET 2REDRDH D FT, FFRINDS a2 T, 1 M
DREVD D LIHICRTEA Y > OIREEE (25+1) 2T 2D THREX M
N

il Z1X, LocSpin 7 7 4 /L%

NlocalSpin 3

0 3
1 2
2 1

THZONBHE, FFEEINSE T a2 BE2=1+1, 6 =2x(2+1), 24 =6 x (3+1)
ERDE5,

10 £ 2 &= How to use HP
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244 N—> 3 BESDHESR

RDEICVvA TS arvEDFITHO BETTDE, N—Va vBELIEER N LHBETLES,

$ PATH/HPhi -v

2.4. BERNEBEVS 11






13

BTIZ Fa—krUTI

31 XZVA—RE—F
3.1.1 Heisenberg {&&!

UTDF 2 —bU7VET4 L2 MY

samples/old/CG/Heisenberg/

NTITWE T, Heisenberg AN BT 29> FAVAN T 7 4 M

samples/o0ld/CG/Heisenberg/stan.in

WKHHFET, ZOHITIE 2 RITIESTHET D Heisenberg H%! (oL A b RO KERBEEN 2 ¥ U isE D A
RO EEELET,

4
H=1J Z (Sij - Siv1j + Sij - Sij+1) (3.1

ij=1

=72 L. %ﬁﬂiﬁﬁ%ﬁ: (Sla = S51 = Sn) %%%ﬁﬁ LES, A T b7 74 /VO)EP%’LJ:;?KO) kB DVC‘?O

model = "Spin"
method = "CG"
lattice = "square"

OB TIRAUIES J=1({FEBEM) 2 L, ¥4 b T 16 2 LE L7

Log /1

BRI Te B AENET, £/, "output" T4 L7 PUDBHEERKIN, ZIHHEEEERT
a P NEINET, FIZE VY IAFETRICIEMTO 7 7 A AT S E T,

CHECK_InterAll.dat Time_CG_EigenVector.dat zvo_Lanczos_Step.dat
CHECK _Memory.dat WarningOnTransfer.dat zvo_sz_TimeKeeper.dat
CHECK_Sdim.dat zvo_TimeKeeper.dat
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auZHHENS 7 7 A VDOFME CHECK _Chemi.dat %% &L 12X W,

FATa~ > RS MPLIESI/ANA 7Y v RUHITa 2 R4V LG EDORR) BRDOEBH T, :

$ Path/HPhi -s stan.in

, ammmmmmmmmmmmmmb , , Welcome to the
,@@° dm mb ===m
,0@° Jd0eEEeEEEEEEEEEE@Eh Pm, @@ @@ @@
da deee @@ @EeEe@ @@e@b ~@a @@ @@ 0@@eeeea
da @@@@ *r+ @@E@ m m @@@ @, @@ @@ @@e@ @@ @ea@

@ @QOE_0@@_@@@emm mm@e@ Q@] @emmmmmmmmmm@@ @@ @@ e@
1 1C] pledeeddeddeecdeeceey @~ @QEEEEEEEEEeEe ea@ @@ ea@

@@ ~~90@Q@@@@PPP~ @P Q@ @@ @@ @@ @ea@
~@@b 0eeeeee ,6e~ @@ @@ 0eeeeeee
~@@0m, ,@QEEEEAEE ,m@~" @@ @@ @@
~~9@0@0Eeeeea ~
9@P~~~9@P Version 2.0.3

##### Parallelization Info. #####

OpenMP threads : 1
MPI PEs : 1

###### Standard Intarface Mode STARTS ######
Open Standard-Mode Inputfile stan.in

KEYWORD : model
KEYWORD : method VALUE : CG
KEYWORD : lattice VALUE : square

| VALUE : Spin

I

I
KEYWORD : w | VALUE : 4

I

I

|

KEYWORD : 1 VALUE : 4
KEYWORD : j VALUE : 1.0

KEYWORD : 2sz VALUE : 0
####### Parameter Summary #######

@ Lattice Size & Shape

a = 1.00000 ###### DEFAULT VALUE IS USED
Wlength = 1.00000 ###### DEFAULT VALUE IS USED
Llength = 1.00000 ###### DEFAULT VALUE IS USED

Wx = 1.00000 ###### DEFAULT VALUE IS USED

#####H#
#H###H#H#
HHHHHH
#ER#HH#

RDR—J12Hi )
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Wy
Lx
Ly
phase®
phasel

@ Super-Lattice

L
W
Height

0.00000
0.00000
1.00000
0.00000
0.00000

setting

=4
=4
=1

Number of Cell = 16

@ Hamiltonian

Gamma
2S

D

Jox
JOy
J0z
J1x
Jly
J1z

.00000
.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000

I}
e e i e e T = S — N —]

@ Numerical conditions

LargeValue

###### Print Expert input files

locspn.def is

= 4.50000

written.

coulombinter.def is written.

hund.def is written.

exchange.def is

CDataFileHead
Lanczos_max
initial_iv
exct
LanczosEps
LanczosTarget
NumAve
ExpecInterval
NOmega

written.

ZVOo
= 2000
= -1
=1

= 14
=2
=5

= 20

= 200

#H####
HH#H###
HHHHHH#
#HR###
#HH####

#ER#HH#

#H####
#HH#H###
HHHHHH#
#HR#H#

DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

DEFAULT

DEFAULT
DEFAULT
DEFAULT
DEFAULT

VALUE
VALUE
VALUE
VALUE
VALUE

VALUE

VALUE
VALUE
VALUE
VALUE

IS
IS
IS
IS
IS

IS

IS
IS
IS
IS

USED
USED
USED
USED
USED

USED

USED
USED
USED
USED

#H####H#
#H###H#H
HHHHAHH
#E###H#
#H###H#H#

#ER#HH#

#####H#
#H##H#H#H
HHHH A
#ER##H#

###### DEFAULT VALUE IS USED  ######

#####H#

HtHHH##
#H####
#HH####
HHHHHH#
#ER#HH#
#H####
HHH#H##
HHHHHH#
#HER#H#

DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

IS
IS
IS
IS
IS
IS
IS
IS
IS

USED
USED
USED
USED
USED
USED
USED
USED
USED

HHAHH A
#E###H#
#H###H#H#
HHHHHH
#ER#HH#
#####H#
H#H###H#H#
HHHHAHH
#ER##H#

RDR—J12Hi )
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OmegaMax = 72.00000 ###### DEFAULT

OmegaMin = -72.00000 ###### DEFAULT

OmegaIm = 0.04000 ###### DEFAULT
2Sz = 0

modpara.def is written.

@ Spectrum
SpectrumQW = 0.00000 ###### DEFAULT
SpectrumQL = 0.00000 ###### DEFAULT
SpectrumQH = 0.00000 ###### DEFAULT
SpectrumType = szsz ###### DEFAULT
pair.def is written.
@ CalcMod
Restart = none ###### DEFAULT
InitialVecType = ¢ ###### DEFAULT
EigenVecIO = none ###### DEFAULT
CalcSpec = none ###### DEFAULT
calcmod.def is written.
ioutputmode = 1 ###### DEFAULT

greenone.def is written.
greentwo.def is written.
namelist.def is written.

###### Input files are generated. ######

Read File 'namelist.def'.

Read File 'calcmod.def' for CalcMod.

Read File 'modpara.def' for ModPara.

Read File 'locspn.def' for LocSpin.

Read File 'coulombinter.def' for CoulombInter.
Read File 'hund.def' for Hund.

Read File 'exchange.def' for Exchange.

Read File 'greenone.def' for OneBodyG.

Read File 'greentwo.def' for TwoBodyG.

Read File 'pair.def' for PairExcitation.

###4### Definition files are correct. ######

Read File 'locspn.def'.
Read File 'coulombinter.def'.

VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE

VALUE

IS
IS
IS

IS
IS
IS
IS

IS
IS
IS
IS

IS

USED
USED
USED

USED
USED
USED
USED

USED
USED
USED
USED

USED

#####H#
#H##H#H#H#
HHHH A

#H###H#H#
HHHH A
#ER#HH#
######

HHHH A
#ER##H#
#H###H#H#
#H#####

#H####H#

RDR—J12Hi )
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Read File 'hund.def'.
Read File 'exchange.def'.
Read File 'greenone.def'.
Read File 'greentwo.def'.
Read File 'pair.def'.

###### Indices and Parameters of Definition files(*.def) are complete. ######

MAX DIMENSION idim_max=12870

APPROXIMATE REQUIRED MEMORY max_mem=0.001647 GB

###### MPI site separation summary ######

INTRA process site
Site Bit

O 00 N O U1 »h W N R

e el =
w N R

=
S
NONONN NN NNDNDNDNNNDNNDN

15

INTER process site
Site Bit

Process element info
Process Dimension Nup Ndown Nelec Total2Sz State

0 12870 8 8 8 0

Total dimension : 12870

###### LARGE ALLOCATE FINISH ! ######

RDR—J12Hi )
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Start: Calculate
End : Calculate

Start: Calculate
End : Calculate

###### Eigenvalue

initial_mode=1 (random): iv

Step Residual-2-norm Threshold
1 2.44343e+00 1.00000e-07
2 2.76604e+00 1.87217e-07
3 2.61923e+00 4.19088e-07
4 2.57106e+00 5.97098e-07
( snip )
40 7.39431e-06 1.12285e-06
41 4.15948e-06 1.12285e-06
42 2.04898e-06 1.12285e-06
43 9.92048e-07 1.12285e-06
###4### End : Calculate Lanczos EigenValue.
###### End : Calculate Lanczos EigenVec.
i= ® Energy=-11.228483 N= 16.000000 Sz=

HilbertNum for fixed Sz.
HilbertNum for fixed Sz.

with LOBPCG #######

-1 i_max=12870 k_exct

diagaonal components of Hamiltonian.

diagaonal components of Hamiltonian.

I}
[

Energy
-5.27456e-01
-1.87217e+00
-4.19088e+00
-5.97098e+00

-1.12285e+01
-1.12285e+01
-1.12285e+01
-1.12285e+01

#HH####

######

0.000000 Doublon=

0.000000

CDFEITTIE, FUDIIAIN =7 VOFMEER T2 7 7 £ (locspin.def, trans.def, exchange.
def, coulombintra.def , hund.def , namelist.def, calcmod.def , modpara.def) ¥. fEE L LTHH
T 2B B OEREEIEE T S 7 7 £ )L (greenone.def , greentwo.def ) EREINFE T, ZhoHD7 >
AMFZF 2= FE—FHBETT,

STEAERES

BFr&RiE 7 0y 7 #1&HE (LOBCG) &

AJ17 7 4 VT method = "CG" %3ERT 2 ¥, LOBCG IETOFHENTHN
EEKRTIT 2, BEZAINF—BIUO—KIY — VB K7V —VBEED RSN, 7740 H
ENFET, LT, O IATOHRNT7 7 A AFZEH LET, xx X0 5EF2EEEESHA

DEI)

%9, LOBCG IETDEED

18
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zvo_energy.dat
zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

AR YR —RE— RDOEHEIX, "greenone.def", "greentwo.def"1ZHD &

zvo_cisajs_eigen_xx.dat. zvo_cisajscktalt_eigen_xx.dat

WCEIHERSISNS L 7e—F 7)) — VBB X047 — VBB OEIH S XS,

Lanczos &

Lanczos ETORENEEK T T3, MAIINF—BIL—KZ VY — VB, &7V — CEA»ET
HXh, 774 v hEanE g,

zvo_energy.dat zvo_cisajs.dat
zvo_cisajscktalt.dat

ARV H—FE— FOHAEIX, greenone.def . greentwo.def 2K %, —{Kk7 1) — Y EIEUTIX (niy)
TR — YBABUTIE (nignje) BEHEIM TSN E T, 7238, Lanczos IETRDLEH Y S AHI+57 72K
EZ2ROEEIIZZDEE RS PLTEHHEINE T, —7. Lanczos IECRDOIEH R Y M di+57 5k
BRI VWEEIE. v 27 T TAccuracy of Lanczos vetor is not enough | 23 /RE 4, CG LA THEHHA
R MABPKDOENET, &7 7 ANVDFMNE. £ > a ¥ energy.dat , cisajs.dat , cisajscktalt.dat 12 FLH,
BHHETDOT, TBMMLIEI W,

TPQ &

AJ17 7 4 )L T method = "TPQ" %R T % & TPQIETOFHEDITONE T, TPQIETOEEMNIEFH
T332, UFD7 7 A ADBHIENRET (%921 run DEEL, &&IZIE TPQ DA T v DAL £3),

Norm_rand%%.dat SS_rand%%.dat
zvo_cisajs_set%%step&&.dat
zvo_cisajscktalt_set¥%step&&.dat

Norm_rand%%.dat {21, WL EIBIE O HM AT O K & X 72 & OHEMFIFE®RD. & run FIEIIIGC R T v
TR e b hEnE T, £, SS_rand%%.dat 1ZiF, WRE, THLFXF— NIV PZTUDTFED
ARHE . ¥ OV E D run BIEUCE U AT v T e . SICH T I FE T, zvo_cisajs_set%ostep&&.dat
& zvo_cisajscktalt_set%%step&&.dat {2145 run [ TDO R 7 v 7RIS U7 —h 7)) — VBB L 0=
®7Y — VBB hENET, K774 Jl/@éi‘fﬁﬂi%?h%“ﬂ 27 > a > Norm_rand.dat, SS_rand.dat,
cisajs.dat, cisajscktalt.dat \CFEEDH D FFT DT, TBWLIIZE W,

3.1. RZVH—FE—F 19
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ENALE

A7 7 4L T method = "fulldiag" %;E RT3 &, 2XAETOFENMTONE T, 2xtALET
DEENEERT T2, TREDT7 7 A APHEIEINET xx 1200 6HBFE3EEMHEESHAD £3),

Eigenvalue.dat zvo_cisajs_eigen_xx.dat
zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

Eigenvalue.dat \ZIZEBEHESB LAV X —BHEEIHIZINE T, F72. zvo_cisajs_eigen_xx.dat,
zvo_cisajscktalt_eigen_xx.dat IZIZE B ERE SIS LIz—K 7Y — VBB IO A7) — VBB OED
HAOXhE3, £72. zvo_phys_Nup4_Ndownd.dat, physical quantities I1Z1%, THILF—x 71 > DR
B OYHENHNTINE T, &7 7 A VDM, £HZ N Eigenvalue.dat - cisajscktalt.dat \ZFLHE DS
HHETDOT, THWILEW,

3.1.2 ZDMDRTDFa—rUTIL

samples L TICIXZOMICH AR F 2 — P U TADREVWTHH T, ZNEFNDF 2 — 1+
ZNLDNERTFIEIZOWTIE, %7 VX I2H 3 README.md £721% 72— F U 7 VAT D
HER 2 ZB L 720,

3.2 TFXFxAN—FE—FR

IFXFZANR—PFE-FTEH AJJ77402LT
1. A7z A4 X b
2. ARG X—ZH7 741
3. Hamiltonian {ERH 7 7 A /v
4. WHFSRIEER 7 7 4 L

PHBELE®, HEE2ITVET, HEBEBBICEHLTIE. XXX —FE—F2FEETT, 2 2 TIERIHE
DARYZ—=RE—=RTDF 22— ) 7NEToBDIRMEBFNCATI 7 7 4 VOLERIZES S 2 3% 1T
WEJ,

3.21 AAD77AILIVRNT7A)L
A7 7 ANOEEL GRIEZIEET 2 7 7 4 /L namelist.def 121, TR ONEDELEHEINTVWET, FA

77 A4ANY AT 7 AT, ATHIZ Keyword & 7 7 A VA ZFH L. 7 7 A VOO XA 2TV %
T fllEE I ay ANT7AIVEER 7 7L 2ZEBLIZE W,

ModPara modpara.def
LocSpin locspn.def
CoulombInter coulombinter.def

RDR—=J1Z% <)
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Hund hund.def
Exchange exchange.def
OneBodyG greenone.def
TwoBodyG greentwo.def
CalcMod calcmod.def
PairExcitation pair.def

SpectrumVec zvo_eigenvec_0

3.22 EAXNFTA—2DIEE

HEE— N, FHEANSTA—X, BEALYOMBEUTO 7 7> A VTHELET,

HEE— FOIEE

CalcMod TUOBfHTI BN B 7 7 4 )L (T ZTlX calemod.def) TEHEE— FEEELE T, 774 L0y
W TREDED TF, FHEE— R, SIEHARIXA—%X, REAEYOMNEZUTO 7 7 A VTHELE T, :

#CalcType = 0:Lanczos, 1:TPQCalc, 2:FullDiag, 3:CG,
#CalcModel = 0:Hubbard, 1:Spin, 2:Kondo, 3:HubbardGC,
#Restart = 0:None, 1:Save, 2:Restart&Save, 3:Restart
#CalcSpec = 0:None, 1:Normal, 2:No H*Phi, 3:Save,

CalcType 3
CalcModel 1
ReStart 0

CalcSpec O

CalcEigenVec O
InitialVecType 0
InputEigenVec 0

CalcType THETIEDIER, CalcModel THRE FILDERZITVET, 2T, FHETFTHEYL LTLOBCG
HEWNREFALELTAY YR (I ZH0) BFIRLTWET, CalcMod 7 7 A L TIRFEEBERZ bALDA
HABEEDIEE T2 Z e W TEEJ, CaleMod 7 7 A VDFEMINE CalcMod 7 7L % &L 7230,

HAEANIXA—2DIEE

ModPara TOB T BB 7 7 4 )L (Z ZTld modpara.def) TEHHEHATI X —XZIEELE T, 7741
DHHIITRDED TT,

HPhi_Cal_Parameters

RDR—J12Hi )
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CDataFileHead
CParaFileHead

Lanczos_max
initial_iv
exct
LanczosEps
LanczosTarget
LargeValue
NumAve
ExpecInterval
NOmega
OmegaMax
OmegalMin
OmegaOrg

4.500000000000000e+00
5

20

200
7.200000000000000e+01

-7.200000000000000e+01

0.0 0.0

4.000000000000000e-02
4.000000000000000e-02

D77 ANLTIE. A4 ML BEEBETOR. F—Z S, ® Lanczos A7 v TOBAEB L 2EEL F
F, ModPara 7 7 A VDXt 27 > a ¥ ModPara 7 7 )L & ZE L 72 &0,

BERAEVDOAIE

DIETE

LocSpin TOH I 5123 7 7 A4 L (Z ZTid locspn.def) TREAL Y DEY S DIEEZEELE T, 77
ANVDOHEIITRHOED TY, :

NlocalSpin

16

i D W N R,
e e e e

LocSpin 7 7 4 VDFNE LocSpin 187

77011 2 THLITEE W,

22
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3.2.3 Hamiltonian OIEE

BANTA—2%Z5%E LT#%IE. Hamiltonian ZHBETI3LHODT 7ML ZERLET. HO T &
RORBTEHEEITI /oD, AL YR TIEUTORBFRK
S7 = (CITCZ'T - c;ricu)/2,
S = cliei, (3.2)

S, = chiT.
PRV, BFLROBEEFICZEH L Hamiltonian DIEKZ T A3LERDH D 5,

Transfer SPDIEE

Trans TO BT N3 7 7 4 )L (Z Z Tl zTrans.def) TE TR D Transfer [ZHH2% 3 % Hamiltonian

H+ = — Z tz’jola'QCl‘Lglchz' (33)

1jo102

PHELET, 77 4ALOTBIITLEOBEDTY,

NTransfer 0

AV VR TIEIMEEENT 2A R YICEHT 2 e A TEE T, HME 4 b 112 —0580 (S=1/2)
DHBEBI ToFEIE, BTFROFH —0.5/2(c] 011 — ] jor)) KESHRUTO 7 7 A VRS
5ZCTRHETZZEDHKRET,

NTransfer 1

1010 -0.250
11110.250

Trans 7 7 A VOFEIEE 72> 3 > Trans IEE T 7L # &L 72X W0,

A E(FRAERDIEE

InterAll TO-BFNTHNB T 7 A L (Z 2Tl zinterAll.def) TEFRD _MAAHE/EAEICHHY 3 % Hamiltonian

H+ = Z Z I’L’jkl(710'21730'4c;1!‘0-1 CjGQCLUSCl(TAI' (3.4)

i,5,k,l 01,02,03,04

BFEELEST, 774 LOFEIETEHOED TF,

3.2. TXXAN—FE—F 23
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NInterAll 96

::::::::ZInterAl 1:::::
0 0 0 0
0 0 0 0
0 1 0 1
0 1 0 1
0 0 0 1
0 1 0 0

S T T S G Sy

(= =)

N R e N

® 0.500000 0.000000
1 -0.500000 0.000000
0 -0.500000 0.000000
1 0.500000 0.000000
® 1.000000 0.000000
1 1.000000 0.000000

ZZTIE, HDODY A bV A i+ I HMOEEECEELTHALET, S=1/20%54, HA
FROE2 7 2 VI 4 VHETFTEXZ 2L,

Hiivr = J(S7SH + S!S

+57571)

1 — 1 — zZ Q7
=J <252'+Si+1 + 551‘ S;:H + 5 i+1>

1

1 1
=J l:QC;‘fTCiJ,CI+1¢Ci+1T + §Cz¢cmc;r+1¢ci+u + Z(CITCiT - cjlcu)(clr”c“rn — CzT+1¢Ci+1¢) )

EHEDET, LIcH>T. J=2I L TInterAll 771D T #—< v b 2SZ(CHEERAZREH T .

5757, DAL

i 0 i 0 i+l 0 i+l 0 0.500000 0.000000
i 0 i 0 i+l 1 i+l 1 -0.500000 0.000000
i 1 i 1 i+l 0 i+l 0 -0.500000 0.000000
i 1 i 1 i+l 1 i+l 1 0.500000 0.000000

kb, Z2h U oTEIZ

i 0 i 1 i+l i+l 0 1.000000 0.000000

i 1 i 0 i+l i+l 1 1.000000 0.000000

ERFF IV erbrh £7,

7ZEW,

3.24 HH7 7 1ILDIEE

7238, InterAll LIAMZ 3. Hamiltonian Z 5T 272D D Taed
7 7 ANMERISHIEL TWE T, &7 a > nterAll 38E 7 7 I - PairLift 18 € 7 7 1)L % T

—1& Green BIE(I & X 4K Green BAELDETR T 2 0% . 224 OneBodyG, TwoBodyG TU i} 6

277 ANVTHELET,

24
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—{& Green BHDEHTENRNRDIEE

OneBodyG TOBFIF 5N B 7 7 4 )L (Z 2Tk greenone.def) THHE F % —1& Green B (czalcj@) DK
NEEELET, 77 ANLVOHHIITROED TY

NCisAjs 32

N R R @ @
S B @ =k
N R R
S R @ =k 2

—1& Green FARGTIEN RS DIEEICET 2 7 7 A VANEROFEMIZE 27 > 3 > OneBodyG I8E 7 71
L% ZELIEEW,
—1X Green A OHENRDIEE

TwoBodyG TUbIFIF 555 7 7 A )L (T T Tl greentwo.def) THHET 5 44 Green BIE (cl,., ¢jo, ), i)
DA EI/ELET, 77 A LVOFFIITRLOED TY,

NCisAjsCktAltDC 1024

S @ @ @
S @ @ @ @
e @ @ @ @
o @ @ o 2
N R R @ @
S B @ Rk
N R R @ @
S Rk 2@ =k 2

K Green BIEGIE MR T DIEEICET 2 7 7 A VANEROFMIZ YL 27 > 3 ¥ TwoBodyG 18E 7 74
L BTELEXW,
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3.25 FtRODOET

ETOANT7 7 ANDEFTE L, FHEFETLET, FITREIF RS- E—NEHEET S "e" &4
Toarye LTIREDE, A7 7 ANV VA7 740 (2 2Tl namelist.def) 255y L, Z— I F1h
5 HOZFITLET,

$ Path/HPhi -e namelist.def

HEHBBO Tat 2d, AR VX —FE—FeRABICRD F5,

3.3 HERHD 7 — ) I X

ZDNRy r—=IIUF. L TRDIMBEEEE 77—V &L, Tay b E32—T 4 VT4 —=DFELT
WE T, FEICOWTIE Appendix A & ZE L 72X W,
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FA4F T7AILT+x—< vk

41 A2V A —RFE—FRAANT 7T

AR R —RE—FRHANT 7 A VERD X 5 iFE2 L TVWE T,

W=2

L=4

model = "spin"
method = "Lanczos"

lattice = "triangular lattice"
//mu = 1.0
// t =-1.0
// t' = -0.5
// U =8.0
//V = 4.0
//V'=2.0
J=-1.0
J'=-0.5

// nelec = 8
2Sz = 0

KEDBIL—ILIBRDEBED T,

s HTRBOEMTOF -V —F (=0DH) £ 87 X =& (=01%) BEINTED HEIF=TXYsh TV
N

o XX —U— FRIEARFNCEDRTE T,
o Z2HAT. F7/20//THEZIT (XY 7Y M) EFmARIENE T,
¢ BF—U— R, RIRAXA—RDOKLTF NI FREANENERTA, TV TA— b, ZBHIGEHRIN
%9,

o NI RX—RIII=FEEDY £7,

1. BFIEELRITUTVIT RV AT A=K (BLEELRVWEAIZE. HODIZF—Xvtk—
DX, a3 TLED)

2 HELIBRWGET 7 4V MEBEDNZ (7 X =& (b LIFAELRWGEIE. 77 L MED
EHENET)
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3. bRV X =% (bR ART A= ZPEESINGEE AN T 7 ANV EF = v
JF5EIT"EVI Xy =IDRRIN, TR ITLIEIKRTLET, )

BIZIE. N B RVTBIIT N7 VR 7 7 —FE0 t ZIRELHEPHELES, dL
"model=spin" ¥ L7z85&12iE. "t IXEATE FH A

RiZHEF—T7— FOFHZ L ET,

4.1.1 FHEOBEICEAT BHBANTA—H

¢ model

R : X7 ("Fermion Hubbard", "Spin", "Kondo Lattice", "Fermion HubbardGC", "SpinGC",
"Kondo LatticeGC", "SpinGCCMA" D\ T 4Lh)!

A AHRENROBRIZRE L £9, ERoxXFldenzi g/ = VEHD 7 )L I K Hubbard
ut

H= —H Z CIUCZ‘U - Z tijcgacjﬁ + Z UTLZ‘TTLu + Z Vijn,-nj, (41)
i i#£j,0 i i#£]

WL A =HINVERDRAY R ({a, 8} = {z,y,2})
H=-h) S;-T> S+D> 575;

+)  JiaSESE + > JijapSeSy,

1j,0 ij,a#pB
&/ = H VEF DR A (Hubbard R ¥ FIRRIC U & J 2 AN S Z & HAJHE
J _
H = —chjacw —t Z cjacjg + 3 Z {S,fc;ucm +5; c;rTcu + Siz(niy — nn)} , (4.2)
i (id)o i

75 RH = ANVEMOD T z )L I KT Hubbard B8 [RX (4.1)]. 75 Y FAh 7 = AAEFDAY Y
BRIRK 42, 77> D/ = VEROREER AR [ @.2) 1SRl E3,

"SpinGCCMA" Tl "SpinGC" L FILFHEZ X hHEW 7 LTV X L2 ZHVWTITVWE S, 7272 L. 5
ZEDTEZET NP MPLAIEISEEOHIRIA D D 5, LITFTD"Lattice"DIESD TSR L X0,

¢ method
23 « XFF) ("Lanczos™, "TPQ", "Full Diag", "CG", "Time-Evolution" D\ 3 #122)

FAA : T 2RI ROEMZIEE L X5, EidoxXyalidzhen s v F a ZIKI & 2 DRIEHIRE
DFHE, BIIAIRIREREE 2 AW 7 A IRIERE R, 40T X 2 2EAIRRERHE, LOBCG 7 12k %
DRERIRE O R, ERFHFERETR IR L 95

BRDZARY FAFBEICBWTHHEINZFED ZDRFTXA—X—TIHHEXNET "G L LGS
WERABLTWS Kw 94770 BRI, >— FAAL v FOfFEs 7 bR EE 238
HEhE 7,

I GC=Grand Canonical

2'Y. Yamaji et. al., manuscript in preparation.

3 A.V.Knyazev, SIAM Journal on Scientific Computing 23, 517 (2001).

4 S.Yamada, T.Imamura, M.Machida, The Japan Society for Computational Engineering and Science 2006, 20060027 (2006).
5 https://github.com/issp-center-dev/Komega.

6 S Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang, T. Fujiwara, Journal of the Physical Society of Japan 77, 114713 (2008).

7 A.Frommer, Computing 70, 87-109 (2003).

28 BABET7AMILT+—I v bk


https://github.com/issp-center-dev/Komega

H® Documentation, 1) 1) —X 3.5.1

e lattice

2k ¢ XFF| ("Chain Lattice", "Square Lattice", "Triangular Lattice", "Honeycomb
Lattice", "Kagome", "Ladder" D\ 3 4152)

SHEA : T OEREREE LT, bFiixxFilidzhzhn 1 Kool (4 4.1 (a). 2 KTTIESF&F (¥
4.1 (b)). 2XKIT=AMT (K 4.1 (c)). 2 XITESFHEDRIET (K 4.2), BT XIET (X 4.3), BT
T (K 4.4) B L £ 3,

method="SpinGCCMA"T !X, I @ 5 H"Chain Lattice", "Honeycomb Lattice", "Kagome",
"Ladder" IS L TVWE T, FEFITOWTOY A X (LW) & MPIIFIEL (Nproc) DHIBRIZKD &
BOTT XREDOL WD TS EZE W),

— "Chain Lattice"
L=8n(z72L nid&n>1DRE), Nproe < 2(L = 8), Nyroe < 25/272(L > 8).
— "Honeycomb Lattice"
W =3,L>2, Nyroc < 2(L =2), Nproe < 64(L > 2).
— "Kagome"
W =3,L>2, Nyroc < 1(L =2), Nproec < 512(L > 2).
— "Ladder"

W =2,L=2nF7/L nidn>4 D), Nyoo < 2874
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4.1.2 BRFICEATBNIX—%

1 R7cH [ X 4.1 (a)]

. L
e« BAR%
A HORS ZIEEL £ T,

f
—
=
ff

0
I.S'

4.1: (a)1 XItH. (b)2 KICIEAET. (€2 KL=MAkgTORAK. Ry €y 7y, A 794 v 7 —m v
. AV VRS, BT A M (Y ROFER) TikEn eV, T iR b, JaaiEY A M G
DD ClxEnETh e, V', J b FET,
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"'{}

qﬂ Y = V.o ® @
1 o el - *a ..-"--I‘.- IL-I.-"'._ .-"--l-.lll

X 4.2: 2 OB AFNEORETORBAK. Ky ¥ 780, 734 b r—ariEs. AV USRI, Ry
FOHMICE>TERD £,

BFRF (R 4.4)

. L

e . BARRL

A B TFORIEIHRELET.
W

el . BRRL

BT OARKEIREL $T

RS T [ 1 4.1 (b)], ZAKBT [ K41 )], OB T [[X4.2], I XKET [ 4.3]

TIN5 DT TR, EEOEAME (KT DR E SR 2 AW TR T EREREET 2 HiEe. Fhst
RO FENAEFR T ML RIS FEIEIRTE 3, 7277 L. model=SpinGCCMA DIFIZIZHIHE D ADE
ZET, ¥/, MAZEELRGEICEHE ZERTLETS,

* WL
e - BAR%
A BHEO BRI T RIEEL $5,
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o0 0 v 0 06 _
D B Y D D

4.3: 71 T XM DR
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- )
\\ 1“‘_-."f | ‘\ B

- —0——O0——---- [V

i —0—0——0—0—-/

DT /
: J’lr ’lﬂvl
:JﬂrtU11fU Ymmmmmmam- - :J25t21V2
"--___,.r"'ﬂ . E)r]_:.t]_j V]_ mimimm— Jé:‘ ";'.‘ sz

4.4: BT O

4.5 A FITBWT, d = (6,2),d = (2,4) & LEBED LB, d(zEY X)) BIL @7V —
V) TCHENTE T (A MUK 20) BEHRET 2L E R D,
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e a®w, alL, alW, allL
Rz . BAR

FHER : AT ZIEET 5 2 KDY ML (Gg,a1) ZIFRELET (K 4.5, ZThHDRT bVIIEHED N
HENRZ LB RIEK Y U 72 B (Fractional coordinate) THRE XN E T,

AR X —RE—RTHHIENS lattice.gp EWVWI 77 AL EfES5 L, HPOEBEXKLZEY DIETFOE
DHIZHSTVENE I DEEIPDIZHEIHERET, ZD7 7 A& KD X SIZL T gnuplot IZFHEAIA
I3 enHkET,

$ gnuplot lattice.gp
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4.1.3 REEICEHTI/INTAXA—A

¢ nelec
R B

HEA : REEFEFHEIEELE T, model = "Fermion HubbardGC", "Spin", "SpinGC" @ & =21
FEELZWTLEE W,

e 2Sz
et BERL

HEA: 2AV YDzl D 2 EEIEEL £3, model = "Fermion HubbardGC", "SpinGC" D ¥ ZI(Z
FEELRWT L E XN,
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41.4 \I)L;ZT72DORIEDRE

F7 30 MEMFICERZINTORVDBDIZOVWTIZOREELTH D 27, 'bei‘%ﬁ?%ﬁ@zfix — &%
FFER, B, (B “ ) o TIEE L. EROGE I TEEH) CIEENHE

RFRIA

ozt s 38K

3BA : Hubbard 35 & AR FEAITO(LER T > o v L2 IEEL 3
*U

ozt s 58K

5BA : Hubbard 35 & SERSFRAICOA > 94 b7 —m U BSRIEEL ST,
e Jx,Jy, )z, Jxy, Jyx, Jxz, Jzx, Jyz, Jzy

ozt FE8K

SHER : OB TEAITO, RTEET L ERETOAY VEEERIEE LT, IMAEICOWT, Ix,
Jy, Iz ZEETARODIC, NI X—XIZBETZL Ix = Jy = Iz = IDPRAREhFT, 1%
WBELZLETIX, Iy, 1z2EE LSBT HO ZRTLET,

«h
R 5
A : MRS 2R E L 3
* Gamma, D
R s S8
A« 2 URIT OMERES. RS, BATER I A —XERELE T, LR LR AT X —
ZIZDWTIE, model=SpinGCCMA TIIHATE £EA,

Tnaa);llf)%)ﬂﬁlﬁci FEFRS T DA & 2L (1 KT8, MM . ZAts 1. BOBEK T 73 A8T)
BAETIREDEAPERD T, T/, BT CTHEEMRERNITIA—&X—% Table £ 4.1 IZRLF T,
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£ 4.1 FETCTERABLBEEERA—%, 7272L. ALVEEICD
W THI e LTE 2% Z & 23ATHE,

MEEH

1 RITHH

ST

=gy

e D BAS T

H 3R KEF

R

3, t, V(AR

o

[e]

o

(¢]

o

JO, t0, VO

(¢]

[e]

(e]

o

o

J1,t1,V1

[e]

(e]

(e]

o

J2,t2,V2

1, ¢, V' (BT

Jo', t0', Vo'

j1',t1',v1'

Jj2', 2", v2'

'LV (BEETE)

J@ll’tgll’VQII

Jlll’tlll’vlll

JZII’tZII’VZII

FERFIE [ BFEF (X 4.4)]

e t0, tl, tl', t2, t2'

i B

B BT TORYy Y7 (M44B) Z2HEEL 9,

* VO, VL, V1', V2,V2'

i

B BT oA T A F 7 —ua VEES (X 4.2 2R

J0x, 10y, 10z, 10xy, JOyx, J0xz, J0zx, J0yz, J0zy

e J1x,J1y,J1z, J1xy, J1yx, J1xz, J1zx, Jlyz, Jlzy

) ZHEEL T,

e J1'x,J1'y,J1'z,J1'xy,J1'yx,J1'x2,]1"2x,J1'yz, J1'zy

e 12x, ]2y, )2z, J2xy, J2yX, J2xz, J2zXx, J2yz, J2zy

e J2'x,12'y,12'2,32'xy,J2'yx,J2'x2,32"'2x,12"'yz, 12" zy.

i/ e

FA : MTFAR T CTORY MEMEM (M 4.4 20 Z248E L £ 5, FMAHIZOWT, FlZ1F I0x,
10y, 10z RFEET ARODITRTI X=X 10 2IEET 5L 10x = 10y = 10z = IO MRAINFE T,
10 ZHEE L7 ETI0x, 10y, J0zFHIEELGEITHO 2R T LET, 11,11',32,32" IZOW0W

THEETT,

4.1.
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IEBFAIE HFRFUN (K41, K42, K 4.3)]

e t,t0, tl, t2

e« ERE

#1EA : Hubbard 3 X (GO FAERI T, BV 4 MEOKARORy Y 7 2EELE T, £
72 Ry ¥ ZORY FHEIRIEEDS 2 WVIGAIT 10, t1, 12 2L ITHEET 2RO DITTIX—& t
ZIEETD L, t0 = t1 = 12 = t HRAINE T, t & t0 FDMAHDHEE I NGB IT HE %
BTLET,

t',t@',tl',tZ'

e EE

B8 : Hubbard B X EFME THRAEITO, OB A VOB HTAORy ¥ 7 RIEELE T, %
72 Ry BV DRy FAHRKREESZWIGEEIT 10", t1', 12" 2B 4T T 2 RbHIT T X —

Kt ZEETHE, 10" = tl' = 12" = t' BRATRE T, t' & 10" FOMGHIEE SN
BITIFHO ZRRTLET,

t",t®",t1",t2"

R EER

5EA : Hubbard B8 X CITBEIE BT O, B50HEY A FEOBRARORy VU 72 BELE T, £
72 Ry B FZORY RAHRKEES R WGEIZ 10", t1'", 12" 2R 4 IfBET2RbhIic s

X—Rt"" BIEETH L, 10" = tl1'"" = t2'" = t'"" BMRAEINET, t'' 2 10" FOM AN
BEINEHEITITHE 2T LET,

vV, V0, V1, V2
ozt s FE8K

B8 : Hubbard 3 X OIS TEAIC O, FfiEd 4 D Coulomb D ZIEEL 3. 2. VA
I [l Coulomb F&7r DR > R A TAMKIZED 72 WIGEIX VO, V1, V2 2RI 4 IHEE T 218D DIT 8T X —
RVEBETSL.V0 = V1 = V2 = VHIMRAZNZE T, V& VO FEDOMAIEEINLEEITIE HE
PRTLETS,

V', ve',vi',v2'
ozt s FE8K

188 : Hubbard 38 X (GEHEE FREIT O, JGEEEY A4 MO Coulomb B REELE T, Fio.
A & Coulomb F&7 DR ¥ R AKIEEDL R WIGEIEX V', V1, V2" ZHI A IHEE ST 2 Kb D icT
X =RV ZEETDHE, V0" = V1' =V2' = V' BMRAZINET, V' L Vo' HEOWGEE SN
7B ITIEHO BT LET,

V",VQ",V].",VZ"
i

#1BH : Hubbard 38 X P& TR T, 85 =340 4 D Coulomb D ZHEEL $9, F/z. V¥
A4 b & Coulomb FE77 DR > FHMKIFHEDS 2 WEEIZ VO ', V1", V2" ZRIAICHEET 2R DI
NRIA—RV'"" ZEET DI, VO'' = V1" =V2'"' = V"' BRAZAZF T, V' 2 VO'' FODifj
FEEINTGEIEHE 2T LET,

38
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e J0x, J0y, 10z, JOxy, J0yx, J0xz, J0zx, JOyz, J0zy

e J1x,J1y, J1z, J1xy, J1yx, J1xz, J1zx, Jlyz, Jlzy

e 12x, ]2y, 12z, 12Xy, J2yXx, J2xz, J2zXx, J2yz, J2zy
feat : 528K

SHEA : A UEAITO, BRIy A MRV UHEEREZEEL T, 204
HIZOWT, 21X 10x, 10y, 10z ZHEETHRODIC AT XA —X 10 ZIEET S
&£ 10x = 10y = 10z = IO BMRA SN E T, 10 Z45E L/ LT 10x, 10y, 10z %
SIEELGAIEHO 2T LET, 11, 2 OV THFRMETT,

AV YBMEEAERO R Y R ARREEI 2 WIGEIIE. I, Iy, Iz, Ixy, Jyx, Jxz,
Izx, Jyz, Jzy BIEET A L, 10x = J1x = 12x = Ix DX S TRTOR Y RAHMA
DAY VEMHEFACACEEZRAT 2 ZePHERE T, Ix~dzy RIlorar e
I0x~J2zy RIND ENZ M GHEE L7HETIE HO 2T LET,

DU AR R & > M SR 1k DBl T % 7,
o RV FATKEEIE, A Y BT, ATLER OIS (o, 5) 20

e
] ZAEE
o R FHFHRIFE. AR OIESAMR D D72 <. A Y HHRIFED D 255
Ix, 1y, 1zD5H 0 THRWVWHDEIEE
o AY RAEMIFED 72 0 A YRR, MEER OIEN R0 D 555
ix, Jy, Jz, JIxy, Jyz, Jxz, Jyx, Jzy, 1zx D55 0 TRV DEIEE
o R VITFMEIFE. HEEROIEN AR D72 <. R FAFREED S 2356
10, 11, 12D5%5 0 TRV DEIEE
o RYVHEMRIFED 8 <L R Y ROTTAURTENE, B OIER R 235 2356
J0x, IOy, 10z, Jl1x, Jly, Jlz, 12x, J2y, 12zD5H 0 TRV HDEIEE
o RY RAEURIEE. A v 2 AR, HEERQIEN AT 235 2 555
10x~12zy DI RTDSH 0 THRVDHDEIETE

e J'x,1'y,1'z,)'xy,]'yx,1'x2,1"'2x,1'yz, 1'zy

e J0'x,]0'y,]0"'z,]0"'xy, J0'yx, J0'x2, J0"'zx, J0'yz, 10 'zy

e J1'x,J1'y,J1'2,]1'xy, J1'yx,J1'x2,]1"'2x,]1'yz, J1'zy

e J2'x,12'y,12'2,12"'xy, J2'yx,J2"'x2,]2"2x,]2"'yz, 12"'zy

i

REE . A UEAITO, ZEEY A FEOAVYUHEERERELE T, AL, BOBEETER
135 T XK T model=SpinGCCMA DL EITIFZELTHE L TWER A, ERAEICOWT, I'x,
'y, 1'zEIBETAMRDODITNIX—X 1" BIgET S 1'x =1y = 1'z = ' PRAZINE T,

' BEELEETI'%, 1y, 1'zdIBELEGEEIIHO BT LETD,

4.1.
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1'"'x,3"'y,3"'z, 3" 'xy, )" 'yx, )" 'x2,]"'zx,]""'yz, 1" "zy
JO"'x,10"'y,10"'2,30"'xy,J0" 'yx, 0" 'x2, 10" 'zx,J0"''yz, JO' 'zy
J1''x,J1"'y,J1"'2, 31" 'xy, J1"'yx,J1"'x2, 31" "2x,J1" 'yz, 1" 'zy
J2''x,32"'y,32"'2,32" 'xy, J2"'yx, 12" 'x2,32" "2x, 32" 'yz, 12" 'zy
= 5

SHEA : AV UEAITO, BT A FEOA Y UHEERRRELE S, L. BoBEK T
134 I X MF T model=SpinGCCMA DHFH I EZXIE L TV ER A, FEMMEICONVWT, 1''x,
Iy, 1"z ERIEETARDDICARTIA=& I REETD L) 'x = 1"y = 1"z = 1" BPRA
XNFET, I ERIEELELETI ', Iy, 1"z BIELLEBEIHE ZKRTLET,

phase®, phasel
ER: (7741 TiE0.0)

EA: SR T2V DR R E VIR BV JHIN K RFOMNEEIREST 2 Z e Ak E T (B
B o do AWMl @ AMENZENAOMNERTZHWS Z e PR E T, 1 XKITHRTIE phased D
AEHATEZT, HIZIE i A 25 j A bADKRYy YU 2T, EQHAICERE -0WE5E
WIERD LSk D F5,

exp(¢ x phase0 x 7/180) x tc}acw + exp(—i x phase0 x 7/180) x t*c!_¢;q 4.3)

40

BABET7AMILT+—I v bk



H® Documentation, 1) 1) —X 3.5.1

4.1.5 FHEEZHDINTA—42

28

R : EOBE (77 4L ME 1)

SHEA : A VBRI TOREAEYDOREX SO 2EEHEELE T, Bl/1/2 A% 513 1)
Restart

o= ¢ XFF| ("None", "Restart_out", "Restart_in", "Restart"® Wi iNd, 77 L b
{&"None")

FREA : FHEBICHE T AHEERIT O, "None" T HFHICHET 27 7 A L TE LRV,
"Restart_out" Cld—2 HETHEZIED T KIEMHE T LIRRCTHEHO 7T —4% 7 7 A VI3 %,
"Restart_in" CTIEXHFTHEHD T — 2% 7 7 A L ST D & S5 EHZ 4D 5, "Restart" T
BHEATEHOT— X% 7 7 A A 52D i@ S5EZRD, KIEDK T LR A THRTEHD
T—R%ET77ANVHNT 5,

Lanczos_max
Bz : BH (77 4L MEZ 2000)

B 20 FaxART vy 7D ER, LOBCG A7 v 7D LR, TPQ A7 v 7, RKEFRERAT v
. BICGRAT v 7O LBREHEEL 7,

initial_iv
xR s BE(F 7 # L MEIZ-1)
B PRGN P EEZ E T
- ZvFaRk
x B/ = HNEFPO initial_iv > 0 DHHE
J EROEAPEEINE T,
* initial_iv < 0 OHBE

D> — RBEEIN. ETORTITH L TUREDN T VX LIEZONET, BB,
TS5V RA ) ZANDEEFPHIREL L TEZL DRERZIFES LS. 2b 6 ERAD
BEHXNE T,

- TPQi%
BBO>— RBEEIN, RTORSTH L THREN 7 VX L5200 E T,
FIHAR 7 P AREOFICOWTIE, 7DD XL 2BEL X0,
exct
ot s BE (77 L MBI 1)

£%BH : method="Lancoz" TIZZ AL F—DEVDI DL Z T, MEHOBEGIRELZEH T 20 %
EE L ¥ 3, method="CG"DIRFICIZKD 2 BEHIREDOAKEIEEL £3,

Note: nvec >= exct Zifi/=THENH D FI,

4.1.
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e LanczosEps
Bz : BE (77 40 MEZ 14)

HEA: S0 Fa RDOICRHESLHZIEELE T, O DOHIDRAT v FOEGEYE OHENEEE D,
10~ LanczosEps DIzl o S HINER L= 2 T L £ 3, method="CG"DRFIZIIFRAENRT F LD 2-/ v
LS 10~ LanczosEps/2 TRz hr 5 72 SN U7z ¥ KM L £ 9

e LanczosTarget
R s BE (7 7+ MA 2)

B TAAF—DEVH DA SHA T, MEHDEHETZ ¥ F 3 ROURHEZIT S »2fHE L
8

e LargeValue
ER: 8 (77 4L MEZ TSR

5488 : (TPQIEDATHH) I — H/Ns D lo NIV b =7 ¥ OZIEDRMDOMEXHED KA Z ¥ 4 MK
TH57dDNT 7 0 MEIZKED £9, cTPQ #HH T, LargeValue (ZERHEFREDOAIARE LT
b k3 (AT =1/LargeValue). AT DEFIIT7 NIV XLDEE R TLZEW(7ILIAVZ L),

* NumAve

ok« B (577 4L MEK S5)

A : (TPQ IED ATHEA) A7 run Z[EAT S 2 Z2HEE L £55
+ ExpecInterval

Bz . BE (7 7 + v M 20)

SHEA : (TPQ ED A THH) MBI DG E Z M D TPQ R T v 7B EIZ/T 5 hrDIgE, HEE LT
B ERHEAR MR THDTERLTLILZZ W,

¢ OutputMode
218 : "none", "correlation”, "full"®OWIF D (F 7 4L X correlation)

FEA : FHEZAIT OB ZIEE L £ 3, "none" DY EFHBMBEHEL XA,
"correlation"%¥5E L= HEAWC . (MED2—F 4 V7 4 fourier THHR—+F 53
b OWXTEG U7- MBI R ETE L £ 3, #FL < id doc/fourier/ND~ =27 L ESHL
TLEEW, "full"ZEE LGEAIE. LEENETRTD 4,4, 0,0’ 1I22WT (el ¢jor)
. 2REETNTD iy, iz, i3, 14, 01, 02, 03,04 TV (], CinoyCl oo Civoy) BRIFIL
3, AV ROEHETIE Bogoliubov RENC X D AEKHRKHEE FTRINTVWET, &
L < & Bogoliubov FTRIR % ZE L 728\,

e InitialVecType

Bz SCF (C "R OWT I, T 7 AL MIENCTY)

HEA : FEHERS PV OHMHEDO R ZHEE T 5, C TIIEREBEL, R TRFEHRIL T 5,
e EigenVecIO

30 : 7 ("None", "Out", "In"DWI D, T 7 4L M id"None")
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FEA : EHENRZ PO AN ZIEET b, "None" TIREEFARZ MDA 21THRV, "Out" Tl
KDEFEERZ W LET 7 A VCHNT B, "In"TREEAZ FLET7 7 A AHBIDHL, 20
HROFE @Y — Y BEBRY) 2175,

e OQutputIO
oz« SCFF)] ("None™, "Out”, "In" DWW, T 7 4L hid"None")

B8 : (FullDiag DABI) NIV =7 YO AH NI ZEEL £3, "None" Tld AHIIR L, "Out"T
BB, "In"TERANHD,

¢ QutputExcitedVec
oz« FF) ("None", "Out" DWT LD, T 7 L FiX"None")

B @Y — VB EFITE T 32— FOGEDAER) ERZ b DIEEERITVWE T,
"None" Tl H 1%L, "out"TIEH1H b,
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4.1.6 FIMNJ ) — 2 BEBDFAEICEHATE/INTA—4%

¢ CalcSpec

sz« SXFF] ("None", "Normal", "NoIteration", "Restart_out", "Restart_in", "Restart", 7
7 # )L M "None")

BB : BV ) — VBB EICBE T ARERIT O, "None" TIXENN Y — Y EARERETE L W,
"Normal" TlIX—2 HEIN S ) — U BIBDEIHE Z 158 %, "Nolteration"ClE. HiileldD RIEEIE L [F
L ZAFETHRIEIES, TOLE, NI M7 V-7 MUVEEBIZfTOO R WD, §HHEa X
MIFEFITEVD, T REENHE R WEEDH 5, "Restart_out" TE—D55IHEHRD T, K
BT LR CHEIEHO T —4%2 7 7 A V15 %, "Restart_in" ClEHIHHDO T —4& %
7 7 AN BZITED B S ERIED 5, "Restart" TIIEAMEHO T — &% 7 7 4 A H 5521
D & HEIEZ D, KIENIKE T LRRCHAITERHO T —2 %27 7 A V1§ 5, AR ML
HERLBOWTHEHINZ2FEIZ $T X — & — method THEEXINE T, (method="CG"¥ L7=HEIC
BRELTWS Kw 74 770! RS, ¥— F24 v F2 F& 7 M REERAEE 23#b
NEI,

SpectrumType
oz« SCFF ("SzSz", "S+S-", "Density", "up", "down" DW\I D, T 7 # L FE"SzSz")

A BT 2B Y — VB ORI ZIEE T b, "SzSz"TIE (52 ,52) "S+S-"TE (ST 55 )

—a”q
"Density" Tid (n_qng). "up" Tl (cjﬂch)\ "down" Tl <c£¢cq¢> %%,

SpectrumQW, SpectrumQL
R ZEH (T 741 MEEBIC0.09)

SREA : HETAFN Y — BB O R % Fractional coordinate TIEE T %, WHETFRZ FLIEN
41, K42, K43, K44 ITRENTVWBIEFRZ FLENIETEHDER B,

* OmegaOrg

ok EE (T 741 ME0.0)
A B — VB R R S B PR OIRENEL w DFEEBD A

* OmegaMin

R : EE(F 7 + L bld-LargeValuex 34 M)
SHEH : EPET 3B ) — BB OIREIE D FEED TR,

* OmegaMax

R . EB(F 7 + L blX LargeValuex 34 D)
SRER : FHET AV — VBB ORI OEIHRD FIE,

* Omegalm

et : Z8 (T 7 4L Ml 0.01%LargeValue)

! https://github.com/issp-center-dev/Komega.
2 §. Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang, T. Fujiwara, Journal of the Physical Society of Japan 77, 114713 (2008).
3 A. Frommer, Computing 70, 87-109 (2003).
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SBH : BTE S 2BV — BB OIREIE D EER.
* NOmega
B3 . IEOBE (77 4L M 200)

HEA : BHET 2EIN 7Y — VB DIREIE D Y v FEL
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4.1.7 REERERBEICEETS/NTAXA—Z

e dt

B : EOFEHR (T 741 MiE0.1)
SHEA : KER R 7 v TR,
PumpType

R @ SCFF ("Quench", "Pulse Laser", "AC Laser", "DC Laser"®WidNd, 77+ b
{¥"Quench")

A IFRRIEAN IV b =7 O ZFEE T 5. "Quench" Tid 2 BT Uguench »; ity 2340
A HA1%, "Pulse Laser","AC Laser","DC Laser"Tid, Ky V'Y ZIHIZ -7 t;;exp[—iA(t) -
(Ri—R;)/(2m)]el_cjo D &SRR FIMN e 2T TA() BRZ PAKETF V2 %L THD, "Pulse
Laser" ClX A(t) = Agexp[—(t —t0)?/(2t3,p)] cos[w(t —to)] "AC Laser™ Tk A(t) = Agsinfw(t—

to)]. "DC Laser"Tid A(t) = Aot 725,

F/z, BRI TORY "AURT Vv L EBIGEERIRT 572D 7 7 £ )L potential .dat 23H /] &
s,

¢ Uquench

ok FE (T 741 ML 0.0)
&P 1 Uguencn

freq

B : E (T 7+ MZ0.1)
BB w

tshift

B : ER (T 7 4L M 0.0)
5EE : to

tdump

B : ER (740 MZ0.1)
PR ¢ Laump

e VecPotW, VecPotL

BR: EB (T 7+ MIEHI20.0)

SHBA : BEZ t = t) TDNRZ PLRT VT v IL Ay Z¥ikE D Fractional coordinate TEE T %, Wikg
TR2Z U Figs. [ 4.1, 4.2, K43, K44 IZRENTOVBETFRZ bLeET 2D 25,
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4.2 TXZAN—rE—FBAAOZ71IL
HO DLTF A= +E— NTHHATEANT 7 40 (def) AL THIL £3. AN17 7 4 L ORRNIIL
To4OTHEINET,
(1) List:
F—v—FEERL: T % input file DHFTOV A M EEFEXET, BB, 7 74 VBIEERICHEE
THZEDWTEET,
(2) Basic parameters:
CalcMod: FHHEE— FEIEET 287X —R—%FRELF T,
ModPara: FTERICHERFEAR L ART X —X— (4 L O ETFE. Lanczos X7 v 7 &A%
DR BRELET,
LocSpin: JHTEA Y > DB ZFFE L ¥ 3 GOSN T O AF H),
(3) Hamiltonian:

HP D Hamiltonian 2B FRDERICEI DIBEEL T, BENITEITO7 y A VL THREINE T,

Trans: ¢}, cj,, CRENLZ—HEEZIEEL £,
InterAll: ¢!, cjo,cl, cio, TRENDZ MR MHHEMFHEIREL T,

7B, HREEOGOHEFERICEL TR TRLOF— 7 — FTHET S I L BARET T,
Coulomblntra: n,n; CTRENZMHEEHZIEEL FT (niy = ngcw)o

CoulomblInter: n;n; TERINSMHAMFEHZIEL X3 (n; = ni +niyo

Hund: n;1njp +nipnj) TREINDHAMFEMZHEEL X,

PairHop: CITCJTCLCN TREINDMHAMEHZIEEL £,

Exchange: S;"S; TRSNBMHEIEMZHEL £7

Ising: S7 57 TRENLZMAIEMZIEEL T,

PairLift: ] c;cl.c;) TRENBMEMMAEITEL E5,

(4) Output:

OneBodyG :H! /75 % —{k Green BIBUEIEE L £F, (cl, cjoy) BHINENE T,
TwoBodyG : /13 % 1k Green BAE( 245 E L £ 7,

(e CroaCh, Cios) BN ENE T
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421 AN771IEER 771l

AHRTHEAT AN 7 7 A=K efBELET. 77 AVERCHL T UTOES5 87 +r—< v + %
LTL\ij_o

CalcMod calcmod.def
ModPara modpara.def
LocSpin zlocspn.def

Trans ztransfer.def
InterAll zinterall.def
OneBodyG zcisajs.def
TwoBodyG zcisajscktaltdc.def

771 ILHEER

[stringO1] [string02]

INTX—=&
* [string01]
=« string Y ([EE)
BB ¥—U—FZIEELE T,
* [string02]
3 ¢ string Y

HEA: F—U—FICUOBMNITOENBE 7 7 A AELBIEEL T ((FD),

fERIL—IL

RKI 7 ANEFHTRCHTZoTOL—NZIULT DR TE,

o ¥—U— FREEHIER, PAZRAZHIZLZRIC7 7 AVHEEEZET, 77 A VHEBHBECRETE
9,

o BFIEE LRI VIT Wt T X — &% CalcMod, ModPara, LocSpin T3,
o ZFxF—vU— NIIERENCEARTE T,

cHEELEF—TU—F. 77 AADBFELARVGER LS T LET,
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o # THEHTIIHAMRISNE T,

o T ANFAHF—TV—RIZE421CEDIBELET,

TA42ER T 7 AN—E&

Keywords f8E 7 7 4 LV OBE

CalcMod AtEE—-NICET2EER LE T,

ModPara FETHWERZ X —ZDIEEEZ L E T,

LocSpin HEV A ML TERETD LAIREAE YOI ELZ LET,
Trans — R — M EEICE T 2R EE L E T,

InterAll — M A EERICBI T 2R E R L E T

Coulomblntra WHE 7 —va YHEERICBE T 28 EZ LE T,

CoulombInter | ¥4 27— UHEERHICET2REZLE T,

Hund 7Y MERICETAREEZ LE T,

PairHop R7 KRy I TEHREZLET,

Exchange ZHAHBEAFHICET 2R EZ LET,

Ising A HEERICET 2REZLET,

PairLift R7 VY7 MEEEHICE T 230EE LE T,

OneBodyG 55—k ) — VB (el cjon) ICBIT BREER L E T,
TwoBodyG HI15 2 627 ) — BB (c], cioycl, cloy) CRIT BREER LE T,
SingleExcita- — KRR DA A IRl 21EEZ L ¥ T,

tion

PairExcitation | ZiABIEIRREDAEKEE BT 2 EZ L E 3,

SpectrumVec AR MV EFHE T 270D ) XX — MHDASIRZ MLVEFRELE T,
OneBodyTE BRZITHImE N2 R OEEFICET 2/ EX L E T,
TwoBodyTE BRZITIME N 2 AR OEEFICBET 2REZ LET,

42. TFZAN—+FE—FBAAATZ 7T
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4.2.2 CalcMod 7 71JL

FETFE AEETL, HAE—FEREELEZ T, UTDE 5% T7r—<y b2 LTVWET,

CalcType 0
CalcModel 2
CalcEigenVec 0

7 71ILER

[string01] [intO1]

NFA—2
* [string01]
2t string 2 ([E5E)
B F—U—-FEREELETS,
* [int01]

sz ¢ int BY

FEA: F—T—-FOBNITI BN TR ZHELET,

fERIL—IL

A7 7 ANEMHATBICH>TOL—VELITOED TY,
o FoU— RELRE CPAZRARMTBRICEREEEE £,
¢« HX—U— NIEAFEICEEETEET,
cHEELEF—T— R, 77 AAPEFELEVEAIZTZ I KT LET,
¢ ¥—7— ¥ CalcType, CalcModel 3B TE A, BRLIGEEIT I KT LET,

o # THRE 2ITIdRARIEESNE T,
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F—7—F

RIZEF—V—RTHESINSE 7 XA =B L THAL T,
¢ CalcType

Ao ¢ int Y

S&II

B : B REFEOREZITVWE T,
: Lanczos 7%

: mTPQ &

ot

: LOBCG £

: SRR

: cTPQ &

ZEIRT LN TEET,

=)

W\ AW N =

CalcModel

3 ¢ int B

SEA: APEETLOREERITVE T,

: fermion Hubbard #84 (4 2 = @ K7 - S, RFE. NFHEL - S, FERTF)

P AC R () =T LS, IRTF)

ERERERL (B ) = Hh v L R S, IR TE)

: fermion Hubbard #5584 (7'5 > ¥ 2 =H L KT8 - S, IERTF)

A VBB (7T Y R =S, IHRTT)

5: TR (5 Y R 2 =hov BT EC S, FERTE)

IR T 5 Z e IR E S, ferimon Hubbard B TR THURTE - S, IERTF R BHR T 2 581%. K
TROAEIEET 2 Z L Tet@LAREE 2D 7,

A WY = O

e CalcEigenVec

B : int B (57 L ME0)

HEA: EHERS A EFET 2BOFEOIRERITVE T,

0: Lanczos ##+CG % (Lanczos £ T ORI T2 TR WHEIC CGIETOREERY MEHEBMTbI
x7)

1: Lanczos 7%

TERT 2 2 ek ET,
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e InitialVecType

B :int B (77 4L ME 0)

#EA : AT FL (v0) DFIHHED R DIEEZITVWE T,
1SR, REER e B ICIER DAL TG A oM % T, Liedio T, BIIL L IR 2 b ouid Ny 0T
DOFEERAE EIC Rk L d Db £75,

0: EH Re[v0] € [~-1: 1], Im[v0] € [-1:1]).
1: 28 (Re[v0] € [—1 : 1], Im[v0] = 0).
2 OEIRT 2 Z e R E T,

OutputEigenVec

ok :int B (57 1 MHE0)

A BEANRZ MVOHNOIFEZITOE T, 0: HARL 1 A5 D 5384R0T 2 Z e KT T,
InputEigenVec

e s int B (77 4L ME0)

A BERZ PADANDIEZITVE T, 0: ANRL 1 ANDHDroERT 5 2 etikE s,
ReStart

Bz :int B (77 11 MM 0)

A HAAHOE— NZEELE T, 0: HatFAL 11 YAR— X7 PVATZL, HihHD 2:
YRR—IRZ PVANBY, DD 3: VAX—IRZ MPVANSH D, BN LHSERT 2 2
EHRE T,

CalcSpec

e s int B (577 L ME 0)

FEA: B — VBB ORTEE- FERREL LT, 0: B2V — YBIROFIRELRL 10 ASIRZ b
M- ESIRREAERL 7 7 A L 2 Gt A At B 2: ZHXHITHIO ) & ftAih A EaHE 30 =BT
DG e HatBERANRT Mvz ) 4 ZENATH ORI & HEFEH RS PR AAAFEIE 5 =
HXHITHI DT & HEtBEHAR Y M 2HiAAAHR - BHI» 0BT 2 Z e ERE T,

e QutputHam

B : int B (77 4L ME 0)

#1BA : (FullDiag) "INV b =7 YO NE—RZIHEELE T, 0: AR L 1: DD 2 55EIRT 2
e HRE T,

InputHam
R int & (F 7 41 MMl 0)

PR : (FullDiag) "INV P =7 YOANE—FZIEELET, 0: ANRL I ATHDH5ERT S
T EeHAHRE T,

52

BABET7AMILT+—I v bk



H® Documentation, 1) 1) —X 3.5.1

e OQutputExcitedVec

Bz : int B (77 1L M 0)

HAA : R PO A DOIEERITVWE T, 0: HARL I A D 2o EIRT 2 Z R ET,
* Scalapack

o3k int B (77 + L MM 0)

%88 : (FullDiag) 2%fA{LEIHE TD ScaLAPACK 74 75V D EHEEZIEEL 3,
0: ScaLAPACK ZfifiHH L 72\,
1: ScaLAPACK %3 %,
TEIRT 2 Z ek E T,

« NGPU
ek int B (57 L MHE 2)

£%BA : (FullDiag) 2X1A{LETETO MAGMA 74 72 V) 2HH T 255D GPUBEIEEL 3, =2
B, HO TE~LF/— FTODGPU HEIZIEZWIGE L TWER A,
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4.2.3 ModPara 7 71JL

HETHATENNIX—XEHRELET, UTOL5R 7+ —<v b ELTVWET,

CDataFileHead 2zvo
CParaFileHead zqp

Nsite 16
Ncond 16
2Sz 0
Lanczos_max 1000
initial_iv 12
exct 1
LanczosEps 14

LanczosTarget 2
LargeValue 12
NumAve 5
ExpecInterval 20

771 I

MUTFD X ATRIIS CRZ B ERZ D %5,
e 1-5 T ANy X (IBFEPATHHEED D £EA)
o 6 17: [string01] [string02]
e T-84T: ANV X (AIREPNTHHED D THA)
* 9 f7LURE: [string01] [intO1]
HIHHOMIGERIZA T 0@ b T3,
* [string01]
o=« string B ([EE)
HH: ¥—Y - FOREZITVET,
* [string02]
ez« string B (22 RN
HEB: 7Y N T R T ANNDAY REBELE T,
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* [int01]

23X int BY (ZEEANA])
FEA: F—T—FTOBMNIBNE T —RERELET,

fERIL—IL

KI 7 ANBHEHTZCHZo TOL—ELLTO@ED TT,

* VITHLIETIEF — 7 — F 2Ll FAZAZMILRICEBEEZEE X7,
o [TRIEE TRAIAAEITI By NI RX—RDEMWITEEEA,

F—7—F

PUF, @87 X — X L BFIRBITHE AN T A — X Z2a# L £,

HBEBNFA—%

e CDataFileHead

238 ¢ string B (Z2 A

BB TN b T A0DANy X, BlZIE. —KD Green BB OH 17 7 4 V%D
xxx_Lanczos_cisajs.dat ¥ UL CH 1 XN % ¥ (xxx IZ CDataFileHead THEE L /=X FEHELH).

Nsite

e« int B (BR%0

FEA: VA MR REE T 2B

Ncond

o= int B GEREED

A REEBTREIEET 28, 77V NI/ = ANVOGECRERHENEEA,
25z

fz3 : int B GEEEED

SHER : 2S5, BZIRETARE, OV N ZHNLDGEIEHEINERA, BTFHR. DB R
TS, REDHEZITS5E121E Ncond ZIEETAXERH Y £9,

initial_iv
e ¢ int B (BEED
SHEE : WA ONR T PV EE X F T,

— Lanczos i, CG £

4.2.
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% B = HNVEFDD initial_iv > 0 DFE
J ¥ adlaBfEEINE T,
% initial_iv < 0 DBE

HLBO Y — FPTEES N, 2 TOMDIIH LTHRED 7 Y X LICEZA 60T T, BB,
75y RH ) ZANDHEZIHREL LTZOREZRO LS. 255 DHKAH
EHENET,

- TPQi%
DS — FMETE I N, B TORANIT U TREDSS v XA 2 6NFET,
FIHAR 7 P AVREDFICOWTIX, 7LD XL 2B X0,

e CalcHS

et ¢ int B (BAAED

SHBH : CalcHS=1 TR TFHERE L XD LA PRI EFRLINET GEEE  hip:
//www.pasums.issp.u-tokyo.ac.jp/wp-content/themes/HPhi/media/develop/tips.pdf % Z[&), 7 7 + /L b
DOfEIZ 1 Ty @7 LY R eI NET,

Lanczos i CERTB/NTAXA—4&

* exct

ez« int B (BR%0

£5%ER : Lanczos IR CRD BEERY M OBSEIETET 28H, HIZIE 1 R5EEREDRY F L,
2 B —EREEDR Y P L ERDET,

Lanczos_max
o3« int B (HAAED

$iPH : Lanczos A7 v FRITO BBMOBRKAKEEEZ T, FB8ELIHBENTIGR LS. Zh
FDHEVERTKRTLES, ZORBLUATIRLAWESIZZ S —KRTLET, HitEE2IT515
A12iX. Lanczos_max DA EBEDR T v THEID B REL THILENRDD TT,

LanczosEps
R ¢ int B (BARED

SHBA : Lanczos EDIWNHRHICEBEIEET 2B, —OHIORAT v 7OFEEE L O,
10~ LanczosEps DIz 72 5 F B AN L2 2 HIE L £ 9,

LanczosTarget
X int B (BR%D)

A : MEHOEAET S > F a AOWHRHEZAT 5 D 24EE T 258, 1 Lo RRKE, 272565
—JhEIREZ R L £ 3
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CGETHERTANITX—4A

. exct
et int B (BRED)
A KD BEHRT PNV OARKEIEEL 7,

Lanczos_max
A=« int B (HARED)

BB CGUEERITOIBDODAT vy TRORKER 52 %3, 8E LIZMENTIER L2551, 2h
IDEOEETKRTLES, ZORBMUANTIGRLZWESRZZ KT LET, HitBEIT5%
A121X. Lanczos_max DA EBEDR T v 7RI DB REL THILENRD D FT,

LanczosEps
B : int B (BARED
SREA : FRAEANT R LD 2- /)b L Hs 107 RanczosERs/2 IRz A o PG AICINR L2 L HIE L £ 5

TPQETERAIBNITX—A

L]

Lanczos_max
ezt : int B (HAED

5REE : TPQIEDIR T v THE 5 X £3, HetE 21T 5EEICI1E. Lanczos_max DR ZBED
AT TEIDBRELTEIMNENRDD T,

LargeValue
F238 « double % (F2HD)

B3 : TPQ T % | — H/Ns D | Z48ET 2 FH, cTPQFHHETIX, [ IIERHBEBOLNAIEE L
THELNET (AT = 1/]). cTPQ FHEDFHMIE 7ILI) XL 2B LT ZX W,

¢ NumAve
o ¢ int B (HAED

A : MAT72 run ZAT[EIFT 5 2 fE0E S B B

ExpecInterval
ezt : int B (HARED

SREA : BRI OB R MEID TPQ 2T v 7B EI/TO DT T 28, HELY FIF3 LilEa
2 FAMERT 2DOTHEELTLEE W,

ExpandCoef

Type : Int (A%
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Description : cTPQ F1EICHET 2 EBEHIEZIEE T 2 BETT (nmax);

o] At \"
U(AT) = T;) ~ (—2H> : (4.4)
#F L <1, :ref: Ch:algorithm™ Z 2 L T L 72X\,
BT ) -V EARDOHETERAT /NI X—%
¢ OmegaOrg
Fx : complex B (HHEED)
A B Y — VBRI R T AR ORI w DR REIEL £, AR—ZARXY)D TEE., £

ERDNEICHRE Ly EEBDS R WEGEEIXFER e LTIV E T,
Omegalm
= : double Y (5250

SHEH : B2V — VEBCR T E S A BOIRFIE w OFLRDEIEREE L T, HD A OmegaOrg 23
FEEIN TV BE13 OmegaOrg (2 HEHS OmegaIm ZH1Z %9,

OmegaMax
3 : complex ! (HHEEKD)

SREF: Y2 Y — U BEERHE T ABRORIE w OREERIEEL £, KAI1Z OmegaOrg-+OmegaMax
TEZONET, AR—ZARXYID TEIH, BEHDOIEIIEE L. BB WEGEEIIFEHRe LTiRVET,

* OmegaMin

FR @ complex B (%D

SEEH : B Y — VEBR T E S A BOIRFIE w DIMAETEE L £ 3, 4AA1E OmegaOrg-+OmegaMin
THEZONFET, AR—ZARXY) Y THEER, BHOMENHEE L. BB WGEIEERE LTV E T,

* NOmega

=« int B (AR

SRR : B ) — VBAER ETR T 2 BROREIE DK AE Aw = ( OmegaMax- OmegaMin)/N,, 52 %
72D DERL, REEUZ 2, =OmegaOrg+OmegaMin+Aw x n THEX 6N E T,

REMRBEATERTZ/NFX—%

e Lanczos_max

iz« int B (B R%0

HEA : EIFHFERIEDORRA T v 7He 52 55, HatHE 2175 %E121&, Lanczos_max DA%
BEDRAT v THED BRELTI2LEN DD LT,
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¢ ExpandCoef
B« int B (BARED
SRR ¢ BUNRRRE A 120 U T ERBFEREZ1T 5 B

N
Wpeﬁuan:%(qﬁuw (4.5)

n=0
T 5 EEXBN 252 %7,
e ExpecInterval
B« int B (AR

SHER : MHBHBEB DT ERIT OO R 7 v THIREISE T 258, HHEL2 EIF 3 LEE a2 MRS
ZOTHEELTLEZE W,

e QutputInterval
B« int B (HAED

B . REREYORBEBEHRNIT 2R Ty THREIEE T 28, (CalcMod 7 7 4 LT
OutputEigenVec=1 252 L BHMZHD £9)
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4.2.4 LocSpinigE7 71l

FTEAE Y ZIEELE T, UTDE5 4 7+—%y P2 LTWVET,

NlocalSpin 6

—_
@ W 00 N O Ui h W N, @
S R Q@ R @ R Q@ Rk @ Rk @ K=

[y
[y

7 71ILER

MTD X3 ATRIIISCRZTEAZ D %5,
c LT A X (MIHREFELNTHHED D A,
* 2 17: [string01] [int01]

¢ 35T ANy X (AHRFELNTHHED D ZFEA).

6 FTLAF%: [int02] [int03]

INTA—=H
* [string01]
R ¢ string B (ZEEARA])
A REA Y Y Ol "y ¥ —v—F (R,
* [int01]
23 ¢ int B (ZEEAAD)
B : RTER Y Y OMEUEHEE T 2 B8
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* [int02]

fizal ¢ int B (ZEEANA])

HEA: VA MRS EIEET M. 0Ll E Nsite RITHREL 75
* [int03]

fz30 ¢ int B (ZEEANA])

FREA : BEA VY Y BREE T2 EEET 225,
0: BEEFN>0:2S=n DREAL UV E2ERT I Z e 2HKRFE T,

ERIL—IL

K7 7 ANEMHAT 22D TOL—VFLTO@ED TT,
o fTBEE THAAALEITD B, Ny XOEBITEEEA,
o [int01] ¥ [int03] THEE XN 3 RIEE T HOBMA R B 5HEETT — KT LET,
o [int02] DB LY 4 MR BERZHEFL I KT LET,
o [int02] 252 A MELLED LLBADEE L 25HIZT 7 KT LET,
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4.2.5 TransisE7 71 Il

ZZTEANININ=T YV

Ht == Y tijoiosCly, G

ijala'g

(4.6)

W23 % Transfer FE90 tijoy0, ZIRELE T UTIZ7 7 A VK ZEHL T T,

NTransfer 24

========i_j_s_tijs======
0 0 2 ® 1.000000 0.000000
2 0 0 ® 1.000000 0.000000
0 1 2 1 1.000000 0.000000
2 1 0 1 1.000000 0.000000
2 0 4 ® 1.000000 0.000000
4 0 2 ® 1.000000 0.000000
2 1 4 1 1.000000 0.000000
4 1 2 1 1.000000 0.000000
4 0 6 ® 1.000000 0.000000
6 0 4 ® 1.000000 0.000000
4 1 6 1 1.000000 0.000000
6 1 4 1 1.000000 0.000000
6 0 8 ® 1.000000 0.000000
8 0 6 ® 1.000000 0.000000

771

UTO LS WA CER 2R D 5,

e LT ANy X (AIXREPNTHRED D TEA),

¢ 354T: AN X (AIABEINTHIIEDH TLA),

* 6 17LAF%: [int02] [int03] [int04] [int05] [double01] [double02]

T: [string01] [int01]
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INTA—=H
* [string01]
R ¢ string B (22T
PR : Transfer MO F —vV — FHZEEL £ 7 (EE).
¢ [int01]
fE30 2 ine B (ZEEARAD)
A : Transfer DFEZHEE L 3
* [int02], [int04]
o3« int BY (ZEEARAD)
FEA: VA MBS RIEET 28, 0 LLE Nsite RifiCHREL £5
« [int03], [int05]

A3 ¢ int B (ZEEANA])

B AV RE T 2B
0: 79 ALY
1. XY VA
BIEIRT 2 Z e KR E T,

+ [double01]

A5t ¢ double %! (22 RA)

A : tijo,0, DEREZIEL X,
+ [double02]

238« double & (2 AH])

A tijoy o, DI ZIEE LT,

fERIL—IL

KI 7 ANBFEHTBCH o TOL—NIEZLLTFORED TY,
o ITRERE CAIABLEITI B, Ny XDEBMIITE I A,

« Hamiltonian 231 3 — b ¥ WS HIRD S t15,0, = 1 DRAREM I TRHREN DD £F, Lk

B ")
J1o201
BRSO L WIHEICIZ TS — KT L9,

p= {1113

s MOMWERL THRESNLHE BT I KT LET,

e [int01] EER SN T WD Trasfer OB RZ 2L EF L7 T LET,
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o [int02)-[int03] EAEET 31 FHESNOEMEIEE LTI — & T LET,
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4.2.6 InterAllisET7 71 IL

CITR MR MAHEERZAINV =7 VINIMA LT, FOMAZHIUTTEZONET,

Ht = Z Z Iijk’l‘71‘7203¢74c;’ro—1Cjazclzg3cla4 (47)

i,5,k,0 01,02,03,04

BB, ACVICHELTHETZ2HA8ICL, i=j,k=1 2 RDZEIRELTLEZ, £/, F7X4 73
FIVETITDOWTIE, il sigmal i2 sigma? i3 sigma3 i4 sigmad & i4 sigma4 i3 sigma3 i2 sigma2 il sigmal ®
R7EBFTHET L2 LTLEZ WV, UM 7 7 A AflZEl#E L £7,

NInterAll 36

========zInterAll=====

0 0 0 1 1 1 1 0 0.50 0.0
0 1 0 0 1 0 1 1 0.50 0.0
0 0 0 0 1 0 1 ® 0.25 0.0
0 0 0 0 1 1 1 1 -0.25 0.0
0 1 0 1 1 0 1 0 -0.25 0.0
0 1 0 1 1 1 1 1 0.25 0.0
2 0 2 1 3 1 3 ® 0.50 0.0
2 1 2 0 3 0 3 1 0.50 0.0
2 0 2 0 3 0 3 0 0.25 0.0
2 0 2 0 3 1 3 1 -0.25 0.0
2 1 2 1 3 0 3 ® -0.25 0.0
2 1 2 1 3 1 3 1 0.25 0.0
4 0 4 1 5 1 5 0 0.50 0.0
4 1 4 0 5 0 5 1 0.50 0.0
4 0 4 0 5 0 5 ® 0.25 0.0
4 0 4 0 5 1 5 1 -0.25 0.0
4 1 4 1 5 0 5 0 -0.25 0.0
4 1 4 1 5 1 5 1 0.25 0.0
77 1IN

MTDE TR CRZ2TEAZ D %5,
s 1T ANy X (IDXFEIPNTHRED D FEA),
* 2 17: [string01] [int01]
¢ 35 T ANy X (BREINTHHED D FEA),

o 6 17U [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09] [double01] [double02]
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INT A=A

* [string01]
fZ3K ¢ string B (ZEEHANA])
A : “HMHEEHORBO X — v — FHREIREL 3 (ER).
* [intO1]
ez« int B (ZEEHARE])
FEA . AN EEH ORBEEE L £35
« [int02], [int04], [int06], [intO]
R ¢ int B (ZEEHANA])
HEA: VA P HRSEIEET M. 0LLE Nsite RiTHHEL 75
* [int03], [int05], [int07], [int09]

A3 ¢ int B (ZEEANA])

B AV RE T 2B
0: 79 ALY
1. XY VA
BIEIRT 2 Z e KR E T,

* [double01]

A=t : double B (Z2[4ARH])

B ¢ Lijpioroaono, DEMEIREL T,
* [double02]

238« double Y (2 AH])

SRt Ljkioronosos DREEEIELET,

fERIL—IL

KI 7 ANBFEHTBCH o TOL—NIEZLLTFORED TY,
o ITRERE CAIABLEITI B, Ny XDEBMIITE I A,

 Hamiltonian 2TV I — F E WIS HIBRD & Lijkioioros0s = I;fkjwwzazm DR E 72 TREID
DET, LTROBEBRPIBILLEVWERICET I —KTLEST, £/, =13 — M EROERIZ
Iijklglngsﬂc;ral cj(,gc;rw:scl(,‘L WA LTy Dikjiososoaon c}g4ckgsc;fa2ciol FhilT XA LT

W,

66 BABET7AMILT+—I v bk



H® Documentation, 1) 1) —X 3.5.1

« AV VI LTEETRHE. i =4, k=1 B IBRORTBPFETI eI —KRTLET,
o MANERL THHEESNHEIZZ I KT LET,
e [int01] L ERS N TS InterAll DD RL 2 HEZ L7 KT LET,

o [int02]-[int09] FAEET 31 WIS OEIEIEE LRI T — & T LET,
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4.2.7 CoulombintraiEE 7 71JL

AP A N7 —a HEEERAEZEAIL =7 VIMIMAET (S =1/2 DR TOAEHAATRE), HFMMZ
ST TERALNE T,

7‘[+ = Z Ummnu (48)

IRz 7 Al zsd#L %7,

NCoulombIntra 6

==== CoulombIntra ====

.000000
.000000
.000000
.000000
.000000
.000000

v W N R
Y N S N

7 71ILER

MTD X3 ATBIIISCRZZ2TEAZ E D X5,
s LT ANy X (AIDFEINTHRED D FEA),
* 2 17: [string01] [int01]
¢ 35 T ANy X (REINTHHED D FEA),

o 6 {TLLR%: [int02] [double01]

INTR—=&
* [string01]
23X ¢ string B4 (ZEEIARAD)
HEA: A VYA N —n UHEEHOBBOF— v — FRZIEELET (R,
* [int01]
fizal ¢ int B (ZEEANA])
BB A YA M —u UHEERHORBEREL £,
* [int02]

fiz30 ¢ int B (ZEEANA])
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B VA P/ ERET M. 0L Nsite RITIHREL 75
+ [double0l]

23X« double B (ZEEIANA])

HEA: U, 2FRELE T,

fERIL—IL

K7 7 ANEMHAT 22D TOAL—VELTO@ED TT,
o ITREIE CHARBEITI By Ny XDEMITEEE A,
s BADPEEL TIRESNHEIET T —RTLET,
o [int0l] LERINTVWEF VYA b7 —a VHEMEHORBARLRZHEFL 7T LET,
o [int02) ZEE T 20, BN OBMEIRE L2BAIIT I KT LET,
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4.2.8 CoulombinteriEE7 71JL

A7V A4 M7 —a HEEERAEZEAIL =7 VIR ET (S =1/2 DR TOAEHAATRE), HFMMZ
ST TERALNE T,

Ht = Z Vijnin; 4.9)
i,

U7 7 Al sddi L %5,

NCoulombInter 6

-0.125000
-0.125000
-0.125000
.125000
-0.125000
-0.125000

v D W N R
S U1 D W N -
1
(=]

7 71ILER

PTD X3 ATRIIISCRZ BB Z D %5,
s LT ANy X (IDFEINTHRED D FEA),
* 2 17: [string01] [intO1]
¢ 35T ANy X (AIEINTHHED D £BA),

o 6 {TLLR%: [int02] [int03] [double01]

INTA—=H
* [string01]
R ¢ string B (22T
HEA: A7V A+ —a VHEERHORBO X —7 — FAZIEEL £ 3 (ER),
¢ [int01]
R« int B (Z2E AN
BB : A 74 N —u U MHEEHORBEREEL 7,
« [int02], [int03]

23K ¢ int B (ZEEARA])
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B VA P/ ERET M. 0L Nsite RITIHREL 75
+ [double0l]

23X« double B (ZEEIANA])

FA: V; BIEELE T,

fERIL—IL

K7 7 ANEMHAT 22D TOAL—VELTO@ED TT,
o ITREIE CHARBEITI By Ny XDEMITEEE A,
s BADPEEL TIRESNHEIET T —RTLET,
o [int0l] LERINTVWEF 7Y 4 b7 —a VHEMEHORBARLRZHEFL 7T LET,
* [int02]-[int03] ZFEE T % X, HPHN OB EIEE LB 7 — KT LET,
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429 HundsE7 71l

Hund 77 v 7V > 7% NIV b =7 VISHIMAET (S = 1/2 DR TOAEMAEE), [IFINA 2IHIZLLT

THALNET,

Z Ty (nagngy + niyngy)

U7 7 Al sd#i L %5,

(4.10)

NHund 6

::::::::Hund =—=====
0 1 -0.250000
1 2 -0.250000
2 3 -0.250000
3 4 -0.250000
4 5 -0.250000
5 0 -0.250000

77 1ILER

T XS5 C R 2z b £3,
c LT Ay X (MIHREFELNTHRED D A,
* 2 17: [string01] [intO1]

e 35T AN X (ABRELNTHRED D THA),

6 7L [int02] [int03] [double01]

INFA—&
* [string01]
R ¢ string B (ZEEARA])
B : Hund v 7Y » Z7ORBEDO X —v — FAEEEL 3 (HE).
¢ [int01]
R« int B (ZZEAA])
SREA: Hund 7 v 7V ¥ ZORBEREEL £3
+ [int02], [int03]

23K ¢ int B (ZEEARA])
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B A4 P BREBRIEET 2BEL. 0L L Nsite R CIEEL £7,
* [double01]

23X« double B (ZEEIANA])

HEA: g BIEEL R T,

fERIL—IL

K7 7 ANVEMAT 21CHo TOAL—VELTOM@ED T,
o TTRIEE CHRARAZITI By Ny XDAMIITEZHEA,
o BODPEE L THRESNLGEIIET I —KTLET,
o [int01] EERZXN TS Hund B v 7V ¥ ZORBDRLZHHEIT I KT LET,
* [int02]-[int03] ZFEE T 2B, HEAS OB EIEE LB EE T I — KT LET,
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4.2.10 PairHop {7 7L

PairHop 1 v 7V ¥ 7% NIV b =7 VI IMMAET (S =1/2 DR TOAEHATEE), T MR 2 HIFIL
TTHEZONET,

Z J5 (chesrel i+ hee) @.11)

U7 7 Al sd#i L %5,

NPairhop 6
::::::::Pairhop —=—===
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 ® 0.50000

771N

T XS5 C R 2z b £3,
c LT Ay X (MIHREFELNTHRED D A,
* 2 17: [string01] [intO1]

e 35T AN X (ABRELNTHRED D THA),

6 7L [int02] [int03] [double01]

INTA—=H
* [string01]
o3« string B (Z2E RN
BB : PairHop 7 v 7V Y ZOMEBOF— v — RAZEEL £F (EE).
¢ [int01]
fE3 : int B2 (ZEEARTD)
HBA : PairHop B v 7V ¥ ZOMREEEEL 5,
« [int02], [int03]

23K ¢ int B (ZEEARA])
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B A4 P BREBRIEET 2BEL. 0L L Nsite R CIEEL £7,
* [double01]

23X« double B (ZEEIANA])

BRI RHEEL T

fERIL—IL

K77 ANVEERT 212HTo TDOL—VELTOED TY,
o ITREE THAABLZITI 2 Ny XOBBITE LA,
e [int01] £ EF SN T W2 PairHop 7 v 7V ¥ VORBDBRZZGEIT T KT LET,

o [int02]-[int03] Z457E 5 B F%, #FAN OB EIEE L HAE T I KT LET,
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4.2.11 Exchange {87 71/l

Exchange 7 v 7V Y 7% NIV =7 VIMNTIMAET (S = 1/2 DRTOALHATEE),

i

= Ji(chepcl e + clyejichen)
i.j
PMIFMR SHh, A Y ROBGEITE
ZJE" (S8 +575))

ETROBA

4.12)

(4.13)

BHFMASNET, AEVRD (SFS7 + 5757) ZBFROREFTESIET L. —(clepcl iy +

bﬂu@ﬂ&ﬁ% CITERLTFSL, HTK774WW%ﬁﬁLi?O

NExchange 6

::::::::Exchange ——=———=
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 0 0.50000
7 71 ILER

MTo X578t B2 2z e b 3,
s LT ANy X (IDXFEINTHRED D FEA),
* 2 17: [string01] [int01]
¢ 35 T ANy X (IREINTHHED D FEA),

o 6 1TLAF%: [int02] [int03] [double01]

NFTA—=%
* [string01]
ezt : string B (AT
&EA : Exchange 7 v 7'V ¥ Z OO F — 7 — FHZHEL £T ((EE).
* [int01]
B : int B (ZEEARA])
%88 : Exchange 7 v 7’V ¥ 7 OMREEREL 3,
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« [int02], [int03]

Fext : int B (ZEE AR

BB A4 P REBRIEET 2BEL 0L L Nsite R CIEEL £79,
+ [double01]

= : double %Y (Z2HAH])

BB S RiEELE T

fERIL—IL

K7 7 ANVEMHT 21CHo TOAL—VELTOM@ED T,
o TREZE CHARLETD . Ny XOERITEEEA,
e MADWEBEL THEESNLGAIKIEL I KT LET,
¢ [int01] L EFR SN T2 Exchange 77 v 7'V ¥ 7 OMBDB R 2H/EFL 7 KT LET,

o [int02]-[int03] EAEET 31 MHSNOEREIEE L BT T — KT LET,
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4.2.12 Ising i€ 7 71l

Ising HEAEFHZ NIV =7 YIMHIMZET (S =1/2 DR TOAMFHAEE)., BEBTFROHEAICE

Z j(nir = nig) (njr —nj)

BT MZ 5, AV VRDOBEIE
= J5S7S;
1,J

BTMZenE T, UTIT7 7 A APlZEEL 5,

(4.14)

(4.15)

NIsing 6

::::::::I slng —=—=====
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 ® 0.50000

77 1IUER

DITFO X517 LR R 2R D 5,
o LT ANy X (MBELNTHHED D FRA),
o 2 47: [string01] [int01]
¢ 3517 ANy X AIHEFELNTHHEED D B A).

o 6 1TLAR%: [int02] [int03] [doubleO1]

INT A=A

* [string01]

fZ3X ¢ string B4 (ZEEHANA])

#EA : sing HAEFHORBO X —v — FHZHEEL £5 (HER).
¢ [int01]

fz3K ¢ int BY (ZEEAA])

A : Ising FHAMEH ORBEIEE L £ 3

78
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« [int02], [int03]

Fext : int B (ZEE AR

BB A4 P REBRIEET 2BEL 0L L Nsite R CIEEL £79,
+ [double01]

= : double %Y (Z2HAH])

BEA: L BHEELE T,

fERIL—IL

K7 7 ANVEMHT 21CHo TOAL—VELTOM@ED T,
o TREZE CHARLETD . Ny XOERITEEEA,
e MADWEBEL THEESNLGAIKIEL I KT LET,
o [int01] LERSN T2 Ising HAEMEHDORED RZ2BEF L7 —KTLET,
o [int02]-[int03] ZFEE T 2 HE. HPAS OB EIEE LB EET I — KT LE T,
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4.2.13 PairLiftis€ 7 7 1L

PairLift 77 v 7'V Y 72 NINV =7 VIMTIMAET (S =1/2 DRTOAEHATEE), IFMZ 2IHIZ
MFtcEzohET,

PairLif T T i
Z JE (chyeiclyei) + el enclyein) (4.16)

U7 7 Al sd#i L %5,

NPairLift 6

::::::::NPairLift =—=====

0 1 0.50000

1 2 0.50000

2 3 0.50000

3 4 0.50000

4 5 0.50000

5 ® 0.50000
771N

T XS5 C R 2z b £3,
c LT Ay X (MIHREFELNTHRED D A,
* 2 17: [string01] [intO1]

e 35T AN X (ABRELNTHRED D THA),

6 7L [int02] [int03] [double01]

INFA—&
* [string01]
o3« string B (Z2E RN
FiBA : PairLift 7 v ) Y ZORBBDO X -V — FHEEEEL T (HEE).
¢ [int01]
R ¢ int B (ZEEANA])
EA : PairLift v 7V ¥ ZOMRBERREL £ 3
+ [int02], [int03]

23K ¢ int B (ZEEARA])
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B A4 P BREBRIEET 2BEL. 0L L Nsite R CIEEL £7,
* [double01]

23X« double B (ZEEIANA])

BB« JEALt RE LT

fERIL—IL

K7 7 ANVEMAT 21CHo TOAL—VELTOM@ED T,
¢« AVVROATHAARETT, BETR, THERTHEE LB EFEICEH I EEA,
o ITREIE T AIABEITI By Ny XDEMITEEE A,
s BODEHL THREINLZBEIET I KT LET,
e [int01] L ER SN T WS PairLift 7 v 7'V > ZORBOIRZ 25837 T LET,

o [int02]-[int03] ZH57EF B F%, HPAN OB EZIEE L HAE T 7K TLET,
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4.2.14 OneBodyGiEE7 7T/l

R 7Y — VBB (c] cjoy) ZEMELE T, IFIC7 7 A LBIZFRIML T T

NCisAjs 24

0 0 0 0
0 1 0 1
1 0 1 0
1 1 1 1
2 0 2 0
2 1 2 1
3 0 3 0
3 1 3 1
4 0 4 0
4 1 4 1
5 0 5 0
5 1 5 1
6 0 6 0
6 1 6 1
7 0 7 0
7 1 7 1
8 0 8 0
8 1 8 1
9 0 9 0
9 1 9 1
10 0 10 0
10 1 10 1
11 0 11 0
11 1 11 1
77 1ILER

DTo X5 c b LR ZERE L D 9,
o 1T ANy X (IDXEINTHRED D FHEA),
o 2 47: [string01] [int01]
¢ 3517 ANy X AIHEFELNTHHED D B A).

o 6 {TLIR%: [int02] [int03] [int04] [int05]
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INT A=A

* [string01]

fZ3K ¢ string B (ZEEHANA])

HEA . —Rk 7V — VBB REB D ¥ — 7 — FREIEEL £ 5 (ER),
¢ [int01]

ez« int B (ZEEHARE])

A .~k ) — VBB DR ETEE L 9
* [int02], [int04]

feR ¢ int B (ZEEH ANA])

A A MRS EIEET 28 0LLE Nsite R CIREL £
« [int03], [int05]

A3 ¢ int B (ZEEANA])

A AV U RIEE T 2B, ETR - EBETROGER
0: 7w ALY,

I: By VA,

2 Y RDGEITIE,

0,1,---,28 +1(=8 —0.5,-S+0.5,--- , S+ 0.5 )
PERT L e HkE T,

fERIL—IL

K7 7 ANEMHAT2ICH> TOL—VELTO@ED TT,
o ITRIEE THAAAZITI M Ny XDEMIITEEEA,
o BODEHE L THRESNLGEIIZT I KT LET,
e [int01] BRI NTWDE KT Y — VBB OB R 2 5B L7 KT LET,
* [int02]-[int05] ZF&E T 2 BE. HEANOBEEEE LHEE T —KTLET,
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4.2.15 TwoBodyGiEE7 7T /L

TRV — BBl CjoyChy, Cloy) BRTEILE T, BB, AU VL TRHET 2581, i=j.k=1
ERBEIFELTLLEZ WV, HITIT7 7 A ABIZEBHL £,

NCisAjsCktAltDC 576

0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 1
0 0 0 0 1 0 1 0
0 0 0 0 1 1 1 1
0 0 0 0 2 0 2 0
0 0 0 0 2 1 2 1
0 0 0 0 3 0 3 0
0 0 0 0 3 1 3 1
0 0 0 0 4 0 4 0
0 0 0 0 4 1 4 1
0 0 0 0 5 0 5 0
0 0 0 0 5 1 5 1
0 0 0 0 6 0 6 0
0 0 0 0 6 1 6 1
0 0 0 0 7 0 7 0
0 0 0 0 7 1 7 1
0 0 0 0 8 0 8 0
0 0 0 0 8 1 8 1
0 0 0 0 9 0 9 0
0 0 0 0 9 1 9 1
0 0 0 0 10 0 10 0
0 0 0 0 10 1 10 1
0 0 0 0 11 0 11 0
0 0 0 0 11 1 11 1
0 1 0 1 0 0 0 0
771ILER

DT XTI U R 2TE 2 e D 5,
e 1T ANy X (AREIPNTHRIED D THA),
o 2 47: [string01] [int01]

¢ 354T: AN X (AIDBEIPNTHIED D TEA),
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o 6 f7LAR%: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09]

INT A=A

* [string01]

fz3X ¢ string B4 (ZEEHANA])

FEA: RS — BRI O ¥ — v — FHREREL T (ER).
* [int01]

2« int B (ZEEARA])

A R — Y BIRN DRETRE L T,
« [int02], [int04],[int06], [int08]

ez« int B (ZEEHAR])

HEA: VA MRS EIEET 2. 0LLE Nsite RIGTHHEL 75
* [int03], [int05],[int07], [int09]

fizal ¢ int B (ZEEANA])

BEA: R VERIRET 2B, ETR. OHETROEGEICE
0: 7y FAE Y,

I: XU YA,

2Y Y ROEEITIE,

0,1,---,28 +1(=8 —0.5,-S + 0.5, , S + 0.5 <X
PERT e BHRET,

ERIL—IL

K7 7 ANVEMHAT 21CH7o TOAL—VELTOM@ED T,
o ITREIE TR ARBEITI M. Ny XDEMITEEE A,
s MOAMPERL THREINLHAICEZ I KT LET,
« AV VI L TEIETRHA. i =5,k =1 Bl I BROVIGERTPFET 227 KT LET,
o [int0l] EERSNTWD =K7Y — VBB OB RL 25837 — KT LET,
* [int02]-[int09] ZH&E T 2 BE. AN OBEEIEE L HEE T — KT LET,
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4.2.16 SingleExcitationiEE7 71JL

—REIRIE 2 VR T 5 72D DT ci0, (c], ) ZEFLET. UTR7 7 A MAIZFERL 25,

NSingle 24

0 ) 0 1.0 0.0

0 1 0 1.0 0.0

1 0 0 1.0 0.0

(continue...)

11 0 0 1.0 0.0

11 1 0 1.0 0.0
771N

MTD X3 ATRIIISCRZZTEAZ E D %5,
s LT ANy X (IDFEINTHRED D FEA),
* 2 17: [string01] [int01]
¢ 35 T ANy X (IREINTHHED D FEA)

* 6 7LAR#: [int02] [int03] [int04] [double01] [double02]

NFTA—%

* [string01]
fiz30 : string B (Z2EHAA])
HEA: —HEEEETOX -7 — FRZIEEL £3 (ER),
* [int01]
iz ¢ int B (ZBEAR])
A . AR EREFORBEIEEL $5,
* [int02]
fiz30 ¢ int B (ZEEANA])
HEA: VA P HRSEIEET M. 0LLE Nsite RiTHHEL 75
* [int03]

fz30 ¢ int B (ZEEANA])
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SR : AV RIEET 2B, ETHR - OHETFROGEE
0: 7y SR,

1: xR,

2 Y RDBGEITIE,

0,1,---,28 +1(=S —0.5,-S+0.5,---, 5+ 0.5 1)
BEIRT 2 Z e kT T,

* [int04]

e ¢ int B (ZEEART])

FHEA . —RIEEE T O X A4 T RREE T 5B
0: ¢io,

lch

101

IR 5 e R T T

¢ [double01], [double02]
iz : double B (Z2 A
Bi8:ci, (cl ) DEEE [double01], % [double02] TZHZIUEEL F 5,

101

fERIL—IL

A7 7 ANEMHATBICH>TOL—VZELITFOED TY,
o ITRIEE THAIAAZITI M Ny XDOEMIITEEEA,
o BODEE L THRESNLGEIIZT I KT LET,
s [int01] ZEFRIN TV 2 —HFIEEHEE T ORBDIRR 2HEET T KT LET,
o [int02]-[int04] ZH57EF B FE, HPASN OB ZIEE L LHAR T 7 KT LET,
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4.2.17 PairExcitationisE7 71/l

“ARERIE & AFRR T 2 72 DUHET cio,l,, (cly Cjoy) BEBRLET. BB cioyCly, E cly Cjoy, R

FTRZLIEHKRERA, T2, S, IRFEORIEMN LT oy =09 EFTAREDRD D 5, LULFICT 7 44
PERHHLET,

NPair 24

0 0 0 0 0 1.0 0.0

0 1 0 1 0 1.0 0.0

1 0 1 0 0 1.0 0.0

(continue...)

11 0 11 0 0 1.0 0.0

11 1 11 1 0 1.0 0.0
771IIER

DTO X578 CRELRZERE D 9,
o LT ANy X ([AELNTHHED D FRA),
« 247 [string01] [int01]
¢ 354T: ANw X (AIBEIPNTHRIED Y TXEA),

* 6 #7LU%: [int02] [int03] [int04] [int05] [int06] [double01] [double02]

INZA=%

* [string01]
fz3 ¢ string B4 (Z2EHANA])
HEA: AEEREFOX -7 — FREHEEL 3 (HER).

* [int01]
3 ¢ int B (ZEEARAD
A . ARREERE T ORBEIEEL £,

* [int02], [int04]
2« int B (ZZEARA])
FEA: VA MRS EIEE T 28, 0 LLE Nsite Rifi CIEEL £9
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« [int03)], [int05]

fizal ¢ int B (ZEEANA])

A AV U RIEE T 2B, BTR BB TROGEE
0: 7y ALY,

1. XA,

2V Y RDIGEITIE,

0,1,---,28 +1(=S—0.5,-S+0.5,---, S+ 0.5 )
PEIRT B e BHRET,

* [int06]

fizal ¢ int B (ZEEANA])

FEA . ARRER O X4 TREE T 5 B

i
0: ¢io, ¢,

RS B
l.cmlcj(72

IR 5 R E T

* [double01], [double02]
238« double & (Z2EHAA])

SHEA . cmlc}@ (cJr

ial

Cjoy) DFEH% [doubleOl], FHEHR% [double02] TZNZAIUEEL £7,

ERIL—IL

K7 7 ANVEMHT 2ICH/2> TOL—VELTOEY TE,
o ITREIE TR AIABEITI By Ny XDEMRITEEEA,
s MADPERL THRESNHERE LTI —KTLET,
e [int0l] EERSN TV D _MAAEEE T ORI RR2HEEIT 7 KT LET,
¢ [int02]-[int06] ZHEE T 2B, HPHNOBMEIEE L GBI 7 KT LET,
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4.2.18 SpectrumVecigE7 71 JL

ART MAREHDAN 7 7 ANLDAY ZEIEELE T, 77 ALVELBIT7 7 A AVEREZUTOED T
3 (7 7 4 VERIX eigenvec.dat L FEET ). 7 7 A LT — RIS F VXTI,

771I%&

o ## rank $$.dat

##13 SpectrumVec THREZINEN Y X, $$137 v 7 FFZR LT, . &&IETPQRDY > 7Y 7
DESERLET,

7 71ILER

fiz30 ¢ int Y

SHER : EHENR O BN N 2R R R E T 2L
* [int02]

3 ¢ int &Y

B BHLICE LR Ty THERLE T, Lanczos B TIE Lanczos 27 v 7. TPQIETIEN I
P 7 YR RE LR ERE TR £,

¢ [double01], [double02]

22 : double A

FA: ANT IR PLOMEERLET,
[double01] 235EHR, [double02] A EFRE R L £ 3
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4.2.19 OneBodyTEEE7 71/l

BIRFLCTRHINE NS RO T tio, o, (el Cjoy ZERLET, UTICT 7 A ABIZTML T,

Al1lTimeStep 100

0.0 4
o 0 1 0 1.0 0.0
1 0 0 O 1.0 0.0
0 1 1 1 1.0 0.0
1 1 0 1 1.0 0.0
0.2 4

(continue...)

7 71ILER

DT LS ATRBIN LR 52 D 7,
s 11T ANy X (AIRFELINTHRIED D FHA),
* 2 1F: [string01] [int01]
* 35T ANy X (AIBEIPNTHRED D FHA),

6 1TLARE A t 35 X 02 DOIZITDIEE v OB/ Oz RONCHEE L. Bild TS s 2 —FHHE
TEHZIEE T 2T ZHD 5,

o m {T: [double01] [int02]

e (m+1) - (m+1+[int02]) 17: [int03] [int04] [int05] [int06] [double02] [double03]

INTA—=&
* [string01]
Rzt : string B (Z2 AT
B 7 ANVNNTERINTOVEREA LTy THERTF -V — FAEHEELET (ER).

[int01]
R ¢ int B (ZEEARA])
HEA: 7y A NVNTEBRBINTOVEIREXA LTy THEIEELE T,
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+ [double01]
23 : double B (ZEEIANA])
EA: Rt ZHREL 9
* [int02]
3 ¢ int B (ZEEAAD)
A KL ¢ TS s — AR O ZFEE L 9,
* [int03], [int05]
3 ¢ int B (ZEEARAD
FEA: VA MRS EIEE T 25, 0 LLE Nsite Rifi CIEEL £9
* [int04], [int06)

22 ¢ int B (Z2EANE])

B AV REET 2B
0: 7y SRV

1. XY ALY

BEIRT 2 Z e BHRET,

* [double02], [double03]
22 ¢ double Y (ZZEHANH])

PR« Kt TN 2 —(AHEAEH D FEE % [double02], HEFBZ [double03] TZNZHNIEE L
9,

fERIL—IL

KT 7 ANVEMEAT21CHTo TOL—NVEILTOHED TT,
o ITREE T AIABEITI By Ny XDEMITEEE A,
* ModPara 7 7 4 /L CHEE X415 LanczosStep 23 [int02] £ D b RKREZFVWHHIIF I KT LET,

o [int03]-[int06] ZAEET 31 FHSNOEMEIEE L BT T — KT LET,
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4.2.20 TwoBodyTEsE7 71/l

HRATHME NS ZRUOTELT Lioyjoshosion (e, Cios o, o, TEELET o LITICT 7 4 A I
RUET,

AllTimeStep 100

===== TwoBody Time Evolution =====

0.0 3
0 O 1 06 0 0 O 1.0 0.0
1 1 06 6 0 0 O 1.0 0.0
1 1 06 2 0 2 O 1.0 0.0
0.2 3

(continue...)

7 71ILER

DT LS ATRBIN LR 52 D 7,
s 11T ANy X (AIRFELINTHRIED D FHA),
* 2 1F: [string01] [int01]
* 35T ANy X (AIBEIPNTHRED D FHA),

6 ITLARRIEINZ] t B & O Z DRZIT D IEE v DM AR DA Z BRANTHEE L. il TGS 2 R HEE
MzfaE s 2 BXZmWD £75,

o m {T: [double01] [int02]

e (m+1) - (m+1+[int02]) 1T: [int03] [int04] [int05] [int06] [int07] [int08] [int09] [int10] [double02] [double03]

INTA—=&
* [string01]
Rzt : string B (Z2 AT
B 7 ANVNNTERINTOVEREA LTy THERTF -V — FAEHEELET (ER).

[int01]
R ¢ int B (ZEEARA])
HEA: 7y A NVNTEBRBINTOVEIREXA LTy THEIEELE T,
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+ [double01]
23 : double B (ZEEIANA])
EA: Rt ZHREL 9
* [int02]
3 ¢ int B (ZEEAAD)
A KL ¢ TS AL s AR OERZEE L 9,
* [int03], [int05], [int07], [int09]
3« int B (ZEEARAD
FEA: VA MRS EIEE T 28, 0LLE Nsite Rifi CIEEL £9
* [int04], [int06], [int08], [int10]

22 ¢ int B (Z2EANE])

B AV REET 2B
0: 7y SRV

1. XY ALY

BEIRT 2 Z e BHRET,

* [double02], [double03]
22 ¢ double Y (ZZEHANH])

PR« K ¢ TINE 2 AR EAEH DA% [double02], HEFBZ [double03] TZNZHNIEE L
9,

fERIL—IL

KT 7 ANVEMEAT21CHTo TOL—NVEILTOHED TT,
o ITREE T AIABEITI By Ny XDEMITEEE A,
* ModPara 7 7 4 /L CHEE X415 LanczosStep 23 [int02] £ D b RKREZFVWHHIIF I KT LET,

o [int03]-[int06] ZAEET 31 FHSNOEMEIEE L BT T — KT LET,
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4.3 HA771I)

HH7 7 ANCET 27 7 A VB Z B L £7,

4.3.1 CHECK_Chemi.dat

Hamiltonian 6) ) i)'ﬂ:%“ /S 7 -\/\.\/ ¥ }]/
E i CT C;
/ 10 “30 -0 (417)

RS 2 ANMERR 21T VR T pie DA ENE T, UITIZT7 7 A APl L 5,

i=0 spin=0 isitel=1 tmp_V=0.000000
i=1 spin=0 isitel=2 tmp_V=0.000000
i=2 spin=0 isitel=3 tmp_V=0.000000
i=3 spin=0 isitel=4 tmp_V=0.000000
i=4 spin=0 isitel=5 tmp_V=0.000000
i=5 spin=0 isitel=6 tmp_V=0.000000

7 71ILER

UTo L5777 74 VERXZ2E D %5,

* i=[int01] spin=[int02] isite1=[int03] tmp_V=[double01]

NTA=Z
* [int01]
Rzt s int BY
#EA: ANES
* [int02]

oz int Y

PR : i, DAY UES o B FRTEEL
0: 7y FTAE Y

I oAy

ERLET,
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* [int03]

A3 int B

FEA: o OV A MES § B RTEE
* [double01]

izt : double %Y

EHEE : ,LC:L'O- O){Eo

96
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4.3.2 CHECK InterAll.dat

Hamiltonian O —fi% R EAEA D 5 B XA TS

E: T AT
I“JJ0101020201'¢71020161'020102

» (4.18)
%,7,01,02
BT B ANHERETOE T Lijjoror000, BDHAZNET, UTFICT 7 4 LAIRTRL F T,
i=0 isitel=1 A_spin=0 isite2=2 B_spin=0 tmp_V=0.500000
i=1 isitel=1 A_spin=0 isite2=2 B_spin=1 tmp_V=-0.500000
i=2 isitel=1 A_spin=1 isite2=2 B_spin=0 tmp_V=-0.500000
i=3 isitel=1 A_spin=1 isite2=2 B_spin=1 tmp_V=0.500000
i=4 isitel=2 A_spin=0 isite2=3 B_spin=0 tmp_V=0.500000
i=5 isitel=2 A_spin=0 isite2=3 B_spin=1 tmp_V=-0.500000
771IIER
UTDE5%77ANERZLE D ET,
* i=[int01] isite1=[int02] A_spin=[int03] isite2=[int04] B_spin=[int05] tmp_V=[double01]
INTA—=H
* [int01]
ez : int B
A A%,
* [int02], [int04]
et : int B
EHEH : Iiijj0101020'2 DHA F%%%?‘%?%ﬁo
[int02] 23 4, [int04] 25 j ZRL EF,
* [int03], [int05]
fext ¢ int Y
SRR Lijioioioney DAL VESERTEK,
])01010202
[int03] A% o1, [int05] 7% oo ISHIE L. ZH2H
0: 7y SRV
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L Xy R
ERLET,

¢ [doubleO1]
23 : double 7Y

A 2 Liijjor 01000, Pl
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4.3.3 CHECK_ Coulombintra.dat

Hamiltonian D% > ¥4 ~ 7 —ua Y HHEAEH

Z Uingpngy
i

(4.19)

RS 2 AR ZITVWE T, U, S hEd, UTIC7 7 A Bl ZRH L 5,

i=0 isitel=1 tmp_V=4.000000
i=1 isitel=2 tmp_V=4.000000
i=2 isitel=3 tmp_V=4.000000
i=3 isitel=4 tmp_V=4.000000
i=4 isitel=5 tmp_V=4.000000
i=5 isitel=6 tmp_V=4.000000

7 71ILFER

UTo L5774 VEX 2 D %F,

* i=[int01] isite1=[int02] tmp_V=[double01]

* [int01]

fzak ¢ int A

HEA: A& S,
* [int02]

AR ¢ int Y

HEA: U, DA FES i BRI,
+ [double01]

23 : double Y

EHEE H Uz @{ﬁo

43. HAT 71
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4.3.4 CHECK Hund.dat

Hamiltonian ® Hund 7 v 7°V >~ 2

=D I (gt + nigngy)
¥

(4.20)

B B AN ZITVWE S, S st Eh S, T 7 A A BlzR@L £3

i=0
i=1
i=2
i=3
i=4

i=5

isitel=1
isitel=2
isitel=3
isitel=4
isitel=5

isitel=6

isite2=2
isite2=3
isite2=4
isite2=5
isite2=6
isite2=1

tmp_V=0.
tmp_V=0.
tmp_V=0.
tmp_V=0.
tmp_V=0.
.250000

tmp_V=0

250000
250000
250000
250000
250000

77 1ILHER

UTo L5774 VB2 D %F,

* i=[int01] isite1=[int02] isite2=[int03] tmp_V=[double01]

* [intO1]

= ¢ int Y

FEA . ANIES

[int02], [int03]

Ao ¢ int Y

B T DY A P EESER TR
[int02] 23 4, [int03] 2% j 2R L ¥ 3,

* [doubleO1]

2=« double A

B89 : Jnd i,

100
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4.3.5 CHECK INTER U.dat

Hamiltonian DA+ 7% 4 + 7 —ua Y HEEH
Z Vignin 421)
i,

RS 2 AR 21T VRS, Vi KA ERE T, UFZ7 7 A Afl il £9,

i=0 isitel=1 isite2=2 tmp_V=-0.125000
i=1 isitel=2 isite2=3 tmp_V=-0.125000
i=2 isitel=3 isite2=4 tmp_V=-0.125000
i=3 isitel=4 isite2=5 tmp_V=-0.125000
i=4 isitel=5 isite2=6 tmp_V=-0.125000
i=5 isitel=6 isite2=1 tmp_V=-0.125000

7 71ILER

UTo&s5%7 74082 D £7,

* i=[int01] isite1=[int02] isite2=[int03] tmp_V=[double01]

¢ [int01]
fz3k ¢ int BY
FEA : ANIES
« [int02], [int03]

o ¢ int Y

HEA: V; OV A MRS ERTEY,
[int02] 23 4, [int03] 2% j 2R L ¥ 3,

[double01]
2zt : double %!

A : V; O,
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4.3.6 CHECK_Memory.dat

T2 XEV A XOMNZITVWET, BV A XBIORBELAEVZHAILET, UTIC7 740
Pl zsl# L 5,

MAX DIMENSION idim_max=400
REQUIRED MEMORY max_mem=0.000019 GB

7 71ILER

UFDE5%7 7 ANMVELZ LD 5,
+ MAX DIMENSION idim_max=[int01]

* REQUIRED MEMORY max_mem =[double01] GB

INTA—&
* [int01]
FR : int B
B EANL P AR-ZDEERLET,
* [double01]
= : double Y

B BNV P AR—ZDIERICDEL T3 XY I A XKL T (HENAIE GB),

102 BABET7AMILT+—I v bk




H® Documentation, 1) 1) —X 3.5.1

4.3.7 WarningOnTransfer.dat

Transfer DR DPEE L TV BGEEICHNDEINE T, UTIK7 » A MBI ZETLEL 5,

double conuntings
double conuntings
double conuntings
double conuntings

in transfers: i=0 j=2
in transfers: i=2 j=0
in transfers: i=0 j=2
in transfers: i=2 j=0

spni 0
spni 0
spni 1
spni 1

spnj 0
spnj 0
spnj 1
spnj 1

771V

UTFDo k5774 MEREZE D ET,

* double conuntings in transfers: i=[int01] j=[int02] spni [int03] spnj [int04]

e [int01], [int02]

o int Y

SHER : LT\ 5 Transfer O A4 P HBESEZEXLET,

¢ [int03], [int04]

= ¢ int Y

SHEA : EHE L TW3 Transfer DAY U HFEZERL T,

0: 7y AV
I: XAV

ERLET,
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4.3.8 CalcTimer.dat

IR padp o RIS D S E 5, IR, RS, FHRALEERR (M) ORI L 9. X
T TPQIEDHEDH B ZFEH L £5,

All [0000] 12.94052
sz [1000] 0.01795
diagonalcalc [2000] 0.00693
CalcByTPQ [3000] 12.90670

FirstMultiply [3100] 0.08416
rand in FirstMultiply [3101] 0.00172
mltply in FirstMultiply [3102] 0.07707

expec_energy_flct [3200] 9.06255
calc flctuation in expec_energy_£flct [3201] 1.67779
mltply in expec_energy_flct [3202] 7.31207

expec_onebody [3300] 0.11640

expec_twobody [3400] 3.28796

Multiply [3500] 0.14840

FileIO [3600] 0.20493

All mltply [0001] 7.38883
diagonal [0100] 0.04153
Hubbard [0300] 7.34636

trans in Hubbard [0310] 7.34595
double [0311] 0.00000
single [0312] 0.00000
inner [0313] 7.34299

interall in Hubbard [0320] 0.00008
interPE [0321] 0.00000
inner [0322] 0.00000

pairhopp in Hubbard [0330] 0.00006
interPE [0331] 0.00000
inner [0332] 0.00000

exchange in Hubbard [0340] 0.00004
interPE [0341] 0.00000
inner [0342] 0.00000
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4.3.9 TimeKeeper.dat

FHRERGEERDS ) SN EF, LATIC Lanczos HEDBEDH Bl 258 L % 3

diagonal calculation finishes: Wed Sep 16 22:58:49 2015
Lanczos Eigen Value start: Wed Sep 16 22:58:49 2015
1 th Lanczos step: Wed Sep 16 22:58:49 2015

122 th Lanczos step: Wed Sep 16 22:58:49 2015

Lanczos Eigenvalue finishes: Wed Sep 16 22:58:49 2015
Lanczos Eigenvector finishes: Wed Sep 16 22:58:49 2015
Lanczos expec energy finishes: Wed Sep 16 22:58:49 2015
CG Eigenvector finishes: Wed Sep 16 22:58:49 2015

CG expec energy finishes: Wed Sep 16 22:58:50 2015

CG expec_cisajs finishes: Wed Sep 16 22:58:50 2015

CG expec_cisajacktalt begins: Wed Sep 16 22:58:50 2015

771I%&

* ## TimeKeeper.dat

##X ModPara 7 7 £ LD [string02] TIEEZINE Ny XEZRLE T,
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4.3.10 sz_TimeKeeper.dat

LNV b RAR—ZAZTERT 2 BROFGGEIEWMAH N N E T, UFICHABIZEEHL £,

initial sz : Wed Sep 16 22:58:49 2015
num_threads==4

omp parallel sz finishes: Wed Sep 16 22:58:49 2015
mid omp parallel sz : Wed Sep 16 22:58:49 2015
omp parallel sz finishes: Wed Sep 16 22:58:49 2015

T771IL%&

o ## sz_TimeKeeper.dat

##1X ModPara 7 7 £ /LA D [string02] THHEINZANY XERLE T,

106 BABET7AMILT+—I v bk




H® Documentation, 1) 1) —X 3.5.1

4.3.11 Time_CG_EigenVector.dat

(Lanczos D &) CGIETEAERY b ZFHETEon 72 H N L5,

allocate succeed !!!
b[4341]=1.000000 bnorm== 1.000000
i_itr=0 itr=5 0.0411202543 0.0000100000

i_itr=0 itr=155 0.0000000053 0.0000100000
CG OK: t_itr=155

i_itr=0 itr=155 time=0.000000
fabs(fabs(xb)-1.0)=0.9955114473313577
b[4341]=0.004489 bnorm== 1.000000

i_itr=1 itr=5 13.0033983157 0.0000100000

CG OK: t_itr=275

i_itr=1 itr=120 time=0.000000
fabs(fabs(xb)-1.0)=0.0000000000001295

number of iterations in invl:i_itr=1 itr=120
t_itr=275 0.000000

T71IL%&

* ## Time_CG_FEigenVector.dat

##1X ModPara 7 7 £ JLAD [string02] THHREINZANy XERLE T,
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4.3.12 energy.dat

(Lanczos i£. LOBCG ##EMD &) Lanczos 3D L L 1X CGIETRDZEEFE R A ZHAVWTHE L XL
¥—, X7ure (S,)2HAOLET, UTR7 7 A HIZGE@H L 3,

method="Lanczos" D&

Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

method="CG" D&

State 0
Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

State 1

T771IL%&

o ## energy.dat

##1X ModPara 7 7 £ /LA D [string02] THHEINZ2ANy XERLE T,

7 71ILER

* Energy [double01]
* Doublon [double02]

* Sz [double03]

INT A=A

¢ [double01]
23X : double Y

5B : Lanczos 7% * CGIETRDZEB R P EHAVHE L A LE—,
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* [double02]
23X : double Y

£%BA : Lanczos i - CGIETRDIZEHRZ bAEHAWVEIRELEZZ T Rr > Ni > i(nipniy) (N 1 &34
M0,

* [double03]
2zt : double %!

A : EAHRZ PRV L (S.).
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4.3.13 Lanczos_Step.dat

(Lanczos i£, LOBCG IETOA ) FEERZ bLERDTWEEOn 72N LET, LTI 74 Afl)
ZRLUET,

LanczosStep E[1] E[2] E[3] E[4] Target:E[3] E_Max/Nsite

stp = 2 1.2149586211 14.6560471044 xxxxxxxXxxX Xxxxxxxxxx 0.0000000000 xXXXXXXXX

stp=4 -5.6626980051 3.1523174817 12.4860778911 21.2322666770 12.4860778911 2.
6540333346

stp=6 -8.5113374325 -2.3219709559 4.3459108959 11.5079386600 4.3459108959 3.0307814358
stp=8 -9.5061025854 -5.2757708534 -0.1734100333 5.2236216333 -0.1734100333 3.
2049774861

stp=10 -9.7541889139 -6.6054773893 -2.9493235242 1.2364826532 -2.9493235242 3.
2686702753

stp=84 -10.4543987874 -9.8960493865 -9.7550111859 -9.7407358084 -9.7550111859 3.
—3731105157
stp=86 -10.4543987874 -9.8960493865 -9.7550111859 -9.7407358084 -9.7550111859 3.
3731105157
stp=88 -10.4543987874 -9.8960493865 -9.7550111859 -9.7407358084 -9.7550111859 3.
—3731105157

method="CG" D&

Step Residual-2-norm Threshold Energy
1 6.79819e+00 8.19743e-07 7.86586e+00 8.19743e+00 8.02804e+00
2 7.47402e+00 3.69905e-07 3.35827e+00 3.63546e+00 3.69905e+00
3 5.30943e+00 2.44472e-07  -2.44472e+00 -2.23296e+00 -1.95487e+00
4 4.52737e+00 5.10297e-07 -5.10297e+00 -4.92390e+00 -4.58682e+00
5 3.66168e+00 7.14105e-07  -7.14105e+00 -6.91226e+00 -6.44532e+00
6 3.12717e+00 8.27201e-07 -8.27201e+00 -7.93262e+00 -7.44680e+00
152 1.05602e-06 1.04544e-06 -1.04544e+01 -9.89605e+00 -9.89605e+00
153 1.07401e-06 1.04544e-06 -1.04544e+01 -9.89605e+00 -9.89605e+00
154 9.45018e-07 1.04544e-06 -1.04544e+01 -9.89605e+00 -9.89605e+00
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7715

o ##_Lanczos_Step.dat

##X ModPara 7 7 A4 LN D [string02] THEEINZANy XERLE T,

7 71ILFEER

¢ method="Lanczos" D¥%&
stp= [int01] [double01] [double02] [double03] [double04] [double-a] [double-b]
* method="CG"DHE

[int01] [double-c| [double-d] [double01] [double02] ...

* [int01]
Rzt int Y

SHBR : Lanczos 7 -LOBCG IETOEER T v 7H,

[double01], [double02], [double03], [double04] ...
238 : double Y

£5%ER : Lanczos 7% -LOBCG A CRIERHIZ KD SN 7= EHEHE RNz D, Lanczos TS 4
57, LOBCG 75Tl exct TIEE LEEDH T 2N F 35 (LEEDRFITIE exct=3). Lanczos £ TIdfiEE
LTV EAEMHETE DT IEEEZSNETH, LOBCG IETIEMHE LT 2 EE0CIE U CHEEH
BN ET. L oBITIEE —EERE 2 B LICHBR L TWE 290 h 9.

* [double-a]
23X ¢ double Y

#18H : (Lanczos £®D #A) LanczosTarget THEE L7z, PJCRHIEICHW o L 3 BHESHE X E T (&
SLOHITIE LanczosTarget=3).

* [double-b]
2zt : double %!

#1EA : (Lanczos ED &) i KEHEZ Y 4 MELTH| > 723 D. TPQ iETD LargeValue O FRIHE & 72
DET.

¢ [double-c]
238 : double Y

BB : (LOBCG D A) R LZEBE R MLOEED 2- 7 VLA OFTHRAD SO, PHHIEICH WY
HbNET.
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* [double-d]
23X : double Y

SRBA . (LOBCG iED &) IWHHIED L = \WMHE. LanczosEps THE L 7-HICEERED Z XL F —D
ot 2 2 TV E T
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4.3.14 Time_TPQ_Step.dat

(TPQIETDAH ) TPQIETD AT v 7HOBWBREEZ 1L %3, HilEOLEIXMEIE
IRz 7 A nfilzm L5,

FRRENET,

set 0O step 1:TPQ begins: Wed Jul 13 07:59:20 2016
set 0 step 2:TPQ begins: Wed Jul 13 07:59:20 2016
set 0 step 3:TPQ begins: Wed Jul 13 07:59:20 2016

set 4 step 1997:TPQ begins: Wed Jul 13 07:59:32 2016
set 4 step 1998:TPQ begins: Wed Jul 13 07:59:32 2016
set 4 step 1999:TPQ begins: Wed Jul 13 07:59:32 2016

T771ILE&

o ## TPQ_Step.dat

##13 ModPara 7 7 A LN D [string02] TIEE SN BNy XERL T,

7 71ILER

* set [int01] stp [int02]: TPQ begins: [string01]

* [int01]

F= ¢ int Y

B : TPQETO Y — N,
* [int02]

30 int Y

SHEA : TPQ IETOD R T v 7H,

[string01]
FxL ¢ string 5

A : FHRBHAGIRERH.
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4.3.15 Norm_rand.dat

(TPQ IETDAH ) TPQ IETOERIBENEROr 72 H L5, HHEOGEXMENBEINET,
T 7AWl RLET,

# inv_temp, global_norm, global_lst_norm, step_i
0.017471 19.046586 11.288975 1
0.034863 19.089752 11.288975 2

31.999572 20.802362 11.288975 1997
32.015596 20.802362 11.288975 1998
32.031620 20.802362 11.288975 1999

T771ILE&

e Norm_rand??.dat

2% TPQ IEEFTEI D run DFEZRL T,

7 71ILER

LATHIEAN Yy T, 2/ THMBEU T O 7 7 A MEATREE S N E 5,

* [double01] [double02] [double03] [int01]

AP St

¢ [double01]

2=k : double H!

FHBR : WRE 1/kpT,
¢ [double02]

23X : double Y

SREA : TPQ IETAHE XN 2 BUKLAT DILBEIBIRL (X2 N V) D2 Vi (P|dn)e 7272 L i) =
(I =H/Ns)|[tr-1)o

¢ [double03]
23 : double 7Y

SHEA : BUSLRT O IR BIRIRL (5 > X X7 ML) D VL : (oldho)e 7272 L |tho) I3HIEILATD
GILUNEE ) [E5p 8
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* [int01]
F= : int BY

SHER: IS > X ARZ R UIZ (I — H/N,)( 1& ModPara 7 7 4 L@ LargeValue, N, ¥4 M)
ZVEH & B 7[5,
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4.3.16 SS rand.dat

(TPQ ETOAHINTPQ IETOERIEEREGER*E N L 5, FrtBEOHEEME BN E T, DT

27 7 A NBIRRLET,

# inv_tmp, energy, phys_var, phys_doublon, phys_num, step_i
0.017471 5.526334 45.390269 1.464589 6.000000 1
0.034863 5.266718 42.655559 1.434679 6.000000 2

31.999572 -4.814170 23.176231 0.590568 6.000000 1997
32.015596 -4.814170 23.176231 0.590568 6.000000 1998
32.031620 -4.814170 23.176231 0.590568 6.000000 1999

T771ILE&

¢ SS_rand??.dat

2% TPQ IEEFTEI D run DFEZRL T,

7 71ILER

LATHIEAN Yy T, 2/ THMBEU T O 7 7 A MEATREE S N E 5,

* [double01] [double02] [double03] [double04] [double05] [int01]

¢ [double01]

A28 ¢ double Y

BB : R 1/kpT (72721, kg = 1)o
¢ [double02]

23X : double Y

B : NIV =T OIFFE (AL F =) (M),
* [double03]

238 : double Y

B NI b =7 v D 2 BOMARHE (H?),
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+ [double04]

23X : double Y

HEA: X ooy DWIFHE Y, (ninay) o
+ [double05]

230 : double

FBA KR (n) = (02, nado
* [int01]

Rzt s int Y

SHBE : AHHS VY R ART S UIZ (I — H/N,)( 1 ModPara 7 7 4 L@ LargeValue, N, &4 M)
Ve S B 7.
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4.3.17 Flct_rand.dat

(TPQ IETDAHIT)) TPQ AT DS TS 2 ARIRKF AR EZH A L £9., HitRO% 81 MEsNER
ShEd, UPE7 7 A AflZRL£5,

# inv_temp, N, NA2, D, D2, Sz, SzA2, step_i

0.0826564 12.00 144.00 0.00 0.00 0.0009345626081113 0.2500 1
0.1639935 12.00 144.00 0.00 0.00 0.0023147006319775 0.2500 2
0.2440168 12.00 144.00 0.00 0.00 0.0037424057659867 0.2500 3

135.97669 12.00 144.00 0.00 0.00 -0.0000000000167368 0.2500 1998
136.04474 12.00 144.00 0.00 0.00 -0.0000000000165344 0.2500 1999

T771ILE&

e Flct_rand??.dat

2% TPQ IEEFTEI D run DFEZRL T,

7 71ILER

LATHIEAN Yy T, 2/ THMBEU T O 7 7 A MEATREE S N E 5,

* [double01] [double02] [double03] [double04] [double05] [double06] [double07] [int01]

¢ [double01]

= : double &Y

FHBR : WRE 1/kpT,
¢ [double02]

= : double Y

FEA : BRLTELY S, (ni)o
* [double03]

3 : double Y

SHEE : R TFHO 2 EOHIFHE (3, m4)2)o
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* [double04]

Rz : double %Y

BB : X7 m Y LS () OHIRFIE (7272 L N, B34 MO,
+ [double05]

23X« double %Y

BIBE: X7 0y DT (X, nirnay)?) ORIFRHE (7272 L N, 39 A M),
* [double06]

238 : double Y

B AE YD S, W = Y, (S7) OWIRHIE (7272 L N, 1394 M0,
* [double07]

23X : double %Y

BB 2LV D S, RATDZIR (32, S7)%) OHIFFE (7272 L N 1334 M,
* [int01]

FxL ¢ int Y

SRR IS > X AT MU (I — H/N,)( i& ModPara 7 7 4 L@ LargeValue, N, ¥4 M)
AR X B 7= m%,
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4.3.18 Time_TE_Step.dat

(FEREFERETOAN ) EREFERBETOR T v FHOMmKEEZH AL E 3, U7 7 4 A BlZ2R
l/ ij_o

step 1:TE begins: Wed Jul 13 07:59:20 2017
step 2:TE begins: Wed Jul 13 07:59:20 2017
step 3:TE begins: Wed Jul 13 07:59:20 2017

step 1997:TE begins: Wed Jul 13 07:59:32 2017
step 1998:TE begins: Wed Jul 13 07:59:32 2017
step 1999:TE begins: Wed Jul 13 07:59:32 2017

T771ILE&

o ## TE_Step.dat

##13 ModPara 7 7 A LN D [string02] TIEE SN BNy XERL T,

7 71ILER

o stp [int01]: TE begins: [string01]

* [int01]

F3 : int B

B : TEEETORT v 7,
* [string01]

ezt ¢ string #Y

A : FHR BRI
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4.3.19 Norm.dat

(ERRERRETOALT) ERHEBRIETORA LR Ty THEOQ 72N L ET, LITICT 7 4 0%

™

LE,

# time, norm, step_i

0.0000000000000000 0.9999999999999994 0
0.0100000000000000 1.0000233421898765 1
0.0200000000000000 1.0000211100654208 2
0.0300000000000000 1.0000182214014706 3
0.0400000000000000 1.0000148460317946 4
0.0500000000000000 1.0000111372562455 5
0.0600000000000000 1.0000072252313270 6
0.0700000000000000 1.0000032174168609 7
0.0800000000000000 0.9999992048382456 8
0.0900000000000000 0.9999952720176869 9
0.1000000000000000 0.9999915078951970 10
771 %

e Norm.dat
77 1ILRK

LATHEAN Yy T, 2/ THMBEEU T O 7 7 A MEATRER S N E 5,

* [double01] [double02] [int01]

* [doubleO1]
23X : double Y

SEA ¢ R ¢,

[double02]

2= : double B!

A« R SRR TR SN2 I ¢ TORBIBIR (X7 bL) D L4

* [int01]

o int Y

B 24 L RT v T,
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4.3.20 SS.dat

(EFEFEETOAN D) ERBHRBETORR Ty THOHEFBEZHAILE T, UTIC7 74 L6%

™

LE,

# time, energy, phys_var, phys_doublon, phys_num, step_i

0.0000000000000000 -6.0412438187293001 38.8635272290786489 ...
0.0100000000000000 -5.9310482979751606 37.9593669819686923 ...
0.0200000000000000 -5.8287182777288828 37.1390062697724801 ...
0.0300000000000000 -5.7384311863736031 36.4282319427381651 ...
0.0400000000000000 -5.6636677030535481 35.8466140292489897 ...
0.0500000000000000 -5.6070659264425551 35.4081795274108799 ...
0.0600000000000000 -5.5703150294725914 35.1222606981659666 ...
0.0700000000000000 -5.5540895348193438 34.9942503380419154 ...
0.0800000000000000 -5.5580244678717312 35.0260574979670665 ...
0.0900000000000000 -5.5807312981978212 35.2161499389042660 ...
0.1000000000000000 -5.6198544688797947 35.5591788356216298 ...
771IL%

¢ SS.dat
771ILER

LATHEAN Y 2T, 2 THMREIUL T D 7 7 A MERA TR SN E T,

¢ [double01] [double02] [double03] [double04] [double05] [int01]

* [doubleO1]
23X : double Y
SER « HRFE 4o

* [double02]

o= : double B

SREA: NIV b =7 ORIRHE (2L F ) (H)o
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+ [double03]

Rz : double %Y

HEA: NI b=T D2 FOHIRHE (H2),
+ [double04]

23X« double %Y

BIBA: X0y S (nagngy) (2L N, B A D
* [double05]

238 : double Y

BREA : R THL (3, na)e
* [int01]

ezt ¢ int B

A : XA LAT v TR
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4.3.21 Flct.dat

(EREFEEETOAL ) ERHEFEREETORS T 2 &8 NLTOFEMREZH I L E T, UTI

77 ANBIRRL E T,

# time, N, N42, D, DA2, Sz, Sz*2, step_i

0.0000000000000000 7.9999999999999991 63.9999999999999929 ...
0.0100000000000000 8.0000000000000604 64.0000000000004832 ...
0.0200000000000000 8.0000000000000018 64.0000000000000142 ...
0.0300000000000000 8.0000000000001013 64.0000000000008100 ...
0.0400000000000000 7.9999999999999183 63.9999999999993463 ...
0.0500000000000000 7.9999999999999520 63.9999999999996163 ...
0.0600000000000000 7.9999999999999627 63.9999999999997016 ...
0.0700000000000000 8.0000000000000835 64.0000000000006679 ...
0.0800000000000000 8.0000000000000924 64.0000000000007390 ...
0.0900000000000000 7.9999999999999600 63.9999999999996803 ...
0.1000000000000000 7.9999999999999067 63.9999999999992539 ...
T771IL%

¢ Flct.dat
771IIER

LATHEAN Y 2T, 2 THMREIUL T D 7 7 A MERA TR SN E T,

¢ [double01] [double02] [double03] [double04] [double05] [double06] [double07] [int01]

* [doubleO1]
23X : double Y
SER « HRFE 4o

* [double02]

o= : double B

BB KL THY, (n4)o
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+ [double03]

Rz : double %Y

SR : KB 2 ROIREE (3, ni)?)e

+ [double04]

23X« double %Y

BIBA: X 70y LS (nagngy) OFIFHE (272 L N3 A ED,

¢ [double05]

238 : double Y

BB : X 7m D25 L (T, ninay)?) OHIRHE (7272 L N, 394 M50,
+ [double06]

23X : double %Y

A AE YD S, KT 5 Y2,(S7) DWIRHE (7272 L N, &3 A M.

* [double07]

23X : double %Y

FA: ALY D S, KD 23k - (32, 57)%) OHIRHE (7272 L N, 3% 4 MR,
* [int01]

Aext o ine BY

HEA: 24 LART v T,
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4.3.22 Eigenvalue.dat

(FullDiag TOAH ) & AETHE LI LF -2 AL E T, UFIR7 7 AL ZEHL X5,

0 -4.8141698096
1 -3.7968502453
2 -3.2462822372

397 13.9898305290
398 14.4896221034
399 14.8525199079

7 71ILER

UTD7 7 A MEA TSN T T,

* [int01] [double01]

AP St

¢ [int01]

Fext ¢ int Y

A : EHMED index, KX LF—%0 & LT, THLFX—DRVIE,SHRET 5,
* [double01]

A2zt : double %Y

SEA: T 31— (H).
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4.3.23 phys.dat

(FullDiag TOAM ) ENAETHHE LT XL F - PWHBEZH L E T, T30 F —DRVHEET %
NE—DBIECHNEShET, UTR7 7 A ABIZTRL 25,

<H> <N> <Sz> <S2> <D>
-4.814170 0.000000 0.000000 -0.000000 0.590568
-3.796850 0.000000 0.000000 1.333333 0.423804

14.489622  0.000000 0.000000 0.000000 2.550240
14.852520 0.000000 0.000000 0.000000 2.329157

T71IL%&

o 1/ =J3)V: ##_phys_Nup_$$Ndown%%.dat
e 75V KA =H): ##_phys.dat

##13 ModPara 7 7 4 )LD [string02] THEE S NLE Ny X, $$1X Nup. %%!% Ndown ZE L £7,

771 ILHER

LATHEAN Y 2T, 2 THMREIL T D 7 7 A MEATRHEE N E T,

* [double01] [double02] [double03] [double04] [double05]

INT A=A

¢ [doubleO1]
238 : double Y

HEE: NI b =7 Y OMARHE (TR LF —)(H).

[double02]
238 : double Y

A« KR DIIRHE (n)o

[double03]
f238 : double %Y

SiBE . 2> D z B OWIFHE (S.).
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¢ [double04]

= : double Y

R . A YD 2 FEOHARHE (S?),
* [double05]

izt : double %Y

BE: X470 LY (nany) (7L N394 M),
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4.3.24 ham.dat

(FullDiag TD A1) CalcMod 7 7 4 LT OutputHam=1 DA, H ORETEHE I NIV =T
> % MatrixMarket X TH L £, CalcMod 7 7 A LT InputHam=1 ¥ $25 &, ER7 7 A L—RE K
7 7 ANEGAAG, BitET 528 TEET, UTI7 7 A Al L £5,

%%%%MatrixMarket matrix coordinate complex hermitian

28 28 56

11 1.000000 0.000000
21 0.500000 0.000000
32 0.500000 0.000000
4 3 0.500000 0.000000
54 0.500000 0.000000
6 5 0.500000 0.000000
7 6 0.500000 0.000000
7 7 1.000000 0.000000
771 %

e ## ham.dat

##X ModPara 7 7 £ LA D [string02] TIEEZINZ Ny X2 RLF T,

7 71ILER

s 1Ty
247 : [int01] [int02] [int03]

* 347- : [int04] [int05] [double01] [double02]

* [int01]

F= : int Y

#tBH : Hamiltonian D1T%K,
* [int02]

A3 int &Y

SHBA : Hamiltonian D%,
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* [int03]

fz3K ¢ int BY

5B : Hamiltonian DIEZ D EZREL,
* [double01], [double02]

2R : double %Y

SHEA : Hamiltonian DEZ R L £ 3,
[double01] H3FEH, [double02] DEE 2R L £3,

130
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4.3.25 cisajs.dat

OneBodyG THEE & N7z —h 2 ) — Y BIB (c], ¢jo,) D

APERRZHAOLE T, UTICT 7 4 LBl Z sl #

LEd,

0 0 0 0 0.4452776740 0.0000000000
0 1 0 1 0.4452776740 0.0000000000
1 0 1 0 0.5000000000 0.0000000000
1 1 1 1 0.5000000000 0.0000000000
2 0 2 0 0.4452776740 0.0000000000
2 12 1 0.4452776740 0.0000000000
30 3 0 0.5000000000 0.0000000000
3 1 3 1 0.5000000000 0.0000000000
771I%

Lanczos 1£: ##_cisajs.dat

TPQ 7X%: ## _cisajs_set??stepYoTo.dat
FEIRFRFE IR ##_cisajs_step%oYo.dat

20t ik, LOBCG i&: ##_cisajs_eigen&&.dat

##X ModPara 7 7 4 /LA D [string02] TIHE XN Z Ny &, 2NF TPQ iEFHERED run DFES. %%k TPQ
FETDAT v 78, &&IIXEEHEOFSERLET,

7 71ILER

¢ [int01] [int02] [int03] [int04] [double01] [double02]

* [int01], [int03]

fzak ¢ int AU

PR VA MBREEEET 2BHL [int01] A3 B A b [int03] 235 A P ERLET,
* [int02], [int04]

oz ¢ int BY

SREA: AV U ERIEET AR [int02] 25 op. [int03] A% op IHHEL 3
0: 7y SR Y
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L Xy R
ERLET,

* [double01], [double02]

2= ¢ double A

S : (c] cjo,) DIEERLET,
[double01] H3FEHE, [double02] DEHZ R L £3
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4.3.26 cisajscktalt.dat

TwoBodyG THEE & e 627 ) — B (c], | cjouch,, Clou) DRMRERZ NI L E T, T 7 4 L6
RPEHBLET.

0 0 0 0 0 0 0 0 0.4452776740 0.0000000000
0 0 0 0 0 1 0 1 0.1843355815 0.0000000000
0 0 0 0 1 0 1 0 0.1812412105 0.0000000000
0 0 0 0 1 1 1 1 0.2640364635 0.0000000000
0 0 0 0 2 0 2 0 0.0279690007 0.0000000000
0 0 0 0 2 1 2 1 0.2009271524 0.0000000000
0 0 0 0 3 0 3 0 0.2512810778 0.0000000000
0 0 0 0 3 1 3 1 0.1939965962 0.0000000000

T771IL%&

Lanczos 7£: ##_cisajscktalt.dat

TPQ 7k: ##_cisajscktalt_set??step%%o.dat

FEIRFEFE BRI ##_cisajscktalt_step%o%o.dat
20tA{ik, LOBCG i: ##_cisajscktalt_eigen&&.dat

##X ModPara 7 7 A /LA [string02] THRE XN 2Ny &, 2% TPQ IEFHERED run DFS. %%k TPQ
FETDAT v 78, &&IIXEEHEOFSERLET,

7 71ILER

¢ [int01] [int02] [int03] [int04] [int05] [int06] [int07] [int08] [doubleO1] [double02)

* [int01], [int03],[int05], [int07]
B3 ¢ int Y

FHEA: YA P EREEIEET 2BEG (int01] 230 YA . [int03] A3 A b, [int05] 23k B A T [int07]
DIV A T+ 2RLUET,

e [int02], [int04],[int06], [int08]

o int Y

R AUV RIEET 2EM [int02] B3 o1, [int04] B3 0. [int06] 75 o5 [int08] B3 oy WXL 5,
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0: 7y AV
I: XAy
PRLET,

* [double01], [double02]

2= : double Y

B : (], Cionchy, Cloy) DIEERLE T,
[double01] H3FEHEB, [double02] HEHFRZ R L £ 5
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4.3.27 eigenvec.dat

CalcMod 7 7 4 /L@ OutputEigenVec=1 DHEIZ, Lanczos IETatBE SN EAERZ MLzl L ET,
IntputEigenVec=1 DFEICIE. N7 7 A VDHAAAEITVE T, 7 7 A I ANA FYERTH
NENET, 77 ANMEBBIET7 7 ANVERELTOED TE,

T771I%&

o ##_eigenvec_&&_rank_$$.dat

##1X ModPara 7 7 4 LN D [string02] TIEESINZ Ny X, &&IZEHEOES. $$X7 v 7 FS5ERL
£9,

771

Note: eigen_vector D—FHAI DM ETEICHH LR WEBA > TWET,
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4.3.28 tmpvec.dat

CalcMod 7 7 A /LD ReStart=1, 2 DFEIZ, FHREBEFOXRZ P A2 LE T, 77 4 i34 FUJEX
THHENET, 77 ANVEABIUET7 7 A VERIEUTOMED TT (7 7 4 VIERUZ eigenvec.dat & [FIbk
T9)

T771I%&

 Lanczos % : ##_tmpvec_rank_$$.dat
» TPQ i%, LOBPCG 7% : ##_tmpvec_set_&&_rank_$$.dat

##H3 ModPara 7 7 £ LD [string02] THHEINEAv X, $$IET7 7 BEEZRLET, T/, &&IZ TPQ
oYy 7Y 70%FSS LLIXLOBPCG ETOEAHEOHZEEZRLET,

771 IR
RDESHRY —Z2a—FZHNT, XN FVI77 AL LTHAIENET EBOHO DY —Ra—FE

FEBHFENRIZD £9),

Lanczos

fp = fopen("zvo_tmpvec_rank_0.dat", "wb");
fwrite(&umber_of_interations, sizeof(int), 1,fp);

fwrite(&local_size, sizeof(unsigned long int),1,fp);
fwrite(&last_vector[0], sizeof(complex double),local_size+l, fp);
fwrite(&second_last_vector[0], sizeof(complex double),local_size+1, fp);
fclose(fp);

TPQ ¥ X X LOBPCG

fp = fopen("zvo_tmpvec_set_0O_rank_0.dat", "wb");
fwrite(&number_of_interations, sizeof(int), 1,fp);
fwrite(&local_size, sizeof(unsigned long int),1,fp);
fwrite(&last_vector[0], sizeof(complex double),local_size+l, fp);
fclose(fp);

7272 L. number_of_interations IZIE[FE. local_size lZEH R FADH A X (MPLIF| %o T\ 3
BEREL AL PRITEIZER D £9), last_vector IZREDKETDRY L, second_last_vector
BREPS2FZBHORETORY b AR ZEFNENERL T,
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% last_vector. second_last_vector D —&HHH DB EIZHEH LAWER A > TWE T,
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4.3.29 DynamicalGreen.dat

7Y — VBB ORERREH N LE T, 77 A VBB IOT7 7 A VBREUATOED T,

7715

* ## DynamicalGreen.dat

##X ModPara 7 7 A LD [string02] THEEINZ ANy XERLE T,

7 71ILER

* 147H-: [double01] [double02] [double03] [double04]

AP St

¢ [double01], [double02]

R : double B

A REBOMEERL T,
[double01] 235EHR, [double02] A ETRER L £ 3

* [double03], [double04]

2= : double A

HEA: BV — VB OEERL T
[double03] H3FEH, [double04] DIEE 2R L £7,
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4.3.30 recalcvec.dat

Lanczso iEZ W87 U — VO BETEICHER 2 DOXRY MBI TENE T, 7 7 4 1E A
FURTHIENRE T, 77 A VEBBLUT7 7 AAERELTOED T,

T71IL%&

o ## recalcvec_rank $$.dat

##X ModPara 7 7 4 LN D [string02] THEZINE2NY X, $$EF7 V7 HFZSEZRLE T,

7 71ILER

« 1478 : [int01]

247H : [int02]

347 H - [int02]+3 17: [double01] [double02]

417H - 2x[int02]+4 1T: [double03] [double04]

INZA=%
* [int01]
A3« int B
FHEA: B — VBRI E LR Ty TRHERLE T,
* [int02]
= : Long int &4
SEA : GRS O e LU N 2R TR T B B
+ [double01], [double02]

22« double

#BA : Lanczos IECTD @11 ZHJI L E T, [double01] 23FEHEB, [double02] DSEH AR L 5, —Fix
WO FHBEMEH LR WENR A > TVET,

[double03], [double04]

2 : double
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EA : Lanczos {5 TD w1 ZHITL £ 5, [double01] 23EEE, [double02] EH 2R L £ 5, —Fk
HIDBIIEH AT LI WED A o TWE T,
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4.3.31 TMcomponents.dat

Lanczos %% A\W=81127") — VBB O B HEICHBE R ZENATHOER L FIEIRED /L A5 H 1 &
NEJT, 77 AVEZBLIUET7 7 ANAEREILULTFO@ED TF,

771I%&

o ## TMcomponents.dat

##X ModPara 7 7 A LN D [string02] THHEINZ2ANY XERLE T,

7 71ILER

« 117 : [int01]
e 247H ! [double01]

* 347H - [int02]+3 17: [double02] [double03]

* [int01]

=« int &Y

FEA: B Y — VBB DR RICE LR Ty TN, 2R L E T,
* [double01]

Rz : double %Y

PR : hEIREED L LB R LU E T,
* [double02], [double03]

= : double #Y

#tBA : Lanczos iK% FHHWEIH 77V —  BAEL D Fat BB =N AT D B3R
ai, Bi(i=1,---Ng) DEZRLET, —HBHRYIDRITIEIREIHEHLRWNER A > TVET,
[double02] A% cv;. [double03] 23 3; WX L E F
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4.3.32 excitedvec.dat

CalcMod 7 7 £ L ® OutputExcitedVec=1 DA, pairdef & ASJRZ b SEHEINFERY R L
ZHALES, 77403 TFAMERTHAENE T, UT 77 A flzil# L £73,

4096

0.0009135367, -0.0004231751
-0.0009712430, 0.0293999045
-0.0294644178, 0.0210086435
.0214247977, -0.0107587147
.0272643022, -0.0404634256
.0034322694, -0.0184446640
.0019911098, 0.0004403706

.0114685735, -0.0114381935
.0092888239, 0.0088235535

(= I — N — N — I — )

771I%&

o ## excitedvec_&&_rank $$.dat

##13 ModPara 7 7 A VA D [string02] THRE SN BNy X, &&KIZEHEOES, $$37 v 7 HBSZRL
£9,

7 71ILER

e Line 1: [int01]

e Lines2-: [doubleO1] [double02]

* [int01]

2z : long int %!

HEA : N7 P L DORTTEL
* [double01], [double02]

22 : double Y

A : NS FLOEERL T,
[double01] 235EER, [double02] A EERER L £ 3

142 BABET7AMILT+—I v bk




H® Documentation, 1) 1) —X 3.5.1

4.3.33 residual.dat

method=CG(CalcMod 7 7 4 /LT CalcType 73 3 DIFE) & HAWLEN ) — VB OEED A7 v T8I
WIEL =P sE hEhE S, 774 0VEBLXET7 7> A AEREBLLTO@ED TF,

771I%&

¢ residual.dat

7 71ILFER

1 77 H-Nomega 17H : [int01] [double01] [double02] [double03] [double04]
» NOmega+1 fTH : Z%fT

o LUT#EDIRL

* [int01]
R ¢ int B

B KX Ty THERLE T, 10 DBER0AHTERE T,

L]

[double01]
F238 : double %

PR IREBDEER L 7,

[double02], [double03]

72« double Y

SBA « RABEDS [int01]) O OENY ') — Y BBOEZ I L £, [double02] 235 HER, [double03] 23
REERZR L £ T,

[double04]

2= : double Y

A« KAEELA [int01] DIFDIRFAENRZ P D/ VLRI LET,
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44 I5—XytE—-o—%&

ERROR ! Unsupported Keyword !

FIELBRWF =T = FZIEELLGERTRRIN, 7077 83 EIELET,
"ERROR ! Keyword keyword % is duplicated !

FU*—7—F2 2 {HELLGEICEREIN. Tur 783 EFELET,

ERROR ! Unsupported Solver : solver %

method IZHHR—F LTWRWARI X=X =% ANTHE, 70277 HIMFIELET,

Sorry, this system is unsupported in the STANDARD MODE...
Sorry, specified combination,
MODEL : model %4
LATTICE : lattice %4
is unsupported in the STANDARD MODE...
Please use the EXPART MODE, or write a NEW FUNCTION and post us.

model, lattice D ENDLFEIIERBICH R— L TWRWRI X —X—F ANEGE. Tulo A
BEELET,

ERROR ! abs(2 * Sz) > nsite in Hubbard model !

ERROR ! Nelec > 2 * nsite in Hubbard model !

ERROR ! (nelec + 2 * Sz) % 2 != 0 in Hubbard model !

ERROR ! nelec <= nsite & 2 * |Sz| > nelec in Hubbard model !

ERROR ! nelec > nsite & 2 * |Sz| > 2 * nsite - nelec in Hubbard model !
ERROR ! abs(2 * Sz) > nsite in Spin model !

ERROR ! (nsite + 2 * Sz) % 2 !'= 0 in Spin model !

ERROR ! abs(2 * Sz) > nsite in Hubbard model !

ERROR ! Nelec_cond / 2 + Nelec_loc > nsite in Kondo model !

ERROR ! (nelec_cond + nelec_loc + 2 * Sz) % 2 != 0 in Kondo model !
ERROR ! nelec_cond <= nsite / 2 & 2 * |Sz| > nelec_cond + nelec_loc ...
ERROR ! nelec_cond > nsite / 2 && abs(Sz2) > nsite / 2 * 3 - nelec...

71 7 = ANVEROFTRIZBWT, ANTEnkt 4 ML BT 2R Y 2 MW EHT ER0WiA
BOETH25E BRI, BETEDHA MO 2EEID BRIV, YY) TurJ a3 FEELET,
Check !keyword % is SPECIFIED but will NOT be USED.

Please COMMENT-OUT this line

or check this input is REALLY APPROPRIATE for your purpose !
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LN T X —Z—%IRE L2RICE, 2=V = CANI7 7 A LVOMEERZIR L 71 7 F Al3EIE
LET, BEBICHREDRZ VST X=X —DEEIEAT21T2HIBRD LIEaxXy b7y L TK
72E W,

* ERROR !keyword %4 is NOT specified !
BFHEELRITNUIR LR VF =T — FPEESNTOWARWEEIZIE T 7S M3EILELE T,
o keyword %4 = value %4 ###### DEFAULT VALUE IS USED ######

CHREZI— Xyt —ITRDIDEEA, AT 7 A NVTIEEDIRD 2 7272DIZT 7 4V MEHE
b2 2 HbEEZ Ay E—ITT,

44. I5—AyE—C—E 145






147

58 T7IdUVXL

5.1 Lanczos jx

5.1.1 FEHE

Lanczos IEDEEIZOWTIE TITPACK! D~ =2 71 ¢ MEEEOIE? 25312 LTVWET

Lanczos {£EI1EH 2 IR S LA IV =7 Y REH S B TR - f/NEFOEEE - BEXRZ MLe
K& 2 HFETT, Lanczos IETREIEEE KD 2 BRI2iE Hilbert ZER DXITD K & X DIEHIBHE XTI
AW 203 BHAINIFIINNIFATAIREIR 72 KBUEBITHIOMNALFEE LTEHTH 2 Z eI h
TV, Bibd2 X512, EAENRY ML zKD 5B Hilbert ZZRDXTTDORE S DR bAhdb 5 1
ARRETT,

Lanczos iED JFRIRIINEFIRICE SOV TVWE T, NEFETIEIDBEEDRY ML F) I Hamitonian % &
RINAERH ST, H By BIEB L ET, ZDr &, ARSI 220 K, (H, To) = {Zo, H T, . .., H"To}
1 Krylov #0728l e Wb 5, #IARS M LvE H OBEBERY ML eics 2E6EEY B, £ 35) DE
DEbETERT L

Ty = Zaigz' (5.1)

YD ET, ZIIT. Ey BHOHERAKOEEMHEE LELE, $AINITVETIAI—FTH BT
., BEHEHEEZETERTHL I ICERTAXEND D £, Z U Hamiltonian O H" Z{EHIE 3 L.

S nl - EN\"
H"Zy = Ef [aoeo + Z <E0> aie,} (5.2)
i#0
b, MHERAKEEME E NS T 2EHENY MVBZEICR D 5, BUIRERET-oT, 20
EENXZ b ADRG E S % DA Lanczos T,

Lanczos &T@i\ Kn(H, fo) s E)IE%E[EQJ\\? ~ov 170, . ,1_]'”_1 %ﬁ@?ﬁ% 1z Lf:i))\O’CJ"Ey_\’EE\Z LT
WEFET, WHSRNE 0 = T/|T0), B0 =0,7_1 =0 23 3 &, EHELEEIIXRDFHEITL > TEX
AR T 2 Z e TEET,

Qp = (Hﬁk,gk)

W = Hy — BrUk—1 — ar Tk

R 53
Brsr = |1 (5-3)
. T
V41 = W

! http://www.qa.iir.titech.ac jp/~nishimori/titpack2_new/index-e.html

2 M. Sugihara, K. Murota, Theoretical Numerical Linear Algebra, Iwanami Stud-ies in Advanced Mathematics, Iwanami Shoten, Publishers,
2009.

SEHILDZDIZ, M HE TEIANIN =T VOMARTERT Y bV 1AL, A Y 2 85 S, RE, NFBIREDHEIEZ D
WEBEZIET 27 PV 1 K RFHHER L TVET, WINMORY FLOKREE S Hilbert ZZEDORITTT,
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CDERNS, ag,Br & BIHHMTHD L ICFEETIRHERD D £7,
IS DIEMHER IR LS Kryrov FiAZEM O TS & DIV b =7 RS 2 [E A fEREE,
T, =VIinv, (5.4)

CEBENET, TIZT Vol di(i =0,1,...,n—1) ZURZATHITT, T, IZ=EXHITHITHD., Z
DX AR oy, BIAKDE 5; TEZONE T, ZOZEMNATHIT, DEEEEZDEDNINL =T
Y OEEMDEMEY 72> TWET (VIV = L1 ZBEMTHITH 5 2 L ICHEE). T, DEERY b % 6
EFRLBEDNINLTVOEERY ML DMRIEE = Ve THEABRET, V 2EATHIUD,
Lanczos {E#1T9 L AFICEB R bV ERD 2 Z e B TEFTH, EROEEI (Hilbert 22/ D RIT x
Lanczos D KIEEE) DK E X DITHERFFT 2 Z IR A]EET T, # I C. Lanczos IECHEEEZ KD
7%, & BREFELTHEY, HURE LU Lanczos IEDFEERITVRD 7 V 2 SILOEE R ML EEB T3
koL TWVWET,

Lanczos {£TZ, Jt® Hilbert ZZRDOXIT & D +70/N X WKIERE THRA N /M WEEEZFEE X <
RDBZZENTEZZEDPHIONTOVWET, THRDLDE T, DXL n 3BEH-HTRETTAZ T, EREMNIC
. KK O ENEA B O FHfi D #4721 Lanczos D AR R U THRBEERINICHA 32 Z e 2R E N
TVET GEllIZ Ref.” 2B L TFXW),

5.1.2 ¥ REE

B D UEA D > T b HELRAZ b gy 16 LT (M — Bn)-! % BRI AR X 24U,
B E, ST 2EER2 A0 BB KRINCE D, EHRY FARHERRD S Z L 2T
£,

(H—E,) ' 2fFHS 2 7ER2E SRR 2 L ITOEV RS ELNE T,
Uk = (H = En)ks (5.5)

Z DM SRR E HIRAEE (CG ) ZHWVWTIEL 22T, BBAERZ MLERDZZENTEET, 20D
BEHNRZ MrpSEEHES X2 OMOMHBEREEE RKDEZ e TEET, £ L, CGIEOETICIZE
NIV M ZERIDRITDONY F L % 4 KER ST 208D D, KHBROFIEZETT 2RI AT E
D7 ZBBNDD B DTHEENPDETT,

5.1.3 EFEDEEICDOWVT
TEAR Y FILDEREICDWT

Lanczos IETIE, RAEX Y E—FE—FHDODASNI 7741, B L IZZF A ,8— +E— FTlX ModPara TFg
ET 3 initial_iv(= r,) KX DPHEARY PV OFREHERIETLE T, /2. #HIXZ FLiX ModPara
TREXINBE AT 7 741D InitialVecType =AWV, D L IXERHOIBEEET 2B TEE T,

o H ) = HNEMDD initial_iv> 0 DFEE
LUV FZERD S B,

(Naim/2 + 75) % Ndim (5.6)

4 % OXITIEE 4 Lanczos HEDKEEETH 3 & L ICTEH,
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DEADVEZONET, TI Ty Nygim 1EMRE KD LI~V M ZEBORBELT, Noim /2137 7 + L
M# initial_iv =1 CTRRR L~V b ZEROZFEIRZ X 1T 2 72DIMA SN TVET, KRB, ER
SN DI EROEHE R 1. BEROBE X (1+49)/V2BE52 60 % T,

o 5 RA 7 = ANEFM B L L IF initial_iv < 0 DFE

PINZ PUET Y X ARZ LY LTEZbNET, BLHMOY — FIZ
123432 + |r4| (5.7)

THELE T, ZTI T, Npun Erun ODEETH D, run DFRKREEIIA X > X — KE—-FRHAN 7 7 4
. b L <& ModPara THREX N2 AN 7 7 4 LD NumAve TIHE L £ 3, initial_ivIidAN 7 7
ANVTHEEL 3, &8I SIMD-oriented Fast Mersenne Twister (ASFMT) Z FHWRAE X TWE T,

IRHEEICDWT

HO TIX, T, DXTAIIT lapack DL —F > dsyev ZHH L TE D, T, DREIREBOXRDOEEE (FE—H
FREED T4 L F —) ZIRHIERMICHVWTWE S, 77 4L FORETIE, HMID 5 [E D Lanczos A
T v 7OH%IZ, 2 [\ T, OXALEITO, #id Lanczos 27 v 7OH RO T 3 L F — L fEE L
TREEDIANT T, PORLAZHIELTWET, B, IRT 2BEDMREIX CDataFileHead (-
28— hE— FTld ModPara 7 7 4 V) TIRET 5 Z L BARET T,

Z D%, Lanczos IE% FETWV, BRV ZROT, € LLEMDERRY ML Z2RDET, 5647k
BARZ bV n) BV, ZXVF—DRHE E, = (n|H|n) BEXUANY 7V A A = (n|H2|n) — ((n|H|n))?
ZROT, E,  Laczos IETROFEHELIEE LIBET—HLTWEHh, NY 7 VAMNEE LHEE
MFichoTnarz Fxv 7 LTWET, FEELHEIGEL TOIUE, MALE&TLTVWETD,

BELEEEIGEL TOWRWEESICREWRKEEEHWTHEBRERY b E2RDBEL ET, WNRIEEDY
B2 hJL¥ LT Lanczos TR DO ZEBHRY L & o 1208 —RICUIGEDE WD T, EEDRETI
ZDESITW>TVET,

5.2 T2XAIt

5.2.1 FEHE

NINNET Y H BREMRE [¢)G =1 N) ZRWTHER L ET: Hy = (@|H[y)e ZO1751%%
it 22T, EAEMEE,. BEXZ bL|0;) ZRDZIEMNTEEST ((=1---N), BB, HalkT
1% lapack @ dsyev % 7= zheev Z W TWE§, *7-. GRIEEFHEHICEEAR - 2L F —REDHFHE
(Ai) = (@,|A|0;) ZFE - HHT B XS LTVET,

3 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/SFMT/index html
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5.2.2 BIRaEYEEDFE

FERRLTRD T (A,) = (] A|:) %V,
N 1A Ve—BE:
(Ay = 2i—1(Ai)e

YL, e BE:

DGR CARIBEOYFRZHAL £5, EBROFELAL L TIARR MUFIZ X DFREZITVE T,

(5.8)

5.3 AWM EFREICL B EREEFE

il - HKICE > T, DEBIE (A4 XHKEWEEIXETE—D) OB, S GREEOYHEZFHE
TRHEPREINFE L7, ZOREBIEEWHIE IREE (TPQ) L FHEN TVWE T, TPQIEFNI L=
7 v HEREBOIERMER X THE 55 DT, Lanczos IEDOHEMNBZDEXMES Z e TE %3, TPQ
REEIXD XS5 N0ET,

9(8)) = exp(~ ) By, 59

22T BIEHIRE, |Prana) &7 Y X LARIBANZ ML TF, |0(B)) OIFfEL LT, BRIEEOYHE
PETHTEZ e RENTVET.

5.3.1 EFDEEICDOWVT
MTPQ IREEDIBRLIC DWW T

2T 2 ICEEDMEHL 2, micro canonical TPQ(mTPQ) DR E &2 R F 37,

Brand) B2V E AT MY LEF, ZHUS (- H/N)EH 2T, N, &5 A M0 % & mIER
X8 BRI RZPABRO IS EZ6NET,

(I = H/Ns)| k1)
(Il = H/Ne)|®p—1)|

1By) = (5.10)

Z D |Py) Y mTPQ IRRET. Z D mTPQ IREEITHEF 2 WREL B IZLAT D K S I AL F — uy, 25
koHpzenTELT,

2k/N
B e — (@) N, 511

S

ZLT, 15 oplER A0 b, TOFEEHEIZ
(A)g, = (Dy]A|®4) /Ny (5.12)

D ET, BRRTERVOELBNRY MK ZERH D FTDT, W OMIRFEZIT- T,
[o) WCBES 2 FIMES X OEHERAZ AED o TV E T,

1'S. Sugiura, A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).
2. Sugiura and A. Shimizu, Phys. Rev. Lett. 111, 010401 (2013).
SRATNC WS &R0 E E T,
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cTPQ IRREEDIBREIC DWW T

# 7 =7V TPQ(cTPQ) IRAEDRER ST AT DWW TR F 37, ¢cTPQ 5T exp[—AH /2] 13KIT & 5 1EM &
nNEg.

BH
)

exp(— |Prand) ~ [Pr) = U(AT)k|(I)rand>

"R A
n=0

Bk = kAT
mTPQ ¥ [F U & 5 I EX cTPQ IREBOHFHE Y L THHETE X T,

(DA D))

. 5.14
(P |Pr) o9

<A>5k =

TIHAR T FILDREICDOWVWT

BRI R IRBIC X 2 AREEFHE T, 9IRS MLEE2TORTIIN LTI Y XL REBES 2 %
o FIHARZ L DR DT ModPara THEE XS A1 7 7 £ LD InitialVecType W, EEDH L
RIBERBOIEEEZT e TEE T, HBOY— Fidinitial_iv(=r,) I D

123432 + (nrun + 1) X |’f'5| + kThread + NThread X kProcess (515)

TEZNFET, TIZ2Tnpgn Erun OEETH D, run ORKEFIIRA X VX —FE—RFHANT 7 74, %
L £ t% ModPara THRE XN B A7 7 4 LD NumAve THEE L ¥ 3, initial _ivIZIR XX —FRE—FH
DANTZ 740, b LLIEZF ZA8— bE— FTlE ModPara TIEEENBZ AN 7 7 A L THEEL T, &L
¥ SIMD-oriented Fast Mersenne Twister(dSFMT) % FIWRAE X TWE T . F72. krhread, NThreads KProcess
BZAZNAL Yy &S, ALy FEL 7ot xXEB2RLET, LA oTHU initial_iv ZHWT
&, WFNES R 255X ORI BIBE B AR X E 3,

5.4 BT ) — VB

HO TIEIREE |0) = O|D,) 1IR3 2 BhFIRIRL

1
I(z) = (&' 19! 5.16
(2) = (@]l (5.16)
REHETZIENTEET, HET OBy ZAGhEIRE
Z Ao, Cioy (c],) (5.17)
B LR 7R
" AivyjoaCio,Cly, (€ly ios) (5.18)

,J,01,02

4 http://www.math.sci.hiroshima-u.ac.jp/m-mat/MT/SFMT.
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ELT, ZRENERT 5 I eBHRT T, BRI BINAY VEEREZAE T 255137 iEEE T
ZHw

& Qz ikerj 1 iker;
O=8k) =) Siekn=>" 5(0%% —cl ey )es (5.19)

J J

DEIWCEET DI TEIT e TEET, B, 87 Y — VEROFEIZIX, Lanczos iE% A
WESEIC X BfEE ey 7 MR Y n JHEIC K ARE P o2 onFEEIRTWE T, FElic
DWTIREXIRESHR L TLZE W,

5.5 REFHEEE

HO TIIAIIRBRIEE |8 (1)) & LT,
D(t,)) = e HAD(t,_1)) (5.20)

DEFREHCTERNEAEROEZ L TVWES, TITRAIL, = Y7, At; TY. EEOIRTE
e—iHAL, %

m

—iHAL 1
e~ HAL :Zﬁ(—mAtn)l (5.21)
=0

YIEEILTWE S, BRI D LR m i3 ModPara 7 7 4 /LD ExpandCoef TIEE TR N TEE T, B
BISEDF70 L 3 lde /L 1 (D(1)[ (1)) = 1 BRI LT B A THEET 5 - L A TE £,

5.6 Bogoliubov &7

AV RDFEICBWT —{AIE (transfer). InterAll JER TOMANEH. MHEREKDO A > F v 7 2045
FE 2 Bogoliubov RIADMEHLN TWE T, AV Y DIHEFIIRD L 5K - HREHEFTEZZ o0
S

s
Sy = Z ac;racw
o=—5
5-1
St = Z VS(S+1) —o(o+1)c , cio (5.22)
o=—5
5-1
S; = Z VS(S+1)—o(o+1)e! cigin
o=-5

HPhi TIIRDKER o DIREEDA VT v 7 2% 0 LET,

1 E. Dagotto, Rev. Mod. Phys. 66, 763-840 (1994).
2 S.Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang, T. Fujiwara, Journal of the Physical Society of Japan 77, 114713 (2008).
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BT HiEy

HO DBAFEIZ YT D PURFIRRBIZDFFE S 7B RY 22 BUER (b S » & — 2 TITPACK DFEREZSE T
LE L7 FZT v F a ZEDH1E TITPACK O fortran 2 — F%2 C BB LD d 212 oT
WET, T HO DZF A= FE—RIZBIIE2—H—+ f VX —T7 2 —RDHFF O, HEKREK
DR XN mVMC OFH L —F — « L VR —T 2 =AML o TVET, A VR T72—RCHT3
2— RFO—HFEImVMC DB DEFHALTCVE T, ZOEEMEH T, BT AKEHLET, RUn—idt
IR LICE, NZERDOFTRE L TOWZ W2 b IE#H L3, BERHEREZ v SBHAIA
HEBARITIE. Shifted Krylov JEICDWTD L 7 F v —RHHFRICN LT, $7274 77V Kw OBFEICZHH
WV IS L E5,

H ver. 0.1 - ver. 3.1.0 1Z. HEKREMMIZERR V7 by = 7EElL 70y = 2 + (2015 4FEEE, 2016 R,
2017 ) OXBEZITHBEINE L, ZOE2MEY TEHLET,
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T #A 1HBEIRIMD Fourier ¥ 1—F 1 U T 1 —

A1 BIZE

ARERNZ, mVMC BX U H® TRHHEX NV 4 MFRROHEBBEE % Fourier £¥1L, H 322 —7 4V
FAWRET A= T LTHA.

A1.1 E

AKa—5 4V 74 OFHEHFIEmMVMC BXUE HO LRI TH 3.

A1.2 ML TBE

RKa—7 4 U7 4 ZLUT OMHEIEIE D Fourier ZHUIXHE L T\ 3.

1 {RHHE

AR

A V-2 HHM

<ckaTckBT> = Ze ik R(éEaTCRBH
R
Nr
<Cka¢ck5¢> = Ze ik R<CEQ¢CR/3¢>
R
1 =
(Prabrp) = Nr Zeﬂk'R«ﬁOa — (Poa)) (PR — (PRS)))
R
1 =
<Slio¢SliB> = N7R Ze_lk R<S(§O¢SIZ:IB>
R
1 =
500 = i Do RS
R
Nr

(1.1

(1.2)

(1.3)

(1.3)

(1.4)

(1.5)
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A2 Fa—rU7I

CDF 2a— MY TATE, EAETAN—FRETL@FA M) ZFHICE DFHET 3.

A.2.1 HPhi/vmc.out D17

o HO DB

FRIRES X MBI O R 2175

AT 7 ANMERDED .

abw = 2

adl = 2

alw = -2

all = 2
model="Hubbard"
method="CG"
lattice="square"
t=1.0

U=8.0

nelec = 8

2Sz=0

$ HPhi -s input

e mVMC DO%&

XL WEBEROREL 2T . ASI7 7 A VERDED .

abw = 2
all = 2
alw = -2
all = 2

model="Hubbard"
lattice="square"
t=1.0

U=8.0

nelec = 8

2Sz=0

$ vmc.out -s input

MREBIEE SR T 272018, A7 7 A MIZBIT DI 2z 5.

NVMCCalMode = 1

E|ESIESE o iR AR

156
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$ vmc.out -s input output/zgp_opt.dat

THZED, ALY T4 L2 B YD output/ AMIC 1 HAB XU 2 ROMHBEED T2 5.
BE3T 57 741

* StdFace.def (mMVMC/H® O~ = 2 7 L ZHR)

* zqp_opt.dat (mVMC D ~¥ = 2 7 L SHR)

« greenone.def (GtH 9 2EEEBD 1 > 7T v I ADIEFE)

« greentwo.def GTE I 2 HEEH D1 > 7 v I ADIEE)

A.2.2 HEEREHD T — 1) TR

I—TF 4 VT4 70T A greenr2k Z o T, {HBEE N E 7 —V = EB T 3.

$ echo "4 20

GO OO

X0.500

M0.50.50

GO OO

16 16 1" >> geometry.dat

$ greenr2k namelist.def geometry.dat

CHZED, ALY T4 L2 FY D output/ A7 — V) TS N7 HHBIRE R I & 5.
EET27 741

* output/zvo_cisajs_001.dat (/1 FRRD 1 FH LU 2 FIEERBEH O ERER)

* output/zvo_cisajs.dat (/1 FRRD 1 AH LU 2 (FEEEROHELR)

* output/zvo_cisajscktalt_001.dat (-1 FRED [ AH LU 2 FEHEREMOHERER)

* output/zvo_cisajscktalt.dat (V1 FRRD 1 FH LU 2 (FIHEBH O EER)

* geometry.dat (1 FOMUBECHEDA VT VIR, k=)

* output/zvo_corr*.dat (k /N Z _ETOHEHEIREEY)

A.2.3 HEREHDTOY kb

gnuplot % o T, HEIRAR Z k 22T my b5 5.

load "kpath.gp"
plot "output/zvo_corr_eigen®.dat" u 1:12 w 1

BET 27 7 4L

A2. Fa—rU7IL 157
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0.35

"o u.t/g_uh_th;'zucn_corr_eigenﬂ.dat" ullz2

03} /

0.25 | \

0.15 F / \

01F / \"\

Correlation function

005 - !

-0.05

1.1: FHBERE%L (S - Sk) (12%1H) 7w v b L2

158 {8 A 1HEIRA% D Fourier 1 —F 1 U T4 —
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kpath.gp (gnuplot 22 ') 7 1)

output/zvo_corr*.dat (k /N2 _ETOEEERIEN)

A3 77117 #4#—< vk

A31 Y1 FOUBEMEDI VT VIR k R

Fa—hkUT7IL TD7 7 4 141X geometry.dat . V4 +DALE L HIEDEFHRIE mVMC/H® DA X >~
YR —FE—-RFZHWGEIEEINCERINS.

1.000000000000000e+00 0.000000000000000e+00 0.000000000000000e+00 (1)
0.000000000000000e+00 1.000000000000000e+00 0.000000000000000e+00 (1)
0.000000000000000e+00 0.000000000000000e+00 1.000000000000000e+00 (1)
0.000000000000000e+00 0.000000000000000e+00 0.000000000000000e+00 (2)
220 3
-220 3
001 3
0000 4
-1100 Y]
0100 CY)
1100 €Y
-1200 4
0200 Y]
1200 4
0300 €Y
4 20 €))
GoOOoO (6)
X0.500 )
M0.50.50 (6
GoOOO (6)
16 16 1 @)

. AR ML EEOHAL (R R Y & — FE— N THEER).

L RIENY 2 2L — a YL DOBEREBE W & &1 A (BAL degree) (A X ¥ X — FE— KT
HEIA4 1K)

L2l —varvbELDOERERETAEARADEHRNRNT ML, RARZRVE—FE—FDAN T X —

& — alW, aOL, a®H, alW... IZ¥IHT 2% (AR X — FE— FTHEAR).

BV A b OEEERIENR S PV (R B L CNERERE (H0E) 04 Ty J R (AR Y X— FE—F

THELER).

kRADJ — F RFEDEVE) Oy, 7 — FED k S5 EIE.

Lk —FDIRLE T 5 aFILEE

EHHEIE DB D FermiSurfer 7 7 A V2 ERT 2R D k 77V v R

A3.

7ML T7 4=V k 159
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A3.2 41 FRED1EE LU 2 (KB

HEIBHEERRDT T Y I ADEE

mVMC/H® CTEHHE T 2 BRI ET 5. AX VX — RE— R2HoG5EICEEEINCAERINS. &
EREHHIE mVMC/HDS D~ =27 VBB Fa— kU 7L TD 7 7 £ L4413 greenone. def (1 1K) B
X ¥ greentwo.def 2 1K) TH 3.

WIS 28 ICHAHEBEEBEHET 22D, UTOXIA Ty IV RARIEET 2REND 5.

o (Ehortanr)

(e arirar) WL T, ROPETORMAL, o BLU B AENZNAETOWEEMET 2 £ 510F 5.

o (Wl Crenr)
(e artray) WHLT, ROETORMAL, o BXU BAENZNETOWEEMET 2 & 510F 5.
* (prairs) BEF (57,5%5)

(o 000Ch 5o CR0r) 1 LT R BETORMML, o BE UK S DB ENZTHETOWE LML, 0 B
XU o 21, | BT E51CF 3.

* (S, Sis) BEU (Sa - Sics)
HE DIEZ (600 Coa—oChs_oCREs) LT R AL TOHMAL o BEX B ZNZTRETOM
EEMFL, o 231, | ZMFET 5 & 510F 5. mVMC DBAR (¢h,,tro0Chs_goa—o) KHLT, R

DETOBRAM, a BLY HRZENENETOYUELZHEL, 0 21, | ZHET 2 L512T 2. wWih
DA HAETOIRFICERICT S L.

AR B —FE—FDFT 7 4L+ (outputmode="corr") TiX, HEIIZ FELDA > F v 7 ADBEESI NS
728, FHCRUIC T 2R E TR,

YA bRTD 1 FEXV 2 FEHEBEBOHERR

HEIZEEEBOA YTy I ADIEE THE LA ¥ T v 7 AR OB mVMC/H® 12X -
TEtEIH, 77 A Vi Eh 5. BENRFHIAIE mVMC/H® O~=a2 7 L% B Fa—FUT7I
TD 7 7 4 L1413 output/zvo_cisajs_001.dat B & Uf output/zvo_cisajscktalt_001.dat (mVMC),
output/zvo_cisajs.dat 3 & ¥ output/zvo_cisajscktalt.dat (HP).

greenr2k 1—7 4 VT 41X 2D 7 7 A LV EGHARAA T EERZITS. O, (RAX VX —FE—FZ2Hb3
HATA YTy ZRARBET2REIWCLD) SHABETZEEBEBHOA VT v I ADIEE TRIT A VT v 7
ZDHHBABIB D2 TRII TV DD 256, ZHE 0 2 LTHS.

160 {8 A 1HEIRA% D Fourier 1 —F 1 U T4 —
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A.3.3 k NZX ETOEREREEK

Fourier Z#1 X 7= HBIREE (REERR) Ao TW3. —F 4 U A4 7 4 greenr2k IZ & o THERINS.
Fa—hkUTFIL TDT7 7 4 1LEIE output/zvo_corr_eigen®.dat TH 3.

# k-length[1]

# Orbital 1 to Orbital 1

# UpUp[ 2, 3] (Re. Im.) DownDown[ 4, 5]

# Density[ 6, 7] SzSz[ 8, 9] S+S-[ 10, 11] S.S[ 12, 13]
0.00000E+00 0.88211E+00 -0.50000E-09 0.88211E+00 0.40000E-09 ...
0.25000E-01 0.87976E+00 -0.46625E-09 0.87976E+00 0.42882E-09 ...
0.50000E-01 0.87276E+00 -0.42841E-09 0.87276E+00 0.45201E-09 ...

FEUDIZED T LHITEIRTWBEEDHHN X Y F & LTEIN, Z2IUTHNT b R OEEEr 2020
DOHHER DI L BE A E LN TN 5.
A.3.4 gnuplot X7 )7+

greenr2k IZTIER X415, gnuplot TZNEFHAAL ZE T I 7HICk DTNV ERRT S, 77 4L
%13 kpath.gp TH 3.

set xtics ('G' 0.00000, 'X' 0.50000, 'M' 1.00000, 'G' 1.70711)
set ylabel 'Correlation function'
set grid xtics 1t 1 1c ©

A3.5 EFENHBEROFETE 7Oy b T 37D FermiSurfer 7 7 1L

greenr2k IZTIERLE N 5. 7 7 £ L4 output/zvo_corr_eigen®.dat. frmsf

A4 greenr2k 1—7« T 1 DEEICDOWVT

CDZ—T 4T 4 —=1F,RDEIICLTHES.

$ PATH}/greenr2k NAMELIST GEOMETRY

Z Z T, ${PATH} I fourier 2—7 4 VT 4 DA FVDH 3T 4 L7 bV DR, ${NAMELIST}1Z
HB/MVMC D NameList £ > 7w + 7 7 4 L%, ${GEOMETRY i& Hf FDRIBEEEDA VT v IR, k
=77 ANANNDNRRATH 5.

HP DAE— ¥ (Lanczos, TPQ, £xtfa{t,, LOBCG) B XU mVMC D ¥ DFHHETIE &5 7= HBERI D Fourier 2
HRITO DI Xk o C, B TR 3. LT Tl ModPara £ > 7w + 7 7 4 )LD CDataFileHead 53" zvo"
(T 74V MH)THZLT 5.

A4. greenr2k 1—7« T 1 OEEICDOWVT 161
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A.4.1 HPhi-Lanczos

Z DA HPhi 2% output/ T 4 L7 P VICH I T 29 4 F RROHMBEREEIR, zvo_cisajs.dat (1 1K),
zvo_cisajscktalt.dat (21K) TH 5. fourier L—7 1 U 7 4 —i&, 2N 5 & FiAiAHA Fourier £HEE 1T -
7=, BBi—®D 7 7 4 )L zvo_corr.dat % output/ 74 L' 27 FVICH T 3.

A.4.2 HPhi-TPQ

oA HPhi &, B AAIT/TPQ R 7 v 7 HIT zvo_cisajs_run*step*.dat (1 1K),
zvo_cisajscktalt_run*step*.dat 2 fK) ¥ W5 7 » f )L % output/ 7 4 L7 bV ICH T 3.
fourier 2 —7 4 U 7 4 —&, FFIT/TPQ A7 v THIZ 1 8B L U 2 KD AHBEREE % 5t AIA & Fourier &
#1217 o 724%, zvo_corr_run*step*.dat L WIHEID 7 7 A L ¥ L Coutput/ 74 L7 b VICH 1T 5.

A.4.3 HPhi-2Xif1td LU LOBCG

Z DA HPhi 1F, BIREIRAE Z 2 1T zvo_cisajs_eigen*.dat (1 1K), zvo_cisajscktalt_eigen*.dat
Q) eWH 77 A% output/ T4 L2 bVICHTIT 3. fourier 2—7 4 V7 4 — I, BN
Y2 1 B KU 2 RO MHBEBEECE 5t AIA A Fourier Z241% 1T - 721%, zvo_corr_eigen®.dat ¥\ 5 &M
7742 LTCoutput/ 74 L2 FVICH T 3.

A.4.4 mVMC

Z DA vme . out &, ModPara £ > 7'v b 7 7 £ )L THERE X417z NDataldxStart 3 X OF NDataQtySmp
PWVINRTRX =R TRITEITVWA VT v 7 A% D1 507 zvo_cisajs_??7?.dat (1 1K),
zvo_cisajscktalt_???.dat Q&) ¥ W5 7 7 L L% output/ 74 L2 P VICH 1T %. fourier 2 —
FTAVT 4 —ZFENSDT 7 L VB FHAAA, FBIfTIZX LU T Fourier £ 21T o 7214, Z1 5 DFEER, R
Z A

Ntry
(4) = Niry ; A; (1.6)
B X ORRESE
g J LS4 gy (1.6)
Nty =1\ N1y

PEEL, PHELBREREATE—D 7 7 4 )L zvo_corr_eigen*.dat % output/ 74 L2 F VIZHN
T5.

162 {8 A 1HEIRA% D Fourier 1 —F 1 U T4 —
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A.5 Contact

ZDI—T 4 VT AR DOVWTHOIER, ZEM, NMEEDDE LS TR T TERWEDbDE L X0,
TR S A

mkawamura_at_issp.u-tokyo.ac.jp

_at_ B @IAEZ TSI,

A.5. Contact 163
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{1 £B Wannier B zBHWA U7 =)L
T4

B.1 BIZ

AEETIE, RESPACK ¥ mVMC BXU HO ZHVWT, XY 7+ —LF 4 ¥ 2% L TFETAREE
T BHEAEIC DWW THIH S 5. RESPACK T, iMEHEE D Uy (R, w) B X CHEREHAES 0 (R, w) 1
UTo k>R TEZ N %!

Upin (R, w) / dr/ dr'w}, o (T)Wmo ()W (r, v’ w)w) g (rNw,r (1),
Jmn (R, w) = / dr/ dr'w}, o (v)w,r ()W (r, v’ w)w}g (v )wme(r).
v v

22T,V ISR OARE, wr(r) ZEALR O BHO U =B, W (r, v, w) FE#k 2 — o S HEERE %
NENRT. UT,w=00D7DAZERT 2. ZOF, “MAHEAEMERETDONAINL =7 VIZUTOE
ATEZHNS

1
Hine = 5 > |:Umn(Rij)cjm,oc;n,pcjnspcimﬂ'
op ij nm

YN T ) . T i _ .
+ Jmn(RZJ)(Cz'm,ocjn,pclmmC]nﬁ + Cim,acim,pcjn,PCJ",U) ’

7L Ry =R; —R; £ L7, 22T, mVMC BEU HE TR, cf c] o o DEIOHEMERD AT
BHEL TWARWED, MTOXSICESMANIN =T U TERIND !

1nt Z Umm nzm,Tnim,J, + Z Umn (R7.] )nimnjn

(i,m)<(4,n)

= Y Jma(Reg)(imgngn g + Rimnn )
(i:m)<(jn)

+ ) TRy (el e Cimacing + huc)
(i;m) < (j,m)

+ T (Rij)(chy sehs 1 CiniCint +hic).
(i,m)<(j,n)

¥TE 7 ILIZLLT @ Hamiltonian TEFR I NS ©

H= Z [tm"(Ri ) tm(er (RU)] C;’rmocjna + Hint, 2.1)

m,n,t,},0


https://sites.google.com/view/kazuma7k6r
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7’"7}\_1./ tDC( ,‘j) &i“ﬁgIE@@J—_E;&?% L,

mn

tPC(0) = Al (0) Dy (0) + Upnn(R) Dy (0)
(R,n)£(0,m)
~(1=a) Y Jun(R)Du(R)
(R,n)#(0,0)
IS (Ri5) = 5 Joun (Rig) (D (Re) + 2Re[ Dy (R1)) 2
—%U w(Rij) Dan(Ry),  (Rjym) £ (0,m),

< Cimo J7“7>

ThHzoh5b. Z fﬂm()umiff > ¥ LORIEHE, tPC(R,;) 1% Fock HHIZx 3 2 MilEHEZ £ 3.

-3 F'mn

ISR ZELBORE TN T VT 4 VBB B 70128 A XN, 7 a > T ON/OFF O] b &
ZDA[EEIC T 5> TV 5. %7, EERE Umn(R ) B LU WE S Jmn( ij) BENEN AU, A % LRSS
720D A -2 HHAEINTNDS

B.1.1 B

QuantumESPRESSO % L < 1% xTAPP % Fi\ T Kohn-Sham #LiE % FiuW /=D 5 12, RESPACK © Wannier
B, AEBE AHEERZFHEL, 2R o2 HOTHR L 728 TFE7 L% mVMC 3 LI HO TRHE S
5. LR oTENSGD TS AWMERARETH 20BN D 5.

B.2 Fa—kU7IJ

ZDF 22— b Y 7T Sr,Cu0s3 24112, 1 2XJT 1 #3E Hubbard £ 7 /LIZX W > 7 + —iL F L, HPhi/mVMC
THET 2 ETO—EHDORNZ/RT. DFT 58 1Z QuantumESPRESSO Tf75. A7 7 £ L samples/
Wannier/Sr2Cu03 7 4 L' Z M IZH 5.

B, EBROMZETIIRABEIILE, FYAN—DAN 7 7 A NVERFETZ. A7 7 A LOFICONT
F, EIINAN—DR = a7 NEBEICT R .
B.2.1 EREHED SCFiHE

F3,DFT IC X 2 EAZEED SCFETHEEZ1TS.

scf.in

&CONTROL
calculation = 'scf'
pseudo_dir = '../pseudo’
prefix = 'sr2cuo3'
/
&SYSTEM
ibrav = 0

RDR—=J1ZFKi )

166 {1 8% B Wannier ¥RV D> T x—=ILT1 >
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(FDR—T 5 DFEX)

nat = 6
ntyp = 3
ecutwfc = 30.000000
ecutrho = 240.000000
occupations = 'tetrahedra_opt'
/
&ELECTRONS
mixing_beta = 0.3
/

CELL_PARAMETERS angstrom
-1.749305 1.955690 6.351200
1.749305 -1.955690 6.351200
1.749305 1.955690 -6.351200

ATOMIC_SPECIES

Sr 87.620000 Sr_ONCV_PBE-1.0.upf
Cu 63.546000 Cu_ONCV_PBE-1.0.upf

0 15.999400 O_ONCV_PBE-1.0.upf
ATOMIC_POSITIONS crystal

Sr 0.851940 0.351940 0.500000
Sr 0.148060 0.648060 0.500000
Cu 0.500000 0.000000 0.500000
0 0.654110 0.154110 0.500000

0 0.345890 0.845890 0.500000

0 0.000000 0.000000 0.000000
K_POINTS automatic

444000

#RT > > %L (UPF 7 7 A4 JL) & The SG15 Optimized Norm-Conserving Vanderbilt (ONCV) pseudopotentials
DHDOEMES. EITFT4 L7 PYDE LI pseudo T4 L7 FUBRIER LT, 222D 5.

http://www.quantum-simulation.org/potentials/sg15_oncv/sg15_oncv_upf_2015-10-07.tar.gz

SCF #5213 QuantumESPRESSO WD 7' 7' Z 4 pu.x Zf# 5.

$ pw.x -in scf.in

B.2.2 (Optional) /\> REHE L IEE

band.in
&CONTROL
calculation = 'bands'
pseudo_dir = '../pseudo’
prefix = 'sr2cuo3'
/

RDR—J12Hi )

B.2. Fa—kU7J

167
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(FDR—T 5 DFEX)

&SYSTEM
ibrav = 0
nat = 6
ntyp = 3

ecutwfc = 30.000000
ecutrho = 240.000000

nbnd = 35
/
&ELECTRONS
/

CELL_PARAMETERS angstrom
-1.749305 1.955690 6.351200
1.749305 -1.955690 6.351200
1.749305 1.955690 -6.351200

ATOMIC_SPECIES

Sr 87.620000 Sr_ONCV_PBE-1.0.upf
Cu 63.546000 Cu_ONCV_PBE-1.0.upf

0 15.999400 O_ONCV_PBE-1.0.upf
ATOMIC_POSITIONS crystal

Sr 0.851940 0.351940 0.500000
Sr 0.148060 0.648060 0.500000
Cu 0.500000 0.000000 0.500000
0 0.654110 0.154110 0.500000

0 0.345890 0.845890 0.500000

0 0.000000 0.000000 0.000000
K_POINTS crystal

50
0.5000000000 0.5000000000
0.4994075000 0.5005925000
0.4988150000 0.5011850000
0.4982225000 0.5017775000
0.4976300000 0.5023700000
0.4970375000 0.5029625000
0.4964450000 0.5035550000
0.4958525000 0.5041475000
0.4952600000 0.5047400000
0.5337666667 0.4662333333
0.5722733333 0.4277266667
0.6107800000 0.3892200000
0.6492866667 0.3507133333
0.6877933333 0.3122066667
0.7263000000 0.2737000000
0.6810400000 0.3189600000
0.6357800000 0.3642200000
0.5905200000 0.4094800000

.5000000000
.4428337500
.3856675000
.3285012500
.2713350000
.2141687500
.1570025000
.0998362500
.0426700000
.0811750000
.1196800000
.1581850000
.1966900000
.2351950000
.2737000000
.3189600000
.3642200000
.4094800000

L T = T = T = T = S S e e e S e e N = T = NS
(= I R~ R~ R~ I N I — R N~ I~ N~ R~ R~ R — N — N~

RDR—J12Hi )
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(FDR—T 5 DFEX)

(= — I — R — I — I — R — R — R — R — I — I — R R I — I — R — R — R — R — T = = — I — I — I — I — I — I — =1

.5452600000
.5000000000
.3333333333
.1666666667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0426700000
.0811750000
.1196800000
.1581850000
.1966900000
.2351950000
.2737000000
.2280833333
. 1824666667
.1368500000
.0912333333
.0456166667
.0000000000
.0833333333
.1666666667
.2500000000
.3333333333
.4166666667
.5000000000

(= — I — R — N — I — I — R — R — I — R —]

.4547400000
.5000000000
.3333333333
.1666666667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0426700000
.0811750000
.1196800000
.1581850000
.1966900000
.2351950000
.2737000000
.2280833333
.1824666667
.1368500000
.0912333333
.0456166667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

(=R — N — N N — I — R — N — R N — N — R — N — I — R — R — R — R — I — I — R — R — A — I —]

|
(=]

.4547400000
.5000000000
.3333333333
.1666666667
.0000000000
.0625000000
.1250000000
.1875000000
.2500000000
.3125000000
.3750000000
.4375000000
.5000000000
.5047400000
.4662333333
.4277266667
.3892200000
.3507133333
.3122066667
.2737000000
.2280833333
.1824666667
.1368500000
.0912333333
.0456166667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

L = T = T = T = S S S e N N S T = T = T = T = = T = T e S e e e N R e e e e e T
[ I R R~~~ N — N - — N~ N~ N~ N~ R~ N I — N - R I~ N~ R~ R~ R~ N — I — I — ]

ZZThH pu.x BES.

$ pw.x -in band.in

bands.in

&BANDS

prefix = 'sr2cuo3'

lsym = .false.

QuantumESPRESSO @ bands.x % 1#i 5.
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$ bands.x -in bands.in

H 11X 117 bands.out.gnu % GnuPlot 72 ¥ T

B.2.3 Kohn-Sham 18 D:t&

FAIRA TN Y F il

nscf.in
&CONTROL
calculation = 'nscf’
pseudo_dir = '../pseudo’
wf_collect = .true.
prefix = 'sr2cuo3'
/
&SYSTEM
ibrav = 0
nat = 6
ntyp = 3

ecutwfc = 30.000000
ecutrho = 240.000000

occupations = 'tetrahedra_opt'
nbnd = 35
/
&ELECTRONS
/

CELL_PARAMETERS angstrom
-1.749305 1.955690 6.351200
1.749305 -1.955690 6.351200
1.749305 1.955690 -6.351200

ATOMIC_SPECIES
Sr 87.620000 Sr_ONCV_PBE-1.0.upf
Cu 63.546000 Cu_ONCV_PBE-1.0.upf
0 15.999400 O_ONCV_PBE-1.0.upf

ATOMIC_POSITIONS crystal
Sr 0.851940 0.351940 0.500000
Sr 0.148060 0.648060 0.500000
Cu 0.500000 0.000000 0.500000
0 0.654110 0.154110 0.500000
0 0.345890 0.845890 0.500000
0 0.000000 0.000000 0.000000

K_POINTS automatic
444000

ZIZTH pu.x BfFHS.
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$ pw.x -in nscf.in

K2 RESPACK IZff)@ D2 —F 4 U 5 4 — ge2respack.py 21 5. 581X [prefix].save 74 L 2 +
VEZS

$ qe2respack.py sr2cuo3.save

B.2.4 Wannier B8, SE =B, BEEERDOHE

respack.in

&PARAM_CHIQW
Num_freq_grid

1l
[

lEcut_for_eps =
flg_cRPA =1

/
&PARAM_WANNIER

N_wannier = 1

|
(o]

Lower_energy_window =

1l
=
w

Upper_energy_window
N_initial_guess =1
/
dx2 0.2 0.500000 0.000000 0.50000 0.0 6.0 1.0 0.0 1.0 6.0 1.0 0.0 0.0
&PARAM_INTERPOLATION

N_sym_points = 10

!dense = 20, 24, 28

/

0.50000 0.50000 -0.50000
0.49526 0.50474 -0.04267
0.72630 0.27370 -0.27370
0.50000 0.50000 -0.50000
0.00000 0.00000 0.00000
0.00000 0.00000 0.50000
0.04267 -0.04267 0.50474
0.27370 -0.27370 0.27370
0.00000 0.00000 0.00000
0.50000 0.00000 0.00000

&PARAM_VISUALIZATION
flg_vis_wannier = 1,
ix_vis_min = -1,
ix_vis_max = 2,
iy_vis_min = -1,
iy_vis_max = 1,

iz_vis_min = -1,

RDR—=J1Z%i L)
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(FDR—T 5 DFEX)

iz_vis_max = 2
/
&PARAM_CALC_INT
calc_ifreq =1

ix_intJ_min = -1
ix_int) _max =1
iy_int]_min = -1
iy_intJ_max =1
iz_intJ_min = -1
iz_intJ_max =1

/

RESPACK @ 7’1 "5 A calc_wannier, calc_chiqw, calc_j3d, calc_w3d Zff 5.

$ calc_wannier < respack.in
$ calc_chiqw < respack.in

$ calc_w3d < respack.in

$

calc_j3d < respack.in

ZAUT X D, RESPACK IZ X o THHEN2Ry BV FED T 7 4 LA, Wannierd0 DFE T dir-model 7 4
L7 b VI E NS, (RESPACK D N— 3 > 20190227 LIETTIX, dir-mvme 74 L7 b V)

B.2.5 HPhiimVMC IC& 3 ETILEtE

HPhi/mVMC DA X > X — RE— FEFMHT 3 Z LT, dir-model D7 7 £ LEFHAAALY LI-ETFIL
DHENTES. HHNC dir-model LTD 7 7 A L—R%, ETTE74 L7 MNIVICBLED LI, AZ Y
X— FE— FTHEEITEITZIE LWV, #1210, HPhi DS TOa~y RE2OZ L TeENETSIN
% (mVMC T B IZIEFERR).

stan.in

model = "Hubbard"
lattice = "wannier90"
alw =
aldl =
abh =
alw =
all =
alh =
azw =
a2l =
azh =
method = "TPQ"
nelec = 8

S @ Bk QD Bk @ 0 X ©

exct =1

RDR—J12Hi )
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(FDR—T 5 DFEX)

cutoff_t 0.5
cutoff u=1.0
cutoff_j = 0.02

$ cp ./dir-model/* .
$ HPhi -s stan.in

B3 XZ VA —RFE—RDANNTA—H—

UTWCAN 7 7 A V0l %R,

stan.in

model = "Hubbard"
lattice = "wannier90"
alw =
adl =
abh =
alw =
all =
alh =
a2w =
a2l =
azh =
method = "CG"
2Sz = 0
nelec = 4

S @ = N N @ N @ N

exct =1
cutoff_t

1l
e
N

cutoff_u
cutoff_j = 0.1

Wannier B WX 0 73— T 4 Y FFE DT X — R —FEIIRDOBEH TH 5.

o T
- lattice = "wannier90"
o KT A XBIHD T X — &
— W,L,Height
ozt HARKL
A : BED BN LD T RIEETS 5.

— alw, a®L, a®H, alW, alL, alH, a2W, a2L, a2H

B3. XAVHA—FE—FRDANNIA—5—

173




H® Documentation, 1) 1) —X 3.5.1

ot o BEHL

BRI T ERIEET B 3 ARDNRY ML (dy, a1, d2) RIEET 2. 2HEDRT MUVIFHEEHED I
R M VEEE Y U7-PEFE (Fractional coordinate) CHEE X 41 5.

o BISFH A XD T X —&
— Wsub, Lsub, Hsub
R : BAE. 77 + L b T Wsub=W, Lsub=L, Hsub=Height ¥ 72 5.

Fi8A : mVMC TOAMFATHE. 2RI D R 7 PuB N RIS T 278 272D D85 X —
KT, AT DY A X252 %, TOREL VDR TICEE LRVWERIETn T 7 0 2&T
5.

— a®Wsub, a®Lsub, a®Hsub, alWsub, allLsub, alHsub, a2Wsub, a2Lsub, a2Hsub

o ¢ BAEL. T 7 x0 b TIX alWisub=adi, aOLsub=alL, a®Hsub=a®H, alWisub=all,
alLsub=all, alHsub=alH, a2Wsub=a2W, a2Lsub=a2L, a2Hsub=a2H & 72 5.

SEE: 20T X— X —DIEEDMST1Z adW, alL, a®H, alW, all, alH, a2W, a2L, a2H & [AH$
THD. 12770, TOREEL VPR FICEE LR WG T a7 02873 5.

» MHAEER OHIHES#E 5 X —&
lambda_U

ezt s FE8 (0 BULL)

T7AILMME: 1.0

7 —aYBETOREEE A\ HICLTHET 287 X —&.
— lambda_J

ezl s RO U b))

TI7AIMME: 1.0

TR DOREZ " N\ FICLTHET 287 X =&,
— lambda

fizzl : RO )

T7#IHMME: 1.0

7 —a VRS, KB OREZIEZANFICLTHZT BT A—&. \y, \j DEHRX
NTWVWBRGEITZ, 25 5 DEEERT 5.

— cutoff_t, cutoff_u, cutoff_j
fzal : 528K
TI7AILMME: 1.0e-8
Ky ¥ 7, 7 —a Ry, SRR LT, ThE D/ NS WEZES T 5.

— cutoff_tW, cutoff_tL, cutoff_tH

174 {1 8% B Wannier ¥RV D> T x—=ILT1 >



H® Documentation, 1) 1) —X 3.5.1

— cutoff_UW, cutoff_UL, cutoff_UH
— cutoff_JW, cutoff_JL, cutoff_JH
ot - B

F7FILKE : cutoff_tW = int((W-1)/2), cutoff_tL=int((L-1)/2),
cutoff_tH=int ((Height-1)/2) IZHE XN 3 (=72 L, W, L, Height 235 E I h
TWRWEEX0). ZhlFhZo.

ARy ¥, Coulomb F&57, ZRIHEIIH LT, 2h o DERBZ 21T P LR %
BFoborEMHT2X5127 5.

— cutoff_length_t, cutoff length U, cutoff length_J
sk s =X

F 7 A ME : cutoff_length_t = -1.0 (TRTDL VI DEEEL), ZHIIMNE
0.3.

v ¥ 27, Coulomb F5), ZHBEINTH LT, ZOMMZEA 2 02T 2. Hlk
13V = BB OHFLEERR L A TR Mo EHE NS,

o —HHIEICET 285 X =&

—RRETIZ— AN LT TRCDIEZ A LGIK 28T BRZ@RIBEOXTNA T VT 4 7%k
JB ZEMAREE 8.

t2€ (0) = alU,m (0) Dy (0) + Upin(R)D,,,(0)
(R.n)#(0,m)
-(1-a) Z Jmn(R) Dy (R),
(R.n)#(0,0)
1
£ (Rij) = 5T (Rij) (Do (Rji) + 2Re[ Dy (R5) @3

1

- iUmn(Rzg)Dnm(RJz)y (Rmvm) 7é <0a n)v

Din(Rij) = Z <ijocj7w>KS )

Z 2T, 5—JElZ Hartree filE. %6 —JHIX Fock filE %2R 3. a 134 V¥ A4 VHEEERAOFS 2 HE T
BRIA—REFRT.

— doublecounting
= : char &Y
77 # )L MME : none

none: —AMHIEEITHR. Hartree U: 7 — 1 VFE7) Ugiy; DA% %8 L 7= Hartree
fiIE%4T 5. Hartree: i@% @ Hartree filE%#1T 5. full: Fock JHd & A 72 —1KHl
Ex1TS. WEFHEE Dpyj ¥ LTI RESPACK THH L E T2 7 7 4L
[CDataFileHead]_dr.dat ICl# S N7 fHZERHT 5. 7272 L, [(DataFileHead]_dr.
dat Ti&, $ 4 + &) OBEFEDHI I N TNV B 720, BREEICRA Y U RIFED 72
WERELAEL TV
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— alpha
R 8
F7FILEE:0.5

—FHEDS B, A A VEEEHOFESZHET 239X -2 0<a<]).

B4 771IL7#—<v bk

HPhiimVMC DX X > & — RE— RTRUTD 7 7 L L EFHAAL. ZNHD T 7 4 LIiZ RESPACK © 71
75 LB FETTA L, dir-model ¥4 L2 + VIZ [CDataFileHead]=zvo ¥ L CHEIH h&h 3.

B.4.1 DA XK —

7 7 4 V441X [CDataFileHead] _geom.dat. 2D 7 7 A B HEIWZIG U TEIEST 2 Z & THD 5 #EE
AEBETE?.

-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100

3

0.000000 -0.000000 -0.000000
-0.000000 -0.000000 -0.000000
0.000000 0.000000 0.000000

« 1-3f7H
FEEiER 27 FL. F A b BEER TR AL
« 417H

mVMC/HPhi THUD AL, 2=y b H7= D OfEE. Wannier IO I Y DL T2 %
AJRETH D, ZDHFEIIXEDI S Z OO T OHEEE Y ANT-ETFLBERINS.

* SITHLARE

ZH3E O Wannier U0 (7 5 7 > a FIOLEERE). Fourier ZH#2Y — L Tffibh b, 2B, T TEEZ N
7> Wannier BIE(DIEF DS, LLITD 4 DD 7 7 4 LD Wannier FIED A4 > F v 7 XITHIHT 5.
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B.4.2 v E> %, Coulomb %5}, a5y, BHEE

7 7 £ V#4113 [CDataFileHead]_hr.dat, [CDataFileHead]_ur.dat, [CDataFileHead]_jr.dat,
[CDataFileHead] _dr.dat. Wannier90 @7k v ¥ > ZFE7 D RIHE S (GEAlIE wannier90 D user_guide D
8.19 seedname_hr.dat ZZBDZ ¥).

wannier90 format for mvmcdry

-3 -3 -3 1 1 0.0004104251 -0.0000000000
-3 -3 -3 1 2 0.0001515941 -0.0000000006
-3 -3 -3 1 3 -0.0001515941 0.0000000002

117H
T 7 ANy X
* 217H
Wannier B D%
« 317H
A —%—t )LD nrpts .
o 447-5 + int(nrpts/15) 1T
H A — 28— )L T ORERE GEARINITIE ).
* 6+ int(nrpts/15) 17 -

1-3 BB R ==k L DIEF R L, 4 HIHDFEH D Wannier PUED A > 7 v 27 R, S HIEHDB R —r8—
LD Wannier HUED A > 7 v 7 X, 6 FIHHMBFEEUE, 7 I BPERIEEZ 2252 5.

B.5 Contact

ZDI—T 4 VT AIZOVWTOZER, ZEM, NHMEEDDE L0 TRETBRVWEDLE L ZX 0,

AT S

mkawamura_at_issp.u-tokyo.ac.jp

_at_ B QITAEZTL XV,
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