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What is HO?

1.1 HO &1 7?

KT — 2 & MR O ETRIR & OEREILEIE, WEMZOME T O A0 —D2D k> TWE Y, HIRIER,
R OV — RS 2 SIS 2 B DI EMRAFE S, WHEP S R s A AYY - E— AV PBLUFa
U— - UA XREFEDERT — 205 ZDERICH 2B FIRBE IR T 572D, BRI O MRHTHEER & O Mgk
MWBBEARTRTY,

MERIE R ORI FIE L U CTld, BB ALE ASEE VWS ERNZHENTELRLEFETE 2 FIETT, 2
DHMKD7=d1Z1d, FIHTERFEDOERFRBIZI?ME S N EAHERE Y )V 38y 77— TITPACK 2 EAEA < A
HEINTEE Lz, INETIIFRBEROGNGH ., TOMARHEK/NELRANDEHIZRONTEEL
2o UM L. EHEBOESIC L > T, WiFMEZ R L THAN— R 8 KT/, AV 12 DT A R 36
T RRREEOFENBAICETIREL o TWET, /-, BAHEINFZORE24 Tk b, SERRER L
FREDIZ M TOARIBEFENIREL 20, HAPHHEORR L O BN DL 2> TE TV E
T, TS DFHEAHREIC A o 72 FUTIME N Y FIECEBO DA T VI T 2R OH L WETRET —F 7
IF¥NHY. ZTOMREEZRRRIZENLL DD, MHICHHAARELHE LAWY 7 bV 27 OFEGBHFZNTVE L,

ZOESBERICEOE, NHEBFBEIY U=y r =Y HO X, TV F 3 AERIE D K BFZARERI DI ER
BB L OMERIE IR B I 3 2 B Ak & . BIORR & RIE 23 e U - ARRIRE AR &2 . 6D D Rk 72
Y= A VR—T A AL EITHHEEINZT TV = a2 HEBLTCHRINE L, Y Tign
N— FIRBIRNA By ROV TR E D Z#E NN — NP Y y 0y v AF — PR E/EHAP F X T 711
D& SUQR) WFEZ2 A M EMEAZ R ORTAE VER, X5 I0EREE T LREAY VHEEE U 720 i 715
BET, 2—F—0HKIZE U CANRRE T TR Z TS 2 2 e TEEY, HERRES XOFREETON
HIZANF—ZB B A A, WEREM - ACUVERN T2 L T 24 LRYBLENGHRMEE RoTWET, &
Bge# 2 GUIEL N — Y — 12 &I TR W 2 iEFE 0w T g,

*IE. Dagotto, Rev. Mod. Phys. 66, 763-840 (1994).

*2° M. Imada, M. Takahashi, Journal of the Physical Society of Japan 55, 3354-3361 (1986).
*3J. Jaklig, P. Prelovsek, Phys. Rev. B 49, 5065-5068 (1994).

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

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

6y, Yamaji, Y. Nomura, M. Kurita, R. Arita, M. Imada, Phys. Rev. Lett. 113, 107201 (2014).
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AKYTZboz7DTaT I L3975 —UE XY — A 32— K—RAlL GNU General Public License version 3 (GPL
v3) IZHEUTHAINTWET, HO (hphi) 25T 28ZiE. UTFOXEFIALTLZE W,

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

11.2 JE—Z14 &

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

ARV 7 MU x71E 2015, 2016, 2017 FE RAERAYIMERZFTY 7 b v 2 TEEAATB Y 27 b OLEEZ TR
INTEHH, ZTOFEFHIHFEKRENFFREL THET,

1.1.3 REERE

AKY 7 b7 ZUTOREEBFICIVEBEINTVET,
s ver.3.1 (2018/9/3 UV — )
- BAFEH
w PR ER (REKT: WIVEZERT)
w TR S (ROKRY: WIVERRZEAT)
w R — B GREKY: WV ZEAT)
w A HER GRERZE R T2 RAF5ER
s (LM PEE (RURRY K2R T2 R 5ER
« RN EG (UK 2RISR
w /NG (R (MR 2L T AT AL T)
- 7BV bIA—T 4 X —K—
 JIE R (BRUR Y WUV ZE i)
* ver.3.0 (2017/12/25 U V) — R)
- BFH
« =1 ER CRERT WMERRSERT)

w JAR el CRECKZ: WIVEWTERT)

2 % 1 &= What is HD?
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w5 — B GRIERSE YIVER S92
s FF K GRRKRFERF b TR 05ERD
s (L3 PEF CRERZE R TRIFZER]
« BEE EIR GREURY: B RAFSER)

- vz ba—FT41x—&—

s Iy TERE CROAUK S WIVERTSEAT)

ver.2.0 (2017/4/11 ) V) —R)

ver.1.2 (2016/11/14 V ) —R)

ver.1.1 (2016/5/13 V' ) —R)

ver.1.0 (2016/4/5 UV V) — )

- BHFEE
w Z ¥ B RAURZERZ B YIS
s AR e CGRECR S WIVEWTEAT)
w15 L —BE AR WVEWTSEAT)
s [l 7 CREAECKR R T TR T5ERD
w A EIE CRAUKREE B RIESER]

- 7BV AT 42— KR—

w JILES ERE CRAECRZ: WVEWJErT)

BFIRIR
DFOBRECEHET 22 L 2R L TVET,
o BOKFYMRFEIA ==y Ea—K—Y AT L B [sekireil
s EIEFX-10 BEUparya—x—
¢ Linux PC +intel 2 /31 5
e Linux PC + gcc

* Mac + gcc

1.1, HO &7 3






B2E

How to use Ho

2.1 E

HO DR NBEIFERIZIZIRDOS DB BETT,

e C/fortran 2 >3 Z (1 > T )b, &L, GNU 4 &)

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

e MPI 51 75V (MPL 5] 247\ WGEIMBED D THA)

ScaLAPACK 71 77 V) (&AL THALLAWEARLED D $HA)

MAGMA 71 77V (&AL THALZWEGEREIBED D FEA)

LRI

5/ intel 3> /%4 S —TODFHRE
intel 2 V84 S ERMHT BEEICIE. IV FTIINBORERAZ Y TN E{HHT 2008 TT,
64 €' bk OS T bash Zffi> TWHHEITI

source /opt/intel/bin/compilervars.sh intel64
F 7%
source /opt/intel/bin/iccvars.sh intelé64

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

%%~/ .bashrc IZRRHEL TL LIV, FLLREFRELOI V1T, 47 73VDY=aTIVeEHALE
I,
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22 A1 VR MN—=ILAE

H FIRDEGFHi PO XY »a— R TEET,
https://github.com/QLMS/HPhi/releases

Ry —RUETZ7ANVERDESICZEMUTIZI 0N,
$ tar xzvf HPhi-xxx.tar.gz

HP 1F cmake ZF|HLTA VA= TEET,

LRI

sekirei C cmake ZF|H9 2 121%
source /home/issp/materiapps/tool/env.sh

EHoPLOFEITTLILENDD £,

HO ZEBI LT 1 L2 N Y D82 %S$PathTohphi . YL K51 L2 kU % SHOME/build/hphi (135 D 557 % &7
AJRE) & L7541,

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

make

TavR ANV BHIENTEET., BYMIAOFHIT ScalAPACK % i 3 2 5 & 1T 1%,
~DUSE_SCALAPACK=ON D% 7' a ¥ % cmake R IZDIF T Z X\, 3281 )L, $SHOME/build/hphi &
TZ ste 7 ANVTDBER S N, FEIT7 740V TS HPhi BZD 7 A VXNITERINE T, MPL 71 75 VAR
WG EIZIE. MPLIEIEDET 7 7 A ABMERE N E T,

BB, LOFITIE gec VNS TRFMHRE Lz U XA IVIZZR > TOWET A,
o sekirei : YHEMZEATS A7 B sekirei”
e sekirei_acc: WM A5 A B” sekirei” (MAGMA 51 7 7)) 2T 5546
o fujitsu: EL@EI VLTS
e intel :intel 2> /34A J + Linux PC
e gcc : GCC + Linux PC

DATVaryPHEINTVEY, BUF, HPhi Z BB LT« L2 MU TEL RT541%2R L 7 (intel I 28
1 DEE),

6 % 2 = How to use H®
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mkdir ./build
cd ./build
cmake —-DCONFIG=intel ../

make

FE17#4, build 7 F IV REFIZ src 7 A VX HBEK SN, HPhi A¥sre 7 A VX NIZER I X3, b, avs84q
FELEFELIAVALILUELAEZWESIZIE. #BE build 7 + VX Z LR E{T -7 BT, I FEEE%2475 2
CEBEDLUET, £7-. SSE2 MHHEELEEIZIX, cmake TD 3 V81 JVI-DHAVE _SSE2 ZAFFhNx T <
72X\,

23 T4 LU NYHEK

HPhi-xxx.gz % IR INE T 1+ Lo MUEEREZLFICRUET,

| -——CMakelLists.txt

| ——COPYING

| -—config/

| |-—fujitsu.cmake
| | ——gcc.cmake

| |-—intel.cmake

| | ——sekirei.cmake

| | ——sekirei_acc.cmake
| -—doc/

\ | ——en/

| |-—Jp/

\ | -——fourier/

\ | ——sphinx/

| | -—userguide_en.pdf
| | -—userguide_jp.pdf
| -—samples/

| ——src/

\ |—=*.c

| | -——CMakeLists.txt

\ | -—include/x.h

| | -——makefile_src

\ | -—StdFace/
|——test/

| -——tool/

2.4 EXMEWng

HP TIEAR YV E—RE—REIZFANR—FE—RD2DODE—RRWELELET, TITlE, AXVX—FKE—F
BLOZFANR- I E—RFTOHBEICEHL T, TNETNHEANLTRENEZIZHL XTI,

23. T4 LU MY 7
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241 RV —RE—FR

AR VR —=RKE—NTOESHIEXTRROED T,

1.

HEHT L2 N OIER
HEYF VAL EEZHLUEZTA L2 MY RERL XTI,
AR VE—=RE=RHAANT 71 VOIER

ARV E—=RE=RTIEZ, HS5HLUDHAREI NIV DONDE T IV (Heisenberg E 7 )L Hubbard € 7
V) T (IEAMTRE) ZIHEL, TNOITHTE2VLDODRDNRT A —X— (Gl VGLEAY v
HWEPA VYA b —a v BB Y) L HETFE (Lanczos 5, TPQ HEad) 2R ELXT, &7 71
VIE How to use HPhi IZHEWFEHL T 72X W,

3. A7
“-s” (“~—standard” THE) AT a v UTHRED L, | THERLULEANTZ 7 A V& EFIBE
L. HPhi 2EfTL £,
e 1) 7 )V/OpenMP 5] DE&
$ Path /HPhi -s Input_file_name
* MPL\(i5/N 4 7)) w RiF] D56
$ mpiexec -np number_of_processes Path /HPhi -s Input_file_name
T— AT =2 avRANRAVETHFa—A VI VAT LEZMAL TV EEIE T 2 E Y a T#
ATV ROGIE LTHERAB5AWHD £, F#FLIBBHVDYATLADY=aT Ve TSR K
TV, T ABOBECEHUTCEHEHETIRICLVECOEDICHET H2HENH L £9, Ml
Creating input files for Expert mode % 2 < 72 &\,
4. @
FHREETORBIZDOWT output 7 A NVKIZBZ 7 7 A UHRHBINET, Iz 7 71 ILOFEM
CEUTEHAOT7 741 23FIZLTLEI W,
5. mA&HER
HENEERT U2EE, 3HEE— NIV output 7 A VXIZEHRFER 7 v A A hang 4., H
NEND 7 7 ANVDFEMIZBEALTIE HAT 7ML 22FIZ LTI,
BIEHIC:

OpenMP X L v REDIEE
E17HD OpenMP D A L v REZEIEET 55413,
HO 2FEFITT AN TORRKIZLTLEZE W (16 AL Y KDIFE),

2% 2 Z How to use H®
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export OMP_NUM_THREADS=16

242 TXA/NX—FME—NR

IFRAN—KE—-RNTOEMFEAEIZTRDBEY T,
1. §H8EHT 1 V2 b)Y OFER
AR T A K BANIMER) Z2id# LT« L2 MY RERL £,
2. BEMIAN 7 7 ANV DR

IFAN—FE—RTIE, NIV FZTVDOTRTCOEETRTIFFMASTI 7 7 AN EEHELRMED T 7
AN, 1 BEOENSD T 7 A NVELD)V AN T 7 ANVEERLUET, &7 7 A VIFEITFRN—FE—R
FAART 74 IZEVEHEH L TLZE W,

SER:

VDA77 A NVOERIFAR Y X — KD 7 71 )V StdFace.def Z Fl\ 5 E BGIZIEKT B Z N TEET,

3. FEf7

“—e” ( “——expert” THH)%ZA T a v UTHRED k. 2 TEHRLEZATY AN T 74 V5 %EF]
ML, Z—IFNho HO Z2FHITLET,

e U 7J)L/OpenMP ifi 5
$ Path/HPhi -e Input_List_file\_name
e MPIL 5/ N1 7D v R4

$ mpiexec —-np number_of_processes Path/HPhi -e
Input_List_file_name

Tu ZBOBECELUTIEERTIRICEVEEDS DIZHRET HHENH D T,
Creating input files for Expert mode %S 72X\,

4. @i

FHAEITORIBIZOWT output 7 AN XIZuF 7 AN INET, HHINE 7 71 VOFEM
CHEUTEHAT7 740 2B3FIZLTLEI Y,

5. kiR

HENERRKRT UEE, #EE— NIV output 7 A VX IZFHERE 7 v Va4, H
HENE 77 A NVOFMIZBEL T EAT7 74 BB L TLEI W,

24, ERMREVNE 9



H® Documentation

2.4.3 Creating input files for Expert mode
This mode is for creating input files for Expert mode. A set of input files created using this mode gives a model
provided in Standard mode. The usage is shown as follows.

1. Create an input file for Standard mode.

2. Setting an option "-sdry" and an input file (in this example, StdFace.def), run H®.

$ Path/HPhi -sdry StdFace.def

In this case, you should not use MPI parallelization (mpirun, mpiexec, etc.).

3. The following files are created as the input files for Expert mode in the current working directory.

calcmod.def greentwo.def namelist.def zTrans.def
greenone.def modpara.def zInterAll.def zlocspn.def

244 7O0tE2AHDETE

MPI X5/ 7Dy RXig 2 WSS, 70X 2ZBIEBTO LS ICEHELTLEI W,
1. Standard €E— K
s EFRAKEERT R

AR VE—=RE—FHANT7 74T model="Fermion Hubbard", "Kondo Lattice",
"Fermion HubbardGC"®DHEIE, TUR AN 4" b L DITERELTLEE W,

s A VHR

ARVR—=RE=RHANT7 714V Tmodel="Spin", "SpinGC"DHFEIE. AHIT7 711D 25
DI/ L TT o 2D Qs+D)? & HREESIZHELTLEZIW (T 74V ik 25=1),

2. Expert E— K
o BTRMOEHEIE TR

CalcMod 7 7 4 JL @ CaleMod 7 7 1 LT, CalcModel & U T fermion Hubbard #5784, 3 jkfe
FIREINU 25681, T 204" L0 X I/ ELTLEE W,

s AV VR

CalcMod 7 7 4 )L @ CaleMod 7 7 1 VG, CalcModel & UTAY VA ZZIRL 7235513,
LocSpin 87 74 )L @ LoeSpin 7 7 1 V& SF LT U AR RET 20BN H D £3, #A
INZToE AL, V1 MEOREZVE DL SIEIZRFEAY Y OREE (25+1) 2HNT2E£ DT
fREINET,

10 % 2 = How to use H®
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#lZ1E, LocSpin 7 7 A )L

NlocalSpin 3

THZONDGE, FAINE 7o AE2=1+1,6=2x(2+1),24=6x(3+1) &2 £7,

245 N—U 3 VESDHER

ROESIZ—VvATYaVvEDdTFTHE Z2ETTE, N—VarBSeBER N LABEKTLET,

$ PATH/HPhi -v

24, ERMREVNE 11






13

B 3=
Fa—bMYTI
31 X949 —KE—NR

3.1.1 Heisenberg &#!

DFRDFa—hbIT7VETA L2 MY

samples/CG/Heisenberg/

WTH\WE T, Heisenberg i8ELIZE T 28 > TIVAL T 7 1 Vi

samples/CG/Heisenberg/stan.in

WZh D ET, ZOHITIX 2 IRITIEFH#T D Heisenberg fEH (i1 b O MEREEVE A UG D A% FED)
EERLET,

4
H=1J Z (Sij - Sip1s + Sij - Sijr) (3.1
ij=1
772U, AR S math:(S_{15}=S_{51}=S_{11}) EBHALET, 1V Ty b7 741 VDHFEFRDOELD
TY,

model = "Spin"
method = "CG"
lattice = "square
W =4

L =4

J=1.0

2S5z = 0

n

ZOPITEAY VS J=1(EERM) & U, I1 bPEUX16 & LE L7,
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Log 73

BHERco B EINET, 72, "output" T4 L7 MUMBHBEIERI N, T IZHEEREEZRTE IR
hEngd, fIRE VY IVEFRIEATO 7 7 A Vvt Ehg 4,

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

a7 HhENs 7 7 A IVOFEMIE CHECK Chemi.dat %% ZE L 23\,

FEfFa~ v N EHERI{(MPL XiF/N1 7V v RAHTI VRN U7HEORNIIRO LB D T,

$ Path/HPhi -s stan.in

, ammmmmmmmmmmmmmb, , Welcome to the
, Q@ dm mb ===
, @@ dRRRRREREREEREREEERRb Pm, Qe Qe @@
d@ dEEE RRR @REERER RRERb ~Ra @@ Qe @erereee
de @RERE """ @RE@ m m Q@@ @, Qe @@ @ee @@ @ee

@ @EQRQR_CQRER_CQRQREmMmM mmEQ@ @] Q@@mmmmmmmmmm@e @@ ea Qe
P@ dldddddcedaeceaeeeeac @~ @eeeeEeeeeeeeee e@ ea ee

@a ~~9@E@QRRREPPP~ @p Qe @@ @ee@ @@ @ee
~@@b eeeeeee , @@~ @@ Qe @reeeeee
~@@Qm, ,@RREREEQRQRE ,m@~" Qe Qe ea
~~oQeeeeeeeee ~
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

|

|
KEYWORD : w | VALUE : 4

|

|

|

KEYWORD : 1 VALUE 4
KEYWORD : J VALUE : 1.0
KEYWORD : 2sz VALUE 0

####4#4# Parameter Summary ######4#

ROR—TTHR)
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@ Lattice Size & Shape

a
Wlength
Llength

Wx
Wy
Lx
Ly
phasel
phasel

@ Super-Lattice
L

W
Height

Number of Cell =

@ Hamiltonian

Gamma
28

D

J0x
J0y
J0z
Jlx
Jly
Jlz

I
O O O O R B PP

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

setting

4
=4
=1
16

.00000
.00000

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

I
B R R R R R O R O O

@ Numerical conditions

LargeValue

#HEHHA

locspn.def is

= 4.50000

Print Expert input files

written.

coulombinter.def is written.

hund.def is written.

exchange.def is

CDhataFileHead
Lanczos_max
initial_iv
exct

LanczosEps

written.
= zVo

= 2000

= -1

=1

= 14

#HEHHH
#HEHHH
#HEHHH
FHERHH
FHEREH
FHERHH
FHERHH
FhEHEE
FhEHEE

FH#HEH

iEEaad
A
#HEH#H
#HEHHH

FHEREH

#HEHHA

A A A
FHEHHH
FH#HHH
FHEHHH
iEaadi

DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

DEFAULT

DEFAULT
DEFAULT
DEFAULT
DEFAULT

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE

VALUE
VALUE
VALUE
VALUE

IS
IS
IS
IS
IS
IS
IS
IS
IS

IS

IS
IS
IS
IS

USED
USED
USED
USED
USED
USED
USED
USED
USED

USED

USED
USED
USED
USED

DEFAULT VALUE IS USED

DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

VALUE
VALUE
VALUE
VALUE
VALUE

IS
IS
IS
IS
IS

USED
USED
USED
USED
USED

#HEHHH
#HEHHH
#HERHH
#HERHH
#HERHH
#HERHH
FHERHA
FhEHHH
FhEHHH

iEEE S

s a A
A
#HEHHH
#HEHHH

#HERHH

i E S
iEEE S
iEEE S
#HEHHH
FHEHHH

ROR—UiTEi)
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LanczosTarget = 2 ###### DEFAULT
NumAve = 5 ###### DEFAULT
ExpecInterval = 20 ###### DEFAULT
NOmega = 200 ###### DEFAULT
OmegaMax = 72.00000 ###### DEFAULT
OmegaMin = -72.00000 ###### DEFAULT
OmegaIm = 0.04000 ###### DEFAULT
2S5z = 0

modpara.def is written.

@ Spectrum

SpectrumQW = 0.00000 #####4 DEFAULT
SpectrumQL = 0.00000 #####4 DEFAULT
SpectrumQH = 0.00000 #####4 DEFAULT
SpectrumType = szsSz ###### DEFAULT

pair.def is written.

@ CalcMod
Restart = none ###### DEFAULT
InitialVecType = cC ###### DEFAULT
EigenVecIO = none #####4# DEFAULT
CalcSpec = none #H####+ DEFAULT

calcmod.def is written.

ioutputmode = 1 #####+ DEFAULT

greenone.def 1is written.

greentwo.def 1is written.

namelist.def is written.

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE

VALUE

IS
IS
IS
IS
IS
IS
IS

IS
IS
IS
IS

IS
IS
IS
IS

IS

USED
USED
USED
USED
USED
USED
USED

USED
USED
USED
USED

USED
USED
USED
USED

USED

#HEHHH
#HEHHH
#HEHHH
#HEHHH
#HEHEH
#HERHH
#HERHH

HHEHEH
HHEHEH
HHE#ES
i E S

#HEHHH
s a A
A
#HEHHH

#HEHHH

###### Input files are generated. #####4#

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'.

(‘(k@/{——“/t,ﬁzjhz)
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Read File 'coulombinter.def'.
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 (x.def)

MAX DIMENSION idim_max=12870

APPROXIMATE REQUIRED MEMORY max_mem=0.001647 GB

##4#4#44 MPI site separation summary #####4#

INTRA process site
Site Bit

0 J o U w N PO

Ne]

10
11
12
13
14
15

DD NN DD NDDNDDNDNDDNDDNDNDDNDDNDNDN

INTER process site
Site Bit

Process element info

Process Dimension Nup Ndown Nelec

0 12870 8 8

Total dimension : 12870

#4##### LARGE ALLOCATE FINISH ! #####4#

Start: Calculate HilbertNum for fixed Sz.
End : Calculate HilbertNum for fixed Sz.

8

Total2Sz
0

are complete.

State

FHEREH

ROR—UiTEi)
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Start: Calculate diagaonal components of Hamiltonian.

End : Calculate diagaonal components of Hamiltonian.

###### Eigenvalue with LOBPCG ######4#

initial_mode=1 (random): iv = -1 i_max=12870 k_exct =1
Step Residual-2-norm Threshold Energy
1 2.44343e+00 1.00000e-07 -5.27456e-01
2 2.76604e+00 1.87217e-07 -1.87217e+00
3 2.61923e+00 4.19088e-07 -4.19088e+00
4 2.57106e+00 5.97098e-07 -5.97098e+00
( snip )
40 7.39431e-06 1.12285e-06 -1.12285e+01
41 4.15948e-06 1.12285e-06 -1.12285e+01
42 2.04898e-06 1.12285e-06 -1.12285e+01
43 9.92048e-07 1.12285e-06 -1.12285e+01
###4## End : Calculate Lanczos EigenValue. ######
###### End : Calculate Lanczos EigenVec. ######
i= 0 Energy=-11.228483 N= 16.000000 Sz= 0.000000 Doublon= 0.000000

ZOEFTIE, FUDIININV =T v OFMERKRT S 7 7)) (locspin.def , trans.def, exchange.
def, coulombintra.def , hund.def ,namelist.def, calcmod.def , modpara.def) &, kEREL
THITHMHBERABOER%2IEET 57 7 1)V (greenone.def , greentwo.def ) BEKINE T, Ths
D7 7AINVEIFAN—-ME—-REHETT,

STERREA
Br&ET Oy 7 #1&%AE (LOBCG) =
AJ17 7 A ) T"method = "CG"" & #IN$ % &, LOBCG L TDEFLITONE T, LOBCG L TDFHRAIERE

T3¢, WEZTANF—BLIO—ET) — VB K7 —VBEBRHESN, 7y VA EhET, T
2, 2OV Y ITNTOHRAN 7 7AWl 2@ LU E T, xx X0 omE3EAEMBESHLAL £T),

zvo_energy.dat

zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nupd4_Ndownd.dat

ARV R —RE—RNDEHIE, "greenone.def”, "greentwo.def"IZEDE, .

18 EBIEFa—rYTI
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zvo\_cisajs\_eigen\_xx.dat. zvo\_cisajscktalt\_eigen\_xx.dat

CEAEERZITTIG U7 — R 7)) — VS SO RS — VEBOEP TN E T,

Lanczos ;%

Lanczos IECOEENEEK T T, MEZRXILVF—BLO—EKIT) — VKR, 7)) — VEBMNEE I N,
TNV IIINET,

zvo_energy.dat zvo_cisajs.dat

zvo_cisajscktalt.dat

ARV Z—=RE—RNDEEIX greenone.def ., greentwo.def (ZETE, —{KZ7 VU — VERIZ IZ:math:langle
n_{isigma} rangle . —Ak2") — > B 13 :math:langle n_{isigma} n_{jsigma’} rangle WEBH DI F T, 4H.
Lanczos B TRD=EA R 7 M B+0REE 2B OGSIZIZFOEERZ MVTEHEINE T, —7F. Lanczos
ETRDIZEE XY MV 5K E & R 72 0B &2k, v 7 32 T Accuracy of Lanczos vetor is not enough |
NRREIN, CGIETERARY MUV RDONET, K7 714 VOFEMIX., 22 ¥ a3 v energy.dat , cisajs.dat ,
cisajscktalt.dat \ZFRHDIH D £FT DT, TL2WLIZI W,

TPQ %=

ANI7 74V Tmethod = "TPQ" ZEIRNT DL, TPQ ETOHENTHONE T, TPQETOHENEEKR T T
58, LFRODT7 7 A ADBHIENET (%% 1Z1F run DEIF, &&IZIZ TPQ DAT Y THMNAD £T), :

Norm_rand%$%.dat SS_rand%%.dat
zvo_cisajs_set%%stepé&&.dat

zvo_cisajscktalt_set$%$step&&.dat

Norm_rand%%.dat \Z (&, &P BB O BT O R E T 2 X OHEBEH R, & run BHHBIZHEC AT v
THerdicHhhInET, £, SS_rand%%.dat 1ZiE, WRE, TALF— NIV F=ZT VDO ED
HRHFER O ENE run BB U AT Y THE L HITH I N E T, zvo_cisajs_set%%step&&.dat &
zvo_cisajscktalt_set%%step&&.dat 121345 run [EETD AT v TG U7z — k2 ) — VBB L Ok ) — v
BB hINET, &7 71 VOFERIEZENEN, © 2 ¥ a ¥y Norm_rand.dat, SS_rand.dat, cisajs.dat, cisajsck-
talt.dat \ZREEHH O FT O T, TSI,

EPOpER (53

AH7 74NV Tmethod = "fulldiag" Z&RT 2 &, @RMILETORHERTLONET, &XAlETDE
HOREEKTTEL, T 7 7 A URHANINET xx ITIZ 0PSB E2EEMEESHAL £T),

Eigenvalue.dat zvo_cisajs_eigen_xx.dat

zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

31. RV —RE—R 19
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Eigenvalue.dat IZIXEAGMEF S S O ANV —EAEMEPI B H I N E T, £ 7. zvo_cisajs_eigen_xx.dat,
zvo_cisajscktalt_eigen_xx.dat IZ IXEHEE S ICHR LU 7Z—K T ) — VBB X067 ) — VEBOMENH
f1&¥hEd, £7z. zvo_phys_Nupd Ndownd.dat, physical quantities 2%, TRILF =X 70> OFHER LD
VEENH I EINET, &7 7 ANVOFEMIZ. ZNE N Eigenvalue.dat - cisajscktalt.dat \ZFE#A DY £ DT, T
ZILZE N,

3.1.2 ZOMDFRTDFa—r) 7

There are many tutorials in samples/Standard/ M FIZIZZOMIZHHEA LT 2 — MY TIADRBEVWTHY £7,
FNENDF 2— M) TIVORBERFIMEIZDOWTIE, . For more details, please see README . md at each directory.

3.2 TXFAN—FE—F

IFAN—FE-FTIE, AAZ7770ELT
1. A7 740U A
2. EARNRIGA—=ZHT7 74V
3. Hamiltonian {ERH 7 7 1 )V
4. HAOFERIEEH 7 71V

PHBELUE, HE2ITVWET, HEABBIZBEL TR, AZ VA —RNE—RLAKETT, ZZTEEHiORAZ Y
H—=RE=RFRTOFa—bUTNETZBEDRNEZHFNZADTZ 7 1 VOERIZET ZHHZTVET,

321 AATZ 7AWV AT 74

ANT7 7AINVOREIEE 4Hi2F8ET 5D 7 7 1)L namelist.def 121, FHRORANEHRINTVWET, FAHLT 71
VYA ST7 AT 782 Keyword & 7 7 A V&4 ZFH L, 7 7 A I)VOREHO KA 2T\ 9, FEMliE 2
Yav ARNTTIAINEBERT7 A 2TEL XN,

ModPara modpara.def
LocSpin locspn.def
CoulombInter coulombinter.def
Hund hund.def
Exchange exchange.def
OneBodyG greenone.def
TwoBodyG greentwo.def
CalcMod calcmod.def
PairExcitation pair.def

SpectrumVec zvo_eigenvec_0

20 EBIEFa—rYTI
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3.22 EFRNS XA -5 DIEE

HEE—R, FHEHANRSA—X, BEACYOMBEZUTDO 7 74 ILVTEELET,

HEE—-RDIEE

CalcMod TOBRHIF5NE 7 7 A1)V (Z T Tlk calemod.def) THEE—NZ2EBELET, 771 NVOHREIERELED
WO TY, FHEE—NFN, BAEANIA—X, BEAEVOMEEZUTOT7 74V THELET,

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

CalcModel 1

ReStart 0

CalcSpec 0

CalcEigenVec 0

InitialVecType 0

InputEigenVec 0

CalcType TEIAEFIEDER, CalcModel THRET IV OERETVE T, Z I Tl HEFH L LT LOBCG .
HBEETFIVELTAL VR (B = h)) 2BRUTWET, CalcMod 7 7 T IV TIREANZ MLO AHIBEED
BET BN TEET, CalcMod 7 7 1 IVOFEMIL CalcMod 7 7 4 ) & TEL & W,

SEANS XS DIEE

ModPara TOH 1} 5015 7 7 A )V (Z Z Tl modpara.def) TEHHEHANTA—-XEZ{/ELET, 771V DOHE
W FNERO®EY TY,

CDataFileHead zvo
CParaFileHead zgp

Nsite 16
2Sz 0
Lanczos_max 2000
initial_iv -1
exct 1
LanczosEps 14

LanczosTarget 2

ROR—UiTEi)
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LargeValue 4.500000000000000e+00
NumAve 5
ExpecInterval 20

NOmega 200

OmegaMax 7.200000000000000e+01 4.000000000000000e-02
OmegaMin -7.200000000000000e+01 4.000000000000000e-02
OmegaOrg 0.0 0.0

IDT7ANTI, V1 b, BEBFOB. =X)L S, ® Lanczos A7 v 7OBAB R 2 EL £7,
ModPara 7 7 1 VDEMIEE 7> 3 > ModPara 7 7 4V % ZEL 23\,

BEAEYDAEDIEE

LocSpin TOHMI 637 7 1)L (Z 2Tl locspn.def) TREAL VDOAESE S OEZEELET., 771V
DOHFIETFHDEY TT,

NlocalSpin 16

g W N R o
e e e e

LocSpin 7 7 1 VDML LocSpin I8 7 7 4L % TELZE W,

3.2.3 Hamiltonian ®i5E

HAEANRTA =4 %E%TE L7=1RIE. Hamiltonian 2##E3 2570607 7ML EERKLET., HO Tl EFRDRK
WCEE AT 72D, A VR TIEMUTOREBRR

89 = (chen —clen)/2,
5 _ e (3.2)
S = CLC%‘T'

PRV, BFROBEEFIZZEH L Hamiltonian OEKZ T35 0ERH O 7,

22 EBIEFa—rYTI
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Transfer SfDIEE
Trans TOBAIT SN D 7 7 1)L (2 Z Tl zTrans.def) TEFR D Transfer (24243 % Hamiltonian

H+ = — Z tijalaZC;‘rgleaz' (33)

ijo102

ZHRELET, 77V OHFEIEITLOEY TY,

NTransfer 0

ACVRTRAMGZHI BEARLIHAT 22BN TEET, HRIE. F1 b 112 —0580 (S =1/2) Dss
AT VAR, BTRORH —0.5/2(cl,er — ol o)) KBS MA U TFDT 7 1 VEERT 5 Z & THE
T2 e ET,

NTransfer 1

1010 -0.250
11110.250

Trans 7 7 A IVOFERIZ Y 7Y a3y Trans EEE 7 74 2 ZTELE X W,

ZEEFREBOERE

InterAll TOHAMIFS5NE 7 7 1 (2 ZTIX zinterAll.def) THE TR D (KM EAEHEIZH24 3 % Hamiltonian

_ T T
Ht = Z Z Lijkio) 020304 Cio, Cios Choy Clos- (3.4)

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

ZIEELET, 77 MNVOHHIITLO@ED T,

NInterAll 96

========zInterAll=====
0 0 0 0 1 0 1 0 0.500000 0.000000
0 0 0 0 1 1 1 1 -0.500000 0.000000
0 1 0 1 1 0 1 0 -0.500000 0.000000
0 1 0 1 1 1 1 1 0.500000 0.000000
0 0 0 1 1 1 1 0 1.000000 0.000000
0 1 0 0 1 0 1 1 1.000000 0.000000

3.2. TFR/N—FE—FK 23
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ZZ Tk, OO A i YA b i+ 1 BOHMEEHRICEBELUTHHALET, S=1/2 04, HEEHD
EA Tz VIA VEAFTEESRI S L,

Hiier = J(SESIHD 4 SIS 4 0 glH)

_ J(1 S5+ 4 Lo g 4 g 5(i+1))
2 - 2 - z z

1 1 1
=J |:QCITCiJ,C;‘r+1¢Ci+1T + 5CZ¢C¢¢C;[+1¢02'+1¢ + Z(CITCiT - chcu)(clrncﬂr” — CL—LLCH”LL) )

ERYET, LED>T, J=21cx@dLTinterAl 7274V D7 x—<vy NaSEZ|ICHEERAREEHT L.
SO S MR

i 0 i 0 i+1 0 i+1 0 0.500000 0.000000
i 0 i 0 i+1 1 i+1 1 -0.500000 0.000000
i 1 i 1 i+1 0 i+1 0 -0.500000 0.000000
i 1 i 1 it+1 1 it1 1 0.500000 0.000000

LRy, NN OIEI

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

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

ERBIFIVWZERbAY T, B, InterAll BASMZE . Hamiltonian 2 i ZMICEH T 272D DTFEHED 7 7 1
NMERIZHIEUTWET, §EfMiTe 7> a > nterAll 38E 7 7 A - PairLift I8 7 7 1)L % ZEL 230,

3.24 £HO7 71 DIEE

—{& Green BI% 5 & O 1K Green BABIDEH R § 5 i/ 2. £ Z 1 OneBodyG, TwoBodyG TOBfIIF 65 7 7
INVTHELET,

—{k Green BAH# D ERTRDIBE

OneBodyG TOH A1} 505 7 7 1)V (Z Z Tl greenone.def) THHHE T % —{K Green %K <c;rglcj02> D5 % H
ELET, 77 VOHFIETILOED TH

NCisAjs 32

N B 2 O O
o B O B O
N B P2 O O
o B O B O
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—4K Green BAEGH RN RR D DIREICET 27 7 A VAIEBROFEMIZE S > 3> OneBodyGIEE 7 74 2 Z
B <,

—1{k Green B O ETRDIEE

Wm%WGTU%HH%M5774A%11THgmme®DT%%?5:%Gmm@ﬁQ%yﬂﬁhfm>@
WA ELEST, 77 LOHHIFIFLEOED TT,

NCisAjsCktAltDC 1024

o O O O o
o O O O O
o O O O o
o O O O O
N B PO O
o B O O
N B PO O
o B O B O

ZAK Green BEGHEN KR DIBEIZET 2 7 7 1 VATEADFEMIZL 2 > 3 ¥ TwoBodyG 3827 714 22
Fi7ZEwn,

3.2.5 FHREDREIT

ETOANT 7 ANDHETE 2%, HEFETLET, ETFREFZFAR-PNE—NEBETS """ 247> 3
VELTHEED E, ANT 74V Y AR 774 (2 Z Tl namelist.def) Z8[8& L. Z—3IFILHh S HD 2FET
LET,

S Path/HPhi -e namelist.def

SEBGBEO e AL, AX VX —FRE—REEEIZRD ET,

3.3 HHERHO 7 —) T E#

IOy r—=Izik, ETRO-MEBEEKE -V AL, Juy b FE3I-FT 1 VT —BELTVET,
ZDaA—T4 )T —IlBETEY=aT IV

doc/fourier/ja/_build/html/index.html
doc/fourier/ja/_build/latex/fourier.pdf
doc/fourier/en/_build/html/index.html
doc/fourier/en/_build/latex/fourier.pdf

3.3. HEERAKD T —) T&i 25
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IZHDETDT, £Hb52BMLTLIEI W,
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774N T 4—<v b

4.1 RV —KRE—RBAAZ 74

ARZ VR —=RE—RFRHANT 74 NVIEZRO &S i&liFE2 LTWET,

27

model = "spin"

method = "Lanczos"

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
258z = 0

"triangular lattice"

REMRIL—ILIEZRODES Y TT,

o HATITIFVEMTOF—U— N (=0l &/XFT A =R — (=0%) BEIPNTEVHEIF=TRYSNTVET,

e BF¥—U— NRIEARICEATEXT,

o ZEEAT. 7213/ /THEBIT (IA VT U M) FEARIEEINET,

¢ BEX—T— N, NIA—RX—DRXF - NMXFREMINERFA, KTV A— b, ZAREEINET,
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e BTIELZRITNIENVITRWAT XA =R — BELRWGEET 7 4V MW HbN S5 A —&—_ (fthd
NIA=RZ—=DHAELHIZL>TE) FHLNBWARTA =R =—BEELET, FHbNAEWARTA—=Z—N
BEINEGEIZZ T I3 T U, AWT77ANVEZF v 23555220 H Ay —IUNRKRIN
9,

* There are three types of parameters.
1. BT L 2TV WS T A — X — (if not, H® will stop with error messages),
2.EELRWEET 7 4V MEWHDIN S /8T A — & — (if not specified, default values are used),
3N NINT A=K — ([FDNBRNNNT A =R =PEEINZGEIIETa ST LIFKT L,
AT 7ANEF v ITEIIICLVI Ay e—UBKRINET, )
An example of type 3 is the transfer ¢ parameter for the
Heisenberg spin system. If you choose “model=spin", you should not

specify “t".

KIZEF—T— FOFHHZ L £,

411 HEORBEICEAT LRI A -4 —

* model

i : XF¥ ("Fermion Hubbard", "Spin", "Kondo Lattice", "Fermion HubbardGC",
"SpinGC", "Kondo LatticeGC", "SpinGCCMA" DWW\ fuhr)*!

SREA : FHENROBEAZIBEL £9., EEROoXFIEENTNA ) ZIVERIDO 7 =)V I R T Hubbard f%
e s = 3t + U+ 3 Vo, )
i i#jo i#£j
UL A ZANVERDAE UIEE ({01,002} = 2,9, 2)

H:_hzsiz_rzsiw+DZSizSiz

+ Z Jl]fflsldlsjﬂl + Z JZ]0102 101 ]U2a

ij,01 1J,01702

717 = 71V E DT RS T (Hubbard B84 & [WRRIC U & J &2 AN D Z & g

H= —Mchcw —t Z CinCioc + = Z {S CuczT +S; %Cu + Siz(nir — n”’)} (4.2)

io (ij)o
75V N = HNVEMD T =)V I KT Hubbard #8 [ (4.1) ], 7TV Fh ) = AIVERD AL VR
[R@2)]. 777 KA = VEHOEHERE R (R @4.2) ] 1B LET,

"SpinGCCMA" TIX"SpinGC" L H UFHHEZ X D W T LTV XL 2HWTITWET, #2720, 52
EDTEZETIVY MPLMFIBUZROEIFRIA D D £9, U RO "Lattice"DIHE TR ZEI W,

*I GC=Grand Canonical
*2 Y. Yamaji et. al., manuscript in preparation.

28 FAEZE TJ7MITHr—< Y K



H® Documentation

* method
B : XFH ("Lanczos", "TPQ", "Full Diag", "CG", "Time-Evolution"d\W\ 3 #14)

BEA  ET T SEREOBMEEBEL £, LEOXFHREETNETNT »F 3 AR L 5 DHEAREDE
B, B FIROPRR B & A W 22 A BRI B, R & 2 2 E A IRAEEHA, LOBCG #7912 & 2 DA
REDEHR, ERFEFREE IS L 9,

BIBD AR PVEEIZBWTHHAINEFEDL ZDNATA—X—THREINET"CG" & LEBEITIEN
BLTWE Ko 747795 BPIFOCHEIN, ¥— NS v FOfES T MRS ARET MEHIhET,

e lattice

B ¢ XFH] ("Chain Lattice", "Square Lattice", "Triangular Lattice", "Honeycomb
Lattice", "Ladder", "Kagome" D\ T 1))

RER : TFOBRERELET, ERXFFIEENTN 1 ROTHE (X 4.1 (2). 2 RTEFET (K 4.1
(0) 2 VOEEMARET (4.1 (0). 2 UOTRAMBOEKT ([ 4.2), BTHET (044, HITAKT (4
43) ITHIEL T,

method="SpinGCCMA" TlX, Z® S H"Chain Lattice", "Honeycomb Lattice", "Ladder",
"Kagome"IZHE L TWET, EIETIZDONWTDOY A X (L,W) & MPL A (Nproc) DHEIBRIZIRD & B D
TT (REID L wdH T8I,

— "Chain Lattice"
L = 8n(7-7Z L:math:n (& n > 1 DFEE), Nproe < 2(L = 8), Nproe < 2L/2=2(1, > 8).
— "Honeycomb Lattice"
W =3,L > 2, Nproec < 2(L =2), Nproc < 64(L > 2).
- "Ladder"
W =2,L = 2n(7z72 U:math:n 1& n > 4 DFER), Nppoe < 28714
— "Kagome"

W =3,L>2, Nyroe < 1(L =2), Nproe < 512(L > 2).

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

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

*1 A.Frommer, Computing 70, 87{109 (2003).
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41.2 HRFICEAT BT A—4—

1 R5E84 [ © 4.1 (a)]
o L
i =F

BB ORI E2HRELET.

4.1 (@1 k. (b2 M ESET. (2 XL ZAKTOBRAK. "y rvI/fHn, A 791 b —v Ui
3. AE VKA. EIEEY A M (FE Y ROFER) TRENFNLV, T R0, YOREY 1 ME RO
TERENENY, VT b ET,

BFETF (K4.4)
e L
o= s HREK

BB B F ORI ZEELXT.
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_ t{}gVOS !j:o
e t]_:VI_"J]-

X 42 2RCGCEFAEOEEFOKRAN. vy EV Iy, A 794 v —o Vs, A VEEGIK, KU R
DOFACE > THRED T, /2, WEEORY VYIS, A 734 b7 —o Ufs. A UEE IS

LTWEHA,

tﬂat%h*jb
tlJEGJ*]i
tzavané
VT

43 A ITARRFOHERK.
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L
__.-4-"")\"--.__
-y N\
e ———0—————-
. & \'-\ ‘,fl
e —e——e— 00— W
A% -

44 FFRTORAM.

o W
PR« B

SER BT AR FREL X7

FAS T [ 4.1 ()], ZAKT [ 4.1 ()], MORRT [[M42], AT AT [ 4.3]

INSOKT Tk, E¥EEQRAME (MO RO E SR 2T TR EZIEET 2 ik, 205 & EH D
FENAEF R NIV EID FEMNEIRTEE T, 72720, model=SpinGCCMA DRFIZIFHIHEDAIMEX ET, F
7o, MAZREELEZGEIZIEHE 2T LET,

W, L

B A%

SRR : RO BAMIOW O R EEL 29,
* a0wW, a0L, alw, all

= s AREK
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© ©6 06 6 ©6._0

45 ZAKFIZIBWT, do = (6,2),d1 = (2,4) £ LEBEORILBR, do(¥ ¥ X) B & Wimath:{vec
a)_1(Z'V =) THENLES (1 MBUL20) WEET RV ER D,

BB : T RET D 2 KDY MV (dp,dy) ZHEL ET (K 4.5), TNO6DRT MVIFEHEDAEN 2
kL% REJE & U 72 B (Fractional coordinate) THEE I N E T,

AR VE—=RE=RNTHHENS lattice.gp EWI 774V EFS> &, BHOERLED DKFDE D HIT
HoTWENE S n2ENPDLZENHRFT, ZOT7 70, IROESIZLT gnuplot IZHEHAAFTED Z &M
HkE g,

$ gnuplot lattice.gp
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413 REEICET B/ AX—-F—

* nelec
B B

SHPA : EREETRERELUE T, model = "Fermion HubbardGC", "Spin", "SpinGC" D& ¥
FHRELRVWTLZE W,

e 2S5z
TR B

REA s A VD z D2 ME%EEELET, model = "Fermion HubbardGC", "SpinGC" D& X
WIEELRVWTLEE W,
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414 "I =T VOREDRE

F 74V MERBFIZHHE I N TV RVWEDIZDOWTIZ O IZHELTH Y £9, MBEREBDNNS A —X1F [FEE,
BE (R “ ) OIERTHEEL, EROBEICIE TEH] CTRENAETT,

FBFTIA
s mu
B« E
5%BA : Hubbard & & QLI FHEITOLERT VY v LEREL 7,
U
B EK
E5iPA : Hubbard & & B TFEIITOA VA h o —v ViR 2EEL T,
e Jx, Jy, Iz, Ixy, Jyx, Jxz, Jzx, Jyz, JZy
B«

SRBR R FERIIT O, REEFEREEFOAY UG EEELE T, EANMEIZOWT, Ik, Jy,
Jz #IEETHRDDIZ, RIA—R JEBETDH L Jx = Jy = Jz = IMWRAINFET, JEEEL
72 BT %, Jy, Jz ZHBELEZGEIETHO 2T L ET,

«h
i
B : Mt R fRE L 9,
* Gamma, D
i

SHBA ¢ AV VBRI TT OMEIEIS. BiS, BAMAT AR 2EBELET, HEURAGENRTA—RIZOWT
¥, model=SpinGCCMA TIMFHTE ZEA,

NRLDIFFFTHIE, BB FOGE & TS (1 0T . =R+, BORK . 7 IAKTF) O5GE
TREDMELVRELD T, £/, BB T THREWTEELR/NTI A —K—% Table £ 4.1 12X LU X,
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F4l BRTOEBRTRAMEME—T, 2L, A UG
WTIHTHE LTHE A5 Z A,

HEFA 1R7THH | BT | ZART | BORKRT | ATXAKTF | BFBT
I, t, V(EIEE) | o ) ) ) o -
re,v o o o o o -
JO, t0, VO o o o o o o
J1,t1, V1 - o o o o o
12,12, V2 - - o o o o
I’ tr°, vr - - - - - o
12°,12°, V2’ - - - - - o

JERAE [ BFHBT (M 4.4)]
e t0,tl,tl',t2,t2"
o=« ERE
SR M F R T TORY BV S (M44 2 2HEELE T,
e VO,V1,V1',Vv2,Vv2"'
B E
BB BT T TOA 7Y A M —m VB (M 42 3) 2HEEL 7
e J0x,J0y, J0z, J0xy, J0yx, J0xz, J0zx, J0yz, J0zy
* Jlx,J1ly,Jd1z,J1lxy,Jlyx,J1lxz,J1lzx,Jlyz,Jlzy
e J1'x,J1'y,J1'2z,J1"'xy,J1"'yx,J1"'xz,J1"'zx,J1l"'yz,J1l"'zy
e J2x,J2y,J2z,J2xy,J2yx,J2xz,J22zx, J2yz,J22y
¢ J2'x,J2'y,J2"'z,J2"'xy,J2"'yx,J2"'xz2,J2"'z2x,J2"yz,J2"'zy.
B 52

FRBA B TAE T COAY VHEMEM (M 4.4 2) 2BE LT, FIMEIIOWT, FIRIE J0x, J0y,
J0z 2IEETHRODIINTA—R J0 2BET HE J0x = J0y = J0z = JOBRAINZET, J0 %
B L ET 0%, J0y, J0zEEBELEZGEIEHE 2T ULET, J1,J01",J2, 32" iZDOWTHH
BT,

JESDANIE (B FHEF DA (M 4.1, 24 4.2, 2 4.3)]
e £0,t1,t2

s« ERE
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5BA : Hubbard 3 & OEEM BT, ForEEY 1 MEUDKAAOERy Yy 7 2BELET, £/, Fv
YT DRY RAREFEERZWIEEIZ 0,1, t2 2R L IZHETA2RODIZNATA—X t 2IEET B L,
t0 = tl = t2 = t WRAINZET, t 2 t0FDWHAEPBESINAZGEITIEIHO 2T LET,

e VO,V1, V2
B E

5itBH : Hubbard & & OGS FRERITOD, gD 1 b D Coulomb 4 #i8E L £9, /. V1 bH
Coulomb 4 D AR Y K A AMKEMED R WSS I1Z Vo, VL, V2 2RI 4 IZHET AL DIZNATIA—X V 245
FETHE, V0 = V1 = V2 = VHIRAINET, VEVOEOHAMNIEEINZGEITITHD 2T L
9,

e J0x,J0y,J0z, J0xy, J0yx, J0xz, J0zx, J0yz, J0zy

e Jlx,J1ly,Jd1z,J1lxy,Jlyx,Jlxz,Jlzx,Jlyz,Jlzy

e J2x,J2y,J2z,J2xy,J2yx, J2xz, J22x,J2yz,J22y
B EH

B AV URBITO, ROl A NEOAY VHEEAEZRE L ET., £0MEIZOWT, FIRIE
J0x, J0y, J0z ZIBETEROVIZNTA—R J0 2I5ET S L J0x = JOy = J0z = J0 HMX
AXNET, JO 2EELEZET IOk, JOy, JOzEHIEELABAIRHE 28T LXY, J1,0212
DWTHHEKTT,

AV VMEEAD R Y R ARKRGFEER R WEE 2, Jx, Jy, Iz, Ixy, Jyx, IJxz, Jzx, Jyz, JZ2y
EIBETHE, J0x = Jlx = J2x = Jx DL IZTRTORY NARDAY VEMHEERIZHEHU
BERATEIEVPHERKET, Ix~dzy RFIDEND L J0x~T2zy RFID ENH 2 HEE L7285
BITIEHO 2T LET,

PURIZ BGE M A ¢ B OFE T EDOHI 2 21T £ 97,
o RV RGFKAFN, A U HRENE. MEEHOENARD (J,y F) PR nigGs
J & f8E
o Ry FAFMRAEN, MHEMEHOIN AR D72 A Y AR 5 254
Jx, Jy, JzD>5H 0 THRWVWEDERET
o RV RGFMRENED S O A Y HIAMAEANE. HEEMAOIENAED 2D 554
Jx, Jy, Jz, Jxy, Jyz, Jxz, Jyx, Jzy, JzxD>55H 0 TRWVWHDZEE
o AV VTR, HEAEROIEN AR A0 <0 Ry RARKFED S 556

J0, Jl, J2D5bH 0 THRVWED AL

AV HIMAFED 72 < R Y RGFREVE, HEIEHOEN R0 H3H 25 56
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Jox, J0y, J0z, Jlx, Jly, Jlz, J2x, J2y, J2z D55 0 TRWVWEDZIEE
o RV RAHMKAENE, A VRN, MEEHOIEN KD H 256
J0x~J2zy DTRTDHH 0 THRWEDEIRE
.t
T s BEK
tBA : Hubbard & & QBB FHEEITO, YGEHEY 1 MEOKAO Ry Y T2 BEL £T,
.V
a0 EE
FtBA : Hubbard & & QLR TARI T, YGEHEY A M E O Coulomb B & HE L £ 7,
e J'x,J'y,J'2,J"'xy, J'yx,J"'xz, J'zx,J"'yz, J'zy
B EE

FREA : AV UEEITO, YORHEY A FEOAY VHEEHEZREL £, 2720, BORK T ERIEAH TR
¥ T model=SpinGCCMA DHFEHIZIZEEZR/IGLTVWERA, FA-HAEIZOWT, J'x, J'y, J'z
ERETEIRDODIINIA—X T Zf5ETEH L I'x = J'y = J'z = J' PRATNET, 7' 2HEE
UL7zETJa'x, J'y, J'z bHEELEBEIIHO 2T LET,

* phase0, phasel
B s EH (T 7 AV N T 0.0

BB BT A VDEIRE WAk y BV TN KN T O EZRET 2 Z Lk E § (AL ),
dg Jill, @ HEnZFnHOMMERFE2HWS Z ek E T, 1IRICHRTIE phased DAFHTE £
T, FIZIE i VA DS jY A bPADRY VI T, EQOAMIZERE X2 WEEHEITIIRO L 512740
£7,

exp(i x phase0 x 7/180) x té;[.aéw + exp(—i x phase0 x 7/180) x t*¢]_é;, (4.3)
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415 FHERHEDNSA -4 —

* 23

B s IEOBE (T 7 4V MAlX 1)

BB AV TOREAL Y ORES SO2M5%2BELET, B/ 1/2 A V561X 1)
* Restart

X : XFJ| ("None", "Restart_out", "Restart_in", "Restart"®WiNnd, F7 4 b
I¥"None™)

B HARICEITAHREERITD., "None" CREFHREIICHEETLZ 7y A VLR LRV,
"Restart_out" TIE—2LEHEZHKO T, KEMKT UEZRETHERHADT—2%27 74 Vil 19 %,
"Restart_in"TRHEHEHADT =227 71 VP ZITMO @253 H %2 D5, "Restart" Tl
HEEHOT— 2% 7 7 A VPO ZITID B2 S5HHEZ IR, KEMKRT LKA THIEHO T — &% %
T ANWVHNT B,

* Lanczos_max
B« BE (T 7 4 )V ME 2000)

HEA: S Fa ART Yy 7D LR, LOBCG A5 v 7D LR, TPQ A7 v 7. KFE AT v 7. BiCG
ATy 7O LERERELET,

e initial_iv
B B (T 7 4V MEIZ-1)
SR WSRO RS MLVESZ ET,
- SvFaRE
x 1/ ZAVEFIDD initial_iv > 0 DA
J VRO DBEEINET,
* initial iv <0 DHE

BLBDOY = RPRESI N, BTORDIINUTREN T v ELIEZONET, BB, 7V
) ZHNDGERAIHREE LTEDREZFEOL S, TH55DRATEHINE T,

- TPQ ¥
HEBOY — RPEEI N, 2TORDITHUTRENR T VA LIZ5EZoNET,
WIHIR 2 VR EDFHMIZOWTIX, 7T XL 2RI,

* exct
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B B (T 7 A4V MiEE 1)

SHBA : method="Lancoz" CIXZ R ILF—DEVEDLSEZ T, [AIHHDOEEGREZEFHET I 2T
UEF, method="CG"DRHZIZRD BEAREBOABMERTEL £,

Note: The condition nvec >= exct must be satisfied.
* LanczosEps
TR B (T 7 4V M 14)

SHEA: S F a ADWKHIESM 2B LT, VDD ATF Yy TOMAMHE & DN FEZE A, 10— LanczosEps
TRz 5 U7 L HB L ET., method="CG" DEHZIZIRFENRZ ML D 2- ) )b s HhS 1(~LanczosEps/2
TR0 R LU &1l L 9,

* LanczosTarget

B s B (T 7 AV MEK 2)

BB TALF—DEVEDORSHAT, MEHOEAMHTT VF a AONWRHE 2T hEBELE T,
* LargeValue

B s Z (T 7 A0 MEIX TSR

ERBA : (TPQ ED A CTEA):math:l-hat{H})/N_{s}D 1, NIV b =7 OLEDBREOMIEDRI %2 P 1 -
HMTE>EDONT 74 Mz £9°,

* NumAve

B BE (T 7 4V M 5)

5REA : (TPQ D ATE) MAZ 7% run Z{([EFT 5 &2 $EE L £75,
e ExpeclInterval

B B (F 7 4V MEK 20)

SR : (TPQ ED A THEA) BB O FHE 2 E D TPQ AT v FH E12475> hDfaE, HEE LT3 L&
HIZMDPHARTEOTHEELTLLEI W,

* OQutputMode
% : "none", "correlation", "full"®OWINH (F7 4 hME correlation)

PR BHEATOMHBEBKZEZEEL T, "none"O B ST HBEBKEZGHAEL I A,
"correlation"ZE LG EICIEK, MEDI—F 1) T+ fourier THR—FTHHDIT
WIS U7 MHEREZFHEL 9, L < doc/fourier/ WOXZ a7V EZRLTSZI W,
"EUlINEHE LA BA I, 1 KRBT RTD 5,000 12DWT (¢l cjor) &L 2 KEBHIZT
RTD iy, i, i3, i4,01,02,03,04 OWT (] | Ciyoyel o Ciioy) BFHHLET, A VROBEHTIZ
Bogoliubov FIIZ & W AERMEBHAFTERINTVWET, L <X Bogoliubov RIE % ZEL FE W,
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e InitialVecType

B XFE (e, "R"OWT D, T 7 A MEC)

FEA : [EAE AN MLVOYIMED R 2 5§ %, C TIIEHALEL, R TRELE L T2,
* EigenVecIO

B« SCFH ("None™, "out", "In"DWIT A, T 7 4 hiE"None")

AR EAENRSZ VDA EIRET 5, "None" TIREAENZ MDA 217070, "out" Tk
OIEBENT MVE T 7AIVICHITT S, "In"TREERZ ML ET7 7AW L, ZOEROGHE
@) — 2 BRE) 2175,
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4.1.6 B ) —VEBOEEICEAT /35X —4—

* CalcSpec
X+ XFH ("None", "Normal", "NoIteration", "Restart_out", "Restart_in",

"Restart", T 74 MiE"None™)

R : B — VEBOFRIZET2REET D, "None" TIXEIN Y — VEBEFEL RV,
"Normal" Tlx—2 582 ) — VMO E LD S, "Nolteration" Tlk, RilEIOKEREEF L
LIAETREEIES, ZDEE, NINPT VA7 MVBEEBIZ bW, FE a2 MIIER
WIRWA, +ORBENEERWGEEDNH D, "Restart_out" TR SFHEZBO T, KEIMKT L
R CTHFARHOT -2 %27 74 Viii$ 5, "Restart_in"CREHEHOT—2%2 7 71V H 5%
THLD P SEHEZIRD D, "Restart"CTIREGFHRHADT —X%&2 7 7 AU SZ T Ehh S551H %
e, KEMET URSCHEIEHO T — 2% 7 7 A Vil i35, A2 PLVEBEIZBWTHHAI NS F
HlFE T A=K — method THEINET, (method="CG" & LZHAIEIMELTVWS Kw 7175
VAR E N, Y= RAL v F2 M EY T NGB AREES Db E T,

* SpectrumType
B 0 SCFH ("SzSz", "S+S-", "Density", "up", "down"®W\WFNA, F 7 4 ME"SzSz")
AR FHT AWMLY — CBMOREEEET 5. "S2S2" T (S.0S.0) "S+S-"TI (SFS).
"Density" T (fghg). "up" T (¢ éqr). "down" Tl (¢ ¢)) 5.

¢ SpectrumQW, SpectrumQL

TR ER (T 74V MEEEH120.0)

SHBR : RS AEN S — BB O % Fractional coordinate TIEE T 5, WETF 27 MVid 4.1,
42,44, M43 12RKRINTVWBHEFRZ MLEeIET 25D 45,

* OmegaMin
B : (T 7 4V Mid-Largevaluex ¥4 M)
SiEA : BHE T 2 EIN ) — v BB OIREIE O L D FR,
* OmegaMax
B : E (T 74 bid Largevaluex ¥ 1 M)
PR : BHE T 2 EIN S — VBB ORI O L D EIR,
e Omegalm

B (T 74N M 0.01«Largevalue)

*1 https://github.com/issp-center-dev/Komega.
*2°S. 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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FRER : BT 2 EIN Y — o BAE D IREN R D R
* NOmega
B« BB (T 7 4V M 200)

PR : BHE T B EIN Y — VBB OIREIER D7) v R
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4.1.7 EREERARICET /S X -5 —

e dt
B EOFEB (T 74NV HNE0.1)
SREA : B A T v iR,

» PumpType

R : XFH ("Quench", "Pulse Laser", "AC Laser", "DC Laser"®OW3Nh, T 74+
IZ"Quench")

FRBA ¢ WEEMKAEN IV b =7 VOB Z AL T S, "Quench" T 2 (KB T Uguench »_; nirnay DA
57%, "Pulse Laser", "AC Laser","DC Laser" Tl &y ¥V THIT —3 . ti;exp[—iA(t) -
(R; — R;)/(2m)]cioCjo D& DMRMHATAM L, T2 TAMR) IERZ PVETFT V¥ L THY, "Pulse
Laser"Tid A(t) = Agexp[—(t — t0)2/(2t§ump)] cos[w(t —tp)]. "AC Laser"Tid A(t) = Apsinfw(t —
to)]. "DC Laser"Tlk A(t) = Aot &7 5,

/o, BRLTORT VAT v v VB G EZMRT 572D 7 71 ) potential.dat I N5,
* Uquench
B FE (T 74 ML 0.0)
& ¢ Uguench
+ freq
B ER (T 74T 0.1)
AR w
e tshift
B : ER(F740V1M120.0)
EREA : £
* tdump
BR: ER(F740V1M120.1)
P8 ¢ taump
* VecPotW, VecPotL
TR ER (T 74V MEEH1I20.0)

SRBR : R4l t =ty TONRZ MILKRT V¥ v L Ay & Wikk+®D Fractional coordinate TIEET 5, Wi+~
2 N VIE Figs. [0 4.1, 2 4.2, [ 4.4, [ 43 CRENTVWARERS NLERET 250 2145,
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4.2 TXRA/N—K E—KABAAOZ7 7414l

HO DT FANR—FE—RTHEHTEZANT 71 (kdeD) ICEUTHHLE T, ANT 7 A IVOREAIZLATO 4
DTHEHINET,

1. List:

F—7— FIERL: T 5 input file DAFTO Y A M EHES LS, 0B, 77 A VARMERIRET S
LIMTEET,

2. Basic parameters:
CalcMod: GIHE— REZHBET NI A—X—2RELE T,
ModPara: -8RI BERIEARN R ANT XA =2 — (V4 bOE, B, Lanczos AT v 7T &6 % h i
) 2RELET,
LocSpin: R{EA Y v DALEZFRE L £T GEHEETOARIA).
3. Hamiltonian:

HP D Hamiltonian 2 EFRORRIZIDEEL T, BARKIZIZLTO 7 7y 1 LV THREINE T,

Trans: ¢} cj,, TREND KEEZEEL T,
InterAll: cl, cjo,cl, cio, THRENE M ARKILIEH 2T L £ T

aB, HHABEEOREVHEFRIZELUTE FRHOF— Y - FTHRET S Z L HWHTYT,
Coulomblntra: n;in; TRINDIHAFEHEZEEL £ (ni, = cjacw)o
CoulomblInter: n;n; TEINDHEMFHAEZIEEL £ (n; = nir + nigo

Hund: njtnjy +ninj, CTRINSHEEMFEAEZHEELET,

PairHop: cIchTcZTicN TREINLHAEEHZRELET,

Exchange: S} S, TRINAMAMMAEEEL £,

Ising: S7S7 TRINAMEMEMEZIHEL X7,

PairLift: c:chchT,Tcﬂ TRINLMHAEEHZREL X,

4. Output:

OneBodyG :i/13 % —{k Green B2 #E L T, (c], cjo,) PHNENET,
TwoBodyG :H 719 5 —{K Green Bt Z$8E L £7,
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(e Ciosehy Clos) BT ENET,

421 ANA774IIIEBER 7714

HETHATAIAN 7 7AN—REHEELET, 77U RZELTIZ, UMTOLS 74—y b2 LTV
97,

CalcMod calcmod.def

ModPara modpara.def

LocSpin =zlocspn.def

Trans ztransfer.def

InterAll zinterall.def

OneBodyG zcisajs.def

TwoBodyG zcisajscktaltdc.def

774 ILFER

[string01] [string02]

NS X—=%
* [string01]
F=R : string B (E 7€)
BB ¥F—TU—FEE\ELELET,
* [string02]
3 ¢ string B

SEA: F—U—RIZOBMIToNZ 771 VA EIBEL X7 (EE).

FEARIL—IL
AKIZ7ANBEHATBIIHZ>TOL—IVIZLLTDOED T,
o X—U— RAETWE, FAEAZEATZBII T T ANLEEEET, T ANVZITHHICERETEET,

e BTHELRITNIEN TRV T A — X —IF CalcMod, ModPara, LocSpin T3,
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o £ZF¥—U— NREARICEERTE X7,

c FBELAEF—T—F, 77 AVDPEELBVGAERET I - TLET,

o 4 THEBFEEAREINET,

e T ANFAHF—T—NIE K421 0EBELET,

#£42 BHEITANVE

Keywords EBET7 7M1 ILOBE

CalcMod FHEE—-NCETEEE LET,

ModPara HETHWERIA-XDEEELET,

LocSpin B MINUTERETS LSIXRFEAL VY DREEZLET,
Trans — R — R EAERICB T S 3EE LE T,

InterAll — R AR EAERIZBEI T S ER LE T,

Coulomblntra W27 —va YMHE/ERICET 28 EE2 L ET,

Coulomblnter YA M7 —0 VHEEHICET 28 EEZ L £T,

Hund TV MEGIETAREER L ET,

PairHop RYFYEVTIBHT R EEZLET,

Exchange SR EAFRICET 28 EEZ L ET,

Ising AV THEERICET % EZLET,

PairLift A7) 7 MAEERIZBET 2 ®EE L T,

OneBodyG HH$2— ) — VBB (] cjo) ICBIT B BER LET,
TwoBodyG 2=k ) — VBB cjocl op) InBIT B BER LET,
SingleExcitation | —{KlFIRIED £ R HE T 12T 2fE%2 LE T,

PairExcitation ZARBIEARRE D A A - ICBE T o FRER L £ T,

SpectrumVec ARY NV AR T 270DV AX—NHD ARSI NVEEELET,
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4.2.2 CalcMod 7 7 1 JL

FHEFE, GHEETL, MAOE-RFREZEELET, UFOES3B 74—y b2 LTVET,

CalcType 0
CalcModel 2
CalcEigenvec 0

7714 IULBR

[string01] [int01]

NIA=%4
* [string01]
= : string B ([E 7€)
FREA: F—TU—FNZEELET,
* [int01]

B : int B4

BB F—T—FIZOEMITONBENTA—REHBELET,

ERIL—IL
K77 ANEFHAT2IZH2>TOL—IVIZLATFO@ED TT,
o F—U— NEGEER, PAEAZRADRICERMEEES X,
e £F¥—U— NRIEARIZEIRTE X7,
s BELZF—T—R, 77AADPGFEHELBRVEAEFT I KT LUET,
e ¥—17— K CalcType, CalcModel 3B TE A, BRLZHHITTI—KTLET,

. 4 THEBFEEAREINET,
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F——R
WIZEF—TU—RNTHREINE NI A—-XIZEHUTHALET,
* CalcType

B : int B4

RBA : B TFEORERITVE T,
0: Lanczos %

1: TPQ % R U 7= B fig b
2: XMk

3: LOBCG

EERT DN TEET,

* CalcModel

B : int B4

BB SHEETLVORBEERITVET,

0: fermion Hubbard #i#Y (7 / =V : k8 - S, #1F. KT8 - S, FEIRT)

1: A VKR (B ) =710 1 S, 1R4F)

2: SERERL (7 ) = H)V iR S, R

3: fermion Hubbard #%4 (2°5 > N4 2 =Hh )b ki 5 - S, IEIRAF)

4 ACUBRL (5 Y R =)V 2 S, FRAF)

5:EBERRL (5 > KB ) =)L - KT8 - S, FERAF)

PIEIRT S Z K EF, ferimon Hubbard #5 Th; F8URMF - S, REFEZEIRT 285481k, KD
AEIET DI L THAVAREE 2D £9,

e CalcEigenVec

BR int B (F 7 4L ME 0)

SRR : EENZ MV EFHET ABOFIEOEEEZITVET,
0: Lanczos % +CG % (Lanczos IETOUED+ 4 TR WIGHIZ CGIETOEAR Y MVEHE T )
1: Lanczos 7%
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TERT LI R ET,

e InitialVecType

BR :int B (57 4L ME 0)

SRR EANZ PILOWHMEDRIDIREZITWE T,
0: #HEH

1: F2K

MOBRT S Z e HRET,

s OutputEigenvVec

BR :int B (F 7 4L ME 0)

FREA: EANZ PVOHDIEEEZITVET, 0: HOARL 1 HH 02 6#IRT 5 Z kT T,
e InputEigenVec

B :int B (577 AV ME 0)

A EANZ PVOANDIREEZITVET, 0: ASARL 11 ANHO2»6#IRNT 52 kT,
s ReStart

BR :int B (57 4L ME 0)

FREA: HEAMEHOE—RZHBELET, 0 HEHERL 1L VAZ—MRZ MVATZRL, £HHD 20 YR
R—btRTZMVATIHY, HHH D 3: VARZ—IXT M MVATIHD, AR UPSERT B & dk
ES I

* CalcSpec
B int B (F 7 4V MME 0)

SRR WY — VEBOFRE - NEZEEL XY, 0: B — VBB FE LR L 10 ARZ ML - i
RRTEAERR 7 7 1 ) & Bi A AR 20 BN AITHI DD & BiAsA A EEHE 30 ZEN 175 O & fHEf
BRARZ ML) 4 ZENATIIORD & HEHRAANT bV & GiArAERE 5 B A5 00 &
FEHEHANY DL ZSiAAAERE - T2 SRR 5 2 ek E T,

* OQutputHam

R :int B (77 4 )V M 0)
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FHBA : (FullDiag) NIV b=T VO HNE—RZHELET, 0: A% 0 1: A D2 HERT 2 &
kE T,

e InputHam
B :int # (57 4 )V M 0)

5%E8 : (FullDiag) NIV h=T7 VDANE—RZIBELET, 0: ALRLU 1: ALDHO M SBIRT HZ L8
HkEd,

* Scalapack

B int B (77 4V M 0)

5489 : (FullDiag) %% {LEHT D ScaLAPACK 51 75 U O Ex e L £ 3,
0: ScaLAPACK % L 72\,

1: ScaLAPACK % {#ifid %,

TREINT 5 Z e HkE T,

* NGPU
R int B (F7 4L ME 2)

$%BA : (FullDiag) &R A LR TO MAGMA 5175 ) M T 554D GPU B2 EL 3., &b,
HD TIETILF /) — RTO GPU ZHEIZIEHIGE L TWER A,
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4.2.3 ModPara 7 7 1 JL

FHETHAT SN IA -2 2RHELET, UTDLS 27 4—vy b2 LTVET,

CDhataFileHead zvo
CParaFileHead zgp
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 ILER

DRDOES I UL %2 & 0 £,
¢ 1-51F: ANy X (AHREPNTEMED D £HEA),
* 6 17: [string01] [string02]
¢ 7-841: A~y X (AINEPNTHHED D FHA)
o 9 47 BAB%: [string01] [int01]

HZIEH O IGEBRIZATO®E Y TF,

* [string01]

3« string B (7€)

FREA: F—TU — FOHEZITVET,

* [string02]

¥\ ¢ string B (22 AT)
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HEB: TUNTY R T ANDAY REELET,
* [int01]
B : int B (EEARTA)

BB F—T—FTOENITONENTA—REHEELET,

FEARIL—IL
KI7ANVEBMEHTAIZHZ>TOL—IVIELLTO®ED TT,
s OFHMUBETIXF — 7 — F25#H%. ¥AZLAZT -RICBEREEZES ET,

o THIEE THARAEIT IR, NI A—ZDEIEITE IHA,

F—7— K

BUF, HilNT A =X EEFRBITHERNT A —RZ2FTML £,

HBNFA—4
e CDataFileHead
= ¢ string B (ZEEAT])

BB TUNTYMNTTANVNDAY R, F X, KD Green B OHE 7 74V ED
xxx_Lanczos_cisajs.dat ¥ U CH I N F J (xxx IZ CDataFileHead THE L7z XFEH ),

* Nsite

B« int B (HARE)

SiBA s A MR fRE T DL
* Ncond

B« int B (HAE)

SREA : (REETRERC TR, VIV RN ZANVDOEBEICRHEHINEEA,
* 25z

B3 s int B (B RED)

FREA 1 25, ZHRETORE. I VPN ZANDEEIZEIMMHINETA, BEFR EHREFEILT S,
REDFHEZITIHBEITIE Ncond 2HETHMENH D 7,
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e initial_iv
B @ int B (D)
SRR ISR DN PVEEZET,
— Lanczos ¥, CG ¥#
w 7/ ZHVEMDD initial_iv > 0 DHE
J vEBDOERAMEEINE T,
* initial_iv <0 O%HAE

BLBDY = RPIRESI N, BTORDIINUTREN I VA LEZoNET, BB, 7V
) ZHNDGERAIHREE LTEDREZREOE S, TH55DANTEHINE T,

- TPQ
HLBOY = RPEEI N, ETORDITHUTRENR T v EaicEzonET,
HIHAR D SOVERE DFMIZ DWW TIE, [Chalgorithm] %2 S 72X W,
* CalcHS
B« int B (HA%0)

8B : CalcHS=1 CTETHZEELZLEEDOL L)L M EBAKLEEL SN E T GEMIZ hip:
//issp-center-dep.github.io/HPhi/develop/tips.pdf % Z#f), T 7 )V b Dfiix 1 T, @#/T NV T Y X A
MEHINET,

Lanczos ;= CERAT %/835 X —%
* exct
B : int B (HRE)

5BA : Lanczos I TROBEA XY MVDFESZ2IEET L, FIZIX. 1 2o HEEREBOXRS ML, 274
S5 —FIiEREEOR Y ML EKRDET,

* Lanczos_max
B int B (HRE)

ZBA : Lanczos AT v TR TOMBOHmAMEEZEZ T, HHELZBENTNERLZGESICIE, 2k
DIEWRIETRTLET, ZORBLUATIRLABZVWESEZT I KT ULET, HEltBEZ2ITIHBEI1TIE,
Lanczos_max D KRBEREDZAT Y THEIO L RELLTERERDD T,

e LanczosEps

Fa :int B (B RED)
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B : Lanczos DMK Y E K2 EE T 28E, — DO AT v 7T OME A ME & DX FEED,
10~ LanczosEps PRz 7 5 22 58T PUR L 72 & HE L £ 77,

e LanczosTarget
B ¢ int B (BARED

B : MEHDOEAETT > F 3 ADWHHE 21T 5 2 BET 8K, 1 2o HERE, 2 2 5H—kE
REZRLET,

CGETHATZ/TA—%
s exct
B int B (FH2RE)
SRR RO BEAE R MLOAREREL T,
s Lanczos_max
B int B (HAE)

B : CGHEETOIBDAT Yy 7THORKNEEZ 52 F T, HELZEBENTIRLUZEG&ICE,. 2k
DEWEIBRTKRTLUET, ZORBUATIGEL WS I —KRTULET, BFEZ2ITIHEITIE.
Lanczos_max D RKBEWEDZAT Y THEIO L RKELTERERDHD T,

e LanczosEps
B : int B (HARE)

SHER : FRIENR T NILD 2- 7 )b LpS 10~ LanczosEps/2 bRz 2 o S AT L 72 S HIE L £ 9,

TPQETHEAT 2/ X —%
* Lanczos_max
B : int B (HRE)

ERBE : TPQIEDRAT v TR A2 5 X £3, BB 21T52HB AT, Lanczos_max DA ZHEED X
Ty THEOERELLTEIBELDY T,

e LargeValue
= : double % (%)
B8 : TPQ T T 5 | — H/N, © | %53 555,
* NumAve

Fa :int B (B RED)
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FREA ¢ N7 run 2 AEAT D 22 HRE T B R
ExpecInterval
B ¢ int B (A A%

SHER : MR O A ZEID TPQ AT v TH T 5 0EET 2EBE, HEL IF5 L3Ea X M
HWARTLH2OTERELTLLIEI N,

BN ) —VBEBOSETHERT S/ 74 —F

* OmegalOrg

= : complex B (#FEE)

SREA : BT — VB AR BT AROREH w OMLEERELE T, AR—ARXY) D TEE, EHO
EIZ$8E L, B WGBS IEFERE UL THRVWET,

Omegalm
= : double A (1)

SRER B2 — VB R R T ABROIREM w OFLEOEREREL 9, FUL A OmegaOrg MEE
INTVWBEEIE OmegaOrg IZEE OmegaIm ZMAE T,

OmegaMax
F= : complex % (HEH)

SRR : B2 — VB R AT AR OIREN w OREEREL £9, #X1E OmegaOrg+OmegaMax T
HEzonFzd, AR—ARKY) D TER, EBHOMEIZIRE L, BEHBR2WEGEEIERE UTkVWET,

OmegaMin
= : complex I (#3E%0)

FRER : B2 — VB AR E R T ABRORIIR w DR EEEL £9, 4 RIE OmegaOrg+OmegaMin T
FzonEd, AR—AXY) D TEIB, EHOIHIZIEE L, BEH1NRWEEIEEHRE LTRVWET,

* NOmega

B3« int B (B RED)

SRR M) — VIR G T B ORI DL Al Aw = ( OmegaMax- OmegaMin)/N, 252 %7
HDEE, WREEIL 2, =OmegaOrg+OmegaMint+Aw x n THALNET,

ERERBECTHERATE/ T4

* Lanczos_max
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B int B (HRE)

SREA : ERHEREIEORA Ty TRESG X 9, HitBE 275854121, Lanczos_max DR A E R E
DATY THEIDBRELTEHELRDD ET,

* ExpandCoef

3 ¢ int B (H %)

EREA ¢ BBUNIER] At 1T U CERBFE 2T S BO

N N 1 ~ n
exp | —iHAt) = — [ —iHAL 4.4
(-ita) =3 & (i)

XTSRRI N 252 X9,
* ExpecInterval

B3« int B (B A%

SR : HHBIBIE DR E 2T S BED AT v TR & fRE S 288, HEZ LT 2 LR M KRT 50T
ERLTLSEZE W,

e QutputInterval
® s int B (A%

B . MiMREDOWEEAKEAHNTEIAT Yy THIEAEEE T 52, (CalcMod 7 7 A1 VT
OutputEigenvVec=1 232 G0 £9)
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4.2.4 LocSpintEEZ7 7 1)L

FAEAY V2R ELET, UTD LB 75—y b2 LTWVWET,

B O VW W J oUW N RO
O R O R O Fr O Fr O o

=

771 IULHBR

PDFRDES BTG USSR E & 0 £,
e 117 Ay X (AIBEPNTEIED D £EA),
o 2 7: [string01] [int01]
¢ 3541 Ay X (MAREPNTHHED D £HA),

* 6 17LAKE: [int02] [int03]

INTGA—%4
* [string01]
3 ¢ string B (ZEEART)
B REAY Y ORBERT X -7 — F ().
* [int01]
B ¢ int B (ZEEA)

B ¢ JRAEA Y Y OREUE R E T 5 R
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* [int02]

B ¢ int B (FEEAAH)

BEA: VA MRS EBET SR 0 AL Nsite RIMTHEL XY,
* [int03]

B ¢ int B (2 AW

FiEA ¢ JRAEA E Y EEE 1 & T B R
0: WHEEF n > 0: 25 =n DREAY V2R INT 5 Z LK ET,

fERIL—IL

AT 7 ANEMEHATEIZHZ>TOL—IVIETO®ED TH,
o ITHEE TRAAAEITD By, ~Ny XDEIBIETE EEA,
e [int01] & [int03] TRE S NS RIEE TROMBMPRLZLGEFT I KT LET,
o [int02] DMEAIRY 1 ML RABBIGBAFTI KT LET,

o [int02] B4 1 MEELES UL BADMEE £ BEARTI KT LET,
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425 Transfs€ 7 71 )L

ZZTlENINV I =TV

(ZX9° % Transfer 70 tij0,00 ZFRRELE T, ANIZT7 7 A NHZEEL T,

H+ =~ Z tij0102ci‘rolcjaz

1j0102

4.5)

NTransfer 24

W ooy N NN O N O
O O P OO R KPR OO KR RFE O O
ooy NN O N O N
O O P OO R P OO R RFE O O

= T = T e e e e T e T =

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

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

O O O O O O O O O O O o o O

774 IVER

RO ES IR U R DR & 0 £,

o 14 Ay X (DS N TS IS D £EA),

7 [string01] [int01]

¢ 3541 Ay X (MIAREPNTHMED D FHA),

o 6 17 LAFE: [int02] [int03] [int04] [int05] [double01] [double02]

NS A—4

* [string01]

60

BAZEITJ7A4ILT7+r—< vk




H® Documentation

B ¢ string B (22 AT

B8 : Transfer SRED X —7 — R ZIHEL £ (L),
* [intO1]

P ¢ int B (2 AR

BiBA : Transfer DIKE FERL £,
* [int02], [int04]

R ¢ int B (22 AR

BB U1 MESEET A, 0 ENsite RIBTIEL £ T,
* [int03], [int05]

R ¢ int B (22 R

A : AV EIRE T D EEL
0: 7y TAEY

I: ¥ v A Y

BEINT 5 e ET,

* [double01]

3\ : double %Y (78 5 AT

PRt tijoo, DEMEZIEL T,
* [double02]

= : double #Y (42 5 ARH)

BB ¢ 10,0, DRI EIEEL 2T,

ERIL—IL
RKI7ANEBMEHTEIIHZ>TOL—IVIELLTO@ED TY,
o THEE CHAAAEIT D A, ~NY ZOERIITEEEA,

¢ Hamiltonian 28TV I — b WS HIRD S tj0,0, = OERZEMZTHEND D FT, LILOBEFRN

BN U R WGEIZIE TSI — KT LET,

n
tjiﬂzm

s MAMVEBHELUTHEEINZGEIZETI—KTLET,
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o [int0l] EEFZ SN TS Trasfer DIMBBRLDLEHIZTTIT - KT LET,

o [int02]-[int05] % 5T BB, EEAOBBAIEE LB AIET T — KT LE T,
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4.2.6 InterAlliEEZ7 71 )L

TR EEHEZNIN =T VNI MAE S, MTMAZHIIU T TERAONET,
H+ = Z Z IijklﬂldzﬂgrmCIgldezczggclml (46)
i,9,k,l 01,02,03,04

BB, AV VICEUTERT2HE8ICE. i=4,k=1 025X 5RELTLEI WV, BAFIZ7 74 WHZG# L
ES I

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 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 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 -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 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 1ILER
UTDOESITTBITISCE LR A E L D 7,
o 117 Ay X (IRELPNTEMED D £HA),
* 2 47: [string01] [int01]
¢ 3517 AV X ([AIBEIPNTHIED L £EA).

o 6 f7LAKE: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09] [double01] [double(2]
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NG AX—%
* [string01]
= ¢ string B (22 ASH])
SEEA : A EAEFHOMBO ¥ — 7 — R4 %2 IEE L £ 3 (1),
* [int01]
R int B (EEH AT
FREA : IRFHEEH OB EZREEL £ 7,
« [int02], [int04], [int06], [int08]
R ¢ int B (FEE AT
B VA MRS ERET S, 0L ENsite RITHEL £,
* [int03], [int03], [int07], [int09]

B3 s int B (ZEEAH)

SEA: AV ERIRET DB
0: 7w TAEY

I: XAy

ZERT LA HERET,

* [double01]

=X : double B (%21 ANTT)

O ¢ Lo, 0a0g0, DEMEFEL T,
* [double02]

= : double B (%21 ANTT)

B ¢ Lkt on0ne, DEMEIEEL 2T,

FEARIL—IL
KI7ANEBMEHTRIIHZ>TOIL—IVIELLTO@ED TI,

o ITHUEE CREAIABEITD Ry Ny ZDERIITE EEA,
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 Hamiltonian 28 T )V I — M 2 WS HIR 2 5 Lijkioyoros0s = Il ODHEBEWZITHELD

lkji0'40'30'20'1

DET, LELOEABRPRILUBEVWESIZRERTI—KTLET, £/, 2 vI—- Lo
IijklaloaaamczglCjo2ci];gacl<f4 XU T, Dikjiosososon c}mckasc}@cigl 72T EICANLTLET N,

¢« AVVICHEUTERET2GA. i =4,k=1 Z#IBRORTPFETLH LTI KT LET,
s BMAMNEHL TIREINZHBATETI—KTLET,
¢ [int01] LEFESNTWS InterAll DIEA R L LZGARFTT KT LET,

o [int02)-[int09] % 55T B W, RPN DHE R i LB AR TS — T LE T,
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4.2.7 CoulombintraigE®7 7 1)L

FoH A b —a UHEEHAENIV =T ICHTMAET (S =1/2 DR TORFEHAAEE), (125 EILA

FTHALNET,

H+ = Z Ummnu

7

AR 7 7 A VBl 2R L &9

%))

NCoulombIntra 6

0 4.000000
1 4.000000
2 4.000000
3 4.000000
4 4.000000
5 4.000000

771X
UTDOESITTBICISCEL AR L D 7,
o 14 ANy X ([ARELNTHRIED D TEA),
* 2 47: [string01] [int01]
o 3541 Ay X (fAIEINTHIED D THA),

* 6 17 LAB#: [int02] [doubleO1]

NoA—=%
* [string01]

F= ¢ string B (2 A H])

BB A VYA b —n VHEEHOREDOF—7 - N2 HEEL £ (IER),

* [int01]
= ¢ int B (EEHAH)
SEA: A VYA b —n UHEEHORBEEEL X7,

* [int02]

66

BAZEITJ7A4ILT7+r—< vk




H® Documentation

B s int B (ZEEAH)

B VA RS ERET S, 0Lk Nsite RITHEL X,
« [double01]

= : double Y (%25 R H[)

A U; ZHREL XY,

EAIL—IL
RI7ANEMBHATEIZHZ>oTOL—IVIELATO®ED TH,
o ITHIEE CTHARAEITD By, Ny XDOEBIIEITE EHA,
e BMAONEMEL THEINGSITFT I KT LET,
o [int0l] LEHBTNTVEAYT A by —0 VHEERAOKREIRRSHEIFTTI KT LET,

o [int02] ZfRE T DHE. #PHADBEZHE L G837 KT LET,
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4.2.8 CoulomblinterigE7 7 1)L

A7V A NI —a UHEEHAENIV =T ICHTMAET (S =1/2 DR TORFHAAEE), (1725 EIXA

FTHALNET,

H+ = Z Vijnmj

.3

TRz 71 MVl 2308 L 7,

(4.8)

NCoulombInter 6

========CoulombInter ======
0 1 -0.125000
1 2 -0.125000
2 3 -0.125000
3 -0.125000
4 5 -0.125000
5 0 -0.125000

771 IULEBR

DRDES I BTG U RSB E & 0 £,
o 117 Ay X (AIBEPNTEIED D £EA),
e 2 f7: [string01] [int01]
¢ 3541 Ay X (MAREPNTHMED D £HA),

o 6 f7BAKE: [int02] [int03] [double01]

INTGAX—4
* [string01]
3 ¢ string B (22 IR
BEA: A 7Y A N —u VHEEHORBOF -7 — FHEIREL £T ().
* [int01]
B int B (FEE A
BEA: ATYA b —n U HEEROREEZREL T,

* [int02], [int03]
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B s int B (ZEEAH)

B VA RS ERET S, 0Lk Nsite RITHEL X,
« [double01]

= : double Y (%25 R H[)

BEA: Vi, RHELET,

EAIL—IL
RI7ANEMBHATEIZHZ>oTOL—IVIELATO®ED TH,
o ITHIEE CTHARAEITD By, Ny XDOEBIIEITE EHA,
e BMAONEMEL THEINGSITFT I KT LET,
o [int01] EEHXINTVDA7HA h 7 —0 VHEEAORBDERZZHARTI KT LET,

o [int02)-[int03] % $5iE S B L, AP OBE R EE L BRI S — KT LT,

42, TXAN—NE—FNKAAANTZ 711 69
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429 Hund#EE7 71U

Hund 7 7V Y 7% NIV M=T VIR ET (S =1/2 DR TOAMEHAARE), [FITMNZZEIZLATFTE X
LNET,

H+ ==Y T3 (nignjp + niyng))

,J

DRIz 71 Vil 2308 L £ 7,

(4.9)

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

7714 IWVER

PFOESITATBUCIS U R 2R %2 & 0 7,

o 147 A X (AIBEPNTHIED D $HA),

e 2 f7: [string01] [int01]

¢ 3547 A X (MIPEPNTHHED D FEA).

o 6 f7BAKE: [int02] [int03] [double01]

INTGAX—4

* [string01]

3 ¢ string B (22 IR

B : Hund 7y 70 VI OMBOF—7 — FHZBEL £9 ((ER).

[int01]

R ¢ int B (22 R

S#BA : Hund 7y 7V v 7O EEE L £,

* [int02], [int03]

70

BAZEITJ7A4ILT7+r—< vk




H® Documentation

B s int B (ZEEAH)

B VA RS ERET S, 0Lk Nsite RITHEL X,
« [double01]

= : double Y (%25 R H[)

BB : T A dEEL T,

ERIL—IL
RI7ANEEHATIIZHZ>TOL—IVIETO@ED T,
o FTHEE TRAAAEITD By, Ny XDOEIBIETE EEA,
o MAMVEEL THRESNZGBITIETI—KTLET,
o [int01] EHXNTVWS Hund 71 v 7Y ¥ 7 OBRBH R 5543 TT— KT UET,

o [int02)-[int03] % $5iE S B S, MEHADEME HE L BART T — KT LET,

42, TXAN—NE—FNKAAANTZ 711
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4.2.10 PairHop 57 7 1 /L

PairHop 77y ) Y 7% NIV M=T VI MMAET (S =1/2 DR TOAFEAHE), M 2HEIIUTTE
AoNET,

Ht =Y J5(cliejee ey + huc) (4.10)
%]

DTRIZ7 71Vl 2308 L 7,

NPairhop 6

.50000
.50000
.50000
.50000
.50000
.50000

oo W N PO
o U W N
O O O O O O

771 IULEBR
DRDES I BTG U RSB E & 0 £,
o 117 Ay X (AIBEPNTEIED D £EA),
e 2 f7: [string01] [int01]
¢ 3541 Ay X (MAREPNTHMED D £HA),

o 6 f7BAKE: [int02] [int03] [double01]

NSA—%
* [string01]
F= : string B (B HAT)
5B ¢ PairHop 77y 7'V v OO F—7 — N EBEL £T (TE).
* [int01]
B ¢ int B (BEA)
ZRER : PairHop 71y 7V v 7O EEEL 7,

* [int02], [int03]
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B s int B (ZEEAH)

B VA RS ERET S, 0Lk Nsite RITHEL X,
« [double01]

= : double Y (%25 R H[)

BB : JTA 2R L E T

ERIL—IL
RI7ANEEHATIIZHZ>TOL—IVIETO@ED T,
o ITRUEE CHARAELTD K. ~y XDOBMIZTE ZHA,
e [int01] EEFE XN TWS PairHop 77 v 7V v T ORBN R Z5HFTIT—HKTULET,

o [int02)-[int03] % $5iE S B L. MEPHA OB R EE L BART S — KT LT,

42, TXAN—NE—FNKAAANTZ 711
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4.2.11 Exchange {87 7 1 )L

Exchange 7y 7'V V7% NIV N=ZT VIMHIMNMAET (S =1/2 DR TOAEAARE), EFROLEITIE
H+ = z JZ‘I?X(CITCJ'TChCN + CLCNC}TQ‘T) 4.11)
,J
BTz 50, A VROEGEITIE

_ Ex/ o+ q¢— - g+t
H+t = ZJZ-]- (S8 +575) @.12)
1,7
BRIMASNET, REVRD (1S, +5;75)) ABFROBEFCEEET & —(cl,¢jrc] ey +cf ¢ clieir)
ERBIEITERLTTIIV, T 7 7AW ZEHL £7,

.50000
.50000
.50000
.50000
.50000
.50000

a o w N PO
O U W N
O O O O O O

PARD &SI U RS DR & 0 £,
c 1T Ay X (MIAEPNTHRMED D £HA),
o 2 17: [string01] [int01]
¢ 3517 AY X (MIBEIPNTHIED D £EA),

o 6 17BAK%: [int02] [int03] [doubleO1]

NS A—=%
* [string01]
= ¢ string B (ZEEAT)
5%EA : Exchange 7y 7'V Y T OMRBOF—7 — RE&%2BEL £T (EE).
* [int01]

PR ¢ int B (22 E R
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B8 : Exchange 77 v 7' ¥ 7 O¥UE fRIE L £ 5,
* [int02], [int03]

FR : int B (EEARTA)

B VA MRS EBET S, 0LAENsite RITHEL £,
* [double01]

3 ¢ double B (42 HANH)

B JEx R RELE T

EAIL—IL
RI7ANEMEHATEIZHZ>TOL—IVIELTO®ED TH,
o ITHEE TREAAAEITD By, Ny XDOEBIIETE EHA,
o« MAMNEBL THREINHAITRITI—KTLET,
e [int01] £EFEIN T2 Exchange 77y 7V v 7 OMRBNRRZG5HIETI—KTLET,

o [int02]-[int03] % 55T BB WA OBBAIEE LB AIET T — KT LET,

42, TXAN—NE—FNKAAANTZ 711
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4.212 Ising 87 7 1 )V

Ising fHEAMEAZ NIV b =T VAT MAET (S =1/2 DR TOAFHATEE), EFROEEIZIX

Ht =) J5(nig —niy) (g — ny)
i
BRFIMA S, A VROBEITIE

H+ =Y J5578;
.7

BT MASNE T, A7 7AWl Z L 9,

(4.13)

(4.14)

NIsing 6

========1s5ing ======
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 0 0.50000

771 ILHBR
RO &SI BICIR U R 2R %2 & 0 £7,
c 1 Ay X (IREPNTHERMED D £HA),
* 2 47: [string01] [int01]
e 3541 Ay X (fAIEPNTHREED D £HA),

o 6 17 LAI%: [int02] [int03] [double01]

NI X=%
* [string01]
F= ¢ string B (22 AH])
EiEA ¢ Ising M EAFH OB DO F—7 — NEZHEEL £ ((ER),
* [int01]
B ¢ int B (ZEEA)

SiBA : Ising HHAEAMEH O ZHREL £9,
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- [int02], [int03]
st : int L (%R )

BB : U M ESAMEET AMM, 0B E Nsite RIBTHEL £ 7,
+ [double01]

3% : double I (% (1 K1)

BB L ERELET,

ERIL—IL
AT 7 ANEMHTEIZHZoTOL—IVIETO@ED TT,
o ITBUEE CHAIRARELTD Fo. ~y XOBKIITEEEA,
o« MAMNEEL TIREINAHAITRTI—KTLET,
o [int01] EFZNT WS Ising HEMEH ORI R 2 HAIETT KT LET,

o [int02]-[int03] Z3EET B 1L, MPAOEE AT LAEARTS —KT LET,

42, TXAN—NE—FNKAAANTZ 711
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4.2.13 PairLiftisE 77 1)L

PairLift #v 7V Y 7 & NIV PZT VICAHBIMAET (S = 1/2 DR TOAEHTEE), MINZBHEFUFTE
ZonEd,

P Lft i T
H+ = ZJ airLi ZTcchTcN—&—cncmcﬂcj/r) 4.15)

TRz 71 MVl 2308 L 7,

NPairLift 6

.50000
.50000
.50000
.50000
.50000
.50000

oo W N PO
o U W N
O O O O O O

771 IULEBR

DRDES I BTG U RSB E & 0 £,
o 117 Ay X (AIBEPNTEIED D £EA),
e 2 f7: [string01] [int01]
¢ 3541 Ay X (MAREPNTHMED D £HA),

o 6 f7BAKE: [int02] [int03] [double01]

NIA=%
* [string01]
= : string B (ZEFANH)
FiEA : PairLift 7y 7)) T OMBOF -7 — FHEZBEL T ((ER).
* [int01]
B+ int B (22 A)
FEBA : PairLift v 7)) v ZOMBAEREL £7,

* [int02], [int03]
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B s int B (ZEEAH)

B VA RS ERET S, 0Lk Nsite RITHEL X,
« [double01]

= : double Y (%25 R H[)

BB : JEAILI A4 L T

fERIL—IL
RI7ANEEHATIIZHZ>TOL—IVIETO@ED T,
¢« AV VROATHAARETS, B/, TR THELZGAEFHEIHEHINELEA,
o ATRUEE CTHRARAELTD By ~y XDEBRIZTE EEA,
e MANEHL THEINAEHEIZIITI—KTLET,
o [int01] X EHSNT WS PairLift 71y 7V ¥ ZORBARARBHEET T~ T LET,

o [int02]-[int03] Z3EET B 1L, MPAOEE AT LAEARTS —KT LET,
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4.2.14 OneBodyG {57 7 1 )L

K7 — VB (], cjo,) RAMEILET, MFIZT 7 A MR KL 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
774 IER

DRDES I UL %2 & 0 £,
e 1T Ay X (A EIPNTERMED D £HA),
* 2 1T: [string01] [int01]
¢ 3547 Ay X (fAIBEINTEHEED D FEA),

6 17LAR%: [int02] [int03] [int04] [int05]
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INTA—%4
* [string01]
B ¢ string B (22 F AT
FREA : RS — VBB RO F — T — REEREL £ 9 (1),
* [int01]
B ¢ int B (ZEEA)
FEA ¢ — 1K) — VBB DR R FRRE L £,
* [int02], [int04]
B ¢ int B (FEEA)
B YA MRS EETCT OB 0 A ENsite RIGTHEL XY,
* [int03], [int05]

B3 s int B (ZEEAH)

HBA: AV YV EIRE T 2B, ETR AHETROBAET
0: 7w TAEY,

1: XAy,

AV VRDBLEITIE,

0,1,---,28 +1(=S —0.5,-5 +0.5,---, S+ 0.5 (T )
BT L HRET,

ERIL—IL
AT 7 ANEEHATIIIHZ>TOIL—IVIETO@ED TH,
o FTHEE TRAAAEITD By, Ny XDEIIITE EEA,
o AWV EEL THRESNZGBITIET I —KTLET,
o [int0l] EEFZINT VWS KT Y — VBB ORBO R 551E T 7 KT LET,

o [int02)-[int05] % $5iE S B WL, WGP OEBE EE L BART T — & T LT,

42, TXAN—NE—FNKAAANTZ 711 81
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4.2.15 TwoBodyG {87 7 1 L

TR — VB (el CionClo o)) RFMELET, B, ACVICBULTHET BEAICE, i=j k=12 %5
EOBRELTLEZE W, AFIZ7 7AWV ZFEHL £,

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

771 IULEBR
DFRDES I U R & 0 9,
o 117 Ay X (AIBEPNTEIED D £EA),
e 2 17: [string01] [int01]
¢ 3541 Ay X (MAREPNTHMED D £HA),

* 6 77 BAR%: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09]
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NS X=%
* [string01]

F ¢ string B (22 AT)

A s RS — VBRI O X — T — FHAEEEL £7 (TE).

* [int01]

= ¢ int B (A2 AT

FEA : AR — VBB DR R FRRE L £,
« [int02], [int04],[int06], [int08]

R ¢ int B (FEE AT

B YA MRS EECT OB 0 A ENsite RIMTHEL XY,

* [int03], [int05],[int07], [int09]

B3 s int B (ZEEAH)

BB AV VAERET BN, ETR. OAHKTROGE
0: 7Ty TAE Y,

I: XYV A,

A¥ Y RDGEITIE,

Iz

8

0,1, ,28+1(—8—0.5,—5+0.5,--, 5+ 0.5 ()

BT D EPHRET,

FEREIL—IL

ARKI7ANEFHTBIIH > TOL—IVIZLLTDOED T,

o [TEERE THARAEITD Ry Ny XDEMIITE EEA,

s MAMWEBELUTHEEINZGEIETI—KTLET,

e AV VIZBIL TGRS 25E. i=j,k =123 uWVE;

BRTIPFETHL TR TUET,

o [int01] LEBZNTND LY — VEBRS ORBA RA B HAETS KT LET,

o [int02]-[int09] % f57E 9" B BX, HPHS DRI E FERE L 7255

BRIRTI-KRTLET,

42, TXAN—NE—FNKAAANTZ 711
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4.2.16 SingleExcitation {87 7 1 )L

—ARIEIRAE Z AE R T 2 72D DT ci0, (cl,, ) ZEZLET, UFIZ7 7 A MHlZTKRL T,

NSingle 24

======== Single Excitation ======

0 0 1.0 0.0
0 1 1.0 0.0
1 0 1.0 0.0
(continue...)

11 0 0 1.0 0.0
11 1 0 1.0 0.0

77 1ILER
UTDOESITBICISCELR DA E L D 7,
e 1 ANy X (ARELNTHRIED D TEA),
* 2 47: [string01] [int01]
e 3541 Ay X (fIEPNTHIED D THA),

* 6 77 BAB%: [int02] [int03] [int04] [double01] [double02]

RS X —%
* [string01]
B ¢ string B (22 A
AR ~ABERER T OXF T — FEEREL T (TR,
¢ [intO1]
B ¢ int B (ZEEA)
FREA : — IR R T OB R B L £
* [int02]
B ¢ int B (EEHAH)

B VA RS EREET S, 0L ENsite RITHEL X,
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* [int03]

B ¢ int B (ZFEARH)

FRER: AV U EEET SR, EFR - ERE T ROLAIR
0: 7w TAEY,

I: X VA Y,

AV VRDGEITIE,

0,1,---,28 +1(=S—0.5,-5+0.5,---, 5+ 0.5 (T )
BEIRT D e HkET,

* [int04]

R ¢ int B (22 R

SRR« — IR T D X 1 TEIEE T S HEL
0: :math:‘ c_{isigma_1}*

1: :math:‘ c_{isigma_1}"{dagger}*

BAEINT 2 Z R ET,

* [double01], [double02]

F= ¢ double # (22 54K 7])

BtBR:cio, (cl,, ) DFEERZ [double01], HE#R%Z [double02] TZNENIMEL T,

FEARIL—IL
RKI7ANEBMEHTAIIHZ>TOIL—IVIELLTO@ED TI,
o THEE CHAABREITD A, ~NY ZDEBKIITEEEA,

s MAMVELELUTHEEINZGEIZIETI—KTLET,

o [int01] EEFEINT VD —~KEIEEHE F OBV R BHFTI KT LET,

o [int02)-[int04] % $5iE S B L, MEPHADBE R EE L BART S — KT LT,

42, TXAN—NE—FNKAAANTZ 711
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4.2.17 PairExcitation g7 7 1)L

SRR E AE R T B T2 D DB i, ], (cly Cjoy) BRBLET, BB, cin,cl,, & cl, cjo, BRAT S Z
LikRER A, £z, S, BEORICH LTI 0y =00 ETHBERH D T, UFIC7 7 MlETKL T,

0 0 0 0 0

0 1 0

1 0 1 0 0

(continue...)

11 0 11 0 0

11 1 11 1 0
7714 IHR

DPFROES I URRs %2 & 0 £,
e 1T Ay X (A EIPNTERED D £HA),
* 2 17: [string01] [int01]
¢ 3541 Ay X (MAREPNTHMED D FHA),

* 6 17 BAK%: [int02] [int03] [int04] [int05] [int06] [double01] [double02]

NI X=%
* [string01]
B ¢ string A (22 AT
AR RN EEAE T OF T - FHAEREL £9 (R,
« [int01]
B ¢ int BL (2 E AT
FREA : AR E T ORBERE L £,
* [int02], [int04]
= ¢ int B (224 KA

BEA: VA MBS EEETHEM 0 A ENsite RIMTHEL XY,
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+ [int03], [int03]

B ¢ int B (ZFEARH)

FRER: AV U EEET SR, EFR - ERE T ROLAIR
0: 7w TAEY,

I: X VA Y,

AV VRDGEITIE,

0,1,---,28 +1(=S—0.5,-5+0.5,---, 5+ 0.5 (T )
BEIRT D e HkET,

* [int06]

R ¢ int B (22 R

SRR« KB EEETD X 1 TEIEE T S HEL

R |
0: Cioy Ciory

RN
1: Cigy Cjoa

BT D Z P HRET,

* [double01], [double02]
F= : double Y (22 H R H)

B8 ¢ Cioy ), (cl,, Cjoy) D% [double0l]), FEHS% [double02] TENENTEL £ 7,

fERIL—IL
RI7ANVEFEHTDIZHZ>TOL—I)VIELFO@ED TT,
o FTHIEE CHARAEITD By, ~Ny XDOEMITTEEHA,
o« MANEHLTHEINAEAIZITI—KTLET,
o [int01] & EFHENT VD IRFERHE T ORBARE BT KT LET,

o [int02)-[int06] & 8T BB, M OB AT LB AT —% T LET,

42, TXAN—NE—FNKAAANTZ 711 87
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4.2.18 SpectrumVec {57 7 1 )L

AR MNVEEHDOAI 7 7 A NVD~y ZEBELET, 77 NVEBIC7 7 VERNIUTOBY TT (77

1 VBRI eigenvec.dat L AFRTT), 77 1T —XIIN1FVEATT,

7714ILE
o ## rank_$$.dat

##X SpectrumVec THREINDZ AV X, $$IEF7 V7 FEFE2RLET, £
EHRLUET,

774 IR
* 147H : [int0]]
* 247H : [int02]

* 217H-: [double01] [double02]

INTDA—%4
* [int01]
= ¢ int B
SRBH ¢ BN RO eIV RV NIRRT SR
* [int02]
= @ int B

SRBR : BHEICE L ATy TR EFR L £3, Lanczos 5Tl Lanczo
TUERALUZEIBETEL T,

* [double01], [double02]

3 ¢ double Y

BB AT BRI MLOfEERLET,
[double01] A3ZEEB, [double02] AEHiEZR L 7,

. &&IZ TPQ DY > 7)) v T DHE

s ATy T, TPQIETIENI NV b=

88
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4.2.19 OneBodyTE 87 7 1 )L

SREAITHRME NG —RHOTIIF tigjon (Bl cjoy BERLET, BIFIZT 7 4 LHIZFRL 7.

o

0.0 4

0 0 1 0 1.0 0.0
1 0 0 O 1.0 0.0
o0 1 1 1 1.0 0.0
1 1 0 1 1.0 0.0
0.2 4

(continue...)

77 1ILER
PFO XS ITHBICIGURRZ B2 LD 7,
e 1 ANy X ([ARELNTHRIED D TEA),
e 2 47: [string01] [int01]
* 35T Ay X (fIEIPNTHEED D THA),

6 1T UABE XL t B L O ORZITOIEY v O EAEH DM 2 BHIBE L, il THISd 2 — (K HEMEH % 5
ETLRNEZHD £,

* m 17: [double01] [int02]

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

RS A—=4
* [string01]
=R : string B (B HARH)
B 7y A VNTERINT VAR LAT Y THERTF— 7 — RARIEEL T (15).
* [int01]
Bt int B (22 A0

BB V7 AVHATERINTVEIRXA LATY THEREL £7,
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+ [double01]
= : double Y (22 AH])
iR : WK ¢ ZHREL 7
« [int02]
B ¢ int B (EEA)
A s KXt TS S R EAER O 2 fE L £ 9,
« [int03], [int05]
B ¢ int B (EEAT)
B VA MBS ERETT OB 0bAkNsite RMTHEL 9.
* [int04], [int06]

B ¢ int B (EEA)

BB AV VR RET .
0: 7y FAEY
I: XAy
BERT B HRET,

* [double02], [double03]
FR : double Y (22 5K 7)

B : IS4 £ THINE N5 — KR O [double02), HEH% [double03] TZNENIGE L £4,

ERIL—IL
KT 7ANEMFHTEIZHz>TOL—IVIZLAFOMED TY,
o ATEUERE THARAZEITD Ry Ny XDEMIZTE EEA,
e ModPara 7 7 f U CHEE 115 LanczosStep 7° [int02] £ W H KEVWHAITIFT I KT LT,

o [int03]-[int06] % $5iE S B L. MEPHA BRI R EE LB AR 5 — KT LT,
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4.2.20 TwoBodyTE1EE 7 7 1)L

FRATHIME N2 RO FIET Lo, joskosios (t)Cly, CioaCho, Clos ZEFL ET, UTFIZT 7 1 I % R L
E

AllTimeStep 100

0.0 3
0 0 0 0 O 1.0 0.0
1 1 0 0 O 1.0 0.0
1 1 0 2 O 1.0 0.0
0.2 3
(continue...)

7714 IHR

DPFROES I URRs %2 & 0 £,
e 1T Ay X (A EIPNTERED D £HA),
* 2 17: [string01] [int01]
¢ 3541 Ay X (MAREPNTHMED D FHA),

6 ITLAREIZIN t B L 2 ORZITOIEE v DM BN DM Z BN HE L. fild TSRS 2 M EMEH %5
ETLRAZMD £,

* m 17: [double01] [int02]

o (m+1) - (m+1+[int02]) 47: [int03] [int04] [int05] [int06] [int07] [int08] [int09] [int10] [double02] [double03]

NI X=%
* [string01]
B3 ¢ string B (ZEEART)
B 77 A VNTERESNTOBREA LAT Yy THERT ¥ -7 — FLAEREL T (1),
* [int01]
B ¢ int B (ZEEAT)

SEA: 77 AIVATEBINTVWARE A LAT Y THEERELET,

42, TXAN—NE—FNKAAANTZ 711 91
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* [double01]
= : double B (%2 AH)
BREH s Rl t 2fEEL T
« [int02]
B ¢ int B (FEEAH)
FiBA ¢ Wt TN s AR EAER DR fRE L £ 9,
« [int03], [int05], [int07], [int09]
FR : int B (EFEARA)
BEA: VA MRS EHEETHEM 0 A ENsite RIMTHEL XY,
* [int04], [int06], [int08], [int10]

B ¢ int B (EEA)

BB AV VR RET .
0: 7y FAEY
I: XAy
BERT B HRET,

* [double02], [double03]
FR : double Y (22 5K 7)

B : I £ THINE M3 KR O [double02], HEH% [double03] TZNENIGE L £4,

ERIL—IL
KT 7ANEMFHTEIZHz>TOL—IVIZLAFOMED TY,
o ATEUERE THARAZEITD Ry Ny XDEMIZTE EEA,
e ModPara 7 7 f U CHEE 115 LanczosStep 7° [int02] £ W H KEVWHAITIFT I KT LT,

o [int03]-[int06] % $5iE S B L. MEPHA BRI R EE LB AR 5 — KT LT,
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4.3 HHOT7 714

HH 7 7ANIZBET 27 7 A VERZHE L T,

4.3.1 CHECK_Chemi.dat

Hamiltonian ® 5 HbZFHRT > ¥ v L

H+ = Z ,uiocr];g-cia

- (4.16)
T2 ANERZEZITVET, wo PHEAIINET, IRIZT7 7 A VB ZZRL £7,
i=0 spin=0 isitel=1 tmp_V=0.000000
=1 spin=0 isitel=2 tmp_V=0.000000
=2 spin=0 isitel=3 tmp_v=0.000000
=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
7714 ILER
LTFDE>2%7 74V ER%2 & D ET,
* i=[int01] spin=[int02] isite1=[int03] tmp_V=[double01]
INTA—%4
* [int01]
F= ¢ int B
FREA : ATIEE,
* [int02]
F= ¢ int B
SHBA : i DAY VEES 0 BERTER,
0: 7y AV
1: XY VA Y
ERUET,
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* [int03]

B3 s int B

PR : i DY A MES @ 2 RTEL
* [double01]

= : double #

S8R ¢ 1y O
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4.3.2 CHECK InterAll.dat

Hamiltonian @ —f —{AMEAEFH O 5 &5 A 553

H+ = Z Iiijj1710102026101Ciﬂlc;fag Cioy 4.17)

4,J,0

BT B ANHEREITNE T Lijiorm om0, BHIENET, UFICT 7 4 MHIETHRL £ T

isitel=1 A_spin=0 isite2=2 B_spin=0

isitel=1 A_spin=0 isite2=2 B_spin=1

isitel=1 A_spin=1 isite2=2 B_spin=0

isitel=1 A_spin=1 isite2=2 B_spin=1

isitel=2 A_spin=0 isite2=3 B_spin=0

[
I

5 isitel=2 A_spin=0 isite2=3 B_spin=1

tmp_V=0.500000
tmp_V=-0.500000
tmp_V=-0.500000
tmp_V=0.500000
tmp_V=0.500000
tmp_V=-0.500000

774 IFR

UFDES5u7 741 VERZE LD £7,

* i=[int01] isite1=[int02] A_spin=[int03] isite2=[int04] B_spin=[int05] tmp_V=[double01]

NSA—=%
* [int01]
B ¢ int T
SRR AE S,
« [int02], [int04]

2 ¢ int B

ﬁm:hmmm®®®ﬂ4$%%%§?%ﬁo
[int02] A% 4, [int04] 4% j 2 F L %7,

« [int03], [int03]

B : int B

EEEH H Iiijjo'lo'lo'zg'z @ngﬁ%%%j_%%ﬁo

43. HAT7 71
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[int03] »% oy, [int05] 28 o9 WKL, TNE N
0: 7w TAEY

I: XU v A Y

RUET,

¢ [double01]
= : double £

EFEEH : Iiijjalo'10202 ODﬁQO
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4.3.3 CHECK_ Coulombintra.dat

Hamiltonian ® 4 >3+ b 27— Y EAEM

ff*’:ijzjlh7%T“ﬁ¢ (4.18)
BT AR ZITVET, U, B IIhEd, IR 7 7 A WBlZF# L £9,
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
774 IR
UFDES5 771 VERZ LD £7,
* i=[int01] isite1=[int02] tmp_V=[double01]
NTX=%
* [int01]
B ¢ int B
SiEA : AN
* [int02]
= ¢ int B
AU, DY A M5 2 RTEH,
* [double01]
=\ : double
SRER 2 U; OFE,
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4.3.4 CHECK_ Hund.dat

Hamiltonian ® Hund 77 7V > &

H+ ==Y T (nignjp + niyng))

2%

(4.19)

B B AR AT VE S, S B ENE T, BRI T 7 A VBl ERRL 9

i=0 isitel=1
i=1 isitel=2
i=2 isitel=3
i=3 isitel=4
i=4 isitel=5

i=5 isitel=6

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

isitez=1

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

250000
250000
250000
250000
250000
250000

7714 IWVER

UTDES7 74 NVERZ LD £7,

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

INTGAX—4

* [int01]

B : int B

SiEA 2 ANFES,

« [int02], [int03]

= ¢ int BY

BB ¢ JHd DY | B E R TR
[int02] A% 4, [int03] 5 j £ KL £F,

* [double01]

3 ¢ double Y

e« g Ofi,
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4.3.5 CHECK_INTER_U.dat

Hamiltonian ® 4 73+ b 27— VHHEAEM

BT AR ZITVWET, Vi Bl ENET,

H+ = Z aninj

DR 7 7 A VBl 2 ad# L £9,

(4.20)

i=0 isitel=1

isitel=2

- e
Il

-
U
N

isitel=3

isitel=4

-
Il

isitel=5

-
I
g W

- e
Il

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.
tmp_V=-0.

125000
125000
125000
125000
125000
125000

7714 IWVER

UTDES 774 NVERZE LD £7,

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

INTA—4

* [int01]

B :int B

SiEA : AN

« [int02], [int03]

B : int B4

FREA : Vi, DY A b ESERTEBEL
[int02] A% 4, [int03] 2% j &KL £7,

* [double01]

3 : double #Y

E%EE : ‘/ij

D1E,

43. HAT7 71
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4.3.6 CHECK_Memory.dat

HHTBZAE) VA XD NEITVET, BFYV A ZBXOBERAE) 2N UET, BAFICT 7 1 U % 5Ll
LEd,

MAX DIMENSION idim_max=400
REQUIRED MEMORY max_mem=0.000019 GB

7714 IWVER
UFDES 774V ERE LD T,
* MAX DIMENSION idim_max=[int01]

* REQUIRED MEMORY max_mem =[double01] GB

INTA—=%4
* [intO1]
B ¢ int B
B LA h AR—ZDEERLET,
* [double01]
3 : double #Y

SHBA G BRI N AR—ADMRIZBEETEAEY) Y1 X 2K T (HALE GB),

100 FEA4E J7AINTA—<T Y K



H® Documentation

4.3.7 WarningOnTransfer.dat

Transfer DR DD EE L TCWBGEIZHEAIINET, UTIZ7 7 1 VBlZE#H L £9,

double
double
double
double

conuntings
conuntings
conuntings

conuntings

in
in
in

in

transfers: i=0
transfers: i
transfers: i=0

transfers:

O N O DN

spni
spni
spni

spni

spnj
spnj
spnj
spnj

= = O O

774 IVER

DPTRDE5Hm 774 0VERZ LD £,

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

INT A —

¥4

« [int01], [int02]

2 ¢ int B

SiBE : B LT\ Transfer DY 1 F{52RLET,

* [int03], [int04]

F3 ¢ int B

SRR s ML T3S Transfer DAYV HE5E2RLET,
0: 7y A Y
1: & VAV

ERLUET,

43. HAT7 71
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4.3.8 CalcTimer.dat

FHEBLIZ 2 o IR D T & ¢, GHEABE, HEES, BHELERE (] O L, BIRIC
TPQ DG D IHlZFl# LU £ 9,

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_enerqgy_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

FERBEERAE I E T, LATIZ Lanczos EDHEOH Il =W L £ 7,

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

7710 %&
» ##_TimeKeeper.dat

##1% ModPara 7 7 1 LN D [string02] TIREINE~Nv XE2RL T,

43. HAT7 71
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4.3.10 sz_TimeKeeper.dat

CIOL AL s AR— AR BB ORGEERAE D T &, DINICH OB ZR#EL 7,

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

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

774IE
» ## sz_TimeKeeper.dat

##13 ModPara 7 7 1 JLIND [string02] TIREINE~Nv XE2RLET,
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4.3.11 Time_CG_EigenVector.dat

(Lanczos IEDA) CG IETHEA N MLVEFET EOu /2L T,

allocate succeed !!!
b[4341]1=1.000000 bnorm== 1.000000
i_itr=0 itr=5 0.0411202543 0.0000100000

i_itr=0 itr=155 0.0000000058 0.0000100000
CG OK: t_itr=155

i_itr=0 itr=155 time=0.000000

fabs (fabs (xb)-1.0)=0.9955114473313577
b[4341]1=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

774IE
o ##_Time_CG_EigenVector.dat

##13 ModPara 7 7 1 VN D [string02] TREINZ~Nv XERL T,
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4.3.12 energy.dat

(Lanczos 7%, LOBCG %MD #4) Lanczos £H UK 1 CGIETROZEHA R PV EAVWTEHALZZ RNV F—, X

TJuyve(S,) #HAUET, UATFIC7 7 VBl L £T,

method="Lanczos" D&

Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

method="CG" D&

State O
Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

State 1

P %
o ## energy.dat

##13 ModPara 7 7 1 JLIND [string02] TIREINZ~Nv X %2R L ET,

77 A IER
* Energy [double0l]
* Doublon [double02]

« Sz [double03]

NS X—=%
* [double01]

3 : double Y

tEA : Lanczos ¥ - CG L TROEH T MV EAVEIELZZ X LT —,

* [double02]

106
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3 : double B!

B9 : Lanczos i - CG I TR AEH A2 ML & HVAELE LTIy 1 5 (nggny,) (N, K51 -5,
* [double03]

= : double B!

B88 : AR ML EHVAE L (S.).
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4.3.13 Lanczos_Step.dat

(Lanczos ¥, LOBCG IETOAH ) BEHARZ bLaEROTWAEOu 7 2HHLET, ARICT7 7 A Al RL
Er

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

stp = 2 1.2149586211 14.6560471044 xxxxxxxxxx xxxxxxxxx 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
7274IVE

* ##_Lanczos_Step.dat

##1% ModPara 7 7 1 VN D [string02] TREI N B~y X %2 KL T,
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77 1ILBR
* method="Lanczos" D&
stp= [int01] [double01] [double02] [double03] [double04] [double-a] [double-b]
e method="CG" D&

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

NS X—%
* [int01]
= ¢ int B
5288 : Lanczos ¥% -LOBCG IECTOFHEA T v 7H,
* [double01], [double02], [double03], [double04] ...
3 : double B!

5BA : Lanczos ¥ -LOBCG #ETEHERIIZR D o - E A E 2 FINEIZN X725 D, Lanczos £ TIE 4 {47,
LOBCG £ Tld exct THEUZMEBEAIAE DI NET (LFEEOHITIE “exct=3°). Lanczos L TIIMHE L T
WAREEMEIZELDTIHEEZ SNFETH, LOBCG IETIEMEL TWAMEBUIS U CHEAMEAH TN
F9. LFLOBITIEE —EREEDS 2 B FIZHHE L TWA Z e300 £9.

* [double-a]
3 : double B!

ZRBA : (Lanczos JEMD M) LanczosTarget THRE L7, IWEHHEIZAWS NI FEEEIH I N ET (LT
DHITIE “‘LanczosTarget=3).

* [double-b]
= : double £

£BA : (Lanczos JEDA) | AEEMEZ Y 1 M TH 5725 D. TPQ 5 T®D Largevalue O FRfE & 72D
E

* [double-c]
= : double #

5B : (LOBCG #ED&A) SFE L ZEHART MIVDERED 2-/ )V LADHFTRADL O, PERHEIZH WS 1
9.

* [double-d]

3 : double Y
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ZBA : (LOBCG D &) IHHIED U E W HE. LanczosEps THEE U HIZEEIRFED T 1)L £ — Dt
BN TNET.
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4.3.14 Time_TPQ_Step.dat

(TPQ ETHOAH ) TPQIETD ATy THOKRMEZHE N L T, EiEOGEIMEMEBRINE T, DIFIC
TZ7ANWHIZERLET,

set 0 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

T7A4IE
* ## TPQ_Step.dat

#H3 ModPara 7 7 1 VIND [string02] TIRESINDZANY X2 KL X T,

774 IVER

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

NS AX—%

* [int01]

F= : int B

FREA : TPQ LT Y — ML
« [int02]

F= : int B

FtEA : TPQ IECTO AT v THL,
* [string01]

3 ¢ string B

BA : FHRLIIRARS,
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4.3.15 Norm_rand.dat

(TPQ EETOAH ) TPQ I THOERIREHER O 72 H O L 3, HIHEOEESIMENMERLSINET, AT
TZ7ANWHIZERLET,

# 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

7714ILE
¢ Norm_rand??.dat

2% TPQ AR D run DFFERL £ T,

774 IVER
1 f7HIEANY X T, 2FHUBIIA O 7 7 A VB TRl S E T,

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

NSA—=%
* [double01]
3\ : double B!
PR ¢ MR 1/ kT,
¢ [double02]
= : double B!

SER : TPQ HETEME X 0 B HMALAT O BB (N2 b)Y @ b L (Ppledy)e 272U
H/N) k1o

z/;k> = (-

* [double03]

#= : double B
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SHBE : BURALRT O WIHIEIRIE (5 > K LRT R V) DIV A (Poldo)e 7272 U |1o) IZFIRSALRT D HIHINE

* [int01]
B ¢ int B

SEE: WIS v K A2 b iz (I — H/N,)( 1& ModPara 7 7 1 L@ LargeValue, N, &% M) %/
X7 mE,
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4.3.16 SS rand.dat

(TPQ LT AHINTPQ L TOAMBREF R RN L XY, HEOGAIMEMNELINE T, U7y
AN ZRU £,

# 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

7714ILE
¢ SS_rand??.dat

2% TPQ AR D run DFFERL £ T,

774 IVER
1 f7HIEANY X T, 2FHUBIIA O 7 7 A VB TRl S E T,

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

NSA—=%
* [double01]
3\ : double B!
SHBA ¢ R 1/kpT (72720, kg = 1),
¢ [double02]
= : double B!
FEEA ¢ TRV X — OIARHE (H).
¢ [double03]
= : double #

BB NIV =T V02 ROMME (H?).
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¢ [double04]

3, : double B

BB X7V R 70y OWIRHE Y (i) .
¢ [double05]

3 : double B!

EeBA KR ().
« [int01]

3 ¢ int B

SBE : WIS X LRy’ Uiz (I — H/N,)( ik ModPara 7 7 1 L ®D LargeValue., N, i&H1 M) %1
X7z EE,
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4.3.17 Flct_rand.dat

(TPQ LT D AHI)) TPQ LT DR S T 2 AR EF R 2N L £ 9, HIROLARMEMET I E
3, N7 70 WMlZRLET,

# inv_temp, N, N*2, D, D*2, Sz, Sz"2, 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 .00 0.0023147006319775 0.2500 2
0.2440168 12.00 144.00 0.00 0.00 0.0037424057659867 0.2500 3

o

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

7714ILE
¢ Flct_rand??.dat

2% TPQ AR D run DFFERL £ T,

774 IVER
1 f7HIEANY X T, 2FHUBIIA O 7 7 A VB TRl S E T,

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

NFA—%
* [double01]
3K : double B
SHEA : WOREE 1/kpT.
* [double02]
3t : double B
SO A THCS (R
* [double03]
= : double #

SRR ¢ R FED 2 TOWAFE  math:* langle (sum_{i}hat{n}_i)*2 rangle‘,

116 FAEZE TJ7MITHr—< Y K



H® Documentation

¢ [double04]

3, : double B

BBA s X7y - 3 (nipngy) ORIRHE (7272 Ny i35 1 M 80,
¢ [double05]

3 : double B!

BEE: X7 Y05 (0, ninnay)?) ORHE (7272 L N, 139 1 M3,
* [double06]

= : double B!

BB AV YD Sz 5 Y0,(SF) DMFHE (7272 U Ny 8% 1 bR,
* [double07]

T3 ¢ double £

B : 2K VO Sz RO R - (X, S2)2) DIIRHE (7272 L N,y 1&H 1 M5,
* [int01]

F= @ int B4

SE : WIS > X LR MLz (I — H/N,)( 1& ModPara 7 7 1 VO LargeValue, N, i&H 1 M) % 1F
F X272 [H4K,
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4.3.18 Time_TE_Step.dat

(ERRFREIETOAN ) ERHRBBIETOAT Yy THORERMEZEILET, AR 7 71 VElZRL £,

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
727 4I%&

» ## TE_Step.dat

##HX ModPara 7 7 1 VN D [string02] THESINZANY X 2K L ET,

774 IIVER

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

NS A—4

* [int01]

i,

SREA :

int #4

TE IETDO AT v TH,

[string01]

B .

FREA :

string %4

GGl =S
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4.3.19 Norm.dat

(ERFREIETOAN D) ERHRBBIETO XA LAT Yy THBOV 72 IUET, AT 7 A Wl Z R LU

9,

# 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 1
774IE
e Norm.dat

774 IWVER

LIFHIEAY T, 247HUBRIEUTO 7 7 A VPR Cidiish &7,

/

<

* [double01] [double02] [int01]

IX—=%
* [double01]
= ¢ double #
SRR ¢ IR ¢,
* [double02]

3 : double Y

FREA : EREREECHE I N AWML ¢ TOREBIBEK (RXZ ML) DIV A,

* [int01]

3 ¢ int 1

43. HAT7 71
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SHBA s R A LAT Y TH
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4.3.20 SS.dat

(R EFERIE T DAL T ERFHFERIET DR AT v THED

9,

AR EZE L E T, BTICT7 71V Z2RL

# 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
774IE
e SS.dat

7714 IVER

LITHIEANY X T, 2A7HUBRIE T 7 7 A VMEXTRHBE N E T,

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

NI X—%
* [double01]
= : double E!
SHBA ¢ RERE L,
¢ [double02]

3 : double Y

BBE L E— ORI (H),

* [double03]

43. HAT7 71

121




H® Documentation

3 : double B!
BB NIV h=T v D 2 FOHRHE (H?),
* [double04]

# = : double B

BBA s X7y -3 (napny) (7272 Uimath:N_s 135 1 M),
* [double05]

3 : double B!

SRR« KR ().
* [int01]

3 ¢ int B

SRBA : R A LAAT Y TH
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4.3.21 Flct.dat

(R EFERIE T DAY ERHFERE T O S I 2 KL TOF R REZ LI LE T, AFIC7 71V
ERUET,

# time, N, N*2, D, D"2, 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
774IE
¢ Flct.dat

7714 IVER

LITHIEANY X T, 2A7HUBRIE T 7 7 A VMEXTRHBE N E T,

/

\

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

IX—=%
* [double01]
= ¢ double #
SHBA ¢ RERE L,
¢ [double02]

3 : double Y

BET ¢ RHITH Y ()

* [double03]

43. HAT7 71
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3 : double B!

U ¢ KT 2 FOHIRHE (0, 1i)?)o
* [double04]

= : double B!

BBA s X7y 3 (napngy) ORIFHE (272U Ny i3 A S8,
* [double05]

T3, ¢ double B

B X700 YD (00, nipnay)?) ORIFHE (272U N i3 b,
* [double06]

T3, : double B

BB AY VD Sz 5= Y0,(SF) DMFHE (7272 U Ny 189 1 bR,
* [double07]

3 : double B!

BE: AY YO S DT 3-((30; 57)2) OMIFHE (7272 L N, 891 bR,
« [int01]

3 ¢ int B

SHBR s R A LAT Y TH
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4.3.22 Eigenvalue.dat

(FullDiag TOAHI)) AETHAE Lz 2 VF -2 LE S, UFICT7 7 A IVHl2FBRL £7,

0 —-4.8141698096
1 -3.7968502453
2 —-3.2462822372

397 13.9898305290
398 14.4896221034
399 14.8525199079

7714 IIVER
UTD7 74 NVERTHBEINET,

* [int01] [double01]

INTDAX—%4
* [int01]

B :int B

PR : EAMED index, BEIFXILF—%202 LT,

* [double01]
= : double

B8R TRLE— (H),

IRILF—DEWVIED SEET 5,

43. HAT7 71
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4.3.23 phys.dat

(FullDiag TO &) AR TR LAV F— e YBE 2L ET, THALF—DEVEET R ILF —
POIZHNEINET, UNZT7 7 A Vflzitiil £,

<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

774IE
o J1/ =J1)b: ## phys_Nup_$$Ndown%%.dat
o 75V NJ1 ) =KV ## phys.dat

##1% ModPara 7 7 -1 VN D [string02] THEI N B~y X, $$iZ Nup. %% & Ndown 2R L £ 7,

774 IVER
17EIEANY T, 247U TO 7 7 1 VEXRTEHEHREINE T,

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

RS A—=4
* [double01]
3 : double B!
SiBH ¢ TRV X — DOWIRHE (H).
* [double02]
3 : double #Y
BHBA : KT RO HIFRHE (7).
¢ [double03]
2= : double £

BIEE : A0 2 A DM (S.).

126 FAEZE TJ7MITHr—< Y K



H® Documentation

* [double04]

3, : double B

BB : AL D 2 ROWIFHE (S2),
* [double05]

3 : double #Y

SEA: X Tm v Ni Yo (nigniy) (7272 Uimath:N_s i$4% 1 b0,
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4.3.24 ham.dat

(FullDiag TOAHJ1) CalcMod 7 7 1 LT OutputHam=1 OFEIZ, HE NECEIEINZNIN =T V%
MatrixMarket X R CH I UEJ, CalcMod 7 7 1)V InputHam=1 T3¢, BHEI 7 IV—REAT 71
EEiAAA, BEETEI LN TEET, UFIC7 v I HlZ2FEL £9,

o\
o\©

$%MatrixMarket matrix coordinate complex hermitian

28 28 56

1 1 1.000000 0.000000
2 1 0.500000 0.000000
32 0.500000 0.000000
4 3 0.500000 0.000000
5 4 0.500000 0.000000
6 5 0.500000 0.000000
7 6 0.500000 0.000000
7 7 1.000000 0.000000
7714L%E

o ## ham.dat

##1% ModPara 7 7 1 VN D [string02] TREIN B~y XERL T,

774 IER
e 1fF:ny R
* 247 : [int01] [int02] [int03]

* 3 47- : [int04] [int05] [double01] [double02]

INTA—4
* [int01]
2 ¢ int B
£itBA : Hamiltonian D475,
* [int02]
2 ¢ int T
587 : Hamiltonian D 1%L,

* [int03]
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B : int B
£itBA : Hamiltonian DIEZEDEEE,
* [double01], [double02]

# = : double B

iBA : Hamiltonian D% XL £ 7,
[double01] A¥5EHB, [double02] A3 EHiEZ KL 7,

43. HAT 71 129



H® Documentation

4.3.25 cisajs.dat

OneBodyG THiE & k2 ) — VB (c], cjo,) DFSHEREZ MO L ET, UFIC7 71 MBIEFTRL £5,

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 1 2 1 0.4452776740 0.0000000000
3 0 3 0 0.5000000000 0.0000000000
3 1 3 1 0.5000000000 0.0000000000
72714ILE

Lanczos i%: ##_cisajs.dat

TPQ 7%: ##_cisajs_set??step% %.dat
FIRFEF IR IL: ##_cisajs_step%%.dat

x5t {bik, LOBCG %: ##_cisajs_eigen&&.dat

##1% ModPara 7 7 1 LAID [string02] THEI N B~y X, 220% TPQ IEFHHRFD run DFH. %% 1% TPQ LT
DATY T, &&IZEAMDOFEZTEZRL XTI,

7714 IWVER

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

NS RX—=%
* [int01], [int03]
B3 ¢ int B
FREA : VA NEFSEBET 2EE [int01] 23 YA b, [int03] A5 YA hERLUET,
* [int02], [int04]

F= ¢ int B4

BB : AV U ARET 2 EBEL [int02] 2% o1, [int03] A¥ oo IZHFIRL £9,
0: 7y FAEY
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I: XAy
RUET,

* [double01], [double02]

3 ¢ double Y

BEEA 1 (cl,, cion) DIEERL £,
[double01] A3ZEEB, [double02] ASEHiEZRL 7,
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4.3.26 cisajscktalt.dat

TwoBodyG THE & vz k2" ) — VB (c], ¢jo, cLU3 Clo,) DRIEFERZH DU E T, BAFICT 7 1 U % Fl#k

LEd,

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

774IE

Lanczos 7%: ## _cisajscktalt.dat

TPQ i%: ##_cisajscktalt_set??step% %.dat

FERERIFE R 1 ##_cisajscktalt_step%%.dat
2xtff{biE, LOBCG %: ##_cisajscktalt_eigen&&.dat

##|X ModPara 7 7 1 VD [string02] THRE I N D~y X, 2% TPQ EFHHEKED run DFS. %% 1k TPQ AT
DAT Y T, &&IFFHEDOFESERL £,

774 IVER

« [int01] [int02] [int03] [int04] [int05] [int06] [int07] [int08] [double01] [double02]

NS A—=4
« [int01], [int03],[int05], [int07]
B : int B4

BEE: VA NEEEIET AL [int01] A% Y1 b, [int03] A5 F A k. [int05] A1k ¥4 b, [int07] A5
YA EELET,

« [int02], [int04],[int06], [int08]

B :int B
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BB AUV AIET 2L [int02] 2% 0y, [int04] A3 0y. [int06] A% o5, [int08] 45 oy I L £ 7
0: 7w TAEY

I: XU v A Y

RUET,

* [double01], [double02]

= : double £

BB 1 (Cl,, CioaChy, Clo) PIEERLET,
[double01] AY5EHB, [double02] A EHiEZ KL 7,
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4.3.27 eigenvec.dat

CalcMod 7 7 - )L ® OutputBigenVec=1 D& 12, Lanczos I TR S NZBEAERZ b2 H L E T, Int-
putEigenVec=1 Q& I, HAOIN/T 7 A IVDEAAAEZITVWET, 77 A NVENAF YA TH DI E
o 77 ANVEBEOT7 7 A IVERBIAT D@D TY,

774ILE
 ##_eigenvec_&&_rank_$$.dat

##% ModPara 7 7 T VD [string02] TIREINDEAY X, &&IZFEEHEOERS, $$IE7 v/ BEE2RUET,

774 IULBR

Note: eigen_vector O —FmA DI EHEIZMHH U RWVMER A > TWET,
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4.3.28 tmpvec.dat

CalcMod 7 7 1 L ® ReStart=1, 2 DIFEIZ, FFERFORZ v LEHAOLUET, 77 VBN FVIERTHD
INFET, 77 MNVELEBLOT7 7 A VERIZAFO@ED T (7 7 4 VERIK eigenvec.dat & FFKTT),

774IE
 Lanczos i : ##_tmpvec_rank_$$.dat
» TPQ 7%, LOBPCG 7% : ##_tmpvec_set_&&_rank_$$.dat

##13 ModPara 7 7 1 VA D [string02] TIREINDE~AY X, $$Ix7 0/ FZ52EXLF T, T/, &&IZ TPQ FED
Yo 7)) v DFESELLIZLOBPCG :COREAHEDE S 2EKLET,

774 IER

WMOESY =22 —=FZ2HWT, XM FVT7A N L THAIINET (EBDO HE OV —A 31— K IIEHL
FVEZDFET),

Lanczos
fp = fopen("zvo_tmpvec_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, f£fp);
fwrite (&second_last_vector[0], sizeof (complex double),local_size+l, fp);
fclose (fp);

TPQ & & U LOBPCG

fp = fopen("zvo_tmpvec_set_0_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, f£fp);
(

fclose (fp);

7272 U.number_of_interations IXEEI. local_size ZEERZ MDY 1 X MPLIFZ{F > T3
LEIXEe V)L MRIGEIZELR D £9), last_vector ERBDKETDNRY ML, second_last_vector
BEENS 2HBHOKETORZ ML EFNFNERL 7,
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% last_vector. second_last vector O—FEHHDEMIZEFHEIZHERALUZWVENR A > TWET,
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4.3.29 DynamicalGreen.dat

N7 ) — VBB O ERREEE NI LUET, 77 ANV ABLIO 7 7 A VBRI TOED T,

7714ILE
 ## DynamicalGreen.dat

##13 ModPara 7 7 1 JLIND [string02] TIREINZ~Nv X2 RL T,

774 IWVER

* 1 47H-: [double01] [double02] [double03] [double04]

NS AX=%F
* [double01], [double02]

= : double £

PR IREB DM ERL £9,
[double01] A3ZEHE, [double02] EHERL £9,

* [double03], [double04]

3 : double #Y

SRR B o) — VBB E R L 7,
[double03] H3ZEEB, [double04] AEHEZ KL 7,
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4.3.30 recalcvec.dat

Lanczso #EZ FH\WE 277 — VEABO BEEBEICBER 2 ODORZ MUREHEINET, 774 NVIENN1 FVIER
THHEINET, 771NV ELBLOT7 7 A NVERIZLLTOED TF,

7714ILE
o ## recalcvec_rank_$$.dat

##1% ModPara 7 7 - VA D [string02] TIHEINBE A~V X, $$IET7 V7B BE2RLUET,

774 IER

* 147H : [int01]

2 13 H : [int02]
* 317H - [int02]+3 17: [double01] [double02]

* 417H - 2x[int02]+4 17 [double03] [double04]

NS X—=%
« [int01]
3 ¢ int B
FRBA NS — VEBORRICE U ATy THERL T,
* [int02]
=\ : Long int %
SHBA ¢ FHEDN RO eIV ~)L N ZEBUE FRE T B EEKL
* [double01], [double02]

= : double

%88 : Lanczos JETD vk 2L 9, [double01] 2¥EHE, [double02] 2 EH AR L £, —HEMD
A EHFLICH A LR WER Ao TV E T,

* [double03], [double04]

3\ : double
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5P : Lanczos AT Tyq 2 H1L £ 9, [double01] 23FHB, [double02] 22K L £3., —HmM D
JEA RIS U2 WEAA > TV E T,
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4.3.31 TMcomponents.dat

Lanczos % W82 ) — VBB O HH BRI ER = E A7 0OEE L HIRRED J VAREhEINnET,
T7ANELBLIOT7 7 UVERIZLUTO®EY T,

774IE
o ##_TMcomponents.dat

##HX ModPara 7 7 1 VD [string02] TIRESINZ~NY X2 KL ET,

774 IUEBR
* 147H : [int01]
* 217H : [doubleO]]

* 317H - [int02]+3 17: [double02] [double03]

NSA—=%
* [int01]
3 ¢ int BY
FREA : B2 — VBRI E L AT Y TR N, 2R LU E T,
+ [double01]
=X : double #Y
SEEA : RO LV AERLE T,
+ [double02], [double03]

3 : double #4

888 : Lanczos 1% 2B 2 ) — o BISKO PR IS B2 = B AATHI OB oy, Bi (i = 1, Ny)
faeRLET, —BIRGOKC AL 2 WEA A>T WE T, [double02] 7% oy, [double03] 75 5;
IS U E T,
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44 I5—Xyt—Y—%

* ERROR ! Unsupported Keyword !
FIELRWF— T — FEIBELZGHICEREIN, Tur I L3MFELET,

¢ "ERROR ! Keywordis duplicated !
FUF—7—R%&2EHEELZHGEICRRIN, Tur I L3FIELET,

¢ ERROR ! Unsupported Solver : solver

* ERROR ! Unsupported Model : model

* Sorry, this system is unsupported in the STANDARD MODE...

Please use the EXPART MODE, or write a NEW FUNCTION and post it us.

method, model, lattice DENPEIFERIZTR— P L TVWRWATI A =R —2 ANGE, Tas
FLMEIELET,

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

* ERROR ! Nelec > 2 x nsite in Hubbard model !

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

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

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

e 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 !

e 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 x 3 - nelec...

) = ANEFOFHFEIZE T, AENT 1 ML EFH 2AEY 2 BOPEHTELRWHASGDE
THHGE BWAIE, EFEVEY A MO 2HBEIVEREN, ) Tl IL0EELET,

¢ Check !' °° "% is SPECIFIED but will NOT be USED.

““ Please COMMENT-OUT this line**
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¢ or check this input is REALLY APPROPRIATE for your purpose !¢

NIRRT A =R =2/ E LRI, 2= = AN 7 7 A IVORZREL 7007 LFEIEL F
T, EBRIZBEDRWANT A= —DGEIFEMUT2T2HBRBULIFTIAV I T ILTLEX Y,

* ERROR ! "\ ' 1is NOT specified !
BTRELARTNUERSRVWF—T — RDPRESNTWARWESIZIZ T s AL £T,
o = ##4###4 DEFAULT VALUE IS USED #####4#

ZNEFT TRy Ee—VTREHDETA, ANT7ANVTREN P 72720I2T 7 4V MEDMfEDbI 7 Z
LEHMOEBAYE—UTT,
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BO5E

73 X A

5.1 Lanczos /=

511 FEHE

Lanczos JEDESIZ O WTIE TITPACK® D= 27 )L & S E0BH? 2212 LTWET.

Lanczos {E3H 2N FIVIZANIN =7 VEFHIETRKR - /NEEOEAE - EEXZ MLeRkDd 5 )
%T9, Lanczos I CHEIA{E % Ko 5 B2 1% Hilbert 25fIDRTLDO K & X OB A RT X7 ML 229 bh
EFEBRN X E TR 72D, KRERHITFIONALFEE UTEHATH L Z BRI NTVWET, kT d5L5
2y BB RZ ML ERD BEIZIE Hilbert ZDXITTDOKEZDRY MLHE S 1 KBETT,

Lanczos ED FHIINREFRIZE OV TVWE T, NEF|ETED 2EEDARY ML Ty IZ Hamitonian % FIRAIZ
’ﬁzﬁﬁ é’t}.’f, 'H"fo 72{/]5;3@[/ ij_o ZD& é’\ ﬁiﬁkém%%mﬁ Icn+1(H7fo) = {fo,?‘llfo, e 7an0} =g Krylov %B
N nwbnEd, AHRZ MLE H OEBERZ ML eHnT 2EEEE B, ¥ §5) DELGbETET L

To =D aif G.1)

tmhEd, ZIT. By 2 ERROEEME UE L, FHEANAINVMZTUVRIALI—NTHED, EHE
EIZETERTHEZ LIZEFEETI2HENRD D F9, 22 Hamiltonian © H™ ZEHEE 2 &,

Wiy = B [aoé‘o +3 (g) aié;} (5.2)
iz0 N0

LD HOHERKREEE By \CIG T BEE RS MIVBKEMIZAR D 9, WEYRE#EE2IT T, ZOEERY
M VDS % HiH S % DAY Lanczos T,

1 http://www.stat.phys.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.

B EEADEDIZ, MHD TEANIN T YORNMENEZRT NI MLV 1 AKE, A Y 2 K5 S, R17, BT EREOEA1: T DREZ
THETDHRT MV 1 RERFTHRLTVET, WTNORT MLOKE X E Hilbert 2R DRI T,
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Lanczos #Tld. K, (H, Zo) S IEHEZR R ML G, ..., Thoy ZIROTFHREIT LD o TIERAEKRLTWE
T, ISR O = Zo/|To), fo = 0,7_, =0 2T 5 &, EHERIEE RO FHE I L > TEREITERT
ZEeNTEET,

Q= (’H?_J'k, l_fk)

W= HU — Brir—1 — ox U

Brs1 = || (53)
. U,
Vk4+1 = W

CDEBENS. P EHIIERTHEILIZHETIVERDY T,
IS O ERERIEA KT Kryrov M ZEMOHTE L DIV =7 263 2 [E A fEEE I,
T, = VIHV, (5.4)

YERINET, ZIZT. Vo 2G> =0,1,...,n—1) 2UARATHTT, T, EZEHATHTHY . ZOkHY
B E oy, BIXARD X B THEASNET., ZO=ENMTH T, ODEAMEIXS DN =7 v OREGEHEDIL
B 2o TWET (VIV = LIIEBAATHCTH S Z LI, T, DEARZ MLE & L T52H DN
ZT7VOEERY MLVEDBFRIE E = Ve, TEASNET, V 2 A TWAIE, Lanczos %175 & [ IZEA
R MVERDZZENTEXITH, EEDIEGE T (Hilbert 22 DYRTT x Lanczos D KB EE) O K E X DI75]
BIARET 5 Z LI ARABETY, % 2 C. Lanczos WECHEAE A RD71%. & %2 HFLTH &, HUFH U Lanczos
EOFEZITVRDZV PSILDEERY MV EBH 5 X51CLTVWET,

Lanczos £ T, 760 Hilbert ZZfDXITT & O+ /NE WKBRIB TRA R TR/MIEWEHEEZREE I kD25 Z
EMTEDZLENAONTVWET, T0bE T, Ot n IFE-HTRETTAE T, EREMITIK, RAKRTEK
/NG fE O G D §E 4 13 Lanczos O KA [FIEUZ N U CHREBEBINICHRAD T 5 2 L BRI N TV ET G Ref.*?
EHBUTTIW),

5.1.2 #REE
BEEEDECMEA DY > TN D & F YRR ML o 1IZH LT (H— E,)~t % BRCER S L, EEHE
E, (ST BEANS VO EADBKEICRD, BAERS NVERERS KDL ENTEET,
(H—E,) ' 2EHSE2 iR a2 ESMZ 3 LTS RSB ONET,
Uk = (H — En)Yr+1 (5.5)

Z N SRR E AR (CGIE) ZHVWTHL 22T, BMARZ MLV ERDDZZENTEET, TOBEANR
7 MV S EAEEL SO OMOMBEERE kb ZenTcEET, ~EL, CGEDETITIRILAIL 2D
WD MV % 4 KHERTD2HERH D, ABBERDHEZETTIBICIEAT YRR B RI2B/NL1H S
DTHEEVPBLETT,

* % OWILIEE 4 Lanczos O K BERKTH 5 Z ¥ IZ17HE,
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5.1.3 EEOEEICDOWVWT

MEAR Y MIVDEBEICDWT

Lanczos i Tld, AX VX —=FRE—FHDOAL 7711, B LLIEFTF A= hE— NTl& ModPara TIETT 2
initial_iv(=r) IZXK DAY PVOREFEZBEL T, 72, PRI FViE ModPara THREX N5
ANZ7 740D InitialVecType Z WV, FEHEH L IFEFERDHEEEZTHIELATEET,

o K ZHNVENMD initial iv > 0 DIGFE
LILA)L MZERD S 5|

(Zvdim/2 + Ts)%Ndim (56)

DEAWEZONET, ZIT. Nagm FRNRELRD L)L M ZEMORET, Naim/2 1E7T 7 4 )V MA
initial_iv=1THELEIL )L FNEROEREZ S ITE-DITMAONTVWET, &b, ERINZK
DOBEIFERDOB AR 1. EEROBAITIE (1+40)/V2 52607,

o IS URN I ZHANEN B UL IF initial_iv < 0 DGE
TR Z MVIZS VR AR ML LTEZONE T, SLBEOY— RiZ

123432 + |r,| (5.7)

THELET, 22T, Ny Erun DEETH O, run DHRKERIZAZ VX —FRE—RNHALZ 71,
£ U< 13 ModPara TIEESINB AN T 7 )LD NumAve THEL £, initial ivIZAHZ 7 AL T
e L £ 9, #LBUL SIMD-oriented Fast Mersenne Twister (ASFMT) WA X ETWE TS,

IERHEICDWT

HO TlE, T, DXIMIEIT lapack DIV —F ¥ dsyev Z2fFHL TEHE O, T,, DEEREOROEEHE (5F—BhtikEE
DI FXNF—) ZIRHESRMEIZHOTVWET, T 74V MOXRETIH, mHD 5 EO Lanczos AT v T D4
(2. 2 [\ T, DXLz, BiD Lanczos A7 v 7 OH— I RED T 2 )L ¥ — L H5E L 72 KN T —
HThiX, PORLZEHELTWET, BB, IKRTIBOME X CDataFileHead (TF A= M E— N TIX
ModPara 7 7 1 V) TIRET S Z & WHRETT,

Z D%, Lanczos % HET\W., BIRV 2RO T, BEULALEADEAERY M ERDF T, BoNZEERZ b
WV jn) G, TRLE—ORIFHE E, = (n[H|n) BEOAY T YR A = (n[H2]n) — ((n|H|n)2 2RDT. B,
M Laczos iE TR -EBMEBE UABET—HLTWwWaELR, N T VABPRELEBELTIZZ->TWSE 2%
FrzvIZUTVWET, HELBEICEL TONIE, NHALEKTLTVET,

BELUREEIZEL TOWARWGSICRENEEZ2 AW THERBRARY bLERDOEL X3, WXEEZEOHIARZ b
V& UT Lanczos IECROZFHE R M E L 5 72 G —RIZPEEBRRENDO T, fEEDRETIEZTD LI IZE->T
WwWEg,

*5 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/SEMT/index.html
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5.2 TEWAL

5.2.1 FEHE

NIV NZT Y H B EEMIE )G =1--- N) ZHWTERL £ Hy; = (i H|;). 2045123 fLT 5
LT, EAMEE,. BEARZ MV|D,) 2RDBZEVTEET ((=1---N), %8, A TIE lapack D dsyev
¥7- zheev 2 FIVTWE T, 7=, AMREHHEHICEEA T 3L F—REBOYILE (A;) = (;|A|®,) 235 -
HAOT2E5CLT0ET,

5.2.2 AREENEEDFHE

SERNALTRDZ (A;) = (8;|A|®;) %WV,

R N Na—BE;
=

DORR» S ARIBEOYHEZFHEL £, EEOHFELMEE UTIEARA MLBIZ X DFHE2ZTVWET,

(5.8)

5.3 MM EFREICK 2BREEFE

il - /AKX > T, DEUE (VA AR EVGEIXIFIE—D) OEIFEED S A RIREOYME 2R 5 Al
PREINT UL, ZOREBIZBAMHE FIRE (TPQ) IFIENTWH T, TPQ IINI )V =7 v %2 BRI
ZIEREF S TR 515 DT, Lanczos HEDEAMHBZ D M5 Z e A TEET, 22 TlE, & IZEHHEDMH
72, micro canonical TPQ(mTPQ) OB E & ik R £ F,

o) 2B TV HERT ML LET, iz (1—H/N)1 Ed 3. N, W1 M) % k R =7 (6l
i) X7 M VIEFRO XS IZ5z26NnF T,

(I =H/Ns)|tpr—1) .
|(I = H/Ns)|thre—1)]
2D |¢g) B mTPQ IRFET, T D mTPQ RIEITHIRNT DHIRE B AT DX S TN AN F — uy N5 RD B
ZEMNTEET,

V) = (5.9)

2k /N,
B ~ i / . up = (Y| H|Yr) /Ns. (5.10)
~
ZLT, 752 OWHE A D B, TOEHIHIL
(A)g, = (Pl Alp) /N, (5.11)

LY, ARATRIEMOILBANY MIZLBHEDRH D £TDT, W OPMSLREHEIT > T, |) 12
B9 5 Vs & CRHERAZ ARE > TV,

*1S. Sugiura, A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).
2 B & WS &R0 E £,
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5.3.1 EEOEEICOWVWT

MEAR Y MIVDEBEICDWT

BRI TIREBIZ X AERBEFHE TR, IR MLVERTORDIIH LTS VR LR 252 %79, A1
N7 MV OFRBORIE ModPara THEI NS AN T 714D InitialVecType Z AWV, EEE U IZEERD
FBEEZTHIENTEET, ABOY—RiZ initial_iv(=ry) it &b

123432 + (nrun + ]-) X |Ts| + kThread + NThread X kProcess (512)

THEAZONET, TIZT. Npgn W run OEETH Y, run OFRAKBIBUIAZ VX —RE-—NHANZ 71,
U < {& ModPara THEINB A7 714D NumAve THREL £, initial_iv FAX VX —FE—FH
DAI7 74N, BULLIETFAN—=FE—RTlZ ModPara THEINSE AN T 7 A VTHREL T, #LEIZ
SIMD-oriented Fast Mersenne Twister(dSFMT) % FIWHAE X B TWE T, 72, krnread, NThread, EProcess 18
NENALY RES, ALy P, TR AFKSE2RKLET, ULAEW-oTHU initial_iv ZHWVWTH, AWFIEK
DR DG A I O W EI BBV ER T E T,

5.4 19 5) — VK

HO TIFIHDIREE |0) = O|®¢) 1233 2 Byt

1
I(z) = <<I>’|H_Zf|<1>’> (5.13)
RFHETHIENTEERT, EET 013y v/ LiRikeE
> Aio Cian (¢, (5.14)
B L ORT IR g
Y. AigijosCio Clo, (cly, o) (5.15)
4,J,01,02

ELT, TNTNERT DI eHHRET, HIAIE BNAY VRZREZFET 25813 T AT 2 A

A G Gz _iker; 1 iker;
O=58(k) =) Sjekm="3" §(C;¢CjT —cf ez ) (5.16)

J J
DESIZEHETHIELTHET DI N TEET, &b, 87 ) —VEROFEIZIE, Lanczos % H\W /- #H4)
BBRIZ & B 27 M2 ) O THEEIC L BARE? O 2 ONEEINTWET, FHIZ O WTIZA X
ZILUTLLEI W,

3 http://www.math.sci.hiroshima-u.ac.jp/m-mat/MT/SFMT.
*IE. daggerotto, 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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5.5 ERFEEE

HO TIEIHIIIEREEZ |®(t))) £ LT,

D (tn)) = e A D(t,-1)) (5.17)

DBIfRE AW TERIMFEROGEE LCVES, ST L, =Y At; T, EEOFHTR e HAN %

L 1
e~ HAt Z ﬁ(—zHAtn)l (5.18)
1=0
EIEMUTVWET, EBEERED LR m X ModPara 7 7 1 )LD ExpandCoef TIHET A Z A TEEd, EH
R FRDE S E. IV L (D(t,)|P(t,)) = 1 DRVLL TWENTHEEST 5 Z &N TE X7,

5.6 Bogoliubov &3

A VROHBIZBWT —{AIE (transfer), InterAll WX TOMENEM. HEBEBO 1 > F v 7 ZADREIC
I Bogoliubov REIMMEHLNTWET, AV OEHEFIIIRD & 5 ITEK - HEAE F cHESWMA o N X T,

5
Siz = Z oc;rgc,-a
o=—5
5-1
Si= > VS8(S+1)—a(o+1)cl, i (5.19)
o=—5
5-1
ST = Z VS(S+1)—o(o+1)e! cigin
o=—5

148 BE5ET7IITYIL
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BO6E

S5

HO ORAFIZ Y720 | FIRFBRATZ OIS & N7 JeBRi 2 Bl xt fa b Sy 7 — ¥ TITPACK DFEHE2SEIZLE L
7z FHZ T v F 3 ATEDH S TITPACK @ fortran I — N% C SFEICBIEL 72 DA LI -oTWE T, Fz,
HO DIZFAN—FE—RIZBF 22— — - A VX —7 2 — ADKHDKE., HEKEKAFFRE XNz mVMC O
FRIp A=Y — - AV R—=T 2= APRL B >TVET, 1 VX7 —AZHTE2I—-FO—HB2IE mVMC DD
DEMHALTVET, ZOHEMED T, B ACEH U T, ALg 1L e Mgz iE Lk, N2 ED0TC
WELTWREREWAZ LITEH U 9, BEEUERR & 8 TIAAHEZIRZIZI1E, Shifted Krylov IZIZD2WTD L2
F ¥ —REMHIIH LT, £72540 75V Kw OBFIZTHHNEE W Z L ICE#H U £,

H ver. 0.1 - ver. 3.1.0 (&, HUEKRFYMERRSEA V7 bz 7 EEATTY 227 b (2015 4%, 2016 4£%, 2017 4
) OXEEZ IR INE Lz, ZO52ME0 TEHLU £T,
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T8k A

MR D Fourier B2 —5 1 Y714 —

A1 BE

AEEHE, mVMC B X O HO TEHE SNV 1 bR RADOMHEREE % Fourier 2#:L, B HT521—5 1V 5711284
TEIZaATLTH 5.

Al11 24

ARa—7 471 DFEHAEMHFIEZmVMC BEVPHE LHUTH 5.

A1.2 WiLTBE

AKa—F 1) F 4 1ZLA OB D Fourier Z2#1Zxf L TW5

1 fRFHEE
Ngr 4
(hartupr) = e Rl erpr) (1.1)
R
Nr 4
<61Tm¢ékm> = Ze_lk‘R@EaiéRm) (1.2)
R
s I
1 =
(Prapip) = Nn > e ™ R (poa — (poa) (Prp — (Prs))) (1.3)
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AV V-A Y U

1
Sz z = eflkR
(SiaSi) = g 2

1 &R
S’Jr S = —ik-R SJraS
< ko kﬂ> NR = < 0

A2 Fa—hNYTI

ZDOFa— MY TNTE, EAETFNAN=RETIL @Y1 N 2fliIzEH

A.2.1 HPhi/vmc.out =47

o HO DIGHE

RERES L CHBERBRROHERITD. A7 74 IVITIROED .

(1.3)

(1.4)

(1.5)

alw = 2
a0l = 2
alw = -2
all = 2

model="Hubbard"
method="CG"
lattice="square"
t=1.0

U=8.0

nelec = 8

25z=0

$ HPhi -s input

mVMC D&

ETEDEEEBDOEELEITS. AJI7 7 A VIFIRDIED .

alw = 2
all = 2
alw = -2
all = 2

model="Hubbard"
lattice="square"
t=1.0

ROR—UiTEi)
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FDR— T 5 D)

U=8.0
nelec = 8
2Sz=0

$ vmc.out -s input

TR A HE T 572012, A7 71V D204 5.

NVMCCalMode = 1

MBI 25 R T 5.

$ vmc.out -s input output/zgp_opt.dat

ZHZED, ALY b T4 L7 MYUD output/ BATFIZ 1 (kB L O 2 ADMHBEBELAH I 5.
HEd 57 7 A

* StdFace.def (mVMC/H® O~ = 27 IV ZH)

* zqp_opt.dat (mVMC DO~ =2 7 IV ER)

* greenone.def (FtE I 2HEEEK D1 » 7 v 7 ADIETE)

o greentwo.def (FtH ¢ 2 HEARKD A ~ T v ¥ ZDIEE)

A.2.2 {HEAREE D 7 — ) T

I—F4 VT 170775 h greenr2k 2o T, HEBEEZ 77—V 2 £HT 5.

$ echo "4 20

G 00O

X 0.500

M 0.5 0.50

G 00O

16 16 1" >> geometry.dat

$ greenr2k namelist.def geometry.dat

ZHZED, ALY b T4 L7 MUD output/ UTFIZT7 =) TEBI N MHBEBEBP H 1SN 5.
B4 %7 7 A

* output/zvo_cisajs_001.dat (V1 FRRD [ S & O 2 FEEREHOFERER)

* output/zvo_cisajs.dat (V4 FERD [ kS & U 2 (FEEREHM O EFR)

* output/zvo_cisajscktalt_001.dat (V1 FRZIRD | hd LU 2 HRERBRHOEERR)

A2, Fa—Kr)7I 153
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* output/zvo_cisajscktalt.dat (t/ 4 MFRRD [ &H & O 2 (FEEEHOFHERER)

o geometry.dat (1 FDOEEHEDA VT v IR,k R)

* output/zvo_corr*.dat (k /S 2 £ T DIEEIEIEN)

A.2.3 #HEREKOTOY b

gnuplot % - C, fHEAMBK % Lk EHT 7oy M1 5.

load "kpath.gp"
plot "output/zvo_corr_eigenO.dat" u 1:12 w 1

0.35 T

03

0.25

02f

Correlation function
[}
[43]
L]

01

"outpyt/zvo_corr_eigenO.dat"u 1:12 ———

0.05 |
i}
-0.05 - -
G ¥ M G
1.1 MBI (Si - Sw) (12 51H) 2 78y L7z,
BET 5771

* kpath.gp (gnuplot 2%7') 7" 1)

* output/zvo_corr*.dat (k /S 2 =T DHERIREE)
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A3 7714IL7x+—<v b

A31 1 NDORBEEEDSI VT Y IR, k=

Fa—hUTIL TDT 7 A& geometry.dat . £V 1 b DME L HEDOHERIE mVMC/HE® DAR YV X —

FE—RFZHWEGEITIZEBNICERINS.

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)
-2 20 (3)
001 (3)
000O (4)
-1100 (4)
0100 (4)
1100 (4)
-1 200 (4)
0200 (4)
1200 (4)
0300 (4)
4 20 (5)
G0O0O (6)
X 0.50 (6)
M 0.5 0.50 (6)
G0O0O (6)
16 16 1 (7)

1. PR MV AEEDOHAL (AR VX — RE— R THEIER).

2. 1R I 2L =Y a v VOERZBE WS & 12 AH (AL degree) (AR Y X — RE— N THH)
)

3. I al—rvarvieVOBREIRETDEZEADERRI V. AX VX —RE—RDANNTA—Z— a0n,
a0L, a0H, alW... IZMET 5 (AKX VX — KE— N THEERK).

4. BV A b OREEEHETAEN 2 bV (BE) B K OB (iE) 01 > Ty 2 A (AZ v X—RE—FTHE)
A 1K).

5. k8AD ) — R (RHEDE V) O e, /) — RED k SD5EI%.
6.k —FDISR)VE TSI aF)VEE

7. HEEE SO FermiSurfer 7 7 1 VE2{ERT 2D k 77 v R

A3. 7747 4x—<v bk 155
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A3.2 Y4 FRED 1B LU 2 FIEEREHK

SE Y 2HEERBOS v Ty J ADIEE

mMVMC/HO TEHETLHBEEKRZEETS. AZ VA —FE—R2lioHGEICIEHEBNICER I NS, RE
72 3B mVMC/H® O~ =27 V%S| Fa2—MU T TDZ 71 I)V#4IE greenone.def (1 4K) B LT
greentwo.def 21K) TH 5.

WY 28 I2h 2 HBEESENET 2200, UFO LS 24 Y Fy 7 AR EET 2 HENDH 5.

* (Bartrcpt)
(e ortrpt) KR LT, RBLTORNMN, o BT B AENENETORBEMHET 5 L5127 5.

© (e upy)
(ehartra)) KWHUT R AL TORMEL, o B L0 B BZNENETOREEMBHET 5 L5127 5.

* (Prabis) B XV (S5,5%5)
(e 00t000Ch g0 CRAe) W LT, R L TOMMN, o 8LV B BENENETORELMHEL, 0 B LV
o WL ERBT 55107 5.

* (8¢ 5) B &V (Ska - Sia)
HE DAL (¢h00C0a—oChs_oCREe) WL T, R BETORMM, o XV B B ZTNENETOWE LM
WU, o 1, | 2T 5 & 5125 5. mVMC OHFAE (6,,0Rp00h 5 pC0a—0) KR LT, R DT DHL

M, a0 BLOBHBENENRTOMBEMREL, o M1, | 2MAT 2 L5172, WTNOBE S HETOE
BlizEEIzTAZ L.

ARVRE—=RE=KRNDT 7 4 b (outputmode="corr") Tk, HEIWIZ LD A VT v 7 ANREEINE 72D,
FRZRIC T 2 BB A0,

YA MRED1EE LU 2 HRERERER O ERR

SHET ZHEEEHOA v Ty IV ADIEE THRELRA VT v 7 2% O HBBEBD mVMC/H® 12 & > TEHAEX
n, 77 AicliEng. RENZRFFIE mVMC/HE DX =aT7 Va2 Fa— )T TOT71NV%
X output/zvo_cisajs_001.dat B &L output/zvo_cisajscktalt_001.dat (mVMC), output/
zvo_cisajs.dat & output/zvo_cisajscktalt.dat (H®).

greenr2k A—F 4 VT4 IEIDT 7 ANV EHAAATEHEZITD. 2O, (AR VX —RFE—R2HbTHLT

1V TY I RAERET2REITLD) FET 2HEERRDOA 7 v I ADIEE TE 721 v 7 v 7 ADOMBBEEKD
RIPTRIFTWBBDDH %G, The 0 L LTHRS.

156 8% A #BEAREE D Fourier £#ft1—5 4 )5 1 —
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A.3.3 k /X2 ETOEEREK

Fourier Z#1 X 7= MHBHBAEL (I EER) P A->TWB. 2—FT 1 V1 7 1 greenr2k IZ&X o TEKINE. Fa—
N T7IL TDT 7AIV#4IE output/zvo_corr_eigenO.dat TH 5.

# k-length[1]

# Orbital 1 to Orbital 1

# UpUp| 2, 3] (Re. Im.) DownDown [ 4, 5]

# Densityl 6, 7] SzSz[ 8, 9] sS+s-[ 10, 111 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 ...

WBUDIZEI T LIZHIEINTWBEOHAN I A M L TELN, THITH T k SO 2 W FNOFHE
B D EIR & B AEIPNT NS,

A.3.4 gnuplot 22 ) 7

greenr2k IZTER I N B, gnuplot TINEFHARLI LTI I 7HIZ kGO TRV ERRT S, 771 NVEKIE
kpath.gp TH 5.

set xtics ('G' 0.00000, 'X' 0.50000, 'M' 1.00000, 'G"' 1.70711)
set ylabel 'Correlation function'

set grid xtics 1t 1 1lc O

A.3.5 EFENHEROEEEAE7OY NI 576D FermiSurfer 7 7 1 JL

greenr2k IZTIEHEND. 7 7 1 V&IE output /zvo_corr_eigenO.dat.frmsf

A4 greenr2k 1—7 1 ') T4 DEHEICDODWVT

ZDA—T4 VT4 =X RDESIZUTES.

S PATH}/greenr2k NAMELIST GEOMETRY

Z Z T, ${PATH} & fourier 2—F 4 VT 1 DNLFIVDHE5FT 1L 2 bVJUDNA, ${NAMELIST} %
H®/mMVMC @ NameList 1 > 7w b7 7 1 )V4%, ${GEOMETRY }|Z V1 DB EHEDA VT v IR, k=
T7ANWVNANDNATHB.

HP D4 E— K (Lanczos, TPQ, &1k, LOBCG) 8 & & mVMC D ¥ OFH T4 5 7= HHEARIE D Fourier £ #
BTN &k o T, MENE TR S, AN T ModPara 1 > 7w M7 7 1 VD ChataFileHead 2"zvo" (T

A4. greenr2k 1—7 1 )7 1 DEMEICDOWVWT 157
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7 HIME) THBE LTS,

A.4.1 HPhi-Lanczos

Z DA BHPhi DY output/ T4 L2 M UVICH AT B Y 4 SR ROHBEBEEIL, zvo_cisajs.dat (1 1K),
zvo_cisajscktalt.dat 24K) TH 5. fourier 2—7 1 U T 1 —I%, TN 5 % FHAAH Fourier B % 17 -
7=, Bi—®D 7 7 1 ) zvo_corr.dat % output/ T4 L7 MVIZH T 3.

A.4.2 HPhi-TPQ

Z DY A& BPhi X, & A fF/TPQ R F v 78 1T zvo_cisajs_runsstepx.dat (1 1K),
zvo_cisajscktalt_run*step*.dat 2 4K) WS 7 7 A% output/ T4 L2 MVITHIT 5.
fourier 2 —F 1 VT 1 —IF, ZRT/TPQ AT v 7HIZ 1 kB X O 2 KD BRI % 3 A IA & Fourier £ # %
1T 7214, zvo_corr_run+stepx.dat EWIHZED 7 74L& LT output/ T4 L7 MVICH AT 5.

A.4.3 HPhi-2x4f1t 5 £ U LOBCG

Z DOBAIZ HPhi 1F, RIRBIPEEZ 212 zvo_cisajs_eigenx.dat (1 {K), zvo_cisajscktalt_eigenx.
dat Q) W5 7 71 )V% output/ T4 L7 MVIZHIIT B, fourier 2—7 1 U 7 1 — &, FWHBEH &
21 RB KO 2 RO FHBEBEIHUE 5t A 3A A Fourier Z2#1% 17 - 7244, zvo_corr_eigenx.dat WO EZHD 7 7 1
L& LUToutput/ T4 L2 MIIZHAT 5.

A.4.4 mVMC

ZDHAEIZ vme . out 1, ModPara > 7Y M7 7 1 IV THEE I N7z NDataldxStart B & U NDataQtySmp
EWVWINRTRA=—R—=ZIEUTRHTEITVWA YT Y I A% DI S5 N7 zvo_cisajs_222.dat (1 1K),
zvo_cisajscktalt_2??.dat Q) & WS 771 )% output/ T4 V7 MVIZH TS, fourier 21—
TAVTA—FENSDT 7 A IV EGAAA, FikdT 12K LT Fourier Z#1% 175 7214, T 6 OFEEB, BT L1
Y E

Nty
(A) = N;y ; A; (1.6)
B & OfEAEE
A= J Ly (16)
N’I‘ry -1 NTry Pt

EHAEL, PHHELBERGAEZRE D7 7 1) zvo_corr_eigenx.dat % output/ T4 L7 bVIZHH
9 5.
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A.5 Contact

ZDA=FT A VT AIZDVWTOIER, ZEM, NTHEEHD F LS TR TEMWEbELZI W,

EEN A

mkawamura_at_issp.u-tokyo.ac.jp

_at_ & QIZAERTLSEI W,
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% B

Wannier BB WY T+ —ILT «
27

B.1 &

AERITIE, RESPACK £ mVMC BEUH® #HWT, XTIV 74 —)T 4 v 7% U TETIVEEET 26
IZDOWTHHHAT 5.

_ i
H= D tiajsChaotipo

i,.5,0,8,0
+ Z UiaiaMiotNjal + Z Uiajpnianjs — Z Jicjp(MiatNjpt + NialNjp])
b (i,a)<(4,8) (i,a)<(4,8)
P
Y Jiags(clagelgiciarcior + clgrely cipiciar)
(1,0)<(4,8)
ToT oo
+ Z Jiajﬁ(ciwciwcjmcjm + Cj,BTCjﬂJ,CiO(J,CiOéT)
(i,0)<(4,8)

B.1.1 E
QuantumESPRESSO % U < 1% xXTAPP % fi\»C Kohn-Sham & % i\ 7z D 5 (2, RESPACK T Wannier B4, i%%&E

B, BB ZEREL, TN o 2V THER L2 TFETVE mVMC 6 LS X HO TEHET 5. LizhioT
ThoD7ar s LHHARTH L HLEND 5.

B2 Fa2a—NY 7

ZDFa2—FYTIVTIE S VO, & 2 ¥R 3 #iE Hubbard €T VIZX W > 7 4 —)V KL T, F#% HPhi/mVMC
TEHE T 5. DFT %1% QuantumESPRESSO T17 5.


https://sites.google.com/view/kazuma7k6r
http://www.quantum-espresso.org/
http://xtapp.cp.is.s.u-tokyo.ac.jp/
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B.2.1 EREHEED SCF 5t &

£9, DFT 12 & 2 B EED SCF Gt 2175 .
scf.in
&CONTROL
calculation = 'scf'
pseudo_dir = '../pseudo/’
prefix = 'sr2vo4'

/
&SYSTEM

ibrav = 0

nat = 7
ntyp = 3

ecutwfc = 45.000000
ecutrho = 360.000000

occupations = 'tetrahedra_opt'
/
&ELECTRONS
mixing_beta = 0.3
/

CELL_PARAMETERS angstrom
-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
ATOMIC_SPECIES
O 15.999400 O_pbe_vl.2.uspp.F.UPF
Sr 87.620000 Sr.pbe-spn-rrkjus_psl.1.0.0.UPF
V 50.941500 V_pbe_vl.uspp.F.UPF
ATOMIC_POSITIONS crystal
Sr 0.644600 0.644600 1.000000
Sr 0.355400 0.355400 0.000000

v 0.000000 0.000000 0.000000
O 0.500000 0.000000 0.500000
O 0.000000 0.500000 0.500000
O 0.842000 0.842000 1.000000
O 0.158000 0.158000 0.000000

K_POINTS automatic
444000

AT > v )V (UPF 7 7 1)) I& The SG15 Optimized Norm-Conserving Vanderbilt (ONCV) pseudopotentials @
HEDEMS.

http://www.quantum-simulation.org/potentials/sg15_oncv/sg15_oncv_upf_2015-10-07.tar.gz

QuantumESPRESSO D 7B 25 L pw.x Zf# 5.
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$ pw.x —in scf.in

B.2.2 (Optional) /N> REHE & #E

band.in
&CONTROL
calculation = 'bands'
pseudo_dir = '../pseudo/'
prefix = 'sr2vo4'
/
&SYSTEM
ibrav = 0
nat = 7
ntyp = 3

ecutwfc = 45.000000
ecutrho = 360.000000

nbnd = 57
/
&ELECTRONS
/

CELL_PARAMETERS angstrom

-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
ATOMIC_SPECIES

0 15.999400 O_pbe_vl.2.uspp.F.UPF
Sr 87.620000 Sr.pbe-spn-rrkjus_psl.1.0.0.UPF
V 50.941500 V_pbe_vl.uspp.F.UPF
ATOMIC_POSITIONS crystal

Sr 0.644600 0.644600 1.000000

Sr 0.355400 0.355400 0.000000

Vv 0.000000 0.000000 0.00000O0

O 0.500000 0.000000 0.500000

O 0.000000 0.500000 0.500000

O 0.842000 0.842000 1.000000

0 0.158000 0.158000 0.000000

K_POINTS crystal

49

0.5000000000 0.5000000000 -0.5000000000 1.0
0.4433287500 0.5566712500 -0.5000000000 1.0
0.3866575000 0.6133425000 -0.5000000000 1.0
0.3299862500 0.6700137500 -0.5000000000 1.0
0.2733150000 0.7266850000 -0.5000000000 1.0
0.2166437500 0.7833562500 -0.5000000000 1.0
0.1599725000 0.8400275000 -0.5000000000 1.0

ROR=T1%: L)

B2. Fa—htU7I
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FDR— T 5 D)

O O O O O O O O O o o o o o o

L O A I (R I IR R |
O O O O O O O O O O O O O O O o o o o o o

o O O O O O

.1033012500
.0466300000
.0919660000
.1373020000
.1826380000
.2279740000
.2733100000
.3186480000
.3639860000
.4093240000
.4546620000
.5000000000
.3750000000
.2500000000
.1250000000
.0000000000
.0625000000
.1250000000
.1875000000
.2500000000
.3125000000
.3750000000
.4375000000
.5000000000
.5000000000
.4546620000
.4093240000
.3639860000
.3186480000
.2733100000
.2277583333
.1822066667
.1366550000
.0911033333
.0455516667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o

.8966987500
.9533700000
.9080340000
.8626980000
.8173620000
.7720260000
.7266900000
.6813520000
.6360140000
.5906760000
.5453380000
.5000000000
.3750000000
.2500000000
.1250000000
.0000000000
.0625000000
.1250000000
.1875000000
.2500000000
.3125000000
.3750000000
.4375000000
.5000000000
.5000000000
.4546620000
.4093240000
.3639860000
.3186480000
.2733100000
.2277583333
.1822066667
.1366550000
.0911033333
.0455516667
.0000000000
.0833333333
.1666666667
.2500000000
.3333333333
.4166666667
.5000000000

O O O O O O O O O O O O O O O O O O OO O o o o o o o

.5000000000
.5000000000
.4546620000
.4093240000
.3639860000
.3186480000
.2733100000
.3186480000
.3639860000
.4093240000
.4546620000
.5000000000
.3750000000
.2500000000
.1250000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0466300000
.0919660000
.1373020000
.1826380000
.2279740000
.2733100000
.22777583333
.1822066667
.1366550000
.0911033333
.0455516667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

e R R R R N e e e e e e e e e e e e e e e e e e e e T e e e e e

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

ZZTHpw.x 25,

$ pw.x —-in band.in

bands.in
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&BANDS
prefix = 'sr2vo4'

lsym = .false.

QuantumESPRESSO ® bands.x Zffi5.

$ bands.x —-in bands.in

H X N7z bands. out .gnu % GnuPlot 72 & THAIAA TNV REHL.

B.2.3 Kohn-Sham # @ D:tE

nscf.in
&CONTROL
calculation = 'nscf'
pseudo_dir = '../pseudo/'
wf_collect = .true.
prefix = 'sr2vo4'
/
&SYSTEM
ibrav = 0
nat = 7
ntyp = 3

ecutwfc = 45.000000
ecutrho = 360.000000

occupations = 'tetrahedra_opt'
nbnd = 57

/

&ELECTRONS

/

CELL_PARAMETERS angstrom
-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
ATOMIC_SPECIES
O 15.999400 O_pbe_vl.2.uspp.F.UPF
Sr 87.620000 Sr.pbe-spn-rrkjus_psl.1.0.0.UPF
V 50.941500 V_pbe_vl.uspp.F.UPF
ATOMIC_POSITIONS crystal
Sr 0.644600 0.644600 1.000000
Sr 0.355400 0.355400 0.000000
Vv 0.000000 0.000000 0.000000
0 0.500000 0.000000 0.500000
0 0.000000 0.500000 0.500000

KDR=T1Z%e<)
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(HI D=V 5 D E)

O 0.842000 0.842000 1.000000

0 0.158000 0.158000 0.000000
K_POINTS automatic

4 44000

ZZThpw.x S,

$ pw.x —in nscf.in

RIZ RESPACK IZfffED 1 —F 1 ) 5 4 — qe2respack.sh 2{f 5. 518L [prefix].save T4 L Z bV 4.

$ ge2respack.sh sr2cuo3.save

B.2.4 Wannier B, FERE%, BWHEEEROEE

respack.in

&PARAM_CHIQW
Num_freq_grid

I
=

!Ecut_for_eps
flg_cRPA =1
MPI_num_proc_per_gcomm = 1
MPI_num_gcomm = 4
'flg_calc_type = 2
'n_calc_g = 8

/

&PARAM_WANNIER

N_wannier = 3
Lower_energy_window = 9.865
Upper_energy_window = 13.35
N_initial guess = 3

/

dxy 0.2 0.0 0.0 0.0
dyz 0.2 0.0 0.0 0.0
dzx 0.2 0.0 0.0 0.0
&PARAM_INTERPOLATION
N_sym_points = 10
dense = 12, 12, 12

/

0.50000 0.50000 -0.50000
0.04663 0.95337 -0.50000
0.27331 0.72669 -0.27331
0.50000 0.50000 -0.50000
0.00000 0.00000 0.00000

-0.50000 0.50000 0.00000

ROR—UTHi)
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(HID =I5 D E)

-0.50000 0.50000 0.04663
-0.27331 0.27331 0.27331
0.00000 0.00000 0.00000
0.00000 0.50000 0.00000
&PARAM_VISUALIZATION

flg _vis_wannier = 1,
ix_vis_min = -1,
ix_vis_max = 2,
iy_vis_min = -1,
iy_vis_max = 2,
iz_vis_min = -1,
iz_vis_max = 2

/

&PARAM_CALC_INT
calc_ifreq = 1
ix_intJ _min =
ix_intJ_max =
iy_intJ_min =
iy_intJ_max =

iz_intJ_min =

O O O O o O

iz_intJ_max =

/

RESPACK ® 712 Z l calc_wannier, calc_chiqw, calc_j3d, calc_w3d Z2{# 5.

$ calc_wannier < respack.in
$ calc_chiqw < respack.in
$ calc_w3d < respack.in

$ calc_j3d < respack.in

B.2.5 HPhi/mVMC IC & % EFILETE

7, RESPACK i ko TH I Nk y ¥V 7EDT7 71 )% Wannierd0 O RN IZE#T 5. Zhicld
HPhi/mVMC @D —F + V) 7 « — respack2wan90.py % {# 5. 5[#Z HPhi/mVMC DA X > X — RE— R D
NT A—R—CDataFileHead &M UIZT 5. 5l EHEEL LWIEEIE zvo (HPhi/mVMC @ CDataFileHead
DF 7+ M) BEESINEDLT S,

$ respack2wan90.py zvo

Z N T, HPhi/mVMC TEF T 2N HEK DT, AX VX —FE—RE2HWTHET 3.

respack.in

model = "Hubbard"

lattice = "wannier90"

ROR—UiTEi)
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FID A= 5 D)

alw =
a0l =
alh =
alw =
all =
alh =
azw =
azl =
azh =
method = "CG"
28z = 0

nelec = 4

O O P MDD DM o N O

exct =1
cutoff_t

cutoff_u

([l
PN

cutoff_j

$ vmc.out -s stan.in

B3 X9V T —RE—RODANNFTA—H—

UFIZARI 7 71 VOHI%ZRT.

respack.in

model = "Hubbard"

lattice = "wannier90"

I
)

alw
a0l =
alh =
alw =
all =
alh =
azw =
azl =
azh =
method = "CG"
28z = 0

nelec = 4

O O B DM N O N O

exct =1
cutoff_t = 0.2
cutoff_u = 0.4

cutoff_j = 0.1

Wannier B Z WX TV T2 —VT 4 VI EDNT A —X—#%

FIRDED TH 5.
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B.4

lattice = "wannier90"
cutoff_t,cutoff_u,cutoff_ j
B EH
774 MME:1.0e-8
By ¥y, Coulomb Fi7, RFSITRH LT, Z2HhE D /NI W EZBHT 5.
W, L, Height
a0Ow, a0L, a0OH, alW, all, alH, a2W, a2L, a2H
Wsub, Lsub, Hsub
aOWsub, aOLsub, aOHsub, alWsub, alLsub, alHsub, a2Wsub, a2Lsub, a2Hsub

ZDESIZ3FHHDRITABNS.

77417 4+—<v k

HPhi/mVMC DA XV X —=RE—=RTIHUTD T 7 AV EGFEHAAL. ZTNSD T 7 1)Lk RESPACK 71 75 A
EEFUEZT 4 L2 MY T, HPhi/mVMC IZfBD1—F 1 Y 7 1 — respack2wan90.py 2> L5651 5.

B.41 UA XN —

774 %1% [CDataFileHeat]_geom.dat. 2D 7 7 M)V ERBEIZE L TEIET 5 Z & T 5 iz
EHETE5.

-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

1-347H
SEEAEARZ MV, FH L b R TR AL
4 17H

mVMC/HPhi THUD AND, 2=y hEILH72 D OHEE. respack2wan90.py T K> THEKT 5 &,
Wannier BIEDE & [6] U127 5. Wannier eSO L D D2 TEH5Z 2 EHWHETH D, TOHEEITIZLTED
5 ZOBDAIETOHE RO ANZETVDBHEEI NS,

B4. 7714 7+—<v bk 169
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o 517 H DA%
A D Wannier F.0 (7 5 2 ¥ a F)VEEFE). Fourier 248 — )L Cffibih 5.
B.4.2 kv EY 4, Coulomb &%, XES

77140V [ChataFileHeat]_hr.dat, [CDataFileHeat]_ur.dat, [CDataFileHeat]_jr.dat.
Wannier90 Ok v ¥ 7N DERITHKED.

B.5 Contact

ZDA=FT4 VT AIZOVWTDIRRE, ZHM, NREEHD LS FTRETEMVADELZI W,

TR e

mkawamura_at_issp.u-tokyo.ac. jp

_at_ & QIZEXTLEIW.
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