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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.3.3 (2019/7/19 Y V) —A)
* ver.3.2 (2019/4/27 V) V) — R)
s ver.3.1 (2018/9/3 U U — )
- BAFEH
« PR R (RECKRY: WIVERRZERT)
w TR e CRERT: WIMERFSERT)
« L — B RKY: WIVERZEAT)
w FE R R R RAER TR %8R
L PEE GRECR R TR 5ER
« R G CREUKS: BEERITSERL
x INPE B (R BAE T T A1 T)
-y b I—FT 4 32— X —
« JIE R (BROCR Y WIVERR 22T
* ver.3.0 (2017/12/25 V V) — R)

- PAXEH

2 % 1 &= What is HD?
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w S B CRAEURT: WIVEWTSEAT)
s IR Sy GREUKREE WITERRSERT)
w5 L —BE CRAUK S WIVERTSEAT)
w A K CRAKF KT b TF5RIT5ERD
s [LIHE PR CRACRZERF BT L RsER)
w BRE EE CRAUREE BLRIFSER)

- 7BV AT 42— KR—

w JILE ERR CRAECKRZ: WIVEWREAT)

ver.2.0 (2017/4/11 V) V) —R)

ver.1.2 (2016/11/14 V ) — &)

ver.1.1 (2016/5/13 U U — X)

ver.1.0 (2016/4/5 ) V) — R)

- BARHE
w PR R GRERZE R YIVERTEAT)
s TR e GRECR S WIVEWTEAT)
w5 L —BE CRAUK S WIVEWTSEAT)
s (L PEF CRKZE R L RFZER
« A BIR CGREUREE B2 R R

- vz ba—FT4x—&—

ISy TERE CRAECR T WIVERRSEAT)

BFIRIR
UTOBRETEHETSZ L 2HRALTVET,
o HECRZEYIMENIZE A—/S—a v ¥ a—&X—Y A5 L B [sekirei). ¥ A5 A C lenagal
s BLBMFX-10 & UHaVYEa—&—
e Linux PC +intel I > /31 5
e Linux PC + gcc

* Mac + gcc

1.1, HO &7 3
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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

YIMERF A S a > U A5 L TdH B sekirei & enaga T cmake 2RI AT 5 121%
module load cmake

EHOPUDETTIHLENHD T,

BB, WYATATEHE BTV VA= LINTED ET,

FHELLIF AN UNAAR—Y ZTHHELIFFI N,

H® #EFA LT 1 L2 b U DS A%S$PathTohphi , ¥V K5 1 L 2 kY %Z$HOME/build/hphi ({£3 D 55T % Fa i
ARE) & L7258,

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

make

TaAVYNANTEZIENTEET, ENAMMDFHEIT ScalAPACK 2 H § 2 & & 12 1%,
~DUSE_SCALAPACK=ON D% 7'~ 3 » % cmake BIZ DI TL A& W, a>,81 )14, SHOME/build/hphi &
Tz sre T AINWVEBER I N, EfT 7 7AWV TdH D HPhi 2D 7 A VEXNIZEHINE T, MPL 71 751 2%
WIHEIZIE, MPLIEWISDET 7 7 A VDBMER I N K 4,

B, EOFITIE gec UL T RFHRE L2 VXA U/ > TWE T D,
» sekirei : YHEMZEATS 27 5 B ” sekirei”
o sekirei_acc: WMHEFR Y A7 L B” sekirei” (MAGMA 51 75 ) 26T 554
e fujitsu: @IV 1T
e intel :intel 23 >/3A J + Linux PC
* gcc : GCC + Linux PC

DA TV arvPHEINTVWET, LT, HPhi 2B LZT 4L 27 N TELRT 4% L ET (intel 3> %
15 DIGE),

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/

\ |--Ja/

\ | -——fourier/

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

| ——src/

\ [—=x.c

| | -——CMakeLists.txt

\ | -—include/*.h

| | -—makefile_src

\ | -—StdFace/
|——test/

|——tool/

2.4 EXMEWnT

HP TIEAR YV E—RE—REIZFANR—FE—RD2DODE—RPELELET, TITlE, AXVX—FKE—F
BLOZFANR— P E—RFTOHBICEHL T, TNENHEANLTRENEZZHL 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. FEAT
“-s” (“~—standard” THE) AT a v UTHRED L, | THERLULEANTZ 7 A V& EFIBE
L. HPhi 2FETL T,
e 1) 7 )V/OpenMP 5] DE&
$ Path /HPhi -s Input_file_name
o MPL &/ 7)) w RF] D6
$ mpiexec -np number_of_processes Path /HPhi -s Input_file_name
D= AT =2 aVvRANRAVETCEFa—A VI VAT LARZFHUTCWAIESRR 7o A e Y a 71
ATV ROFHELTEZRDHERH D T, FLEBHEVDOYATLADOY=ZaT Vi TS
XV, T ABOBEEIZEHUTCRHAETIRICLVECOEDIZERETI2HERH D 9, FHMMIT
TOERHDEE 2SI,
4. FEmpRE
FHREETORBIZDOWT output 7 A NVKIZBZ 7 7 A UHRHBINET, Iz 7 71 ILOFEM
CBELTIE AT 740 2BFBIZLTL I,
5. EBAHER
HENEERT U2EE, 3HEE— NIV output 7 A VXIZEHRFER 7 v A A hang 4., H
HNEINBET 7 ANVOFHIZBELUTIE HAT 7ML 2BFBIZLTLEI W,
BLIRHIT:

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

IFANR=FE=RNTIE, NINVPZTVOTRTCOEETRTBMAN T 7 1V EEHERMGED T 7
AN, BEOENSD T 7ANEZDI) AN T 7AIVEERLEST, £7 74 NMETHF2/— N E—RA
AAT7 7AW IAZHRENEHR L TLZE W,

SER:

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

“—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
o MPILiF/NA T w RiF]

$ mpiexec —-np number_of_processes Path/HPhi -e
Input_List_file_name
T AHOEEICELUTIEGETIRCIVECOLDICHET E2HERDH D £T,
HE TOERBOBE 2RI,
4. @Rt
FHAEITORIBIZOWT output 7 AN XIZuF 7 AN INET, HHINE 7 71 VOFEM
LTI AT 740 2BZIZLTLEI N,
5. EorkifG R

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
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243 7Ot2HOHRE

MPI X544 70w RAFZHNE5E, 7O ZABUIATO L S EL TL I,
1. Standard €— K
o BRI TFR

AR VE—=RE—FRHANT7 71T model="Fermion Hubbard", "Kondo Lattice",
"Fermion HubbardGC"D&EE, 7OV AN 4" 5 XD IZEELTLIZE N,

« AV VR

AR VE—=RE=RFRHANT7 7 1)V T model="Spin", "SpinGC"DEHEIZ. ASI7 71 ILD 28
DEIZH U TTRERAEDN 2s+1)" LD EDICHELTLZEI W (T 7 4V MM 25=1),

2. Expert E— K
o B RBOIERENR TR

CalcMod 7 7 4 )L @ CaleMod 7 7 )V G, CalcModel & L T fermion Hubbard #&#1, JTigkis
RSB 25681, T 204" L3 D IZH ELTLEE W,

« AV VR

CalcMod 7 7 4 )L @ CaleMod 7 7 1 L C, CalcModel & UL CAVY VI ZFBINL 72354 1%,
LocSpin 38 7 7 4 )L @ LoeSpin 7 7 A V2 BF L 70 A ERET 2 HEV’H D £T, A
IND T AL, V1 MUOKREVE DD SIEIZFAEA Y Y DIREE (25+1) 2T 75D T
BEINET,

# Z1E. LocSpin 7 7 1 )L

0 3
1 2
2 1

THEZONDGE, HRINDZ T AE2=1+1,6=2x(2+1),24=6x (3+1) &% £T,

244 N—2 3 VEEDWHESR

MDEIT-vATTarveEDIIFITHS 2FETTEE, N—Va vESEEERNLEBKTLETS,

$ PATH/HPhi -v

10 % 2 = How to use H®
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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=J (Sij-Sis1j+Sij - Sij+1) (3.1

i,7=1

272U, SRS (S15 = S50 = S1) Z2FALET, 1V Ty NI 7 A VOHFHIFIRO L BT,

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

L =4

J=1.0

28z = 0

ZOHITIRAYViES J =1 (EREHEA) & U, ¥ bUZ 16 L LE L7,
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Log 73

BHERco s hEInET, £/, Toutputl T4 L7 MUMPHBIERI N, TZIZHEMEREEZRTEIH
HhEhEd, flE by IVEGRIEATO 7 7 A VI nE g,

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

oI5 7 7 A IVOFEMIE CHECK Chemi.dat %% ZB < 23\,

Efra~r N fEHEH T MPLAS/ N 7Dy RAFTI U RA IV U TEEDREER) IZIkD e B H TY,

$ Path/HPhi -s stan.in

, ammmmmmmmmmmmmmb, , Welcome to the
,@Q° dm mb ===m
, @@ dRRREREREQREREREEEEERb Pm, Qe Qe @@
de deEE RRR @REEREQR @REERb ~Ra @@ @@ @eeereee
de @RERE@ """ @REE@ m m Q@@ @, eea @@ @Qee @@ @ee

@ @QQ@@E@_@@Q_QQRQ@Emm mmEQE @] @@mmmmmmmmmm@@ Q@@ Q@ @@
p@ JQEEEEREEQREREEQRrEEeQEP @~ QEEEEEEEEEEEEE@ @@ Q@ Qe

Qe ~~9QQRREREEPPP~ @p @@ @@ @ee @@ @ee
~Q@@b @ereeee , @@~ Qe Qe @eeereee
~@Q@@m, ,@REREERREERE ,m@~" Qe Qe @@
~~o@reererREE ~
9@pP~~~9@P Version 2.0.3

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

OpenMP threads : 1
MPI PEs : 1

#####+# Standard Intarface Mode STARTS #####4#
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

##44444 Parameter Summary ##HFE#HES

12 EBIEFa—rYTI
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@ Lattice Size & Shape

a
Wlength
Llength

Wx
Wy
Lx
Ly
phasel
phasel

@ Super-Lattice
L

W
Height

Number of Cell = 16

@ Hamiltonian

Gamma
28

D

J0x
J0y
J0z
Jlx
Jly
Jlz

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

I
O O O O R B P

setting

=4
=4
=1

.00000
.00000

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

Il
e e e e e = = =)

@ Numerical conditions

LargeValue

#H##### Print Expert input files

locspn.def is

coulombinter.def is written.

= 4.50000

written.

hund.def is written.

exchange.def is written.

CDhataFileHead
Lanczos_max
initial_iv
exct
LanczosEps
LanczosTarget
NumAve

= ZVO
= 2000
= -1

#HEHHH
#HEHHH
#HEHHH
#HEHHH
#HEHHH
#HEHHH
FHERHH
#HEREH
FHEREH

FHEHEH

iEaddi
iEaddi
R E S
#HEHHH

#HEHHH

#HEFHH

LA S
FHEHEH
FhEHEH
FHEHEH
FH#HHH
FHEHHH
FH#HHH

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
DEFAULT
DEFAULT

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

IS
IS
IS
IS
IS
IS
IS

USED
USED
USED
USED
USED
USED
USED

#HEHHH
#HEHHH
#HEHHH
#HEHHH
#HERHH
#HEHHH
#HERHH
#HERHH
#HERHH

HHEHEH

#HEHHH
FHEHAH
#HEHHH
#HEHHH

#HEHHH

iEEE S
iEEE S
HHEHEH
HHEHES
HHEHES
HHE#ES
HEHES

31. RV —RE—

k
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ExpecInterval = 20 ###### DEFAULT VALUE IS USED ######
NOmega = 200 ###444 DEFAULT VALUE IS USED #####4
OmegaMax = 72.00000 ###### DEFAULT VALUE IS USED ######
OmegaMin = -72.00000 ###### DEFAULT VALUE IS USED ######
OmegaIm = 0.04000 ###### DEFAULT VALUE IS USED ######

25z =0

modpara.def is written.

@ Spectrum

SpectrumQW = 0.00000 ##4##4#4#4# DEFAULT VALUE IS USED #####4#
SpectrumQL = 0.00000 ####4#4# DEFAULT VALUE IS USED ######
SpectrumQH = 0.00000 ###4#4#4# DEFAULT VALUE IS USED ######
SpectrumType = szsz #4#4#44 DEFAULT VALUE IS USED ######

pair.def is written.

@ CalcMod
Restart = none #4#### DEFAULT VALUE IS USED ######
InitialVecType = c ####44 DEFAULT VALUE IS USED ######
EigenVecIO = none ####4# DEFAULT VALUE IS USED ###4###
CalcSpec = none ####4# DEFAULT VALUE IS USED ###4###

calcmod.def is written.

ioutputmode = 1 ###### DEFAULT VALUE IS USED ######
greenone.def 1is written.
greentwo.def is written.

namelist.def is written.

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

Read File 'namelist.def'.

Read File 'calcmod.def' for CalcMod.

Read File 'modpara.def' for ModPara.

Read File 'locspn.def' for LocSpin.

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

Read File 'exchange.def' for Exchange.

Read File 'greenone.def' for OneBodyG.

Read File 'greentwo.def' for TwoBodyG.

Read File 'pair.def' for PairExcitation.

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

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

Read File 'exchange.def'.

14 EBIEFa—rYTI
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Read File 'greenone.def'.
Read File 'greentwo.def'.
Read File 'pair.def'.
###### Indices and Parameters of Definition files(x.def) are complete. #####4#
MAX DIMENSION idim max=12870
APPROXIMATE REQUIRED MEMORY max_mem=0.001647 GB

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

INTRA process site
Site Bit

0 J o Uk W N B O

Nej

10
11
12
13
14
15

DD NN DD NDDNDDNDDNDDNDDNDDNDNDDNDDND DN

INTER process site
Site Bit

Process element info
Process Dimension Nup Ndown Nelec Total2sz State

0 12870 8 8 8 0

Total dimension : 12870

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

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

Start: Calculate diagaonal components of Hamiltonian.

End : Calculate diagaonal components of Hamiltonian.

31. RV —RE—R 15
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###### 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. ######
#44#4## End : Calculate Lanczos EigenVec. ######
i= 0 Energy=-11.228483 N= 16.000000 Sz= 0.000000 Doublon= 0.000000

ZOEFTIE, FUDIININV =T vOF#MERKRT S 7 71 (locspin.def , trans.def, exchange.
def, coulombintra.def , hund.def ,namelist.def, calcmod.def , modpara.def) . RERE L
THATHHBEBEBOEEZZ2IEET ST 7 1)V (greenone.def , greentwo.def ) BERINE T, Zhb
D7 7ANVIFZFAN—ME—NEIGBTT,

SHEHEREA
Brrs@E 7 0y o #£% 4k (LOBCG) i
AN 7 714V T method = "CG" ##EINT 5 &, LOBCG ETOEHEMNTbNE T, LOBCG ETOFHREIER

Krdse, MAIXVEF—BLU—FI) -V K7D - VBEBODGEIRS N, 770 vilihEnEd, B
T, ZOY TN TOHRNT 7 AHZGEHL £9, xx 120 olmE 2EEMHESVPAD £9),

zvo_energy.dat

zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

ARV E—RE—RDFAIL, | greenone.def], | greentwo.def] 1Z&EDE,

zvo_cisajs_eigen_xx.dat. zvo_cisajscktalt_eigen_xx.dat

ZEAER IR U — R 7)) — VBB KRS — VBB OEPN I I N E T,

16 EBIEFa—rYTI
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Lanczos ;%

Lanczos IECOHEANEWK T T2, HAEZANLF—B IO KT — VBB, ZHh7) — VBB HAZ N,
ZrANVHAINET,

zvo_energy.dat zvo_cisajs.dat

zvo_cisajscktalt.dat

AR v Z—RE— FDOHAEIE, greenone.def . greentwo.def (ZHTE, —K7 Y — VBIEIZIE (nyp) . —
R — VBB (nignjor ) BWEHBIE DI N E T, 7B, Lanczos IETROZEAG R MVAA43 20K % & KD
BAEIZIEZOEAERZ MUVTHEINE T, —F. Lanczos ETRO7ZFEAGRT NV k% % Rz i Wi &
2k, v 73 TAccuracy of Lanczos vetor is not enough] 3R BRI N, CGIETREARZ MBRDODSNET,
77 ANVDEMIEZ. ¥ 2> 3 v energydat, cisajs.dat , cisajscktalt.dat \ZFEHAIH D FT DT, THRELZX W,

TPQ &

AN T 74NV Tmethod = "TPQ" 2EINT 25 &, TPQ ETOHENTONE T, TPQETOHENERK T T
52, UTO77ANVDBHDINET (%% 1213 run DEE, &&IZIZTPQ DAT Y TEBAD £7),

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

zvo_cisajscktalt_set%$%$step&&.dat

Norm_rand%%.dat {2 1%, #iRE R HBEB O BB O K E IR EOHEBIEHRA . & run RIS C AT v
THE b BEINET, £7, SS_rand%%.dat 121, HHEE, THALF— NINVFZT VD FD
M2 OYMEEDNE run MBUZIEC AT Yy 7HE & HIcH I E T, zvo_cisajs_set%%step&&.dat &
zvo_cisajscktalt_set%%step&&.dat 12134 run FIETO AT v TR S U7z — K7 ) — VBB L k7Y — v
BB hINET, &7 74 VOFEMIEZENEN, ¥ ¥ a ¥y Norm_rand.dat, SS_rand.dat, cisajs.dat, cisajsck-
talt.dat \ZRREAH O FTOT, TSI EZX N,

exfAbiE

AN T 74 Tmethod = "fulldiag" 2&RT 2L, xtALETOHENTOIE T, &xtAaliEcod
BOREERTTSHE, THRDODI77ANVBHEAINET XX IZIF 0PSB FIEEMEESHADFT),

Eigenvalue.dat zvo_cisajs_eigen_xx.dat

zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

Eigenvalue.dat IZIXEAMEF S S O 2NV —E AP B H I N E T, £ 7. zvo_cisajs_eigen_xx.dat,
zvo_cisajscktalt_eigen_xx.dat (2 IXE A EHFE SIS LZ—K 7Y —VEBS L O Z/AKZ Y - VEBOEIH
JixnEd, £72. zvo_phys_Nup4_Ndown4.dat, physical quantities 121X, THXNLF =X 70 v ORHEL X D
VEENHIEINET, &7 71NV OFEMIZ. ZNE N Eigenvalue.dat - cisajscktalt.dat \ZFE#A H Y £ DT, T
ST,
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3.1.2 ZOMDFRTODFa—r) 7

samples/Standard/ A FIZIZZDfic k42 Fa— MY TIADRBNTHD EFT, TNENDF a2 —
M) TILDOHNBEREEIZDOWTIE, &7 ANKIZH D README.md 2 ZEL X\,

3.2 TFXFAN—KE—FR

IFAN—FE—FTIE, ABW7700&LT
1. AAZ 74V Y A b
2. BARNRT A=K7 74
3. Hamiltonian fERH 7 7 1 )V
4. HAFERIEEH 7 71V

PHBELUE, E2ITVWET, HEFBBIZBEL TR, AZXVZ—RNE—RNLEAKETT, ZZTREHiORZ Y
H—=RE—=RTOFa—bITNETZBEDRNEFNZANDZ 71 VDOERIZET ZHHZTVET,

321 AAOT7 74NV ANT 741

AT 7 ANVDOREEE LTI Z2TRET D 7 7 1)L namelist.def iZ1F. FHLOHNENEHINTVWET, EALT 71
VYA T7 AT 782 Keyword & 7 7 A VA ZFH L, 7 7 A I)VOREHO KR ZIT\W\WE 9, FEMiE 2
Yav ANTFANEBERI7 74 2 ZELIZI W,

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

3.2.2 EANRS XA -9 DIEE

FIRE—N, BHEHARIA X REACVDOMNEZU RO 7 7 A VTHREL £,
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HEE-RDIEE

CalcMod TOBRIF5NE 7 7 1)V (Z ZTlk calemod.def) THEE—NZ2EBELET, 77 A NVOTEIERILD
BOTY, HEE—F, #FEASNTI AKX, REALCVOMNBEUATO7 7 A VTHRELET,

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

CalcModel 1

ReStart 0

CalcSpec 0

CalcEigenVec 0

InitialVecType 0

InputEigenVec 0

CalcType THETHEDEIR, CalcModel TREAETIVDERETVWET, T2 TiE. #HEFHEE LT LOBCG &,
HHEETNELUTAE YR (H/ =) 2ERLTWE S, CalcMod 7 7 1 LV TIEHB X2 ML A IH#RED
BETHIENTEET, CalcMod 7 7 1 VDFEMIZ CalcMod 7 7 4 )L % ZEL X\,

STERANS X -5 DIEE

ModPara TOEMIF 505 7 7 1V (Z Z Tk modpara.def) TEHMNIA—XE2EELET, 771 VOhE
W NEREDO®EY TY,

CDhataFileHead zvo
CParaFileHead zgp

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

LanczosTarget 2
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

3.2. TFR/NX—FE—FK 19
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DT 7ANTIE, Y1 M, BEEFOH. P—&)L S, ¥ Lanczos A7 v 7OHEABE LR E2EEL £7,
ModPara 7 7 1 )V OFEMIZ Y 2 Y 3 > ModPara 7 7 4 ) & ZEL EE W,

BEAEYDAIBEDIEE

LocSpin TOBMIF 6B T 7 4 (Z Z Tl locspn.del) TREAE Y DfEE S DEEEEL T, 771V
DOHEIEFEHDOED TY, :

NlocalSpin 16

[C ISRV SEN S )
e e e e

LocSpin 7 7 1 VDML LocSpin I8 7 74 IV % TELZI W,

3.2.3 Hamiltonian ®igE

HANRS A—4%ZE LEIZ. Hamilionian ##8ET2-0D 7 71 IVAEERLET., HO TlH, BEFROR
WCHEETS 2D, AV YR TIRUTOBER
Sf = (Cj’rci'f - CL{CQ)/Q,
Sf = cliei, (3.2)

S; = chiT.

ZHW, BFROEEFIZZH L Hamiltonian DIEKZ T 2HELRH D £,

Transfer ELDIEE

Trans TOBMIT SN D 7 7 1)L (2 Z Tl zTrans.def) TEFR D Transfer (24243 % Hamiltonian

H+ = — Z tijglggczglcj‘(m. (33)

1jo102

ZEELET, 77AMVOHEII OB TY,
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NTransfer 0

A VRTINS EZ I AR YICHEHT 2288 TEET, MAE F1 b1 —0580 (S =1/2) Do
BT -VWBE IR, BFROEE 0. 5/2(01T61T CLCU,) WZEEBMZZUTOT7 7 A NVEERT 2 Z & TEHE
THZeNRHEET,

NTransfer 1

1010 -0.250
11110.250

Trans 7 7 A IVOFERMIZE 2V 3y Trans I8 7 714 2 ZTEL X\,

ZAEEFREBOERE

InterAll TOEMIFSNDE T 7 1)L (I Z Tl zinterAll.def) T8 T3 D &+ HAEH#IZAH4 9% Hamiltonian

H+ == Z Z I’L‘jklo‘10‘20304cl—o~1CjO'QC.I];o—BCqu' (3.4)

1,5,k,l 01,02,03,04

ERELET., 771 IVOTEIX OB 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

ZITR fHDOY A i YA i+ 1 HOHEMFAICERLTHML KT, S=1/2 054, MHAEEHO

3.2. TFR/IX—KNE—FK 21
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HE7 VI A VAT CTHESMRS L,
Hiivr = J(S7SE +S7SY 1 + S7Si1)

1 _ 1
=J <252'+Si+1 + §Si St + 57 iZ+1>
Ly i L i Lo+ i i i
=J 9 CitCitCiv1 Cit1t + 9 Gl CirCiv1pCit 1l + Z(CmCiT - Cucii)(ciJrlTCiHT - Ci+1¢01+1¢) .

ERYET, LED>T, J=2I1C8LTinterAl 774D 7 +—< v NS EICHBEERERZHT 5 &,
787, O

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

L7, TS DIHIZR

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

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

ERBFIFEIWZ B T, B, InterAll PASMZE . Hamiltonian Z i ZWIZEH T 270D FED 7 71
MERIZHIELTWET, §Eflllde7> a Yy InerAll18E 7 7 A0 - PairLift 187 7 1) & TELZE W,

3.24 £H771IDIEE

—{k Green BI$ 5 & F 4K Green BIUDEH T 250 %2, £ Z 4 OneBodyG, TwoBodyG TOB I 6505 7 7
TIVTHRELET,

—{& Green BB DETERRDIEE

OneBodyG TUOHMIT 6505 7 7 1)V (2 Z Tl greenone.def) THHH T % —1& Green BA%K (c;rglcj(,2> DK % Hh
ELES, 77 AVORFIENEROMEY TY

NCisAjs 32

N B P O O
o B O O
N B P 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
EHLTEEW,

—1{k Green B O ETRDIEE

Wm%WGTU%HH6M5774A%11THgmme®DT%%?5:%Gmm@ﬁQ%ﬁﬂﬁhfm>@
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

BTCDOANT 7 AUDHEFTE 2%, SHEETLET, EFREZ X AN E-F2EETS (e 24TV 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

HEEBBEO T 2E, AR VX —RE—REFEBIZZRD £,

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
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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,

W= 2
L =4
model = "spin"

method = "Lanczos"

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

// nelec = 8
28z = 0

REMRIL—ILIEZRODES Y TT,

o RIFITIFVEHMTOF—T— K (=DF) 285 A —& (=01%) BEIPNTH O BIF=TET SN TVWET,
e £HFX—U— NRIEARIZERTE X7,
o BHAT. £/ /THEZT(AAVIT YN FFmARIEINET,

e BX—TU— N, NIA-RDRXT - NMXFREHEINEFA, XTIV 7A— b, ZAZERSI L ET,
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o KTA—RITIZ=FEDH D £7
L BTHELRFNENTRVAST A=K (5 LFELBEWEEITIE, HE DITI—A vb—Ihhh
N, TETILEKTLED)

2ABELIRWGAT 7 4V MEWMEDINZ T A =& (B ULIFELBRWEAIE. 77 40 MEHEHAI N
x9)

3.HLNRNART A =X (FONRVWARTA—IBPBEINLZHEITIE] ANWT77MVe2Fzvrd5b55
2] EWH A —=UDNRRIN, TRATITLIKRTLET, )

BIZIE NAEVRVTERITE I VAT 7 =3t #BELHEMHY L £, L model=spin]
ELGEITE. Tt BRATEEEA,

WIZEF—T7— FOFHHZ L E7,

4.1.1 FHEOBEICET 2R/ X—%

* model

R : XF4 ("Fermion Hubbard", "Spin", "Kondo Lattice", "Fermion HubbardGC",
"SpinGC", "Kondo LatticeGC", "SpinGCCMA" D\ 3 )]

A BRI RO ZEE L X9, ERoXTIEThETND ) =J)VEN O 7 =)V IR Hubbard 5
i

H = _IU‘ZCIUCZ'U — Z tijCIUng + Z Un”nu + Z Vijninj, (41)
i i#£j,0 i i#£]
UL A = ANVERDAE VIEE (o, 8} = {z,y, 2})

H=—h) S;-T> Sf+D> 575;

+ ZJijaS?S;‘x + Z JijaﬁSiaSjﬂ7

ij, ij,aB
717 = H VI O 75 R (Hubbard #8L & FRRIZ U & J 2 AND Z & & Al HE
J _
H=—p Z CI"C“’ —t Z CIUCJ'” + 9 Z {S;FCLC%‘T +5; C}m + Siz(nir — nij,)} ) 4.2)
io (ig)o i
75 v KA = ANVEFRD 7 )V I RF Hubbard 84 [N (4.1) ], 75 Y FA/ = ANVEF DR VR
(R @2 25y R = FVEI DT R (R (4.2) | ITHIEL £7,

"SpinGCCMA" TIE"SpinGC" R UHEZ L VEWT L ITY X L2 ZHWTHTWET, #FL, #SZ
EDTELETIVP MPIL UABUZIRNHFIA S D £9, AFO"Lattice"DIEL T\,

* method

*I GC=Grand Canonical
*2 Y. Yamaji et. al., manuscript in preparation.
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B : XFH ("Lanczos", "TPQ", "Full Diag", "CG", "Time-Evolution" M\ 3 i1h)

SR FAT T AR EOMBEREL £, ERHOXFMEITNTNT »F 3 ZIKIZ X 2D HEEREDE
B B IR R AR & AV 72 A BRI L, TE R & 2 2 A IRIEEHAL LOBCG #7712 & 2 D E A
IWEOER, ERRAFREAR S L £,

BIRD AR MVEIRIZBWTHHAINEFEDL DA I A—X—TREINET"Ce" & LHEITIEN
BLTW3 Kb 747709 PIFOCHEI N, ¥— KRR v FO (&7 NHEARET NEHEIhE T,

e lattice

R : XFH ("Chain Lattice", "Square Lattice", "Triangular Lattice", "Honeycomb
Lattice", "Kagome", "Ladder"®\WTih)

SRER: T OREREL 9, ERXFHIEENETN L IRoGH (M 4.1 (@), 2 ROGIEFAKF (M 4.1
(b)) 2 MIC=MAET (4.1 (). 2 IRTTEFIED FAE T ([ 4.2), T TAET (4 4.3). #iFt&T (M
44) ITHISL &,

method="SpinGCCMA" Tl&, Z® > H"Chain Lattice", "Honeycomb Lattice", "Kagome",
"Ladder" G L TWET, EEFIZOVWTOY A X (LW) & MPLUFIEL (Nproc) DHIBRITZIRD & 59
TT RO L, WH ITHBELFEI W),

— "Chain Lattice"
L=8n(7=7U nixn>108E), Nyoe < 2(L =8), Nproe < 25/272(L > 8).
— "Honeycomb Lattice"
W =3,L>2, Nproc < 2(L =2), Nproe < 64(L > 2).
— "Kagome"
W =3,L > 2, Nywoec < 1(L =2), Nproec < 512(L > 2).
— "Ladder"

W =2,L=2n(=72U nl&n >4 D), Ny < 2874

*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).

41, R9 VY —RE—RBEAATZ 7ML 27


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

H® Documentation, V) ') — X

41.2 HRFICEATB/INTA—%4

1 R5E84 [ © 4.1 (a)]
e L
i =F

BB ORI E2HRELET.

.‘!ﬁ’ ....... BE‘,@'_. B ...... ;;.0
5/. ' = ] :xl-: f I-Q"
B B N AN
00080
(a) trt L‘rr IAIF (b) ri [ ‘Il “’fl’ f” E‘;L' JIII”
0> Yo: Y0 to, Vi, Jos| 7. --to; Yo'n Jo
m__ ""M""‘ 0 !LH 11]” J[]‘--?d-!,-" ln‘ f{] E{]‘ rJT(J
f(_].: VU; ._,I.[_] L 0\ :'@.-I sorumene o
A \'0 = |: /'.-f-t.
o ,'l\.:qQ : E."":' .i'_‘: fl"';"
=N \eheTene 0
S

. & I
. ﬁ",?..m
# # N 3

’ -
-
!F'

Lt Vo, Jy S

———
o

4

@___,-
&
2.
. 4N
ey
<%

i
(Th e
A

= /-
—= T
= 5=
. =

a
L | q__.pl\;
L= -

41 (1 ot (b2 RITEHHF. ©2 ML =ZMABFORAN. Ry ¥y 7Ma. A79 1 b7 —a U

. A UREEIE, FHEEY A M (R ZDFER) TRENEN GV, T L0 YGEEEY A S (DB
TiRENENY, V', J Ll T,

28 FAEZE TJ7MITHr—< Y K



H® Documentation, V) ) — X

‘-"U

q“ Vo' A to, V. Jo © O

X 42 2WCHRANEDOEKFOBNKK. vy YV Iy, A7V A4 by —nriEs, AV VSR, KU R
DHMIZE>TERDD ET,

BFERF (H4.4)
. L
B AR
EA: HTORIZHELET.
oW
s s FAREK

SRR BT OARREFEEL X7,

FEASF [ B 4.1 (b)), AT [ 4.1 ()], OB T [M42], AT AT [ 4.3]

NS DOKT Tk, B¥EDQHEMN (K OROIREZ SR 2 HOWTKTRREEET 2 HikE, £hs &340
HENIHEF R MIVEIS HIEMRINTE 9, 72770, model=SpinGCCMA DRHZIFFIEDANMERX T, F
7o WHZBELUZEEIIEHO 2T LET,
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T

©.9. .96 ¢ 6 9

s

.-""@g *ga-@ @ D

__'”Y"__
D B 3 o
X 43 HIAKFDOREXX.

W, L

X B

FREA : HEDQ AR O S 2 HEL £9,
* a0W, al0L, alwW, alL

B s R

FRER : T AT T2 2 RKDORY M (dp,dr) ZHELET (M 4.5), TNO6DRT MVIFEHEDAEN 2
MV % RJE & U 72 BE#% (Fractional coordinate) THEE SN E T,

AR VA —=RE—=RNTHHIEND lattice.gp & WS 7712 H> &, AHOEMLZED DKFDE D HIT
HoTWENESIDEHEIPOIZEPERKET, ZOT7 74 NMIE, IRDXHIZLUT gnuplot IZiARAERES Z &D°
HkET,

$ gnuplot lattice.gp
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41.3 REZEICET E/T7A—%

* nelec
B o B

FREA : REE TR EEELET., model = "Fermion HubbardGC", "Spin", "SpinGC" D& ZiZ
WBHEELRWTLEE N,

e 2S5z
B B

REA: BAY VD 2z A D 2 f5EIBELE T, model = "Fermion HubbardGC", "SpinGC" D& &
IFHREL RN TLZE W,
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M 45 ZMBFICBVT, do = (6,2),d1 = (2,4) £ LEGHEDRILBIR, d(XEYR) BLT a7V —)
THFNFED (V1 MUZ 20) B ET DRIV ER D,

414 "I MZTVDORIEDRE

FI7 ) MEZFRFIZREZINTOVRVEDIZDOWTIROIZHELTH O £3, MAEERDNT A —&RIE TELR,
Es) (M “ ) oERTHRE L, EROBEICIE TEE) TIRENTRETT,

[ERrIR
* mu
PR =
55iPA : Hubbard & & EHEE TRIITOERT Vo v VEBEL T,
U
B FE#
5%BA : Hubbard 3 & SRR P TOF V¥4 b7 —a VD 2EEL £,
e Jx,Jy, Jz, Ixy, JyX, Jxz, Jzx, Jyz, Jzy
R« E

SHER AR TERITO, RIEET L EFRETDOAY VHEGZEELEY, EAAEIZIOWT, Jx, Jy,
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Jz ZBETEHROVIZ, NS RA—X J2EETHEL Iz = Jy = Jz = IBRAINET, J2EEL
72 BT Ox,Jy,Jz ZFELZGEITHE 2T ULET,

*h
B
FREA : MG REL £7,
e Gamma, D
B
BiEA ¢ AV VAT oMY, S, BAMNSIA-RERELET. RELRAENATA-RIZDONT
¥, model=SpinGCCMA TIXfEHTE A,

TROIERFHIZ, HTFETFOGEE LTS (LIRGG#H, BIRKT. AT, BORKT. 7 ITART) O5H
THREDHGWRLD £, £7z, BT TRENRESR/ST A —X—% Table £ 4.1 IZRL X,

#£41 BT CERURLMHAEMEH B, 2720, ACUVHAICD
WTIEfFSl & ULTH 25 Z & DVATHE,

HEFR 1RT8R | JEFERRT | ZART | BORRBT | AIXART | BFBRTF
J, t, V (AE) o o o o o -
J0, t0, V0 o o o o o o
Jl,tl, Vvl - o o o o o
J2,t2,V2 - - o o o o
J', e, V' (BIRIE) o o o o o -
Jo',t0",vo" o o o o o -
Jl',t1',v1'? - o o o o o
J2',t2',v2' - - o o o o
JrLenL v (AR | oo o o o - -
Jo'',to"",vo"'" o o o o - -
Jgrrr,elrr,vite - o o o - -
Jg2'r,e2rr,ven! - - o o - -

JFERFRE [ BFEF (K 4.4)]
e t0,tl,tl1',t2,t2"
Fa s HEK
SRR TR T TORY YT (M 4.4 B 2BELE T,

° VO, V1,V1',V2,V2"
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B EK
BB BT TOA TV A M —m VB (M 42 3) 2HEEL 7
e J0x,J0y, J0z, J0xy, J0yx, J0xz, J0zx, J0yz, J0zy
e 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,J2xz2,J22zx, J2yz, J22y
¢ J2'x,J2'y,J2"'2z,J2"'xy,J2"'yx,J2"'xz,J2"'2x,J2"yz,J2"'zy.
B s 52

FEBA B TAETCOAY VHEMEM (M 4.4 2) 2fE LT, FdMEIZOWT, FIRIE J0x, J0y,
J0z 2IEETHRODIINTA—R J0 2BET H & J0x = J0y = J0z = JOBRRAINZET, J0 %
fBE Lz ET a0k, J0y, JOzHFHLIEE LA HE 2T LET, J1,01',J2,J2" IZDOWVWTHHE
BT,

ERFE [BFRTFUN (D 4.1, M4.2,24.3)]

e £,t0,tl1,t2
B« B

SEE : Hubbard & & ONEEK AT CTO, TaEY 1 MEOKARDOKRY ¥y 7 2igE L %9, £/, Fy
Yy 7 ORY RAEREERZWIGEIZ 0,1, t2 2L IZBETE2ROVIINNTA—-X t 2fEET S &,
t0 = tl = t2 = t PRAINET, t L tOFEDWHANIEBESINZGEEITITHO 2T LET,

e t',t0',t1",t2"
= R

5%BA : Hubbard & & ONEEE FREAITO, YOEEY 1 MNEDOE LDy ¥V 72 IGELET, 72, Fy
Yy I ORY NAMBEER R VEEIZ 0, t1', 2" 2R L ICIHETE2RODICNAT A=K £ 218E
THE, L0 = tl' = t2' = ' PRASINET, t' & t0' FOMAVHRESINZLAITIE HE %
MTUET,

° t",tO' ',tl",t2"

B EEK

5%BH : Hubbard $ X LK T TO, E=008Y 1 MNUOEAROR Yy EV T2 BELET, £/,
RV YT ORY FHMEEERRVEAEIX L0, 1, t2" "' 2R 2 IZHBET 2ROV IZNRTA—X
' EREETSE, L0 = £l = 2" = £ BRAINET, £ 20 FomANEEE
NEGEZIETHO 2T ULET,
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e V,V0,V1,V2
B ER
PR : Hubbard 8 & OSEBK TR TO, BEHEY 1 MO Coulomb B 2 ELXd, £/, ¥ 1 ME
Coulomb F&3 DR ¥ R HBRIFEMED 72 WG &I v, V1, V2 24 IZHBET 52ROV IZNNT A=K v 215

ETZL, V0 = VI = V2 = VIMRAXINE T, V& VO ZEOHEPIEEINLIGEITIEHO 2T L
E N

e V', V0',V1', V2"
B s ER

5B : Hubbard 3 & OEBEE AT O, YEHEY 1 MO Coulomb A 2EELET, /2, ¥+ M
Coulomb B4 DR > K HEURIEMED R WG &I Vo', V1, v2' 2R 4 IZBET 2ROV IZNT A=K V!
EWETDH L, V0 = V1 = v2' = V' BRAINET, V' & Vo' FOWANTREINHEITIE
HO 2T UET,

.vllvo" vlllvzll
B E

5fRH : Hubbard 8 & OVEEKHERICO, =0 EY 1 M D Coulomb 42 fEELET, /2. Y1 b
ffl Coulomb FE4r DR Y N AAUKIFIED 2R NG A X VO ', vl ', v2' Y 2RI IZHET 2D DI/ T A —
RV'' BBETHE, VO = VL' = v2'' = V' ARAINET, v & V0 FOM SGOEE
INGAEITIEHO 24T ULET,

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

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

e J2x,J2y,J2z,J2xry, J2yx,J2xz,J22x,J2yz,J22y
B EH

BB AV UEBITO, ROl A MNEHOAY VHEFEAEREL T, £0MEIZOWT, FIAE
J0x, JO0y, J0z ZHETEIROVIINTI A=K J0 2EET DL Jox = JOy = J0z = J0 AR
AINFET, J0 2HEELZETJI0x, J0y, JOzEBLHWELAEZGAIEHO 2K TLET, 71,0211
DWTHHEKTT,

A VMEEADO R Y N ARKGFELR R WEEICIE, Tx, Jy, Iz, Ixy, Jyx, IJxz, Jzx, Jyz, JZYy
ZIETDE, J0x = Jlx = J2x = Ix DEDIZITRTORY RAHDOAY VEMHEEMRIZEL
HERATEZEPHKET, Ix~Tzy RIIDENNE J0x~T2zy RID END %[ HIEE L 725
AL HO 2T LET,

IRz B R A ¥ VM BEMOEE HEOF 2217 £,

o RY FHAREMKAENE, AV, HEEROIENAKRD (Jpy F) BRVEGE
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J ZfRE
o RY NAFMKGEM, MEMEHOIER RS, A Y HRRFERS 2546
Jx, Jy, JzMDIH 0 THRVHDEET
o RY FAMMKEMED 72 <0 A VAN, MEFEHOIEN D05 58546
Jx, Jy, Jz, JIxy, Jyz, JIxz, Jyx, Jzy, JzxD>5H 0 THRWVWEDZIEE
o AY VAKENE, MHEAFEH DI A 037 Ry R ARKEEDH 556
J0, Jl, J2®D5%H 0 THRVWEDEIEE
o AV VHFMRAEMD 2 Ry NATRIEE, M EAEHOIEN A 2d 2854
Jox, J0y, J0z, Jlx, Jly, Jlz, J2x, J2y, J2z D55 0 THRWEDZIEE
o Ry FAFMRAENE, AV Y AR, MEAEHOIEN RS A5 2 55
J0x~J2zy DT RTDHH 0 THRWEDEIFE
J'x,J'y,J'z,J'xy,J'yx,J'xz,J"'zx,J'yz,J'zy
J0'x,J0'y, J0'z, JO'xy, JO'yx, J0'xz,J0"'zx, JO'yz, JO'zy
J1'x,J1'y, J1'z, J1'xy, J1'yx, J1'xz, J1'zx, J1'yz, J1'zy
J2'x,J2'y,J2"z,J2"'xy, J2'yx, J2"'xz, J2"'zx, J2"'yz, J2'zy
PR« 8

FRBEA : AV UREITO, YOREY A FEOAY VHEEHEZREL T, 2720, BOBRKTEIEA TR
¥ T model=SpinGCCMA DFHITIFEZMIE L TVWERA, FNAHEHIZOWT, I'x, J'y, J'z
EEETEHIRODIINTIA—X I Zf5ETEEL I'x = J'y = J'z = J' BRAIINET, 7' 2fEE
UL7-kETJa'x, J'y, J'z bHEELEGBEIEHO 2 TLET,

J'"'x,J"'y,J"'z,J"'xy,J"'yx,J""'xz,J""'zx,J""'yz,J""'zy
J0'"'x,J0"'y,J0"'"'z,J0" "'xy,J0"'yx,J0"'xz,J0""'zx,J0"'yz,J0"'"'zy
Jl1'"'x,J1"'y,J1"'z,J1" "xy,J1"'yx,J1l""'xz,J1" "zx,J1"'yz,J1l"'"'zy
J2'"'x,J2"'y,J2"''z,J2" 'xy,J2"''yx,J2" "'xz,J2""'zx,J2" 'yz,J2""'zy
B EH

FHEA : AV UMEITO, BZEEY A MEOAY VHEEHEZREL T, 220, BORKR T EREAT
AMF T model=SpinGCCMA DFEIIZIFETZH/IELTWETA, TFMAIEIIZOWT, J''x, J''y,
J'"'"z ZBETEIRDOIZARTIA—X g 25ETHL J"''x = J"'y = J'"'z = J'"' BPRAINE
I, J'"' BEELEZET I 'k, J''y, J'"'"zHEELEEEIEIH 2K TLET,
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* phase0, phasel
B ER (T 74V bTIE0.0)

B : HET 2 LOERE2 F WSy EVITHILN S HFOMMHZEET 5 Z 2 Bk F 4 (AL ),
do fill. @ AT NFRJOMERT2ZHANWS I eWHEET, 1RTRTIE phase) DAFHTE X
9, BIRIEX, i A 25 j YA bPADKRYEVT T, EQFMIZEREZ Z/-WEHEIZIZRO L5127
S

exp(i x phase0 x 7/180) x tc;-gcw + exp(—i x phase0 x 7/180) x t*czgcjg (4.3)
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415 FHEFRHUHEDNSA—%

* 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: nvec >= exct 2if/=3THERHD 7,
* 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

F4BA ¢ (TPQIEDATHAH) | — H/Ng D lo NIV =7 v OEHDRBOMKEDOKF % ¥ 1 M ETHI-
HDRTF 7 4V MEIZZR Y 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 X7 (e, "RTOWT IR, T 7 AL hdre)

B EAENRS MLVOYIMEOR 2 HRE T 5, C TIEEEMEL, R TREHELL T 5,
EigenVecIO

B« XFH ("None™, "out ", "In"OWTNA, F 7 4L ME"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,

OutputIO
B : XFH ("None™, "out", "In"DWIT N, T 74 ME"None")

#%88 : (FullDiag DAEM) NIV =T VO AHNZEEL £9, "None"Tld AL, "out" Tl
HHHY, "In"TIEFAAD Y,

OutputExcitedVec
B : XF4 ("None", "out"OWITNh, T 74N MiE"None")

REA . @WNTY - VEREHATAIE-NOBEOAER BEXZ bVvo hofEE 2T WET,
"None" Tl A% L, "out"TlEkHAHD,
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4.1.6 BT —VEROFEICET 25X —%

* 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%
IO @P D SER AR 5, "Restart"TIEHFIBEHOT —2%2 7 7 A D SZITIM D @EA»S5H %
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
ﬂ:z:—r_t : j(?}ju ("SZSZ"’ "S+S-", "Density", "Up", "down"@b\fnﬁ}o 7—‘771_}1/ }\ li"SZSZ")

BEE: AHTAWINS ) — VEMOME ST 5, "SzS2" T (52,52, "S+S-" Tl (St o).

—a”q —a”q
"Density" Ti& (n_qng)» "up" T (cLchT>\ "down" Tl <CL¢Cq¢> b,

¢ SpectrumQW, SpectrumQL
TR ER (T 74V MEEEH120.0)

SHBR : RS AEN S — BB O % Fractional coordinate TIEE T 5, WETF 27 MVid 4.1,
42,43, 44 IZRINTVBERFRI MLVEIETEHD LR,

s OmegalOrg

B : ER(F740V1M120.0)

SREA : B o) — VB E BT S BR D IRENEL w D IR A
* OmegaMin

B : E (T 74 bld-Largevaluex ¥4 b))

SRR ¢ BHET 2 EIN ST — v B IRBIE DO EH O TR,
* OmegaMax

B ZE (T 7 4V Mid Largevaluex Y1 M)

*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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SHBA : MR 2B S — VBB OIRENM ORI D EIR,
* Omegalm

R : EH (T 740V ME0.01«LargevValue)

SRBA : MRS 2 EIN Y — o BIE D IRENEL D
* NOmega

B EOEE (T 7 4 M 200)

PR : BIET B EIN Y — VBB OIREIED ) v R,
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4.1.7 EFEERFARICEAT /54X —%

e dt
B EOFEB (T 74NV HNE0.1)
SRER ¢ B A Ty TR,

¢ PumpType

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

IZ"Quench")

FUEA ¢ M EIKIEAN IV b =7 Y OB Z EE T S, "Quench" TIE 2 R T Uguench D _; napnay WA
57%, "Pulse Laser", "AC Laser","DC Laser" Tl &y ¥V THIT —3 . ti;exp[—iA(t) -

(R; — R;)/(2m)|claggeriscje @ & D WAAHA T2 A<, 22
"Pulse Laser"TI& A(t) = Apexp[—(t — to)z/(Qtﬁump

Apsinjw(t —tg)]. "DC Laser"TIE A(t) = Aot &7 5,

TA@{) BRZMUVKRT VY ILTHD,
)] cos[w(t — tg)]s "AC Laser"TIlX A(t) =

o, BRATORT PUVRT Uy vV e BEZHRT 570D 7 7 () potential.dat VAT N5,

e Uquench
R FER(T 74V ME0.0)
28 ¢ Uquench

e freq
B ER (T 74T 0.1)
SREA s w

e tshift
B ER (T 7402 0.0)
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 MU Figs. [ 4.1, 2 4.2, 43, M 44 IZRINTVWEHEFRZ MLERIGET2HDE %25,

41, R9 VY —RE—RBEAATZ 7ML
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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,

o BIHRE LRI RV T A — X CaleMod, ModPara, LocSpin T9,

42, TXAN—NE—FNKAAANTZ 711 45
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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 HHT 22—k — VB <cjglcj02) T sEREELE T,
TwoBodyG W19 % AR — VBB <czglcj(,2 CLUB Cloy) BT BREEZLET,
SingleExcitation | —{KlFIRIED £ R HE T 12T 2fE%2 LE T,
PairExcitation “ARBIEARRE D A E A ICB T o FRER LR T,
SpectrumVec ARY NV AR T 270DV AX—NHD ARSI NVEEELET,
OneBodyTE BRZITHINE NS —FRIOEE BT8R EEZ LET,
TwoBodyTE BRZITHIME NS —AIOEE BT R EEZ L ET,
46 FEA4E 774N TA—< Y b
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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——f

WIZEF—T—FTHEINI NI A—XIZEALTHBEL £,

* CalcType

B : int B4

RBA : B TFEORERITVE T,
0: Lanczos %

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

3: LOBCG

4: ERHFE R
BERNTDHIENTEET,

CalcModel

= ¢ int B

B SHEETLOREEITVET,

0: fermion Hubbard B8 (77 ) = A1)V : ki 738 - S, R#4F. BFE - S, FER1F)

1: ACVERL (B =Hh : S, {#4F)

DIERERERL (B =V KB S, RAF)

: fermion Hubbard #8Y (7' > N1 7 = H )V K80 - S, FERAE)

CACVEEL (T v N =9 1 S, EIRAT)

5. R (75 KA =L s R8-S, FERAT)

ZBEINT 522K ET, ferimon Hubbard A TR FBURTE - S, R Z BIRT 2551, KD
AEfETH I TRHENIREARD XY,

F- O I ]

CalcEigenVec

FR :int B (77 )L M# 0)

SREA: EAENRY MV EHET IO FIEDEEERZITVWET,
0: Lanczos ¥ +CG % (Lanczos HETOUNR AT THRWEGEIZ CG IETOEA R T MVEEDfTh )

48
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1: Lanczos ¥
THENT BNk E T,

* InitialVecType

FR int B (F 7 4L ME 0)

FREA : AN PV OYHMEDRIDIEE 21TV E T,
0: A

1: EH

MOFNT B Z e HkE T,

e OutputEigenVec

B :int 8 (77 4 )L ME 0)

BB WA MLVOENOREERETVET, 0: HAARL 1 b0 5&EIRT 2 Z L AHRET,
e InputEigenvec

B int B (77 AV ME 0)

BB WA MVDOANDIEETVET, 0: AL 1 AId Y1 o&EIRT 22 LAHkET,
* ReStart

FR int B (F 7 40 ME 0)

PR HEMEHOE-FZ2HEELET, 0 HEMRAL 1L YAX—bRIZ MVADRL, H0H0 2: YA
R—=—bRZMVATIHY, HHHY 3: VARX—IXZ MVATIDHO, HH3 U2 0ERT 52 &k
ES

* CalcSpec
B int B (F7 4V M# 0)

FREA : B2 — VBIBOFEE - REEBEL £, 0 BN — VEIBDEE R L 10 AJIRZ ML - il
BRI L T 7 1 N & G AIAAGHR 20 ZFHXNAIT7H] DRI % i AaA A FEHRL 30 ZEXAITH DR & HEt
FHRZ bV EHT 4 ZENATHIOD & HEEHANZ ML & GAAAHGE S ZENATH O &
HEHRIAZ ML 2HAAABERE - BHI2 6ERT 5 Z e k£,

* OQutputHam

BR :int B (F 7 4L ME 0)
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FHBA : (FullDiag) NIV b=T VO HNE—RZHELET, 0: A% 0 1: A D2 HERT 2 &
kE T,

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,

OutputExcitedvec

FR int B (57 + L MH 0)

SREA : AR MVOHAIORREETVET, 0: HARL 1 OB Y2 6EIRT 2 Z ek ET,
Scalapack

R :int B (57 4V M# 0)

£989 : (FullDiag) 2% {LEHE T ScaLAPACK 5 1 75 U O AT 8% 55 L £ 3,
0: ScaLAPACK % {#FH L 72\,

1: ScaLAPACK % fffi3 5,

TEINT 2 Z e HkET,

NGPU
= s int B (57 AL M 2)

$%BA : (FullDiag) &R ALEHTO MAGMA 5175 ) M T 554D GPU Bz2EELE3., &b,
HD TETILF /) —RTO GPU HEIZIFHIGE L TWER A,

50
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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]

F= : string B ([E 7€)

FREA: F—TU — FOHEZITVET,

* [string02]

¥\ ¢ string B (22 AT)

42, TXAN—NE—FNKAAANTZ 711

51




H® Documentation, V) ') — X

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 GEERELD)

PR (REEFRERC TSR, VIV RN ZANVDEEICREHINEEA,
* 25z

B3« int B GEEEED

FREA 1 28, ZHRETOREL. I VPN ZANDEAEIZEIMHINEEA, 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 i%
DY — R2EES N, RTORDITRUTREN S v X oaicbxohExd,
HIHARZ NVEREDFMIZDOWTIE, 7T XL 22|30,
e CalcHS
B« int B (HAE)

S4BH : CalcHS=1 TEFHEZHEELZLEDO I~V M EMAERPEEL SN FE T GEIIE hip://www.
pasums.issp.u-tokyo.ac.jp/wp-content/themes/HPhi/media/develop/tips.pdf % £8), 7 7 4 s DI 1 T,
EEALT VT ZLMEHEINET,

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,

* LargevValue
F= : double Y (5E2%%)
SHBA : TPQ T 2 | — H/Ns D 1 %$8ET 255,
* NumAve

Fa :int B (B RED)
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FREA ¢ N7 run 2 AEAT D 22 HRE T B R
* ExpeclInterval
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,

BT ) — Vv EROSHETERT S/ 5 X%
* OmegalOrg
= : complex 4 (#3550

SREA : BT — VBB AR BT AROIREIN w OFNEERELET, AR—ARY D TEE, BIEOIE
WZIRE L, EBHAZWEEITERE UTHRVWET,

* 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 EREEL £9, BARIE OmegaOrg+OmegaMin T
FzonEd, AR—AXY) D TEIB, EHOIHIZIEE L, BEH1NRWEEIEEHRE LTRVWET,

* NOmega
B ¢ int B (BRED)

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
B ¢ int B (H 450

SRBA ¢ WUNRERE] A¢ 1T U TR 217 5 BED

N
exp (—iH-U) ~ 3 ni (—iH-L)" (4.4)

n=0

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,

P O W 0 J o U b W N B+ O
O B Ok O Fr O Fr O Fr O K

=

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

42, TXAN—NE—FNKAAANTZ 711
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* [int02]

B int B (22 AR

AR VA MRS ERET SBE, 0Lk Nsite RITHREL 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

H+ = — Z tij<71<72c'];(rlcj02 4.5)
ijo’laQ

(ZX9° % Transfer M7 tij0,0, ZHREL X, BANIZT7 7 AV ZEEHL 9
NTransfer 24
========j_ Jj_s_tijs======

0 0 2 0 1.000000 0.000000

2 0 0 0 1.000000 0.000000

0 1 2 1 1.000000 0.000000

2 1 0 1 1.000000 0.000000

2 0 4 0 1.000000 0.000000

4 0 2 0 1.000000 0.000000

2 1 4 1 1.000000 0.000000

4 1 2 1 1.000000 0.000000

4 0 6 0 1.000000 0.000000

6 0 4 0 1.000000 0.000000

4 1 6 1 1.000000 0.000000

6 1 4 1 1.000000 0.000000

6 0 8 0 1.000000 0.000000

8 0 6 0 1.000000 0.000000
7714 IULEBR
RIS ITFRIZIG U ERBERZ D ET,

e 147 ANV X (IR ELNTELIED Y FHA).

e 2 47: [string01] [int01]

e 351 ANV X (AIDREIPNTHRED D THA),

o 6 17 LAFE: [int02] [int03] [int04] [int05] [double01] [double02]
INTA—=%4

* [string01]
42. TX A= NE—RBAAZ71) 59
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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,
* [double(2]

= : 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,

42, TXAN—NE—FNKAAANTZ 711 61
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4.2.6 InterAlliEEZ7 71 )L

TR EEHEZNIN =T VNI MAE S, MTMAZHIIU T TERAONET,
H+ = Z Z Iijkl01(72a-3(74c;150.1Cj(726110_3cl0-4 (46)
i,9,k,l 01,02,03,04

BB, AV VIZEUTERT2HE8ICE. i=4,k=1 025 L5RELTLEI WV, BAFIZ7 71 UHZGd# 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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-mmMMmﬁIWE—Ftwﬁﬂ@#6LWWWW4:IT ODHEBEWZITHELD

lkji0'40'30'20'1

DET, LELOEABRPRILUBEVWESIZRERTI—KTLET, £/, 2 vI—- Lo
hﬂmmﬁmﬁmqni%%mﬂﬂbf\mewﬁmdé%ﬁém%ﬁ%ﬁt?i5ﬁlﬁbf<ﬁébo

¢« 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
TTHEZOLNET,

HA+ = Z Uingniy 4.7

AR 7 7 A VBl 2R L &9

NCoulombIntra 6

==== CoulombIntra ====

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

a b W NN PO
B D s s D

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]

NS A—%4
¢ [string01]
B ¢ string B (22 A
B : AV A b —n VM ORBOF — 7 — REEEEL £ 3 ().
* [int01]
B ¢ int B (ZEEAT)
BB : ALY b — 0 U HEMFHOBER IR L X5,

* [int02]
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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
TTHEZOLNET,

2%}

TRz 71 MVl 2308 L 7,

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,
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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+ = — Z Jgund(nﬁan + ”iinji) (4.9)
irj

DRIz 71 Vil 2308 L £ 7,

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

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)
B3 : Hund 7 v 7Y Y VOO ¥ —7 — FE4EEBEL £ ((EE).
* [int01]
B @ int B (BEHAT)
5t8A : Hund 771y 7Y v VOB EREL £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 : 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,
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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
ZAoNET,
H+ = Z Jgair(c%cﬁczlcﬂ + h.c.) (4.10)
(2]

DTRIZ7 71Vl 2308 L 7,

NPairhop 6
========Pairhop ======
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 0 0.50000

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,
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4.2.11 Exchange {87 7 1 )L

Exchange 7y 7)Y 7R NINVP=T VIZMHIMAET (S =1/2 DR TOAFEATEE), ETROBEITIE
H+ = Z JEX(CITCjTC;¢Ci$ + CL,CNC;TQT) @11
0]
BHTIMA S, AEYROBAICIE

_ Ex/ g+ ¢— —qt
H+—§:%w&5j+&5ﬁ (4.12)
2,7
BRIMASNET, REVRD (SFS; +5;75) #BFROBEFCEEET & —(cl,¢jrc] ey +cf ¢ clieir)
ERBIEIERLTTIIV, T 7 7AW %KL £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,
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4.212 Ising 87 7 1 )V

Ising HHEAEHZ NIV P =7 T MAET (S = 1/2 DR TOAMHAEE).,

BFROLAITIE

H+=§:£ﬂmT—mOWﬂ—nw) (4.13)
irj
BRFIMA S, A VROBEITIE
H+:Z}@$$ (4.14)
irj
BAHFMASNET, UTFC7 7 A VflzzEkL £,
wising 6
0 1 0.50000 N
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,
o 147 Ay X ([ADEPNTHITED L THA).
* 2 47: [string01] [int01]
e 3541 Ay X (fAIEPNTHREED D £HA),
* 6 fTPABE: [int02] [int03] [double01]
NSA—=%
* [string01]
F= ¢ string B (22 AH])
5iPA : Ising M AAEHDMEBDO X — 7 — N2 HEEL £ ((ER),
* [int01]
R int B (EE AT
28R« Ising MHEAEFH OB A FEL £7,
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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,
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4.2.13 PairLiftisE 77 1)L

PairLift #1v 7V Y 7 &AL R =T VIR IR £ (S = 1/2 DATOAEAAEE), A% 2EEUT L
z25hET,
He =D TEH (eheielies) + el jenel ej) (4.15)
2,]

DTRIZ7 71Vl 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]

NSA—%
* [string01]
F= : string B (B HAT)
28R : PairLift 7y 7' Y T OMBOF —T7 — FAZREL £T ((ER).
* [int01]
B ¢ int B (BEA)
%8R : PairLift 7y 7'V v 7 OB EREL 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[)

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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NS X=%
* [string01]

= ¢ string B (22 ASH])

A RS — VBRI DO X — T — FHEEEL £7 (TE).

* [int01]

Fo=t : int B (ZEFI AT

BB (k) — U BIURS ORI E IR L £ T
* [int02], [int04]

R ¢ int B (EEE AT

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,

FRIL—IL
KI7ANBMEHTIIIHZ>TOL—IVIZLLTD@EY TY,
o [THEIE THARAAZEITI A, Ny ZOERIITEEEA,

s MAMWEBELUTHEEINZGEIETI—KTLET,

o [int0l] EEFZINTVWE KT ) — VBB D OB RL B HEIZT T - TLET,

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

80
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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

OW W 0 00 J J o o U U b W W DN DN+ P O O
W W 0 W J J o o U U b b W W DN DN+ P O O

=
o
=
o

=
(@]
=
(@]

=
=
=
=

=
=

P O 0O O O O O O O O O O O O O O OO0 o 0 O O O O O
=
=

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
H 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 o o o o o o o
o Pk O OFr OFr OFr OFr O O Fr O RFr o kFr o O Fr o
o r O OFr OFr OFr OFr O O Fr O RFP o kFr o O o

(@]
o

771 IULEBR

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

¢ 3517 AV X (MIPEPNTHHED D TEA).

6 17 BAB#: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09]
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NG AX—%
* [string01]
F ¢ string B (22 AT)
FBE s RS — VBB AR O X — T — FAEEEL £ (TE).
* [int01]
B ¢ int B (ZEEARH)
FREA . RO — VBB OMBEREL £,
« [int02], [int04],[int06], [int08]
R ¢ int B (FEE AT
B VA MRS ERET S, 0L ENsite RITHEL £,
* [int03], [int05],[int07], [int09]

B3 s int B (ZEEAH)

FBA : AUV EIRE S 2B, BTR. AHETROBGEITIE
0: 7w TAEY,

1: XAy,

AV UROBEITIE,

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

fERIL—IL
AT 7 ANEMATEIZHZoTOL—IVIETO@ED TT,
o TTHUEE THAARELTD Fo. ~y ZOEIZTE EEA,
o« MANEELTHEINSHAIZIITI—KTLET,
c AV VIZHLCHET A, i =,k =1 23 RVEERTIMHETH LT KT LET,
o [int01] LEHFHEINTWE =R — VBB OBRBP R GHITT I K TUET,

« [int02)-[int09] % 3553 B HE, FEPHA OBB & IEE L BAIRT I — KT LT,
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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]

B ¢ int B (2 AW

SRR« — IR T D X 1 TEIEE T S HEL
0: Cio

1: ¢l

iol

BT D Z P HRET,

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

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

EAIL—IL
RI7ANEMBHATEIZHZoTOIL—IVIELTOED TH,
o ITBUEE TREAIAARELTD Fo. ~y ZOEBRIZTEEE A,
o« MAMNEEL TIREINSHAITRITI—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,
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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

joa 101

CIRHCRERA, £ S, REORIINUTIE 01 =00 ETIRBERDHDET, UFIZT 7 A MBI ZZHL £,

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], [int05]

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]

B ¢ int B (2 AW

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,
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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

##!3 SpectrumVec THEINDEAY X, $$FT7 V7 FSE2LRLE T, /2. &&IFTPQ KDY TV VT DFS
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

ERBR : BHEICE L ATy TR EFRL £T, Lanczos 5Tl Lanczos A7 v 78, TPQIETIENI NV b=
TYaRFERLUZRHEZTLERL X9,

* [double01], [double02]

3 ¢ double Y

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

42, TXAN—NE—FNKAAANTZ 711 87
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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]

3 @ double Y (22 [ KA

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

FEREIL—IL
KI7ANZMEHTIIHZ>TONL—IVIZLLTD@EY 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,

42, TXAN—NE—FNKAAANTZ 711
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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,
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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]

3 @ double Y (22 [ KA

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

FEREIL—IL
KI7ANZMEHTIIHZ>TONL—IVIZLLTD@EY 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,

42, TXAN—NE—FNKAAANTZ 711
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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

§ : T
HicCinCio
1,0

BT B ANMERZITVET . i PHEOINET, N7 7 A VHIZFERL £9

(4.16)

i=0 spin=0

spin=0

spin=0

spin=0

spin=0

[
I

5 spin=0

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

isitel=6

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

000000
000000
000000
000000
000000
000000

774 IVER

UTDES7 71 NVERZ LD £7,

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

NS A—4

* [int01]

3 ¢ int

SiEA : ANES,

* [int02]

H3 ¢ int B

SHBA : i DAY VEES 0 BERTER,

0: 7w TAEY

1: XAy
ERUET,
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* [int03]

B3 s int B

PR : i DY A MES @ 2 RTEL

* [double01]
= : double #

FRRA ¢ e DA

43. HAT7 71
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4.3.2 CHECK InterAll.dat

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

E ) T T
Iiij]olala'Qog Cial Cioy Cio-QCiUg (417)

4,J,01,02

BT B ANHEREITNE T Lijiorm om0, BHIENET, UFICT 74 MHIELHRL £ T

=0 isitel=1 A_spin=0 isite2=2 B_spin=0 tmp_V=0.500000
=1 isitel=1 A_spin=0 isite2=2 B_spin=1 tmp_V=-0.500000
=2 isitel=1 A_spin=1 isite2=2 B_spin=0 tmp_V=-0.500000
=3 isitel=1 A_spin=1 isite2=2 B_spin=1 tmp_V=0.500000
i=4 isitel=2 A_spin=0 isite2=3 B_spin=0 tmp_V=0.500000
i=5 isitel=2 A_spin=0 isite2=3 B_spin=1 tmp_V=-0.500000
7714 IHR

UFDES5u7 741 VERZE LD £7,

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

NS A—4

* [int01]

3 s int B

FRBA : AIFES

« [int02], [int04]

2 ¢ int B

E%EE . Iiijjgla'lg2a-2 DY A ]\%%%ﬁj—%ﬁio

[int02] 437, [int04] 73 j Z#EL £ 7,

« [int03], [int03]

B : int B

EEEH : I/iijjo’lo'lo'zg'Q GDXEV%%%:%%T%%@(O

94
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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

43. HAT7 71
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4.3.3 CHECK_ Coulombintra.dat

Hamiltonian ® 4 >3+ b 27— Y EAEM
Z Uingpngy

B AR EITNE T, U B EINET, INIZT7 7 A VBl zdd# L 9.

(4.18)

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

B O R SO R
LI | A |
w N

b
Il
[€)]

7714 IWVER
UTRDESHT7 74 IVERZED T,

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

NIA=%
* [int01]
= ¢ int B
PR« A,
* [int02]
= ¢ int B
AU, DY A M5 2 RTEH,
* [double01]
3 : double B!

SRER 2 U; OFE,
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4.3.4 CHECK_ Hund.dat

Hamiltonian ® Hund 77 7V > &

=3 TE (ngmgy + nigng))
i

(4.19)

B B AR AT VE S, S B ENE S, BRI T 7 AV BlERRL 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,

43. HAT7 71
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4.3.5 CHECK_INTER_U.dat

Hamiltonian ® 4 73+ b 27— VHHEAEM
Z Vignan (4.20)
i

BT B AR ZITVWET, Vi I NET, BAFICT 7 AV ERFEEL 9,

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

[
I

774 IFR
URDESHT7 74 NVEXRZED £,

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

NS X—%4
* [int01]
3 ¢ int B
FRBA : AIES
* [int02], [int03]

F2 ¢ int B

FREA : Vi DY A b ES R RTBEL
[int02] %4, [int03] 7% j 2 &L £ 7.

¢ [double01]
= : double £

E%EH H ‘/’Lj oj'fé‘o
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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),
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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,

100
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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,

102
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4.3.10 sz_TimeKeeper.dat

LR N AR— AR T LBOBEERIPELINE T, UNICHE A Z2EHL £,

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]

43. HAT7 71
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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

1 IVER
* method="Lanczos" D&

stp= [int01] [double01] [double02] [double03] [double04] [double-a] [double-b]
e method="CG" D&

[int01] [double-c] [double-d] [double01] [double2] -

INTGAX—4

* [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 7% Tl exct THE U EHEPE LD EINE T (LERDOHITIX exct=3). Lanczos & TiEfiiE LT
HEEMEITELDTIHEHZ SN FE T A, LOBCG ETIEMEHE L TWAEBIZS U CEGEAH IS E
T, LR OBITIZE —EREEL 2 U EIZHHEL TWB Z e ah £ 7.

* [double-a]
3 : double B!

ZRBA : (Lanczos JEMD M) LanczosTarget THRE L7, IWEHHEIZAWS NI FEEEIH I N ET (LT
DFITIE 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

108
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5tBA : (LOBCG D &) PAHIED U EWMH. LanczosEps THRE U 7B ICHERFED T 4 )L ¥ — Ot
HEMFTVET.
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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]

¥\ ¢« int 1Y

FiH : TPQIETO AT v TH#,
* [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/Ns)|[thk—1)o

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

FREA : AT v X LR S iz (I — H/Ns)(L i& ModPara 7 7 1 V@D LargeValue., N, i&¥1 M) %2 4F
X 72\,
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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]
3K : double B
SHBA ¢ R 1/kpT (72720, kg = 1),
¢ [double02]
3t : double B
B NIV =T Y DIIRHE (2 RV ) (H).
¢ [double03]
3\ : double B!

B : NIV b= T VD 2 EOHIRHE (H?),
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¢ [double04]

3, : double B

AR s X0 v OHARHE Y. (nirnay) o
¢ [double05]

3 : double B!

FRBA s KR (n) = (D2, ma)o
« [int01]

3 ¢ int B

SRR M D X LRI MWz (I — H/N,)( 1& ModPara 7 7 1 V@ LargeValue, N, &4 M) % 4E
iR ewsd it
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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

T UFNZT7 74 0WBIZRL £,

# inv_temp, N, N*2, D, D"2, Sz,
0.0826564 12.00 144.00 0.00 0.00
0.1639935 12.00 144.00 0.00 .00
0.2440168 12.00 144.00 0.00 0.00

o

135.97669 12.00 144.00 0.00 0.00
136.04474 12.00 144.00 0.00 0.00

Sz"2, step_i

0.0009345626081113 0.2500 1
0.0023147006319775 0.2500 2
0.0037424057659867 0.2500 3

-0.0000000000167368 0.2500 1998
-0.0000000000165344 0.2500 1999

T7A4IE

¢ Flct_rand??.dat

2% TPQ AR D run DFFERL £ T,

774 IVER

LITHREANY X T, 2A7HUBIE T 7 7 A VEXATHBEI N E T,

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

NFA—%
* [double01]
3\ : double B!
SHEA : WOREE 1/kpT.
* [double02]
3t : double B
B R THCS D (na)
* [double03]

3 : double #Y

BB KT 2 ROWIEHE (X, n

i))e
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[double04]

3, : double B

B = g Ni Yo (nigngy) OIIFHE (72720 N 1331 50,
[double05)]

3 : double B!

BEE: 470 DR (D, nirnay)?) OHIFHE (7272 L N, 1191 HE),
[double06)

= : double B!

SHEA : A VD S, 5 NL >.(S7) DWFHE (7272 L N i3% 1 bR,
[double07]

T3 ¢ double £

BB AY YD S, DI 3= (30, 57)%) IR (72721 Ny i3+ M),
[int01]

F= @ int B4

SR 2 M T >~ XL RZ bV (I — H/N,)(1l 1& ModPara 7 7 1 )b D LargeValue
BRI,

v Ng 391 M) 2 4F
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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]

INTA—%4
* [int01]
3 ¢ int B
SHBA : TEHETO AT v TH,
* [string01]
3 ¢ string B

SREA : BHR BRI,
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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
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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

AR EZE L E T, BTICT7 71V Z2RL

9.

# 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
7710 %&

* 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

A NIV b =T v OHIRHE (T ROV F —)(H),

* [double03]
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3 : double B!

BB NIV b=T VD 2 FEOMFHE (H?),
* [double04]

= : double B!

BER: X0y S (ngmay) (2L Ny B9 A B,
* [double05]

T3, ¢ double B

FEBA  RLTH (D, i)
* [int01]

B ¢ 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

e Flct.dat

7714 IVER

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

/

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

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

3 : double Y

PR s BRLFE D, ()

* [double03]

1

22
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3 : double B!

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

= : double B!

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

T3, ¢ double B

BBA s K70 D2 - (X0, nirnay)?) OIIFHE (72721 N 1331 b,
* [double06]

T3, : double B

BB : AV YD S, KA - X0, (S7) OHIRHE (7272 L Ny 1391 M0,
* [double07]

3 : double B!

BB : ALY YD S, KD 2 F 1-((30, S7)%) ODWIRHE (772U Ny 1341 M #),
« [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

A TALF— (H),

IRILF—DEWVIED SEET 5,
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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]

NSA—=%
¢ [double01]
3 : double B!
B : NIV =T DHIRHE (T AL X —)(H).
¢ [double02]
T3 ¢ double £
SRBA KB DWIRHE (n).
* [double03]
2= : double £

BIEE : A0 2 A DM (S.).
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* [double04]

3, : double B

HEA: AV YD 2 FOMIAE (52),
* [double05]

= : double #

EH’,EH . 57“7“13 M ﬁ Zi(nnniw (f:f:b NS &i“’j"f l\éﬁ)o
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4.3.24 ham.da

(FullDiag TO A H 1) CalcMod 7 7 1 LT OutputHam=1 OFEIZ, HO NHET

t

HEXINENIN =T URE

MatrixMarket X R CH I UEJ, CalcMod 7 7 1)V InputHam=1 T3¢, BHEI 7 IV—REAT 71

ZinAihd, HEMR T ENTEEY, NC7 7 A VlZ&HL £,

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 IVER

s 1fT Ay X

* 247 : [int01] [int02] [int03]

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

INTDA—%4
* [int01]

B :int B

£iBA : Hamiltonian D7,

* [int02]

B : int B4

£itBA : Hamiltonian D%%Y,

* [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,
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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, &&IIFEEHEOZSE2EL £,

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

EtBA : Lanczos & FI\W2 BN 7' ) — VBB BEMEIC R ER =N AT OEE a4, ; (1 =1,---Ng) D
iz XU ET, —HFBMDBAZFRIZHEHELZRWEDR A > TWE T, [double02] 7% vy [double03] %% 3;
IS L ET,

43. HAT 71 139



H® Documentation, V) ') — X

4.3.32 excitedvec.dat

CalcMod 7 7 1 L@ OutputExcitedVec=1 DIGHIZ, pairdef & ASJIRZ MR SFE I N RS MLvEHT
LEd, 774 VIETFA MBI OEIhE S, UFIC7 7 A VB8 L £9,

4096

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

.0114685735, -0.0114381935
.0092888239, 0.0088235535

o O O O O O

7714IL%E
o ## excitedvec_&& rank_$$.dat

##H ModPara 7 7 1 VD [string02] TIRESINEANY X, &&IIFEEHEOFS, $$IT7 v/ FSE2ERLET,

7714 ILER
e Line 1: [int01]

¢ Lines2-: [double01] [double02]

NoIA=%
« [int01]
= : long int 74
SRR ¢ N MLV OIRIEEL
* [double01], [double02]

2 : double £

FREA AN ML ERL T,
[double01] A¥5EHB, [double02] A3 EHEZ KL 7,
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4.3.33 residual.dat

method=CG(CalcMod 7 7 1 VT CalcType # 3 DEE) 2 HWAEN ) — VEBOFHBED AT v THUTHK
FURERTHERENHEDENET, 77 MVEBLOT7 7 A VERIZATFD@ED T,

T7714IVE

¢ residual.dat

77 A ER
* 1 17H-NOmega {7H : [int01] [double01] [double02] [double03] [double04]
* NOmega+1 17H : 2217

o UF#EDIEL

T AX=%
* [int01]
B3 ¢ int B
FREA: RIEAT Y THERLET, 10 DEBOAL I NET,
* [double01]
= ¢ double H!
FRER : IREBOMEERLET,
« [double02], [double03]

# =2 : double #Y

B9« A [int01] DESOBIKZ Y — VI OM % H I L £ T, [double02] AF2HE. [double03] H3KE#E %
#UET,

¢ [double04]

3 : double #Y

SRBA ¢ AZEA [int01] DIFDFAENRT VDV AEEIILET,
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44 I5—Xyt—Y—%

ERROR ! Unsupported Keyword !
FIELRWF— T — FEIBELZGHICEREIN, Tur I L3MFELET,
"ERROR ! Keywordkeyword % is duplicated !
FUF—7—R%&2EHEELZHGEICRRIN, Tu I L3FIELET,

ERROR ! Unsupported Solver : solver %

method IZH A= F L TWAWNRT A=K =% AN E, 7077 L3MFIEL T,

Sorry, this system is unsupported in the STANDARD MODE...
Sorry, specified combination,

MODEL : model %

LATTICE : lattice %
is unsupported in the STANDARD MODE...

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

model, lattice DENPEZIFEBZ T R— P LTWRWRT A —X—%2 AN5E, 7077 LIFE
IELUET,

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

ERROR ! Nelec > 2 % nsite in Hubbard model !

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

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

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

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

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

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

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

717 ZANEFHOFEIZBE T, ANz ML EFH BAEY 2 RRPEBRT S LVllAaGHLE
ThHhd56 BZAE, ETEPTA MO 2LV BREV, 0Y) Tu I LFEIELET,
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* Check !keyword % is SPECIFIED but will NOT be USED.
Please COMMENT-OUT this line

or check this input is REALLY APPROPRIATE for your purpose !

FioNie W T A =R —%2BELURIZIE, 22—V —IZADT7 7 A VOMEEZREL 707 I AFEILL £
T, EBRICBEDRWNT A= —DEEIFEYT 2T 2HRBLIIEIA VI T T RLTLEE N,

* ERROR !keyword % is NOT specified !
BTIRELRIINER SN F—T = RPREINTOWARAWGAIZIE TR I MIEIEL T,
o keyword % = value % ###### DEFAULT VALUE IS USED ######

ZNEFIT TRy -V TREHDETA, ANT7 7 AINVTREN LR 7272OICT 7 4 )V MEdfEbI - Z
LrHioEsAyEe—YTY,
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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.qa.iir.titech.ac.jp/~nishimori/titpack2_new/index-e.html

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

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~ T = (e M) N (5.10)
.
ZLT, 752 OWHE A D B, TOEHIHIL
(A) g, = (Yi|Al1by) /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.
*1 E. Dagotto, Rev. Mod. Phys. 66, 763-840 (1994).
*2 S Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang, T. Fujiwara, Journal of the Physical Society of Japan 77, 114713 (2008).
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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
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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 ARAHBE
Ne
(Chartst) = D e ™R erar) (A1)
R
Nr 4
(o fup) =D e ™Rl erpy) (A2)
R
1A
SR
(Prapip) = Nn > e ™ R (poa — (poa) (Prp — (Prs))) (A3)
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AV V-A Y U

. 1 M=
(StaSis) = >
R™R

1

<S1:—a l:ﬁ> =~ Z
RR

A2 Fa—hNYTI

ZDFa—hbUTATIE, EFEFNANN=RETIL BV A M) Z2HIzE 0TS,

A.2.1 HPhi/vmc.out =47

o HO DGE

RERES L CHBERBRROHERITY. A7 74 IVITIROED .

(A3)

(A4)

(A.5)

alw = 2

a0l = 2

alw = -2

all = 2
model="Hubbard"
method="CG"
lattice="square"
t=1.0

U=8.0

nelec = 8

2S5z=0

$ HPhi -s input

* mVMC D&

ETLDWEIEBDOR#ELEITS. A7 7 A VIFIRDIED .

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

model="Hubbard"
lattice="square"
t=1.0
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U=8.0
nelec = 8
2Sz=0

$ vmc.out -s input

BRI & GRS 57212, A7 7 AL F D721 INA 5.

NVMCCalMode = 1

MBI 25 R T 5.

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

Z iz

XD, VY F T2 L2 MY®D output/ BARIZ 1R XU 2 RO H LI NS,

B 2771

* StdFace.def (mMVMC/H® O~ = a7 ILEIR)

* zqp_opt.dat (mVMC O~ = 2 7 L)

* greenone.def (FTE T 2HEEMD 1 V7 v 7 ADIETE)

o greentwo.def (GTE ¢ 2 HERHD A T v 7 ZDIEE)

A.2.2 HHEBEHED T —) T&H#

=54 VT« 0T L greenr2k 2o T, MHBEEKE 7 —) ZEHT 5.

$ echo "4 20

G 0O
X 0.5
M 0.5
G 0O
16 16

0

00

0.5 0

0

1" >> geometry.dat

$ greenr2k namelist.def geometry.dat

ZHUZED, ALY T4 L7 FYD output/ BANIZT7 =) ZEBX W MHEBEBRES SN D,

HETZT7 71

* output/zvo_cisajs_001.dat (Y1 FRRD [ S &0 2 (FEERBEHOFERER)

* output/zvo_cisajs.dat (/ f MERFJD 1 ks LU 2 FIEREEB O ERKR)

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

A2, Fa—Kr)7I
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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
Al HEIBIBIS (S - Si) (1251H) & 71 v b LK.
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, aOH, alW - ZHIGg 2 (AZ v X — RE— K THBER).

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. 77417 xr—<v k 157
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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.

158 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 159
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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
(4) = Niry ; A; (A.6)
B & OGS
A= J Ly (A.6)
N’I‘ry -1 NTry —1

EHAEL, PHHELBERGAEZRE D7 7 1) zvo_corr_eigenx.dat % output/ T4 L7 bVIZHH
9 5.

160 8% A #BEAREE D Fourier £#ft1—5 4 )5 1 —
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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,

A.5. Contact 161
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% B

Wannier BB WY T+ —ILT «
27

B.1 &

AERITIE, RESPACK & mVMC BEUTHS ZHWT, XU Y 74 —IVT 4 V7% UK TET VAR T B HHE
2D WTHIHIY 5. RESPACK T, M EER D Uyn (R, w) B & CERZILFLSY T (R, w) XA O & 5 2
ATHEZLHNS:

Upnn(R,w) = / dr/ dr'w}, o (L) Wpme ()W (r, v’ w)w} g (Nw,r (1),
\%4 \%4

(R, w) = / dr/ dr'w}, o (v)w,r ()W (r, v’ w)w}g (v )wme(r).
\%4 \%4

ZIT,V IR OB, wir(r) EEL R O BHOY =TS W, ', w) Rk — 0 VML & 2 h TR
KT UT,w=0DKRIDAEEET 5. ZOK, “HKHEFEHEZONINV =T VEUTOREATEA SN
5
1
Hing = 5 Z Z Z |:Umn (Rij)ij—mﬁc;r‘n’pcjn,pcim,a
op i mm

(A i . . i 1 ) )
+ Jmn(Rij) (€l o Cn. pCim,pCin,o + Cz‘m,acim,pcampcan,o) )

7EU Ry =R —R; L7 22T, mVMC 8 & HE TR, ¢f ¢l cpprer,or OBOFIEAFEH D AT IZHIE
LTWARWED, RO XS ITEEMA NIV =T U TEHIND
Hint = Z Umm(O)nim,Tnim,L + Umn (Rij)nimnjn
iym (i,m)<(j,n)

= Y Ton(Riy) (M 47t + N Mg L)

+ Y TR (e el Cim e+ hec)
(i,m)<(3.n)

+ Y Jmn®a)(ch, sl inicing +he).
(i,m)<(3.n)


https://sites.google.com/view/kazuma7k6r
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B+E T VIEBLF @O Hamiltonian TEHI NS :
H = Z [t'm" (RU) - ta(gl (RZ])] szo'cjna + Hintv (Bl)
m,n,t,J,0

7272 U, tPC(R,;) B —KIEOHIE % % L,

>r'mn

tn (0) = AU (0) Dy (0) + Upin(R) D (0)
(R,n)#(0,m)
—(1=0a) Y Jun(R)Du,(R),
(R,n)#(0,0)
1
E5(Rij) = 5 Jmun(Ris) (D (Rji) + 2Re Dy (Ry:)]) ®-2)

1

- §Umn(Rij)Dnm(Rji)v (Rijam) 7& (0, n),

Dyn(Rij) = Y <ijvcj"">xs ’

[ea

ThzoNn5. 22T, D0 (0) 1IMEFERT v ¥ vy L OMIEHE, tPC(R,;) & Fock BICH T 2 EHAZRT. Zho
BB 2 RSB R TNV VT 4 v T 2T 5028 AI N, A7 a > T ON/OFF O] b &2 WS fEiz e -
TW5., £z, EHEMD Uy (Ryy) B KOS o0 (Rij) 2ENEN A, A\ R LIHARITT 2720087 A -2 %
AEIhTW5.

B.1.1 £

QuantumESPRESSO % U < 1 xTAPP % i\ T Kohn-Sham #ili& % W72 D 5 12, RESPACK C Wannier B%K, %
B, BRIMEERZEEL, TN 52 HVWTHE L& TET L E mVMC £ UL IZ HO TEHET L. LdioT
TNo6DTa s T LAVMEAREETHELELH B,

B2 Fa—NUT7I

ZDF a— VU 7T Sr,CuOs K12, 1 ¥R5¢ 1 #i Hubbard € F)LIZ X > 7 4 —)L K L, HPhi/mVMC Tt
BT BETOEHDTENZ R T . DFT 545 1% QuantumESPRESSO Tf75. A1 7 7 1 )Vid samples/Wannier/
Sr2Cu03 714 L7 b IZH .

B, EROMETIILBEIZNL, EYNMN—DANT7 7 A NVEERZRTETSE. AT 74 NVOFEMIOWTIE, &Y
NN—DI=aTIIVEBEIITEI L.

B.2.1 EHBED SCF &t

£9,DFT IZ X 2 EME LD SCF G H %2175

scf.in

164 ft$% B Wannier A RB W =99V T+ —IT4 VT


http://www.quantum-espresso.org/
http://xtapp.cp.is.s.u-tokyo.ac.jp/
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&CONTROL
calculation = 'scf'
pseudo_dir = '../pseudo'
prefix = 'sr2cuo3'
/
&SYSTEM
ibrav = 0
nat = 6
ntyp = 3

ecutwfc = 30.000000
ecutrho = 240.000000

occupations = 'tetrahedra_opt'
/
&ELECTRONS
mixing_beta = 0.3
/

CELL_PARAMETERS angstrom
-1.749305 1.955690 6.351200
1.749305 -1.955690 6.351200
1.749305 1.955690 -6.351200

ATOMIC_SPECIES
Sr 87.620000 Sr_ONCV_PBE-1.0.upf
Cu 63.546000 Cu_ONCV_PBE-1.0.upf
O 15.999400 O_ONCV_PBE-1.0.upf

ATOMIC_POSITIONS crystal
Sr 0.851940 0.351940 0.500000
Sr 0.148060 0.648060 0.500000
Cu 0.500000 0.000000 0.500000
O 0.654110 0.154110 0.500000
O 0.345890 0.845890 0.500000
0 0.000000 0.000000 0.00000O

K_POINTS automatic
4 44000

AR T > v ) (UPF 7 7 4 V) I& The SG15 Optimized Norm-Conserving Vanderbilt (ONCV) pseudopotentials @
E0EMS. EFT LI M)DELIZ pseudo T4 L2 MY RER LT, 222D 3.

http://www.quantum-simulation.org/potentials/sg15_oncv/sg15_oncv_upf_2015-10-07.tar.gz

SCF &2 1% QuantumESPRESSO WD 70 75 I pw.x ZfHS.

S pw.x —-in scf.in

B.2.2 (Optional) /N> REHE & #E

band.in

B2. Fa—htU7I 165
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&CONTROL
calculation = 'bands'
pseudo_dir = '../pseudo'
prefix = 'sr2cuo3'
/
&SYSTEM
ibrav = 0
nat = 6
ntyp = 3

ecutwfc = 30.000000
ecutrho = 240.000000

nbnd = 35
/
&ELECTRONS
/

CELL_PARAMETERS angstrom

-1.749305 1.955690 6.351200
1.749305 -1.955690 6.351200
1.749305 1.955690 -6.351200

ATOMIC_SPECIES
Sr 87.620000 Sr_ONCV_PBE-1.0.upf
Cu 63.546000 Cu_ONCV_PBE-1.0.upf
0 15.999400 O_ONCV_PBE-1.0.upf

ATOMIC_POSITIONS crystal

Sr 0.851940 0.351940 0.500000
Sr 0.148060 0.648060 0.500000
Cu 0.500000 0.000000 0.500000
O 0.654110 0.154110 0.500000

O 0.345890 0.845890 0.500000

O 0.000000 0.000000 0.000000
K_POINTS crystal

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

50

.5000000000
.4994075000
.4988150000
.4982225000
.4976300000
.4970375000
.4964450000
.4958525000
.4952600000
.5337666667
.5722733333
.6107800000
.6492866667
.6877933333
.7263000000
.6810400000
.6357800000

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

.5000000000
.5005925000
.5011850000
.5017775000
.5023700000
.5029625000
.5035550000
.5041475000
.5047400000
.4662333333
.4277266667
.3892200000
.3507133333
.3122066667
.2737000000
.3189600000
.3642200000

.5000000000
.4428337500
.3856675000
.3285012500
.2713350000
.2141687500
.1570025000
.0998362500
.0426700000
.0811750000
.1196800000
.1581850000
.1966900000
.2351950000
.2737000000
.3189600000
.3642200000

e e e e T

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

166
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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

.5905200000
.5452600000
.5000000000
.3333333333
.1666666667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0426700000
.0811750000
.1196800000
.1581850000
.1966900000
.2351950000
.2737000000
.2280833333
.1824666667
.1368500000
.0912333333
.0456166667
.0000000000
.0833333333
.1666666667
.2500000000
.3333333333
.4166666667
.5000000000

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

.4094800000
.4547400000
.5000000000
.3333333333
.1666666667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0426700000
.0811750000
.1196800000
.1581850000
.1966900000
.2351950000
.2737000000
.2280833333
.1824666667
.1368500000
.0912333333
.0456166667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

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

.4094800000
.4547400000
.5000000000
.3333333333
.1666666667
.0000000000
.0625000000
.1250000000
.1875000000
.2500000000
.3125000000
.3750000000
.4375000000
.5000000000
.5047400000
.4662333333
.4277266667
.3892200000
.3507133333
.3122066667
.2737000000
.2280833333
.1824666667
.1368500000
.0912333333
.0456166667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

e e e e e e e e e e T e e T e T e e T e e e e T Y e W = S S S S S S S S S Y

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

&BANDS

prefix =

lsym =

.false.

'sr2cuo3’

QuantumESPRESSO ® bands.x &f#5.

B2. Fa—htU7I
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$ bands.x —in bands.in

H 71X 7z bands . out . gnu % GnuPlot 72 ¥ T

B.2.3 Kohn-Sham # @ D:t&

SAATHNY REHEL.

nscf.in
&CONTROL
calculation = 'nscf'
pseudo_dir = '../pseudo’
wf_collect = .true.
prefix = 'sr2cuo3'
/
&SYSTEM
ibrav = 0
nat = 6
ntyp = 3

ecutwfc = 30.000000
ecutrho = 240.000000

occupations = 'tetrahedra_opt'
nbnd = 35

/

&ELECTRONS

/

CELL_PARAMETERS angstrom
-1.749305 1.955690 6.351200
1.749305 -1.955690 6.351200
1.749305 1.955690 -6.351200

ATOMIC_SPECIES
Sr 87.620000 Sr_ONCV_PBE-1.0.upf
Cu 63.546000 Cu_ONCV_PBE-1.0.upf
O 15.999400 O_ONCV_PBE-1.0.upf

ATOMIC_POSITIONS crystal
Sr 0.851940 0.351940 0.500000
Sr 0.148060 0.648060 0.500000
Cu 0.500000 0.000000 0.500000
O 0.654110 0.154110 0.500000
O 0.345890 0.845890 0.500000
O 0.000000 0.000000 0.000000

K_POINTS automatic
444000

ZZTHpw.x 2ffi5.

168
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$ pw.x —in nscf.in

RIZ RESPACK IZff @D 1 —F 1 V) 5 1 — ge2respack.py Z{# 5. 51T [prefix].save T4 L Z bV 4.

$ ge2respack.py sr2cuo3.save

B.2.4 Wannier FE#, FERE%, BWHEEEROEE

respack.in

&PARAM_CHIQW
Num_freq_grid

Il
=

'Ecut_for_eps
flg_cRPA =1

/
&PARAM_WANNIER

N_wannier = 1

Il
= o
w

Lower_energy_window
Upper_energy_window
N_initial guess =1
/

dx2 0.2 0.500000 0.000000 0.50000 0.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 0.0
&PARAM_INTERPOLATION

N_sym_points = 10

!dense = 20, 24, 28

/

0.50000 0.50000 -0.50000
0.49526 0.50474 -0.04267
0.72630 0.27370 -0.27370
0.50000 0.50000 -0.50000
0.00000 0.00000 0.00000
0.00000 0.00000 0.50000
0.04267 -0.04267 0.50474
0.27370 -0.27370 0.27370
0.00000 0.00000 0.00000
0.50000 0.00000 0.00000
&PARAM_VISUALIZATION
flg_vis_wannier = 1,
ix_vis_min = -1,
ix_vis_max = 2,
iy_vis_min = -1,
iy_vis_max = 1,
iz_vis_min = -1,
iz_vis_max = 2

/

&PARAM_CALC_INT

calc_ifreq =1

B2. Fa—htU7I 169
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ix_intJd_min = -1
ix_intJ_max = 1
iy_intJ _min = -1
iy_intJ max = 1
iz_intJd_min = -1
iz_intJ_max = 1

/

RESPACK @ 712 Z s calc_wannier, calc_chiqw, calc_j3d, calc_w3d Z2f#5.

calc_wannier < respack.in
calc_chigw < respack.in

calc_w3d < respack.in

wr r A

calc_j3d < respack.in

ZNIZE Y, RESPACK IZ & > THAHENZHR Yy EVZED T 7 A )VH, Wannier90 DR T dir-model T 1 L
7 M DI E 5. (RESPACK D/N— 3 > 20190227 BART T, dir-mvme T4 L2 k1)

B.2.5 HPhi/mVMC I & 2 ET7 L&t E

HPhi/mVMC DA X v X —RKE—RKZ2FHTBEI LT, dir-model D7 7 1)V ZimAAATE Y LZETIVDEE
MTEL, BWIZ dir-model MFD 7 7 A V—R%E, EITTE53T4 L2 MVICBLEZH LIZ, AR VA —RE-FK
TEHEETE2TZIEL V. Hl21E, HPhi OBSIEMUTOa< Y 2O L THENEITI NS (mVMC THIFIF
[AAK).

stan.in

model = "Hubbard"

lattice = "wannier90"

[ee]

alw =
a0l =
alh =
alw =
all =
alh =
alzw =
azl =
azh =
method = "TPQ"

nelec = 8

o O B O O o O

exct =1
cutoff_t 0.5
1.0

0.02

cutoff_u

cutoff_j
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S cp ./dir-model/* .
$ HPhi -s stan.in

B3 X9V —RE—RDODAANTA—4—

UTRIZARIZ 74 VORI %RT.

stan.in

model = "Hubbard"
lattice = "wannier90"
alw =
a0l =
alh =
alw =
all =
alh =
azw =
azl =
azh =
method = "CG"
2S5z = 0

nelec = 4

O O P DM DM O DN O DN

exct =1
cutoff_t

Il
[\]

cutoff_u

Il
—o

cutoff_j = 0

Wannier B2 W2 R0V 74—V T 4 VIRFE DT A =X —FHEIIIRDOED TH 5.

- T

— lattice = "wannier90Q"

o MU AEED T A=K

- W, L, Height

= s AREL

FREA : BYEDQ ROV 2 HEET 5.

- a0w, aOL, aOH, alw, all, alH, a2W, a2L, a2H

Bt B

SREA: T EIBET S 3 ARDRY MV (dy,d1,02) 2FET S, TNSE5DRT MVIFEEDAHENR T b

V7% L ¥ U 72 i (Fractional coordinate) THEE XN 5.

B3. X9V —RE—RDAHNRSTA—4—
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o BIMETU A XEEDIT A —XR
— Wsub, Lsub, Hsub
B : AR 7 7 4 )V b Tl Wsub=W, Lsub=L, Hsub=Height &7 3.

#t8 : mVMC TO AR RE. 23 BB O X T HUEH D IZHAIE F 2 R 272D D/INT A=K T,
A FOY A X2 525, TORELLVARERRFICEALAVWGEEIZR TR I L% TT5.

— a0Wsub, aOLsub, aOHsub, alWsub, alLsub, alHsub, a2Wsub, a2Lsub, a2Hsub

R : HARAK T 7 x) b Tl aOWsub=a0W, a0Lsub=a0L, a0Hsub=a0H, alWsub=alwW,
alLsub=all, alHsub=alH, a2Wsub=a2W, a2Lsub=a2l, a2Hsub=a2H &1} 5.

SHEA: 2O DRI A =X —DI/EDL T a0W, a0L, a0H, alW, all, alH, a2W, a2L, a2H & [k
TH5. 72770, TDHER VDRI FIZEELRWEEIZRTa 70 %2KT7T 5.

o HEMEHDHIFEBE T A —X

- lambda_U

T s SEEC(0 BAE)

TI7AIME:1.0

J—BUVBADRES % \y FICUTHET S5 X -4,
- lambda_J

B s FEB(O BLL)

TI74IME:1.0

KRR DREI 2 N\ FICUTHET 287 A -4,
— lambda

T s SEEC(0 BAE)

TI74IME:1.0

7= VR, KD DRES 2 MECUTHET ST A=K Ay, Ay DERINTWIEGE
2k, 25 oD EET 5.

— cutoff_t,cutoff_u,cutoff_3j
B EE
TI7 A4 NME:1.0e-8
Ry ¥y s, r—a U, RERSIIN LT, ZhE D NS W EE T 5.

— cutoff_ tW,cutoff_ tL,cutoff tH
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— cutoff_ UW, cutoff_ UL, cutoff_ UH
— cutoff_JW, cutoff JL,cutoff JH
o=« B

F 7 4 ) b E cutoff tW = int ((W-1)/2), cutoff tL=int ((L-1)/2),
cutoff_tH=int ((Height-1)/2) HEEEIN B (772U, W, L, Height BEEINT
WRWEET 0). 2PN 0.

v ¥y, Coulomb B4, RIBFIZH LT, TNSDEEZBZ BN PV R 2FD>H D%
BT 2L5129 5.

— cutoff_length_t,cutoff_length_U,cutoff_length_J
B EEL
T 74 ME: cutoff_length_t = -1.0(TRTOLYYDIEZED), ThlIsME 0.3.

Fy ¥, Coulomb By, RS IZH LT, ZOHMEZHZ 2L 02T 5. iy =—H4
BOPDEEEE B F R Mo I NS,

o —RMIEICET ST A =&

—RFHIETIE—REICN U T FRDEHEZZ LI 22T, WA BIBORXTINVAY VT v T %EITZ 2
LIHREE 0B,

t?zcrjn(o) = aUpmm(0)Dym (0) + Z Upn(R) Dy, (0)

(R,n)#(0,m)
—(1=0a) Y Jun(R)Du,(R),
(R,n)7#(0,0)
1
£ (Rij) = 5 Jn(Ris) (D (Rji) + 2Re[ D (Ry:)]) ®-3)
1
- §Umn(Rij)Dnm(Rji)v (Rijam) 7& (Oa n),

Dyn(Rij) = Y <CZTWCJ'"">KS ’

[ea

Z 2T, HB—IHZ Hartree #fi1E. %6 —JHIX Fock filE%2 K3 . a T4 V1 NHEEHOFES 2H|HET 55
A—REFRT.

— doublecounting
= : char %!
T 7 #JU ME : none

none: —KHHIEZ4TH 7%\, Hartree U: 7 — 8B VIS Upy DA% % & L 7= Hartree filE 21T .
Hartree: JE% ® Hartree ffiiE%217 5. full: Fock b & A 7Z—KHHIE%21T 5. BTHEE Dpyj; 12
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XU Tl RESPACK TH I U7 EIZEH9 5 7 7 1)V [CDataFileHead]_dr.dat iZit#&k I H
7z T 5. 727U, [CDataFileHead] dr.dat T, Y1 b7 b ODEBMEIBH XN
TWE7-®, BRIEEIZAE VRFESR LW ERE LA L T W5,

— alpha
B K
T74INE:0.5

—RHED S B, AV A MHEEHOFGZ2HHETENATIA X (0 < a<]).

B4 774)IL7x—<v bk

HPhi/mVMC DA X v B —FRE—RTRUTD T 7 A VEGERAL. TS50 7 71 )LIiE RESPACK ® 7u 7 5 A
#FETITDHE,dir-model 7«4 L2 FVJIZ [CDataFileHead]=zvo & ULCHEHE XN 5.

B.4.1 VA XN —

7 714 0V#1E [CDataFileHead] _geom.dat. 2D 7 7 A )V EBEIZHG U TEIET 5 Z & THLY S #Ek %
BEHTE5,

-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
MERENENZ NV, TV b EEE R T BAT.
. 417H

mVMC/HPhi THUD A5, 2= bV H 7z D OBEE. Wannier O L D D0 T5Z 2 H
ThHY, ZOEBEITIZETED S Z 0RO EITOWEEZ IO ANEZET VI HEEINDS.

o 517HARE

Z#3E D Wannier H1b (7 7 2 ¥ a FIVEERE). Fourier 21y — )V Cflibi b, b, ZZITEHRI N
Wannier BIZXDIEHZ LS, BLTFD 4 DD 7 7 A )LD Wannier D1 > F v 7 212t 5.
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B.4.2 v EYZ, Coulomb &y, RiED, EREE

7 74041 [ChataFileHead]_hr.dat, [CDataFileHead]_ur.dat, [CDataFileHead]_jr.dat,
[CDataFileHead]_dr.dat. Wannier90 Ok v ¥ 75 OFRICH S (FEMIE wannier90 @ user_guide D
8.19 seedname_hr.dat 2D I 2).

wannier90 format for mvmcdry

8
343
1 1 1 1 1 1 1 1 1 1 1 1 1
-3 -3 -3 1 1 0.0004104251 -0.0000000000
-3 -3 -3 1 2 0.0001515941 -0.0000000006
-3 -3 -3 1 3 -0.0001515941 0.0000000002
« 147H
T7ANANY X
* 2 17H
Wannier BIED %K.
* 317H

A== D nrpts .
* 4 17- 5 +int(nrpts/15) 17

B A== )T OMHRE (EARITIE 1),
* 6 +int(nrpts/15) 17 -

13 U A==V DEFRT b b, 4 5 H D D Wannier JoED 1 VT v 7 A, 5 FIHBA——% )L
@ Wannier JLBD A > 7 v 7 A, 6 FIHPEBUE, 7 FIH P EBEEZ T TG 2 5.

B.5 Contact

ZDA=FT A4 VT AIZOVWTDOIER, ZHM, AHEEDHD LS FRRETBHVADEI LI W,

EEN A

mkawamura_at_issp.u-tokyo.ac.jp

_at_ & QIZAERTLSEI W
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