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5.1 What is HPhi++?

5.1.1 HPhi++ O OO
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* Mac + gcc

5.2 How to use HPhi++

521 00O

HPhi++ OO0 OO0O00O0OO0O0O0O0OOO0OOOOOOOO

s CHortran 00000 (OOOOODOOOOGNUDOO)

BLAS/LAPACK O OOOO (D000 MKL,OOO,ATLASO0O)

MPIOOOOO MPIDOOOOOOOOOOOOOO0O00)

ScaLAPACK OO O0DO (D0O000D0O00D0OO000O0DO0OO0ooog)

MAGMAOOOOO(@OOOOODODOOODOOOOOOOOOoOoOOo)

gobooe:

O/intelDOOOOOOOOO
intel 00000000000 QCO0O0OOO0OOOO0O0OOOO0ODOOO0ODODOOU0DOOOODOOOOO
64000 OSObashOOOOODOODODOO

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

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

OO0~/.pashrceOOOODODOOOOOOOOOOOOODOOOOOOOOOOOOODOOODOOOOOO
ooo

522 00000000

HPhi++ D000 0O00O0O0OO0OOUOOOOO
https://github.com/QLMS/HPhi/releases

gobodobbooboobbooobuooboboooboon
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$ tar xzvf HPhi-xxx.tar.gz

HPhi++ 0O cmake 00 00000000000 OOO

oooo:

sekirei 0 cmake 0 0O O OO0
source /home/issp/materiapps/tool/env.sh

goboobboobooboooobd

HPhi++ 00 0000000000000 $PathTohphi 000000000 O 0O$HOME/build/hphi (OO0 D OO O
oooO0)oooOoooo

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

make

goooObooooobbbi0o0oobb0o0ooo0oDbDb scalAPACK DD DD OOOODOD
-DUSE_SCALAPACK=ON D 000000 cmake 00000000000 OOOOOOS$SHOME/build/hphi O
O0sc0000000000O00OODOO0ODOO HPhi++OODOOODOOOODOOOODOOMPIODODOOODO
oooooOooMPIOOOOOOOOOCOODOOODOO

goboobbdg gecObooboonoboobbooboboobboooboo
e sekirei: 000OODOODODO B” sekirei”
e sekirei_acc: 000000000 B” sekirei” (MAGMAOOOOOOOOOOOO)
e fujitsu:J0ooooog
e intel:intel00000O + Linux PC
¢ gcc : GCC + Linux PC

0000000000000 00O0U0D0OOH”Phi++ 00000000000 O0OO0OOOO0OOO0OO (intelODO
oooooo)o

mkdir ./build
cd . /build
cmake —-DCONFIG=intel ../

make

OO00O0ObuildOOO0O0000 scce00000O0DOOOOHPhi++0 scce0000000O00000O0O0O0ODOODO
0000000000000 0O000000000IdO000000000000000000000BD0OD
OOOCOOOOOOOOoOoSSE20000000000O0cmake 00000000 -DHAVE_SSE2000000O
oooo.

5.2. How to use HPhi++ 9
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523 000000gd

HPhi-xxx.gzOOOOOOOOOOOOOOOODOOOODOOOODOOO

| -——CMakelLists.txt

| -——COPYING

| -—config/

| |-—fujitsu.cmake
| ——gcc.cmake
|-—intel.cmake
| -——sekirei.cmake
| -—sekirei_acc.cmake

-—doc/

| -—en/
| —=3p/
| -—fourier/

\

\

\

\

\

\

\

\

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

| -—src/

\ |==*.c

\ | -—CMakeLists.txt

\ |-—include/*.h

\ | -——makefile_src

\ | -—StdFace/

| -——test/

| -——tool/

524 0000000

HPhi++ 00 000000000000 0O0O0O0O0O0O0OOD2000000000000000000000D00
gbobooooooboobobobooooooooboboboboooooooobogoo

oboobooooon
goboooobooboobobooboooboon
l.opoooooooooon
obooboooooboobobobobooooogoo
2. 0000000000000 000D000O0

0000000000000 000O0O00DCO00b0OO0OO0DO (Heisenberg OO OO Hubbard OO
O)oooD(@oUoooO)H)ooooooooooDoOoooDoUoooooooD (Moo -000o000

10 O 50 Contents
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0000000000000 00D0)00000 (LanczosOOTPQUOOO)ODODOOODOO ODOODO
OO0 Howtouse HPhi++ 000000000 OOO

3.00

-s" --standard” 000)000000000000001000O0O0C0O0O0O0O0O0OC0OOOO
O0HPhi++0O0ODODOOO

«000O/OpenMP OO ODODO
$ Path /HPhi++ -s Input_file_name
s MPIOO/OOOOOOOOODODO
$ mpiexec —-np number_of_processes Path /HPhi++ -s Input_file_name

goobooobbooboboobooobobooboobobooboobDbooboobbooboobbo
gboboooooooooobooboboboooobooboobooboboboboboooooooDoo
gogoobooboooboobbbobobobobobooooooooooooooooobobobobbbbbbboOoo
gooboooo boboboooon

4. 0000

coooboooocoboooutputOd0OoOoOOoOOoOOOO0OOCOOOO0OOODOOOOCODOOOCOODn
oooboo oooboooooboobooooboooo

5.0000

ooooboooobooodboocoodboutputd0OO0O0O0OO0O0O0O0O0OO0O0O0O0O0O0OO0OOO
coobobooooocoobooooboooobooobo boOoobooOoooon

goooe:

OpenMP OO0 OO0O0O0OO
0000 OpenMPOOOOODOOCOODOOOODOO
HPhi++ OO O O0DO0O0000O00D0OO0O0O0O0O(160000000)O

export OMP_NUM_THREADS=16

ooooooooon
ooboooooooooboocooobobocooboooon
1. 00o0o000ooooo0o

0000000 @uUobooo)bobogdobooU0Uoooooooogoo

5.2. How to use HPhi++ 11
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2. JO0ooOooooooo

coooOooooocooboooooOoOoOooOoocOoOoOOoO0O0oObOOoOobOOoO0OobOOOoOoOoOboOoOoon
oobjooooooooooooooooboobooboOoboOOoooooobooooboOooDbOooD
ooooboooobboooboooooon

O0e:

000000000000 00000000000 StdFacedef 000000000000 D0OOOOOODOO

3. 00O

-e” (* ——expert” 000)0000000O0O0O0O0OOO200000000000000000
goooOoOooOoOoOobo HPhi++OOOOOOO

e 0000/OpenMP OO
$ Path/HPhi++ —-e Input_List_file\_name
e MPIOO/OOOOOOOO

$ mpiexec -np number_of_processes Path/HPhi++ -e
Input_List_file_name
cbooooooooooooooooooobooOoooooooooooooooon
oooooooooooOoooooooo

4. 0OOOO

gbooboobobboutputd00obOO0o0obO0oO0bOOO0O0O0OOO0OO0ODODOOODOODOODO
oooboooobdob ooboobobobooo

5. 0ooo

oooobOooocobDooooboocoodboutputOOOO0O0OD0OOO0COCOOOOOOOOOOODO
oooboooooooooooobo oobooooob booobooooooo

gooooooo
MPIOO/0000000000D00D0O0OO0O0O0O0O0O0O0ODOODODOO0OO0ODOODOODOOO
1. Standard O O O
e JO000O0O0OO0O0OOO

00000000000000000 model="Fermion Hubbard", "Kondo Lattice",
"Fermion HubbardGC"ODDODODOOOOOODOO 4" D0D0O0O0O0OO0OO0OO0ODOOO0OO0O0OO0O

12 O 50 Contents



HPhi++ Documentation, J 0 0O 3.2.0

e JOonono

U00000b00b0000dbD0O00 model="sSpin","sSpinGC"UOOOOOOODOODOO 2S5
OO0000o00ooooo es+H)y*oo000ooodooooooo@ooooon 2s=nH0

2. Expert 0 OO
e J0ODOO0ODbOODODO

CalcMod D000 O CaleMod D OO 0O0ODOCalcModel OO0 fermion Hubbard O O 0O 0O O O
0000000000000 000 4" 0000000000000 oag

e JOonono

CalcMod 0000 O CaleMod D00 O0O0OCalcModel DO0OOOOO0OOOODDOODOOO
LocSpin 000000 O LeeSpin 000000000 OOOODODOOOODODODOODOOOODOO
OooooooooooOoOOoOOoO0O0oOoOooooOOboO0OO0OO0oO00O00 es+)ooooooo
ooooooo

OO000LecSpinC0 0000

NlocalSpin 3

000000000000000000002=141,6=2x%x(241),24=6x(34+1)000000

oooboooooog
O0000-vO0O0O0O0OO0O0O0OO0 HPhi++0OODO0O0O0,000000000000000000000
$ PATH/HPhi++ -v

53 0000000

531 000oooood

Heisenberg 0 O

goboobooobbooboobo

53. DOOOOOO 13
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samples/CG/Heisenberg/

O0O0O0OO0OOOHeisenberg OO OO0OOOOOOOOOOOOO

samples/CG/Heisenberg/stan.in

00000000000 20000000 HeisenbergO (0000000000000 O0DO0O0O0O0OOO0OO)
ooooooo

4
H=J (S S+ - Sijras)

4,j=1

0000000000 (S15=8;=951;)00000000000000OO0OOOODOOOOOOOOO

model = "Spin"
method = "CG"

lattice = "square"

oooooooooo J=1(@UOoo)ooooooog leoooood

Log OO

OOo0o0oOO00oOoOoOooOoOopoooO0 "output" 000000000000 OoOoOODODOODODODODDOODODODODO
gbobooooooboooboboboooooooobobobobooo

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

000000000 00D0O0O00 CHECK ChemindatOOOOODOOO

ooooooooooo{MPIODO/OO0OOOO0O0OOOO0ODOOOOOOOOO)ODO00ODO0OO0O:

$ Path/HPhi++ -s stan.in

, ammmmmmmmmmmmmmb, , Welcome to the
, @@ dm mb ===m
, @@ dERREREREQREQREEEERb Pm, Q@ Qe Q@
d@ dRER @RR @RRERERR @RRERb ~Ra @@ Qe @erreeee
de @RERE@ """ QEREE@ m m Q@@ @, eea @@ @ee @@ @ee

@ @@QRQ_@QRQ_QRQREEmm mmEE@ @] @@mmmmmmmmmm@e Q@ Q@ @@
pP@ oQEEEEREEQEEREEQRrEEQEP @~ QQREEREEEQEEEEEQEE@ @@ Q@ @@

(ooooooo)

14 0O 50 Contents
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(ooooooooon)

Qe ~~9@Q@QREERPPP~ @p @@ @@ @ee @@ @ee
~@@b @ereeee , @@~ Qe Qe @eeereee
~@Q@@m, ,QEEEQREEREE ,m@~" Qe Qe @@
~~oQeeereree ~
9@P~~~9@P Version 2.0.3
#H#### Parallelization Info. #####
OpenMP threads : 1
MPI PEs : 1
###4#44# Standard Intarface Mode STARTS ######
Open Standard-Mode Inputfile stan.in
KEYWORD model | VALUE Spin
KEYWORD method | VALUE CG
KEYWORD lattice | VALUE square
KEYWORD : w | VALUE : 4
KEYWORD : 1 | VALUE 4
KEYWORD : J | VALUE 1.0
KEYWORD 2sz | VALUE 0
#H#####+ Parameter Summary H#H###HFHFH
@ Lattice Size & Shape
a = 1.00000 ####4#%# DEFAULT VALUE IS USED
Wlength = 1.00000 ##444#4% DEFAULT VALUE IS USED
Llength = 1.00000 ##444#4% DEFAULT VALUE IS USED
Wx = 1.00000 ####4#4%# DEFAULT VALUE IS USED
Wy = 0.00000 #####4 DEFAULT VALUE IS USED
Lx = 0.00000 ####4#4# DEFAULT VALUE IS USED
Ly = 1.00000 ####4#4 DEFAULT VALUE IS USED
phase0 = 0.00000 #####4# DEFAULT VALUE IS USED
phasel = 0.00000 ####4#4 DEFAULT VALUE IS USED
@ Super-Lattice setting
L =4
W = 4
Height =1 ###### DEFAULT VALUE IS USED

Number of Cell = 16

@ Hamiltonian

#HEHHH
#HEHHH
#HEHHH
#HEHHH
#HEHHH
#HERHH
#HERHH
#HEHHH
FHEHHH

EEE S

(ooooooo)

53. DOOOOOO
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(00D0O0OoDOoooo)
h = 0.00000 ###### DEFAULT VALUE IS USED ######
Gamma = 0.00000 ###### DEFAULT VALUE IS USED ######
28 =1 ####44 DEFAULT VALUE IS USED ######
D = 0.00000 ###### DEFAULT VALUE IS USED ######
JO0x = 1.00000
JO0y = 1.00000
J0z = 1.00000
Jlx = 1.00000
Jly = 1.00000
Jlz = 1.00000
@ Numerical conditions
LargeValue = 4.50000 ###### DEFAULT VALUE IS USED ######
###4#44# Print Expert input files #####4#
locspn.def is written.
coulombinter.def is written.
hund.def is written.
exchange.def is written.
CDhataFileHead = zvo ###### DEFAULT VALUE IS USED ######
Lanczos_max = 2000 ###### DEFAULT VALUE IS USED ######
initial_iv = -1 ###### DEFAULT VALUE IS USED ######
exct =1 ####4#+# DEFAULT VALUE IS USED #####4#
LanczosEps = 14 ###### DEFAULT VALUE IS USED ######
LanczosTarget = 2 ###### DEFAULT VALUE IS USED ######
NumAve = 5 #4444+ DEFAULT VALUE IS USED ######
ExpecInterval = 20 ###### DEFAULT VALUE IS USED ######
NOmega = 200 ####44# 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 ######
2S5z = 0
modpara.def is written.
@ Spectrum
SpectrumQW = 0.00000 #4#4#44 DEFAULT VALUE IS USED ######
SpectrumQL = 0.00000 #4#444 DEFAULT VALUE IS USED ######
SpectrumQH = 0.00000 #4#444 DEFAULT VALUE IS USED ###4###
SpectrumType = szsz #4#444 DEFAULT VALUE IS USED ######
pair.def is written.
@ CalcMod
Restart = none ###### DEFAULT VALUE IS USED ######

(ooooooo)
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(ooooooooon)

InitialVecType

EigenVecIO
CalcSpec

calcmod.def is

ioutputmode

greenone.def is

greentwo.def is

namelist.def is

FHEHHH

Read
Read
Read
Read
Read
Read
Read
Read
Read
Read

A

Read
Read
Read
Read
Read
Read
Read

#HEHHH

Input files

File
File
File
File
File
File
File
File
File
File

e}

none

none

#HEHHH
#HEHEH
#HEHHH

written.

1

#HEHHH

written.

written.

written.

are gen

'namelist.def’'.
'calcmod.def' £
'modpara.def' f

'locspn.def' fo

'coulombinter.def’

'hund.def' for

'exchange.def'

'greenone.def’

'greentwo.def'’

'pair.def' for

DEFAULT VALUE
DEFAULT VALUE
DEFAULT VALUE

DEFAULT VALUE

erated. ######

or CalcMod.
or ModPara.

r LocSpin.

Hund.

for Exchange.
for OneBodyG.
for TwoBodyG.

for CoulombInter.

PairExcitation.

Definition files are correct.

File
File
File
File
File
File
File

Indices and Parameters of Definition files (x.def)

'locspn.def'.

'coulombinter.def'.
'hund.def'.

'exchange.def'.

'greenone.def'.

'greentwo.def'.

'pair.def'.

MAX DIMENSION idim_max=12870

APPROXIMATE REQUIRED MEMORY

s A

max_mem=0.001647 GB

##444#44 MPI site separation summary ####44#

INTRA process site
Site

0

S N

Bit

NDNDNDNDN

IS USED
IS USED
IS USED

IS USED

#HEHHH
#HEHHH
#HEHHH

#HERHH

are complete.

FHERHH

(ooooooo)

53. DOOOOOO
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(0o00ooo0ooon)

0 J o Ul

10
11
12
13
14
15

D NDNDDNDDNDNDDNDDNDND NN

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# 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.
###### 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
#H####  End Calculate Lanczos EigenValue. ######

(ooooooo)
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(ooooooooon)

###### End : Calculate Lanczos EigenVec. ######

i= 0 Energy=-11.228483 N= 16.000000 Sz= 0.000000 Doublon= 0.000000

000000000000 0DOCO00D0O00DO0OO00O0DOO00 (Locspin.def,trans.def, exchange.
def , coulombintra.def, hund.def , namelist.def, calcmod.def ,modpara.def)000000
000000 DO0OODODOO0OO000000000 (greenone.def,greentwo.def)0000000000O0O
OO000o0oO00oooOoOoDoOoOoooOoooo

goboodgb

000000ooOooooo (LOBCG) O

O0000D0D0™"method="CG"'0O0000O0O0LOBCGOODOOOOOOODOODOLOBCGOOOOOOOODO

ooobooooboooobooooooooobooobo0oooooooooooboooobooooooboOoon
gooooOoooOooooooOo0ooooo00o0Oxxoooooooooooooooooono)o

zvo_energy.dat

zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4d.dat

O00O00O0O0000000d "greenone.def"d "greentwo.def' 00000 :

zvo\_cisajs\_eigen\_xx.datld zvo\_cisajscktalt\_eigen\_xx.dat

goboobobooboobobooboobbooboobboobboobbooboo

Lanczos O

Lanczos 00 OO ODOO0OODOOCOO0OODOOO0OODOOOODOODODODOOODODOODODOODOOOOD
gobobooooooo

zvo_energy.dat zvo_cisajs.dat

zvo_cisajscktalt.dat

0000000000000 Ogreenone.def Ogreentwo.def 0000000000000 DOO (nip) 00
000000000 (nienje) 000000000000 O0Lanczos 00000000000 00000ODOOO
0000000000000 00ODO00D0O00O0OO0Lanczos 0000000000 OOOOODOOODOOOD
OO0OOD0DOODDODOAccuracy of Lanczos vetorisnotenoughD O O 000 0CGUUOOOOOOOOOOOOOOO
0000000 0D0O0D00000 energy.dat, cisajs.dat , cisajscktalt.dat 0000000000000 0OOCODOOO
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TPQ D

OO0O0OO0O0O00O method = "TPQ"OOOOOOOTPQUOOOOOOODOOODOOTPQOOODODOOODODOODO
0000000000000 0000 (%200 n0000&&O0 TPQODOOODODODOOOOO)O:

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

zvo_cisajscktalt_set$%steps&s.dat

Norm_rand%%.dat 0 O 00 0 0000000000000 O0ODO0O0O0OO0OD0OO0O0O0 mnO00OD0O0O0OO0
0000000 UoouoooooooSS_rand%%.dat 00000 COOO0O0O0O0O0OO0DOOO0DODODOOODOOO
00000000000 wmnJ000000DO0ODODDODODODOODODODOOQOzvo_cisajs_set%%step&&.dat O
zvo_cisajscktalt_set%%step&&.dat 00 run 0000000000000 0OCOOO0O0O0OO0OODOOOOOO0OO
000000000000 0D0000000D00DO0DOO0D0O00 Norm_rand.dat, SS_rand.dat, cisajs.dat, cisajsck-
altdat 000000000000 DOODOODOOO

gooogo

Uob0000 method = "fulldiag"OUOO0OO0OOOO0O0OOOO0DOODODOOODODOOODOODODOOOO
0000000000000 00000000000 xxO0O0 000000000000 O00O0O)O:

Eigenvalue.dat zvo_cisajs_eigen_xx.dat

zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

Eigenvaluedat 0 0000000000 0OCDOOOODOOODOODODODAOOzvo_cisajs_eigen_xx.dat[d
zvo_cisajscktalt_eigen xx.dat 0 0 00 0000000000000 O000O00O000OO0OO0OOO0ODO0O0OO
00000000 Ozvo_phys_Nup4_Ndown4.dat, physical quantities 0 0 000000000000 O00OOODO
OOo0oOoOoOoOoOooOoOoOoOoOoOOoOoOOOO0O0OO0O0000 Eigenvalue.dat - cisajscktalt.dar 000000000000
ooooooo

gobodobboobooboo

samples/Standard/ 000000000000 O0COO0OOOOO0ODOOOOOOCOOOOOOOO
oobooooooOoooobObooboboo0o0oO00O0O0n0 rReADME.mdOOOOOOOO

532 00000000gd

oooooooooooboooboooooo
1.00000000O0

2. 000000000000
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3. Hamiltonian 0000000
4, 000O0O0OOOODOoo

gogboooboboobdoobobooobdooboooboobooboboobbobLDboobbooboboobboOoo
gbobooooooobooooboboboboooobooooooboobobobobobooooooo

gobooboobboon

O00000000000000000000 namelistdef 00 0000000000000 0O00000O00O0OO
0000000000 0000 KeywordOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOODO
oo0ooOooobbooooooo oobooooDo

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

gobooboogoon

oobooOooooOoocoobooobooOoOooOboOoOobOOoOoOoobooOooooOooOoon

ooooocooo

CalcMod OO OOOOOOOOOO(QODODO calemoddef) OO0 O0OO0OO0OO0OO0OO0OO0OOOOOOOOOOOOOO
gbobobooooobooooboboboboooobooooboobobobobobooon:

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

CalcModel 1

ReStart 0

CalcSpec 0

CalcEigenVec 0

InitialVecType 0

InputEigenVec 0
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CalcType DO O DOOODOOOCalcModel DO OOOOOOOOOOODOOOOOOOOOOOOOO LOBCGOO
000000000000 (@O0O00)000000000CalcModO OO O0O0O0O0OOOOOOOODODOODO

OOO0OOOO0OO0OO0OO0O00CaleModO0 0000000 CaleModD O OO OOOOOOCOO

goboobboobo

ModPara 00 0OO0OO0O0O0O0O0OO0O0 (DODO0O modparadel) D00 0OO0O0O0O00O0O0O0O0O0COOO0O0O0O0COOO
ooooooooo:

CDataFileHead
CParaFileHead

Lanczos_max
initial_iv
exct
LanczosEps
LanczosTarget
LargeValue
NumAve
ExpecInterval
NOmega
OmegaMax
OmegaMin

OmegaOrg

14

4.500000000000000e+00
5

20

200
7.200000000000000e+01

—7.200000000000000e+01

0.0 0.0

4.000000000000000e-02
4.000000000000000e-02

0000000000000 000000000000 S,0 Lanczos 0000 ODOOOOOOOODOOO

ModParaOO OO OOOOOOOOO ModPara DO OO ODODOOOOCOO

gooboooobgooo

LocSpin 000000000000 (OO0 locspndef) 0000000000 SOO0OO0OOOOOOOOO
oooboboooogoog:

NlocalSpin

16

(ooooooo)
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(0o00ooo0ooon)

oW N e
[ e N S S

LocSpin 00000000 LocSpin 00D OOO ODOOOOODOO

Hamiltonian O 0 O

0000000000000 OHamiltocnianOD 00 0000000000000 0O0O0 HPhi++OOOOOO
gobooooboobboobuooboboobooo
Séi):(CjTCiT_CLCii)/z
ng):czTcu,
S(_i):cglcm.

0000000000000 00 Hamiltonian D000 000000O000OO

Transfer0 O OO

Trans 000000000000 (DOOO zTrans.def) 00 0O 0O O Transfer 0 0 0 O 0 Hamiltonian

H+ = — Z tijo‘lo'2c;ro.lcjo-2.

1jo102

goboobbobobuooboobboobooo:

gooooooooooooooooooooooooooooooooooo 10 —O.5S§1)(S:1/2)DDD
oooooooooo,oooocdo —0.5/2(CIT01¢—CLCU)DDDDDDDDDDDDDDDDDDDDDDD
coooooooog

NTransfer 1

1010 -0.250
11110.250
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Trans OO OO O0O0OO0OODOODO Tens OO OO0 ODOODOOOOO

gobooobboon

InterAl D000 0O0O0D0OO00OO0O (@IOO0O zinterAlldef) 0000000 O0OO0OODODOOODOO Hamiltonian

_ § : § : - ot
H+ - Izgkl01020304ci01 CJO'QCko-SClO'4'

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

goboobbooboobboobooboboo

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

0000000000000 ¢0000++100000000000000D000S=1/2000000000
ooooOoooooooboooboooo

Hi,i-{-l — J(S;Z)SSJFU + SZ(IZ)SZ(/1+1) + ng)Sil—&-l))
1 L6) o 1 6) ot D ali
=J <25<+)S(_+” + 55‘951“) + 808! +1>)

1 1 1
=J |:2CITC7;~LCI+LLC7;+1T + §CZT¢CiTCzT+1TCi+1¢ + Z(CIT% - CL%)(CIHTCHIT - Czluczﬂru) :

000000000000 J=20000 InterAl00000000000000000000000000
sWs**Y nppooo

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

gobooobgoooo

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

0000000000000 00D0OOInterAlCOD0O00OHamiltonian 00000000000 ODOOOOCODO
O00D0D0000000000000000 InterAlODDO00D0O0 -PairLift 000000 ODDO0ODODOO
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gobooboogn

OO0 GreenOOOOODOO GreenOODOOOOODOCOOOOOOO OneBodyG, TwoBodyGOOOODOOOOODO
goboobogn

OO0 GreenOOOOOOOOOO

OneBodyGOOOOOOOOOOOO (COOO greenonedef) 0000000 Green OO (czglcjl,Q)[l[IDDD
00o0o0o0o0oO0o0o0ooooon

NCisAjs 32

======== (Green functions ======

N B P O O
o B O O
N B B O O
o B O O

OO0 GreenOOUOOOO0O0O0O0O0DOODOOOCODOOO0O0O00O0O0O0O0OOOOQO OreBodyGOOODOODO OO
ooooog

00 GreenO OO OOOOOO0O

TwoBodyG 00 DD 0O0DDOODD (D000 greentwo.def) 1000000 Green 00 (cf, ¢joych, cio,) O
0000000000000000000000000

NCisAjsCktAltDC 1024

o O O O O
o O O O O
o O O O o
o O O O O
N B P O O
o B O O
N B P O O
o B O O

OO0 GreenJOOO0ODOOO0OOOODOOOOOOUODOOOOOOOOOOODODO TwoBodyGOOOOOO OO
gooogo
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googo

ocoooooooooooooooooooOoOoooOobooOoooooOoboOooooDoOooOoOoooDoo "e"ooooon
00000000000 000D00000000 (0000 namelist.de) 0000000000000 HPhi++ 0O
oooood

$ Path/HPhi++ —-e namelist.def

gogbodbbooboobbooobooboobobooboon

533 000000000 OO

gooobooboooobbooobbbuooobobboooobbbooobbbooobbooobDbbooobbbog
oboobooooboobooboboboon

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

ooooooooooobocooboooooo

540000000000

541 00000000000 OOOOO

gobooboboobooboboobuoobbooboobboon

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
2S5z = 0
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goboobbooboooboo

00o0oo00ooodUooDoOOd (s00)00O0oO0000 (=00)OUOUDOOOOODODO=0000000000
 JO00000ODODODOOOOOOOD

- J0000OODO//00D00DO0(@MODODOD)DODODODOOOD

e JbboobbOo0obObOOobbOo0bL -bobboobboboboobboobbooboboobbOooboo

- J000C0O00O0O0OCOOODOOOOOOOOOCOOOOOOCOOOOOOOOOOODODOOOEO
0oo0ooooooooo0o0ooono)ooooooooooooooooooooooo00oooooon
ooboooooboooobooobooooooooooboooooooooooooooooobooOoooon
ooo

e J0000000OO0O0O0O0DO.

1LAs0000000000000000000 A0D000000000,HPhi++ 000000000
DO00O000o0ooooooooooo),

2Ai000000000000000000000000 AA0000O0O00O0O0O0O00O000O0000
ooooo),

3A400000000000 A0000000000000000000000000000000
oooooooooobooooooooooooooooooooon)

o00000o000o0oooooooogooooo topooooo0ODO0O0000. 00 “ model=spin" O
ooooog,*¢«"ooooooog.

gogbooobbooboooboo

goodo0oooooobooooooao
* model

00 : 000 ("Fermion Hubbard", "Spin", "Kondo Lattice", "Fermion HubbardGC",
"SpinGC", "Kondo LatticeGC", "SpinGCCMA"O O OO DO)!

00:000000000000000D00C000DOODO0000O0O000DCODO00000D Hubbard OO

H = — U Z C;rgcig — Z tijc;[Ung + Z Un”nu + Z ‘/ij’l’LiTLj, (51)
i i#jo % i#£]

0000000000000000 (o1,02} =1,y,2)

H=-hY Si.=TY Su+DY S5

+ Z Jijo1Sio1Sjor + Z Jijor0s9i01504

iJ,01 ij,01702

*1 GC=Grand Canonical
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000000000 O000O0g HwbardOOOOOO U0 JOoOOOODODODO)

J _
H=—up Z c'iracw —t Z c;rocjg + 5 Z {S;rcjicn +5; c;chu + Sz (niy — nw)} , (5.2)

i (if)o i
000000000000000000 Hubbard OO [0 (5.1)]000000000000000000
[0 (52)]0000000000000000000 [0 (52)]0000000

"SpinGCCMA"O O "SpinGC"O0 0D D ODODODOO0O0O0O0O0O0OO® 00000000000 O0OOOO
oO0o0oOoOo0ooOOoMPIODOOOODOOOODOOOODOO "Lattice"dO0DOOOODOOOO

method
00 :000 ("Lanczos", "TPQ", "Full Diag","CG", "Time-Evolution"OOODOO)

ub0:00000C00C0000O00000O00O00O000COOOOODOOOOOOOOODOODOOOO

gobooo,0o0ooooooooogoon

gbogoooobodobooooobooboboooobobobooboboboboboobregrubbOoOobODO
00000 KwOOODD®OOOODDOO0OODO0OD0O00*® 00000000000 00000000

lattice

OO0 : 000 ("Chain Lattice", "Square Lattice", "Triangular Lattice", "Honeycomb
Lattice", "Ladder", "Kagome"O OO ODO)

OO0 :0000000C00000O0C00D0C00O0O0001000 (O S51@)02000000 (0O 5.1
(byo 2000000 (O S51@)o 20000000000 (0S5S2H0 0000 (@ 54000000 (O
53)0000000

method="SpinGCCMA"O OO DOOO"Chain Lattice", "Honeycomb Lattice", "Ladder",
"Kagome"OOOOODOOOOODOOOOOOODOO(LW)OMPIOOD (Npoe) 00OOOO0O00OO
oo @oo “Ls whoooooono)d

— "Chain Lattice"
L=8000:math:n 0 n>1000), Nproe < 2(L = 8), Nproe < 25/272(L > 8).
— "Honeycomb Lattice"

W= 37L > 2, Nproc < 2(L - 2)’ Nproc < 64(-[/ > 2)

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

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

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

S.Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang, T. Fujiwara, Journal of the Physical Society of Japan 77, 114713 (2008).
A.Frommer, Computing 70, 87{109 (2003).

28

O 50 Contents


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

HPhi++ Documentation, J 0 0O 3.2.0

— "Ladder"
W=2L=2n000:math:n0 n>4000), Nppoe < 2874
— "Kagome"

W =3,L>2, Nyroe < 1(L =2), Nproe < 512(L > 2).
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o0 .000
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oo :000d
00 :00000002000000 (@y,a;) 000000 (0 s550000000000000D0O0O0OO

0000000000 (Fractional coordinate) D0 OO OO0 OO

0oboboooooobobOoD lattice.gpU00O0O0OO0O0OOOOODOODODOOOOOODODODOD
coobOoO00obooooooOocO00oobocOoooocO00oOobOOo0oOoobooO0oOn gnuplotOOOOO0OO0OOOODO

googd

$ gnuplot lattice.gp
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* nelec
o0 .00
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gogbooboooooboo

e 25z
oo :00
00 :00000z000200000000model = "Fermion HubbardGC", "SpinGC" 00O

ooooooooogoooo
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055 Figue5 000000000d = (6,2),d1 = (2,4)00000000000a@0000)00
O:math:fveca}_1(0000)0000000 (00000200 00000000000

ooooooooocoooo
ooo0oO000o0o0ooooooooO0O00O0O0O0o oopooOoOOO0O0000OoooooOooOOOOOO0OOn,

ooo@o* y)OooOoOooOoOOoDOoOoOoOooOoOoooOoooDoooooo

ooo

* mu

oo g0

OO0 :HuwbardOOOOOOOOOOOODOOOOOOOOOOOODO
«U

gg oo

OO0 :HwbardOOOOOOOOOOOODOCOODOOOODOOOODODOOO
e Jx,Jdy,Jdz,dxy, Jyx,JIxz,Jzx,Jyz,Jzy

gg oo

ob:0boboobobooooboboboobooboobobobobooooboobobobooo, ax, Jy,
JzOOooOOooOOobOOobOOobOobOob ghOobOobO0 Jx = gy = Jz = Juboooobogbo gooOOd
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0000000000000 000o0oooooooo0oooong Table 5.1 000000

051 00000000000000000000000000O0

ooooooooooooooooo

oooo 1000 |0000 |0000 |00000 |o0o0ooo |oooo
L, v{Oooo) o o o o ) -
JO, t0, VO o o o o o o
J1,t1, V1 - o o o o o
12,12, V2 - - o o o o
r,e,v@oo) | o o o o o i
JO’, t0°, VO’ o o o o o -
e, vre - o o o o o
12°,t2°, V2’ - - o o o o
,e,Vv@Oo0) | o o o o ] -
JO”, t0”, VO~ o o o o - -
17,17, V1~ - o o o - -
127,127, V2” - - o o - -

0000 [0000 (O 5.4)]

e £0,tl,tl",t2,t2"

oo .:.000

00 :00000000000 (05400)0000000
e V0,V1,V1',V2,V2"

oo .00

54. D0O0O0O0OOOOOO

35



HPhi++ Documentation, 1 0 0O 3.2.0

00 :00000000000000000(@ 5200)00000000
JO0x, J0y, J0z, J0xy, J0yx, J0xz, J0zx, J0yz, J0zy
Jlx,Jly,Jlz,Jlxy, Jlyx, Jlxz,Jlzx, Jlyz,Jlzy
Jl1'x,J1'y,Jd1'z,J1'xy,J1'yx,J1l"'xz,J1"'zx,J1l"'yz,Jl"zy
J2x,J2y,J22,32xy, J2yx, J2x2,J22%X,J2yZ,J22ZY
J2'x,J2'y,J2"'z,J2"'xy,J2"'yx,J2"'xz2,J2"'2zx,J2"'yz,J2"zy.
oo 0o

o0o.:00000000000O0b0 (@ s400)00000D0O00DOODOOODOOODOO gox, JOy,
JozOOOUOOOOOOODOOOO goOooOoOOO gox = Jgoy = Jgoz = goooOoOoOoOooOOgoO
oooooo Jgox, Joy, J0ozOOOOOODOO HPhi++OOOOODOOJ1,J1',J2,J2'0000
oooogo

0000 [0o0000 (O 5.4,0 52,0 5.3)]

e t,t0,tl,t2

gg:gog

OO0 :Hubbard 00 0000000000000 O0O0O0O0O0O0O0OOOOOOODOODOOOOOOOODO
gboboooboobobooobooboDb to,tl,t20boooobooboboobooboctboboboo
t0 = tl = t2 = t00000000t0 t000000000000000 HPhi++ODOOOOODO

t',t0',tl1', t2"
oo :00d

OO0 :Hubbard 00 0000000000000 OO0OOOOOOOOOODOOODODODOOODOOOOOO
gbooboobobobooboobgb o, 1, t2r0gbbobobooboobuoboob e obO
DOO00t0" = t1' = t2' = ' 00000000t'0 t0'000000O0O0O0OOOOO HPhi++
gooboooboo

£rLE0 T, el e
oggd oo

OO0 :Huwbard D0 0000000000000 OOOOOO0O0OOODODOOOOOOOOODOOOOO
gooobooooooboboooooboboobo o, t1r, 2 0goooobob0OooooobOon0oo
t''oooooogeor = t1'' = t2'' = t'"'goo0O00Ooo0de'r0o o' 0oo0oooogn
OOOoOOO HPhi++OOOOODODO

* V,V0,V1,V2

36

O 50 Contents



HPhi++ Documentation, J 0 0O 3.2.0

gg 00

OO0 :Hubbard D0 00000000000 DOODOO0OOOO CoulombO0O0 0000000 O0OODOOOO
CoulombO0O0O0OOOOOOCOODOOOOOO VO,V V200000000000000000vOOO
oooovo =vl =v2 =v00000000vOvoOOOOOOOOOO0O0O0O0O HPhi++0O0OO
oooo

e V', VO',V1l',Vv2'
gg oo

OO0 :Hubbard OO OOOOOOCOOOOO0O0O0O0OCDOO CoulombOO0O0O0O0O0OCOOO0OO0O0OOO
Coulomb 00O O00OOO0OOOOOOOOOOVO',vi',v2'O00000000COO0OOCOOO0O V!
googoogvoer =v1l' =v2' =v'go0oooogoovrovo'rgoboooboobobooobog
HPhi++ OO OOOOO

e V' VO, VL, V2!
gg o0

OO0 :Hubbard OO ODOOODOCODOOOOCOODOOOCOO CowlombOOOOOOOOOODOOODOO
O CoulombO0O0O0OOOCOOOCOOOOOOOOVO' Vw1, v2''0000000O0OOODOODOOO
gv''gogooogooverr =vl'r =v2'' = v''gogoogoogv''rgvoe''ogooooog
0000000 HPhi++0ODOOOODODO

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

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

e J2x,J2y,J2z,J2xy, J2yx, J2xz, J22zx,J2yz, J22y
oo g0

oo :0boooobodbboooboobbooboobbooboobDboobboboboobbo
Jox, J0y, J0zOOOOOOODOOOOOOO goOoOOOOO Jgox = Jgoy = Joz = go0O0O
ocooogoogooooooog gox, Joy, J0zOUODOOOOOOO HPhi++OOOOODOOJL,
J00oooooogon

goooooobboooooooooobooooon Jgx, Jy, dz, Ixy, Jyx, IJxz, Jzx, Jyz, Jzy
o0ob0Ooo0ob0gox = Jlx = J2x = Jx 0000000000000 DOO0OOOOODOOOOOO
gooopobobbbbiboogdaox~Jzy oOoOoOOO Jgox~J2zy OO OUOOOODOOOOOO
OO0 HPhi++OOOOOODO

ooobooooboooobooooooooboooooooo
- 00000000000000D00000000000000 (J,y,0)O00000

Jooo

54. D0O0O0O0OOOOOO 37



HPhi++ Documentation, 1 0 0O 3.2.0

e JODbO0ODLOODODOODOOODDOODLOODODDOODLObOODODOODLOO

Jx, Jy, JzOOO oOOOOOODOO

o00o0000o0oooooobOOob0obOobooooooooDooooooboOoboo
Jx, Jy, Jz, Jxy, Jyz, Jxz, Jyx, Jzy, JzxUOUOO oUoouoooogad
s JO000D00ODODOOOOOOOOODODODODODOOOOOODOODO
Jo, J1, Jg2000ob0oOoboboOoOn
- JO000D0ODOODOOOOOOOOODODbDODbDODbDODObOOODODODODO
Jox, J0y, J0z, J1x, Jly, Jlz, J2x, J2y, J2z000 o0O0O0OOOOOOOd
- JO00DO0ODODOLDOLODUOOUODODOUDbDODbDODODLOODOOO
Jox~J2zy O0OOOO0OO oODOODOOOO
J'x,J'y,J'z,J"'xy,J'yx,JI"'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
Jl'x,J1'y,Jd1"'z,J1'xy,J1"'yx,J1l"'xz,J1l"zx,J1l"'yz,Jl"zy
J2'x,J2'y,J2"'2z,J2"'xy,J2"'yx,J2"'xz,J2"'2zx,J2"'yz,J2"zy
oo g0

obd:000000000000000000O0000DOO000DOO000DOO0O0OOO0O00OOO0O0O00OO00
000 model=SpinGCCMAOOOOOOOOOOOOOOODOOOOOOOOOOOd'x, J'y, J'z
gbobobobobobob groboobooD oa'x =Jg'y = J'z = J'g0oooooggrgog
oooo0 J'x, J'y, J'z00000000 HPhi++OODOOOOO

J'"'x,J"'y,J"'z,J"'xy,J"'yx,J""'xz,J""'zx,J""'yz,J""'zy
JO'"'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,J1""'xz,J1""zx,J1"'yz,J1"'"'zy
J2'"'x,J2"'y,J2"'"'z,J2" "'xy,J2"'yx,J2""'xz2,J2""'zx,J2"'yz,J2"'"'zy
o0 .00

ood:0000000000000000000000DOO000DOO000DOO0O0OOO0O0OOO0O0O0OO00
0000 model=spincGCCMAOOODOODOOOOOOODOOOODOOOOOODOOO"'x, J"'y,
Jg''zooooobooobooobgo gr'gbgobbog gv'x = J''y = J''z = g''gogooonDOg
oogr'gooooob g''x, J''y, J"'z000O0O000OO0 HPhi++OOOOOOO

phase(, phasel

38

O 50 Contents



HPhi++ Documentation, J 0 0O 3.2.0

OO0 :00@O000000 0.0

00 :0000000000000000000000000000000000O0O0O0O0O00O0(@O:0)0
a000a@ 0000000000000 00000000000000000 phase0 0000000
oooooo0«:00b000 jO00000000O0O0O0COOOOO0OOOOOOOOCOOOOOOOOOOO
ooo

exp(i x phase0 x 7/180) x téjgéw + exp(—i x phase0 x 7/180) x t*é;roéjg

54. D0O0O0O0OOOOOO 39



HPhi++ Documentation, 1 0 0O 3.2.0

ooobobooooon
* 2S
o0 :0000@ObO0ODb0O0 1)
00 :0000000000000000 SO200000000(@/1/2000000 1)
* Restart

00 : 000 ("None", "Restart_out", "Restart_in", "Restart"O DD 00000000
0 "None")

g« 0DbOooooobbbodd™one"ogooobbbooooobbboooao
"Restart_out"OOOOOODOOOODOODOODOODOOOOOOOOOOOOOOOOOOODODOD
"Restart_in"U0O0000O0000O0OO0O0O00DOOOOOCOOOOCOOODOOO"Restart"ODO
gbobobooooogoooobobobobooooboooboobobobobobobooooooDo
gogboobogon

* Lanczos_max
00 .00 @O0ooOooo 2000)

OO0 :0000000000000LOBCGOOOOOOOOTPQUOOOOOOCOCOOOOCOOOOBICG
oooooooooooooon

e initial_iv
o0 :00@000000-1)
00 :000000000000000
-0O0O00oDo
+ 000000000 initial_iv>0000
OO000ooOooboooooog
% initial_iv< 0000

goboobooobooboooobooboobbooboobbooboobbooboOon
gboooooooooooboboboboooooooooobooboobobobobooo

- TPQO
0O00oOOo000OOo0o0OOooO00oDOoO0U0oDOoOoUbDOoOoOoOoooOooDoo
ooooooooOo0ooDoDOoO0oOoboo0oobobooo obooooooo
* exct

00:00(@000000 1)

40 0O 50 Contents



HPhi++ Documentation, J 0 0O 3.2.0

U0 :method="Lancoz"UOOUOOUOODOOOODODODOOOODOODDOOOOODDOOODDOOOO
U000Omethod="CcG"ODODOODOOOOODODODOODOODODODOO

Note: nvec >=exct 000000 O0O0OO0O
e LanczosEps
00 .00 @oooooo 14)

00:000000000000000000000000000000000000000, 10~Lanczeskps
00000000000000000Omethod="CG"0OOODOOOOOON 2-0000 10~Lanczoskps/2
oobooooooooooocooood

e LanczosTarget

00 :00@0oo0oo0ooo 2)
ob:000b0boboboboboooobogoboboboboboboooobDobDoboboboboboobooon
* LargeValue

O0:00@0ooogoopooono)

od :(TPQDDDDDD)Z—I:I/NSEIlDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
oobooooooooobooon

¢ NumAve

00 :00@000ooo b5)

o0 :(TPQLOOO0DOO)DOOmnOOCO0OD0OOODOOOO
e ExpecInterval

00 :00@000ooo 20)

oo :(feQOOOOCO)0O0O0O0OOODOOO TPQOOOOOOOOOOOOOOOOOOODOD
ooooooooboooooboooooooo

* OutputMode
00 : "none", "correlation", "full"OOOOO @DODOOOO correlation)

00 : 0000000000000 O00O"one"0 000000000000 0O00
"correlation"UUDUOOOODODDODODOOODODDODODOOODODO fourierddodoonoooono
000D0000000000000000 doc/fourier/00000000000000000
"full"00000000001 00000000 4,5,0,0' 0000 (¢l ¢jer) 00200000
000 iy, ia,43,44,01,02,03,04 0000 (el , ciyopcl . ciue,) D0D0D00000000000
Bogoliubov 0000000000000 000000000000 Bogoliubov ) D 00000000

54. D0O0O0O0OOOOOO 41



HPhi++ Documentation, 1 0 0O 3.2.0

e InitialVecType

o0 :00 (e, "rR"O00O00O0O0OOOOOOO"C"

o0 :00oopoobobobobbobbobbbbdcbhobddddrdgoooog
* EigenVecIO

00 .:000 ("None","Oout","In"OOODOOOOOOODOO "None")

oo :0000000000D00D0O00"ene"000OOoODOOODOOODOODOO™out"0 OO
obooooboboooobooboboo"in"oboboooboboboobooboobooboooobooDo
(oooouopooo)oooo

42 0O 50 Contents



HPhi++ Documentation, J 0 0O 3.2.0

goboobooobooboobboobag
* CalcSpec

OO0 : OO0 ("None", "Normal", "NolIteration", "Restart_out", "Restart_in",

"Restart","Scratch"OOODOOODO "None")

g0 :00b000obo0obobbobooboboobd™™ene"odgoboobobbobooboo
"Normal"OOOOOOOOOOOOOODOOOOOOO "NoIteration"OOOOOOOOOOOODO
gogooobobooooooobboooobbboo-cbbboooobDbbboooobbboooOoo
o0o00obo0oo0o0obO0o0obOo0obobob0ognTrestart_out"0DOOODOOOODOOODOODOODO
gbobobobooboboobobobobobdgrrestart_in"O0O00O00O0O0OO0O0OO0OOODODOODOO
gobbooobobogobbdrrestart"U00O00O0D0OO0OOO0ODODOOOODOOODODOODODOO
obobooboobOobDOooobocOoobobOOoOo0obcOoobOOobOOoO0oOnbOrscratech"DOO0OO0OOO0OO
gojooooooooboboboboooddddoooooobobL bbbl oo L O
goboobobooobobboobobooobo0obob0oobObUo0ob00b0d methodOOOOOODOO
(method="CcG"ODODD0000DODDDD KwOOODO® OOODODOOOOODOOD® 0000
0ooDooO0O0®0000000

* SpectrumType

00 :000 ("SzSsz","S+S-","Density", "up", "down","SzSz_R","S+S—_R", "Density_R",
"up_R","down_R"ODOOOOOODOOOOO"SzSz")

00 :000000000000000000000000000000D00000000000000
000000000"S2zSz"00 (8.45:)0 "s+s-"00 (S} S, )0 "Density"0 0 (igig)0 "up"0 O
(et "down"0 D (¢} 6) DDDODOOODDODOO0O0OD0000000000"SzSz_R"00
(S.rS:0)0"s+s—_R"0 0 (S£Sy )0 "Density _R"O D0 (fpig)d "up_R"0 0 (¢h,éor)0 "down_R" [
O (¢h,éy) 0000 ROODODOOOOOOO0O0O0000000000000000000000000
000D00000000000000000000000000 Fouwier 0000000000 0000

* SpectrumQW, SpectrumQL, SpectrumQH
00 :00@O0O0ogodo 0.0)

00 : SpectrumType O "SzSz", "S+S-", "Density", "up", "down" 00 0O0OODOOOODOOOO
00000000000 Fractional coordinate 0 D 0000 DOOOO0ODOOO0O 5.1,0 52,0 54,0 5.3
0000000000000 0000000n0oan

* OmegaMin
00 :00 @ D00000-Largevaluex dOOO)

uo:0000000000O0O000DO0O0000O0000
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*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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gobooobobooboooog

========NPairlLift ======

0 1 0.50000

1 2 0.50000

2 3 0.50000

3 4 0.50000

4 5 0.50000

5 0 0.50000
goboogo

oo ooooooboon
«10:000 U000 00O0OOOOOOO)O
e 2 0: [string01] [int01]
«350:000(@U0O0ODOO0O0OoDooOooDpoOo)o

e 600 0: [int02] [int03] [doubleO1]

googd

* [string01]

OO0 :stringd (DODO0O)

OO0 :Pairllift OOOOCOCODOOCOOOOOOOOOOOOOO@O)O
* [int01]

OO0 :int0(0O000)

OO0 :PairfLit 00 0COOOCOOCOOOODODOO

« [int02], [int03]
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00 :int0(@000)

OO0 :0000000000000000 NsiteOOOODOOOOO
* [double01]

00 :double 0 (DO OO)

0o :Ji® 0000000

googo

goboobboobbooboobbooboobooobba

- 0J0000CO0ODOOOOOOOOOOOOODOOOOCOOODOOOOOOOOOO
0000000 O0DODOOODOOODOOOOODOOOOD

0000000 DOOOODOOOOOOOOODOOO

« [int01] 00000000 PairLift 000000000000 DDOO0OOOOOODOOOO

e [int02]-[int03] DO 0000000 ODOOO0OOOOOODODOOOODOOOOODO
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OneBodyG OO OO O

coooocooo (c;ralcj@)DDDDDDDDDDDDDDDDDDDDDD

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
gooooo

coooOooooOoocooboOoobooOoOooon

10: 000 (000000O00ooooooo)o
e 2 0: [string01] [int01]

«350:000@0UO0DO0O00ODOO00OO)HO

6 00O 0O : [int02] [int03] [int04] [int05]
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googo

* [string01]

OO0 :string0 (DO0OO)

00 :0000000000000000000000000 (0O)Ha
* [int01]

00 :int0 (000)

ogd:00oboboobbbbobooddoogo
* [int02], [int04]

00 :int0 (O000)

00 :0000000000000000 NsiteODOODOODOOOO
* [int03], [int05]

OO0 :int0(O0O00)

00:000000000000000000000000
0:000ooooad

1.00000od

0000000000
0,1,--+,2541(=8—05,-5+0.5,---,5§+05000 )
0000000000000

ooooo

oobooOooooOooooboOoOobooOooboooooooon
00000000000 OO0DOCOOO0OOO0O0O0O0O0O000
0000000 DOOODOOOOOOOOODOOO
« int0l) 0000000000000 DO0O0O0O0ODOOO0ODOOOO0ODOOOOOOODOO

 [int02]-[int05| 000000000 0OO0O0OOOOOOOOOOODOOOOODO
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TwoBodyG DO OO OO

D0000000 (¢, ¢joyChy,Clo,) 0000000000000 DDDNDN00000004=4,k=(000
00000000000000000000000000

NCisAjsCktAltDC 576

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

e
e

=
(@]
=
o

=
(@]
=
(@]

=
=
=
=

=
=

O 0O 0O 0O 0O 0O 0O 0000000000000 o o o o O
B O 0O 0O O O O O O O O O O OO0 OO0 OO0 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
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 B O O OFr OFr OFr OFrr OFr OFr O Fr O+ O o
o P O O OFr OFr O O OFr O Fr O Fr O+ O o

(@]
(@]

goboogo

goboobobooboobooobobooboo

10:000@O0O000000000000)d

e 2 0: [string01] [int01]

3-50:000@U00DOoO00DooOoOoDooOo)o

* 6 000: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09]
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googo

[string01]

OO0 :string0 (DO0OO)

00 :0000000000000000000000000 (00O)O
[int01]

00 :int0 (O00D0)

g :fdboooboobooobooboobb

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

00 :int0 (O00D0)

00 :0000000000000000 NsiteOOOOOOODOO
[int03], [int05],[int07], [int09]

OO0 :int0(@Q0O00O)

00:0000000000000000000000000
0:000ooooad

1.00000od

0000000000
0,1,--+,2541(=8—05,-5+0.5,---,5§+05000 )
0000000000000

ooooo

oobooOooooOooooboOoOobooOooboooooooon

e [int02)-[int09) 00 000000000000 OODO0OODOODOOODOODOOO

oobooooooooooocoooooobooooooan

gogboobbooboobboobooboobobda

O000oo0o00ooo00bs=4,k=1000000000000000000000000OO

[nt01] 0 0000000000000 DO0O00O0DO0O0ODO0O0OO0DODOO0OODOOOO
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SingleExcitation 0 00000

coooocoobooooooocooon cwl(c;rol)DDDDDDDDDDDDDDDDDDDDDD

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
oooooo

gogbodobobooboobbooobooboo

e 2 0: [string01] [int01]

e 6 00 0O: [int02] [int03] [int04] [double01] [double02]

ooooo

* [string01]

00 :string0d (D ODO0O)

00 :00000000000000DO000Doo (mo)Ho

* [int01]

OO0 :int0(@000)

obd:00000000000000000

« [int02]

OO0 :int0(0000)

10:000@UO00O000ooooooo)o

3-50:000@O00DDO00oooooDoOo)o

OO :0000000000000000 NsiteOOOOOOOOO

* [int03]
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OO0 :int0(0000)

gfd:fgboooobodbooobuooboobboobo
0:000000d

1: 0000000

goboboobooooo
0,1,---,28+1(-S—-05,-5+4+0.5,---,5+05000 )
ggboogooooobooo

« [int04]

OO0 :int0(0000)

OO0 .0000000000000000000
0: cio,
t

l: ¢,

oooooooboogoooo

* [double01], [double02]
00 :double 0 (DO OO)

00 i, (]

io’l)

0000 [doubled1]0 D00 [double02] 00D DDOOOODDO0N

goobooo

ooooOoooooooboobobooooboooooooono
0000000 O0OOOO0DOOO0OOOOOOOOO0O0
0000000 DOODODOOOOOOOOODOOO
« nt0l)0 0000000000000 0UOLOOOOODOODOOODOODOOODOOD

 [int02]-[int04] DO 0000000 ODOD0O0OOOOOOOOOOODOOOOODO
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PairExcitation 0 000 00O

D0000000000000000 cigycly,(cly,¢jo,) 0000000000 ¢iycly, O ¢l jo, 000000

Jo2 io’1

O000O0O0O0oOoOooosS,000D000000 o =0, 00000000000000000O0O0O0O0O0OOOO

NPair 24

0 0 0 0 0 1.0

0 1 0 1.

1 0 1 0 0 1.0

(continue...)

11 0 11 0 0 1.0

11 1 11 1 0 1.0
ogooodo

gdoodoOoO00oQ0OoO0O00oO0OOobOUoUoboooo
- 10:000 @EUU0000O0OOOOOOO)O
e 2 0: [string01] [int01]
«350:000(@UUODUUDDODODODOOoOoO)O

* 6 000: [int02] [int03] [int04] [int05] [int06] [double01] [double02]

googo

* [string01]

OO0 :string0 (DO OO)

00 .000000000000bO00bO0o0o0ooobO @o)H)ga
* [int01]

00 :int0 (0 O000)

oo :00oopoobobobobobbooooo
* [int02], [int04]

00 :int0 (0 O000)

00 :0000000000000000 NsiteOOOOOOOOO
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+ [int03], [int03]

00 :int0 (000)

gb:0b0bobooobooboobobobobooooboon
0:00000o0O

1.0000000

gobogooogon
0,1,---,28+1(-S-05,-5+40.5,---,5+05000)
oboobobooboooogoo

* [int06]

00 :int0 (DO000)

gg:gbooobooboobbooboob

R |
0: Cioy Ciory

RN
1: Cigy Cjoa

gogbooobooooboon

* [double01], [double02]
00 :double 0 (DO OO)

00 : ¢iocl, (¢l ¢jo,) D0 DO [double01]00 00 [double02] 00000000000

joa
gogodad

oobooooooooobooboboooobooooooooo
00000000 O0OCOOODOCOOOOOOOOOCOO0OO0
- OO000D0O0OO0DOODODOOOOOODOOODOOO
« nt0l)0 0000000000000 0UOODOOOOODOOOOOODOOOOOD

* [int02]-[int06] 0000000000 O0O0OOOOOOODOOOODOOOOODOO
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SpectrumVec D O OO0 00O

oooooooooooooooooooooOoooboOoOoooooooOobooOoOoOoooooooooOoOo@o
OO0O0ODDO eigenvecdat 0000000000000 0000O00O0O00O

gooogo

o ## rank_$$.dat

##0 SpectrumVec 0000000000 $S0 000000000 DO0ODO00&&D TPQUOOOOOOOOOO
oooood

goboodgb

1000 [int01]

2000 [int02]

* 20 0-: [double01] [double02]

gooogo

* [int01]

00 :int O

oo :00oobobobobobobbobbobooooooa
* [int02]

OO0 :int0

OO0 :00000000000000000Lanczos0O00 LanczosOOOOOOTPQOUOODOOODODO
gboboboooooooobooobo

* [double01], [double02]

00 : double O

00:0000000000000000
[double01] 00 0 O [double02] 000D 00DD0O
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OneBodyTEO OO OO O

DDDDDDDDDDDDDDDDtwlj@(t)c;-ralcjazDDDDDDDDDDDDDDDDDDDDDD

AllTimeStep 100

0.0 4
0 0 1 0 1.0 0.0
1 0 0 O 1.0 0.0
0o 1 1 1 1.0 0.0
1 1 0 1 1.0 0.0
0.2 4
(continue...)

ogooooo

oo oooooon
e 10:000@OU0OD00ODOOD0ODOODOO0)HO
e 2 0: [string01] [int01]
e 350:000@UDOOOODOoOoOoDOoOoO)g

6000000 ¢t00D0OOOOCOOOOO00O0OOOODOOOOCOOOOOO0O0OOOOOODOODOOODOOO
oooooooooog

e m 0 : [doubleO1] [int02]

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

googd

* [string01]

OO0 :stringd (DODO0O)

OO0 :0D00p00000000O0000C0OCOCOOCOOCOCODOOOOOOOOOOOOO (o)
* [int01]

OO0 :int0(0O000)

OO0 :0000000000000000O0O0OOOCOCOODODODODO

* [double01]
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00 :double 0 (DO OO)

OO0 :00¢t0000000
* [int02]

OO0 :int0(@000)

OO0 :00¢00000000000000O0000OO0O0O
* [int03], [int05]

00 :int0(@O00)

00 :0000000000000000 NsiteOOOOOOOOO
* [int04], [int06]

00 :int0 (O000)

gg:gboobboobod
o:00D0Do0
1:.000000
ggbogbobogooboon

* [double02], [double03]
00 :double 0 (DO OO)

00:00+¢+0000000000000000 [double02]0 000 [doubled3] 0D OO0DODOOODONO

googd

00o0oo000oo0ooo0o0oo0ooo0ooO0oooO0booooO0n
00000000 DOO0ODOODOODbDOOOOOOOODOO
* ModPara 0000000 DOO0O LanczosStep U [int02] 00D O0O0U0DOOOD0ODOODODOO

e [int03)-[int06] DO 0000000 ODOD0OO0OOOOOOODOOODOODOOODOD
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TwoBodyTE 0 00000

D00D0000000000000 lisyjoskoston (t)cly, CoaChy e, D00 0000000000000000
0oo

AllTimeStep 100

0.0 3
0 0 0 0 1 0.0
1 1 0 0 1. 0.0
1 1 0 0 1. 0.0
0.2 3
(continue...)

ogooodo

gdoodoOoO00oQ0OoO0O00oO0OOobOUoUoboooo
- 10:000 @EUU0000O0OOOOOOO)O
e 2 0: [string01] [int01]
«350:000(@UUODUUDDODODODOOoOoO)O

6000000t0000000DO0ODOO0OO0O0NDO0ODOODO0O0O00UDDODODDOO0OOOODOOg
gbooboboooooon

e m O : [doubleO1] [int02]

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

ooooo

* [string01]

OO0 :string0 (DO OO)

00 :00000000000000D0C0000O0000oOo00oDoUOOooOogooO @oHo
* [int01]

OO0 :int0(@000)

gg:0bobooobooboooboobbobboobobooobon
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* [double01]
00 :double 0 (DO ODO)
g :gbo¢togobogn
« [int02]
00 :int0 (OO00D0)
g :gb¢+ogpobooboobobooboobbooobg
« [int03], [int05], [int07], [int09]
00 :int0 (O00D0)
00 :0000000000000000 NsiteOOOOOOODOO
* [int04], [int06], [int08], [int10]

OO0 :int0(@QO0O00)

go:000000000D00
0000000
1000000
ooooooooooooo

* [double02], [double03]
00 :double 0 (DO OO)

00:00+¢0000000000000000 [double02]00 00 [doubled3] DD OO0DODOOODOO

googo

gobooogooodoboodooooooooooooogn
- 00000000000000D00000000O000000
* ModPara 0 0 00000000 LanczosStep U [int02] 0000000000 DDODODODODOOO

 [int03)-[int06) 000000000 DO0O0OOOODOOOOOODOOODODOOOO
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543 000000
00000000000000000000000

CHECK_Chemi.dat

Hamiltonian 0000000 OOOO
H+ = Z /J'ia'c;‘rgcio'
©,0

ooooo0o0oooooodtw,, 00000000000000000000000

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

oooood

ooboooooooooboocooood

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

googo

* [int01]
00 :intO
gb:000oo
« [int02]

00 :intO

ol :w., 000000 cs0OO0O0ODOO
o:00D0Do0

1: 000000

oooooo
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* [int03]

00 :int0

o0 :u, 000000000000
* [double01]

00 : double O

00 :p, 000
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CHECK _InterAll.dat

Hamiltonian 0000000000000 0O0OO

_E: (DN
H+ - I”JJ0101020201‘01leflcz’agcwz

1,],0

00000000000000 Lijjo,01000, 00000000000000000000000

=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 1isitel=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
ogooodo

oobooooooocoobocooooa

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

googd

* [int01]

00 :int0O

oo .:00000

« [int02], [int04]

00 :intO

00 : Lijjoi01000, 000000000000

[int02] O 4, [int04] 0 jOO0O0D0O0

* [int03], [int05]

00d :int0

00 : Liijjororome, 100000000000
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[int03] O oy, [int05] 0 0, 000000000
0: 000000

1000000

oooooo

¢ [double01]
00 : double O

oo : Iiijjo'lo'lo'202 ooo
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CHECK_Coulombintra.dat

Hamiltonian O OO0 00000 O0OO0ODOO0O

00000o00oooo0oooU; 0000000000000 ooooooooon

H+ = Z UmiTnN

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

isitel=1 tmp_V=4.
isitel=2 tmp_V=4.
isitel=3 tmp_V=4.
isitel=4 tmp_V=4.
isitel=5 tmp_V=4.
isitel=6 tmp_V=4.

000000
000000
000000
000000
000000
000000

goboogo

gobooboboobooboooobd

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

ooooo

* [int01]

00 :int 0

o0 :00000
* [int02]

00d :int0

o0 :0,000000:000000

* [double01]
00 : double O
og.:U;000
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CHECK_Hund.dat

Hamiltonian 0 Hund OO O QOO O
H+ = — Z Jgund(niTan + nunji)
%,

gobodobooboooboooo Jg““d gobooooboobbooboobboooboo

0 isitel=1 isite2=2 tmp_V=0.250000
1 isitel=2 isite2=3 tmp_V=0.250000
2 isitel=3 isite2=4 tmp_V=0.250000
3 isitel=4 isite2=5 tmp_V=0.250000
4 isitel=5 isite2=6 tmp_V=0.250000
5 isitel=6 isite2=1 tmp_V=0.250000

[
I

goboogo

goboobbooboobooobd

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

* [int01]

00 :int0O

o0 :00000
* [int02], [int03]

00 :intO

0o :Jg“ndDDDDDDDDDDDD
[int02] O 4, [int03] 0 j OO0 000

¢ [double01]
00 : double O

0o :J}}“ndDDD
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CHECK_INTER_U.dat

Hamiltonian O OO0 00000 O0OO0ODOO0O

H+ = Z Vijnmj

ooO0ob00ooO0oo00ooOooV,;000000000000000000000O000

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

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

isitel=6 isite2=1

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

125000
125000
125000
125000
125000
125000

RN

gooo

gobooboboobooboooobd

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

ooooag
* [int01]
00d :int0
o0 .:00000
* [int02], [int03]
00d :int0
oo :‘Gj goo00ooooooooo
[int02] O 4, [int03] 0 j 000000
* [double01]
00 : double O
00:V;,; 000
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CHECK_Memory.dat

cooooooooooboooOooooOoOoOoboOoOobOOoOoOoOOoOoOoOoOOoO0ObOOObObOOOOoOoOoboOonoDn
oooo

MAX DIMENSION idim_max=400
REQUIRED MEMORY max_mem=0.000019 GB

goboogo

goboobbooboobooobd
* MAX DIMENSION idim_max=[int01]

* REQUIRED MEMORY max_mem =[double01] GB

googd

* [int01]

00 :int0

b :0b0bobooooobobgobon
* [double01]

00O :double O

00 :000000000000000000000000000D00 (D00 GB)O
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WarningOnTransfer.dat

Transfer 0000 0000000000000 0000O0000O0O0O0O00OOO0OOO

double conuntings in transfers: i=0 j=2 spni 0 spnj 0
double conuntings in transfers: i=2 j=0 spni 0 spnj O
double conuntings in transfers: i=0 j=2 spni 1 spnj 1
double conuntings in transfers: i=2 j=0 spni 1 spnj 1
gooooo

uobooooooooobocooood

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

googo

« [int01], [int02]

00 :intO

00 :000000 Transfer 000000000000

« [int03], [int04]

00 :intO

OO0 :000000 Tansfer 000000000000

0:
1:

ooobooo
gooogoo

gobogon
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CalcTimer.dat

gooooooooooooooooooooooooooooooooOoOo [b0]oob000000000o
TPQOOOODOODOOODODODODOOO

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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TimeKeeper.dat

OOO0OOOO0OO0OO0O0O0O0O00 000 LanczosO0O0O0O0O0O0O0O0O0O0O0O0OOO

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

googd

o ##_TimeKeeper.dat

##0 ModPara DO OO OO [string02] DO ODOOOOODOOCOODODOO
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sz_TimeKeeper.dat

coooooooooobooooOooOoOoOoOoOooO0OobOOoO0bObOOoOoobooOoOoOooOooDooOoon

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

ooooo

o ## sz_TimeKeeper.dat

##0 ModParaODO DO DOODO [stringd2] D00 000000000000
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Time_CG_EigenVector.dat

(LanczosOOO)CGOOOOOOOOOOOO0O0O0O0O0O0O0O0O0O0O0OO

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

googd

o ##_Time_CG_EigenVector.dat

##0 ModPara 0 0D 00O O [stringd2] OO0 OO0DOO0OOODOOOOO
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energy.dat

(Lanczos OOLOBCGOOO)Lanczos 00000 CGOOOOOOOOOOOOOOOOOOOOO0OO0O0O0O
0000 (S,)00000000000000000Ooooog

method="Lanczos"OOO

Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

method="CcG"0O OO

State O

Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

State 1

ooooo

* ## energy.dat

##0 ModParaODOODOODO [stringd2] D0 0000000000000

goboogo

* Energy [double0l]

* Doublon [double(2]

Sz [double03]

googd

[doubleO1]

00O :double O

OO0 :Lanczos 0 O0CGUOOOOOOOOOOOOOOOOOOOOOOO
¢ [double02]

00 : double O
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00 :Lanczos 00CGOOOOOODO0D0D0O0O000DO0000 & X (nsny) (N, 00000)0
* [double03]
00 : double O

00 :0000000000000 (S,)0
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Lanczos_Step.dat

(LanczosOOLOBCGOOOOOO)OO00O0O0O0O0O0O0OOOCCOOOOOOOOOOOOOOOOOOOOOO
ooo

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

stp = 2 1.2149586211 14.6560471044 xxxxxxxXxxXXX xxxxxxxxx 0.0000000000 xxXxXXXXXXX

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="CcG"0O OO

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
gogodd

* ## _Lanczos_Step.dat

##0 ModPara D 0D 00O O [stringd2] OO0 O0O0D0O0OOO0OOOOO
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goboogo

* method="Lanczos"O OO

stp= [int01] [double01] [double02] [double03] [double04] [double-a] [double-b]

* method="CcG"O OO

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

goobood

« [int01]

00 :int 0

00 :Lanczos O -LOBCGOOOOOODOODODOO
[double01], [double02], [double03], [double04] ...
00 : double O

00 : Lanczos O -LOBCGUOOODOODOOOODOOOUOODUODOUODDOODOLanczosOOO 400,
LOBCGUODO exct DOODOOODOODOOOODO(MOOOOO “exct=3). Lanczcos DO O OO OO
oooOo0ooOOo0obDO 10bo0obDoObOOoO,LoBCGLOOo0DOOo0oDOooDOoUOoDOoUoDOooDOoOoDO
00.0000000000000200000000000000000A0.

[double-a]
00 : double O

00 :(Lanczos 00 0) LanczosTarget 00000, 000000000000000OOOODO (OO
OO0O0O ‘“‘LanczosTarget=3°).

[double-b]
00 : double O

OO0 :(Lanczos U0 0)O0O0OO00DO0ODOCOOOOOODOO. TPQOODO LargevalueOOOOOODO
oo.

[double-c]
00 : double O

o0 :@oBCGOOoO)oooooooooooOooo2-00000000000. 000000000
og.

[double-d]
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00 : double O

OO0 :(@OoBCGOOO)OO0O0O0DOO0OO0OO. LanczosEps JOOOOOO0OOOOOODOOOOOODO
oooooooo.
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Time_TPQ_Step.dat

(TeQOOO0O0O0O0)TPQOOOOOCOCOCOCOCOOOCOCOOOOOOOOOOOOOOOOOOOOOOODOOO

goboobobooobo

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

ooooao

o ## TPQ_Step.dat

##0 ModParaODOOOODO [string02] D000 O0O00O0O000O0O000O

goboogo

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

goobooo

* [int01]

00 :intO

oo .:TPQUOOOOCOODOO
* [int02]

OO0 :int0O

OO0 :TPQUOOOOOCOODOO
* [string01]

00O :string O

oo:0000000
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Norm_rand.dat

(TeQOOO0O0O0O0)TPQOOOOOCOCOCOCOCOOOCOCOOOOOOOOOOOOOOOOOOOOOOODOOO

goboobobooobo

# 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

ooooao

¢ Norm_rand??.dat

70 TPQLOODODO mnO0000O0O0OOO

goboogo

10000000D02000000000000000DO00O00DDOO

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

googd

* [double01]

00 : double O

00 :000 1/ksTO
* [double02]

00 : double O

00:TPQODDDDDO0OOOOONOOOD (MO000)0000: ()00 000 ) = (I —

H/Ns)|wk—1>|:|
¢ [double03]

00 : double O

54. D0O0O0O0OOOOOO
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00:00000000000(@O0000000)00000 (ld)00000]g) 000000000
oooo

* [int01]
00 :intO

gb:0b00b00b0o0oogo (l—ﬁ/NS)(lD ModPara 0 0 000 LargeValueO N, OOOOO)OO
gbooboooo
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SS rand.dat

(TPQUOOO0O0O0)TPQUOOOOO0O00O0000000000000O00000O0O0O0O0O0O0O0O0O0 00000

gobooboogn

# 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

ooooao

¢ SS _rand??.dat

70 TPQLOODODO mnO0000O0O0OOO

goboogo

10000000D02000000000000000DO00O00DDOO

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

gooogd
* [double01]
00 : double O

00 :000 1/kgT (0D0O,kg=1)0
* [double02]

00O :double O

OO0 :000000000 (H)D
¢ [double03]

00O :double O

00:00000000200000 (H2)O

54. D0O0O0O0OOOOOO
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¢ [double04]
00 : double O
00:000000000000 3,(ning) 0
¢ [double05]
OO :double O
00 :000 (A)0
* [int01]
OO0 :int0

gb:0b00b00000000 (l—ﬁ/NS)(l[l ModPara 0 0 000 LargevValueO N, OOOOO)O0O
goobooo
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Flct_rand.dat

(TpQUOOO0O0O0O0)TPQOOOOOOCOOCOOCOCOODOOOOOOOOODOOOOOOOOOOOOOOOO
oo ooooooboooooono

# inv_temp,
0.0826564 12.
0.1639935 12.
0.2440168 12.

135.97669 12.
136.04474 12.

N,
00
00
00

00
00

N*2,

144.
144.
.00

144

144.
144.

D,
00
00

00
00

D*2, Sz,

0.00 O.
0.00 O.
0.00 O.

0.00 O.
0.00 O.

00
00
00

00
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

ooooao

¢ Flct_rand??.dat

70 TPQLOODODO mnO0000O0O0OOO

goboogo

10000000D02000000000000000DO00O00DDOO

googd

[double01]

00 : double O

00 :000 1/ksTO

[double02]

00 : double O

00:0000 ¥,(R)0

[double03]

00 : double O

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

OO0 :0000 200000 :math:* langle (sum_{i}hat{n}_i)"2 rangle‘d

54. D0O0O0O0OOOOOO
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[double04]

00 : double O

00 :0000 3 Y, {nsny) 0000 (OO0 N,00000)0
[double05)]

OO :double O

00 :0000000 #((3;nyny)?) 0000 (OO0 N,00000)0
[double06)

00 : double O

0D :0000 8200 & 3,($f) 0000 (000 N,00000)0
[double07]

OO :double O

DD :0000 S-00000 ((3,;8)*) 0000 (000 N,00000)0

[int01]

00 :int0

od:00000000000 (lfI:I/NS)(l[I ModPara 00000 LargevValueO N, OOOOO0)ODO

ggooooo
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Time_TE_Step.dat

(bbooooooooo)ooooooooooooOoODOOOOOOOOOOOOOOOOOOOOODOODODOO

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

googo

o ## TE_Step.dat

##0 ModPara 0 D OO OO [stringd2] OO0 OO0DOO0OOO0DOOOOO

oooood

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

googd

* [int01]

00 :int0O

OO0 :TEQO0OOOOOOO
* [string01]

00 : string O

oo .:0000000
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Norm.dat

(bbooooooooo)ooooooooooooOOoOOOOOOOOOOCOOCOOOODOODODOODBOBO
ooo

# time, norm, step_1i

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
oOoooo
¢ Norm.dat
gooooad

10000000020000000000000000000000O

* [double01] [double02] [int01]

ooooo

* [double01]
00 : double O
gg oo o
¢ [double02]

00 : double O

oo:00000000000000¢t00000O0@OOO)OODOOO

* [int01]

00 :intO
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g :gboooobogon
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SS.dat

(bbooooooooo)ooooooooooooOOoOOOOOOOOOOCOOCOOOODOODODOODBOBO
ooo

# 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
opoooo

* SS.dat
gooogo

10000000020000000000000000000000

googd

[double01]
00 : double O

oo .00

[double02]

00 : double O

00:000000000 (H)D

[double03]

00 : double O

[double01] [double02] [double03] [double04] [double05] [int01]
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00:00000000200000 (H2)0
* [double04]

OO :double O

00:0000 § Y ,{nipngy) (OO0 N,0000D)0
* [double05]

OO :double O

00 :000 (a0
* [int01]

00 :intO

oo :000000000
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Fict.dat

(bbooooooooo)ooooooooooooOoODOOOOOOOOOOOOOOOOOOOOODOODODOO
oooood

# 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
ooooo
¢ Flct.dat
oooooa

10000000020000000000000000000000

googd

[double01]
00 : double O

oo .00

[double02]

00 : double O

00:0000 %,(R)0

[double03]

00 : double O

[double01] [double02] [double03] [double04] [double05] [double06] [double07] [int01]
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00:0000200000 (X, M)*)0
* [double04]

00 : double O

00:0000 5 Y ,(niynyy) 0000 (OO0 N,00000)0
* [double05]

00 : double O

00 :0000000 3((X;nqnay)?) 0000 Q00 N,00000)0
* [double06]

00 : double O

00:0000 8200 +Y(8) 0000 (@00 N,00000)0

* [double07]

00O :double O

OD0:0000 800000 (3,8 0000 (000 N,00000)0
* [int01]

00 :intO

oo .:000000000
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Eigenvalue.dat

(FullDiag 0O 0O00)0 0000000000 O0OOO0OO0OOOOO0DOOOOO0OOOO0OODOOOO

0 -4.8141698096
1 -3.7968502453
2 —3.2462822372

397 13.9898305290
398 14.4896221034
399 14.8525199079

goboogo

goboobooobbooboobo

* [int01] [double01]

ooooo

* [int01]

00 :int O

OO0 :0000index000000000O000O0O0O0OOOOOOOOOOODODOO
* [double01]

00O :double O

00:00000 (H)O
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phys.dat

(FullDiag 00 000)0000000O00O0O00O0O0OOO00O0OOO00OOOO0O0OOOO0OO0OOOO0OOOO

goboobbooboobobooobooboooboo

<S2>
-0.000000
1.333333

<H>
—-4.814170
-3.796850

<N>
0.000000
0.000000

<Sz>
0.000000
0.000000

0.000000
0.000000

14.489622
14.852520

0.000000
0.000000

0.000000
0.000000

<D>
0.590568
0.423804

2.550240
2.329157

ooooo

« 0000O: ##_phys_Nup_$$Ndown%%.dat

« 00000000 O: #_phys.dat

##0 ModParaOD O OO UD [string02] 0000000000 $$0 Nupld %% 0 Ndown OO OO OO

oooood

loooooooob02000000000000000000O000O

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

googo

* [double01]
00O :double O
00:000000000 (H)O
* [double02]
00 : double O
0D0:0000000 (A)0
* [double03]
00 : double O

00 :0000z000000 (S,)0

54. D0O0O0O0OOOOOO
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¢ [double04]
00O :double O
00:0000200000 (S%)0
¢ [double05]
00 : double O

00 :0000 5 Y (nirnyy) (000 :math:N_s 00000)0
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ham.dat

(FullDiag OO0 O0OO0O) CalcMod OOODODO OutputHam=1 00 000OHPOOOOOOODOOOOOODOOO
MatrixMarket 000000000 CalcMod 00000 InputHam=1 00 00000000000000000O
gbobooooooboooboboboooooooobobobobooo

$%$%%MatrixMarket matrix coordinate complex hermitian

28 28 56

1 1 1.000000 0.000000
2 1 0.500000 0.000000
3 2 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
ooooo

e ## ham.dat

##0 ModPara D 0D 00O OO [stringd2] OO0 OO0DOOOOODOOOOO

oooood

- 100000
« 200 [int01] [int02] [int03]

* 3 0-0 [int04] [int05] [double01] [double02]

ooooo

* [int01]

00 :int O

00 : Hamiltonian 0 0 O O
* [int02]

00 :intO

00 : Hamiltonian 0 0 O O

« [int03]
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00d :int0
00 :Hamiltonian D OO0 O0O0OO
* [double01], [double02]

00 : double O

00 : Hamiltonian O 0000000
[double01) 0O OO [double02) 00 DD OODODOO
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cisajs.dat

OneBodyGO O OOOOOO0OOOOOO (c}olcj(m)DI:IDDIZIDDDDDDDDDDDDDDDDDDDDDD

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
googd

Lanczos O : ##_cisajs.dat

TPQ O : ##_cisajs_set??step% %.dat

OO0O0O0ODOO: ##_cisajs_step% %.dat

00000 OLOBCG O: ##_cisajs_eigen&&.dat

##0 ModParaOO OO OO [string02] DO OODOOOD0OOO?7MD TPQODOOOO runOOO0O0%% 0O TPQDOO

0000000 &&O 000000000000

gooboogoo

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

googo

« [int01], [int03]
00 :int0
00:0000000000000[n01]040000[nt03]0 ;000000000
« [int02], [int04]

00 :intO

00:00000000000(nt02] 0 0,0([int03] 0 0, 0000000
0: 000000

54. D0O0O0O0OOOOOO 131




HPhi++ Documentation, 1 0 0O 3.2.0

;000000
gooobgo

* [double01], [double02]

00 : double O

00 :(c ¢,,)00000000
[double01] 00 DO [double02) D0 DD OO0ODOO
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cisajscktalt.dat

TwoBodyGOOOOOO00000000C {cl,,¢j0,¢h0,¢r,) J0000000000000000000000

gooo

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
goobooo

Lanczos O : ##_cisajscktalt.dat
TPQ O : ##_cisajscktalt_set??step%%.dat

00000 O: #4#_cisajscktalt_step%%.dat

OO0 D000 OLOBCG O: ##_cisajscktalt_eigen&&.dat

##0 ModPara OO OO DODO [string2] D0 O DOOOOOOMO TPQUUOOO run 0000 %% 0 TPQDO O

coooooo&&bOOOOOOOOoOoooob

oooood

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

googd

* [int01], [int03],[int05], [int07]

00d :int0

00:0000000000000(nt01]0 i0000([nt03]0 jO0000([nt05]0 k0000 [int07] O 1

ggboooboogn

* [int02], [int04],[int06], [int08]

00 :int0
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00:00000000000 [int02] 0 ¢,0 [int04] O o0 [int06] O o530 [int08] 0 o, DOOOO0D0
0: 000000

1000000

oooooo

* [double01], [double02]

00 : double O

00 : (el CjoyChy,Clo,) 00000000
[double01] 0O 00O [doubleO2] DO D ODOODOO
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eigenvec.dat

CalcMod O 0O 0O OO OutputEigenVec=1l 0 0 O O0OLanczos 0000000000000 OODOOOQODOInt
putEigenVec=1 00000000000 O0OO0OO0OO0OOOOOOOOOOODOODODOODOODODODODOD
O000ooo00ooo0o0oooooooooon

googd

 ##_eigenvec_&&_rank_$$.dat

##0 ModParaOD O OO UD [string02] 0000000000 &&O OO0 O0OODO$SOOO0OO0O0OOOOOO

goboodgb

Note: eigen_vector O0O00000000O00000000000000O00O00O
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tmpvec.dat
CalcMod DO OO0 ReStart=1,20000000000000CO000O0O0OCO00O0ODOOOOODOOOO

0000000000000 00000000000D00(@UUOO0O0d eigenvecdatdO0O0OO)O

gooogo

e Lanczos O O ##_tmpvec_rank_$$.dat
e TPQ O, LOBPCG O O ##_tmpvec_set_&&_rank_$$.dat
##0 ModPara D O OO QOO [stringOZ]DDI:II]DDDDDD$$DDDDDDDDDDDDDDD&&D TPQ O O

OoOOoOOOoOOoOOooooo LoBpCcGOOOOOOOOOOOOOOO

gooogoo

0o00000ooooO00000oo0o00000oDoo0O0O0000000 (OO0 HPHi+ODODOOOOODOOD
coooooogo)o

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

TPQ O 0 O 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);

O00Chumber_of_interationsO0O0O0O0OMocal_sizeODOOOOODODDOOMPIDDODOOOODO
000000000000 00000O0)dlast_vectordOOOOO0OOOO0OOODOOsecond_last_vector
dddoo200000000000O00O0O0O0O00000
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0 last_vectorlsecond_last_vectorOUOUO0Odoooooooooonoooooooooo
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DynamicalGreen.dat

oobooOoooOooooboOoobooOooOoOoOoOoODOOoOO0OOOoO0ODOO0OObOOOOoOon

ooooo

 ## DynamicalGreen.dat

##0 ModParaODOODOODO [stringd2] D0 0000000000000

gooogo

e 1 00-: [double01] [double02] [double03] [double04]

goobooo

* [double01], [double02]

00 : double O

00:00000000000
[double01] 0 0 0 O [double02] DO OOOOOOO

* [double03], [double04]

00 : double O

g :dbooobooboooboon
[double03] 0O OO [double04] DO DO DOODOO
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recalcvec.dat

LanczsoOOOOOODOOODOOOOOOCOOOOOO 20000000000000000O0O0O0O0O0O0O0OO

goboobbooboobbooobooboooboobboob

gooogo

o ## recalcvec_rank_$$.dat

##0 ModPara 00 000D [string02] 00000000000 000000 OOOOO

gooogoo

1000 [int01]

2000 [int02]
* 300 - [int02]+3 O : [double01] [double02]

* 400 -2x[int02]+4 O : [double03] [double04]

googd

* [int01]
00 :int0O
gb:0b0boboooooboobgoboboboooobooooon
* [int02]
OO0 :LongintO
g :fdbooooboobobooboobbooba
* [double01], [double02]

00 : double

00 :Lanczos 000 ¥4 0000000 [double01] D000 [double02] DODODODODOODODOO

gogbooboooobuoobooboboon

* [double03], [double04]

00 : double

54. D0O0O0O0OOOOOO

139



HPhi++ Documentation, 1 0 0O 3.2.0

00 :Lanczos 000 Tk 0000000 [double0l] D OO0 [double2] 0000 ODOOODODODOOOO
ooboooooobooooboooooooo
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TMcomponents.dat
Lanczos OO0 O00OOOOODOOOOOOOODOOODOOOOOOODOOOOODOOODOOOODOODOOO

goboobbooboobboobooboboo

gooogo

* ##_TMcomponents.dat

##0 ModPara D D 00O O [stringd2] DO 000D O0OOO0OOOOO

gooogoo

« 1000 [int01]
* 2000 [doubleOl]

* 300 - [int02]+3 O : [double02] [double03]

ooooao

* [int01]

00 :int0O

OO0 :000000000000000OD0ODOD0OO NqODOOOOO
¢ [double01]

00 : double O

ob:000b0b0ooooogoog
* [double02], [double03]

00 : double O

00 :Lanczos 000000000000 O0OO0DOOO0OODDOOODODOOOOD a4, Bi(i=1,---Ng)O
00000000000000000000000000000000 [double02] O a;0 [double03] O S;
gogbooooo
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excitedvec.dat

CalcMod O O 0 00O OutputExcitedVec=1 D000 Opairdef 00 000000000000 OOOODOOOOO

gobooboboobooboooboboobooobbooboobbooboooboon

4096

0.0009135367, -0.0004231751
-0.0009712430, 0.0293999045
-0.0294644178, 0.0210086435

0.0214247977, -0.0107587147
0.0272643022, -0.0404634256
0.0034322694, -0.0184446640
0.0019911098, 0.0004403706

0.0114685735, -0.0114381935
0.0092888239, 0.0088235535

opoooo

o ## excitedvec_&& rank_$$.dat

##0 ModPara DO DO OO [string2] OO0 0D0D0OO0000&KOODOOOOOOSSOOOODOOOOODOOO

gooogo

e Line 1: [int01]

¢ Lines2-: [double01] [double02]

ooooo

* [int01]
00 :longint O
gg:gboooobogob
* [double01], [double02]

00 : double O

gb:0b00booooooooog
[double01] 00D O [double02) D0 DD OO0ODOO
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544 0000000000

* ERROR ! Unsupported Keyword !
gboboboooooboboboboboooooobobOobobooo

e "ERROR ! Keywordis duplicated !
ooooo0oO0ooD20000000DCO00OOO00OOOOODboOOn

¢ ERROR ! Unsupported Solver : solver

* ERROR ! Unsupported Model : model

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

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

method, model, lattice 0000000000000 O0O0OOOO0DOOCOOOOOOOOOOOOOON
ooooooooon

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

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

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

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

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

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

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

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

* ERROR ! (nelec_cond + nelec_loc + 2 * Sz) % 2 != 0 in Kondo model !

* ERROR ! nelec_cond <= nsite / 2 && 2 * |Sz| > nelec_cond + nelec_loc
¢ ERROR ! nelec_cond > nsite / 2 && abs(Sz2) > nsite / 2 x* 3 - nelec...

gboboobooooooobobboooobobobooboboob0 z0b0b0DbOOOODOODO
goooo(@oOO0oOooO0oO0bDOoOoOOD2000b0O000O0OO0)DODODO0O0ODOOODOOO

® Check ! °° "7 is SPECIFIED but will NOT be USED.

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

obooooooooboooOOobOoOoocOoboOooOoOoOoOoOoboOoOoOoOO0ObOObOObOOObOOOODbOObOOnOn
ooboooooooooboboooooooobooooooooooooooboooooooooboooooon

* ERROR ! "\ ' 1is NOT specified !
goo00oooooooooo0ooooooooooooooooooooobooooooooo
o = #####4 DEFAULT VALUE IS USED ####+#4#

oobooooO0ooOooOoboooboo0ooooOoOoO0oOoOOo0o0ooboo0ooOooOoOo0oDOoO0O0bOOoOoOooon
oooooooooooooon

55 000000

5.5.1 Lanczos O

oooo
Lanczos 100000000 TITPACK' D000 DO0D 0DDO0DOO® 000000000,

Lanczos OO ODOOOOOOOOOOOOO0O0O0O0O0O0O0OOODOOOOOOOOOOOOOOOOOO0O0O0O0O
O0O00OLanczos 000000000000 Hilbet 000000000000 000D0O00O0DOOO 2000
ooobooooooooboooooooooobo0ooboOo0ooooooooObo0oDbOo0oobooOoooooOoboOooD
0000000000000 00 Hibert 000000000000 0O0OO0O0O0 1000000

Lanczos 00 00 0000000000000 0000000000000000 &, 0 Hamitonian 0000 0
00000,H"% 0000000 000000000000 K (K, %) = {Zo, H'Zo, ..., H"Z} O Krylov O
00000000000000000 HOOOOOOO &@0000000 E;000)0000000000

. —
To = g a;€;
%

000000 0000E, 000000000000 0D0OO0O00O0OO0O00O0ODO0O000ODOO0O00OD
OO0O00O0O000000000000000000000 HamiltonianO H*OOOOOOOO

S " EN"
H"Ty = Ey [aoeo + Z <El> aiez}
it0 N0
00000000O0d0DD EhOOOOOUODODOO0DODDOOO0O0oU0DOoO00DoOO0ooooooooooooo
000000000000 LanczosOODODO

1 http://www.stat.phys.titech.ac jp/~nishimori/titpack2_new/index-e.html

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

S 00000000 HPh++ 0000000000000 0O0O0O0OOOO 100,000 200 S,00,000000000000
JO000000o0d0 1000000000000 00o000000U0o00oUUoHibertOOOOooooQ
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Lanczos 0000 K,(H, %) 00000000003 %,...,9,—1 00000000000000O0O0O0OOOO
0000000 9y =%/|%] fo=0,2_,=00000000000000000000000000000O0
oooooooo

Oék:('Hi_)'k,i_}'k)
W= HU — Brir—1 — ox U
Br+1 = ||
. U,
Vk4+1 = 757
| U
D000000ee,pAe 000000000000 O0ODOOOODOOOOO
OO000O0OO00D0OoO00DO KeyrovOODOOOOOOOOOOOODOOODODOOODOOODOO
T, = VIHV,

gooooooooooov,0wté=0,1,...,,—1)000000000 7,000000000000000
000 «, 000000 4, 0000000000000000 T,,00000000000000000O0O0OO
00D00DO00DO(ViV=IJ0000000000000)dT, 00000000 é’iDDDDDDDDDDD
ooboooboooooooooo é'i:Vé'iDDDDDI:IDDVI:IDDDDDDDLanczosDDDDDDDDDD
0000000000 00ooooooo0o000D Hilbert OODOODO xLanczosOOOOOO)OOOODODO
DDDDDDDDDDDDDDDDDDLanCZOSDDDDDDDDDDD%DDDDDDD”DDDDD Lanczos
oo0ooOd0oooovooooooooooooo oboooooooooo

Lanczos 000,00 Hilbert 00 000000000000 00000O00O0O0O0O00O0O0O0O0OOOOOOOO
oooooooooooooooooooo 1,000 n0O0O0-0000000C0DOO00O0ODOODOO0OOO
00000000000 Lanczos 100 0000000000000000D0000D0O000DOO0 (000 Ref.*?
cooooooo)o

gooo

000000000000000000000000 %0000 (K-E,)"'000000000000000
F, 000000000000 O00O0O0O0C0COOOOOO0O0OOO0O0OO0O0OO0O0O0OoOoOOoOoO0Oo

(’H—En)*lDDIZIDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gk:(H_En)ngrl

00000000 oooooD(«CcGo)ODoD0DDOo0DoO000000o0U0DoU0DD0Do0O0DO OoDoOon
goooooooOooooO0oOoooOoOooOoo oobboOooboOoOobD boOo,cGUOoooUbooobboooo
0000000 040000000000000D000O000D0ODO0OOODODOODOODOOOOODOD
gboboooooog

“ J@DDDDDD Lanczos 00O O0OO0OO0O0O0O0O0O0OOO
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gobooboogn

goboooboobboon

Lanczos 000000000000 O0DOOCOOO0ODOOOOOO0ODOOOOOODOOCOOO ModParaOlODO OO
initial_iv(=r,) 0000000OCCOOCCOOOCOOOOOOOOOODOOODODOOO ModParaDbOOOOODO
0000000 InitialvecTypeUOOOOOOOOOOOOOODOOOODOOOODOOOO

- 000000000 initial _iv>0000
goboobobgooboo

(]Vdim/2 + Ts)%Ndim

000000000000 000 Mgine 00000000 OOOODDOOOOONG/200000000
initial iv=10000000000000000000000000O0CCOOO00O0O00O00O00OOOO
ooooooooooobo 1ooooooooo (1+i)/\/§DDDDDDDD

- 00000000000 0000 initial iv< 0000
oobooooooOoooOobOoOoobooOoOoOooOoOoOoOobOoboOoOoobooOono

123432 + |r|

000000000 ddn 0mnd0000000mn00000000000O00OCODOO0ODOOO0O0O
0000 ModPara OO DO ODOOODOODODO NumAve 00000000 initial_ivODOOODOODOO
000000000 SIMD-oriented Fast Mersenne Twister ASFMT) D 0000000000 O

gobooobod

HPhi++ 0007, 00000 lapack D000 0O dsyevOO0OOOOOO7, 000000000000 ODOCOOO
0000000000000 000000000000000000000000 500 LanczosOOOOODO
000000 7, 0000000000 LanczosOOOOOO0OOOOODOOOODOOOOOOOOODOOODO
0000000000000 0000C0000000000000 cbataFileHead(OOOODOOOOOODO
ModParaOOOOO)00000000O0O0OOO

OD00OLanczos 000000000 VOOOOOOOOOOOOO00000000000000000000
0|n)0000000000000 E,=(n/Hn)00000000 A= (n/H3n) - ((n/H|n))200000E,
0 Laczos 10000000000 000000000000O0000O0000000000000000000
000000000000000000000000000000000000

gogboooboboobdoobobooobdooboooboobooboboobbobLDboobboobDbooboOoo
0000 Lanczos OO0 O 0OOOODOOOOOOOODOOOOOOOODOODOOOODOOODOOOOOD
ggoo

*5 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/SEMT/index.html
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552 00000

gooo

0000000 HOOOOOO |¢)j=1---N)OOOO0O0000: Hy = (¢|Hy;) 00000000000
0000000 E0000000 |9,)00000000000 G=1---N)JOOOO0OOO0D00 lapack O dsyev
00 zheey 10000000 000000000000 D0000000D000000 (4;)=(®]A|®,)0000
0000000000000

0000000000
000000000 (4;) = (®,]A|®,)0000

R N Ne—BE:
<A> — Zz=1<Al>

Zi]\il Cs

coobooooobooooboooboooooooOoOobOo0ooooOoobooOoOoOoOoOoOoOoObOoOoDon

553 000000000000000OOO

0000000000 o0o0oooo0o0oo00o0ooooooooooooooooooDoooDooDoooODODOODODOOO
00000000* 00000000000000(TPQ)DOO0OOO0OOOTPQUOIOONDOONDODOOOO
O0000000000000O0OLanczos D00 O0OODOODOOCOOOOOOO0O0O0O0OOOOOOOOOODODO
O, micro canonical TPQ(mTPQ) 0O D O OODO OO

) 00D0D0D0O0DDOOD0OODODOODODO (I-H/N)(ODODODODDON,0000DO)D kODDODOOOOD
coobooooboocoobooooooooooa

(I = H/N)|r-1)

|(1 =H/Ns) 1)

00 |¢) 0 mTPQUID0O000 mTPQUOODOOONDOND 8, 00000000000000 v, 00000
afsfslslsfsis]s

[vn) =

2k /N,
l—uk

B ~ s ur = (Vx| H|Yr) /Ns.
00000020000 A0 8,000000
(A)g, = (| Alvr) /Ny

000000 0000000000000 00D00D0O00DDO00000000D0U0D0O0ODODON]|Y)O
gboboooooooboooboboboboooog

*1S. Sugiura, A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).
2 000o00D000000O0DOn
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gobooboogn

goboooboobboon

coobooooooooboooooooOoooOoboOoOobOOo0oOoOboOoOooOoOOoOoOobOOoOoobOOoOooooOoboOooon
OO0OO0OO0OO0O0O0OO0O0O ModParaODODODOOOOOODOODODO InitialvecTypeOJOOOOOODOOODOODODO
OOO0O0OO0O0OO00OO00000000000 initial iv(=r,) 000

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

000000000000 n,m 0run0000000rm0000000OO0OOOOOOOOOOOOODOOODO
000 ModPara OO OO UODODOUODOODO NumAve 000000 DOinitial_ivOOOOOOODOODO
0000000000000 0000oDo00dn0 ModParaOOOOOODODOOOOODODOOODODOOODODO
SIMD-oriented Fast Mersenne TwisterdSFMT) 00000000000 000 O krhread, NThreads EProcess O O
gddddoooooooobobobbbobbbbbbdddddouoogn initiael _ivOOOooooooO
0000000O00000O00oooooooooo

554 0000O0ODOOO

HOODOODODO |9)=0[®) 00000000

I6) = @)=

0000000000000 0000000000000
Aio, Cigy (]
io1 Cioy (Cwl)
i,al

ooooooooon

E ) T i
Ai01]0'2ci01 Cioy (Cial CjUz)

4,§,01,02

gogbooboboobooboooboobooobobooboobbooboobbooboobbooboo

O:S(k)zzgjeik'”22%(C;Tcﬂ—chcj¢)eik'”
J j
0000000 DO0ODOO0ODO0ODLO0ODLOO0ODODOO0ODODOO0ODOO0ODOO0ODOODOO0DOO0DO0OOOOLanczosODO0DODODO
00000000 A3 0000000000000 00D As?020000000000000000000
gobodoboboobooo

3 http://www.math.sci.hiroshima-u.ac.jp/m-mat/MT/SFMT.
*IE. daggerotto, Rev. Mod. Phys. 66, 763-840 (1994).
*2 S Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang, T. Fujiwara, Journal of the Physical Society of Japan 77, 114713 (2008).
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555 00000

HOODODO00OD00 [®(t)) 0000
[D(tn)) = e @ (tn-1))
D000000000000000000000000000t,=Y7,A;0000000000 e *AtQ

m
; 1
— A”n,_ .
e IHAL —Zﬁ(—zHAtn)l
1=0
o000 000obobooooboibd mO ModParaOODOOO ExpandCoef DOOODODOOOOODODOODO
goddodooooooood <(I’(tn)|(1)(tn)>=1DDDDDDDDDDDDDDDDDDDDD

5.5.6 Bogoliubov [ [

00000000000 000 (transfer)JInterAll 0000000000000 ODOOCOOOOOOOO
O BogoliubovO 00D ODOODODODOOOOOODOODOOODOODOOD -000000000OO00OOOOO

s
Si. = Z aczgcw
o=—5
-1
St= 3" VS +1) oo+ Delyiycio
o=—5
-1
; Z VS(S+1)—o(o+ 1)CL,Cm+1

o=—S5

A
I

5.6 Calculation of physical quantities

In this chapter, we explain post procedures to calculate physical quantities. All scripts used in this chapter are included

in tool folder.
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5.6.1 Calculation of specific heat

5.6.2 Calculation of spectrum function

5.6.3 Calculation of magnetization curve

A 00000 Fourierd0OO00oOoooon

A1 00

0000, mVMCOOO HPhi++ODOOOOOOOCODOOOOCODOODOO Fourier OO0, 0000000000
OO0 HPhi++000000O000000000000O0 Fourier0O0O,00000000COCOOOODODOOO

ooooo.

RN

0000000000000 0 mVMCOOO HPhi++OODOOOO.

ooooao

0000000000000 0000 Fourier0OOOOOOOO.

1000

Nr

” A _ _ik-R/~ ~
(Chartupt) =D e ™Rl L erar)

R
Nr

R _ —ikR At A
<0La¢ck5¢> = Ze ¢ <CI)Q¢CR5¢>

oo-oooon

1

Nr

R

(Praics) = 3= 2 e (0w = (poa)) (s — {fms)))

gobo-ooboo

oooo

3

“

(&)

(6)

N

®
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begin{align} langle {hat X}_{{bf k} alpha uparrow }*{dagger} {hat X}_{{bf k} beta uparrow }rangle (omega)
&equiv sum_{bf R}*{N_{bf R}} e*{-i {bf k}cdot{bf R}} langle {hat X}_{{bf R} alpha uparrow }*{dagger}
(omega - {hat H})*{-1} {hat X}_{{bf 0} beta uparrow }rangle end{align}

00000 X0OOOO0OO0OOO00O00000000000000000 10000200000000000
ooooooooon

A2 0000000000000000O00O00

oooood0oooOdOo,00oo00bbo0ooo @ooo)ooooopoooo.

HPhi++/vmc.out 0 0 O

e HPhi++ OO O

gogboooboboobooboboobob.0bboobooboboon.

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

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

U=8.0

nelec = 8

25z=0

$ HPhi++ -s input

e mVMCOOO

gooooooooooboooo.oocooobooooon.

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

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

U=8.0

nelec = 8

25z=0
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$ vmc.out -s input

goboobobooboo,booboobbobbooboob.

NVMCCalMode = 1

gooooooboo.

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

OOO0O00,00000000000 output/ 000 10000 2000000000000.

goboooobood

StdFace.def (mVMC/HPhi++ 00O 00O0O00O)
e zqp_opt.dat (mVMC OO OO OO OO)
e greenone.def (I 0000000000 O0OOOOONO)

e greentwodef (D DD DO ODOOOOOOOODOOODO)

ooooocoooood

Uobooboboobod greenr2k 000, 0000b0ooobooooO.

$ echo "4 20

GO0OO0O

X 0.500

M 0.5 0.50

GO0OO0O

16 16 1" >> geometry.dat

$ greenr2k namelist.def geometry.dat

OO00O00,00000000000 output/ 00000000000 OOOOOOOOOOO.
gogoooooo

e output/zvo_cisajs_00l.dat (DO OO OO /0000 20000000000)

e output/zvo_cisgjsdat (DO D D00 /0000 20000000000)

* output/zvo_cisajscktalt 00l.dat (DO OO OO /0000 20000000000)

e output/zvo_cisajscktalt.dat (D DD 000 /0000 20000000000)

e geometrydat (0 000 000000000000, kO)

* output/zvo_corr*dat (¢ 0 0O OO OODOO)
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gobooboogn

enuplot 0000, 00000 £00000000O0O.

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

0.35 T

03 F

025

021

015 F

Correlation function

01F

0.05

"output/zvo_corr_eigen0.dat"u 1:12 ———

-0.05

06 Figure6: 0000 (Sk-Sk)(1200)000000O0O0O.

oooooooo
e kpath.gp (gnuplot 0000 0)

e output/zvo_corr*.dat (k0 0O D0 00O D00)

A3 000000000000000000O

00000000000, 000000000000 oo0 (12000)00o0oo0oooon.

1. 00000 FourierOOODOOODODOO
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HPhi++ OO O

coooooooocoobooooo.ooobobocooboOooon.

model = Spin

lattice = Chain
method = CG

L =12

28z = 0

J=1.0

CalcSpec = Scratch
SpectrumType = SzSz_r
OmegaIm = 0.1

-6.0

-2.0

OmegaMin

OmegaMax

$ HPhi++ -s input

00000,00000000000 output/000000O0DOODODOOO.

oooooooo

e stan.in (mVMC/HPhi++ OO OO0 O0OO)

ooooocoooood

obodbboobid dynamicalr2k 0000, 0000000000000.

echo "4 20

000

0.500

0.5 0.50

0 0 0" >> geometry.dat

O X O W»

dynamicalr2k namelist.def geometry.dat

OOO0O00,00000000000 output/ 000000000000 O0O0O0O0OOOOOO.

gooooooo
* output/zvo_DynamicalGreen.dat
e geometrydat (D OO0 O0OOOOOOOOOOO, kO)

* output/zvo_dyn.dat

gopboooboogn

gnuplot 00 00,00000 kO0O0OOOOOOO.
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load "kpath.gp"
splot "output/zvo_dyn.dat" u 1:2:(-$4) w 1

"output/zvo_dyn.dat" u 1:2:(-54) ——

Spectrum
D — P L £ LNED ~I O LD

Energy from Ep

07 Figure7: 0000 (Sk-Sk)(w) 000 (400)00000000.

oooooooo
e kpath.gp (gnuplot 0000 0)

* output/zvo_dyn.dat

A4 0000000000

O000oooooooooooo, kO

goobooooooboobbobbodob 00000000 geometry.dat. 0O00OO0O0OO0OOO0OOO
mVMC/HPhi++ 00 O0O0000000000000000000000000.

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)

@ooooooo)
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(ooooooooon)

001
0000
-1 100
0100
1100
-1 200
200
200
30
20
00
0.5
0.5
00
6 16

QR X Q> Ok O
(@]
~ O O O O U1 b bbb D DD D W

— O O O O
6]
o

l.ooboo0oO0O0O0.0coooo(@uooooooooooon).

2. 100000000000000C0O00D0O000DO0O0D0OD (OO degree) DO0OOO0OODODOO
og)

3.00000000oDoO00oo00UoDoO00o0oodU0D.000oDo0UoDoOOoOooDoOoOOn0 aow,
a0L,a0H,alw.. OO00O0O0(@COOCOODOOOODOOONO).

4.000000000000000(@O0)0000000(@O0)0000000@00000000000
oo).

5. k000000 @oooooo)ooo,oo0000 kOO0OOO.
6. kOOODODODODOOODOOODOODODOO

7.00000000 FermiSurfer 00000000000 k0000

gooooo100o0o 200000
gobooboboobooboboooodg
mVMC/HPhi++ 0 0000000000000, 00000000000 0ODO0D0O00O0O0O00O0O0OO0O. O

000000 mVMC/HPhi++ 00O 0000000, 000000000000 0OO0OO00O0OO0 ODOOOOOO
greenone.def (10)000 greentwo.def 20)000.

gooob oooooooooooooooo,o0oo0oo0oo0ooooooooooooboon.
* (Chartist)

<égaTéRm>DDDD,RDDDDDDD,@DDD f0000000000000000000O0.
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.<6La¢ék6$>
<é$aiéR5¢>DDDD,RDDDDDDD,O{DDD 2 o o o o o o o o
* (Praprp) 000 (S§,58s)

(ehaotoacthpyérp) 0000, ROODOD00O00,a000 A00000000000000,0000
o0l 000000oooo.

* (57,95) 000 (Ska - Skp)

HPhi++ 0000 (¢,,C00—0Chs_otrae) 1000, ROODODOO0O0,a000 0000000000
0000,001,40000000000.mVMCOOO0D (6,,¢Re0Cks_oCoa—o) 0000, ROOOD
000,e000 400000000000000,¢01,{0000000000.0000000000
oooooo0ooooo.

OOOOOOOOOOOOO0O0O0 (outputmode="corr")00,00000000O0OC0COCOOCODOOODODOO,
ocooooooooon.

00000010000 20000000000

00o0oo0ooooooooooooo 000Doo0o0O000000000000 mVMC/HPhi++0OOODOODO
00,0000000000.0000000 mVMC/HPhi++OOOOOOO0OOO0O.00000000000000O
0000 00000000 output/zvo_cisajs_001.dat 00O output/zvo_cisajscktalt_001.
dat (mVMCOC), output/zvo_cisajs.dat 000 output/zvo_cisajscktalt.dat (HPhi++).

greenr2k 0000O0COOOOO0O0O0O0O0O00O00O0O00O0O0O0.000,(000O0OO0OOODOODOOOOO
oooooooooooooooo)oooooooooooooooooo0 ooooooooooooooDoon
ooooooooooooooo,oooopboOoOO.

kOoOOooooooo

Fourier 000000000 (OOO0OO0)ODOO0OO0.00000000 greenr2k000000000.000
J0oodooOoobOo0do0b0O0 0D000Db0O000 output/zvo_corr_eigenO.datO000.

# k—-length[1]

# Orbital 1 to Orbital 1

# UpUp/[ 2, 3] (Re. Im.) DownDown/[ 4, 5]

# Density/[ 6, 7] SzSz[ 8, 9] S+s-[ 10, 11] s.s[ 12, 13]
0.00000E+00 0.88211E+00 -0.50000E-09 0.88211E+00 0.40000E-09
0.25000E-01 0.87976E+00 -0.46625E-09 0.87976E+00 0.42882E-09
0.50000E-01 0.87276E+00 -0.42841E-09 0.87276E+00 0.45201E-09

000Do0d0ooO0ooO00ood0ooO00oo0ooU0ooO0ooOoO0, 000000 k0000000 0ODOOOD
obobooooooooboooon.
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gnuplot DO OO0

greenr2k 0000D00OC. gnuplot 000000000000 ODOO kOO0O00OODODOOOO.OO0OODOO
kpath.gp QO QO.

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

O000000000000000000000 FermiSurfer 0000

greenr2k 000000O0.000000 output/zvo_corr_eigenO.dat.frmsf

A5 greenr2k 00 000000O00DOOOO

oooboooooooo,ooboocooooon.

S PATH/}/greenr2k NAMELIST GEOMETRY

000, ${PATH} 0 greenr2k 0000000000000 00O0O0DODODOOOOO, ${NAMELIST}O
HPhi++/mVMC O NameList 0 000000000, ${GEOMETRY}O 0000000000000 OO0, kDO
gooooooooog.

HPhi++ 00000 (Lanczos, TPQ, 000 0O,LOBCG) 000 mVMCOUOOOOODODODOODOOODOOO Fourier
00000D00D000,00000000.0000 ModParaOOOODOOOOODOO ChataFileHead O "zvo"
(00D0DD0O00)O0DooOoOoOo.

HPhi++-TPQ

O0000O0O0O "pPhi++ O, OO O/TPQ O DODOOODO =zvo_cisajs_runxstep*.dat (1 0O),
zvo_cisajscktalt_runxstepx.dat 2 0) 00000000 output/ OO O OOODOOOOO.
greenr2k 00 O0D0OO0OOCOO,000/TPQUOCOOCOO 10000 200000000000 Fourier O
000000, zvo_corr_run*step*.dat 000000000 0ODOO output/ 0000000O0OOODO.

HPhi++-0 0O 0000 LOBCG

0o 0o oo ad HPhi++ 0O, O 0O 000000 o zvo_cisajs_eigen*.dat (1 0O),
zvo_cisajscktalt_eigenx.dat Q0)0000O000OO output/ 00000000000, greenr2k
OooopoooOoOo,000opooo00 10000 200000000000 Foutier0OQOQOGOOO,
zvo_corr_eigenx.dat 000000 O0O0O0OODO output/000O0O0O0OOODOO.

158 O 50 Contents




HPhi++ Documentation, J 0 0O 3.2.0

mVMC

00000 vmc.out O,ModPara 0000000 0O0OO0ODOOOONO NDataIdxStart OO0 NDataQtySmp
0000000000000 oDDoDDoDoD0oO0D0D0DD0DD0DO0D0O0OO0gdgd zvo_cisajs_???.dat (1 O),
zvo_cisajscktalt_???.dat QO)0000D000O0O0 output/ 00D O0OD0OOODOOO. greenr2k
000000O0DO0o0oDO00Od0ooU0DOoU0o,000000g Fourier0OOO0OOOO,000000,0000
ooooo

Nrry
1
A) = A; 9
(A) Ny g ©)
gooOoOooo
1 1 N
JA = > (A —(4))2 (10)

OO000,00000000000000000 zvo_corr_eigenx.dat O output/ 000000000
go.

1.6 dynamicalr2k D0 000000000000

gobooboboobo,0cbooboooo.

S PATH}/dynamicalr2k NAMELIST GEOMETRY

000, ${PATH} O dynamicalr2k 000 0000000000000 OOOOOOOO, ${NAMELIST}O
HPhi++/mVMC 0 NameList 0000000000, ${GEOMETRY}0 D00 0000000000000, k0O
OO00O00O000000.00000 HPhi++ 0O output/ 00000000 O0O0O0O0COOOOOOCODO
00, zvo_DynamicalGreen.dat 00 0. greenr2k 00 0000000,00000000 Fourier d0O 0O
0D000,0000000 zvo_corr.datl output/ 00000O0DOODOOO.

.1.7 Contact

cooobooooocooboooooo,0o00,00000000OO0O0OOO0OOODOOOODOOOn

gooo

mkawamura_at_issp.u-tokyo.ac. jp

_,at_geobobooog.
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2 WannierOOOOOODOoOOoOoOoooooooOoO

21 00

OO0000,RESPACKO mVMCOOO HPhi++O0O0O0O,000000000000QCO0ODOOO0ODOOODO
gboboooooog.

DC
H= Z (t(R’—R)ij - t(R/—R)ij) Cer'-t/ngRia

R,Ri,j,0
+ Z Uoijnritnri, + Z URr —RyijRRiMRj — Z Jr—Ryij (DRt MR j4 + NRi MR )
R (R,))<(R',j) (R,i)<(R',j)

Tt
+ Z J(R,*R)ij(cRiTcR’jicRiicR'jTJ'_c}(?’ch;?iicR'jicRiT)
(R,1)<(R'.5)

;
+ Z J(R’—R)ij(CTRz‘TCRuCR’jLCR’jT + CI%/jTCTR'NCRiiCRiT%
(R,1)<(R'.5)

1 1
thy = §U0iiDOii + Z Uri;jDojj — 5 Z JrijDojj,
(R,j5)(#0,1) (R.j)(#0,i)

1 1 ) .
thy = §JRij(DRij + 2Re[Dryj]) — §URijDRijv (R,7) # (0,4),
— T
DRij = Z <CRjUCOig>KS .
oo

QuantumESPRESSO 0000 xTAPPO O OO Kohn-Sham OO O OO OO OO, RESPACK O Wannier 0 0O, O
000,0000000000,00000000000000000 mVMCOOOO HPhi++OOODODO.ODO
000000O0o00bO0o0oOoo0obOOoooooooag.

220000000

OO0O00O0OoOoooOoO SrpvVo40 200300 Hubbard OO O OO OOOOOOOOO,OOO HPhi++/mVMC
O0000.DFTOOO QuantumESPRESSO 00O O.

00000 SCFOD

oo,DFTOO0OO0OODOODO SCFOOOO00.

scf.in

&CONTROL

calculation = 'scf'
pseudo_dir = '../pseudo/'

(ooooooo)
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(ooooooooon)

prefix = 'sr2vo4d'
/
&SYSTEM
ibrav = 0
nat = 7
ntyp = 3
ecutwfc = 45.000000
ecutrho = 360.000000
occupations = 'tetrahedra_ opt'
/
&ELECTRONS
mixing_beta = 0.3
/

CELL_PARAMETERS angstrom
-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
ATOMIC_SPECIES
0 15.999400 O_pbe_vl.2.uspp.F.UPF
Sr 87.620000 Sr.pbe-spn-rrkjus_psl.1.0.0.UPF
V 50.941500 V_pbe_vl.uspp.F.UPF
ATOMIC_POSITIONS crystal
Sr 0.644600 0.644600 1.000000
Sr 0.355400 0.355400 0.000000

v 0.000000 0.000000 0.000000
0 0.500000 0.000000 0.500000
0 0.000000 0.500000 0.500000
O 0.842000 0.842000 1.000000
O 0.158000 0.158000 0.000000

K_POINTS automatic
4 4 4 0 00

OO0O0O0000 (UPFOODOO)O The SGI5 Optimized Norm-Conserving Vanderbilt (ONCV) pseudopotentials O

gooog.

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

QuantumESPRESSO 0 000000 pw.x D00,

$ pw.x —-in scf.in

(Optional) DO OO ODOOO

band.in

2. Wannier 000000000000 0OOOO
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&CONTROL
calculation = 'bands'
pseudo_dir = '../pseudo/’
prefix = 'sr2vo4d'

/
&SYSTEM

ibrav = 0

nat = 7
ntyp = 3

ecutwfc = 45.000000
ecutrho = 360.000000

nbnd = 57
/
&ELECTRONS
/

CELL_PARAMETERS angstrom
-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
ATOMIC_SPECIES
0 15.999400 O_pbe_vl.2.uspp.F.UPF
Sr 87.620000 Sr.pbe-spn-rrkjus_psl.1.0.0.UPF
V 50.941500 V_pbe_vl.uspp.F.UPF
ATOMIC_POSITIONS crystal
Sr 0.644600 0.644600 1.000000
Sr 0.355400 0.355400 0.000000

vV 0.000000 0.000000 0.000000

O 0.500000 0.000000 0.500000

0 0.000000 0.500000 0.500000

O 0.842000 0.842000 1.000000

0 0.158000 0.158000 0.000000

K_POINTS crystal

49

0.5000000000 0.5000000000 -0.5000000000 1.0
0.4433287500 0.5566712500 -0.5000000000 1.0
0.3866575000 0.6133425000 -0.5000000000 1.0
0.3299862500 0.6700137500 -0.5000000000 1.0
0.2733150000 0.7266850000 -0.5000000000 1.0
0.2166437500 0.7833562500 -0.5000000000 1.0
0.1599725000 0.8400275000 -0.5000000000 1.0
0.1033012500 0.8966987500 -0.5000000000 1.0
0.0466300000 0.9533700000 -0.5000000000 1.0
0.0919660000 0.9080340000 -0.4546620000 1.0
0.1373020000 0.8626980000 -0.4093240000 1.0
0.1826380000 0.8173620000 -0.3639860000 1.0
0.2279740000 0.7720260000 -0.3186480000 1.0
0.2733100000 0.7266900000 -0.2733100000 1.0
0.3186480000 0.6813520000 -0.3186480000 1.0

@ooooooo)

162 O 50 Contents




HPhi++ Documentation, 000 O 3.2.0

(ooooooooon)

O O O O O O O

o O O O O O

.3639860000
.4093240000
.4546620000
.5000000000
.3750000000
.2500000000
.1250000000
.0000000000
.0625000000
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

1250000000
1875000000
2500000000
3125000000
3750000000
4375000000
5000000000
5000000000
4546620000
4093240000
3639860000
3186480000
2733100000
2277583333
1822066667
1366550000
0911033333
0455516667

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

.6360140000
.5906760000
.5453380000
.5000000000
.3750000000
.2500000000
.1250000000
.0000000000
.0625000000
.1250000000
.1875000000
.2500000000
.3125000000
.3750000000
.4375000000
.5000000000
.5000000000
.4546620000
.4093240000
.3639860000
.3186480000
.2733100000
.2277583333
.1822066667
.1366550000
.0911033333
.0455516667
.0000000000
.0833333333
.1666666667
.2500000000
.3333333333
.4166666667
.5000000000

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

.3639860000
.4093240000
.4546620000
.5000000000
.3750000000
.2500000000
.1250000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0466300000
.0919660000
.1373020000
.1826380000
.22779740000
.2733100000
.2277583333
.1822066667
.1366550000
.0911033333
.0455516667
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

e e e e e e e e e e e e e e e e T e T e e e

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

ob0o0 pw.xOODO.

$ pw.x —in band.in

bands.in
&BANDS
prefix = 'sr2vod'
lsym = .false.
/

QuantumESPRESSO [0 bands.x O 0O0.

2. Wannier 000000000000 0OOOO
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$ bands.x —in bands.in

00000 bands.out.gnull GnuPlot 00 00000000O0O00OO.

Kohn-Sham OO O oOQO

nscf.in
&CONTROL
calculation = 'nscf'
pseudo_dir = '../pseudo/’
wf_collect = .true.
prefix = 'sr2vod'
/
&SYSTEM
ibrav = 0
nat = 7
ntyp = 3

ecutwfc = 45.000000
ecutrho = 360.000000

occupations = 'tetrahedra_opt'
nbnd = 57

/

&ELECTRONS

/

CELL_PARAMETERS angstrom

-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
ATOMIC_SPECIES

0 15.999400 O_pbe_vl.2.uspp.F.UPF
Sr 87.620000 Sr.pbe-spn-rrkjus_psl.1.0.0.UPF
V 50.941500 V_pbe_vl.uspp.F.UPF
ATOMIC_POSITIONS crystal

Sr 0.644600 0.644600 1.000000

Sr 0.355400 0.355400 0.000000

v 0.000000 0.000000 0.00000O0
0 0.500000 0.000000 0.500000
0 0.000000 0.500000 0.500000
O 0.842000 0.842000 1.000000
0 0.158000 0.158000 0.000000

K_POINTS automatic
4 44000

oo pw.xDOOO.
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$ pw.x —in nscf.in

OO0 RESPACKO0OOOOOODOOONO ge2respack.shO000.000 [prefix].saveOOOODOODO.

$ ge2respack.sh sr2cuo3.save

WannierO0O,0000,000000000

respack.in

&PARAM_CHIQW
Num_freq grid = 1

'Ecut_for_eps
flg cRPA =1
MPI_num_proc_per_gcomm = 1
MPI_num_gcomm = 4
'flg_calc_type = 2
'n_calc_g = 8

/

&PARAM_WANNIER

N_wannier = 3
Lower_energy_window = 9.865
Upper_energy_window = 13.35
N_initial_guess = 3

/

dxy 0.2 0.0 0.0 0.0

dyz 0.2 0.0 0.0 0.0

dzx 0.2 0.0 0.0 0.0
&PARAM_INTERPOLATION
N_sym_points = 10

dense = 12, 12, 12

/

0.50000 0.50000 -0.50000
0.04663 0.95337 -0.50000
0.27331 0.72669 -0.27331
0.50000 0.50000 -0.50000
0.00000 0.00000 0.00000

-0.50000 0.50000 0.00000
-0.50000 0.50000 0.04663
-0.27331 0.27331 0.27331
0.00000 0.00000 0.00000
0.00000 0.50000 0.00000
&PARAM_VISUALIZATION

flg_vis_wannier = 1,
ix_vis_min = -1,
ix_vis_max = 2,
iy_vis_min = -1,

(ooooooo)
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(0o00ooo0ooon)

iy_vis_max = 2,
iz_vis_min = -1,
iz_vis_max = 2

/
&PARAM_CALC_INT
calc_ifreq = 1

ix_intJ_min =
ix_intJ_max =
iy_intJ_min =
iy_intJ_max =

iz_intJ _min =

O O O O O O

iz_intJ_max =

/

RESPACK OO ODOODO calc_wannier,calc_chiqw,calc_j3d,calc_w3dO0O0O.

$ calc_wannier < respack.in
$ calc_chigqw < respack.in
$ calc_w3d < respack.in

$ calc_j3d < respack.in

HPhi++#/mVMC OO OOOOODO

OO0,RESPACK 00D O0DO0OODO0OO0ODOODODOOODODDO Wannier90 OO OO0 OO0O. ODOODO
HPhi++/mVMC OO ODOOO0OOOOOOO respack2wan90.py O O 0. 00O HPhi++/mVMC OO OOOOO
0000000000 ChataFileHead JOODODODO. ODODQOOOOODODOOO zvo (HPhi++/mVMC O
ChataFileHead 0O DOOOO)ODOOOODOOOOODO.

$ respack2wan90.py zvo

O00,HPhi++/mVMCO0D0O0O0O00O0OOOOOO,000000000000D0O000A0.

respack.in

model = "Hubbard"

lattice = "wannier90"
alw =
a0l =
alh =
alw =
all =
alh =
al2w =
a2l =
azh =

O O B N DN O N O N

(ooooooo)
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(0o00ooo0ooon)

method = "CG"
25z = 0

nelec = 4
exct = 1
cutoff_t

[
NN

cutoff_u

I
—

cutoff_j

$ vmc.out -s stan.in

23 0000000000000ooooo

goboobobooboooo.

respack.in

model = "Hubbard"

lattice = "wannier90"

alw
a0l =
alh =
alw =
all =
alh =
al2w =
a2l =
azh =
method = "CG"
28z = 0

nelec = 4

O O P N DN O N O N

exct = 1
cutoff_t

cutoff_u

Il
o o o
=N

cutoff_j

Wamnier 000 00CO000O0O0O0OOCO0ODOOOOODOOO0ODOOO0ODOOOOOOOO.
e lattice = "wannier90"
e cutoff_t,cutoff_u,cutoff_j
oo 00
obobogd :1.0e-8

O0000,Coulomb00,00000000,000000000000A0.
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e cutoff_ tW,cutoff_tL,cutoff tH
e cutoff UW, cutoff UL, cutoff_ UH
e cutoff_ JW, cutoff_ JL,cutoff_ JH
oo 00
gboboo s0obobooooboobgoobo

oo0odO,Coulomb00,00000000,000000000000000 RODOOOODOODO
obooboooo.

e cutoff_length_t,cutoff_length_U,cutoff_length_J
oo .:00
0ooo0ooo :-1.0@0oooooooooon)

Oo0000,Coulomb00,00000000,000000000000000.000000000
gbobooooooboobobooo.

* W, L, Height

e a0W, aOL, aOH, alW, alL, alH, a2W, a2L, a2H

e Wsub, Lsub, Hsub

e a0Wsub, a0Lsub, a0Hsub, alWsub, allsub, alHsub, a2Wsub, a2Lsub, a2Hsub

ooooo3oooooooon.

24 0000000000

HPhi++/mVMCOOOOOO0O0O0O0O0O0O0O0O00000000000.000000000 RESPACKOOOO
O000000ooooooo0, HPhi+/mVMCOOOOOO000O00DO00O respack2wan90.py 000000
od.

oooood

000000 [ChataFileHeat]_geom.dat. 000000000 0O0DOOO0OOOOO0ODOOOODOOODO
opoooo.

-1.917800 1.917800 6.280100
1.917800 -1.917800 6.280100
1.917800 1.917800 -6.280100
3

(ooooooo)
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(ooooooooon)

0.000000 -0.000000 -0.000000
-0.000000 -0.000000 -0.000000
0.000000 0.000000 0.000000

«1-300
gooooooobo.ooooocoooooon.
« 400

mVMC/HPhi++ 000000, 0000000000000. respack2wan90.py00oooooon,
Wannier 000000000 O0.Wamnier 000000000000 ODOOODOOODO,000000000
gboboboooooobooobobobobooooooo.

50000

0000 Wannier D0 (D0O0OO0DO0O0O).Fourier DO OO OO0OO0OO.

0D0oo0d,CoulombIO,0000

000000 [ChataFileHeat]_hr.dat, [CDataFileHeat]_ur.dat, [CDataFileHeat]_jr.dat.
Wannier90 O O OO O0OOOOOOOOO.

.2.5 Contact

goboobbooboobooboob,obb,0bboobboobooboboooboobbobboon

oooo

mkawamura_at_issp.u-tokyo.ac. jp

_,at_geobOobOoooo.

S 00

HPhi++ OO OO0O0O0O0O0O0OOCOCOO0O0000O0O0O0COCOO000000O0D0O0O0 TITPACKOOOOOOOO
OO0O0000o0ooO0ooooOoono TITPACK O fortran OO0 COOOO0OOOOOOOOOODOOOOOO
OO0OHPh++OOOOCOODOOODOCOOOOOOOOOOOOODOOODODOOOOO0ODOOODOOOODOOD
mvMCOUOOOO0OOOOO0O0OO000OO00o0ooooooooogooooooooooooooooooo
mvMCOOOOOODODOOOOOOOOOOOOOOOOO0OOO0O0OO0O0ODOODOOOOODOOODOOD
Oo0o0000oooooooooo0000oooDoooO0O0o0b0000000o0o00000OoOdShifted Krylov OO
goooo0o0oO00o0oOo0oULO0U0UoUUUUUU000 KwODOoOoOOOOODOODODODOODODODODOO
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HPhi++ver. 0.1 -ver. 3.1.00 0000000000 00000000000000O00O (201500,201600, 2017
O0)00000000000000000000O0O0O0ODOOO0O
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