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1. Loz 1

1 FLC®IC

[CIAO (Code for Investigating Atomic Orbitals)] &, #ENELHGRICEOWT, HKTOR2ETRELZSE
E@J%bi? ZIZTRLN-EE ?TT//?WWb%*T//V»%J%Ui?Ouuf@&é%tﬁfT
vy L, )ﬁfifﬁf\—r//ﬂv}w\/l\cﬁr%7n&7A [PHASE] DA LTHWSZ BN TEFET,

TEE??T//WW%T ¥, EBTENR(I7)BTFLME AT THRY, IT7ETIRTOEOLIICHELZBD L
J}?&biﬁ“o ZZT, AT7ETFLMET LV FEE, WJK E2 ) a VETORE RS [(15)%(25)%(2p)%](35)%(3p)?

LT, []TIiﬂtBﬁ%37@¥ %b@@g(@ﬁém E S EbLTY, aTvEIMEFREET
WELZZIT RV S WHFHIZELSHEE LZEFNRIEINE T, ME R, EFE»ro081ha7EFPS5DF
7'3(fﬁ?ﬂiﬁzkﬁb\ﬁ)@Aﬂbéotﬁr//vw%féﬁbé WD FETH, INEBET VU YILVERATOVET,
BRT VY vy VIETRIEFDOAZEZIEE WD, 2B FHBEICHEKLU THEEND LS R L VWO SR D
D %9, ICIAOJ T, /NVLARGEHEIIVNT Y 7 NUOERRT VY vy VEERT A Z N TEET,

[CIAO] OEFIREEFHE DAL, [PHASE] IZRFINBHE—FHE Y REHE & BEARNIZFE U TY, TCIAOJ
WEHRZFTIBET A LIZED, KTV Y ADKRNHTHEZ L 2FAL CEHEEE2 KIBIZEH LTV E
T, UKy EEFHEAAREICLTWE T, 72, [CIAOJ TlX TPHASE] TR ARWE S LA ZRER
A5 Z2eMTEET, HIAIX, ACVHEMBIEHAZGOHE, HXmNLAY VB HREBOE, HuEf
=BV IANF—DHERENBETONET, TOMORREE LT, WETF2ERT 201 EFoNET,

Z® [Tutorial] Ti&, REFEIR LR T V¥ v LVEIROMH L HZ T, I[CIAO] TOHEKRT > ¥ v IAE
BOPIEZMHL FT, £DFELWERIZ [User’'s Manuall IZX2OFLEZDT, TH562BBLTLIFE N,
8, [Tutorial | TIXFHZWI SR WERD, HEBEMNREZHAVET,

2 Ny T—IDIEK

[CIAO] DY —A7 7 A VIFEMES N7z RD “clao_vxxx.tar.gz” (7272 L xxx 3N —2 3 v &F5) TRLET N
TWEY, TOEMT7 7 AVIE, ROAY Y NTHETE X,

% gunzip < ciao_vxxx.tar.gz | tar xvf -
H D50

% tar xzf ciao_vxxx.tar.gz

<7,
WS B &,

ciao_vxxx/
COPYRIGHT
LICENSE
LICENSE_J.pdf
README
bin/
doc/
examples/
outs/
src_ciao/
src_ppconv/
templates/
tools/
tutorials/
win/

DEIRT7ANRTAINVERENE T, “bin” IFEFTTHT T L “ciao” X “ppconv” H&H X 1 2 BT T T,
“doc” 121, Y= a T INVHEHP A->TWET, “examples” [ZIXFFEDAAFINED SNTWETH, Z05iEH<
ETHTHo THRIRGETH D Z LITHRM U TLZI W, “outs” IXMEEMBRTH D, FEEFID 7 A VANTITVE
T, “templates” (Z1%, AT 7 A NVEERT IBIENLDT VTV — bR ASTVET, “tools” IT1F, FERERE



3. AVNAINEELT 2

RTB7ZODATY) TR A>TWET, “tutorials” IZ1%, T ®D [MTutoriall THWAHIENA>TWET, “win”
121X, Windows IDEFT 7 7 A VDB A>TWET, “srcppeonv” 121%, RT VI Y VD AL 7 74 V2T
L5007 ANA>TVET, UL “doc” NDY =27 VE2ZRUTLEI W, ®mEBIZ, “src_ciao” IZ
WTDES Y —AT7 7 A UDBKMENTET,

Makefile
Makefile.Absoft
Makefile.Altix
Makefile.GNU
Makefile.Generic
Makefile.Hitachi
Makefile.Intel
Makefile.Intel2
Makefile.Windows
args.f90
boundstate.f90
charge.f90
convergence.f90
core_hole.f90
defaults.f90
dion_analysis.f90
dipole.£f90
fermi_level.f90
file.f90
fourier.£90
ghost_state.f90
hubbard.f90
init_state.f90
lib_atom_table.f90

lib_bessel.f90
lib_gamma.f90
lib_int_deri.f90
lib_integer.£f90
1lib_kohn_sham.f90
1lib_linalg.£90
1lib_mesh.£90
lib_momo_xc_gga.f90
1lib_momo_xc_1lda.f90
1lib_momo_xc_special.f90
1lib_polynomial.f90
lib_real.f90
lib_string.£f90
lib_time.f90
logderi.f90
main_ciao.ff90
mixing.£90

pao.f90
parameters.f90
pc_adams.£90
pcc.£90
potential.f90
pp-£90

pp_bhs.£90

pp_tm.£90
pp_tmso.£90
pp_us.£90
reading.f£90
rel_correction.f£90
sample_pp_r02.£90
sample_pp_rl2.£90
scf.f£90
sol_boundstate.f90
sol_charge.f90
sol_fermi_level.f90
sol_init_state.f90
sol_logderi.f90
sol_pcc.£90
sol_pp.£90
sol_scf.f90
sol_total_energy.f90
sol_xc_momo.f90
spin_orbit.£90
total_energy.£90
unboundstate.f90
version.f90
writing.f£90
xc_momo.£90

[CIAO] ®Y —A7 a5 Ald Fortran 90 T

% “main_ciao.f90 ” T,

3 aVRAILEEFT

3.1 YRATLEMH

[CIAO] 1%, Fortran 90 22841 SAMEZ B AT LA CHESET A Z e N TE£9, HEIZIE TCIAOl Y —

AR EINTVETOT, PEFIF <90 2 £d, E7us 74

ADATHRTHY, MOBEFET 177 ) 20BEE UERA,

3.2 aAVNAIAE

a YV RAIVIZIE, “src_ciao” IZBWVWT “make compiler” Aa~¥ Y RZ2HWET, T I T, “compiler” 1K 112 %
EdAVALITOVTNREF—T - RTHRELET,

# 1: make DF—7—FK

| F—TU-—K[2¥117
generic L EPAR
absoft Absoft Pro Fortran
intel Intel Fortran Compiler (ifc)
intel2 Intel Fortran Compiler (ifort)
gnu GNU Fortran Compiler (g95)
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#* 1: make DF—T—F (it &)

| F—TU-—F[2¥117 |
altix SGI LX3700 (efc)
hitachi Hitachi SR8000
win Intel Visual Fortran (ifort) for Windows
help Help X v ¥ —Y % K2R
- Help X v ¥ —Y % %R

F—TU—REZRBELRWVE, help AV —UNKRAINET, T84 F—2 LT “Absoft Pro Fortran” % &
ET 254,

% make absoft
EANUET, £72, “Intel Fortran Compiler (ifort)” Z#8E$ 254,
% make intel2

EANUET, BULEYET S0 310 IHRWEE, “make generic” 2T 22 B8O LET, TNTHO F
LW RWEE, “Makefile.Generic” D I VXA VA T a v EELWHDIZEZHZ TH S “make generic”
EEITUTLIEI VN, BRaAZ, “Makefile.Generic” DAV RA N AT a VIFIRD LS IZEEINTVWET,

##### Generic compiler #####
F77 = £77

F77_0OPTS =

F90 = £90

F90_0OPTS =

LINK = £90

L_OPTS

LIBS = -1077

ZIZT, WUTTRIAT Y RIAVRoDE T a v D ANEARIZTE 5477 ) THYRIEDOHEEEZL DT A
TSZVMEDA VR FIZEMNBLTVWBIXTTY, 72U, BEIFT 74V ETOY V273 INTVWEVWDT,
Makefile FIZELS BERH VD E T, ZDOLIIZUTEIT T 71 “clao” Bk ENZ &, RBIZET I 7ML %E
“hin” NIZBEIX B E7-00RODIT Y RE2EFTLET,

% make install

ZNT, “ciao” D “bin” WIZHEIL 9,

3.3 EITHE

[CIAO] %EATT 5720121F, “outs” D FOIEHET A VX IZBE L, IREIZIRRD AN 7 74 )V “input” (7 7
TIVHIMER) 2 HEL,

% ../../../bin/ciao input &

ZFEITUET, ICIAO] OBAN—V a3 v T, fFET7 4L X1E “outs” D 2B TIZH B I EMBREEINTVE T,
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4 EEH

% < O ATIHIH

ciao/examples/
WCEMNTWET, HEMZEIT T2, M0 7+ VX IZBEIL -1,
% ../../../bin/ciao input &

CUET, BRODHBHEPSBALLLZI WV, ANWTZ7ANVDF—T7— R EDFE L WEAHIE [User’'s Manual |
ZHRBLTLEEI N,
Z ® TTutoriall T,

ciao/tutorials/

12 B KBFEF L RBRFOHIEEZFNT, ICIAO] TREFFHE LR T ¥ v WERZETT S FIHZBE L 9

4.1 KFERFOLEFIRRE

[CIAO] DAIEF—T = NERTHBREINTVWET, KD/ TA—=RIZIET 7 4V MEDERESINLTY
FTOT, BELEVWHEIIEBTNVET 74V MEMRKESINE T, F—TV—FEHVWTESEEITZIIZLD, %
DINFA=RIET T H )V MEDPSH LUWMEICEEZHZ ShEd, AHiTIX, [CIAO) DERMDFETHE LT, B/
DA77 A NTOHBEHEZHENL T,

411 AHhF—%
KB 7 DREREFED ATBID 7 + )L &
ciao/tutorials/atom_01_H/lda/
WIZBEIL TS ZX W, £ZIiTid,
input
DESIZANTZ 7 AV “input” BB 0 £9, “input” FXD L S IZHRINTVET,
jobname test_01_H_lda

atom_number 1 1.0

electron_config 1 nonrel restricted
1s 1.0 1

end

ZDOANT 7ANTIE, FEFEELEE (LDA-PWI1) ®H & TIHMI RN TA Y V2RO W KEFE T-O2E T
REZHETAZ N TEET,

“jobname” THE L7z “test 01_H.Ilda” IXFH XA ML TH Y, FEHHEIERIIZDOZA MR SHREL4HD T 7
AT EINET,

“atom_number” 1§, FRFHF B EBEFREZEECLET, 22T, EFEHEEN 1B THLIKERFN1LO0MEDOE
TEROREERELTVET,

“electron_config” IFEFHLEZIBEL £3. ZOHITIE, “I” T HIVF—HENEAH 11E, “nonrel” IXFEFEXS
i, “restricted” IFAE YV IMMBEFZ A RN LEBEL TVWET, TOHIT, THILF N T SHER
DlEHERELRTNIER D A, ZOHITIE, 1s ¥EADOFHREZ 11TTRELTVWET, HAD “1s7 1%, 1s %
AL, IRD “1.07 IZETE, BBED 17 ZFEHEKER T2 2EBELTVWET,

“end” IZIANT 7 A NVDEEEERL ET, “end” ATFOFIZEIPNTHIERITTARTEMHINET,
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STEDET & EFRE
[CIAOJ %3179 51213,

4.1.2

% ../../../bin/ciao input &

ELUET, GHEORPRGE,

% grep ETOT test_01_H_lda.log

### ETOT ### etot,dee ... 1
### ETOT ### etot,dee ... 2
### ETOT ### etot,dee ... 3
### ETOT ### etot,dee ... 4
### ETOT ### etot,dee ... 5
### ETOT ### etot,dee 42
### ETOT ### etot,dee 43
### ETOT ### etot,dee 44
### ETOT ### etot,dee 45
### ETOT ### etot,dee 46

.559741022438242E-01
.548824069926662E-01
.530780157476057E-01
.513361818917073E-01
.498802887315748E-01

.456666635310508E-01
.456666607853787E-01
.456666588423921E-01
.456666574670491E-01
.456666564932633E-01

L3228 T, BIANF-DPFRNEMHRT 5 LNV TEET,

4.1.3 HAT—%4
HEWKT TS

test_01_H_lda.log
test_01_H_lda.sum

D2DO2DT7ANIPESNTWEI L 2ERLTLEI W,
“test_01_H. lda.sum” IZHHENTWET, EPKRTITEL, £7 “sum” 771V E2HRTIZ 288D L

F9, “test_01_H_lda.sum” DFEFEIZ I,

W w wN o

N Wbk O

HED B I “test_01_H 1da.log”,

.440258977561758E-01
.394204508075816E-03
.966720227739287E-03
.844445758473292E-03
.225739966227278E-03

.708628792298764E-09
.160820089935945E-09
.359730659496428E-09
.086035221305503E-09
.185009386352460E-09

inp
inp test_01_H_lda

inp
inp Atomic label & name

inp Number of protons & electrons:

inp--- Electron configuration
inp Calculation type
inp Spin type
inp Spin state

inp 1s

inp———-- Ion core potential
inp Ion core potential type
inp---- Exchange correlation
inp Exchange correlation type
inp-————-———- Mesh

inp Mesh type

inp Weight type
inp Number of mesh
inp Minimum radius
inp Maximum radius

inp Number of EC loop

1.00000 1

(Bohr), (A):
(Bohr), (A):
inp Order & Number of diff points:
inp Order of Predictor-Corrector :

H Hydrogen
1.00000 1.00000

Non-relativistic
Restricted
Automatic

1 0

Logarithmic (Standard)

Extended rule
1501
9.82426E-06
6.00000E+01
4 9
5
2

5.19878E-06
3.17506E+01

HEOF LN



inp
inp-
inp
inp
inp-
inp
inp
inp
inp-
inp
inp-
inp
inp
inp

Gl

Order of expansion around r=0: 5
—————————— Mixing --———————————————————————————
Ratio of mixing rho 0.3000

Order of Anderson predictor : 0
—————— Conv criteria ------—--———————————————-——-
SCF: Maximum loop : 150
SCF: Energy convergence dE/E: 1.00000E-08
WF : Energy convergence dE: 1.00000E-10
————————— Epsilon ~-————-""""""———— -
Eps for checking 1.00000E-10
———————— Switches - -
sw_calc_hubbard no
sw_write_rho yes
sw_debug no

DEIIZAINTA=ZPHEEHINTVET, 77 IVDEFITIE, PURLAZBEHREBOEHRMS I TW

9,

000000000000000000000000000000000000000000000

0000
0000
0000
0000

o]¢]
o] ¢]
e]e]
e]e]

Non-Relativistic
Atomic States

(o]e]
(o]¢]
(o]e]
(o]e]

0000
0000
0000
0000

000000000000000000000000000000000000000000000

SCF calculation converged after

eng
eng

eng

Energy levels [All-electron]

Element ---> H
o 1 R

46 iter

ations.

LS £

eng

LS

eng

etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot

nocc focc
2 1.00000
1.00000

.4248466423
.9208204011
.2827679967
.2324777410

.5606648867
.0567970139
.6945083821
.3260409505

.4248634889
.1930708041
.0394069369
.2574277388
.0456081937
.3030359325
.2334568514

.5611233060
.25637236810
.0723172695
.0049649080
.2410620477
.2460269556
.3526838993

.4456835031
.4456666565

.1276646956
.1272062763



4. FHEAH 7

FHEOPREE, TRV F—#A, B, 2ZXINVF-2ELNTVET, V7TV T RAT Y MEHEIZ 46 (0]
TINH, 1s THILVF—HEN X —6.3526838993 eV TH D, ZDMENVBNATELEF 2D S5 LHSEHA X
N, BRI F—1F 121272062763 ¢V £ 25722 e Db D £ d, BRI LVF—DOWRHELPNTWVWT, Epn
L Ep, WHEETAVF —, B, 134 Ay 3T TRV F—, B, i3 Hartree TRV X —, B, [ 3HMHBI T 2L ¥ —
TS, EHTANVF =13 By, & Efy, O 2P H D £30, ZHho3RL s AETHAEINAZDDTY, M
HEWRTDBEETBLUTVWARZEDRHFANELLfTONEZI EDHERTEET, ZNS5DHRET RILF—
Fipy £ Bf, Z—HUET, 2T VT - 20D £TH, THTEBT X LF —O5RFIEOE NG L
TVWET, MEVRFLBBETHLTWE I L2 TR ZI W,

4.2 RERERFODEEFIRRE

B OKZRFOHEFTIZ, ANNTA—ZDIFLAETRTHNT 74V MEIZIREINTWE LED, K
HiCTIIRBRTFE2HVWT, XV EBNL2BETFHEMEZHENLET,

421 AAT—%
REF T OB IREHED AIBIO T VX

ciao/tutorials/atom_06_C/lda_spin/

WIZBEIL TS ZI W, 22121, “nput_nonrel_spin”, “input_srel_spin”, “input_rel_spin” ® 3 2D A7 71
}I/#%fﬁﬂf WET, Ihol, ENENIEMENTRN, A0 T —MHNGwR, MR AY Yo% EE L 72K
FRTOLEFREBOFEZITI72HDDEDTT, #HlZIE “input_nonrel_spin” OHFHITIXD & S 1Z5iR T T W
9,

# Jobname
jobname test_06_C_lda_nonrel_spin

# Atom number & Electron configuration
#  (calc_type : nonrel, srel, rel)
# (spin_type : restricted, polarized)

atom_number 6 6.0
electron_config 6 nonrel polarized manual
1s 1.0 1.0 1
2s 1.0 1.0 1
2p 2.0 0.0 1
3s 0.0 0.0 O
3p 0.0 0.0 O
3d 0.0 0.0 O

# Exchange-correlation potential
#  (xc_type : ldapz81, ldapw9l, ggapbe, xlda, none)
xc_potential  ldapw9l

# Switches
sw_calc_hubbard 1
sw_write_rho 1

# End of input data
end
end

ThT iﬁﬁﬁﬁff)ﬂ(i%?@fﬂ%_f‘ﬁi%bfb\iﬁfﬁo ¥ —U— 2L £,
“H TIREDITIEAA Y MTIZHRD £,
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“xc_potential” [FHAHBINEIB DRI ZFEE L £9, ZOHITIE LDA(PWIL) ZHEEL TWVWET,

“4t Switches” TlE, FEPHIOA T a v 2EELET, “1” ¥ Yes, ‘0" B NoZEXRDLLET, T74) b
TERITRTOICHEEINTVWET, ZOHITIX, “sw_calc_hubbard” THIEMZ — 0 Y T X ILF—DFHE L H 1,

“sw_write_tho” TEFEELREOHEIZ2EBEL TWET,

4.2.2

STEORITEEPEE

Hiffi & Fkkicikoa< v R

% ../../../bin/ciao input_nonrel_spin &

WWEOEEZIZILODET, TOMD AL T 74 Mz UTHRBRKICETTUUEEIVWTT,
FEOBRPR#EIX, “input_nonrel_spin” (IZXf9 5 H DT,

% grep ETOT test_06_C_lda_nonrel_spin.log

### ETOT ### etot,dee ... 1 -3.828954527531906E+01 3.728954527531906E+01
### ETOT ### etot,dee ... 2 -3.794629447887961E+01 8.964608850048078E-03
### ETOT ### etot,dee ... 3 -3.775102028350591E+01 5.146067568794971E-03
### ETOT ### etot,dee ... 4  -3.763945244388275E+01 2.955359584596494E-03
### ETOT ### etot,dee ... 5 -3.757464154117138E+01 1.721887501100062E-03
### ETOT ### etot,dee 37 -3.746825789388982E+01 8.292068368596910E-09
### ETOT ### etot,dee 38 -3.746825767764874E+01 5.771314063180537E-09
### ETOT ### etot,dee 39  -3.746825752714323E+01 4.016880315572092E-09
### ETOT ### etot,dee ... 40  -3.746825742239397E+01 2.795679903921120E-09
### ETOT ### etot,dee ... 41 -3.746825734948887E+01 1.945783108556617E-09
LmHEY,

4.2.3 HHh7r—%4

HEIRTTEE, BANTZ7AMTHUTI DT 7 ANADBHENINET, 3DDANT 71 VORHEEKX
5y, BMTIOMDODT 7 A ADBHEIINET,

test_06_C_lda_nonrel_spin.log
test_06_C_lda_nonrel_spin.rho
test_06_C_lda_nonrel_spin.sum
test_06_C_lda_rel_spin.log
test_06_C_lda_rel_spin.rho
test_06_C_lda_rel_spin.sum
test_06_C_lda_srel_spin.log
test_06_C_lda_srel_spin.rho
test_06_C_lda_srel_spin.sum

Tho IZIFPCR U 2B FEEX R T VO Y VOBHRAHEAINTVWE T, log ZFHEOBT I THD, sum IZiEE
O S EELEERIER S W THOINTVET, S Nzsum 7 7 A IVOANEZHAT 720 DHE LT
“test_06_C_lda_nonrel_spin.sum” % F\W £ 7,

“test_06_C_lda_nonrel_spin.sum” OEFEIZFEE H I NZATNT A —XIF,

inp
inp
inp
inp Atomic label & name : C Carbon

inp Number of protons & electrons: 6.00000 6.00000

inp--- Electron configuration ----————------—-—————————————————————
inp Calculation type Non-relativistic

test_06_C_lda_nonrel_spin
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inp Spin type : Polarized

inp Spin state : up & down specified

inp 1s 1.00000 1.00000 1 1 0

inp 2s 1.00000 1.00000 1 2 0

inp 2p 2.00000 0.00000 1 2 1

inp 3s 0.00000 0.00000 0 3 0

inp 3p 0.00000 0.00000 0 3 1

inp 3d 0.00000 0.00000 0 3 2

inp———-- Ion core potential --————-—""""""""""""""""""———————————
inp Ion core potential type : -Z/r

inp---- Exchange correlation ----————--—----———————————————————————
inp Exchange correlation type : LDA (PW92-MOMO)

inp-————————- vYesh ------------------------- - - - - - - - —-——""""""""""——
inp Mesh type : Logarithmic (Standard)

inp Weight type : Extended rule

inp Number of mesh : 1501

inp Minimum radius (Bohr), (A): 9.82426E-06 5.19878E-06
inp Maximum radius (Bohr), (A): 6.00000E+01 3.17506E+01
inp Order & Number of diff points: 4 9

inp Order of Predictor-Corrector : 5

inp Number of EC loop : 2

inp Order of expansion around r=0: 5

inp-————————- Mixing --———————————————————————— - ——————————————
inp Ratio of mixing rho : 0.3000 0.3000
inp Order of Anderson predictor : 0

inp------- Conv criteria --—-——--------—————————————————————————————
inp SCF: Maximum loop : 150

inp SCF: Energy convergence dE/E: 1.00000E-08

inp WF : Energy convergence dE: 1.00000E-10

inp—————————- Epsilon """ —————
inp Eps for checking : 1.00000E-10

inp---—------ Switches --------—7---------"
inp sw_calc_hubbard : yes

inp sw_write_rho : yes

inp sw_debug : no

inp-———-————-———- -

TS, 77 ANVOEEITHI I NLOR L 2B FIREOHEHRIZIRD L 512740 £7,

000000000000000000000O0OOOO00000000O0O000000000

000000 000000
000000 Non-Relativistic 000000
000000 Atomic States 000000
000000 000000

000000000000000000000000000000000000000000000
SCF calculation converged after 41 iterations.

eng Energy levels [All-electron]

eng Element ---> C

S Y
eng  symm s Energy (Ha) Energy (eV) nocc focc

e YNt
eng 1s + -9.9402762094 -270.4886674324 1 1.00000
eng 1s - -9.9055650143 -269.5441277927 1 1.00000
eng 2s + -0.5309261485 -14.4472350062 1 1.00000
eng 2s - -0.4353981158 -11.8477850789 1 1.00000
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eng 2p + -0.2272178247 -6.1829113515 3 2.00000
eng 2p - -0.1396403225 -3.7998063592 3 0.00000

T Y
eng Number of electrons (+) 4.00000
eng ) 2.00000
Yttt
etot Total energy [All-electron]

etot-———————-""""""—"————————————— -

etot Energy (Ha) Energy (eV)
etot---------------------——————o———————————

etot Ekin 37.2338357657 1013.1841819634

etot Eion -87.6445673270 -2384.9299279682

etot Eh 17.7218069076 482.2348830132

etot Exc -4.7871028871 -130.2636922282
etot-------------------"-"-"---""-"""-"-"-"-"—-"-"————

etot Ekin* 37.2416059570 1013.3956196176

etot Ex -4.4301912841 -120.5516337442

etot Ec -0.3569116030 -9.7120584840

etot Vx -5.9069217223 -160.7355119357

etot Vc -0.4003318603 -10.89356837533

etot Vxc -6.3072535826 -171.6290956891

etot Eband -21.2666011373 -578.6936380132
etot-——————-""""""""——-—————————— -

etot Etot -37.4760275408 -1019.7745552197

etot Etotx* -37.4682573495 -1019.5631175655
etot------------\---------------------------—-———-

XNV 7AV ATV PEIRER A BHOL—TTPR L2 enbr D £9, AV EFE LR ZOT, &
ERLFAE Y T2 IZEDPNTVET,

rho data were saved into ... test_06_C_lda_nonrel_spin.rho

IZ& D EFEET — XD “test_06_C_lda_nonrel spin.tho” IZH XN/ Z &b £, ZOHAE, AL77
SPIAS

sw_write_rho 1

DIREND - T272DICH NI NZEDTT, “test_06_C_lda_nonrel spin.rho” 1Z1%, 2B FEHATCOETEE, 1
*VRT VY v, Hartree RT V¥ v b, KR T Yy v, HBERT Yy R hIhTHETS,
ZOWIZHAINIZUROT — X%, BB O RIMUDOMA R TS,

rmax Positions of the outer-most maximum of G(r)

T === ===
rmax  symm s rm (Bohr) rm (A)
T K === = ===
rmax 1s + 0.1756979817 0.0929753675
rmax 1s - 0.1756979817 0.0929753675
rmax 2s + 1.2069476416 0.6386891835
rmax 2s - 1.2323561370 0.6521347802
rmax 2p + 1.1698137665 0.6190387832
rmax 2p - 1.2452602724 0.6589633546
T

ZDORDT — &I,

BB 7 — o v T XX — D HEIER T,

hubbard Hubbard U (On-Site Coulomb Energy) [Diagonall
hvbbarg-----------"------------\-------"-----------—-———--—————
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Energy (Ha)

E

nergy (eV)

hubbard---------------------------------—-————— "~ ———————

. 7273213094
.7328219397
.2908549342
.2799185803
.2727434054
.2870469823
.2727434054
.2440221035
.2565055940
.2440221035

.0028024736
.1524822354
.9145651392
.6169718211
.4217253840
.8109455008
.4217253840
.6401790251
.9798720728
.6401790251

hubbard-------------------------------—-——————— - ———————

hubbard--------———------——

hubbard—————————
.2584398284
.2727434054
.2584398284
.2315386129
.2440221035
.2315386129

hubbard symm m s
hubbard 1s 0 +
hubbard 1s 0 -
hubbard 2s 0 +
hubbard 2s 0 -
hubbard 2p -1 +
hubbard 2p 0 +
hubbard 2p 1 +
hubbard 2p -1 -
hubbard 2p 0 -
hubbard 2p 1 -
hubbard

hubbard symm ml s1
hubbard 2p -1 +
hubbard 2p -1 +
hubbard 2p 0 +
hubbard 2p -1 -
hubbard 2p -1 -
hubbard 2p 0 -

ﬁﬁ¥6iy ﬁ U@Liﬁ_ﬁaﬁ,

F—DOHEEZHEIZITS> Z &N TEET,

% grep Etot *.sum

test_06_C_lda_nonrel_spin.
test_06_C_lda_nonrel_spin.
test_06_C_lda_nonrel_spin.
test_06_C_lda_nonrel_spin.

sum:
sum:
sum:
sum:
test_06_C_lda_rel_spin.sum: etot Etot
test_06_C_lda_rel_spin.sum: etot Etot = Eband - Eh + (Exc - Vxc)
test_06_C_lda_srel_spin.sum: etot Etot
test_06_C_lda_srel_spin.sum: etot Etot = Eband - Eh + (Exc - Vxc)

etot
etot
etot
etot

Etot
Etot*
Etot
Etot*

-37.47
-37.46

HELUEULAED, FlXIEROa~x >y RN%E

60275408
82573495

.0325052672
.4217253840
.0325052672
.3004859774
.6401790251
.3004859774
hubbard-—————==————=—

BB RLAWHEMDO 7 — 0 Vv T RILVE — T,
Z 0TI, 3EEOAN T 7 AL EHANWT

-1019.7745552197
-1019.5631175655
= Ekin + Eion + Eh + Exc

Eband - Eh + (Exc - Vxc)

-37.48458

-37.4844

44585

707524

-1020.0074007899

-1020.0043066898

£

11

Td5e, &)l

SR X NIz By (72720 nonrel TIHEHEAEDORIU E,) 2R 21CFEDF L, Tk D, HEwmNRET
INVF—DREKREL, AAT NGRS OB TS, FEMHEGRIEDP RO NI LS RBZehbrD %
T, MR e A0 T —HERGRNRE DODLT MR T RV F—EX, A VHEHBERATRLVY—TT, FEHE
M E 2T — RN DD RERI AT —#IF, NETOEEPHENRDRIZE > TES R

IZERERLTWET,

#£ 2 A UDBLUZRERFOEIT RNV F—

EIFI)LF — (eV/atom)

FEREXT &
AT1 T — KX
FE 3

-1019.5631
-1020.0043
-1020.0074
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4.3 REEFO/IVLREERBRTFYYvIL

HIEICIE, KRR FORETREZFHEL L U, AHITR, KRBETOIVLARERRT > v )L OFHEY]
ZMMTLET,

4.3.1 AHhF—%

RERAD IV MMEFBRART > ¥ v VETREO AIHIO 7 4V &
ciao/tutorials/atom_06_C/lda_nc/

ZBELTLZIWN, ABDT7 74 IVFIROHEDTT,

# Jobname
jobname test_06_C_lda_nc

# Atom number & Electron configuration
# (calc_type : nonrel, srel, rel)
#  (spin_type : restricted, polarized)

atom_number 6 6.0
electron_config 6 srel restricted

1s 2.0 1

2s 2.0 1

2r 2.0 1

3s 0.0 O

3p 0.0 0

3d 0.0 0

# Exchange-correlation potential
#  (xc_type : ldapz81, ldapw9l, ggapbe, xlda, none)
xc_potential  1ldapw9l

# Pseudopotential (pp_type : nc, general, none)
pseudo_potential nc

local orbital d
orbitals 3

2s 1.45

2p 1.45

3d 1.45

# Solve PP spin
solve_pp_spin

spin polarized 2.0
mix 0.30

# End of input data
end

ZOANT 7ANEHCNE, IEFHEE LT 2s, 2p, 3d, TRTOHLEE /I LMETF (NC), v M4 74
PelE res = 145, 1ep =145, reg =145, RATAT ¥ ¥ Vid dBuE e U7 / )V AGRIE Troullier-Martins B #E R
TUVYNVEHETAIENTEET,

[CIAOJ TIERT 2R T v ¥ v L, BT AN T —HNAGRINA Y Y 3O M2 E REEOH A Sk X
N5 LITERLTLEI W,

BRT VY Yy VTR B85 A—X1%, “pseudo_potential” THEL ¥, L <1 [User's Manual] %2
LTI, 22T, BEINEZAERDOAZGIFL £9, “pseudo_potential” DIXRD “nc” 1Z—M AN A%
EELE T, “ocal” IXFFRIART VY VOBETH Y, ZOHITIE, dffiEZIEELTWVET, “orbitals” IR
T YUYy IVEERT BE FHEDOKTH Y, ZOFTIE3 ZHBELTWET, RIZ, 3 DOMMiEFHED T
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A—RERBELET, ERIIES>THRWVWTT, ZOHITIE, 25, 2p, 3d DEREEL © 77y b4 7H4% 1.45 Bohr

EHRELTVET,

“solve_pp_spin” DF—"T—RNIZ& b, ERINFWRT Vv VOAY VEFINEBEMEEL 9, 22 T,

RAE U2 L BIREEME T,

[PHASE] T#iARAL I e DTE5HAT ¥ IVDIEAIE, GNCPP EXE& GNCPP2 EATY, MEDMH

75 GNCPP2 JEADMM 2 HEEEL £ 9,

4.3.2

FTEDORTERFREE

i e FERicRDa< v R

% ../../../bin/ciao input &

WL DEHEERITVWET,

REF T IV F — OIFRDLE

% grep ETOT test_06_C_lda_nc.log
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...

### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...

eV ET, F, BET UV Y ILDOAY VETREFEOLI I ILF —DINERRNE

O WN -

% grep STOT test_06_C_lda_nc.log
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...

### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...

ETBHILTHRATHIENTEXT,

4.3.3 HAT—%4

g WN -

21
22

.815483474707555E+01
.786628402734097E+01
.769797851670442E+01
.760003389771333E+01
.754202316415265E+01

.744059771489398E+01
.744059748588376E+01
.744059732644782E+01
.744059721542435E+01
.744059713810221E+01

.433271661305784E+00
.414503476446264E+00
.405190013230463E+00
.400569786562377E+00
.398264396546713E+00

.3956826566174820E+00
.3956825791053433E+00
.395825336082700E+00
.395825076966356E+00
.395824936564620E+00

RN TISE, MOT7ANBHENINET,

test_06_C_lda_nc
test_06_C_lda_nc
test_06_C_lda_nc
test_06_C_lda_nc

test_06_C_lda_nc.

.ciaopp
ft
.gncpp2
.1dr
log

test_06_C_lda_nc
test_06_C_lda_nc

test_06_C_lda_nc

-PP

.rho
test_06_C_lda_nc.
test_06_C_lda_nc.
.us

sol
sum

D00 = Wb NN B O =N N W

N > 00~ N

.715483474707555E+01
.562625330376952E-03
.444732694526341E-03
.598139816640106E-03
.542837267606992E-03

.785367032223400E-09
.116628469391214E-09
.258370469032544E-09
.965323279701078E-09
.065195008190863E-09

.433271661305784E+00
.454306360784779E-03
.720095527930712E-03
.547759943271309E-04
.268790343937834E-04

.402975197770577TE-07
.436520203185583E-07
.431901820152440E-08
.802163290203239E-08
.602043884976640E-08



Gl

FTIEU DI “test 06_Cldancsum” 2L £9, 77 1 IIVDEEIZIL,

inp
inp test_06_C_lda_nc

inp
inp Atomic label & name

inp Number of protons & electrons:
inp--- Electron configuration ----————--------—————————————————————

inp Calculation type
inp Spin type
inp Spin state

inp 1s 2.00000 1
inp 2s 2.00000 1
inp 2p 2.00000 1
inp 3s 0.00000 0
inp 3p 0.00000 0
inp 3d 0.00000 0

inp———-- Ion core potential ---——-—""-""""""""""""""""""————————

inp Ion core potential type

inp---- Exchange correlation ----—————-—-—--———————————————————————

inp Exchange correlation type

inp------ Pseudopotential —----——--=——---———-———————— o

inp Pseudopotential type
inp Angular momentum of Vloc
inp Angular momentum maximum

inp 2s NC
inp 1.45000
inp 2p NC
inp 1.45000
inp 3d NC
inp 1.45000

inp ————————- rcCcC --------------—-—-——-—--"——————————

inp PCC type

inp --——--- Solve PP spin --———-------————————mm

inp Solve PP spin type
inp Spin type

inp Specified spin state
inp Ratio of mixing rho

inp ———————- Logderi —-—--——————==—————————————— - —————————————

inp Logderi type
inp Logderi method
inp Logderi nonlocal potential

inp Number of divisions in energy:

inp Minimum energy (Ha) , (eV):
inp Maximum energy (Ha), (eV):

inp--—-—-——————- Fourier -------------- - - ——

inp Fourier transform type

inp Number of divisions in k-vec :
inp Minimum k-vec (1/Bohr), (1/A):
inp Maximum k-vec (1/Bohr),(1/A):
inp-——------—- Mesh ------—77"-"""-"-"-"-"-""""""

inp Mesh type
inp Weight type
inp Number of mesh

inp Minimum radius (Bohr) , (A):
inp Maximum radius (Bohr), (A):

C Carbon
6.00000 6.00000

Scalar-relativistic

Restricted
Automatic

Troullier-Martins GNCPP

d
d
1
.00000 0.00000
1
.00000 0.00000
1
.00000 0.00000

Calculation

Polarized
2.00000
0.30000

Manual range
Fredholm method
Separable
3001
-1.00000E+01  -2.72114E+02
5.00000E+00 1.36057E+02

Manual range
300
5.00000E-02 9.44863E-02
1.50000E+01 2.83459E+01

Logarithmic (Standard)
Extended rule
1501
9.82426E-06 5.19878E-06
6.00000E+01 3.17506E+01

14
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inp Order & Number of diff points: 4 9

inp Order of Predictor-Corrector : 5

inp Number of EC loop : 2

inp Order of expansion around r=0: 5

inp--——----—————- Mixing ----——————————-——————————— oo —————
inp Ratio of mixing rho : 0.3000 0.3000
inp Order of Anderson predictor : 0

inp------- Conv criteria -—-———-------——————————— -
inp SCF: Maximum loop : 150

inp SCF: Energy convergence dE/E: 1.00000E-08

inp WF : Energy convergence dE: 1.00000E-10

inp-——-————————- Epsilon ------—————-----"""——
inp Eps for checking : 1.00000E-10

inp--------- Switches ------————-----————
inp sw_calc_hubbard : no

inp sw_write_rho : yes

inp sw_write_pcc : yes

inp sw_write_us : yes

inp sw_write_gps : yes

inp sw_write_pp : yes

inp sw_write_ciaopp : yes

inp sw_write_gncpp : no

inp sw_write_gncpp2 : yes

inp sw_write_sol : yes

inp sw_write_logderi : yes

inp sw_write_fourier : yes

inp sw_with_dipole : yes

inp sw_with_core : yes

inp sw_with_ae : no

inp sw_debug : no

inp-————————-——- T

DESIZTF T AN MEIZEEMI SNERE2EDTCANT—XOEERVH I ET,
IR U7 2EEFREBOBRIE 7 71 VOHRRIZH D,

000000000000000000000000000000000000000000000

000000 000000
000000 Scalar Relativistic 000000
000000 Atomic States 000000
000000 000000

000000000000000000000000000000000000000000000
SCF calculation converged after 41 iterationms.

eng Energy levels [All-electron]

eng Element ---> C

T Y Bttt
eng  symm Energy (Ha) Energy (eV) nocc focc
Ol g~ T T T T
eng 1s -9.9519701910 -270.8068768515 2 2.00000
eng 2s -0.5012353821 -13.6393081754 2 2.00000
eng 2p -0.1990292897 -5.4158623166 6 2.00000

] Yttt
eng Total number of electrons 6.00000
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etot Total energy [All-electron]

etot-————----——————————---——————— oo
etot Energy (Ha) Energy (eV)
etot-———————"""""""""—"——————————— -~
etot Ekin 37.2354471978 1013.2280312602
etot Eion -87.5807031965 -2383.1920966254
etot Eh 17.6342323884 479.8518591905
etot Exc -4.7295735278 -128.6982387727
etot-————-——-""""""""————————————— -
etot Ex -4.3580516828 -118.5886153928
etot Ec -0.3715218450 -10.1096233799
etot Vx -5.8107355771 -158.1181538571
etot Vc -0.4169429265 -11.3455938455
etot Vxc -6.2276785036 -169.4637477027
etot Eband -21.3044697255 -579.7240946869
etot--------------------------------—-———-
etot Etot -37.4405971381 -1018.8104449475
etot-————----——————————----—-——— oo

LD 9, ZORIRIVX —ITHIHITIT o 72 A ¥ VG R BIR 7O (R 2 2) L0 b ThicEd -
TWARZERERTEET, ZOZXNVF—EIF, AV VHEMHEERE AU HBIZE55DTT,
ZDIRIZ, WEIBAB O BAMUD KRN E X E T,

rmax Positions of the outer-most maximum of G(r)

T~ — === ==
rmax  symm rm (Bohr) rm (A)
T === = ===
rmax 1s 0.1756979817 0.0929753675
rmax 2s 1.2195857219 0.6453769676
rmax 2p 1.1944405247 0.6320707023
T~ — === ===

ZOWIZ, #@RT VY vy VORKEEDEHRF LI NE T,

2.7198984967
1.4500000000
1.4550891231

5.1398632708
2.7401028942
2.7497199431

Core charge radius (Bohr), (A):
Maximum ps radius (Bohr),(A):
1/2 of n.n. distance (B),(A):

ZIT, 27O RT VY VDAY A TERORKETH D, 37O ETHBEORMEDYE:FDOES (£
BRf) TF, 27O DMHEN 3ITODMEL D KEWE sum 7 7 1 IVHNT “HH#4 CAUTION ##H#" A v —IhH
HEINFET, TIT—IZERDFEFEA,

FOIRIZ, WRT Vv VOERIFEE £, BEEIEE phi DEFFRE 0, 2, c4, cb6, 8, cl0, cl12 &
SDF v 7 2s, 2p, 3d DIEIZ

Troullier-Martins norm-conserving phi[n](r) was solved.
(n,1,t) : 2 0 1 NC

rc, nrc : 1.4407702920 1143

eref, de : -0.5012353821 0.0000000000

ncoeff ,nk: 6 4

c0,c2,cd : -0.3368862777 0.3009287937 -0.0181116278
c6,c8,cl10: -0.4570528414 0.3262135669 -0.0923338383
cl2 0.0096948334

rphi(rc) rphi’ (rc) rphi" (rc)

Exact 0.7870693556 -0.2273943160 -0.7104720416
Analytic : 0.7870693556 -0.2273943160 -0.7104720416
Numerical: 0.7870693557 -0.2273943214 -0.7104679167

Exact

rphi"’ (rc)
2.2917357708

rphi"" (rc)
-4.6194880471

<phi|phi>rc
0.4868796696
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Analytic :
Numerical:

Troullier-Martins norm-conserving phi[n] (r) was solved.

(n,1,t)
rc, nrc :
eref, de :
ncoeff,nk:
c0,c2,c4d :
c6,c8,cl10:
cl2

Exact
Analytic :
Numerical:

Exact
Analytic :
Numerical:

Troullier-Martins norm-conserving phi[n] (r) was solved.

(n,1,t)
rc, nrc :
eref, de :
ncoeff ,nk:
c0,c2,c4d :
c6,c8,cl10:
cl2

Exact
Analytic :
Numerical:

Exact
Analytic :
Numerical:

2.2917357708
2.29200562141

2 1 1
1.4407702920
-0.1990292897
6
0.9017380086
0.7510005843
-0.0111455289
rphi(rc)
0.6890850362
0.6890850362
0.6890850362
rphi"’ (rc)
0.9753612579
0.9753612579
0.9751204988

3 2 1
1.4407702920
-0.1990292897
6
0.4149363863
0.2772153991
-0.0041055928
rphi(rc)
1.9443221441
1.9443221441
1.9443221441
rphi"’ (rc)
1.5013648932
1.5013648932
1.5010487561

-4.6194880471
-5.3365688461

NC

1143
0.0000000000
4
-1.3937765586
-0.4337512275

rphi’ (rc)

-0.1291825598
-0.1291825598
-0.1291825549
rphi"" (rc)

-1.7670783005
-1.7670783005
-1.1612584267

NC

1143
0.0000000000
4
-0.6593805814
-0.1630283208

rphi’ (rc)

2.9987585672
2.9987585672
2.9987585736
rphi"" (rc)

1.7817834597
1.7817834596
2.3338443230

0.4868796696

-0.2775161565
0.1118888075

rphi" (rc)

-0.3746144512
-0.3746144512
-0.3746179459
<phi|phi>rc
0.4329736265

0.4329736265

-0.0483091946
0.0417008363

rphi" (rc)

2.6894817244
2.6894817244
2.6894785271
<phi|phi>rc
1.0000000000

1.0000000000

17

CHHENE T, Troullier-Martins B/ )V ARFER AR T Vo v LTI, By A7 FE re 1I2BWT, HBHREIEE
D % EBFIRFEBOMD L BIRETEDLEL I TERLETOT, TOEROKEEZHRATS-012, #
TREIBEED 4 RN F THRRINTVET,
ZOWIZ, WHBED ) VL, SBT3V F—HERL, 1y b 7B,

Norms of psil[n] & phi[n] (0 < r < rcl)

n t

N = O+

2 1
2 1
3 1

Norms of psil[n] & phi[n] (0 < r < R)

n t

N = O+

2 1
2 1
3 1

Reference energies E[n] & cutoff radii rcl([n]
t 1n tn

n 1
2 0 1

In tn

0 1 s1
1 1 pl
2 1 d1

In tn

0 1 s1
1 1 pl
2 1 d1

0

1 NC -

:n = (n,1,t) = (In,tn)

<psil|psi>rcl <phi|phi>rcl nrcl
0.6977676329 0.6977676329 1143
0.6580073150 0.6580073149 1143
1.0000000000 1.0000000000 1143

<psilpsi>R

0.6977676329
0.6580073150
1.0000000000

E[n]

0.50123563821

:n= (n,1,t) = (1n,tn)

<phi |phi>R nR
0.6977676329 1143
0.6580073149 1143
1.0000000000 1143

:n= (n,1,t) = (1n,tn)

rcl[n] nrcl[n]
1.4407702920 1143
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Gl

1
2

1
1

1
2

1
1

NC
NC

-0.199
-0.199

0292897
0292897

1.4407702920
1.4407702920

18

1143
1143

chEnEd, ZIT, psilFEETIREIBEL, phi 3HEEEEIEKRZ ZDOL X,
FDIRIZ, HRT V¥ ¥ )% Kleinman-Bylander B DO 3 BERIZ UG ED NI A= B EINE T,

Integrals of deficit charges & <Vloc*Qps[nm]> :

1
0
1
2

Matrices B[nm], D[nm] & Dion[nm]

1
0
1
2

RPN TN T,

eng
eng

eng

tn tm
1 1
1 1
1 1

tn tm
1 1
1 1
1 1

q [nm]

0.0000000000
0.0000000000
0.0000000000

B [nm]

0.3883307043
-0.1240008880
0.0000000000

ZOWIZ, ZOBKRT vy VEHVWEGAED I AN F - LRI XN F -2 A VML TR EEL

. nm

gps [nm
0.0000
0.0000
0.0000

a,t
D [nm]
0.3883

-0.1240

0.0000

]

000000
000000
000000

n,tm)
307042

008880
000000

Energy levels for the present PP [Solved]
Element ---> C
Mg~ — T

Energ

y (eV) noc

C

nm = (1,tn,tm)

<Vloc*Qps [nm]>
0.0000000000
0.0000000000
0.0000000000

Dion [nm]

0.3883307042
-0.1240008880
0.0000000000

eNg T T T T
-0.5012388665
-0.1990308429
NG~ T T T

eng
eng

eng

etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot
etot

-13.6394
-5.4159

029924
045837

2
6

2.00000
2.00000

Ekin
Eion[NL]
Eion[LOC]
Eh

.1523644353
.5286575971
.0248438893
.3667751900
.3702943751
.0000000000

.7801973905
.3855045831
.2126378771
.8259940904
.2876056671
.0000000000

.1523695703
.4961862922
.0000000000
.1771563868
.1931379883
.5695418491
.2207312279
.7902730770
.4005394190

-312

.7803371220
.8271332941
.0000000000
.0320538109
.2555518562
.7094050812
.0064020798
.7158071610
.1106151522

.3473410421
.3473359070

.5085474803
.5084077488

Ekin & Ekin*, Etot & Etot*l& 2@ b DR 25 /LT
HHFT, HEBRAEOZDIZHENR LT NZTNETH, TR KREVEHEEEOLEHMENEbNE T,

FHEINETY,

HEBEDF v 7 DHIZRRLT
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WIZ, ZORT oy VERWEGEDIZANVF —#A L 2T XNV -2 AV VDB EE X THEEL 72K
ErHhEhExd,

eng Energy levels for the present PP [Solved]

eng Element ---> C

T Yttt
eng  symm s Energy (Ha) Energy (eV) nocc focc

L Yt
eng 2s + -0.5331823148 -14.5086284125 1 1.00000
eng 2s - -0.4286097554 -11.6630644013 1 1.00000
eng 2p + -0.2291099747 -6.2343993714 3 2.00000
eng 2p - -0.1327984850 -3.6136304968 3 0.00000

e Yttt
eng Number of electrons (+) 3.00000
eng ) 1.00000

T Y
etot Total energy for the present PP [Solved]
etot-----------------------------—---——-

etot Energy (Ha) Energy (eV)
etot-------------------------------------—-—-—-"-"-"-""-"--"-—-

etot Ekin 3.2657490187 88.8655487665

etot Eion[NL] 0.4909707473 13.3599932620

etot Eion[LOC] -12.1367338637 -330.2573188744

etot Eh 4.4212261299 120.3076794961

etot Exc -1.4370419306 -39.1038989928

etot Epcc 0.0000000000 0.0000000000
etot------------------ -\ -\ ---------->--—----——-——-—"——

etot Ekin* 3.2657503437 88.8655848219

etot Eion -11.6457631164 -316.8973256124

etot VlocQps 0.0000000000 0.0000000000

etot Ex -1.2600125241 -34.2866839333

etot Ec -0.1770294065 -4.8172150595

etot Vx -1.6800166988 -45.7155785777

etot Vc -0.2024348079 -5.5085311806

etot Vxc -1.8824515068 -51.2241097583

etot Eband -1.4200120197 -38.6404915566
etot--------------------------------------------——-———-—-

etot Etot -5.3958298984 -146.8279963426

etot Etotx* -5.3958285734 -146.8279602872
etot---------------------------------—-—-—-——\—\—\—"—"—"\—\—"—"—"—"—"—"——

RIZ, BEE—A Vb (n|rjm) & (n|p|m) REDITHIEZENH NI NET, 22

— —

ME, WAWALEPHE

NETHRFOERIFERZ RNUETbE L5 ULE2E D TY, 3L <1k MUser’s Manual] #Z&BLTL 7~

W,
AE psil[boundstate]: n = (n1,11), m = (n2,12)
[n] - [m] <nl|r|m> <n|1/r|m> <n|prlm>
2s-2p 1.6276592256 0.6509137699 -0.1590975439
where pr = (1/r)*(d/dr)x*r

PP phi[solved+restricted]: n = (n1,11), m = (n2,12)

[n] - [m] <n|r|m> <n|1/r|m> <n|pr|m>
2s-2p 1.6407567659 0.7652192659 0.0189330560
where pr = (1/r)*(d/dr)x*r

AE psil[boundstate]l: n = (n1,11,m1), m = (n2,12,m2)



Gl

[n]-[m] <nl|x|m> <nlylm> <n|z|m>
2s( 0)-2p(-1) 0.0000000000 0.9397294921 0.0000000000
2s( 0)-2p( 0) 0.0000000000 0.0000000000 0.9397294921
2s( 0)-2p( 1) 0.9397294921 0.0000000000 0.0000000000
PP phi[solved+restricted]: n = (n1,11,m1), m = (n2,12,m2)
[n] - [m] <n|x|m> <nl|y|m> <n|z|m>
2s( 0)-2p(-1) 0.0000000000 0.9472913605 0.0000000000
2s( 0)-2p( 0) 0.0000000000 0.0000000000 0.9472913605
2s( 0)-2p( 1) 0.9472913605 0.0000000000 0.0000000000
AE psi[boundstate]: n = (n1,11,m1), m = (n2,12,m2)
[n] - [m] <n|d/dx|m> <nl|d/dy|m> <nl|d/dz|m>
2s( 0)-2p(-1) 0.0000000000 0.2839502305 0.0000000000
2s( 0)-2p( 0) 0.0000000000 0.0000000000 0.2839502305
2s( 0)-2p( 1) 0.2839502305 0.0000000000 0.0000000000
PP phi[solved+restricted]: n = (n1,11,m1), m = (n2,12,m2)
[(n] - [m] <nld/dx|m> <nl|d/dy|m> <nl|d/dz|m>
2s( 0)-2p(-1) 0.0000000000 0.4527305542 0.0000000000
2s( 0)-2p( 0) 0.0000000000 0.0000000000 0.4527305542
2s( 0)-2p( 1) 0.4527305542 0.0000000000 0.0000000000
[nlrlm] = <psiln]lrlpsilm]> - <philn]lrlphi[m]l> = [m|r|n]
[nl1/rlm] = <psiln]|1/rlpsilm]> - <philn]|1/rlphi[m]> = [m|1/r|n]
[nlprim] = <psiln]lprlpsilml> - <philn]llprlphilm]l> = -[nlprim]
where pr = (1/r)*(d/dr)*r
n = (n1,11,t1), m = (n2,12,t2)
(n] - [m] (nlr|m] (nl1/r|m] (nlprim]
2s1-2p1 -0.0130982744 -0.1143060423 -0.1780303473
2p1-3d1 -0.0032934439 0.0018609812 -0.0084810782
[nlxlm] = <psiln]|x|psilm]> - <philn]|x|phi[m]> = [ml|x|n]
[nlylm] = <psiln]|ylpsilm]l> - <phil[n]|ylphi[m]> = [ml|y|n]
[nlzlm] = <psil[n]|zl|psilm]> - <phi[n]|z|phi[m]> = [ml|z|n]
n=(n1,11,t1,m1), m = (n2,12,t2,m2)
(n]-[m] [nlx|m] [(nlylm] (nlz|m]
2s1( 0)-2p1(-1) 0.0000000000 -0.0075622922 0.0000000000
2s1( 0)-2p1( 0) 0.0000000000 0.0000000000 -0.0075622922
2s1( 0)-2p1( 1) -0.0075622922 0.0000000000 0.0000000000
2p1(-1)-3d1(-2) -0.0014728728 0.0000000000 0.0000000000
2p1(-1)-3d1(-1) 0.0000000000 0.0000000000 -0.0014728728
2p1(-1)-3d1( 0) 0.0000000000 0.0008503635 0.0000000000
2p1(-1)-3d1( 1) 0.0000000000 0.0000000000 0.0000000000
2p1(-1)-3d1( 2) 0.0000000000 0.0014728728 0.0000000000
2p1( 0)-3d1(-2) 0.0000000000 0.0000000000 0.0000000000
2p1( 0)-3d1(-1) 0.0000000000 -0.0014728728 0.0000000000
2p1( 0)-3d1( 0) 0.0000000000 0.0000000000 -0.0017007270
2p1( 0)-3d1( 1) -0.0014728728 0.0000000000 0.0000000000
2p1( 0)-3d1( 2) 0.0000000000 0.0000000000 0.0000000000
2p1( 1)-3d1(-2) 0.0000000000 -0.0014728728 0.0000000000
2p1( 1)-3d1(-1) 0.0000000000 0.0000000000 0.0000000000
2p1( 1)-3d1( 0) 0.0008503635 0.0000000000 0.0000000000
2p1( 1)-3d1( 1) 0.0000000000 0.0000000000 -0.0014728728

20
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2p1(

[nld/dx|m]
[nld/dy|m]
[nld/dz|m]

n =

2s1(
2s1(
2s1(
2p1(-
2p1 (-
2p1(-
2p1(-
2p1(-
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(

Definition of cubic harmonics

where r

zZ[0, 0]
Z[1, 1]
Z[1, 0]
Z[1,-1]
zZ[2, 2]
zZ[2, 1]
Z[2, 0]
z[2,-1]
7[2,-2]

1)-3d1( 2)

-0.

0014728728

(n1,11,t1,m1), m = (n2,12,t2,m2)
[n] - [m]

0)-2p1(-1)
0)-2p1( 0)
0)-2p1( 1)
1)-3d1(-2)
1)-3d1(-1)
1)-3d1( 0)
1)-3d1( 1)
1)-3d1( 2)
0)-3d1(-2)
0)-3d1(-1)
0)-3d1( 0)
0)-3d1( 1)
0)-3d1( 2)
1)-3d1(-2)
1)-3d1(-1)
1)-3d1( 0)
1)-3d1( 1)
1)-3d1( 2)

1

= sqrt(3) * x
= sqrt(3) * z
= sqrt(3) * y

[nld/dx|m]

.0000000000
.0000000000
.1687804956
.0021283425
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0021283425
.0000000000
.0000000000
.0000000000
.0012287991
.0000000000
.0021283425

0.

|
O OO O OO O oo

| |
O O O O O

O O O O

0000000000

= <psi[n] |d/dx|psilm]> - <phil[n]|d/dx|phi[m]> =
<psi[n]|d/dyl|psilm]> - <phil[n]|d/dy|phi[m]>
<psil[n]|d/dzlpsi[m]> - <phil[n]|d/dz|phi[m]>

[nld/dy|m]

.1687804956
.0000000000
.0000000000
.0000000000
.0000000000
.0012287991
.0000000000
.0021283425
.0000000000
.0021283425
.0000000000
.0000000000
.0000000000
.0021283425
.0000000000
.0000000000
.0000000000
.0000000000

0.

0000000000

-[mld/dx|n]
-[ml|d/dy|n]
-[mld/dz|n]

|
O O O O OO

O O O O O

: Yell,m] = Z[1,m]/{sqrt(4*pi)*r~1}
= sqrt(xxx+y*xy+z*z), and Z[1l,m] is defined by

= sqrt(15)/2 * (x*xx-y*y)

= sqrt(15)  *
= sqrt(5)/2 =
= sqrt(15) =
= sqrt(15) =

X*z

(3*z*z-1*r)

y*z
XKy

Iz, AR T ¥ v )LD Ghost IRIEDENHFERVH TSN E T,

Kleinman-Bylander energies :

S

p
d

present

s
0.000000
5.175955
3.431247
3.431247

Kleinman-Bylander RMS :

S

p
d

present

s
0.000000
1.587558
1.154322
1.154322

E[KB] (1,1l0c)

p
-4.924991

0.000000
-1.727463
-1.727463

Vrms [KB] (1,10c¢)

Kleinman-Bylander cosines :

p
1.674673

0.000000
0.462825
0.462825

CI[KB] (1,100)

o O O O

d

.234269
.505620
.000000
.000000

d

.618200
.224204
.000000
.000000

[nld/dz|m]

.0000000000
.1687804956
.0000000000
.0000000000
.0021283425
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0024575982
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0021283425
.0000000000

21
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s P d
s 1.000000 -0.340036 -0.145999
p 0.306718 1.000000 -0.148911
d 0.336415 -0.267922 1.553030
present 0.336415 -0.267922 1.553030

Kleinman-Bylander local energy levels : Eloc[KB](i,1)

s P d
local-1 -1.599444 -0.121257 0.000000
local-2 -0.055272 0.000000 0.000000
E[KB] + - 0
eigen -0.501235 -0.199029 0.000000
ghost none none none

0000000000000000000000000000000
ooo No ghost states exist ooo0
0000000000000000000000000000000

FDVEEIX LU £ EAD, mEDITIT ghost REVFIET 20 LS DOHERENPERINTVET, “none”
MR EINTBIEIZ I ghost IREBIITFEL FHA., “exists” L KRR EINB & ghost WFEEL £T, SDHE, s, p,
d DT RTOIEIZ ghost REEIFFEL RV 23000 9, &b, WETERWVWEESIT “unknown” & FRKR I
NET,

BAEDY “test_06_C_lda_nc.sum” DHNAETL 7=,

FART VYT — &I, “test_06_C_ldanc.pp”’, “test_06_C_lda_nc.ciaopp”, “test_06_C_lda_nc.gncpp2”’, T
T, 12 #%IX CIAOPP XA TH Y [PHASE] TREHAZILILIETE LA, [PHASE] THARL I ENT
& 5L GNCPP B & GNCPP2 XX T (LElDHE, GNCPP2 DA), “test_06_C_ldanc.pp” IZ1%, 4%
T LAliEF OB #E, Hartree K7 > ¥ vob, SHMBERT > vl WHEHEK AHRT> v, 142K
TYVYIARHAOINTVWET,

Z DAtl, “test_06-Cldanc.rho” IZ2EFEHAEOETFEE, K7 ¥ ¥, “test-06-C_ldanc.sol” IZHHRT
VY I)VEMEBELLE SOREBEK, EEE, KTrYvIil, “est_06_C_lda.nc.us” {2 Kleinman-Bylander 7
HERLZ U7z & S DB, “test_06_C_ldanc.ldr” (ZIKBIBIE O BUH S, “test_06_Cldanc.ft” IZKT > ¥ v )LD
Fourier Z#P MM I N TV E T,

4.3.4 BROERT

BT — X E2HBEIZRRTE2ODOY —LHRHBEINTVWETOT, FOMAEZSHALET. koa<w v R
EEIFUTATLZIN,

% ../../../tools/makefig_nc.pl test_06_C_lda_nc
H B0, gnuplot DHEIH L\WAN—=Y 3 VA VA R =LINTWBELIL,
% ../../../tools/makefig nc.pl test_06_C_lda_nc -f

HHEMTT, ATV ay “f 265 ERPICRRINIBUEDO RKZANRLS 20 £7,
Iy FEITHER, UTD7 7 A VB HEBERINE T,

test_06_C_lda_nc_fig.pdf test_06_C_lda_nc_sol_rho.eps
test_06_C_lda_nc_ft.eps test_06_C_lda_nc_sol_rphi.eps
test_06_C_lda_nc_ldr.eps test_06_C_lda_nc_sol_vloc.eps
test_06_C_lda_nc_ldr_std.eps test_06_C_lda_nc_us_gbeta.eps
test_06_C_lda_nc_pp_rho.eps test_06_C_lda_nc_us_gphi.eps
test_06_C_lda_nc_pp_rphi.eps test_06_C_lda_nc_us_rbeta.eps
test_06_C_lda_nc_pp_vps.eps test_06_C_lda_nc_us_rphi.eps

INEDeps 77 ANEELDELDE, pdf 77 ANTE, DT 7 A NERL L FICHIRET 5 MARAR—
Dbl oTHRRINET,
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2 T T T T
0 e -
-2
E s
-6 Rc(2s) = 1.44077
Re(2p) = 1.44077
Rc(3d)= 1.44077
_8 - -
local -
1 | | | | -10 | | |
0 1 2 3 4 5 0 1 2 3 4 5
r r
15 T T T T 4 — T T T T T 1
[ Sol ved] 2s
E(2s)=-0.50124 2p
E( 2p) =- 0. 19903
E(3d) = 0. 00000 3d
10 - 2 —
_ /-\ s
0T N | T AT
o
0.0 2 —
05 | | | | -4 a T L L | L L L L |
0 1 2 3 4 5 0 5 10 15

r q

Ellﬁ%ﬁ¥®/wA%ﬁ%TT//Vw@l)EE@@Q&H,%%@L%W@@&Q?H,%

ATyl (L), KT Y ¥ VD Fourier Z# (6TF) 2RRLTWE 9, £ XTI, K

F';E Bid s & p l3fifd, d3ERMPLEL 2D T3, RENE Y A 7EFEEZRL TOET, JERHEH
ELRT ECURFRAR LTV E YA, SN SE T RIS, Ao HEEBEEE XD LT, & F

!T%{ﬁ?&%;ga;{;%ﬁ*%ﬁbf;%tﬁﬂo)fﬁ@%ﬁ@?}ﬁ FRINET, ErNEHET L
—UIHD G °

9, 1X=YDITIRK I DL, FHHBEBCHEET VY vy ABRRRINET,
RIZ, 2R=YDITIEM 2 D& 51T, WHBEBONEMD DT 3N F—REEDPRRINE T,
Iz, 3R— /&) IIRM3D&DIIT, EBFEELRT VY ARRRINET,
DI

BBIZ, 4 R= M4 DESIZ, BEEETF VY vy ILOEEARRINET,

INSDY =)V EFEFTT SHIZ1E, gnuplot & latex BHSPUDA VA M=V INTWVWEILBMEEINTVET,



n(r)

dlog(ry(r,E))/dr

Gl

20

10 |-

Rc = 1.44077
E(s1)=-0.50124
E(p1) =- 0. 19903
-10 | E(d1)=-0.19903

-15 -10

B 2: KEFETD VLR T VY v L (p.2) :
TVWET, BRINE R S % & 515

dlog(ry,(r,E))/dr

20

10

-10

-20

T T
S
p —
d —

e Y N pm
E(s1)=-0.50124 \\
E(pl)=-0. 19903

I E(d1)=-0. 19903 -

1 1
2 1 0 1

WEIREH ORI 2 RRLTVWET, ERIE
TRV F—DJE W, ARIXEA T RV F— Hﬁ@%rt&bi? KEZBRBIALF—%2RL
FEEI 3 LT —DOETT, MfgEHre

TALF—

BB, ARARREEESTH D, Fﬁ%fﬁ*‘ﬁ(bfk\é t?))tﬂibb\fﬁ‘ 724 CHRIFRHIFE
LIENEBRZONET,

BLTWRWE T B TABAIERL TV 2

01 | | | |

V(r)

A% ghost REVFIET

X 3: REFTD VLR ET VY v )L (p.3) : BIEE (), KT vy vl (F) 2FRL TV
9, EXTI, SHPEETEE, SR IT7TETEE, RESMETRETY, AT, skt
PR R T Y v v, AREHA d U ALRFIART v Y v v, ik Hartree K7 v S ¥ b, S

LM AT VU v L ERDLTVET,

24



()

Xn(D), rBA(r)

Gl

T T T T
sl
pl ———
dl
C;
— =
=
o
-05 -
1 1 1 1 1 1 1 1 1 1 -1.0 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 0o 1 2 3 4 6 7 8 10
r
8 T T T T 3 T T T
Rc(sl)= 1.44077
Rc(pl)= 1.44077
6 Re(dl)= 1.44077 —
2 - -
C;
T i <
= 1r T
KA
2r . =
o
0 0 ,
7
2 1 1 1 1 I T S N R | .
0 1 2 3 4 5 0 5 10 15 20
r q

4: RBIFRTFO IV LMAERAT > v )L (p4) - BB (£ L), HEIBKD Fourier Z5# (£
k), SR (£T), $EEEO Fourier Z# (FTF) 2&ZRLTVWET,

25
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CIAOPP RO T —XEF—7— F2AVWTHANICERI N TWE T, 5084, “test_06_C_lda_nc.ciaopp”

DSEEEFIRD L ST >TWET,

### Atomic label

atomic_label C Carbon
### Atomic charge :
6.00000
6.00000

atomic_charge 6

### Exchange-correlation potential
Xc_potential ldapw91l momo

### r-Mesh : Nmesh, rmin, rmax
rmesh logarithmic
1501 9.824262783544876E-06

### g-Mesh : Nmesh, gmin, gmax
gmesh linear
601 0.000000000000000E+00

### All-electron SCF energy levels
#AE scalar_relativistic

Z, Za, Zc, Zv, (Ne, Nc, Nv)
2.00000
2.00000

4.00000
4.00000

6.000000000000000E+01

3.000000000000000E+01

#AE  symm Energy (Ha) Energy (eV) mnocc focc
#AE 1s -9.9519701910 -270.8068768515 2 2.00000
#AE 2s -0.50123563821 -13.6393081754 2 2.00000
#AE 2p -0.1990292897 -5.4158623166 6 2.00000
#AE Total number of electrons 6.00000

### All-electron total energy
#AE Energy (Ha)

#AE Ekin 37.2354471978
#AE Eion -87.5807031965
#AE Eh 17.6342323884
#AE Exc -4.7295735278
#AE Etot -37.4405971381

F— X DFEEIZE L TIE User’s Manual] %

Energy (eV)
1013.2280312602
-2383.1920966254
479.8518591905
-128.6982387727
-1018.8104449475

LTLZEW, CIAOPP T — & 2&/R9 %Y — )L “make-

fig_ciaopp.pl” T9, IRDIT Y FZANLUTATLEZI,

% ../../../tools/makefig_ciaopp.pl test_06_C_lda_nc

FTORER, MOT77AADRHHEINET,

ciaopp_test_06_C_lda_nc.pdf
ciaopp_test_06_C_lda_nc_gbeta.eps
ciaopp_test_06_C_lda_nc_gphi.eps
ciaopp_test_06_C_lda_nc_ldr.eps
ciaopp_test_06_C_lda_nc_ldr_std.eps

ciaopp_test_06_C_lda_nc_rbeta.eps
ciaopp_test_06_C_lda_nc_rho.eps
ciaopp_test_06_C_lda_nc_rphi.eps
ciaopp_test_06_C_lda_nc_vloc.eps

ZD5H, “ciaopp-test_ 06_Cldanc.pdf’ iZTRTDI I INELHOLNTVWETDOTIEIZR>TLZI W,
“test_06_C_lda_nc_fig.pdf” 1F L DIEWRITH O THAD, WEWIT X Fourier ZH#i7: &0 ElPERINTWS

ZehbrdBnETd,
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4.4 RERFOIINNSYINERTVOvIL

B CIX, RIBRFO IV LARERERET V> vy VOESEIZ BN L E Uz, AEITIE, RIERFOIILETY
T MRRT VY ILVORBEHEENL T,
REFEFOIILETY T MERT VY Y VEHEDODAAPO T 2 VX

ciao/tutorials/atom_06_C/lda_us/

IZREIL T EE W,
IR, FESIINHco / VAREFEOES L FEETT,

441 AAT—%
AT 7 A NVEUTDE DI >TWET,

# Jobname
jobname test_06_C_lda_us

# Atom number & Electron configuration
# (calc_type : nonrel, srel, rel)
# (spin_type : restricted, polarized)

atom_number 6 6.0
electron_config 6 srel restricted

1s 2.0 1

2s 2.0 1

2p 2.0 1

3s 0.0 O

3p 0.0 O

3d 0.0 ©

# Exchange-correlation potential
#  (xc_type : 1ldapz81, ldapw9l, ggapbe, xlda, none)
xc_potential  ldapw9l

# Pseudopotential (pp_type : nc, general, none)

# (local : orbital, special)
pseudo_potential  general
local orbital d
orbitals 3
2s us 2
1.30 0.00 0.8
1.30 0.30 0.8
2p us 2
1.35 0.00 0.8
1.35 -0.30 0.8
3d nc 1
1.40 0.00 0.8
phi_np 5
phi_gmesh 800 4.00 40.0
gps_np 5

gqps_gmesh 600 14.00 40.0

# Solve PP spin
solve_pp_spin
spin polarized 2.0
mix 0.30
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# End of input data
end

28

JIIVLRFOGE LR ZDIE, TIVETY T MDNRTA—-XDIREETTD “pseudo_potential general” M 7 1 v
27 TC9, 7L <IE TUser’s Manuall % £

4.4.2

STEORITEEPEE

B & Fkkicikoa< v R

% ../../../bin/ciao

WL OERZITVWET,

REFTAIF — OPHFRBLIE

input &

LTI,

RIEREIE, IV ARFEOGEOBEORMZE L X9,

% grep ETOT test_06_C_lda_us.log
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...
### ETOT ### etot,dee ...

O WN -

37
38
39
40
41

.815483474707555E+01
.786628402734097E+01
.769797851670442E+01
.760003389771333E+01
.754202316415265E+01

.744059771489398E+01
.744059748588376E+01
.744059732644782E+01
.744059721542435E+01
.744059713810221E+01

=N NWw

N > O 0

.715483474707555E+01
.562625330376952E-03
.444732694526341E-03
.598139816640106E-03
.542837267606992E-03

.785367032223400E-09
.116628469391214E-09
.258370469032544E-09
.965323279701078E-09
.065195008190863E-09

ERDET, F, BETUVYILDOAY VETREFEOLT X ILF — DI RMIZ

% grep STOT test_06_C_lda_us.log
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...
### STOT ### etot,dee ...

4.4.3 HHT—%4

[S2 I IOV O R o

17
18
19
20
21

.435080750999449E+00
.416265336131625E+00
.406912065982366E+00
.402268049541639E+00
.399951364150100E+00

.397526958014077E+00
.397525998648048E+00
.397525470996964E+00
.397525195500675E+00
.397525066009961E+00

FHEDPIEREIZITbhE &, ITFD7 7 A WD EREINET,

test_06_C_lda_us.
.gncpp2
test_06_C_lda_us.
test_06_C_lda_us.

.gps

test_06_C_lda_us

test_06_C_lda_us

DIVNTY T NTHZZEGLEZ7 740V, T714Y MNEMT—XTHS “test_06_C_1da_us.qps” T,

ciaopp

ldr
log

test_06_C_lda_us.rho
test_06_C_lda_us.sol
test_06_C_lda_us.sum
test_06_C_lda_us.us

D0 W

N OO —= W

.435080750999449E+00
.461846425071904E-03
.726885514057682E-03
.589036374284001E-04
.288356983202974E-04

.125834851811679E-07
LT7T7417763260264E-07
.775795129973442E-08
.104122071739098E-08
.399075677484586E-08
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4.4.4 BROERT
FERA2RRT BIZIE,

% ../../../tools/makefig_us.pl test_06_C_lda_us
H BN
% ../../../tools/makefig_us.pl test_06_C_lda_us -f

FEALET, TOME, UFOKRD eps 77 1 MAVEREINET,

test_06_C_lda_us_fig.pdf test_06_C_lda_us_qgps_rrqg_s2p2.eps
test_06_C_lda_us_ldr.eps test_06_C_lda_us_qgps_rrq_s2s2.eps
test_06_C_lda_us_ldr_std.eps test_06_C_lda_us_sol_rho.eps
test_06_C_lda_us_qps_ggq_plpl.eps test_06_C_lda_us_sol_rphi.eps
test_06_C_lda_us_qps_ggq_plp2.eps test_06_C_lda_us_sol_vloc.eps
test_06_C_lda_us_qps_ggq_p2p2.eps test_06_C_lda_us_us_gbeta.eps
test_06_C_lda_us_qgps_ggq_slpl.eps test_06_C_lda_us_us_gbeta_d.eps
test_06_C_lda_us_qps_ggq_slp2.eps test_06_C_lda_us_us_gbeta_p.eps
test_06_C_lda_us_qgps_ggq_slsl.eps test_06_C_lda_us_us_gbeta_s.eps
test_06_C_lda_us_qgps_ggq_sls2.eps test_06_C_lda_us_us_gphi.eps
test_06_C_lda_us_qps_ggq_s2pl.eps test_06_C_lda_us_us_gphi_d.eps
test_06_C_lda_us_qgps_ggq_s2p2.eps test_06_C_lda_us_us_gphi_p.eps
test_06_C_lda_us_qgps_ggq_s2s2.eps test_06_C_lda_us_us_gphi_s.eps
test_06_C_lda_us_qgps_rrq_plpl.eps test_06_C_lda_us_us_rbeta.eps
test_06_C_lda_us_qgps_rrq_plp2.eps test_06_C_lda_us_us_rbeta_d.eps
test_06_C_lda_us_qgps_rrq_p2p2.eps test_06_C_lda_us_us_rbeta_p.eps
test_06_C_lda_us_qgps_rrq_slipl.eps test_06_C_lda_us_us_rbeta_s.eps
test_06_C_lda_us_qgps_rrq_slp2.eps test_06_C_lda_us_us_rphi.eps
test_06_C_lda_us_qgps_rrq_slsl.eps test_06_C_lda_us_us_rphi_d.eps
test_06_C_lda_us_qgps_rrq_sls2.eps test_06_C_lda_us_us_rphi_p.eps
test_06_C_lda_us_qgps_rrq_s2pl.eps test_06_C_lda_us_us_rphi_s.eps

NSO pdf 77 A NMIZE LD TEREINET,

FT, IR=VYDIEMED LI, WHBEELEFRRINET,

WIZ, 2R=VDIIH 6 D &Sz, WEBEERORIEMOBRREINET,

WIZ, 3R=UDRIKTDLIIT, BFEELERT VI YIVBRRRINET,

WIZ, 4XR=UDIFH 8D & IIT, sHEICHTB2HMERT V> v VORBEBMLPERREINE T,
WIZ, 5R—=UDIEK 9D XS, p#EIZNT 208 R T VY vy VOFEIBHARRINE T,
WIZ, 6 R=UHIEX 10 D L 512, dBECHT 208 ET > ¥ vy VOFRBBEBNERINET,
TR=VLE (~9R=D)IZT 7 1 ¥ NERBEERBROEHRTT,

TR=VUDEKIIIZRLUET,

§R—=UDEMI12IZRLET,

IR—=VUDHEH 13 IZRL ET,

10 R=YHZEKX 14 IZRUET,

11 R=UDEF15IZRLET,
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X 5: WKERFOIN TV 7 MERT VY v b (p.) : EEIEE (75 L), KEIBIEOD Fourier 24
(L), MEELUEEER (£TF) 28EZLTVET, £ XTI, FHEBEBUE s 13068, pldRid
Bl » JERERED 2 i, d IRFERMIE Y D £, RENIA Y A 7REFEERLTVWET, JEH
FHEIIRPETCUDNERLTVWEYA, £ RMTIE, BRTF Y Yy IV ARMEEL RO TR
HEDANKRRENE T, EHhh-EE TR ¥ — 0)@% FAINFE T, A EXIZIEBEIBEED Fourier
BHTHY, ¥arihd g HWRHEEDOAY bAT7ZXIVF—DHZIZKRY T,

; 20 T T
S
C f—
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- 10 - -
3
)

LT g_; 0 Fm = 7 =
Rc = 1.39644 = 1 T \
E(s1)=-0.50124 oS E(s1)=-0.50124
E(s2)=-0.20124 ° E(s2)=-0.20124

- E(p1)=-0.19903 -10 + E(p1)=-0.19903 —
E(p2) =- 0. 49903 E(p2) =- 0. 49903
E(d1)=-0. 19903 E(d1)=-0.19903

_20 1 1
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X 6: REFEFOIN IV T MERT Y YL (p.2) : WEIBEOMEMN 2R RZLTVWET, £
BT 2 V¥ —DILEWHIH, ARIEEAEZ XNV EDORRELD £, RHEFSZBI R LE—%
FUTWET, FRank R, ZSEA % & 208% TrL¥—FSHIFLF—OMETT, M
NEBE R, KLV REERESTH b, ﬁ%#*%bfbé EMNEF LWTT, ATl
BFBL T VAN E 25 CTABATEL TWDBE A1 ghost RIENTEET 2 2 0 EZ S5NET,
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MOZHMERT > Yy Ve KD LTWET,

10

8 MEFMFDOIINNTY 7 MERT Y YIL (pd) s PUERBIEL (£L), s BuEEEREKo
Fourier 24 (£ L), s Sl BE (£F), s uEsZEE D Fourier 2# (1) 2R LU TVET,
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7,
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10: RFRFOIINVEFY 7 MERT V%)L (p.6) : d BB (£ F), d#aEEEEso
Fourier £ (4 1), d BUBSHEE (£F), d BB D Fourier £ (4 1) 2R RL TV E
T, 5055, dHEIXIERMELOTE KO X S ICEHEKIEETETCUIrHAINTVWERA,
D=, A EXOD Fourier Z2#IIZEWRDOEENE DIZHRY £9, £z, dBEZFEAET V¥ vy LI
LTWBDTHE FREA FRIOHEERIEY Iz £7,
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FkARD Fourier BN LT L7225 L ZANEMD A Y PATZANVF—DHZ LD T,

20

37



Gl

Qun(

Qu()

0.25

0.20

0.15

0.10

0.05

0.00

-0.05

0.3

1
9°Qnm(@)

1
9°Qn@)

-0.1

15: RBFETOIIV LSV T MERT VY v )b (p.11): T 7 4 ¥ NERIBEEE (£) £ %D Fourier
B (H) A RRUTCVET, FEVLETT 7« ¥ NEMBE, MEQHET 7 1 ¥ MEMEETT,
FkARD Fourier BN X0 L 2 ZANEMOI Y b AT ZXVF—OHL LY £7,

38



5.

Bbhiz

TLEIW,

% ../../../tools/makefig_ciaopp.pl test_06_C_lda_us

H BN

% ../../../tools/makefig_ciaopp.pl test_06_C_lda_us -f

FTORR, MOT77AADPHEHEINET,

ciaopp_test_06_C_lda_us.pdf
ciaopp_test_06_C_lda_us_gbeta.eps
ciaopp_test_06_C_lda_us_ggq_plpl
ciaopp_test_06_C_lda_us_ggq_plp2
ciaopp_test_06_C_lda_us_ggq_p2p2
ciaopp_test_06_C_lda_us_ggq_sipl
ciaopp_test_06_C_lda_us_ggq_sip2
ciaopp_test_06_C_lda_us_ggq_sisl
ciaopp_test_06_C_lda_us_ggq_sls2
ciaopp_test_06_C_lda_us_ggq_s2pl
ciaopp_test_06_C_lda_us_ggq_s2p2
ciaopp_test_06_C_lda_us_ggq_s2s2
ciaopp_test_06_C_lda_us_gphi.eps
ciaopp_test_06_C_lda_us_ldr.eps
ciaopp_test_06_C_lda_us_ldr_std.e

.eps
.eps
.eps
.eps
.eps
.eps
.eps
.eps
.eps
.eps

ps

ciaopp_test_06_C_lda_us_rbeta.eps
ciaopp_test_06_C_lda_us_rho.eps
ciaopp_test_06_C_lda_us_rphi.eps
ciaopp_test_06_C_lda_us_rrq_plpl.
ciaopp_test_06_C_lda_us_rrq_plp2.
ciaopp_test_06_C_lda_us_rrq_p2p2.
ciaopp_test_06_C_lda_us_rrq_sipl.
ciaopp_test_06_C_lda_us_rrq_silp2.
ciaopp_test_06_C_lda_us_rrq_sisl.
ciaopp_test_06_C_lda_us_rrq_sls2.
ciaopp_test_06_C_lda_us_rrq_s2pl.
ciaopp_test_06_C_lda_us_rrq_s2p2.
ciaopp_test_06_C_lda_us_rrq_s2s2.
ciaopp_test_06_C_lda_us_vloc.eps

eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
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IV TY 7 bOBEBFRKIZ CIAOPP RO T — X 2K RTEHIENTEET, MOAXY REALLTA

ZD5H, “claopp-test_06_Clda_us.pdf” IZIRTDT T I7HRFLHOLNTVWETDOTIEIZZR>TLZI W,

“test_06_C_lda_us_fig.pdf” 1 & DIFHRITH D FHAD, WS P Fourier s &+ 0 FHRATRRINT VS
ZeNbnrbEVWET,
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Z® [Tutorial| Tlk, KIEFEFLRKBR T 2 MBI 2586 %2R Z & T, [CIAOJ DHEARK LM NH
FHAL £ U7z, 3L <1 User’s Manuall 22U TL7ZX W,
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