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T, Ml FHER & O FIT AP TWEH PRI —A b LHES NS, LXK —4 Hartree DFERA S
RIS TIEEZDT, TOMEI TT-AMRE] PFETHILIR5, Zhid, S5 OARICALN
721 —100 eV (~ —4 Hartree) ® [T —Z MREE] ITIEN7R 5720,

//7conect Uocabs,mnasoﬁ;\ //7ghost Uocabp,mvasoﬁ;\
20 I 20 I
Cu | Cu s|vr
10 10
S S
& | = L
S R W
> >
2 Rc = 2.27849 2 Rc = 2.27849
© E(s1)=-0.16942 o E(s1)=-0.16942
-10  E(p1)=-0.16942 -10  E(p1)=-0.16942
E(dl)=-0.18517 E(dl)=-0.18517
E(d2)= 0.31483 E(d2)= 0.31483
-20 L -20 L
10 5 0 5 10 -5

\ E NG E
6: KA : T—A R L (ER) L T—Z b D (HE)

1.7 O7#HIE
BTHEER n(r), 1BTHZIOKEHBETIVE —% e,0[n] £ T52E, ETXVF—ADFL

BAE — / drn(r)epen(r)] (©6)
Llpd, BRT VY v VOB T 3L ¥ — 2 AliE T4 n, (r) % AW CEE

EPP - / drny (r)eaclno ()] (1)
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ET BN INIFEMETIER, FDOHEIE nege[n] 23 n T U THRIE TIPS TH S (9, ELLI,
EaI:DcP = /dr{ (ne(r) + ny(r))ese[ne(r) + ny(r)] — ne(r)ezene(r)]} (8)

THb, 22T, n(r) RATETHEETH B, EBEOFETIX, ne(r) = nype(r) LUT, Ay b T7HE R,
X0 RIITERD 52T U724 3 7 BREE npe(r) 2V, ZROETRLF —ADH5IE

Efcc = /drnm(r)ezc{nm(rﬂ 9)

&%, CIAO T4 2 7 #liiE (PCC: Partial Core Correction) 2175 Z &M TE 2,

2 WESIERUVEBFRE

CIAO (Code for Investigating Atomic Orbitals) 1%,
(1) BN BB I D W - B 7 D 2 & FIRIEE A
(2) BETRT VI Y LARSOEET VY ¥ VOERK
(3) Z#EY — N DRk

WO BRER D, TNTNDOEEOREIILLTDEE D TH 5,

(1) BT OLE TIRET

1. ZEPBEBE [2,3]
2. A% HAH BE N B A
e LDA (PZ81 [10],PW92 [11])
e GGA (PWI1 [12],PBE96 [13],revPBE [14])
MR, AT —HIRGR [15], FEMDRN R
A Y VA
I+
fRATT R RE

o BN Z7—mrITrLF—
o I BN BRI K oD B3R R AR

AR S

AT7RT YV, BERAVSNS RHGER DB D7ZIFTIERL, HuEilicResBRkEEETE5, 20
BEae ik, (AN REIE T2 EKT 2 DIZHWS N5,



2. FEREMIE R OB BB

(2) BERT > v VDR

1. ayRTroyv

e Troullier-Martins / )V A f#4F [16] + Hamann’s GNCPP % [17]
e Vanderbilt V)V 5V 7 b PP ik [6,18]
o Bléchl & PAW i [19]
Bt RT ¥ vL : 38, BHS, Z2HERX
A Y V5 i
P EHEAR - TM B, £ IEK
#4> 3 7HHIE (PCC) : 2K Bessel [9], ZIHA
AJIE X : semicore 12X s
H A . GNCPP1, GNCPP2, CIAOPP
fife ks Re
o NEIBIE D E
o KT V¥ ¥ )LD Fourier £ #4
o JIVARIED I — A M [8]
e UILETYV T MDA VIRRE
o EFE—AV I

© NS ot W

fRMTBSREE U, fEI NIRRT VY vy VOAY VIREZREZET Z A TE 5,

(3) &Y —
CIAO 2B F DY —VEAPHE I N TN 5,
o ppeony : FIERD AN 7 7 1 VEDZH# (CIAOPP, GNCPP, PSVPP)
e makefig nc.pl : / )V ARFOFHEFER DR (pdf, eps)
e makefig us.pl : VIV TV 7 b DFEAEROIRR (pdf, eps)
o makefig_ciaopp.pl : CIAOPP ¥ — X D %7 (pdf, eps)

BB, CIAO XY —Aa—NTitans 72, BFEIZIZLATORENBETH 5,
e Fortran90 2 > NA J (FETEAMEERD720)
e perl, Gnuplot, LaTeX (LFlY —VEEHADZH, TN 6 Z2/MHLURWEGEITIEAEH)
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3 HiRR

ZZ Tk, CIAO OfREO R TR MHBEEDO WV, BRT ¥ Y ¥ WERICRIKERAERIFEHICDWT, #il%
RUBRSHAT S, MATH2DE 26 THEH,. WInd, FITRERLEZIEEATANL T 7 1 VPR E
TW5, /-, BT822 EEEE TS 221240, 2EFOERRT VY v VOMERTRETH D, CIAO Off
FAOHEL > TWDE, b, REFRERF—T7 — FOFMETZOREKRIZOWTIE, HBAfiz2BHI NN,

3.1 JIWLRFEBRT VY vILEKR

9. CIAO Offiffil & LT, REFRFD/IVAEERET V¥ ¥ WEREZTWV, BHTE5F—7—FiZoWT
B2 B9 5,

3.1.1 AAT774)

CIAO DEIFIZBEBATI 7 7 ANVE 1 7 7 A NVDAT, UFO LI WEATRRT %5, 4B, A7 71IE
BiAi Xy r—Y ® 7 # )L X (CIAO /tutorials/atom_06_C/ldanc/) iZ, 7 7 4 V4 input & L TINDH SN TV 5,

# Jobname
jobname test_06_C_lda_nc

# Atom number & Electronic configuration

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 0

# Exchange-correlation potential
xc_potential  ldapw91l

# 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

DT 74N, MTFTORNAENEREINTWD,

(a) &S (atom_number) 6 D FIZDOWT BT 6.0 & L TR2EFIREEHE AT,
(b) = DEEDE L& (electron_config) 1, (15)%9(25)20(2p)20 &35,
(c) £7=. FHEIZEEMER (srel) (2K DITWV, AEIZE U TIEIEENE (restricted) &9 5,
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d) R T V¥ v VA IV ALRIE Troullier-Martins %! (nc) TIEET 2,

e) TDBEDRFTART ¥ v )VE4 (local) & U T, d #ii# ( orbital d ) Z#RT 5,

f) 72, BYEDH v M A 7 RRIT rog = 1.45, 1oy = 145, 139 = 1.45 £ T3,
@ﬁah%&ﬁr//vw%%mf fliFE TR R AT 5, TOBOAY VEEIEX N, — N, =2 &35,
h) FEHRZT O BITIE, BREGSIA -2 LT 0.30 ZHW5

i) if@nfﬁ’i’ ﬁb'C QT@*QE@*EE%?‘/“/J\’» (xc_potential) & U T ldapw91l %i#ERd 5,

(
(
(
(
(
(
3.1.2 FHEODOET
R E TS 51T

% ../../../bin/ciao input &
zj—éo

3.1.3 HAT77ANL

test_06_C_lda_nc.ciaopp test_06_C_lda_nc.pp
test_06_C_lda_nc.ft test_06_C_lda_nc.rho
test_06_C_lda_nc.gncpp2 test_06_C_lda_nc.sol
test_06_C_lda_nc.ldr test_06_C_lda_nc.sum
test_06_C_lda_nc.log test_06_C_lda_nc.us

ERRT7 7 ANVBERENEINS, BB, test 06_.Cldanc &WVWIHEZHFRIE, AST7 71 IVAT F—7—F jobname
DL UTEZX3DTH D, MOXFEBETNE, ZTOEMITIETFPN VT 7RI h5, 8
FERZMRT 55 A TEERD DL, test_06_C_lda_nc.sum TH 5,

2B, “test_06_C_lda_nc.pp”, “test_06_C_lda_nc.ciaopp”, “test_06_C_lda_nc.gncpp2”’, @ 3 7 7 1 )VITHKRT
VYUY IVT—=RT, Fa, W7 A=<y MUERENH S, PHASE TlE .gnepp2 7 7 A IVHBMEHA I NS,

Z O, “test_06_C_lda_nc.rho” IZR2EFEHEDETEE, KTV ¥, “test_06_C_ldanc.sol” IZHERT >~
VY VEMEBELEZLE @(}iiﬁﬁ@ﬁﬁ(, BE, KTy, “est_06_C_lda_nc.us” IZ Kleinman-Bylander 43
BERLZ U7z & OB, “test,OG,C,lda,nc.ldr” I E BB D B, “test_06_Cldanc.ft” IZHRT ¥ ¥ LD
Fourier Z#DMEM I N T WS

BURTCiE, ‘test_06_Clda_nc.sum” IZ2DWT#HHZT S, HOINEINBIIUTFTDLSIZR>TWVW3,

(a) SHEICERSNAAS X —F 1y K

77 ANVDREEIZIE, T7ANMECESHMA SNLLEREEDTANT -2 ORERPTHIEI NS,
inp

inp test_06_C_lda_nc

inp

inp Atomic label & name : C Carbon

inp Number of protons & electrons: 6.00000 6.00000

inp--- Electron configuration -----————--------—————————————————————
inp Calculation type : Scalar-relativistic

inp Spin type : Restricted

inp Spin state : Automatic

inp 1s 2.00000 1 1 0

inp 2s 2.00000 1 2 0

inp 2p 2.00000 1 2 1

inp 3s 0.00000 0 3 0

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

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

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

inp-—----- Pseudopotential -------———---------—————————— - ——————
inp Pseudopotential type : Troullier-Martins GNCPP

inp Angular momentum of Vloc : d

inp Angular momentum maximum : d

inp 2s NC 1

inp 1.45000 0.00000 0.00000

inp 2p NC 1

inp 1.45000 0.00000 0.00000

inp 3d NC 1

inp 1.45000 0.00000 0.00000

inp -——-——————- rcC ---------—-—"-""-"--—————
inp PCC type : No core correction

inp -——--- Solve PP spin ----------————----——————————
inp Solve PP spin type : Calculation

inp Spin type : Polarized

inp Specified spin state : 2.00000

inp Ratio of mixing rho : 0.30000

inp ————————- Logderi ---——————————————————————————————————————————
inp Logderi type : Manual range

inp Logderi method : Fredholm method

inp Logderi nonlocal potential : Separable

inp Number of divisions in energy: 3001

inp Minimum energy (Ha),(eV):  -1.00000E+01  -2.72114E+02
inp Maximum energy (Ha) , (eV): 5.00000E+00 1.36057E+02
inp—————————- Fourier -------------\----------\""\--------------
inp Fourier transform type : Manual range

inp Number of divisions in k-vec : 300

inp Minimum k-vec (1/Bohr),(1/A): 5.00000E-02 9.44863E-02
inp Maximum k-vec (1/Bohr), (1/4): 1.50000E+01 2.83459E+01
inp——————————- Mesh ---------—"-"—7""""""""""""""""""""""""-"-"———
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 : no

inp sw_write_rho : yes
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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

(b) LBFREFEORSR

77 ANVDOHFFEZ, PR AZ2EBFREOHET AN F - REFEIX VX =DVl I N5,

000000000000000000000000000000000000000000000

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

000000000000000000000000000000000000000000000
SCF calculation converged after 41 iterations.

eng Energy levels [All-electron]
eng Element ---> C

T Yt
eng  symm Energy (Ha) Energy (eV) nocc focc
T Y
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
T Yttt
eng Total number of electrons 6.00000
T Y

etot Total energy [All-electron]

etot---------------—-— 00— ——————————— =
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 -158.11815638571

etot Vc -0.4169429265 -11.3455938455
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etot Vxc -6.2276785036
etot Eband -21.3044697255
etot Etot -37.4405971381

T X = == T T T
rmax  symm rm (Bohr)
T X = =TT
rmax 1s 0.1756979817
rmax 2s 1.2195857219
rmax 2p 1.1944405247
T X = = T T T

(c) BRT V¥ v LDIER

-169.4637477027
-579.7240946869

0.0929753675
0.6453769676
0.6320707023

12

Rz, fRT VoY VORKEEDERPH I EING, TIT, 27HPMAT VY LDy b A 7HEDEK

KETH Y, 3H7HPEFHEORMIOEH DR (HERMH) Tho, (HIEIEE LD AT VBT,
7 7 A VAT 44t CAUTION #4447 A v v — VNN I N5, 72720, FTFHT T -0z 550, )

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

2.7198984967
1.4500000000
1.4550891231

5.1398632708
2.7401028942
2.7497199431

.sum

Z DRI, FYEIRE phi D EFRE O, 2, c4, c6, c8, cl0, cl2 LB DF v 7 H32s, 2p, 3d DIEIZH
H1&E N5, Troullier-Martins B J )V AMEEBEAR T Vv LTI, By b A 7R re 1I28WT, BHREIEBEEOMS
B THRHBBAROMS L GRETEDLEL I L TERTLIDT, TOEKOKEZMHRT 272012, HEIKEE

WO ARMNEFTERRALTNS,

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

(n,1,t) : 2 0 1
rc, nrc : 1.4407702920
eref, de : -0.5012353821
ncoeff ,nk: 6
c0,c2,cd : -0.3368862777
c6,c8,cl10: -0.4570528414
cl2 : 0.0096948334
rphi (rc)
Exact : 0.7870693556
Analytic : 0.7870693556
Numerical: 0.7870693557
rphi"’ (rc)
Exact : 2.2917357708
Analytic : 2.2917357708
Numerical: 2.2920052141

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

(n,1,t) : 2 1 1

NC

1143
0.0000000000
4
0.3009287937
0.3262135669

rphi’ (rc)

-0.2273943160
-0.2273943160
-0.2273943214
rphi""(rc)

-4.6194880471
-4.6194880471
-5.3365688461

NC

-0.0181116278
-0.0923338383

rphi" (rc)

-0.7104720416
-0.7104720416
-0.7104679167
<phi|phi>rc
0.4868796696

0.4868796696
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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:

IREIRER D /L L,

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

n

N = O H

2
2
3

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

n

N = O H

2
2
3

Reference energies E[n] & cutoff radii rcl[n]

n 1

2 0
2 1
3 2

t

1
1
1

t

1
1
1

e

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

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

-0.2775161565
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

13

SR ANF—YERL, Ay A TERPH I NS, 2T, psi 3REFIKBBEE, phi
R EIRBUI IG5,

In tn

0 1 sl
1 1 pl
2 1 d1

In tn

0 1 s1
1 1 p1
2 1 d1

In tn

0 1 NC -
1 1 NC -
2 1 NC -

<psil|psi>rcl
0.6977676329
0.6580073150
1.0000000000

<psil|psi>R

0.6977676329
0.6580073150
1.0000000000

E[n]

0.5012353821
0.1990292897
0.1990292897

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

<phi|phi>rcl
0.6977676329
0.6580073149
1.0000000000

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

<phi | phi>R

0.6977676329
0.6580073149
1.0000000000

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

rcl[n]

1.4407702920
1.4407702920
1.4407702920

nrcl
1143
1143
1143

nR
1143
1143
1143

nrcl[n]

1143
1143
1143
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14

W T, #RT > Y ¥ )% Kleinman-Bylander BLO /3 BERIIZ U755 DT A — 293 ians,

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

1

N~ O

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

1

N~ O

(d) BRT VY vV ERWIMHE

RIZ,

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

cnm =

gps [nm]

0.0000000000
0.0000000000
0.0000000000

(1,tn,tm)
D [nm]
0.3883307042

-0.1240008880
0.0000000000

HEORR (REVHERL)

nm = (1,tn,tm)

<Vloc*Qps [nm]>
0.0000000000
0.0000000000
0.0000000000

Dion[nm]

0.3883307042
-0.1240008880

0.0000000000

ZOWRT vy L EAWEGEDO I AN F AL ET X NVF -2 AV U OMEL CHREEL 2R
M E N5, Ekin & Ekin*, Etot & Etot*l& 2@ ) DR 5 FIETEHE I N/l T,

HEHBEDOF v 2Dz

DIZFRRLTWVWS, FHHEBMEDEZDIZHEN DT PITNDED, THAPRKEVGEITITHEROGEHMENLDNS,

C

2
6

2.00000
2.00000

eng Energy levels for the present PP [Solved]

eng Element ---> C

T Y At bttt
eng  symm Energy (Ha) Energy (eV) noc

T Y
eng 2s -0.5012388665 -13.6394029924

eng 2p -0.1990308429 -5.4159045837

T Y Rt bttt
eng Total number of electrons

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

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

etot Ekin 3.1523644353 85.7801973905

etot Eion[NL] 0.5286575971 14.3855045831

etot Eion[LOC] -12.0248438893 -327.2126378771

etot Eh 4.3667751900 118.8259940904

etot Exc -1.3702943751 -37.2876056671

etot Epcc 0.0000000000 0.0000000000
etot--------------------\-------- -

etot Ekin* 3.1523695703 85.7803371220

etot Eion -11.4961862922 -312.8271332941

etot VlocQps 0.0000000000 0.0000000000

etot Ex -1.1771563868 -32.0320538109

etot Ec -0.1931379883 -5.2555518562

etot Vx -1.5695418491 -42.7094050812

etot Vc -0.2207312279 -6.0064020798

etot Vxc -1.7902730770 -48.7158071610

etot Eband -1.4005394190 -38.1106151522
etot-------------------------------------—-—-—----"-"-'"-—-"-—-—

etot Etot -5.3473410421 -145.5085474803

etot Etotx* -5.3473359070 -145.5084077488
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(e) BEF V> v LERVAMETHEOER (REVHEHY)

2
ARG

fERAH TIN5,

Energy levels for the present PP [Solved]

Element ---> C

.5331823148
.4286097554
.2291099747
.1327984850

-14.
-11.
-6.
-3.

5086284125
6630644013
2343993714
6136304968

Ekin
Eion[NL]
Eion[LOC]
Eh

.2657490187
.4909707473
.1367338637
.4212261299
.4370419306
.0000000000

-330
120

.8655487665
.3599932620
.2573188744
.3076794961
.1038989928
.0000000000

VlocQps
Ex
Ec

.2657503437
.6457631164
.0000000000
.2600125241
.1770294065
.6800166988
.2024348079
.8824515068
.4200120197

316

.8655848219
.8973256124
.0000000000
.2866839333
.8172150595
. 7155785777
.5085311806
.2241097583
.6404915566

.3958298984
.3958285734

.8279963426
.8279602872

(f) Z0fts : BHE—A ¥ N

Iz, EBE—A VDN (nrjm) & (n|p|m) REDITHERIE 1T NS,

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

[n]
2s

= [m]
_2p

<n|r|m>
1.6276592256

<nl|1/r|m>
0.6509137699

<n|pr|m>
-0.1590975439
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FETE i

where pr = (1/r)*(d/dr)*r

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

[n] - [m]
2s-2p

<n|r|m>

1.6407567659

where pr = (1/r)*(d/dr)*r

<nl|1/r|m>
0.7652192659

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

<n|pr|m>
0.0189330560

[n] - [m] <n|x|m> <nlylm> <nl|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] <nlx|m> <nl|ylm> <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]l: n = (n1,11,m1), m = (n2,12,m2)
[(n]-[m] <nld/dx|m> <n|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> <n|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
[nlrim] = <psiln]llrlpsilm]> - <phi[n]lrlphilm]l> = [mlr|n]
[nl1/rlm] = <psi[n]|1/rlpsilm]> - <philn]|1/r|philm]> = [m|1/r|n]
[nlprim] = <psiln]lprlpsilm]> - <philn]lprlphilm]l> = -[nlprim]
where pr = (1/r)*(d/dr)*r
n = (n1,11,t1), m = (n2,12,t2)
(n] - [m] (nlrim] [n|1/r|m] [n|pr|m]
2s1-2p1 -0.0130982744 -0.1143060423 -0.1780303473
2p1-3d1 -0.0032934439 0.0018609812 -0.0084810782
[nlxIm] = <psi[n]|x|psilm]> - <phil[n]|x|phi[m]> = [m|x|n]
[nlylm] = <psiln]|ylpsilm]l> - <phil[n]|ylphilm]> = [mlyln]
[nlzlm] = <psiln]|zl|psilm]> - <phil[n]|z|phi[m]> = [m|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
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2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(
2p1(

[nld/dx
[nld/dy
[nld/dz

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

Z[o, 0]
zZ[1, 1]
zZ[1, 0]
Z[1,-1]
Z[2, 2]

FETE i

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)-3d41( 2)

|
o O O

O O O O O

-0

.0000000000
.0000000000
.0014728728
.0000000000
.0000000000
.0000000000
.0008503635
.0000000000
.0014728728

o O O

O O O O

.0014728728
.0000000000
.0000000000
.0000000000
.0014728728
.0000000000
.0000000000
.0000000000
.0000000000

Im] = <psiln]ld/dx|psilm]> - <phil[n]|d/dx|phi[m]> =

[m]
[m]

(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)

[nld/dx|m]

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

: Yel[l,m] = Z[1,m]/{sqrt(4*pi)*r~1}

(@]

o

o

<psiln] |d/dylpsilm]> - <phi[n]|d/dylphi[m]>
<psiln]|d/dz|psilm]> - <phil[n]|d/dz|phi[m]>

O O O O O O oo

o O O

O O O O

[nld/dy|m]

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

= sqrt(xxx+y*y+z*z), and Z[1,m] is defined by

=1

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

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

Z[2, 1] = sqrt(15)

z[2, 0] =
z[2,-1] =
z[2,-2] =

(g) DM :

sqrt(5)/2
sqrt (15)
sqrt (15)

Ghost f#T

* X*Z
* (3*z*xz-T*Tr)
* y*z
%k x*y

BBz, BRT VY v LD Ghost IREDEMFERMVE LI NS,

Kleinman-Bylander energies :

S

E[KB] (1,1lo0c)
P d

.0000000000
.0017007270
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0014728728
.0000000000

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

[nld/dz|m]

.0000000000
.1687804956
.0000000000
.0000000000
.0021283425
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0024575982
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0021283425
.0000000000
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s 0.000000 -4.924991
) 5.175955 0.000000
d 3.431247 -1.727463
present 3.431247 -1.727463
Kleinman-Bylander RMS : Vrms[KB](1,loc)
s p
s 0.000000 1.674673
P 1.587558 0.000000
d 1.154322 0.462825
present 1.1564322 0.462825

Kleinman-Bylander cosines : C[KB](1,loc)

S

s 1.000000 -
P 0.306718
d 0.336415 -
present 0.336415 -
Kleinman-Bylander local energy
s
local-1 -1.599444 -
local-2 -0.055272
E[KB] +
eigen -0.501235 -
ghost none

0000000000000000000000000000000
ooo No ghost states exist ooo0
0000000000000000000000000000000

p
0.340036

1.000000
0.267922
0.267922

levels
P
0.121257
0.000000
0.199029
none

-4.234269
-1.505620
0.000000
0.000000

d
.618200
.224204
.000000
.000000

O O O O

d
-0.145999
-0.148911

1.553030
1.553030

: Eloc[KB](i,1)

d
0.000000
0.000000

0
0.000000

none

18

BB DITIZ ghost IREBVFEET 2085 D OHERENFRINT VWS, “none” NFE/R I N7z HEIZ 1E ghost
RIBIZFAER T, ‘exists” LRRIND & ghost BWIFAET B Z W nh b, 4B, HETERWEEIE “unknown”

ERRIND, SDOHE, s, p, dDTRXRTOHIEIT ghost IREEIFIFEL 72\,

3.1.4 HHIL

% ../../../tools/makefig _nc.pl test_06_C_lda_nc

ETre, WMAT UYL, BHEBE, BTEREREDST I TERELDZT 74 test_06_C_lda_nc_fig.pdf 3£
FEnd, M7-K9E, 77 VO—HEkEH L DTHD, YV —IIVOFMAEIZEL TIE 7 Hiz SO

&
Z&,

TIZBWT, BB O Fourier 2%, p BB ¢ ~ 7RE L THBMOEA K-> TWDE L 2R
T3, dBERBRBAFERL T\ DI GNCPP 4 (17 #BH L7256 TH S, M8IZBWT, EEI N
FHERBOBHR BRI OX TR RINEIL, BRTF Yy V2L T7IVY AT Y MNIEBEL TR ONEZT

VX —YERL (B : Hartree) TH D, WA EZANVF—DEWE T 5T s Pt D —HH

W, F9 1,

BMELRT Yy VTHDL, ERTIE, MEFEE (BR) & 37 ETEE (FRiR), AT, RnERET > >y
WV (FRAR), RATA & VR T V2 v )b (RifR), Hartree BT > ¥ v )b (fkiR), AR T > > v L () TH %,



3. ELOEH

dl —

10

qw,(9)

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

::% .
1 ] ] ] ] 1 1 1 | 1
0 1 2 3 4 5 6 7 8 9
r
B 70 OV LRAE  REEENRE o, () (ZE)
1.5 T T T T
[Solved] 2s
E(2s)=-0.50124 2p —
= (o8 0 00000 8d ——
1.0 7
? 0.5 7
0.0
-0.5 : : : ;
0 1 2 3 4 5

8 JIVLRIE :

n(r)

T
Core
Valence

Total -~ |

-0.1 L

V()

q

& % D Fourier 24 q¢y (q) (£ X)

20
10
0 —
Rc = 1.44077
E(s1)=-0.50124
-10  E(p1)=-0.19903
E(d1)=-0.19903
-20
-10

0: OV DRAE B (FER) £ T Y v b T30V — (HiB)

19



3. ShAEH 20

3.2 DINSIYVITNBRTYY Y ILIER
WIZ, RBFRFDIINVETY T MERT V¥ VERZITW., BT 5F—7— NIZDWTHEHEIZEHAT 5,

3.2.1 AHhT7AI

CIAO DFEITIZBERANT 7ANEL 77 ANVDAT, UFDO LS BREATRARS 2. 2B, FA77AVIE,
BiAi /Sy r— 2D 7 )L X (CIAO/tutorials/atom_06_C/lda_us/) (2. 7 7 1 V£ input & LTS 5N TV 5,

# Jobname
jobname test_06_C_lda_us

# Atom number & Electron configuration

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 O

# Exchange-correlation potential
xc_potential  1ldapw9l

# Pseudopotential (pp_type : nc, general, none)
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
qps_np 5

gps_gmesh 600 14.00 40.0

# Solve PP spin
solve_pp_spin
spin polarized 2.0
mix 0.30

# End of input data
end

ZDT 74N, MFORABRNER I N T WD,

) %S (atom_number) 6 D FIZDOWT B 6.0 £ L TLBEHREHE 21T,
Z DEDOEBEFFLE (electron_config) 1. (1s)29(25)29(2p)20 & § 5,
) 72, BHEIIHEEE G (srel) (2 & ATV A B U TIEIERENE (restricted) &35,

a
b)
c

d) X7 v IViE, DIV b5V 7 M (general) TIEEK Y 5,

(
(
(
(



3. ShAEH 21

(e) ZDBEDFFTART > ¥ ¥ )VE4 (local) & U T, d #ii#E ( orbital d ) Z#IRT 5,

(f) £72. BWEDOH Y M4 7LRIE rog = 1.30, 19, = 1.35, 734 = 1.40 £ T 3,

(g) 25 & 2p WL L CTlX, 2T ALVF =X 2T 2OV hT YV 7 MNEBEIFERE, 3d #HuEcBEL TiE /v
LMFREI B 2GR T 5, ATH OREIB E £ HAGELLd 5 BRDIREL (phinp) % 5. Fourier Z2#9 D A v
¥ a4 X (phigmesh) % 800 &9 5,

(i) FEFE M % 2 HAEBIT 2BRDREL (qps.np) % 5. Fourier 23 2D A v ¥ a ¥4 X (qps_gmesh) % 600
L35,

() BoNBRT >y V2HWT MEFREHEZT5, TOROAVVEEIR N, - N, =2 &35,

(k) FFFE 2 47 5 Bz 13, BARRA /< A — X & LT 0.30 &MV 3.

() & TOEMHEZEBE LT, REHBEMERT > ¥ )L (xc_potential) & U T ldapw9l % #ERT 5,

3.2.2 EEORIT
AR BIC 1

% ../../../bin/ciao input &
L35,

3.23 HHI7F7ANL

test_06_C_lda_us.ciaopp test_06_C_lda_us.rho
test_06_C_lda_us.gncpp2 test_06_C_lda_us.sol
test_06_C_lda_us.ldr test_06_C_lda_us.sum
test_06_C_lda_us.log test_06_C_lda_us.us

test_06_C_lda_us.qgps

L7 7 NVEEDR I NG, 2B, test06.Cldaus & WO EZHRE, ASIT7 71 IVANT F—"7— K jobname
DL LTERZEDTH S, HOXFEIFETNIE. TOAMRIRT AWz 7 v vniihansg, §HE
FERAZMRT SO ZTEERE DI, test_ 06_.C_lda_us.sum TH 3,

B, “test_06_C_lda_us.pp”, “test_06_C_lda_us.ciaopp”’, “test_06_C_lda_us.gncpp2”, ® 3 7 7 1 IVIZHKR T
VIUXYIVT—=RT, Fa, W7 =<y MIERNH S, PHASE TlE .gnepp2 7 7 1 IVHMEHI NS,

Z DAtl, “test_06_C_lda_us.tho” IZ 2B TEIRHOBETEE, K7 vI)b, “test_06.Cldaus.qps” I[ZHEERT >~
Ty VIZE T B EIHEBNM, “test_06_.Clda_us.sol” IZIERT VU v VEMBESEL - & EDOIREEK, EFEE, K
T V¥ v b, “test_06_Clda_us.us” IZ Kleinman-Bylander 27 BEf#Z U7z & & DEEEL, “test_06_C_lda_us.ldr” (23
FHEAE DSBS, “test_06_C_lda_us.ft” (ZHRF > ¥ ¥ LD Fourier ZEMMBHMI T W5E, IV ARERET v
Ty VERRREE DEWE LT, WESBMT —X 7 7 1)L “test_06_C_lda_us.qps’ 23l > T3,

sum 7 7 AIVIZET 2K, S IVAREERET VYUY ILTIIoTHED, 22 TIREIET 5,

3.2.4 FHML

% ../../../tools/makefig_nc.pl test_06_C_lda_us

3B, MET VUYL, WEBEK, BYBEEREDT I 7% FL DT 74 test_06_C_lda_us_fig.pdf 34
KEns, XM10-K 121k, A7 7 A VO—#2KEH LD TH S, BE, YV —ILOMHAEIZEL TIEE 7
RO L,

X 10 125\, HHNEIBIED Fourier i1, EDOHLUES ¢ > 5 TR TE2REDORE I IZH o7, X 11
IZHEWT, MREEINAGRREOEEREIRROBIRE T/ IV AGE] OB L TRLZDIZ, TRV —
WRLZE Yy &) =B U7, WRT Vv VIETIE Ay M4 7% R & 0 WHIOHBEKREIBEE (B 7% & B k) O
TR M I 2R BRI I, DRSS | ERR I N2 TR TOZ 3V F — i (—10~5 Hartree) IZHWT—
BU7, M121%, BTEELRT VYV ThHD, AXTIE, HETHE () &3 7ETEE (FR), ART



3. ELOEH

22

&, RFRERAR T V2 vV (F#R), BT A Y RT VY v )b (5#)), Hartree K7 2 vl (i), CHUAABEAR T

YUYV (BEM) THDH, VIVE TV T hOGE, M8 TEESMHAMEEZ RO DX deficit EROZETH 5.
Fr, M7 EM10, M8 11 2T DL [V VALRLE] OFRED TV NIV 7 ORROSGH»EN

TWaIZeWbhs,

4 T
sl ——
S2 =— ]
o+ C i
p2 ——
2 1 —— -
= 1 7
=
>
=0
1 -
2 -
-3 1
0 1 4
1.5 T T
[Solved] 2s
E(25)=-0.50124 2p ——
E(2p)=-0.19903
E(3§): 0.00000 3d ——
1.0 -
t& 05 -
z
0.0
05 1 1
1 3 4 5

X 11: VIV T b

-0.1

qy,(a)

10: IV bZ V7 b HEEEIREEL ro, (r) (Z£K) & % D Fourier Z# q¢,,(q) (£ X)

T

Core
Valence
Total -~

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

20

0
Rc = 1.39644
E(s1l)=-0.50124
-10 E(s2)=-0.20124
E(pl)=-0.19903
E(p2)=-0.49903
E(d1)=-0.19903
-20 1 1
-10 -5 0 5

i & X 72 FRRIE DB BIEISC 1oy, (r) (EI) & R85 Dy(E) (1)

6 T T

Vigelion]
4 Vi .

Vyo ———

12: DIV TV T b BFEENM (AN) ERT Vv LI AVF — (HK)



4. A AGEM

4 AHEBDFREFM
4.1 774I—&

CIAO D AFI7 74V “input” (7 7 A WVEIIMER) OATH B, —FH, CIAO DHEII7 71 Vs < H D,
FO—EWERLIITEFLDD, 272U, EBEOT7 74 V4L, “nput” 774 NVHOF—7—F “obname” THHE
INTY a3 TH ooxx” WCHRRT- “log” MEDMSIMEI Nz DI B,

xK1: BAO77100

| 77 AR | S

log R
.sum HEOFLELD
.tho RELIAATOEFEELE AT Vv
PP PP IEATOHE AT v L

anepp GNCPP BROEES > v b, PHASE O ANBERCTH B

.gncpp?2 GNCPP2 JERD#EKRT >~ ¥, PHASE D ANEARTH S

.ciaopp CIAOPP EXDEARTF V> vV, F—TU—FRZ2HWEZNHT—XFEATH 3
.info INFO ERO#EAT v ¥ ¥y VIEH, ¥F—U—FN2HWENAT—2ERXTH 2
sol BRT Yy VERMEEL I EAR
.pcc I 7 fED PCC &Efj & % D Fourier £ #
.us TNV T MERT VY vy OLVOEEIEAE & Z D Fourier £
.qps TIVESY T MRRT VY VDT 7«4 ¥ M&EM & F O Fourier 2 #
1dr TREIEAEL D X E I D T 1L F — M
ft AT VY ¥ )LD Fourier £ #

4.2 AA7 74 “input”

4.2.1 “input” DOHE]

23

MBI AT T 7 AL, “input” DATH 5, 727207 74 NVZIEBT LD “input” THEHEIZRATEDOD
DTRV, ¥—7—FEATHBRT 2, EF—7— FOIEFITIE X 5720,

AHDF YT — 1 H

ciao/templates/inputs
ciao/templates/electron_configs

IZEPINTWAEDTEEIZI N,
“Input” OHIIHZLATIZRT, 72770, ZHEEEOAZBERE LflzDT/RI A —ZOMEIEYE DT
HDHILIIEETLHI L, ‘W THEDITIFTAY MR,

# Jobname
jobname

sample_14_Si_gga_us

# Atom number & Electron configulation

#  (calc_type

#  (spin_type :
atom_number
electron_config

1s
2s
2p
3s
3p
3d

2

ONNON

.0

O O O OO
O - = B = =

: nonrel, srel, rel)

restricted, polarized)

14
6

14.0
srel restricted



4. AHIE G

# Ion-core potential (core_type : normal, patom)
core_potential normal

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

# Pseudopotential (pp_type : general, nc, none)

# (local : orbital, special)
pseudo_potential  general
local orbital s
orbitals 3
3s nc 1
1.20 0.0 0.8
3p us 2
1.30 0.0 0.8
1.30 -0.4 0.8
3d nc 1
2.00 0.0 1.0
phi_np 6
phi_gmesh 500 7.0 40.0
qps_np 5

gps_gmesh 500 14.0 40.0

# Deficit charge
deficit_charge angular

Imax_qps 4
0 1.00
1 1.02
2 1.04
3 1.06
4 1.08

# Core correction
core_correction pcc polynomial

rcut 1.6
np 4
gmesh 400 9.0 40.0

# Solve PP spin
solve_pp_spin
spin polarized 2.0
mix 0.30

# Logarithmic derivative (logderi_type : default, manual, none)
logderi  manual
nonlocal separable

rcut 4.0
num 701
range -5.0 +2.0

# Fourier transform (fourier_type : default, manual, none)
fourier manual

num 300

range 0.05 15.0



4. AHIE G

# Mesh (mesh_type : standard, manual)
rmesh  manual

num 1000

range 1.d-6 60.d0
# Mixing
mixing 0.30 0.30
anderson 0

# Convergence criteria

conv
loop_conv 150
dee_conv 1.4-09

# Order of calculation

order_pc 5
order_diff 4
order_nec 2
order_coeff 5

# Epsilon

eps_check 1.d4-10
eps_de 1.d4-10
# Switches

sw_calc_hubbard
sw_write_rho
sw_write_us
sw_write_qps
sw_write_pcc
sw_write_pp
sw_write_gncpp
sw_write_gncpp2
sw_write_ciaopp
sw_write_sol
sw_write_logderi
sw_write_fourier
sw_with_dipole
sw_with_core
sw_with_ae
sw_with_so
sw_paw

sw_debug

OR P R R R RRRBRRBRRBRBRRBRRBRRRRO

# End of input data
end

4.2.2 F¥Xx—T7—R—E
EFXF—TU—FDO—E%2%K2I1ZRT,

#£ 20 ANT 7 A “input” DEF—T7—RK

[EF—J—F& [ W

5]

il

y # | IAVE
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20 ANT7 74 “input” DEF—T—F ()

[(EF—U—T% |

]

jobname

pEVEZ

atom_number

JiF#s B, R UEREW) & 2E T (FEE)

electron_config | & FEIEDEHR
core_potential A7 KTV Y VDR
xc_potential 22 PAH BE LB B oD B

pseudo_potential

BETF VY LDNRTA—X

deficit_charge

T7 4 NEMDNT A=K

core_correction

a7 AEDR

solve_pp_spin

BET Vv VAR A UM TIREET

logderi HEIBEB O MM DIRT A —X&
fourier ART VY ¥ )LD Fourier D /NT A — X
rmesh R HMDEREFA Y T adD/NT A =&
mixing HIEEORG T
anderson B EEOIHEDIE T XA —&
conv SCF FIH DI HCH]E S
order_pc Predictor-Corrector DR
order_diff ;B RX Y ¥ 2 TOWD DR
order_nec Predictor-Corrector 7£D )L — Ja 5K
order_coeff A TORT Vv IVORER DR
eps_check TR IR DI E St
eps_de I )V F —[EAE QPR E S F (A7 :Hartree)

sw_calc_hubbard

B2 —U T X VX—AHDAAL v T

sw_write_rho

tho 77 A VO AL v F

sw_write_us

us 77 A NVOHEITAA v F

sw_write_qps

qps 77 A NVOEI AL v F

sw_write_pcc

pec 77 ANVDOEI AL Y F

sw_write_pp

pp 77 ANVDHIIAAL Yy F

sw_write_gncpp

gncpp 7 7 AIVOHEIAA v F

sw_write_gncpp2

gncpp2 77 A VO AL v F

sw_write_ciaopp

claopp 7 7 T VOHE AL v F

sw_write_sol

sol 77 AIIVDHIAA v F

sw_write_logderi

ldr 771 VOETIAAL v F

sw_write_fourier

771 VOEIAL Y F

sw_with_dipole

BHE— AV IEIHDOAT v T

sw_with_core

ATEFEEHINDOAA v F

sw_with_ae

2EIWHBEBEHIIDOA 1 vy F

sw_with_so M FmalIEDO A1 v F
SW_paw PAW K5V ¥y VHIIDAA v F
sw_debug TNy THIOBERAA v F
end AT 74 NVDEDLD

FEF—T—FEEIF—7— FOFELWHHZLATIEHIZAT S,

4.2.3 jobname

jobname TIEY a3 7HEIET 5. 50 XFUNTRIFIIER 57200,

26

4.2.4 atom_number

atom_number TR &S Z(BE, 7=7ZUFEHET) L 2E BN, = N. + N,(FH) 2HEET 5, 2ETH
MR TES ERZIE +(Z — No)e 1 A LU TRAEEBE A% T 5, electron_config THE L 7= 28 FHUZ L
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BIFNEER SR, HFESPEBETH> TLEMTH > TH, PHASE FMEZR S LHZ1T S,
A A LD R %,

ciao/examples/atom_58_Ce/lda_us_ion/input
ciao/examples/atom_58_Ce/lda_us_ion_wo_f/input

WZHELU,
F7-, EROFEH %,

ciao/examples/atom_01_H/lda_nc_z/input_z075
ciao/examples/atom_01_H/lda_nc_z/input_z100
ciao/examples/atom_01_H/lda_nc_z/input_z125

IZHELT,

4.2.5 electron_config

electron_config TIXEFALE f, DEHREBE TS, ZIT, n=(n,l,m,s) TH5d, AFITRT LT, £<
DA TYa VHBHEINLTWD
i IO i o N A

electron_config 6  srel restricted
1s 2.0

2s 2

2p 6

3s 2
2

0

e

3p
3d

LRk U726, 6 HOBEZMRL T, AN 7 —MHXGREY (srel) IZA Y Y MO 72\ (restricted) 7Bl iE % &
ELZ 875, 6 HOHIEIIHE 17T ls 5 3dDEIITTRVTHREL, B2 TETOLHER, #3375
fﬁ%?é@ﬂymew:m%%%ﬁéo%ﬁT//vw%ﬂ Tét%iad@%i%ﬁbtﬁﬂﬁt%ﬁ
FOMDE— RN TIHHEFRT > ‘/V}I/ iiﬁﬁéﬂ&b\ 7z, restricted DEAITIL, EE OIEMER R T > ¥ v L
PERE N B DY, polarized DIFEIIEA Y ViR T > 2 v LR %}J&“é?’bé

JRFDRE RO R 21T 5 i%é, electron_config D% 2 518UL, MXTGR (=rel), A4 7 —MH G (=srel), FE
FEXTER (=nonrel) DXFFE N5, 3 518UL, AU 53H5H Y (=polarized), 72U (=restricted) 2FF N5, CIAO
TREINSGETD6ED DHAGOETIHEARETH S,

RAEVE 2 DD [IETHET S I LN TES, ZITORALY VLT, Lﬁ%zt/aFm%xz
YOBEFEDAETH D, HIZAE, ANT7—MHARTRAY Y M 2.0 DFHEEZTSI2IE, H1DOHETIE

0
.0
.0

0

0

0

electron_config 6  srel polarized 2.0

1s 2.0 1
2s 2.0 1
2p 6.0 1
3s 2.0 1
3p 2.0 1
3d 0.0 0

D & 517 electron_config D 4 BIETIEET 5, 2 D HIETIX, electron_config D 4 5[#(% manual & UTA
CVETIEZ EEICEET 5,

electron_config
1s 1.0
2s
2p
3s
3p
3d

srel polarized manual

6
0
0
.0
0
0
0

ON - W
O O O O O
O O, WK
O, P P P~ B~



4. AHIE G 28

ZOHIDIGE, B1OAELE2DHETERAUAY VEBE TEEINS,
BEDEDIZ, H1OHEDFEG %,

ciao/examples/atom_79_Au/gga_rel_spin/input
2, W2 OJIIROR A%,
ciao/examples/atom_92_U/gga_rel_spin/input_£3d1s2p0_s40
WCHEU,

4.2.6 core_potential
core_potential TIEA A > AT KTV Y VOB ZRET 5,
BlizmU7z & D1Z,

core_potential normal

LR UAEBA, A AV IATHET VY v MMGEE D vere(r) = —Z/r DI LD, 2EL, ZEETFESTH 5,
CIAO TI, B TOMEETEICT 5720, EBRIICERSBOA AL ITEF V¥ v b ofore(r) &k
x5, EH#i

core — Z?:O(Clcore)%r%’ for r< Tel
v (r) = { —Z/r, for r>ry (10)
ThHbh, WOBREMZIHERT D LS Z& LIZKHUT TR (cfor¢)y ZRDIZEDTH S,
vio"(0) = vy
[d/dr]vi*“(0) = 0
[d/dr)" vfore(ry)) = [d/dr]" veore(re) for k=0,1,2,3,4 (11)
ANTIRRD &S ITH5Z 5,
core_potential patom
Imax_core d
s 1.80000 -1.38850
) 1.90000 -3.43325
d 2.00000 -8.55958

LEdofITIE, s#EIZH LT, ros = 1.8 Bohr, v, = —1.38850 Hartree, p $iEIZX L T, r, = 1.9 Bohr,
vep = —3.43325 Hartree, d #iEIZxX LT, 7. = 2.0 Bohr, v.q = —8.55958 Hartree DA 4 > a7 RF V¥ v )b
ZHELTWS, ZOHBEDOA A ATHRT v vIVOIRRIE, HREFEICHUTHY A 7¥ & ry, r=0
TORT VY Y VDMV, Z2iii7d r D 12IRDEHANE 25,
2ED-DIZ, FHEM%E,
ciao/examples/atom_00_P1/lda_nc/input
ciao/examples/atom_00_P4/lda_nc_Si/input_P4_Si
ciao/examples/atom_00_P4/1lda_nc_Si/input_P4_Si_Ep_m200
ciao/examples/atom_00_P4/lda_nc_Si/input_P4_Si_Ep_p200
ciao/examples/atom_00_P4/lda_nc_Si/input_P4_Si_Es_m200
ciao/examples/atom_00_P4/lda_nc_Si/input_P4_Si_Es_p200
ciao/examples/atom_00_P6/1lda_nc/input

IZHE LU,

4.2.7 xc_potential

xc_potential TIFRHAHBHNEIEL E o [n] DB ZIEET 5,
Bz RUZ & DT,

xc_potential  ggapbe
LR U786, GGA-PBEY6 AHEE I NS, BIEMIG L TV & HMHBNEHE ¥ -7 —F2KR3 12X LD,
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#* 3 AR LBE R D B D FERE 5Tk

SRS [ =7 —F |
LDA-PZ81 ldapw81
LDA-PW92 ldapw91, 1dapw92
GGA-PWI1 geapw9l, ggapw92
GGA-PBE96 | ggapbe96, ggapbe

GGA-revPBE | revpbe, ggarevpbe

LDA-exchange | xlda

GGA-exchange | xgga
no-exch-corr none

4.2.8 pseudo_potential

pseudo_potential TIIIERT > T ¥ IV DNRT A =X EIBET 5,
NGOy i o N

pseudo_potential  general

local orbital s
orbitals 3
3s nc 1
1.20 0.0 0.8
3p us 2
1.30 0.0 0.8
1.30 -0.4 0.8
3d nc 1
2.00 0.0 1.0
phi_np 6
phi_gmesh 500 7.0 40.0
qps_np 5

gps_gmesh 500 14.0 40.0

LR UGS, BRT VY vk s B, fEERORAMEIXd (1 =2), fiE1X3s, 3p, 3d THbH, Th
zh, JIVARE (nc), YV IV T b (us), JIVARIE (ne) LT, SR AVF—E3p DA 21{H, %D
AR (/VARAFTIE LIERGE), 151800y bA T ¥ re,, B2 5 BUIIBRT AL F —DEH TRV F—
MDoDTNAE,, HEIFEE, T74 Y NEROI Y bATER L DPEEINDS, BUEOIHFIXTET L,
T4 NEMOA Y N TR L T, %%bt2ﬂ®mkom”m 2 UTHRE I N ERD S B/NE W
MEIIND, FFRT VY vy VIGEALHEIE ) VARFEZ L RTIER SR\, TOHDINT A — R, %IE
LU & B B E B D IREL (phinp), % FIEAE D Fourier i3 D A v ¥ 2 (phi_gmesh), ZIHAGELUZ
T 74 Y NEMDUE (qpsnp), T 7 4 ¥ NEMD Fourier /3D A v ¥ a(qps_gmesh) DIFETH B, Avia
DNNT A—&I%, @%, phinp= 6, phi_gmesh= 500, gps.np=15, qps_gmesh= 500 FREDE%ZHWV5, 7L b
5V 7 MERT VY v VORER %,

ciao/examples/atom_08_0/gga_us/input_t1
ciao/examples/atom_08_0/gga_us/input_t2
ciao/examples/atom_08_0/gga_us/input_t2t2

WCHE LU, Zhold, SR 2OVF 5D 1 (t1), 218 (t2), 418 (t2t2) OfITH %,
RBRART Yy L& UTBHS ER, 37205

vl (r) = e v+ (1 —e) - vir(r) (12)
e = exp{f(r/rloc))‘} (13)
73:? i?é Z'Z (=9

pseudo_potential general
local special bhs
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rcut 1.50
vcut -10.00
lambda 3.50
orbitals 3
3s nc 1
1.20 0.0 0.8
3p us 2
1.30 0.0 0.8
1.30 -0.4 0.8
3d nc 1
2.00 0.0 1.0
phi_np 6
phi_gmesh 500 7.0 40.0
qps_np 5

qps_gmesh 500 14.0 40.0
DESIZlocal DA T a v aEHTSH, TIT, reut=rye, veut=v) , lambda=\ TH 5, &%,

ciao/examples/atom_83_Bi/lda_nc/input_loc_bhs

WZHEL 72,
RFiIRT vy v Ve UTHHEARRM, 7405
6 olyy .2i
Ufoocly(r) :{ > im0 (e 2™, ior T < Tloc (14)
User (T)7 or 7 > Toc
712U, Bistsft
0
Uf(:)cy(o) = U?OC
[d/dr] v}y (0) = 0
[d/dr]* 0P (r1pe) = [d/dr]* vAE (r1pe) for k=0,1,2,3,4 (15)
EZHRET DGA,
pseudo_potential general
local special polynomial
rcut 2.50
vcut 0.00
orbitals 3
3s nc 1
1.20 0.0 0.8
3p us 2
1.30 0.0 0.8
1.30 -0.4 0.8
3d nc 1
2.00 0.0 1.0
phi_np 6
phi_gmesh 500 7.0 40.0
qps_np 5

gps_gmesh 500 14.0 40.0
DEIiZlocal DA T a v EEHET D, TIT, reut= 1y, veut=v) Thd, ilFHbl%z,
ciao/examples/atom_83_Bi/lda_nc/input_loc_poly

ICHEU,
* I 37 (semicore) Z15ET 254,
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pseudo_potential  general

local orbital d
orbitals 5
2s us 1
1.20 0.0 0.8
2p us 1
1.30 0.0 0.8
3s us 1
1.20 0.0 0.8
3p us 1
1.30 0.0 0.8
3d nc 1
2.00 0.0 1.0
phi_np 6
phi_gmesh 500 7.0 40.0
qps_np 5

gps_gmesh 500 14.0 40.0

D & 512 orbitals /37 A — X TRET 5, PEDIEFIIMFETI WV, BITRT V¥ ¥ VITRAZIEIL ) )V ARE
LR ER S W, EHERIE,

ciao/examples/atom_58_Ce/gga_us_semi/input_semi

ZHE L,
TRTOWED /) IV LR FEDEGE, NROEB AT I NS,

pseudo_potential nc

local orbital s
orbitals 3
3s 1.20
3p 1.30
3d 2.00

IHLo TCOANEHET S, &b, /IVARFOWERZSRIFLVEF—HE LHL L hidhszwn,

4.2.9 deficit_charge

deficit_charge TI&T 7 1 ¥ NE Qp (1) DAY b A TE8E v ZI8ET 5, “deficit_charge” ¥ —17 — A3
L, “pseudo_potential” ¥ —77 — N THEIN/-EL 5,
BHZR U= & DT,

deficit_charge angular

Imax_qps 4
0 1.00
1 1.02
2 1.04
3 1.06
4 1.08

LR U2 5E, QE (1) D& LT Uz y A 7R L ERIEET D, L OBRKAMHEIE 2¥lmax TH D, 7
B %,

ciao/examples/atom_08_0/gga_us/input_t1
IZHELU,
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4.2.10 core_correction

core_correction CTIX I THHIEDH 28 ET 5,
a7 #iE (PCCO) B EE N2 ZHATRMT 556D E#EIZ

Npc poly\ .21
nggl”(r) _ 2 (B V)™, for r <y (16)
nc(r) for > rp

Thd, HlizRiU=L D17,

core_correction pcc polynomial

rcut 1.6
np 4
gmesh 400 9.0 40.0

LR U7=5E, AROLZHAIZ LS PCCBEEIND, PCC T, 7 < rpe iIZBWTIATETEEDM ne(r)
PR 3T (PC) BAEEDA npe(r) TESMZ S5ND, 5D5E, rcut=ry.,, np=N,. TH 5, np FZHKX
(polynomial) DIXEL, gmesh I3HELZTT D FMEF T PILDA Y P azfBET 2,

atEHZ,

ciao/examples/atom_11_Na/gga_nc_pcc/input_pcc_poly

IZHELU-,
KD & 51T reut DRDH D 1T ratio ZIE UMEBFBE L A T7EFEEOLThHY bATEREZIBETLIZNT
220 1o i nolrye) = ratio x ny(rpe) R ERE LTRESND, 1272, ny(r) IIEFEETH 5,

core_correction pcc polynomial

ratio 2.0
np 4
gmesh 400 9.0 40.0

BIEOE & U CERIHMIBEE 2 R e 2 5 A,

core_correction pcc sbessel
rcut 1.6

95,
Full a7#iEx2 BT T 5254,

core_correction fcc

35,
IT7REIE LR \WIEEIE, core_correction F— 7 — NEKZ BT 2,

core_correction none

b I =R

4.2.11 solve_pp_spin

solve_pp_spin TIIMER I NIRRT Vo vy s, AV U BEEE L ETIREE2MEET,
BHZR U= & DIz

solve_pp_spin
spin polarized 2.0
mix 0.30

LR U725 E, RAYVAME 2.0 & U-BHRELEINS,
AV VEEDBEEEEHIEE LT
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solve_pp_spin
spin polarized manual

4s 1.0 1.0
4p 2.0 0.0
4d 0.0 0.0

mix  0.30

bi#FEEINBE, ZTOAHNTERHEIOANLEUERE2ES,
IHITAA VUG EDRESHINDG Z LITHERET 5,

solve_pp_spin
spin polarized manual

4s 1.0 1.0

4p 1.0 0.0

44 0.0 0.0
mix 0.30

AV U RIBROINGE O EERE I

solve_pp_spin
spin respricted manual

4s 2.0

4p 1.0

44 0.0

mix 0.30
ETHIERW,

4.2.12 logderi

logderi TIZIHEEAE D BN DIXTF A =R E{EET 5, CIAO THJI XN 25 W HIS 1%
dlogri(r, E)
dr

dlogr¢(r, E)
dr

D" (E)

e = |

TEHIND, BlIZRLELSIT,

logderi  manual
nonlocal separable

rcut 4.0
num 701
range -5.0 +2.0

33

(17)

(18)

(19)

LR UGE, DHAIRT Yy LIz LT, TRV F —Hi —5~42 Hartree T701 DEI L7z TR LF—AX v

> 2 TONBBDFHRPIRE I NG, NED DT X 0% 08 rg, 1, 4.0 Bohr ERES NS,

logderi % & 153 2% h,

logderi  default

328, TTANMEPMREZI NG, T 74 b TORNBIS ERIZTEBIREDO A Y A 7 ERORKRMED

feEEIhs,
R U WG,

logderi  none

95,
S PR fRE U B &,
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ciao/examples/atom_08_0/gga_us/input_t2_r40
ciao/examples/atom_58_Ce/gga_us_semi/input_semi

IZHELT,

4.2.13 fourier

fourier Tldt I B —HIVKT V¥ ¥ )b vion(r) O Fourier Z#D /N T A — X Z48E T 5, CIAO %, RO LS (Z
AR — AR T Vv )L & U T Fourier #2518 L H 17 5,

Z

. o0 . Zy v
i) = [ rdrsinr e + 5 - 2

ZT
TH 5,
BlHZRU7= &SI,

fourier manual
num 300
range 0.05 15.0

LRl U756, JEEEIPH 0.05~15 (1/Bohr) T 300 2#I L7z A v ¥ 2 T®D Fourier 2 EE I N5,
BT B0,

fourier default

E5BY, TTANMEDIRESND,
FHELURWEEIE,

fourier none

aj_éo

4.2.14 rmesh
rmesh TIXERXGRIOEZEMA Y Y aDNTRA—RERET D, AV VI FROEZEDHTHA Y aTHS,

T = exi (7/ = 17"'7NT) (22>
1—1
i = min max — dmin) 37 1 23
x Tmin + (z x )Nr — (23)
ZZT
LTmin = IOg(Tmin) (24)
Tmax — log(rmaw) (25>

£72, PHASE TIZROEHED x), VDS ENH 5D,

N, —1
o= (26)
log(rmaz /Tmzn)

NGO < o N A

rmesh manual
num 1000
range 1.d-6 60.d0

CER U GE, BME rin = 1076, KB rpae = 60 TN, = 1000 S EIOEA v v adfgeInbd, #HE
il
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ciao/examples/atom_14_Si/lda/

ICHE LU,
PHASE THWAERT > ¥ v JUIZIEEH 1501 DA v v az2i8ET D, TDDHITIE,

rmesh standard

LHETIEIW,
BT DL, TT7ANMEBRESND,

4.2.15 mixing

mixing TIHXEBFEEORALZHRET 5, H 1 5158UE Anderson E % L2 WHEIZIT S BHIES (Simple
Mixing) ki, 25 2 51%03 Anderson {EDHITIT 5 ARG E2 R DT, W A% 0.3 LIEETH I LT, FEHLEOM
B RnWiETch s,

4.2.16 anderson

anderson Tl¥ Anderson #EIZ X A EFEENRDOINEN T A —X 2 /ET D, 277U, ZOF T avidJkE
TlE7 W, #lZIE LDA TAY V3% & 272\ WiGE1E, SCEF IV — 7 ORBA S TINHT 5 £ 5127425 DIzt
UT, GGAIZT B HIZIRMPELS B Z DL\, FIZHEHBEPEWRYD, ZZI1X02BETL20H8 L,

4.2.17 conv

conv Tl SCF FHEDPERYE M2 BT T 5,
BRZR U7 & D1,

conv
loop_conv 150
dee_conv 1.4-09

LR U 72556, SCF IV — 7 OE KB 150, T F —MERORNFAE 1072 MEE I D, WInsile &
n7=%é, SCFEEMPURLZE DAk I N5, 72720, TxIIVF —HER O GEZE TG 5 [l 72 X gy
EPCR L 7z & EA BRI NN,

4.2.18 order_pc
order_pc Tl Predictor-Corrector JEDIXE % fRE T 5,

4.2.19 order_diff
order_diff TIXBIZAAIA Y ¥ a TOMD DR EIBET 5,

4.2.20 order_nec
order_nec Tl Predictor-Corrector D)L — T % {5ET 5,

4.2.21 order_coeff
order_coeff TIRREATORT VY vy IVDREBORE AR ET 5,

4.2.22 eps_check
eps_check (FMMERFDYESHMTH 5,
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4.2.23 eps_de
eps_de |3 T3 )L F — E A E DR E S (HAL:Hartree) TH 2,

4.2.24 sw_calc_hubbard

sw_calc_hubbard IZHIEM 7 — B Y T XA VX —EHDOAL v FTH S, §HTS (=1), LWV (=0) DWTh
WEIEET S, (R T S 2HELLGR, ROBMFERINSG,

Efﬁ;bbard = ;/dr/dr/wn(r)|2|wm(rl)2 (27)

v — 1’|

2T, n, mIEETE, (), Yn(r) FREFEBEKCH D, SHEEREsum 7 7 AW E NS,
HUBE 7 — e v TRV F—FED ANH#%,

ciao/examples/atom_25_Mn/gga_hubbard/input
ciao/examples/atom_568_Ce/gga_hubbard/input

CHEL -,

4.2.25 sw_write_rho

sw_write_tho (X.tho 7 7 T VOH I AL v FThH B, 11735 (=1), LRV (=0) DWITIrEEET 5, [H
NT5) 2ELEEGE, BTEE ) ®XRT VY Y IV 0io,(r), vu(r), v(r), ve(r) 72 EM.rho 7 7 A4 WITH
hEnzd, HA3HSHEDOZ &,

4.2.26 sw_write_us

sw_write_us ld.us 7 7 T VOHNAA v FTH D, 195 (=1), LRV (=0) DWIThhrziiEd s, [l
5] 2EELGE, WHIBEE . (1), on(r), BB x,.(r), Bn(r) &% D Fourier 24 4,,(g), ¢n(9), Xxn(9)
Bn(g) mEMWus 7 7 A M I NG, HF46HIZRDIZ &,

4.2.27 sw_write_qps

sw_write_qps l&.qps 7 7 T VDN AL v FThH B, HHT5 (=1), LW (=0) DWThrziEEd 5,
H$2%2BELESGE, 77142 MEM Qun(r), QL. (r) &% ® Fourier 2 Q. (g9), QL,.(g) M .qps 7 7
TSI NG, HATHSZROZ &,

4.2.28 sw_write_pcc

sw_write_pcc (Z.pcc 77 A NVDEINAA v FTHD, 111172 (=1), LRV (=0) DWITIEHET D, M
13 5] 2fEL7%E, corecorrection A 7Y a Y CEHBE I NEFEE no(r), npe(r), ny(r) &% Fourier
ZHn.(g9), npe(9), no(g) BEMpee 7 7 AT NG, B 45 TSRO &,

4.2.29 sw_write_pp

sw_write_pp I& CIAOPP XA TH2Z.pp 77 A VDOHIAAL v FTH5, H)13% (=1), LW (=0) DLV
ThrzigEs s, HIT5] 2BELEEE, BTEE(r), no(r), BT Y%V v (r), vion(r), vu(r),
Ve(r), TREMBIEIEL o (r) 2 EDpp 7 7 A MITHI I NG, H 410 HiZBOZ &,

4.2.30 sw_write_gncpp

sw_write_gncpp (& GNCPP1 X TH % .gncpp 7 7 T VOHHAA v FTHD, HIT5 (=1), LRV (=0)
DTN ZIGET 2, B4 WSRO L,
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4.2.31 sw_write_gncpp2

sw_write_gncpp2 & GNCPP2 e AT % .gncpp2 7 7 A VDI AL v FTH B, HiJ155 (=1), LR (=0)
DWIFNPZIFET 5, H412HSROZ &,

4.2.32 sw_write_ciaopp

sw_write_ciaopp (& CIAOPP JER T& % .ciaopp 7 7 T VO AL v FThH D, 1195 (=1), LAV (=0)
DWTNNEIEET 5, F413HBHDZ L,

4.2.33 sw_write_sol

sw_write_sol ld.sol 7 7 A VDN AL v FTH B, T2 (=1), LRV (=0) DWTNrEEET D, [H
T3] 2IEELEEE, ERINEBRET VY VEAWTHREEI DB TRE, BLEE ), ny(r), B
T YV 0er (1), Vion (1), v (1), vee(r), WEIBE ¢o(r), TANF—HENL e, R E D s0l 7 7 1M TIE N
5, HA44HZROZ &,

4.2.34 sw_write_logderi

sw_write_logderi (¥.1dr 7 7 A VO I AA v FTh B, HHT5 (=1), LAV (=0) DWTNrEIEET 5,
(321 Z2IBE LA, logderi & 7Y a v TR I MBI OB DAE(E), DPF(E) 722 h1dr
ANV IE N5, HASHBHDOZ &,

4.2.35 sw_write_fourier

sw_write_fourier 13.ft 7 7 T VDN A v FTH S, T35 (=1), LW (=0) DWITIrz2EET 5, [
N35] 2BELEGE, JVAREOEBAEDY I B —ANigA F VRT V¥ v Ibvien(r) @ Fourier 24 vion(g)
DEE I N, FERD T 7 AMci I NG, B49HBROZ &,

4.2.36 sw_with_dipole

sw_with_dipole lZBBE—A Y FEHRDAS v FTH D, 5T D (=1), LRV (=0) DWITIZEET 5,
R ) ZEELGS, DTORENERI NS,

olelm) = [ et ey ) = (mlrl) 17 (28)
(ale)” = [ 005 (6)w0(6) = (mlefo) " (29)
(g lm) = [ )5 () = —ml )12 (30)
(algelm)? = [ o (1) 5 (w) = (5L ) (31)

aleln] = [ {060 5) — 90 ) 10 (6]} = [l (32)
nlgein| = [ a0 S (e) — o) o) = = |l (33)

ZIZT, n, mZETE, n(r), ¥n(r) FEREFEIBELE, 6,(r), om(r) FEEEEBEKTH S, AESLAIINS
FAFBEBE LTWEDT, #ERIFTARTERE RS, AW ARARMBEROER Z.sum 7 7 A Vici I n s,
THERIIIFRED D B DT, MVREDODANETIEINS, FHREAERIE, sum 771V & . gnepp2 7 7 1 )L
I E NG,

EBBE—RA Y MNEEO AN Z,
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ciao/examples/atom_06_C/lda_nc/input_dipole_x
ciao/examples/atom_06_C/lda_us/input_dipole_x*
ciao/examples/atom_07_N/lda_nc/input_dipole_x*
ciao/examples/atom_07_N/lda_us/input_dipole_x
ciao/examples/atom_08_0/lda_nc/input_dipole_x
ciao/examples/atom_08_0/lda_us/input_dipole_x
ciao/examples/atom_08_0/gga_nc/input_dipole_x
ciao/examples/atom_08_0/gga_us/input_dipole_x*
ciao/examples/atom_14_Si/lda_nc/input_dipole_x
ciao/examples/atom_14_Si/lda_us/input_dipole_x
ciao/examples/atom_14_Si/gga_us/input_dipole_x
ciao/examples/atom_58_Ce/lda_us_semi/input_semi_dipole
ciao/examples/atom_58_Ce/gga_us_semi/input_semi_dipole

WZHELU-,

4.2.37 sw_with_dipole_cor2val

sw_with_dipole_cor2val IZ P& & liE THERIOEBRE—X Y POEREDOAA v FTH 5, §HT S (=1),
LW (=0) DWInhrziaEd 5,

4.2.38 sw_with_core

sw_with_core £ 3 7 & TZE n.(r) Z.gncpp2 7 7 AWM ITTENE I D ERODZ AL v FTH D, H11T5
(=1), LW (=0)DWINLEEET S, stEMERIE, gnepp2 7 7 A MICHAI NS, B, ZOL T =
v EIIERMRIZ, a7 ETEEIRXpp 77 A MR pec T ANMIH IS,

4.2.39 sw_with_ae

sw_with_ae I3 2E FIEEIBIE ¥, (r) Z.gnepp2 7 7 A IVIZH T 20 E I 2 RDODEAL v FThHS, HHT5
(=1), LW (=0) DWINhrziEET 5, FHEMARIE, gnepp2 77 1V hEhd, &b, ZoA TV a
VYRR, B FIREBERIIpp 77 AP us Ty A E B E NG,

4.2.40 sw_with_so

sw_with_so XA R0 28 TR 247\, TOREEZ sum 7 7 A VN T 20 E S Db AA v
FThHb, T2 (=1), LaWw (=0) DWITNhZ2EET S, FHHEMERIE, sum 771z hsd, f
ZAE A H T — MR GEA ) ICBER T S v VR ER T 215412, ZOAA v F% LIZTHIEAD T —HIN
i GEFIAER) HOZ B YERL & MR AR 22 B R D S DS I X B,

4.2.41 sw_paw

swpaw [ E PAW R T V¥ vy VEHNTHEAAL Y FTHD, TDAAL Y FIX, “swwith_core” & “sw_with_ae” D
MAE2LIZ=1ICHETIILLEMTH S, T2 PAWRT Y YYLIE, LSV T MERT VI Y L
WZATBTRE LSBT IRIEBOT -2 2BIZENMLEZEDTH S, BRI, PAWRT YUY ILIETILNTY
TMERT VY VELTHIHAT A I TES, PAEEZEZEZNE, ZOAM Yy FRIEIT=1LT25ILrE
FLW,

4.2.42 method_ekin_core

method _ekin_core (&, .gncpp2 7 7 A W H 1T 2 WRE T OME T X LFX — %, MG (= 0) H 5 \WIFH
X (= 1) TRHES 29 kd B A1 v FTH %,
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4.2.43 sw_write_core_full

sw_write_core_full % = 1 (Z¥§E T 5 &, sw_paw. sw_with_dipole_cor2val, %7 method_ekin_core %4 T 1
BAET B,

4.2.44 sw_write_soc_valence

sw_write_soc_valence (3l F#ED A VHGEMHBE/EHDORE X 2R L. ZDKR%Z gnepp2 7 7 1 VI
NT2WESIDERDEIAAL Y FTHD, T2 (=1), LRV (=0) DWInrziEET 5,

4.2.45 sw_write_soc_core

sw_write_soc_core | N E FHED A VHEHBEHOKRE T 25E L. ZORE % gncpp2 7 7 1 VI
HEBHE S ERDE AL 9 FThB, TS (= 1), LA (=0) DOTHPEEET 5,

4.2.46 sw_write_orbital_index

sw_write_orbital_index 3R T > ¥ ¥ WIZ BT 2 EE TR ELETOFEE THROBR%Z. .gncpp2 7 7 1 VI
HHTENEIDRERDDALN Y FTHD, HhT5(=1), LAV (=0) DWThrEEET S,

4.2.47 sw_debug
sw_debug (T Ny ZHNDERAA v FTHD, TNV T T3 (=1), LRV (=0) DWITNHhEEET D,

4.2.48 end
end IAN 7 74 NVDOKOY 2EDT, ZOF—7—RFEBTERV, end BMFED T — X I3FHEE N0,

4.2.49 FTIAIME—E

FLAYDOF—T—RIZIZT 74V MEPBREINT WS, T 7 4 )b MilE “defaults.f00” TEZRI N T W5,
FTD—EERA4IZRT,

#£ 4 FT7H)VME

] F-U—F4 | 774V MA
electron_config restricted (nspin= 1)
core_potential normal
xc_potential ldapw91 (momo)
pseudo_potential none
core_correction none
solve_pp-_spin none
logderi manual (emin= —10, emax= 5, ne= 3001)
fourier manual (gmin= 0.05, gmax= 15, ng= 300)

—~|——|—~

rmesh manual (nmesh= 1501, xh= 96, rmax= 60)
gmesh manual (gmin= 0, gmax= 40, ng= 801)
mixing 0.3 0.3
anderson 0
conv loop_conv= 150, dee_conv= 10~%
order_pc )
order_diff 4

order_nec 2
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] F-U—F% | 774V MA
order_coeff 5
eps_check 10719
eps_de 10~10

sw_calc_hubbard

sw_write_rho

sw_write_us

sw_write_qps

sw_write_pcc

sw_write_pp

sw_write_gncpp

sw_write_gncpp2

sw_write_ciaopp

sw_write_sol

sw_write_logderi

sw_write_fourier

sw_with_dipole

sw_with_dipole_cor2val

sw_with_core

sw_with_ae

sw_with_so

SwW_paw

method_ekin_core

sw_write_soc_valence

sw_write_soc_core

sw_write_orbital_index

(=] Nen) Neo) Neo) Neol B Neol 0y e Rl el WP IS W I WY e W E Y N B )

sw_debug

4.3 HHT 74)l “rho”

PEIHATCOEBTEEL AT VY Y VBRI ENE T 74 “1ho” OF —AEEIIATOE B TH 5,

[CASE: spin restricted]

doi=1,N,

ri  n(r;)
end do ¢

[CASE: spin polarized]
doi=1,N,
ri - n(ri) (ri)
end do i
doi=1,N,
ri - np(r)
end do ¢
doi=1,N,
Ti UfﬁE(ri)
end do i
[end CASE]

AE

ion

AFE

v Viy

(73)

ny(ri) (i)

AE

AE
ch

(,ri ) Vel

vﬁE (ri)

(i)

ZZT, N, 3FEZEBEEA Y 2 g8, r (FEEMHEA Y ¥ 2B, n(r) ZEETEE, ni(r) & n(r) &

FNEN LA E L FAEORAY VEE, ((r)

BAEVHBEE, il

won

(r) 3BT AYATET Vv,
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A (r) 1328 1 Hartree K7 > ¥ v b, ’UAE(’I“) EoAE(r) BENTNRE T RHBRT Vv Ve 2B THBIART
S, 2B (), vAP(r), vAP(r), vAB(r) BENSHAL Y AL BADET VY ¥ L THE, AN,
(n

ROBIRZIMLT B0 n(r) = ne(r )+m ), C(r) = (na(r) = ny(r))/n(r), (RF(r)) = (aF () +vif (r)/2,
(WAE(r)) = (WaP(r) + v (1) /2

4.4 HH7 714 “.s0l”
BRT VY vV ERMBEE LU EERNHENINE T 74 “sol” ODF — X EII T BV TH B,

dOiZl,NR
[CASE: spin restricted]
ri o n(ri)  ne(ri)  ver(rd)  va(ri)  vee(r:)
[CASE: spin polarized]
ri onp(re) np(r) ne(r) v (re) v (ri)  vee(ri)
[end CASE]
end do @

do a=1,Np
Mo la 2ja  Sa
Ea
doi=1,Ng
Ti TiPa(rs)
end do i
end do «

ZIZT, Ny RHMEFHPEDE, Np 3FEEMEEEA v 228, r (ZFEEMEERA v > 2 JBEE, n(r) ZEEFE
B, n,(r)l EHﬂﬁ E T, n(r) &ng(r) BRAEVEE, 000 (r) 314 A LU EZRFRT V2 v b, vy(r) (&l
EFIZ XD Hartree BT V¥ v b, v,0(r) IJMEEFIZ KD ZHMHERT V¥ YV, nas lay jor Sa BTENENE
BT, UERTH, 2ETH ZE°/?E§5(’CZV)5° Ea & dalr) IXTNZT NPT FIERBO A T 2L F —
CIFBEHTH D, EEMREBDGEIX, ¢o(r) =075,

4.5 HAT7 74 “.pcc”
I 7HHIED PCC &fif & % D Fourier 2B IZ NS 7 7 1V “pec” DT —RXEEIIUTDOE B O TH 5,

Tpe

Gpe

doi=1,N,

ri o ne(ri)  mpe(ri)  nw(rs)
end do 1

doi=1,N,

gi  ginc(gi)  9inpe(9i)  9inu(g:)
end do 7

ZZT, N, [ FEEMEFEA Y > 28, N, (EFMETERA Y Y a g8, r ($EEMERER v > 2B, g; 155
FFZEEIEA v & 2 BEEE, 1 1 PCC DH A TR, Gpe lE PCC DHNEF DIy b AT, no(r) 133 T7HE
THEE, npe(r) 1Z PCCETEE, n,(r) JMIETEETHY, ng), np(9), n(g) IEENZFND Fourier Z5#1
THb,
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4.6 HAHT7 74 “us”

TN TYV T NRRT VY ¥ VOEEIBEEL & % D Fourier 2
DEeBHTHS,

42

ZHDRHENIENDE T 714 “us” DT — XFEEIZLLT

Ten
doi=1,N,
ri  Titdn(ri)
end do i
end do n

T d)n (Tl)

don=1,N,

doi=1,N,

9i  9i¥n(gi)
end do i
end do n

9i®n(9i)

TiXn (Tz)

giXn (Qi)

Tiﬂn(ri)

9iBn (gz)

ZZT, N, ZUV b5V 7D RBHEDKRE
B, or 13
TEHEEFE, HA

BTHD. Pa(r) 2
9, Ynlg), dnl9),

21, 2RESTHD,

Xn(9), Bn(g) 1EFNFND Fourier 2

4.7 HAT7 74 “.qps”

YISV T MNERTF UV Y IVLDTF T 4 ¥ MNETE F D Fourier &

XA TDEEDTH B,

- VKSR E R A //15 ",
CRIEIPE A v o 2 B, g; | i@*ﬁ?ﬁ”‘“ﬁﬁ?ﬂé% v ¥ a KRR, n, l,
Ly, 1%, AETHEZ
BB, ¢, (r) IAHE FREIBIE, X (r ) t Bn( YRV NS Y 7 FOSEERTH
BHTH B,

g ETRETFEREA Y ¥ a
T3, %X’L%Mé B HEYERL I xS
Aﬁié"d’ti% DM EE e B IR%E

SRS X ND T 7 A “.qps” DT — X
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donm=1,Np,n,
ln T lm  Tm

doi=1,N,
ri r2Qum (1)
end do i

ln ™ lm ™

doi=1,N,
9 97 Qnm(9:)
end do i

do L =|l, — lLnl,ln + 1,y 2
ln T lm Tm L
dot=1,N,

i riQun (1)
end do 7
ln T lm Tm L
doi=1,N,

9i 97 Qrm(9i)
end do %

end do L

end do nm

ZZT, Np ENV 5V 7 hD 2 AOSRBLGEDMAGDE DMREL, N, FFEZEMEFEA Y 2258, N, i35
ETENEA Y & a2 g, v (XFEREBEA v > 2 B, g 1R TEMBIRA v & 2 [BEE, 1,, 7, [EBEES n 2
SHUT, £72, by, Tm ESRES m OAESREICN U CAEERICSGAS NZUEAETR L BRES, Qun(r)
T 7 1 > NEMBEE, QL (r) 1T T 4 ¥ NEMBEED LA THY, Qunlg), QF,.(9) 1EZFNZND Fourier
ZEHTH 5,

4.8 HAH7 74)L «1dr”
IREIRAB OIS DT 2N F—IREEPE N EINE T 7 A “1dr” OF —XEEIZLUTOEE Y TH 5.

ldr
Ne

do!l=0,lnez
I N:() s
do7=1,N.(I)
ElT
end do 7
Tldr
doi=1,Nlr
E; DlAE(Ei) DZPP(EZ-)
end do i
end do [

ZIZT, N ZZANF =AYy Y 2D, B AZTAVF =AY aDfl, e, (iSO AESEORKE, 1,
N-(1), si¥, ZTNETNAMETE, SR ALY, ACVER, E, 33Rx V¥ —, DAP(E;) & DFF(E))
X, TNTNRET LAME T ORBBEBONEMI TH 5,

4.9 HAT7 74 “.ft?
RT V¥ ¥ VD Fourier BN IENE T 71 “ft? OF —XEEIILLTOE B Y TH 5,
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Ny
doi= I,Ng

9 givig(9)
end do ¢

do a =1, Ny,
Na  la  2ja Sa

doi=1,N,
9i  97vien(gi)  givio"(9i)
end do ¢

end do a

ZIT, Ny lZWEFERER Y > a DI, g 1FWREFERER v ¥ 2 JBHE, Ny (ZMNEFHUEE, nas lar Joar Sa
E, TNENERTTE, AR, SMAEEE, ACURE, EMM ZSBxvy—, oIM 30y b 7R,
Vo (g;) & A A AL U2 BATR T V¥ ¥ )LD Fourier 24, vAE(g,) IZ2ETA 4> a7 HT v ¥ v )LD Fourier &
i, vion(g;) XHIE L DA A AL L7z I a—HIVER T > v )LD Fourier £2#iTH 5,

4.10 HAT7 74 “.pp”
CIAOPP ERDBAET > > v LA NI NDE 7 7 1L “pp” OF — R EEIUTOEH D Th 5.

[CASE: spin restricted]
do:=1,N,
rion(ri) (i) o) vyt () ol () vigh(r)
end do ¢
[CASE: spin polarized]
doi=1,N,
ri () ong(r) mo(r) o) o) wRF () v (ri)
end do ¢
[end CASE]
do o =1, Nps
Na la  2ja  Sa
E.
Tca
doi=1,N,
ri  TiYa(ri)  Tiga(ri) U?f(ri) Ve (1) Uﬁf(ri) Viom (9)
end do ¢
end do o

ZZT, Ny BB FHEDOL, N, (XFEEMBEA Y > 28, r TEEEBEA Y ¥ 2B, n(r) ZEBTHEE,
no (r) WA FEEE, na(r) & ny(r) WRAEVEE, vien(r) 131 A ALLERFTET Y ¥ v b, oAE(r) E2ET
12 &% Hartree K7 > ¥ v )b, vAP(r) 3REIZ L2 RBHHBR T > ¥ v v, ofP (r) IXffi8 112 & 5 Hartree A
Fy v b, vPP(r) B TIC K BSHHBEIART VY YL, nay lar jor So WENTNERTH, HETH,
SR, ACVERTH D, E, 3BT INX —, roq 3y MF 788, o (r) ZEBTRBEE, 6o(r) X
BB, vAE(r) RRBTOMEBAT V¥ v b, obE (r) HIET OBERAT > > v b, viE(r) ZEETF DA
AVRT v, ofP(r) REFOA AV KRT VYL TH D,

won

4.11 HAD7 74 “.gncpp”

GNCPP Bt (£7213, GNCPP1BR) OEET > > v MAHAENE 7 74 L “gnepp” O F — X REEIELL T
DEBYTHD,
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Z Zy lipe+1 PCC 1
xctype

a1 ay cc 1—ce

Nr Th T'max

“VALL”
doi=1,N,
vl (ri)

end do i

doi=1,N,
Vjge (T3)
end do i

doi=1,N,

47rrfnv (r4)
end do ¢

if (lyaz ==3)

“F-STATE”
end if
do ln = 07 lmaz

ln+1 N, US,
[CASE: n == N(]
ln+1 1 Ey
doi=1,N,
Ti(lsn(ri)
end do ¢
doi=1,N,

[CASE: n == US]
do 7, =1,N,,
ln+1 7 E, N(ren) Nus
doi= 0, NUS
(c55)ai
end do @

do i = N(ren) + 1, N,

412 HAH7 74 “.gncpp2”

45

Ti(bn(ri)
end do i
end do 7,
[end CASE]
end do [,

do 1, =0, lnas
if (I, == lioe) cycle 1,
dom,=1N;,
do lm = ln, lmafc
if (I, == lioe) cycle b,
if (n == NC && m == NC) cycle I,
if (I, == l,,) then Tpip = 7 else T =1
do Trm = Tmin, NTm
do L =|l, — lnl,ln + Ui, 2
In+1 7 Ilp+1 7, L NEL) NE.
doi=0,NL,
(chm)ai
end do 7
doi=N(rk Y+ 1,N,
T5+2Q£m(ri)
end do @
end do L
end do 7,
end do [,,
end do 7,
end do [,

if (PCC == 1) then
Jdrnpe(r)  N(rpe)  Npe
do 7 =0, Np
(chl¥) g
end do i
do i = N(rp.) +1,N,
arrin.(r;)
end do i
end if

GNCPP2 IER DR T > vy VR E N5 7 7 1)V “gnepp2’ DT — X &I TFTDEE Y TH S,

Z  Zy lie+1 PCC PP
xctype

ap ay cc 1l—ce

Nr Th Tmax

“VALL”
doi=1,N,
vE (r:)

end do i

doi=1,N,

Ve (Ti)

end do 7

doi=1,N,
Uloe (14)

end do 7

doi=1,N,
4rr?n, (r;)
end do ¢

if (l’rnaw - 3)
“P-STATE”



4. AHIE G

end if
do 1, =0, lnaee
ln+1 N, US,
[CASE: n == N(C]
l,+1 7, E,
if (PP == —2) then
doi=1,N,
it (1)
end do @
end if
doi=1,N,
Ti¢n(Ti)
end do i
doi=1, N,

[CASE: n == US]
do 1, =1,N,,
lh+1 1 E, N(TCn) Nys
if (PP == —2) then
doi=1,N,
Tﬂ/}n(ri)
end do i
end if
doi= O, NUS
(e ®)ai
end do @
doi= N(re)+ 1, N,
ri(bn(ri)
end do i
end do 7,
[end CASE]
end do [,

do ln = 07 l?naw
if (I, == lioe) cycle 1,
do7,=1,N,,
do I, = ln7 Imaz
if (I, == lioe) cycle Iy,
if (n == NC && m == NC) cycle I,

if (1, == l,,) then Tpin = 7, €lse T =1

do Tm = Tmin, NT,,,,

4.13 HA7 74 “.ciaopp”

do L = |ln — Lyl ln + Iy, 2

ln+1 7 Iln+1 7, L Nt

doi=0,NL_
(chm)ai
end do 7
doi=N(rk )+1,N,
riLJFQQ%m(ri)
end do 7
end do L
end do 7,
end do [,,
end do 7,
end do [,

if (PCC == 1) then
fdll'nm(r) N(rpe)  Npe

do i = 0, Np,
o
end do i
do i = N(rp.) +1,N,
4mring(r;)
end do i
end if

if (CORE == 1) then
“CORE-CHARGE”
[ d3rnc(r)
doi=1,N,
arrin.(r;)
end do ¢
end if

if (DIPOLE == 1) then
“DIPOLE”
Ndipole
do i = ]., Ndipole
(n,l,m,m)p, (0,7, m)m,
il g5 lmal  [nal 5 lma] [l g lma]
Pyim (i) Pyim (M)
end do i
end if

46

CIAOPP EADIRR T > T Y VB IIE 5 7 7 A ) “claopp” DT — ARG TD B TH B, 727701,

RERFF—T—RFThHb, £72, “4 TRRUE 27T A Y MTL75, CIAOPP 7—XHiTId,

A F IR F P FITES D 5, BUHIZEFHRATH D,

##4 Atomic label

atomic_label atomlabel atomname

### Atomic charge : Z, Za, Zc, Zv, (Ne, Nc, Nv)

atomic_charge 72 Z, Z. Z,
Ne N N,

##+# Exchange-correlation potential
xc_potential zctype xzccode

#4# r-Mesh : Nmesh, rmin, rmax
rmesh logarithmic

- -
— —

IZm U7z
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Nr Tmin Tmax

##+# g-Mesh : Nmesh, gmin, gmax
gmesh linear
Ng Imin Imaz

### All-electron SCF energy levels

#AE
#AE .- AE energy levels
#AE
#+#4# All-electron total energy
#AE
#AE ... AE total energies
#AE
### Cutoff WF : rc[n] & dEref[n]
cutoff_wf
NI)S (NT(l)’NT(2)7"'7NT(NPS))
do o =1, Nps
nl  NC/US N, (o)
do7=1,N ()
Ten dEn
end do 7
end do «

### Pseudopotential energy levels

4PP
#PP ... PP energy levels

4PP

### Psedopotential total energy
#PP ...

#PP ... PP total energies

4PP

#4## PP energy levels [Spin polarized]
#SS

#SS .-+ SS energy levels

#SS :

#4## PP total energy [Spin polarized]
#SS

#SS --- SS total energies

#SS

### All-electron screened potential : Vae[scr](r)
ae_scr_potential
doi=1,N,
Vier (1)
end do ¢

### BHS potential parameters : al, a2, cl
bhs_potential
aq a9 C1

47

##4# Screened local potential : Vloc[ser](r)
scr_local_potential
N(Tloc)
do i =1, N(riec)
vier ()
end do ¢

##4# Tonic local potential : Vloc[ion](r)
[CASE: orbital]

ion_local_potential orbital [,
[CASE: bhs]

ion_local_potential special bhs
[CASE: polynomial]

ion_local_potential special polynomial
[end CASE]

doi=1,N,

Vige (14)
end do 7

#4## Valence charge : r*r*nv(r)
valence_charge_rrnv
doi=1,N,
721, (r;)
end do @

#4## Core charge : r*r*nc(r)
core_charge_rrnc
doi=1,N,
r2n.(r;)
end do ¢

##4# All-electron SCF wavefunctions : r*psi[n](r)
ae_wave_function_rpsi

Ny
n 1 t In tn Erefln]
don=1,N,

n, U, 7, lpy T, TPSilnTh, Fn
end do n
don=1,N,

n—> (n,l, 7, ly, Tn), tpsil,Tn, En
n, I, 7, Ly, T, En
doi=1,N,
Ti'l/}n(ri)
end do %
end do n

##4# Pseudo-wavefunctions : r*phi[n](r)
pp-wave_function_rphi

Ny,
n 1 t In tn Erefln] rc nrc
don=1,N,

[CASE: norm-conserving]

n, U, T, Ly, T, tP0il, 7, NC, Ey, ey, N(7Ten)
[CASE: ultrasoft]

n, I, 7, Uy, Tn, tphilyTn, US, By, ren, N(ren)
[end CASE]
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end do n
don=1,N,
n—> (n,l, 7, ly, 7), rphil, 7,
[CASE: norm-conserving|
n, l, T, ln, Tns NC, _]\[(7”cn)7 NTM
doi= 0, NTM
(cn™)a2i
end do i
[CASE: ultrasoft]
n, L, 7, ln, T, US, N(Tcn)a Nys
doi = 0, NUS
(cn®)ai
end do i
[end CASE]

end do n

##4# Separable potential : q[nm] & Dion[nm)]
separable_potential
Nyi?
l tn tm qgnm] Dion[nm]
do nm = 1, N%ag
L, Tns Tms Gnms Digm
end do nm
1 tn tm Bnm] Dfnm]
do nm = 1, N%iag
L, Ty Tms Bam, Dom
end do nm
I tn tm <Vloc|Qps[nm]>
do nm = 1, N%iag
Ly Tos Ty (Vioel@h3n)
end do nm

##4# Projectors : r*beta[n](r)
projector_rbeta

Np
n I t In tn FEref[n]
don=1,N,

n, I, 7, ln, Tn, rbetal,7,, NC/US, E,
end do n
don=1,N,

n—> (n, l, 7, l,, 7,), thetal,m,

n, l, 7, ln, 7o, NC/US, N,

doi=1,N(rep)

Tiﬁn(ri)

end do i

end do n

#4## Deficit charge : r*r*Qps[nmL](r)

[CASE: polynomial]
deficit_charge _rrqps polynomial

4.14 HHT7 74 I “info”
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[CASE: spherical bessel]
deficit_charge rrqps spherical_bessel
[end CASE]
Nomt  Nam
In tn Im tm L rc nrc
do nmL =1, N;um
s Ty by Ty Ly 10-qps Ly Tl Ton Ly 7B N(rE )
end do nmL
do nmL = 1, Nsum
nmL —> (I, Tu, by Ty L), 10-qDS-LnTnlim Tin L
Iy Try bms Tms Ly N(rE. ), NE
[CASE: polynomial]
doi=0,NL
(Chim)2i
end do i
doi=N(rk )+1,N,
77 Q (14)
end do i
[CASE: spherical bessel]
doi=1,N,
/riz rlim (Tl)
end do i@
[end CASE]

end do nmL

#4## Partial core charge : r*r*npc(r)
[CASE: polynomial]
pc_charge_rrnpc  polynomial
J drnpe(r), N(rpe), Npe
do i =0, Ny,
(chl¥)g;
end do ¢
[CASE: spherical bessel]
pc_charge_rrnpc  spherical _bessel
fdrnpc(r)7 N(Tpc)v 2
Qpe, bpe

[end CASE]

##4# Dipole moment : [n|d/dx|m], [n|d/dy|m], ...
dipole
Ndipole
doi= 0, Ndipolc
Ny Ly Ty My My by Ty Mim,
(] 25 ml, [n| 5 m], [n] % [m], pyim (1), Dyim (m)
end do i

##+# End of CIAOPP
end

INFO 57— X213 AR T > ¥ ¥ )LD Fourier Z#7a EOFHRVIHE HEINE, 7 7 1)V “info” OF — X &L
TOEELVTHD, 1272L, KFEEF—T—RKThd, £/, “#" TEULF2FIEaA Y Mirab, INFO T—
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ZHRTIE, IR UERMAF IR TF P FICES D 5, BUEIIEFRATH 5,

### Logarithmic derivatives [separable]

logderi linear
N é dr eldr 6ldr

min max
Nldr
sum

1 rc nrc
doi=1,Nlr
I rar N(rgr)
U rar  N(ruar)
end do @
doi=1,Nlr
(Lre) —> (I, r4r), ldr_ae_l
do j =1, Nl
D{*(E;)
end do j
(Lre) —> (I, rigr), ldr_pp-l
do j =1, Nl
D" (E;)
end do j
end do @

Idr_ae_l
Idr_pp-I

##4# All-electron SCF wavefunctions : g*psi[n](g)
ae_wave_function_gpsi

Ny,
n I t In tn Eref[n]
don=1,N,

n, l, 7, ln, Tn, EPSilnTn, En
end do n
don=1,N,

n—> (n,l, 7, ly, Tn), gpsil, T,
n, U 7, by, Tny En
doi=1,N,
gi'(/)n(gi)
end do ¢
end do n

##4# Pseudo-wavefunctions : g*philn](g)
pp-wave_function_gphi

Ny
n 1 t In tn Eref[n]
don=1,N,

n, l, 7, Ly, T, gphi-l,7,, NC/US, E,
end do n
don=1,N,

n—> (’/l, L7, Ly, Tn)v gphilnﬂn
n, l, 7, Ly, 7, NC/US
doi=1,N,

4.15 FTEZH—E

Gi®n(9:)
end do 7

end do n

##4# Projectors : g*betaln](g)
projector_gbeta

Nn
n I t In tn Eref[n]
don=1,N,

n, b, 7, ln, T, gheta_l,,, NC/US, E,
end do n
don=1,N,

n—> (n,l, 7, l,, 7), gbeta_l, 7,

n, l, 7, ln, 7o, NC/US

doi=1,N,

gzﬂn(gi)

end do 7

end do n

##4# Deficit charge : g*g*Qps[nmL](g)
deficit_charge_ggqps

Nnm
In tn Im tm L
donm =1, Npm
lny Ty Uy Tm,88-A-lnTnlmTm
do L=l — lmml|yln + 1, 2
s Tny s T,y Ly 88-9pS-ln Tyl Tim L
end do L
end do nm
donm =1, Npm
nm —> (ln, T, lm, i), 88-A-lnTnlmTm
dot=1,N,
giQanL(gi)
end do @
do L=l —lm|,ln 4+ 1m,2
nmL —> (I, T, Uy T, L), 88-a0S-1n Tl T L
lny Ty by T, L
doi=1,N,
97 Q7 (9:)
end do i
end do L
end do nm

#4## End of INFO
end

CIAOPP X DH A7 7 A WIZBHNE EELEHDO—E%2 K 5 I1ZRT,
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Fz5 HHT7 714 VDEEEHK

EZ WEL

atomlabel | JuFaLs (H, Si7Za )
atomname | JLFEDHGES (Hydrogen, Silicon 72 &)
Z,N, 73S (B, 7=7ZUERDT), 2ETH(ER) : (Z— N)eld1 A VEMERD
7z 7. —Z_N,
N¢,N, a7 ET(FEE), ME T8 () : No=N.+ N,
xctype AR T > Y ¥ VDR 1dapz82, ldapw9l, ggapbe, revpbe
zccode REFHEAAR T > ¥ v )LD 3 — R4 : momo, gnepp
N FREMDOEPEA Y > 28]
Prin Tmas | 2R QBIPEA Y ¥ 2 QR/ME, HKME
T FEERMOEFMBZEA Yy > a2 SBA Yy aThb
Ty = Tmin(rmam/rmin)(iil)/(Nril) fori=1,2,---, N,
N, WG 2R OEEA v ¥ 25
GminsGmaz | WHAEFZEROBEPER v > 2 OIR/ME, BRKAE
gi FRE TR DEEA v S 2 LR A Y Y 1 Cb b
9i = Gmin T (gmax - gmln)(l - 1)/(Ng - ]-) for i = 1727 c 7Ng
Nps {ilfi %8 738 D &KX
Nis AV ZEDEF A Y Y HuE DI
N, (a) a BHOMEBEFHEDZHI X LT —DK
nd,7,m | FRFE, AGANEFE ZRIALVF-0OFS, BMxE K
n ZIEBLED & TR ORKMERL : n = (n,l,7,m)
a FEEREOES (na, la, Ma, Sa)
dE, ST ANF—DEFZANF AP SDTN : E, =¢, +dE,
N a #& H OfiFE 7Bl O A T 4L F —HEAL
viE(r) EEh=z2EFRT o vIL
ai, as, C1 BOS KT UV ¥ VDRI A=K 1y =1—1¢4
BHS A7 VY v VDESE : vpus(r) = —(Zy/r){cerf(y/air) + coerf(\/aor)}
opr(r) | EMRFTAR T VY v oL BuERL, BHS B, ZIHARZ#ENTE 5
BiE (orbital) OB E, v (r) = v/ L.(r)
BHS HOBA, ofel(r) = ¢ -1l + (1 - &) - v5(r) where & = exp{—(/rio)} for 1 < 11
LEHAMDEE, v (r) = 320 (22Y)9ir2 for 1 < 100, VAE(r) for 1> 114,
v (1) FNEFE I OHEDY T 0 —hIVERERERT Y v L
v (r) | AR TFEIOREDE I 0 —INA A VFRT VT v
lioe JAFEART VY ¥ L% orbital IZ U725 EICIEET 5 B+
(Yo | EWBATART > > Y VDS ENERRE i =0,1,---,6
v} (1) A X VIR T VY v )b oo (r) = vl (r) — o (r) — ol P (r)
Ui, ERRFTIRT Yy LD r =087
Tloc ERBDAEFRT VY vy VDA NI 7 HER
N(rioe) | EWATART VXY VDAY A 7RO A v ¥ kS
vl (r) 2% 1D Hartree R7 ¥ v )b 1o (r) = [dr'n(r’)/Ir — 1|
i (r) 2EFORBHEERT > > v )L viE (r) = vge[n(r)]
vEP (1) {iliFE 1D Hartree A7 > > ¥ )b : vl P(r) = [dr'n,(x')/|r — 1’|
vl P (r) ffieE - DREAHBIR T > > v )bt 0l (r) = vge[npe(r) + ny(r)]
vlPo(r) AY Y o OMiEFORBHBIR T > > v )b - ol P (r) = 07 [npe /2 + nl,npe /2 + nd] for o =1,]
n2(r) A o DMiEFAC VEENG 0 =11
1 (1) (il ?8 - #EEE I : o (r) = nd(r) +ny(r) 2 no(r) =35 {@a (@) + 37, (0l Br)Q82, (r) (Bim|da) }
Co(r) i 7 DALY 588 : G (r) = (nf —ny) /no(r)
ne(r) a7 B EE A

BBEFFEEDN : n(r) = ne(r) + ny(r)

BRI AAIBE R : AR
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R IR/ VARG DAy A TR R > max(Tiee, Ten)

D) BB R OB« FEBE : AREHIEICN U T [ r?dry, (r)? =1

Un(

P, (1) L FIRBIBI : ¢ (r) = P (1) Yo () : BRBIEK

b (7) TR TR : ZR - KB UT [y r2dr]gn(r)] = 1

IV BEEDEE, du(r) = rlexp{SNM (¢IM) 9021} for 1 < Ten, n(r) for r> Tep
TNV TY T NDGE, ¢n(r) = Zf\;‘gs (cUNNgir?H for 7 < rep, Un(r) for r>re,

n

Pn(r) BHEEIBIE : o (r) = o (r)Ya(F) : BHRBIEK

Ten B EIBI D 71y b A 7 PR

N(7cn) BWRFEBO Yy N A 7 EREDA Y Y a ke

N, Ef T\ n DF

N Troullier-Martins / )V A7 R B D Z TH A ERIAI DO : @5 Nry = 6

(cIM),, Troullier-Martins / JV AR EIEIB DO L THAERGE : i =0,1,---, Ny

Nys Vanderbilt W)V~ 5V 7 b+ REEEIIRD 2 TR R DX

(05)5 | Vanderbilt TV 5 7 N BERBIBIR D% HAEIRE - i = 0,1, Nus

NTas [ 1, =1, DBAEDZEM TR (n, m) DHOK

dnm 5“7 4 ]\@Eﬁo)ﬁﬁ S Qnm = qln‘rﬂ,lmrmélnlm =qmn * nm = <wn|wm>R - <¢n|¢m>R
Diy | PHETET V%00 Dl = Doy it = Diga t Di = Do — (Vioel Q)

Bnm ﬁj\%ﬁﬂﬂf? ?/\\/’\7}1/ : Bnm - Bln'rnlm'rm(slnlm (# an when dnm 7£ 0) : Bnm = <¢n‘Xm>

Dnm ﬁ%ﬁﬁ!;ﬁ%‘/\\/*’}l/ : Dnm = Dlnrnlme(Slnlm — Dmn : Dnm = Bnm + Eanm

(Vioe|Qb3,) | SPBERIAR T 22 ¥ b 2 (Vioe|@bn) = [ drvjsr (r)@h3,(v) = (Vioe| QL 201t = (Vioe| Qhin)

loc I Tl T

Xn(r) | REERBROBREBS « ER : [xn) = (En — T — Vioo)lom)

Xn(r) | JRERIRC: X (r) = X (1) Yo (F) : #5RBIEK

Bn(r) BB OEPERS « FEREC: B,(r) = >, (B D mnxm(r)
<¢n‘/8m> — fOOO TZde)ln‘rn (T)ﬂlme (T)(Slnlm = 5nm

Balr) | SR Bulx) = Ba(r)Va(F) - BIETIRC

Npm Fl TR\ (n,m) DD

Nawp | SCHEN (n,m, L) OB : Nmg = Sovay S 1

nmL nmL —
L (n,m) O UT L =l — lLn|, [ln — | + 2, 1n + 1, DIEZE 3
M LIZXRUTM=~-M,-M+1,---,+M ® 2L+ 1) ofiz & 3

Qum(r) | 774 MEMBEEDAMDEREED + Quim (1) = Yn(1)hm (1) — dn (1) dm (1) : EEIEX

Qrm (1) T 74 NBEMEEDT  Qum(r) = Qum (1)Y,F(2)Y,,(¢) : R
Qnm(r) = ZLM crvrYom (f')Qnm (T)

Qi) | BT 1Y FAmEIED R OTRERS | EIR

Qb (r) | BET 7« ¥ NEMRESA - Qb (v) = Qbs, ()Y, (£) Y (F) - BRI
Qb (r) = 301 0r PR Y () Qp, (1)

ey Clebsh-Gordan #5881 V" ()Y, (F) = D 0 P You (F)

Qrm(r) | BT 7 14 ¥ MEMEEDAD L5y : TR
L .
SERADEE, QL (r) = X (k)™ for r <k, Qun(r) for r > 1k

Tiim Rr T 1 NEREIED D v N F 7 L%
NGL)) [ RF7A VN BRBEDA Y A T ERDA v T ks
NEL, | W77 1 NEREEO S IARAREOR

(Cn | Br 71 U N EMEED S ENENRE i =01, NL

Npe (1) Wy a7 ETEENG - BEBUPIZZHA L 3K Bessel Z3#RTE 5
LEHRDBA, npe(r) = 00 (choW)a51% for 1 < Tpe, ne(r) for 7> rpe
BR Bessel DA, npe(r) = ape sin(byer)/r for r < rpe, ne(r) for r > rp.

Te T EFEED Y b A T PR

N(rpe) | BN AT BT EEDHY NA T ERDAY Y 2k

Ny 8 3 7 O S HGURBR DR

(BoW)g; | WA T EFEEDLIARMGE : i =0,1,- -+, Npe

pc
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| EEZR | i
Apes bpe #5r a7 B E D BR Bessel JEBHIREL
Naipole LAl TNV BT R D
n|0/0x|m] | BEATIIERD « K70 : [n|0/0x|m] = [ de{} (r)0,, (r)/0x — ¢k ()0, (r) [0z} : T
n|0/0y|m| | EBATIIERD y 853 = [n|0/Oy|m] = [ dr{y (r)0¢m(r) /0y — ¢ (r)0¢m (r)/Oy} : FEEK
n[0/02|m] | BEATIERD = B < [1]0/0zlm] = [ dr{0a(0)00m ()0 — 65 ()00 ()02} = T
SRR FIREE - ERAT AR OAER I TW\WS - FEREK
Y, () CIAO TOREHI, Y, = V2RV, ] for m >0, Yo for m =0, ﬁg[Yszd for m < 0
Pyim () N AR FIBEEL Y, (f) (2 PHASE N CTHID T HN-HK S
Nar HEWMADTZANF—Xy Y2l
eldr eldr 1 SEBA O TRV X — A v ¥ a DR/ME, KA
eldr KB DZANF— Ay ¥ a: FHEA Y aThHD
e = ein + (€maz — €min)(i — 1)/(N" — 1) for i = 1,2, .-+, N
Nldr SO % FHET B BUEE - Nldr = ST 1
Tldr R %2 G 5 %
N(rar) KNS 25 BT 5 BREDA Yy ¥ aBS
D{E(E) | 2B TEBEBONENS : DAP(E) = dlog{riy(r, E)}/dr|,—r,, = (1/riar) + 7/ C(E)
D7 (E) | BB B : DFT(E) = dlog{rou(r, B)} Ay, = (/riar) + 177 (E)
7 E(E) BIREFRBOWSBIS - +'F(E) = dlog{¢u(r, E)}/dr|r—r,,,
VP(E) | BEEEBEB OB - [T (E) = dlog{¢i(r, E)}/dr|,—,,
SHE(E) | 2B TEBBEROMEOTN : k=V2E 2 LT
5P (B) = tan ' [{kj (kriar) — v*F (B)ji(kriar) }/{knj (kriar) = 2*F (B)ni(kriar) }]
SFP(E) BB OMMHOTh : k=V2E 2 LT
o P(B) = tan™ ' [{kj] (kriar) — v 7 (E)ji(kriar) Y/ {kni(kriar) — 77 (E)n(kriar) }]
Ji(z) R Bessel BYEK : jo(z) = (sinz)/z,j1(2) = (sinz — zcosz)/z%, - --
ny(2) Bk Neumann B : ng(2) = (cosz)/z,n1(z) = (coserzsmz)/z
n(9) Wikg 122 [0 C D RE KB BB O ERE D « R : 1/Jn fooo erwn (r)1(gr)
dn(9) WikE 25 0T DR B DO B 4 - SERIEK - (;5” fo r2drgy (r)ji(gr)
Xn(9) Wik 2218 C D JRAE B DB D « TR : (g fn r2drx, (r)71(gr)
Bn(9) WAE 22 T DR BBOBRRD + EBE - B,(g) = [ r*drBa(r)ii(gr)
Qnm(9) EV%”’“F‘EEJ’CO)T7 1 > NEATE L3 D ﬁ}?ﬁj\ : SR
Qnm f()oo erQnm( )jO(gr)
QL. (9) fﬁ*%? SECORT 7 « > NEMEED O S) TR
Qrim(9) = Ji~ r2drQf,, (r)j(gr)
EAF e %@élz V¥ — 1 BiF = Egt + ELY + By + ELF
E{E BEIOEHTANF— : BAE =3 (Yoo|T|Ya0)
EAE RETDOAA VI RNVF— ELY = [den(r)vir (r)
EgF 27D Hartree TX)VF — 1 EgP = (1/2) [ den(r)vg” (r)
EAF LETORMHETANVX — : EZF = [drn(r)eg[ns, ny]
EPP i ORI X VT —: BT = E;;;‘; + B + Eio" + EY + ELY + Epe
EFP MiEFOEB T AN F—  BELE =3 (00| T|dac)
Eion i T ORI T AT —  ER =D > {bac|Bn) DI (Bulbac)
Eion | MR T DR R L ¥ —
Elot = 3 0o tlaclVigt |Gac) + 2 pm{PaclBn) | drvjer (r)Qbs, () (Bnldas) }
ELF filieE - D Hartree T X)L ¥ —
EPP =(1/2) Z(xa’{<¢ao‘v P|¢o¢a> + an ¢aa|5n fdrv (r)@Q03,. (r){Bnl|Pac)
ETT fﬂﬁ 51D 2 HAHE = % )1/3\"—‘ EIT = [dr(ny.(r) + ny(r))escnpe/2 + noty Npe/2 + 1y ]
Epe a7 (PC) T F—: = — [drnge(r)escnpe/2, npe /2]
HFFP AT VY v IO Hamﬂtoman HEP =T+ V2 + VG, : HEP |$oo) = €95 da0)
S HRYHERETF 1 5 = 1 + an |Bn>qnm<ﬂm‘ : <¢’aa|s|¢ﬁ0> — 5aﬁ
T HEIT AV X —FHRF : Thoo(r) = —(1/2) V3o (r)
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EEC WEL

Viee BETERT 2 v VRS 1 VT Pao(r) = 0] (1) ac(r) = {vj20(r) + vi" (r) + 05 (1)} das(r)
VJ%L ;E}%ﬁﬁj‘o? ‘\/ :\/ ’\7 }bi;ﬁ%:% : VI%L(bOtU(r) = an ﬁn(r)ng<Bm|¢aa>
D7 FRFART > ¥ V4] - DS, = Dion + [ drvg, (r)QPs, (1)
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ciao/examples/

IZEWZDT, FHERINAV, 72720, NI A-XE—HlIGEETRIEOR D TRV L2 W > TH <,

% 6: “examples” H1DFHEH

| uEA AL

atom_00_P1 lda_nc BT (Z, = 1) O/ VARGERAT VY v L
atom_00_P4 ldancSi | SLIEBITOREIE T (Z, =4) D/ IV LARFHRET V¥ v L
atom_00_P6 lda_nc BT (Z, =6) D/ VAREGERAT V¥ v L
atom_01_H | gga_relspin | HJ& T DX Em A € k&

atom_01_H lda H R 1D REE

atom_01_H lda_nc_z J&+ (Z =0.75,1.00,1.25) ® / VLR FRAET > 2 v L
atom_06_C gga_nc CEHTFD/NVLEERRT vV

atom_06_C | ggarelspin | CJRFDHNGRMNA L VIRE (A Y =0, 2)
atom_06_C lda_nc CIRTD/INVILRTFHAT VY vV

atom_06_C lda_us CHFDOINVIIV T MNMERT VY vV

atom_07_N gga_nc NFEFD/IVLGRGFERERT v L

atom_07_N gga_us NHEFOIIVETY 7 MaERT YY)V (BRIALVE - =2)
atom_08_0 gga_nc OFRFD/INVAHREEFERRT V> v L

atom_08_O gga_us ORFOUILEIV I MERT UYL (BRIFLVLT - =1, 2, 4)
atom_11_Na | ggancpcc | NaJ¥D PCCZEZR L/ IWVLRGFHEAT Vv L
atom_13_Al gga.nc Al D 7V WA T ¥ v L

atom_14_Si gga_nc SiRTFD/IWVLARIEH R T V> v L

atom_14_Si gga_us SiRTDOINLVETY T MEKRT VY v b

atom_14 Si | ggarel spin | SiJ& DGR AE VIREE (ALY =0, 2)
atom_14_Si lda Si /7 DEIREE

atom_14_Si lda_nc Si T/ NVAREGFHEERT Y v L

atom_14_Si lda_us SIERFOINVENIY T MERT Y v L
atom_25_Mn | gga_hubbard | Mn JE 7 O#uER 7 — 0 > T3 )L F —

atom 26_Fe | ggauspcc | Fe RFDOUIL NIV 7 MNMERT YU v L

atom_29_Cu gga._us CulRFOINV NIV T MNERT VI ¥ L

atom_29_Cu lda_nc Cu 7D / IV AL R T > v )V (BT = ghost, s, d, BHS)
atom_29_Cu lda_us CulRFDIIV KRNIV T MNERT ¥

atom_31_Ga gga_nc GaJR 7D/ IV LARFEAT Y v L

atom_31_Ga lda_nc GaJi 7D/ IV LARER R T ¥ v L

atom_31_Ga lda_us GaRFDINEZY T MR T VI v L

atom_32_Ge gga._nc Ge 1D/ NV ILFEEFERET VY v b

atom_32_Ge | ggarelspin | Ge [T DOHMGRIIA LV IRE (ALK Y =0, 2)
atom_34_Se lda_nc Se [R 7D/ WV LMERB AT V¥ v v

atom_50_Sn | gga rel spin | Sn 7 DX GRINAE VIRFE (ALY =0, 2)
atom_58_Ce | gga_hubbard | Ce il FD#EM 7 — 0> T 3L F —

atom_58_Ce | gga ussemi | Ce D semicore JREETIL TV 7 MigART > > v L
atom_58_Ce | ldausion | CeHFOAAMEREIIL NIV T MERT YV v
atom_58_Ce | lda_ussemi | Ce 7D semicore JREET I~V 7 MR T > > v L
atom_72_Hf gga_nc HE {1 D / )V AGRIEBAR T > ¥ v L

atom_79_Au | ggarelspin | Au R DX R A 2 RER

atom_82_Pb gga_nc Pb 7D/ )V ARIFRA T V¥ v L

atom_82 Pb | gga rel spin | Pb i DOHMGRIKI AL VRE (ALK Y =0, 2)
atom_82_Pb lda_nc Pb T D/ IIVARGFHEAT Y v L

atom_82_Pb lda_us PbJEHFDIIV NIV T MNERT ¥
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7 6: “examples” HDFHHEHI (i X)

95

B
atom_83_Bi lda_nc Bi i 1D/ )V LRFHRIR T > ¥ vV (JBHT = p, BHS, Z2HN)
atom 92 U | ggarelspin | U TDOHXGRINALE VIRFE (RALE Y = 4)

AR E T T BT, FHHOT AN KITBE L,
% ../../../bin/ciao input &

LT BEFTEN,

5.1 4MERFOERREREFEE

CIAO DRED—D2TH B A VIO & 2 N E TREZFHE T E 2HEEDIGN & LT, 4ffio)F 1T
»5C, Si, Ge, Sn, PbiZHWTE5EE2RT, HFENPKELRZIIO2NT, ACUSBTZ R ILF—kh ALY
HEHEEAT AL —NRELRDZDT, AVVSMLTWEZC, Si, Ge» Sn, Pb &R3IZONTAY VS
AT %5, 2z kb, EWILET Hund ORI N BT 2R TE 5,

A D

ciao/examples/atom_06_C/gga_rel_spin/

ciao/examples/atom_14_Si/gga_rel_spin/
ciao/examples/atom_32_Si/gga_rel_spin/
ciao/examples/atom_50_Sn/gga_rel_spin/
ciao/examples/atom_82_Pb/gga_rel_spin/

HFOEATTT7 74U LT CIAO 2FETLT, 2D pEFD 2@ DEFREIZN L TAY U DBEEREL

IEIXINVF—HEETS,

FHEAERO—HflE LT, PbETD (p1y)t(p1y)! REOEFEE % RT,
Element ---> Pb

eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng
eng

symm

1s 1/2
1s 1/2
2s 1/2
2s 1/2
2p 1/2
2p  1/2
2 3/2
2p 3/2
6s 1/2
6s 1/2
6p 1/2
6p 1/2
6p 3/2
6p 3/2

.2188375253
.2188375253
. 7422724562
. 7422724562
.7375319014
.7375319014
.2582213721
.2582213721

.4128872456
.4128872456
.1466889274
.1466889274
.0963528526
.0963528526

Energy (eV)

-87980.
-87980.
-15721.
-15721.
-15095.
-15095.
-12905.
-12905.

3575333319
3575333311
1665053023
1665053022
1756891280
1756891280
2223113296
2223113296

.23562331569
.2352331569
.9916086489
.9916086489
.6218944164
.6218944164

BPEER (1) (p2y)! & (pry)' () THB.

nocc

>

é\fél‘ﬁ@%l»%:%%%% 7 6: i a&)f:o I??\}I/ﬂF—O)j(/J\B@%Li, C, Sl, Ge, SD Ci (plT)l(pgT)l @ﬁﬂ%ﬁ‘%ﬁi,

Pb & (p1y)' (p1y)* A

=N ad==d

X2 RE

L72%, Pb CEFEENEZD DL, HEE

MR EL o 72D R RIZ &

LAY VHEROMHBERAP A VEIOMEERA L O REL o220 THS, ZDL5I1ZLT CIAO TIX, A

UGB EEAT XL X - A VRT3V F — L OB

FRNDZEMTE D,
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R T 4ffif i T DLT 3NV F— (GGA-PBE)

Eot (Hartree)
(plT)l(pzT)l (plT)l(pu)l
C -37.810353 -37.765242
Si -289.866799 -289.838765
Ge | -2098.962253 -2098.941705
Sn | -6179.030497 -6179.023238
Pb | -20928.603765 -20928.633748

5.2 MnRFOHERBI—OYITRILF—

CIAO D RD—DTHhHMEM I — v v T XVF —FHHEOFEIH & LT, Mn i TOFEEZRT,

sHEH D

ciao/examples/atom_25_Mn/gga_hubbard/

12X UT CIAO 2179 5 &, “test 25 Mn_gga_bubbard.sum” OHIZIRD & 5 R 2R TE 5,

WA T RV F—1T,

hubbard Hubbard U (On-Site Coulomb Energy) [Diagonall
hvbbarqg----------------------------------\--\-------———-———\—\—\—

hubbard------====—===————— -

hubbard symm m s
hubbard 1s 0 +
hubbard 2s 0 +
hubbard 2p -1 +
hubbard 2p 0 +
hubbard 2p 1 +
hubbard 3s 0 +
hubbard 3p -1 +
hubbard 3p 0 +
hubbard 3p 1 +
hubbard 3d -2 +
hubbard 3d -1 +
hubbard 3d 0 +
hubbard 3d 1 +
hubbard 3d 2 +
hubbard 4s 0 +
hubbard 4p -1 +
hubbard 4p 0 +
hubbard 4p 1 +

nergy (Ha) E
. 7243809904 210.
.6192520451 44 .
.8838415524 51
.9882094462 54.
.8838415524 51
.5291721546 14.
.5102208720 13
.5402280854 14.
.5102208720 13
.4008032512 10
.3938263029 10
.4092844681 11.
.3938263029 10
.4008032512 10
.1463059845 3
.1024823189 2
.1085016323 2
.1024823189 2

1910929659
0620882844

.2619348218

1019296005

.2619348218

3995064047

.8838157859

7003535771

.8838157859
.9064109530
.7165585379

1371965989

.7165585379
.9064109530
.9811882435
. 7886856767
.9524795206
. 7886856767

hubbardg-------------------- - - - - - - - - -\ - ~\—~—\ -~ ——

THH, FERHATIVLF -,

huvubbarg------------\-\\---------\-\-"\" " """

hubbard

hubbard symm ml1 si
hubbard 2p -1 +
hubbard 2p -1 +
hubbard 2p 0 +
hubbard 3p -1 +
hubbard 3p -1 +

1.7794736585
1.8838415524
1.7794736585
0.4802136585
0.5102208720

Hubbard U (On-Site Coulomb Energy) [0ff-Diagonal]
hubbardg------------\--------------\-"---"- - ----------——----—-—---—""--——-

48.4219400432
51.2619348218
48.4219400432
13.0672779946
13.8838157859

56
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hubbard 3p 0 + 1 + 0.4802136585
hubbard 3d -2 + 1 + 0.3783681377
hubbard 3d -2 + 0 + 0.3737168389
hubbard 3d -2 + 1 + 0.3783681377
hubbard 3d -2 + 2 + 0.4008032512
hubbard 3d -1 + 0 + 0.3876707354
hubbard 3d -1 + 1 + 0.3938263029
hubbard 3d -1 + 2 + 0.3783681377
hubbard 3d 0 + 1 + 0.3876707354
hubbard 3d 0 + 2 + 0.3737168389
hubbard 3d 1 + 2 + 0.3783681377
hubbard 4p -1 + 0 + 0.0964630056
hubbard 4p -1 + 1 + 0.1024823189
hubbard 4p 0 + 1 + 0.0964630056
hubvar¢g---------------\-------\-n"-----""---- "\ —\——(—\ """~ —"——(—(—(—(—(—(—

b, MnJ 70 3d B 2Z —a vy T 2V F— 13 10 eV LEEI NS,

53 CrERFOREVHEBERTY Y vIL

.0672779946
.2959204770
.1693522004
.2959204770
.9064109530
.5490570304
.7165585379
.2959204770
.5490570304
.1693522004
.2959204770
.6248918328
. 7886856767
.6248918328

o7

TR T > Y VW THMEROE FIRERH R 21T 55810, JERMEORRT Y Uy VEHEHTLL0E, H5

MUDAY UM U ZRETIER L AR T v Yy L2/ LU =,

WENI W PO TWDS [22-24],

Z I TlE, CIAO TOfMHIE LT, CrlFOAY VMR T > ¥ v UESZ TV, FEkDIE@M SRR T > > v

Ve DAERZHHT L,

5.3.1 A7

URIZ A2 RS, BEERT 2IEMEER R T > v IL 2 DEWIE, electron_config F—"7— Rz LT

polarized MfEEINT VB Z L TH B,

# Jobname
jobname Cr_ggapbe_paw_005

# Atom number & Electron configuration

#  (calc_type : nonrel, srel, rel)

# (spin_type : restricted, polarized)

atom_number 24 24.0

electron_config 10 srel polarized manual
1s 1.0
2s
2p
3s
3p
3d
4s
4p
4d
4f

O OO UOlWrEk Wk
O OO OO OO OO0
O OO OO Wr Wr K~
O O OO OO0 O OO
O OO P, P, PP PP

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

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

local special polynomial
rcut 2.20
vcut 0.00
orbitals 4
4s nc 1
2.20 0.0 1.3
3p us 1
1.95 0.0 1.3
4p us 1
1.95 0.0 1.3
3d us 2
2.00 0.0 1.3
2.00 0.6 1.3
phi_np 5
phi_gmesh 800 4.5 40.0
qps_np 5

gps_gmesh 600 12.0 40.0

# Deficit charge
deficit_charge angular

Imax_qps 4
0 1.50
1 1.50
2 1.55
3 1.60
4 1.70

# Solve PP spin
solve_pp_spin
spin polarized manual
4s 1.0
3p
4p
3d
mix

O O O O

0
3
0.
0

O 01 O Ww
w O O O

# PAW
sw_paw 1

# End of input data
end

ZO77A4NE UTFTONETHEZIT>EDTH S,

JR 73+ (atom_number) 24 DL FIZDOWT BT 24.0 & LTLREBEREFHEZ1T I,
ZOBRDOE T E (electron conﬁg) . (3d1)%9(3d )0 (45 1)10(4s )00 &3 5,
7z, BHEIEHENGER (srel) 12X DITWV. A UIZE L TIE polarized &9 %,

BRT Y vIVE, IV TV T M (general) TIEET %,

Frz, FMED Ay MATERIEE rys =220, 73, = 1.95, 14, = 1.95, 134 = 2.00 & F 5,
BONFBRT Vv VEWT liEFREIREEZITO, TOBEOAY VREIX N — N, =6 £ 5,
FIFHEZ TS BICIE, BRGNS A =X LT 030 ZHW5,

i) ®COFIHE%Z %D'C\ RWAHBIRH FLR 7 > > ¥ )L (xc_potential) & U T ggapbe % #RT 5,

(a
(b
(¢
(d
(e
(f
(g
(h
(

)
)
)
) TOBRDRATART ¥ ¥ VED (local) & UT, ZHATELLZAT VY ¥)b (polynomial) %Y 5,
)
) &
) A

o8
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5.3.2 HA:HEIRILF—

17 7 1 )V Cr_ggapbe paw_ 005.sum & O, #LET X V¥ —fHZ i U7zfER %2R 81
&, FMERR T VY Yy VT K BFERER 9 1TRT, T T,
¥y )V EHWTOE IREE

EIREFHBEIZBWTIPUER L UL THEOLNER 520K RZ LTV,
INSDHEBELD, FIEDAD, EEFREHBEIZLWVIEZI ALV -2 52 TVWEZ 23905

MEFEEE WO RELD D B D5,
EHBE L WO RERTH S, /-, 4s MO 3d BB D down AY VRO DEFIREIX, &

#£ 8 AU ERT VY vy LIz LB Cr R FOHELT 2L ¥ —

og | Ay | REREGE V] | B IREEHE [eV] 7 [eV]
3p up -46.2684796934 -46.2666136249 | 0.0018660685
3p | down -41.8419198922 -41.8400463311 | 0.0018735611
4s up -4.5400383649 -4.5403591334 | -0.0003207685
3d up -3.7829521714 -3.7819394582 | 0.0010127132

#9: IEHMEET VY vy I LB Cr [ TD#ET 2L X —

Bl | Ay | 2B REEIE [eV] | S HIREEHE [eV] 7 [eV]
3p up -46.2684796934 -46.4119140938 | -0.1434344004
3p | down -41.8419198922 -40.8839892679 | 0.9579306243
4s up -4.5400383649 -4.5076138367 | 0.0324245282
3d up -3.7829521714 -3.8222240827 | -0.0392719113

54 XBAEFONDEE

AREITIE X AEE

E 177 (X-ray Photoemission Spectroscopy, XPS) OHlfg & #AR T > ¥ v ILEEIC

RO, D
PER U 7R T

HEHEO AL, BEY, T THEL D N@ESL (Core Hole)’EAU}??U)F%T\T/‘/’V)l/@{’?)ﬁﬁ#ﬁ’%uﬁﬁﬁﬂj"

%, FERRIZFET 5 DIXNBHEN > 7 b (Core Level Shift, CLS) TH2DT, £93 ZOMLRDOHHZITS,
5.4.1 HWRREMM> 7 MDA

WBHERL L IZHFDEVEFEMDZ L TH D, [EFRHAITIEFSF LAV S WEHFIZERSBELZS D2
T, FIAEY Y I VETOHE, 14 HOETIE (15)%(25)2(2p)%(35)2(3p)? D & S 5 MO % AT B4,
DHIT 1s, 2s, 2p BPNBRENTH 5, NGRS 3 VETFOEFHEMN%Z CIAO TGGAFHET S &

Energy levels [All-electron]

Element ---> Si
Symm j Energy (Ha) Energy (eV) mnocc focc
1s 1/2 -65.6258330748 -1785.7697073691 2 2.00000
2s 1/2 -5.1250077353 -139.4585506190 2 2.00000
2p 1/2 -3.5260321902 -95.9482139488 2 2.00000
2p 3/2 -3.5022484901 -95.3010265676 4 4.00000
3s 1/2 -0.3967820153 -10.7969875601 2 2.00000
3p 1/2 -0.1503011244 -4.0899015276 2 2.00000
3p 3/2 -0.1491437813 -4.0584086215 4 0.00000
Total number of electrons 14.00000
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&Y, WREMIIEEEEDOHLZTH 58 eV L 0 JEFINIZHENZ &R b0 5, T D7 NHRIEN O IEEIRIEK
BB LU-RFLERD 2727, TRV -0 OMOEFRHEEN 2 E L 5,

) 3 VET-DONEREEN 2 BT 5 B L LT 100~130 eV O X ffE O B2 e U, it Xh s E
TOEFHITANFX —2RET DERLEND S [20], BARAIZ, TRVF—A[ZOBRENIIHEFDOT v Val —
AL I Ny v ra o G ERWS, EREO Si R FOEBEFEMESZICT L, ZOHETIE2p %
P SHHENENEFITEALTWE Z D005, 2p HERLIZA Y VY HUBEH B D72 2ps /0 & 2p1 /0 12
0.64 eV FEENHT 5,

HEFHREOHR» S L<HENTWBE DT, HINOZXINX—% v L THIERH I NS NEFOEFT
Z\\ﬂ/:\:‘\“‘ Eiin %

Egin = hv =W — (Er — E.) (34)
b, ZZT, WIHMEHBEE, Er 13 Fermi ¥4, E, I3W&REMNTH S, ~BRITHERERTDTHEFOLAHRL
WCEBDBEBLXR_EHEWRRIND D, NRETFOKU ZRT VY ¥ IVIZRE D SIMUNZ 2ERm 513 8HL 725,
D7D, WHHEMERETIIELS RS, ZOBBREEAMIZRALZONK 13 TH D, oM, {LEkEIcES
BWRFORTF VY Y LADREFTEDT, WREMIIGEEL 281826215, 202 D0%ED =N
ITRIVX =N B SR TIZ X D B 5% & 5, WREMNY 7 MOFERTIEX, RKEH» S5 TFDHNBIZ A7V
NE DR T & 2 NHER % FHEIZ U CRIEEDFERE SRR LR T OWBEMND T XX —D %% HIET
5Zeizkh, REMMLDOE FOLFFESIREORE 2 #EET 5,

e_yl\Ekin

hv
w Ekin

hv

vacuum

W

Ep
EF - E¢
\ /\ /\ e surfalce I
v v \/ c core levels

bulk core levels

B 13: HETHHGBRO T FLX —T 07 7 1) : IOAMISERERE, QLo
ThH5, Fermi ¥l Ep 3 —~ETHDDIZH LT, WHREN E. 3R FIZ& bRy, £
HAE TR ANV ZIZ S RTHBRER AR 45,

T, WRRHEN Y 7 b RS —FHE R T 57200k, X (34) 12 KUEMHE % O 7 O NEHERL E. % 5HHE L 72l
NER o, ZOTXNVF—H E, ZNBRETFBHEO LB FEIHEEZITAXELICRONGD, HETOAZEKD
BET v Lk o3 Ro 0y, ZOEBPS, BAT VY yIVETEEE TERVWE DN S, ZoH
% REITRI L 72D A Schefler DNV — 7 [21] TH D, HOI1FH 14 (TR U7 & 512, FHIRFE (initial state) &
FORAE (final state) DEWVZEH U7z,

14 T, REBEBTHPMHI NS FOMNENRRS 2 D055% R L TWE, (1) RPNV IALEICD 5
&, (1) RRERFBREDECHEH5ETH D, WIREETIE, FXTOVERITIEAGHE (hv) ERERBGEET S DA
BOT (D) & (1) XA CRETH B, —H, KIRETIE, RICEHH S Wl T GEBIT 3L ¥ — By, &N
IESL (FRH) AR S NIfbE (R ANV F — Eppy) DEIET 5, WIESL 2 1E, HE PRI NLENTEEL T
T R IR S NI BT DA DS TH B, (1) & (1) Tk Brin & Ery BT NENIAHH, HIRIEDTH — &
WO Z s, RIRBOZRDET XX —EFAUMHEIZR S RITNIERS MV WO IROBEELZERAVEIN L,

Ekin (I) + Etot (I) - Ekin (II) + Etot (II) (35)
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initial state final state
fﬂhv ", Ekin)
(1) i v |
O o)
hv €% Ekin(ll)
ol ‘\\\
e e e
(1) . n
o o Etot(Il)

X 14: SeBFHHEFEDMIRIE L HORTE « (D) BV 7 RIE DR 712 & 6B/,
(ID) FREDEDR T2 L 2 HE TR 2R L TW5B, IHIREE (initial state) Tld, AH
S (hv) AERDFAET HDHZDT (I) & (1) IXECIRETH 5, HIRFE (final state)
TlE, BHEENEFOEET I F — By, EHRRIEFL ()1 % $ - 72802
IRNVF— Erop 1& (1) & (I1) TEEB D, M Ein + Fror 1EE L,

WRRHER S 7 b AEy;, 2IRANTEHT 5,

wziz, X (35) & AVIIK
AEy, = Etot(I) - Etot<II) = —AFE (37>

HEoN5, A (35) ODELIIEKRT VO vy VIETHEET S LN TE S, Scheffler 5 21] IFZDFRITHEDE
Si(100) E i DRENRIEN > 7 b 2R T V¥ v VAT L, Landemark 5 O FEERFER [20] % BLERIATIZ iR
U7z, PIRHENT B, EROET RV F — B, E ORI, R (34) 12k

AEkin = AEC (38)

BRDZODT, R (37) LHELT
AE, = —AE,, (39)

MERND,

EEIZE O NI EHREEAMIIRTER 15 IR UL RARZ MLV TH B, 22T, BT —a
FAERIZ & 24— o #fR 135 220, BHllldotE 7+ OB = 2 VX — By, MENICE T (BE) Th s, F
7=, BEEHI RN OFEE T AN X — Epjpg EADIEHTET, ZOGEIIEMEEHEEIRN, FEENIL T H»
SDRBETFANRY MVEHFE TR UL I Byn(I) KHE—DY—2 %255, ZHUHLT, SEEIEEH S0
HEBTARZ PVIEEFBTRUEZEIICWLSDPOY =2 By (ID) 2005, Y- DREIFZFDOE -1
BRUEREFROE»SEE S, BR_EEBOED DY — 7B IEFLEMIZTNS, HE RSN
JEHMEMEL TCI A VT —2 LS5 DT, NULIZ7DOY— 7 3 ERRAEPSEBEVEVE nim BEOHEIDFEFIZLSE
DTHHILEEBLTBL, FETEZ2HDIE, NUVIZMNBEPSE—IMBEOTHE &Y — 27 DX 2R
Th b,

5.4.2 WREAEZSUCRFOBRTVIvIL

BN T Y vy VNV FEFRIA TR, PE FREZ B0 S, & HIRE2 3 DB IZEE T 5, ©
DOV REEOBEBCIINBICEAZECIEL I LN TERY, TOPDYNREAZECHRIT Vv
IWEAERKS S Z LIZATRETH 5, Scheffler 5 [21] 1%, B FHHKHIER S N NRIELIZ XD O DEFITLD
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A
bulk

= core level

[7)]

o

= surface

S core level

B

R

5

> Ekin
Ekin(D  Ekin(Il)

Epind <

Ec(l) Ec(I)

15: WRBSEE Tt o A~ 27 h L

T AXRPITIER (screening) INDBDERE L, UL, BT 2L ELZITORHEIEZLWE L, £z,
E@‘? R =7 I N R0 S RIS NS, 405 Fermi HIEAMPEMICEY Y=V 73 h5s, &
THELKZHFEPIREZNTVWEEDE Uz, TNODREIZLVEHEINAZART PIVIZFERFER L & <—
bf’@f%é
PED#EZHIRANE, WREAZELHEFOERKRT V2 v VEIRD K S IT/ETE L v, FlZIE 2p ¥EALIZ
Wi EfLZ B0V ) a VIRTOBE,

1L 14 HOETH 5725 (15)%(25)%(2p)°(35)%(3p)? DEFEDHTHEL Y I VHFIZEWT, 2p ¥AOET 1
fifl % 3p ¥ERLIZRBEI L T (15)%(25)2(2p)°(35)%(3p)® & L7zt REDHMES ) a VR F42FE R 5

2. TOFRFORE IR ZHCEESIIE IS
3. iliTF & LT (35)2(3p)°® D 5 MOEFZ2IEALTA AT 5
4. ZOXSIZUT, WEZABL ST AL 722 ) A VETOEBERT VY v LRI TE S

é:@‘%)o TN 16 D 2 D DFIREE (ﬁnal state) D 5 BAEMD screened hole EMKIEAL) (XIS 5, KD 720
2, RO EALPERS WG E (M) ORRT > ¥ Y )V EMERR L 7z, Bf&I7aE R (X 22) TlEFEBRIZA -
DIFHTE TH D #BFITEERIZ Aﬁ’J&#oto DI UTERE NN IELZ EOHFORKRT ¥ v )L
%\:ﬂﬂb\’CV\]ﬂ’“Eu/7 eV RERET S Z 21285,
NV REHEIRIRD & 512175,

1. YV aVREMOMEEEZERL, BEOVY A VERT Yy VEAWTERFIZAPME PR RS ETHY
IR F R X5

2. TOREEREEAWT, HT 1HE2NREAZECERAT VO y VICEEHRA TR ANV F —23HT S
3. IRTOFFIINUTIHFICESHA TR ANV F —%255HT 5

4. NI REDRTZRDT, ThEEEZLTHOREDRIALF—DEEZ LD, HETXLF—DT 7
b%%d’%j—é

5. MEZEGDEART MLEULTERT S

AN T =N TOBMRT v v VEHETIE, NREAOAY VHES I ZEE THEE 2N LU TEAEY
B olbDENKRENETE, NHREMDY 7 PEDFETIE, ZOHREIZXDERIIED STV,
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- final state
S I initial state unscreened hole screened hole
—4e —4e -5e
—10e —9e —Ye

i
4
4

o ® o
+14e +14e +14e

nucleus

16: Si ¥ OB FIE : £MIFERREDEFIE, ARISPRIELLVEL Z5ED
HREOETHLETH 5,

5.4.3 WREAZSOBRRT Vv ILOER

#EART > ¥ v VOIERNIE CTAO (Code for Investigating Atomic Orbitals) % AWTTT 5, Scheffler 5 [21] 23T
7D & [\ UAERR STk 2 3 %,

B, 2AHT—MNRTORAT > v VR TIE, WREMOAY V) ZIEE R IHEL I U THE
AR L o720 DENBIEN L T 5, NWRIEMO Y 7 MEDFHTIE, ZOREICEVHERIILEDSRNI L
EERELTEL,

Scheffler D FHIEIZHEN 2p HEMIZHNHIEAZ EL Y 2 VT OHEAR T > ¥ )L (screened D56) % CIAO T
RS 256D ATJFELTD X 5129 5,
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64

jobname Si_ggapbe_nc_01c2p

atom_number 14 14.0
electron_config 6  srel restricted

1s 2.0 1

2s 2.0 1

2p 5.0 1

3s 2.0 1

3p 3.0 1

3d 0.0 0

xc_potential  ggapbe

pseudo_potential nc

local orbital d
orbitals 3

3s 1.60

3p 1.90

3d 2.00

solve_pp_spin
spin polarized 3.0
mix 0.30

end

ZOANTIE, BIEE (15)2(25)2(2p)°(35)2(3p)® @ Si B T-D4 % TIRE% GGA-PBE s AR IS A T\ T

HOMREEICEHEL, T0%, (35)%(3p)3(3d)° Z2AfiE & LT/ IVLAREFEORR T v v V&2 /ERL L,

= WA

W®IRIZ,

i(d

RENFIEAT V¥ v L E VT A VEE (351)!(3s,) (3pr) O H CIEHE A UV RIEZ FHET 2, Bl hi

%

[Si_ggapbenc_0lc2p.gncpp2]

73 PHASE Ti#Ahd 2 EADEKRT >y VW TH 5,
RIS NZBRT VY v VEIRIZKRT 5,

2.0

S

15

1.0 — .
S XS
3 =
0.5 ‘ \ )
0.0 / rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr =
-0.5 | | | |
0 1 2 3 4 5

17: WRIESABER T > > v )L OB (/) & % O Fourier Z#it (£[X) : /=M
DERHZA Y b A TPETH B, D Fourier B L Y, KEIBEIL ¢ < 4.5 RETH
SRS 2 Z Db b,
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2 T T T T
0 e -
-2 t’\
~ G
< 4 N>
o
6 Re(3s)= 1.59895
Rc(3p) = 1.88893
Re(3d)= 1.98992
-8 .
local -~
-10 | | | | -6 | | L
0 1 2 3 4 5 0 5 10 15
r q
18: PR IEAEER T > ¥ ¥ VO ET V¥ v )b (£K) &% D Fourier 1 (M) : 1
FAVRT VT NEBRDENTH D, T D720 Fourier £#E ¢ > 15 THFHWEL T
W5,
20 . 20 . .
. s
S ]
d —
10 + 10 + —
3 | 3
) [y
e S s o
=3 >
k=] Rc = 1.98992 o
o E(s1)=-0. 48529 ° E(s1)=-0. 48529
-10 | E(p1)=-0.20253 -10  E(p1)=-0.20253 g
E(d1) =- 0. 20253 E(d1) =- 0. 20253
-20 . 220 L 1
-10 -5 -2 -1 0 1
E E

19: W IEFALEER T > & v VOB : AR E D T—Z RAEL TV AW &A%
%, ARE D EREETHEMAIN LS —HLTWDE I b s,

5.4.4 Si(100) XKEDET I

FTIELOHIT, Si(100) p(2 x 2) FHEKEREDE TV EERT 5, Si(100) REEX 7D IRy NEES T
HOXAT—REERE LD, TNODOXA I —3FI AR EIZELS 28 (N 7)) v D) TRENT 5 Z S
TV, ZOK, Ny 27 ) v ZIZEBLTRA T —DEWA»SEWLIZETFPBET 5, FERINIZIE Si(100)
c(4x 2) ENRE L BN, FRTIENNY 7V VT OWEIE -7z p(2 x 2) EEEK S, Z DA GREZ K
S5EENETHB, ZODREIF Scheffler 5 [21] L ABETH 3,

HH R DORME T VIELEME L 2> TRITNIZR ST, +oCE A EML BT IER S0, < h
DEAMEZ 5 x 107 FREDLTICMZ 2 DICERMZ2 U 72, X 20 13FEFREH S 7z S Nz 0L el %2 F2or
LTW3, LM (HFHEA), fRT > v )b Siggapbenc 0l.pp, K#MERT > > v )L : GGA-PBE,
A9 NATZINF— 1k (wf) =35, kelchg) =7.0, =Y h¥)l:a; =14.6816015290, as = 14.6816015290,
az = 60.0000000000, ks :4x4x1, TH5, TOME, BUMIN/ZEEL HIFLATFDO LS 12k -7,

X y z fx fy fz
1 11.654665468 7.340800747  19.731672033 -0.000108 0.000000 0.000136
2 10.943522273 0.000000002  18.308554343 -0.000156 0.000000  -0.000260
3 7.408260709 7.340800738  18.308043049 0.000156 0.000000 -0.000288
4 6.696493833 -0.000000008  19.730653256 0.000095 0.000000 0.000136
5 12.644826676  10.798805752  16.929970763 -0.000186 -0.000125 -0.000051
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10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

& FH

—
= = O O~ PP O O o o1TN

= e
NN OO NN

= = O O~ = ©O© O oo

X 20: Si(100) KEDE TV : R FATHROEAIE 2 x 2(AK), B AHMIE8HE (H
M) DEFNVEFHT S, SEDHE 9 BHOTMIZKEFLEZEZTVWEDT, KD
HETRHEHTI66AEHFDATTETILE LTS, BABEOSMTHRWEETIT

lu, 1d, 2, 3u, 3d, BWEDITN)V%EDIT 5B,

.644826664
.707073513
.707073576
.176755229
.176755074
.834472402
. 834472400
.235196168
.118076207
.882358440
. 785205792
.980433730
.895937822
.455961640
.370066620
.895952884
.8956952919
.455699091
.455699061
.172291984
.172291976
.838705787
.838705789
.176000956
.176000956
.835200191
.835200191

3.882795799

11

.223532172
.458069376
.011875138
.669726457
.011012299
.670589245
.340800802
.000000001
.340800774
.000000009
.340800764
.000000005
.340800779
.000000012
11.
3.
11.
3.
.011379982
3.
11.
3.
7.340800765
0.
7
0

013570694
668030852
008682705
672918843

670221565
010982242
670619311

0

.340800765
.0

P P RPPRPRPR R R R R
O rRr PP ERLr MDD

B R, PP W0WwWwwo oo o0 v oo

.929970692
.928492210
.928492250
.003484695
.003484706
.542706201
.542706195
.460786586
.459447663
.863174990
.863763387
.066215802
.076888750
.081857152
.069872950
.478028955
.478029019
.484530647
.484530696
.920759253
.920759374
.857185244
.857185195
.297682500
.297682500
.297682500
.297682500

DINBNVESIZEE L =D THRELEL TWS,

5.4.5 FREAIRREMD 7 bDETE

Iz, RENBHERN S 7 b (Surface Core Level Shift, SCLS) DFMEZ1T 5, MM I NZREE T IV T
MEEZEELZEE, YY) AVEFEICNREAZECEART VO v VICESWMA TRIXVF —251HT 5,

.000187
.000184
.000184
.000002
.000002
.000005
.000005
.000018
.000002
.000085
.000075
.000364
.000103
.000145
.000307
.000077
.000078
.000072
.000072
.000013
.000013
.000014
.000014
.000017
.000472
.000774
.000325

o

o

o

o O OO O OO OoOOoOOo

o

O O O O O O o

.000125
.000135
.000135
.000042
.000042
.000002
.000002
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000071
.000071
.000047
.000047
.000002
.000002
.000000
.000000
.000000
.000000
.000000
.000000

.000052
.000066
.000066
.000291
.000291
.000195
.000196
.000178
.000198
.000607
.000566
.000060
.000067
.000096
.000025
.000099
.000099
.000112
.000112
.000122
.000122
.000054
.000063
.002104
.002118
.002772
.002761

66
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ZORERER 21 1ZFR Uz, MElELE T OEE T XL F — (Bild eV) DNV I R6DTNTHD, Z0DH
A, V2% 3, MEDFEFIZE > TWD, AEF RN CTHMEREL I NDDT, HEVRVALBEDF 75
5 DOMBEFIFFEBRINIZBEH S v, BHISNSDRERE»SB um Wb TWnwd, ZD7%DH, NV7 % 3, AL

BELUEILIZELETHLIEEAONDS, ZTOM, 3, &3, DHHEIZE 2 HEDBEZONDD, M20 25517
UL 3, XA X —FIDIMI, 341351 < —FIDHNMIZH 2 DT 34 26 DRHEREITERMIZIZZ SN L Z L

MEZOLNEDT, ZTITE3, 2NV re U7z,

21 12 X X screened & unscreened DIREMZEWIE 1 BOD down DY — 7B TH S, WHDH NN
3BT unscreened D J5H screened & O DWW Z L TH B, F D728 unscreened Tl down fLED TV I v
JRFDVE AT LD ER S N2, screened TIRERKINEZ DT, TDHERVD-HIZ down DY — T ALED iz -

meEZOND,
1.0 T T T T T T T T
e Screened
— o5l O Unscreened (ion) |
sz | 9w
3
S ol Qdown o @ ]
o O @
Q
z .
S o5l g 8 S5 -
1.0 | | | | | | | |
1 2 3 4 5 6 7 8

Layer number

X 21: SCLS OEH T % )L¥— :

ZNZFNHHIL unscreened, 7RHIE screened D A%

E?Lf%m‘T//v)l/%ﬁHh\fﬁ*%’Ci)é ARHIF Scheffler & [H U AETH 5, #itlihidt

BT OEE T R F—
MEBEDREFIZE >T\W5D,

Scheffler 5 DX [21] IZ

(BALIL eV) DNV TR EDTNTH 5,

HBKER LB D7D

ZDGE, NIV % 3,

X 22 12

=

F5H5D0TH 5,

KENS 3BEETORFIZLS SCLS 2FiR L
7z, MFmETH Y, FRMEIFETFEOLEZ L >T W5, EMSIEIZ, unscreened, screened D4 FHEAHE, EER
fE%FKR U7z, FEREIX Landemark & [20] 12

22 DFHERERITERFER [20) 2 K <HBLU, 72, Scheffler 5 DX DFER [21] 12

DL screened TH D Z & bnrb
57\,

Kﬁbflo %Eﬁ ~r:|9

o ZDT=®, XPS FHONKREAREART > ¥ ¥ )ViL screened THERK L 722 17 X



5.

IVEEET

T T T
. Unscreened core hole (ion) 1
2
L 14 Ty |
34 3,
.I |
1 . ' T
@ L Screened core hole ‘% |
= . “
5 | : |
g a
s - '. |
2 1,
= i |
8 34
£ B I .
i :
. Experiment ; 1
1 u
|
-1.0 -0.5 0.0 0.5 1.0

Kinetic energy (eV)

22: SCLS DO : #tllid SCLS OMETH Y, FHME IR T BOLE L >TWn5, L
7 SIEIZ, unscreened, screened DAAEFREAH, FEEE%Z KR U7z, FERMEIX Landemark
520 12&k2EDTHD, FFIZH D DI screened TH D, XPS AOWHIEFLEIRT
> ¥ UL screened TIERK L 72 1 1uid72 5 72\,

68
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6 Tips
6.1 S£EFREFE
UTRTH, 2B1iHEOANORMEHEZITS,

6.1.1 A #{EL=EFIRE
A AL UREEZRFE L2 WES, BIZIZET L1 A b URER2IEET 5I121%

atom_number 14 13.0
electron_config 6 srel restricted

1s 2.0 1

2s 2.0 1

2p 6.0 1

3s 2.0 1

3p 1.0 1

3d 0.0 O

DLz ThEL W, FHa425HBBOZ &,
FRRIZ LT, WRIZH—VDEET AREE2HAT A I ETE S,

6.1.2 REVEHEDEEAE
AV HMHE (UP £ DOWN) 2 &H 72 WiGEE,

electron_config 6 srel polarized 2.0
1s 2.0
2s
2p
3s
3p
3d

DESIITTNERVY, 255528 T, 2pHEDETD (2p14) (2p2y)! LFLE U 72REEFIHETE %, polarized
@E{E”@ 2.0 & X lﬁof/ﬁj\*@ﬁ ny —ny ;5:2‘:22/) LTW5,
¥z, ThnEFNMOANAEE LT,

O NN DN
O O O O o
e

0

electron_config 6 srel polarized manual

1s 1.0 1.0 1
2s 1.0 1.0 1
2p 3.0 3.0 1
3 1.0 1.0 1
3p 2.0 0.0 1
3d 0.0 0.0 O

CLUTHRAUHERZBEIEATES, HFHA425HiBBDOZ L,

6.1.3 MANRIIEFIRE
MxEROEFREZFHEL 2 0WEE,
electron_config 6 rel restricted

DEIiIzTNEE W, FH425HSBOZ &,
CIAO TlX, AV UOMEIEL T, AV UMD H DM HNEFIREZHE T2 TE S,
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6.1.4 THAEREABEBOEDOIEESE

LDA-PWI1 Z W3 5EIFIRD L5123 5,
xc_potential  ldapw91l

¥72, GGA-PBE ZHWA5BIFRD X SI12T 5,
xc_potential  ggapbe

FA2THIZHDOZ &,

6.1.5 BEFDODEEFIREE
CIAO ORED 2> TH 2HHEFOLEFREBOHBEHIEEZFHHT 5, HlX X6 MOBEFE2ERT 5121,

core_potential patom

lmax_core d
s 1.80000 -1.38850
P 1.90000 -3.43325
d 2.00000 -8.55958
EESMA, BPEIZHLTHY PATHEEEAY PATIZXNF -2 RO T,
atom_number 6 6.0
electron_config 6  srel restricted
1s 2.0 1
2s 0.0 1
2p 4.0 1
3s 0.0 O
3p 0.0 0
3d 0.0 O
CTNXEV, H425 ML 426 HizZMOZ &,

6.1.6 SCF ETEDINRDHNE

SCF HEDOPNEZIMET 272012, BFEEDRSG L% FHT 5 Anderson EZ2 WS Z e TE S, Z0D
7=z,

anderson 3

DL >fEEERZITAEI V., F4216 HiZBDOZ &,

6.1.7 HERE/—OYIRILF—

EE D7 —a vy T XV F— % EFHET S 72DI121F “sw_calc_hubbard” DAL v F % 11235, T4bb
sw_calc_hubbard 1
EHEESMANER, F4224 HizOZ &,

6.1.8 RBIEEIR K DENEELR
B BB R DB REEDME XS T H I SN2 DT BIRET 5 BEDB R,

6.1.9 BFEEEZHAIERVIERE
“tho” 77 A NVEH IR LWEGEEE,

sw_write_rho 0

Tk, 4225 HiBBOZ &,
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6.2 BRTVVYILEE
DIF TR, BT > v VRO AN ORI 1T 5

6.2.1 JILBREDAAFER
ETOMEBEFHEE ) NVLAMRIFIZT 55 I TO LS BEE LS N AN HEEZHA VS I N TE B,

pseudo_potential nc
local orbital d
orbitals 3

2s 1.25
2p 1.25
3d 1.20

ZOENEMET S, —FH, —BIEATIE

pseudo_potential general

local orbital d
orbitals 3
2s nc 1
1.25 0.0 1.0
2p nc 1
1.25 0.0 1.0
3d nc 1
1.20 0.0 1.0
phi_np 6
phi_gmesh 500 5.3 40.0
qps_np 5

qps_gmesh 500 14.0 40.0

LM UTCHLRIUKERZEBDRZENTELN, HETEAHHONRTIA =X 2ELOTHEMELECP T W H
LR,

6.2.2 BFiIRTYYvILOHNERIEE

JRFIRT VY VIE 3D HFETIRET A I N TES, /JIVARETCHEINZHEIZHTEIRT Y v l,
2EFERMART Vv V% BHS BETRO S UERT Y Y YL, ZTUT, @B FEMRRT Yy VA2 LHER
THROSDIZLIERT Y Y L THE, ERCELUTITE 428 HBBOZ &,

6.2.3 F7MIE
I7RIEZFT DI

core_correction pcc polynomial
rcut 1.6
np 4
gmesh 400 9.0 40.0

D LS IIZERTIER Y, F 4.2.10 fizEoZ &,

6.2.4 KBBEBOBED
BB D BRIy DR R 21T 5 121
sw_write_logderi 1

RIEEINTVRITNIER SR\, ZUTANT 740 “logderi” F—7— KAWL, 774 MEOT 3V
X —H/iPH TRBUIS D OFFER T O NS, “ogderi” F—7— FOERICEL TIXE 4.2.12 HizBO Z &,
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6.2.5 KTV ¥ )LD Fourier
KT V¥ ¥ )LD Fourier B#ZFHHE L, K& 7 7 AV () ITHIT 5121
sw_write_fourier 1

MEEINTOVARITNIER S\, FUTAN T 74T “ourier” ¥—7 — RAENE, F7 4L MEDOHIFH T
Fourier Z2HNEE I N5, “fourier” F—7 — ROERIZEH L TIHE 4.2.13 izl @D Z &,

6.2.6 /I LFEOI—R MEHN

TRTCOYED /) IV LARETH B854, IT— A MREODPEHEINIZITbhE, A7 7 A LVTEET 34
TiFw, T—AMNREVEUZGE, 771 VIZIRD X S mERIrHEhEns,

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

s P d
local-1 -0.185191 -0.028739 0.000000
local-2 -0.000623 0.000000 0.000000
E[KB] - 0 -
eigen -0.178544 -0.028740 -0.195673
ghost exists none unknown

HHHHH R
### A ghost state exists ###
S

ZDFNE, HOET VY vl

FHET. BIIART Yy e LT p Hi3# (local-p) 2 ER L 56 0H 1 TH

%, —H. AUERMAET, FBART YY) UT s #3# (local-s) Z#IR U 7255121,

Kleinman-Bylander local energy levels :

Eloc[KB] (i,1)

s P d
local-1 -0.178545 -0.033774 0.000000
local-2 -0.000297 0.000000 0.000000
E[KB] 0 + -
eigen -0.178544 -0.028740 -0.195673
ghost none none unknown

b, T—APHEBET B IFHEINR Y, TDOL3IZ, [T—2A MRIE] OFERRERRT VY v LD

&5,

BB, IV ITY T FOPE IR o TWVWB L, T—A MREOHNTIZT b0, RERNICE 2, FUR
FiRT vy vy Ve HWTWAIEE, [V IVARGE] TI—ZAMBHERFWE TV RIY T M) THI—X MIE
U2\, 72720, ez, FHBAHRONEMD 2 ATIT—A MREZFARLZDNRV, ZOZDHITIFET RV
¥ —#fipH 2 K E < (-20~+5 Hartree F2Z), A v ¥ a%fliA< (1 Hartree %720 100 5L E) & 5,

6.2.7 DI NZYTMDREVIREE
TIVRTIV T MERT VYUYV (VIVLAREEBRD) DAY VRS G- B IREBAMEETIZIEATO L S 74
REETZIEE WV,

solve_pp_spin
spin polarized 2.0
mix 0.30

ZZT, 20 3MliEFDOEAVETH D, AJ1T7 71 IVIT “solve_pp_spin” D F—7 — KA T NIEEHEIZITH
nmv, F4211 HizROZ 2,
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6.2.8 BRE—XVbH
BBE—A Y MOREEITI IR
sw_with_dipole 1

L35, H4236HiBBOZ &,
F7-, NRHE L MIEFPUEMRDERE— XV NOFHEERIT S IZIE,

sw_with_dipole_cor2val 1

$335, HB4237THiBROZ &,

6.3 —MAFEEIE
CIAO Offif EO— M7 EEHIE 2 2 D5,

1. A7 7A4NVDT7 74 NVEIEBT U “input” THEIBLEIFRATEOEDTRY, 272U, Ax=a7)
T, RIZHEBPLWRY “nput” &5k d 5, (5 4.2.1 Hiz)

2. ANI7 74V “input” Tld, #THEDTFIEIAY MTIZRD, (KR22H)
3. R T ¥ v IVITHGE 2 E RS 58556, TOHIEIL/ VAREFEIZT 5, (5B 4.2.8 HiSH)

4. BART V¥ ¥ VEERT 256, electron_config DIFEIZHE VT srel DE — N 2L RIFIER S 720,
(%5 4.2.5 fiiz Q)

5. JVLARFHEOSRT AL X —HX 1EHE T 5, (56 4.2.8 fHizlH)

6. BFDY =)V %& Linux ETHWA84, makefig_us.pl 72 € O RHEMNE TREE X N T W 5 A E $use_ps2pdf #
11235,

7RIS B WIR Y HFBEARE WS, bbb, TRI)L¥F —IX Hartree, & 13 Bohr THll %,
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7T U=l

CIAO IZRRIZF O o NY —UDBHEINTVWS, Ihs2HVIUE, FHREINZHERT VY v Lz fliH
T T7RKRTDHIENTES, fEfiLeps P pdf DIEARTT7 7 A Vi hEhd, ZHo5DY =)Lk Perl 35T
Gk X, WERTIX Gnuplot & LaTeX #ETLTWADT, VAT ALDERIEL LT Perl, Gnuplot, LaTeX %3
A VAPV EINTOVRITIIER 5720, Perl DfFH* X7 > 10— R “http://www.cpan.org/” 7*5, Gnuplot
1% “http://www.gnuplot.info/” %25, LaTeX Ik “http://www.latex-project.org/” 267225 Z LN TE 5,

#+ 10: Y —J

] V=% | Hng |
makefig_nc.pl JIWVLREHRIR T Vv VDT T 7 KR (pdf, eps)
makefig_us.pl VIV T MNERT UYLV D T T T HRMR (pdf, eps)

makefig_ciaopp.pl | CIAOPP T —X D2 5 7 &R (pdf, eps)

7.1 “makefig nc.pl”

JIWVARIETEHEINZBE T V2 v VORRITIE “makefigne.pl” ZFHW5, FKRITIFIRO I~ > N E2HET
j—éo

% ../../../tools/makefig _nc.pl jobname [options]

Z Z T, jobname i CIAO D ANIZHWAZED LR UIZT 5, options 1A Y ROA T a VTG A—XTH
D, WOIX Y RTHERTAIILNTES,

% ../../../tools/makefig_nc.pl

e 2 B 3LAFOBITIE. RO 7 7 A VRERI N5,

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

ZD5H, test06.Cldancfig.pdf iZ, Feps 77 A NEEDTEFLDZEDT, 1 R—=VYHIZIEH23D LS
2, WEIBEEBCCER T VY vy L IERREI NG, 2 R—=VHIZIZX 24 D X 512, WEBEBRONEMO DT 2L F—
WAEMENRREINDG, RIZ, 3_X—VHIZEM 25 DX S, BFEELRT VI Y VRERRING, REIZ, 4
R—UHIZIZE 26 D& 512, FEERAT VY VOBEBPRREINS,



7.

Y =)

g (r)

gy (r)

dlog(ry(r,E))/dr

V(1)

Re(2s)= 1.44077
Re(2p) = 1.44077
Ro(3d) = 1.44077 |

_8 -
local -
I I I I 10 I I I
0 1 2 3 4 5 0 1 2 3 4 5
r r
15 T T T T 4 T T
[ Sol ved] 2s
E(2s) =- 0. 50124 2p
E( 2p) =- 0. 19903
E(3d) = 0. 00000 3d
10 - 2+ -
/'\ s
05 - S0 e A S e
\ -
0.0 2 —
05 | | | | -4 | L |
0 1 2 3 4 5 0 5 10 15
r q
23: RERFO )V AFEFRRT > v )L (pl) - B (L), MEEL ZFEEK (£T),
BRTYI vV (GL), BRT VY YLD Fourier £ (4F), /& ERITIE, KEIBEEIL s & p i
Eﬁ%@— dIFIERMPETH B, KEIZA Y M A TREFEERT, HEREHE TR ETOAERL T
5, MFRAS R KB, AP BERBEBIC TGS 5, £ M, #AT Yy L EREELL
FERT, HEHEDAZRRLTWVWD, 77 7THORBEIZEAZ AN —2KT,
20 T T 20 T T
s
C ;
d —
10 + 10 —
k<]
)
S s oF
Rc = 1.44077 S
E(s1)=-0.50124 o E(s1)=-0.50124
E(p1)=-0. 19903 ° E(p1)=-0.19903 \
-10 | E(d1)=-0.19903 -10 | E(d1)=-0.19903 -
-20 : -20 ' .
-15 -10 - -2 1 0 1
E E

B 24: JRFJF DV LAFEAR T V> v v (p.2) - IKBIBIB OBy, ZERIET 3L F — DR
i, Elilﬁlz»% MEDRRTH 5, %miﬁ%:mw% R, RRINT R, 13K
M % & 200, TrAVF—I3BHET 3 L¥ - % EkT 3, AR 73 7 T I BIBRL, AR EE o
BfcH b, FLETJ%?P*K&LJTL% EHRHELL, Elf%ﬁi’f%?ﬁ%ﬁﬂwfu\&b\ 2B TARED IR
U TW 558513 ghost IREEDMFIET B AIREMEDL D 5,
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Y =)

T T
Core
Valence _
Total
0.1 1 1 1 1
0 1 2 3 4 5
r r
25: RERTO /) VAFERRT > v )L (p.3) : BEHE (), RFv vl (F), £XTRE,
RS R THLE, AT T ETEE, SIS RIS B, ARITIE, SRR
BT VY v, FEADBA X ACRFRT V¥ v )b, #&HS Hartree BT V¥ v )b, FHiOS s HAERB R
FUTVYIVERT,
T T T T
sl
pl
d1l
S G
= T =
- o
-05 -
-1 | | | | | | | | | 1.0 | | | | | | | |
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 10
r
8 T T T T 3 T T T
Rc(sl)= 1.44077
Re(pl) = 1.44077
6 Re(dl) = 1.44077 —
2 _
z 4 G
= =
= 2r 1 <
o
0 — 6:
2 1 1 1 1 1 1 1 1
0 1 2 3 4 5 0 5 10 15 20
r q

26: REF T VAMMERRT >V v L (p4) - WEIEEK (£L), WEIEO Fourier £# (4
L), SR (LET), HBIE® Fourier 2 (£ T).
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7.2 “makefig_us.pl”

7

TV NTYV T NTEHREINZER T VY v VO ERRITIE “makefig us.pl” ZHAWVS, FRIZIIRO A~ Y NEE

19 %,

% ../../../tools/makefig_us.pl jobname [options]

Z Z T, jobname i CIAO D ANICHWAZED LR UIZT 5, options 1A Y ROA T a v NFTA—XTH
D, WOIX YV RTHERTEIILNMTES,

% ../../../tools/makefig_us.pl

7= Z2E, 324 HDEITIE. MFDT7 71 IADBERI NS,

test_06_C_lda_us_fig.pdf
test_06_C_lda_us_ldr.eps
test_06_C_lda_us_ldr_std.eps

test_06_C_lda_us_qgps_ggqg_plpl.
test_06_C_lda_us_qps_ggq_plp2.
test_06_C_lda_us_qps_ggq_p2p2.
test_06_C_lda_us_qgps_ggq_slipl.
test_06_C_lda_us_qps_ggq_slp2.
test_06_C_lda_us_qgps_ggq_slsl.
test_06_C_lda_us_qgps_ggq_sls2.
test_06_C_lda_us_qps_ggq_s2pl.
test_06_C_lda_us_qps_ggq_s2p2.
test_06_C_lda_us_qgps_ggq_s2s2.
test_06_C_lda_us_qgps_rrqg_plpl.
test_06_C_lda_us_gps_rrq_plp2.
test_06_C_lda_us_qgps_rrq_p2p2.
test_06_C_lda_us_gps_rrq_slipl.
test_06_C_lda_us_gps_rrq_slp2.
test_06_C_lda_us_qgps_rrq_slsl.
test_06_C_lda_us_qgps_rrqg_sls2.
test_06_C_lda_us_gps_rrq_s2pl.

eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps
eps

test_06_C_lda_us_qgps_rrq_s2p2.eps
test_06_C_lda_us_qps_rrq_s2s2.eps

test_06_C_lda_us_sol_rho.eps
test_06_C_lda_us_sol_rphi.eps
test_06_C_lda_us_sol_vloc.eps
test_06_C_lda_us_us_gbeta.eps
test_06_C_lda_us_us_gbeta_d.eps
test_06_C_lda_us_us_gbeta_p.eps
test_06_C_lda_us_us_gbeta_s.eps
test_06_C_lda_us_us_gphi.eps
test_06_C_lda_us_us_gphi_d.eps
test_06_C_lda_us_us_gphi_p.eps
test_06_C_lda_us_us_gphi_s.eps
test_06_C_lda_us_us_rbeta.eps
test_06_C_lda_us_us_rbeta_d.eps
test_06_C_lda_us_us_rbeta_p.eps
test_06_C_lda_us_us_rbeta_s.eps
test_06_C_lda_us_us_rphi.eps
test_06_C_lda_us_us_rphi_d.eps
test_06_C_lda_us_us_rphi_p.eps
test_06_C_lda_us_us_rphi_s.eps

test_06_C_lda_us_fig.pdf (5% eps 2HED7-E DT, 1 R—=YHIZIXX 27 O & S 12 EBBEBBRREINS, 2 X—
VHIZIZE 28 D & Sz, WEIBEBONEMONRRENG, 3R—VHIZEK 29D LSz, BEFEELRT Y
VY NVDRERREINDS, 4-6 R—VHIZIEX 30-H 32 D &L DT, s-d BIEIZHT B 08ERIR T VS v )L ORFIEEEDY

FREND, TR—VUR (~9R—V) RF T 1 ¥

BAHEEEBPRREING,
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awy(a)

X 27: REFFDOINNTY 7 MERT Vv (p.1)  EIREK (£L), KBIBIKO Fourier 2
(L), EBELZEBREE (£T), A EXTIE, EEHBEEIE s 3R, p i3 & Jkfidm
D 2 fiE, dI3FEFEHETH D, KENEAY A TERERT, FEREREITRFETOARRL
TWBHETHIE, AT Yy VEMBIELZERT, FEPEDARRLTWS, 7 J THOELK
EIXEA T XVF—2KT, A LEXIZNEEKO Fourier £E#TH D, ¥ H 243 g EAINNREIRERKD

Y =)
T
Sl —
S2 ——
pl ——
p2 ——
dl ——
=
2 JE N\ ————
!
4
r
15 T T T T
[ Sol ved] 2s
E(2s) =-0. 50124  —
E(2p) =- 0. 19903
E(3d) = 0. 00000 3d ——
1.0 [
‘é_i 05
0.0
-0.5 | | | |
0 1 2 3 4
r
Ay NATZINF—-DHZE RS,
20 T
10
5
m)
éi O oS
> Rc = 1.39644
Ie) E(s1)=-0.50124
° E(s2) =-0.20124
-10  E(p1)=-0.19903
E(p2) =- 0. 49903
E(d1) =-0. 19903
-20
-15 -10

E

dlog(ry(r,E))/dr

20

10

-10

-20

E(s1)=-0.50124
E(s2)=-0.20124
E(pl)=-0. 19903
E(p2) =- 0. 49903
E(d1)=-0. 19903

X 28: REFFDINNTY 7 MEET V¥ v b (p.2) : WEIBIBOMNEMS. EZHIFTXLE—D
JEWEIPH, ARIEEA T ANV —FHEORRTH D, RAFSBRIX VT —%2R7, RRINE R,

B & & %A,

TANF BB INF -2 TR T 5, MRD2EFRBIL, KRR

WEBERTH O, WENP—HLTWBIENEE LW, EXTHRENFEEL TWRWE 2 A TS

FHML TV BIGEE ghost IREATEFIES 2 TREMNA D 5,
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Y =)

n(r)

NG

Xn(1), 1B(r)

-0.1

V()

29: REFRFOINITY T MERTY YY)V (p3) : BFEE (£), KFv ¥y (f). £EXT
&, AR REFEE, R 2T EFERE, REOME FEEICIET 5, AT, AERAER
JRFTRT V¥ v, RERBA A ALREFTRT VY v b, f%AY Hartree KT ¥ v )b, FFRAZHUHE

ERTF oy LT,
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-200

30: HEFTFDOIILENSY 7 MERTF YT v (pd) :

ay(a)

aXn(a), aBn(a)

_100||||I||||I||||I||||

-1 - -

2 4

-3 P S N T [ S S S

0 5 10
q

100 ———————————————————

s BB BB (/2 L), s BuEEIEB O

Fourier 24 (5 E), s $uBSZER (£ T), s R BB O Fourier Z2#t (£F) 2K7,
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31 WEFFOIIL TV 7 MERT VY vV (p.5) : p BUBREIEK (K1), p BuBEEERo
Fourier 2 (55 1), p WLEH R (£ T), p BB HEIED Fourier 2 (5F) 2K 7,
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Xn(1), 1B(r)

Y =)

G
B
o
05 | | | | | | | | | 1.0 L L L L |
0 1 2 3 4 5 6 7 8 9 10 0 10
r
0.01 T T T T 00l 77—
G
o
0.00 7 000
G
[=4
&
-0.01 ! ! ! ! 001 b
0 1 2 3 4 5 0 5 10 15 20

q

X 32: REFEFOIIL LTV 7 MERT VS vl (p.6) : d BPUBKRBIB (£ 1), d ks
Fourier 2 (5 F), d HuBSEBIE (£F), d H8sH O Fourier 24 (1) 2£9., 5D

&, dBEIXIEFREADOTE KO & 5 ICFEEKITERT ZETOAEINS, TDRD, HLEXOD
%ggnﬁ%gi%@@moit,d%ﬁ%%%ﬁ%yvaubfmé@@&?ﬂ&ﬁ?ﬂ@%%
Bii¥norins,
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33: RERTOIILETY 7 MERTF VvV (p.7): T 74 ¥ NEMEEREK (/) & %D Fourier
(). TR EE ST 7 1 ¥ NEMEE, BT 7 1 > NEMBZITHIET %, #ERD Fourier
BWMBEO L RBLEIANEMOI Y NATZRXVF—DHRL RS,
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34: REFTFOUILV LIV T MERT VY vIb (p.8): 77 1 ¥ MEMEERK (£) & % D Fourier
B (). RRDBERETT 7« ¥ NEMEE, SRSRT 7 1 ¥ NEMEEICHIGT 5, #RHRO Fourier
B XA LRB L ZAPEMOIY NATZXINF—DHZ L5,
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$2-s2 —
L=s
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r
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35: RERTFOVILV LIV T ERT VY vIb (p9): 77 1 ¥ MEMEERK (£) £ %D Fourier
B (). RRDBERETT 7« ¥ NEMEE, SRSRT 7 1 ¥ NEMEEICHIGT 5, #RHRO Fourier
B XA LRB L ZAPEMOIY NATZXINF—DHZ L5,
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X 36: BEFHFDOIN TV T MERT VY vIL (p.10): T 7 1 ¥ NBEMEEREK (72) & % D Fourier
L (), IR RE LT 7 4 ¥ NEREE, SERORT 7 1 & NEAEEIIIET 5, #KRO Fourier
BN E O L5 L ZANEMDH Y FATIZRXVF—DHR LD,
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37 RERTFOINNTY T MERT VI v)b (p11): F 7 1 ¥ MEFEEB (£) & % d Fourier
L (), IR RE LT 7 4 ¥ NEREE, SERORT 7 1 & NEAEEIIIET 5, #KRO Fourier
BN O L R5 L ZANEMDAY NATIZXVF—DHRZ L5,
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7.3 “makefig_ciaopp.pl”

JIVLBER TN TV T M eERT VY v VOMERE— NIiZhrb o, FHEREEZRKRT 5121 “make-
fig_ciaopp.pl” Z W2 DWMEF]|TH 5, CIAOPP ERiEF—7— RE2AVWTHARICEREI N 2T -2 A TH
5, FARIZIFRD ARV RE2FEFTT 5,

% ../../../tools/makefig_ciaopp.pl jobname [options]

Z Z T, jobname i CIAO DANIZHWAZBEDEEUIZT S, options IdAY Y FOA T a v RTA—=XTH
D, MOAX YV FTHRTHILNTE S,

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

e ZE B 324 HOBITIE, RO 7 7 A MWBVERI D,

ciaopp_test_06_C_lda_us.pdf ciaopp_test_06_C_lda_us_rbeta.eps
ciaopp_test_06_C_lda_us_gbeta.eps ciaopp_test_06_C_lda_us_rho.eps
ciaopp_test_06_C_lda_us_ggq_plpl.eps ciaopp_test_06_C_lda_us_rphi.eps
ciaopp_test_06_C_lda_us_ggq_plp2.eps ciaopp_test_06_C_lda_us_rrq_plpl.eps
ciaopp_test_06_C_lda_us_ggq_p2p2.eps ciaopp_test_06_C_lda_us_rrq_plp2.eps
ciaopp_test_06_C_lda_us_ggq_slpl.eps ciaopp_test_06_C_lda_us_rrq_p2p2.eps
ciaopp_test_06_C_lda_us_ggq_slp2.eps ciaopp_test_06_C_lda_us_rrq_slipl.eps
ciaopp_test_06_C_lda_us_ggq_slsl.eps ciaopp_test_06_C_lda_us_rrq_slip2.eps
ciaopp_test_06_C_lda_us_ggq_sls2.eps ciaopp_test_06_C_lda_us_rrq_slsl.eps
ciaopp_test_06_C_lda_us_ggq_s2pl.eps ciaopp_test_06_C_lda_us_rrq_sls2.eps
ciaopp_test_06_C_lda_us_ggq_s2p2.eps ciaopp_test_06_C_lda_us_rrq_s2pl.eps
ciaopp_test_06_C_lda_us_ggq_s2s2.eps ciaopp_test_06_C_lda_us_rrq_s2p2.eps
ciaopp_test_06_C_lda_us_gphi.eps ciaopp_test_06_C_lda_us_rrq_s2s2.eps
ciaopp_test_06_C_lda_us_ldr.eps ciaopp_test_06_C_lda_us_vloc.eps
ciaopp_test_06_C_lda_us_ldr_std.eps

ZD>5b, “claopp-test_06_C_lda_us.pdf” IZTRTDIT T INELDLENT WS, 5 7.2HiD “test_06_C_lda_us_fig.pdf”
F Y DBHEITRND, , B Fourier Z#i7: &+ RBHMABIFRINT WS,

7.4 FRLEDEE

1. A7 Vay “f 2BETHIEBERAPT VI A —< Y MRS NEDTHERTHEH, ZOX T av
IR L WS —2 3 > @D Gnuplot iIZXf L TDAEMTH 5,

2. MDY —IVIF “outs” TANKD 2MERETFOIEET A VA TERICHEET S LS IziddahTnws, Hlo
B CF 5 121 “bools” 7 ANV A HNDEY L7-.pl 7 7 1 NV EFIWT path D%EZZEH L7 T iE 570,
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8 Ny iF—IBHRRUERTHEREMRFIE
8.1 7 ALY

CIAO OV — A7 7 1 IFEME N RAD “ciao.tar.gz” TRAtI NG, EET 5 HIEIFIROE 8.2 HiTHiMA
5, ET DL,

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

PENB, EBOT 7 AL, 7L AR, ‘ao (N—Y 3 VERA) LhoTWA, “COPYRIGHT”, “LI-
CENSE”, “LICENSE_J.pdf’, “README” |2 3 EE AR SN TV A0 TRTHEBLTEL 2 &, “bin”
WEAT T ST A “ciao” BIEMINBIGITTH 5, “win” 12133 231 VFEHA Windows FHFEFT 71 25 L “ciao.exe”
BRI N T WS, “doc” IZIE, ¥=aTIVHENP A>TW5, “examples” IZIZFHED ASFINED SN TWBED,
INSIEHL ETHTH TIMRGETH 2 Z LITHEESI Nz, “outs” IZMEEFKTH Y, EROFHEIZIDOT7 4
WVENTITD, “templates” (Z1k, A7 7AW EVERRT BTN DRI TV 7L — R A-T W3S, “tools”
2, FERERRTD72ODAT Y TR ASTWS, “tutorials” (Z1d, (@EDN—Ta VTHHLTWE) Fa—
N T OVHOHIREDS A > TWB, “src_ppconv” (21, KTV Y VDAN T 7 A NVEEWRT 720D T 0 s
LIFASTW5, LI “doc” WD =aT IV ESRDZ L,

8.2 FHITHAMEM

CIAO I%, V—RZAa—RNTRMHEINTEY, Fortran 90 IV N1 T =W HRX BV AT LATHEET LI LHNTE
5, EfiAIE. LTFOFIETERT 5, 2b. MOBMHGHET 1 77 VIdpBEE L,

T3 AFUL EfME 7 7 1) “clao_vxxx.tar.gz” (7272 L xxx (31N—Y a3 V&) 2T 5, HlZIEkO I~
Y REAIIE XD,

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

% tar xzf cilao_vxxx.tar.gz

WIZ, V=AT 7 A INVDAS727 AKX “src” iIZBH L. “make compiler” I~ REFETT S, ZI T, “com-
piler” IZFR 1L ICF DAV AL TONT A% F—T7— NTHEET 5,

% 11: make DF—"7— K

(F—U—F 30747

generic = L EPAEE

absoft Absoft Pro Fortran

intel Intel Fortran Compiler (ifc)
intel2 Intel Fortran Compiler (ifort)
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% 11: make ¥ —7U— N (§i )

| F—TU-—F[2¥117
gnu GNU Fortran Compiler (g95)
altix SGI LX3700 (efc)
hitachi Hitachi SR8000
win Intel Visual Fortran (ifort) for Windows
help Help A v ¥ —I % KR
- Help X v ¥ —Y % K2R

F—T7 = FZIBELLRWES, help A v —UNRRRIND,
AR, F—2 LT, “Absoft Pro Fortran” Zf5&E T 554,
% make absoft
&35, £7z, “Intel Fortran Compiler (ifort)” Z#8E T 254,

% make intel?2

95, FEYTEIVNAITNRVEES, “make generic” AT Z L 2RSS, TNTE I FL VLR VES,
“Makefile.Generic” FFD I VXA )VA T a VvEAIELWEDIZEESHZ TH S “make generic” % FEf79 5,

ZDOEDIZUTHEITT 74 “clao” DK END &, mBEIZFEITT 71V %E “bin” NIZBEIZHE 5 72DDIRD
IV Y F&FEITT 5,

% make install

ZNT, “ciao” A’ “bin” WIZHEEIT 5,

8.3 AvNRAINATYav

a2 81 )UiE, Fortran 90 DIEXEM /2 TV 4 S 2 F L7 UNIX VAT ATHNIEED VAT LATEHARETH
%, BZEDED, BIE, BEINTWBRAVNRASOERA TV a v TG A—RERT,

8.3.1 —fkpIaAVINAS

##### Generic compiler #####

F77 = £77
F77_0PTS =

Fo0 = £90
F90_0OPTS =

LINK = £90
L_OPTS

LIBS = -1U77

177V THYAEDEREEZL DT A

I, -lUTT I a~v Yy R4 U oDA Ty a D ANEZARIZTS S
IFT7 AN NTIRY) V7 INZVDOTIRE

1z
TSUVREDAUNNLFIZEMNBLTWRIETTHS, LrL, @l
Lzl nidze o,

8.3.2 Absoft Pro Fortran LINK = 90
L_OPTS = -8
###t## Absoft Pro Fortran it LIBS = -1u77
F77 = £77
Fr7_OPTS = -s -0 -N15 ~f 8.3.3 Intel Fortran Compiler (ifc)
F9O0 = £f90
FO90_0OPTS = -s -0 -N11 -YEXT_SFX=_ -YEXT_NAMES=L@8### Intel Fortran Compiler (ifc) ##uu#
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F77 = ifc

F77_0PTS = -0 -w90 -w95 -WO
Fo0 = ifc

F90_OPTS = -0 -w90 -w95 -WO
LINK = ifc

L_OPTS = -static

LIBS = -1PEPCF90

8.3.4 Intel Fortran Compiler (ifort)

##### Intel Fortran Compiler (ifort) ##H#i##
F77 = ifort
F77_0PTS = -0 -w90 -w95 -WO

F90 = ifort

F90_OPTS = -0 -w90 -w95 -WO
LINK = ifort

L_OPTS = -static

LIBS =

8.3.5 GNU Fortran Compiler (g95)

##t### GNU Fortran Compiler (g95) ##i###

Fr7 = g95
F77_0PTS = -0

Fo0 = g95
F90_0OPTS = -0

LINK = g95
L_OPTS

LIBS = -lstdc++

8.4 ZFEITHE

90

8.3.6 Hitachi SR8000

##### Hitachi SR8000 #####

F77 = £f77
F77_0OPTS = -0
F90 = £90
F90_0PTS = -0
LINK = £90
L_OPTS =

LIBS =

8.3.7 SGI LX3700 (efc)

##### SGI LX3700 (efc) ##t###

Fr7 = efc

F77_0PTS = -0 -w90 -w95 -WO
F90 = efc

F90_OPTS = -0 -w90 -w95 -WO
LINK = efc

L_OPTS =

LIBS = -1PEPCF90

8.3.8 Intel Visual Fortran (ifort)

##### Intel Visual Fortran (ifort) #####
Fr7 = ifort
F77_0PTS = /c /nowarn /nologo

F9o0 = ifort

F90_0PTS = /c /nowarn /nologo
LINK = link

L_OPTS = /nologo

LIBS =

CIAO ZFETT 5720121, “outs” D NDIEHET A NV XIIHEIL, IRENZHRRZ AT T 74V “input”™(7 7 1

VAT & L,

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

2947 T 5, CIAO DBA—Y 3 VT, fFE7 4L X1 outs” D 2 BB FIzH 5.
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