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oooooobooooooo
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0000000000000 00 WKRO wsfOOOODOOOODOOOOODOOOOODODOO

bobooboboool20gb0oboboobooboooobooboobooboooobooboOooon

00O0002010/01/18000000000000000COOO0OOOOOOUOOO(DODOOOOO
00 é0000|cosd|=1/4/200000000)0000000000000000000000
oooobobooogoooo

2-4 0 NKSBIN(N), FKSMIN(N), FKSMAX(N)

NKSBIN(N) 00 1-2000000000000
FKSMIN(N) 00 1-2000000000000 [/fm]
FKSMAX(N) 00 1-2000000000000 [/fm]

000 WKR O (FKSMAX(N)-FKSMIN(N))/NKSBIN(N) 00 000000000
000000000000 AkDOO0OOOO0

(1-2) 0000000000000 O0O000O0OOOOOO0O0ODOOOODOOOO
obobobooboooooboobooIbvsoboooooobooboDbo 1vbs O
gbboobuodgboboooobuoobobobobuooboobbobboooobb
0000000000000 0000000000000000 (ISBE=0)00
ggbboooobbouooobboooobboooobb obbboooobobo
ggogoobbbobbooooooobbboobbotbooooooobbobooboon
goon
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OO0000000000000000NKSBIN, FKSMIN, FKSMAX OODOODOO
0000000000000 00ODOo(UoUooooooooooOoOOoOoOoooo
0000000000000 0000000000OO000ooooOooOooon)

NKSBINODOOOOODOOODOOOODOOODDOOO000000000000000
000000000000000000000000000000 Q,, Q, 000
000000000000000000000000 By, 00 Ejpe 00000
00000O000(0)0-0000000000 #000000(0)0000000
00000000000 SO0000000000000000000000000
000000 000000000000

NVPS, NR12, DR12, LAMMIN, LAMMAX

NVPS OODO 1-20000000000000000O000OO

NR12 1-200000000000O0O0O0O0ODOO0O

NRI2=00O0O0O0OO0OO0DOO0ODOOOODOODOOObOOOODbOObLbOOoOD
gbobobouoogogn

DR12 000000 [fm]0DR12=0 000000 O0FKSMAX(N) 00000 FKSX
0O0O0O0DRI2=1/8x FKSX) 00 00000000000000000000
Norm™2 00 0000000000000

LAMMIN ODO0O0O0OODOOOOOOOOO

A0 PTP (221) 00 N0000000000OO0OOOOOOOOOOOO
obooobooobOoboobooooboobDobooDooooDoovis+Vy,s0nooon
OAx=0000000000 LAMMIN> 0OOOOOOOOOOO folded potential O OO
goooobooobooboobooooboooboo

LAMMAX O0000O0O0O0O0ODOO0ODOOODOO
g-ggggoooobobbbooooooooouoobbbbbuooooao
godoobbooooooobbobuoooobbboo-1o0oooo
guoodooooooooobooboon
0000000000000000000000000000000 LAMMAXOOOOOO
00000000000000000000000000000O000000OVNEXPOOOO
OO0 AR200000 NLOOOOOOOOOOO

(VPS(J,IN),J=1,6) OO 1-2000000000000000000000OOO
DDDDDDDDDDDDDDDDDD1§DDDDDDDDDNVPSDDDDDDD



gooboogogooobod

0000000000000 0000000O000O000 (DOoIooooooD)o
OO0 Ilogboobooboboboobbooboobooon

00000000000000000000 VPS(L,LN)DOOoOooooo

NOOOOooobooobo NOoobooboobooobobuooboooboo
(2-10)0000 IDVSOOODOOOoOoOOoOooooo

VPS(1,**) 000000000
0+000000000000000000
0+00000000000000000000000000000

ISBE=1000 VPS(1,**) 000000 0OD0O0OOOOOOO0O

VPS(2,**) 00000000
00 000 Woods-Saxon
OO0 000 Woods-Saxon D OO O0O0O0
OO0 000 00 Thomas 00 O0O0D0OO0O0O0O0O

VPS(3,%*) 000000000 V, [MeV]
VPS(4,%%) 000000000 Ry [f]
VPS(5,**) 0000000000 (diffuseness) a [fm]
VPS(6,**) 00000000000 Re [fm)]

gbooodgg

Woods-Saxon V(ir)=W/(1+E)

Woods-Saxon 00 0000 V(r)=4xVyx E/(1+ E)?

00 Thomas O V(r)=2xVyx (-3x E/(ax Ry x (1+ E)?)

O0DOE=exp{(r—Ry)/a} 00000000000 AY3D0O0000D0O0000O

0000000000000000000 V,00000000000000000
0000000000000000000000Thomas 000000000000
000000000000000000000/[70000-0000000000
0000000FR OO0KNTL(1)=0 0000000000000 0KNTL(1)=10
000000000000000000000000000000 ReO0O000O00
00000000000000000000000000000000000000
R 000000000000000000D000000000000 1.0°2 fm
000000000 ReDOODDDDD0D00001.02fm 00000000000
0000000000000000
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gooooggooood

00000 @Oo0oo0o0o0)-0000000ooooo

(VPL(J,I,N),J=1,6)
00 N(=000 0)0000000000000000000000000001
00000000000 000000000000 NOOOOOOOOOOOOO

00000000000 NOO O0O0O0O0O0VPL(Lx" OO (OODODO)oooOo
OOO00O00b0OOoobON=200 VPLOODODDODODOOODOOODOO

gbooooggd

VPL(L,**) 00000000000
0+0 00000
0+0000000000
000000000000000000000000000000000

VPL(2,**) OO0OO0OQOOOOOO
OO0 OO0 Woods-Saxon
OO0 000 Woods-Saxon OO0 O QO0O0O

VPL(3,%,*) 000000000 Vp [MeV]
VPL(4,%*,*) 000000000 Ry [fm)
VPL(5,**) 0000000000 (diffuseness) a [fm]
VPL(6,*,*) 00000000000 Re [fum]

0000000000000000000000000000000000000
00000000000 (V < 1.0x107° [MeV])) 000000

NRF, (DRF(M), RF(M), M=1, NRF)

000000000000000 rs00000000000r;=000 r3=RF(1)
00 DRF(1) 000000 r=RF(2) 00 DRF()000 ... 00000000
D000O0O000O0ONRFOOOO0O00000000000000000000O0
00000Y,,{(RF(M)-RF(M-1))/DRF(M)} <300 0000 rs 0000000 (O
000000000)00000000000000

00 (0)000000000000000000000000000000000
RF(1)/DRF(1) 0O (RF(NRF)—RF(NRF—1)/DRF(NRF) 0 0000000000
00000000000000000Q000000



HEN

(0)(NR12 x DR12) 0000000000000 O0OCO0O0OOOORFE(NRF) OO
gobboboobobbboouooooooobobbobobobboooooobbbobob
O0000000000000000 N,(N=1lor2)0000 my ODODOOOOOO
gbooooodgooobod

[{(my +ms)x NR12 x DR12}/ min(my, ms)] > RF(NRF)

OO0000000 NOOO Vs OOOoOoOoOooooOoOOONRI2Z< 00000
DoOOooodbooobodob NRI2ODOODOOODOOOONRIZ> 00O0ODOO
DoooogbbdbobobobobuooooboboobOobO0bdNRIZ>00
gooooooooon

JTMIN, JTMAX, JTINCO DR3

0 x(0000000)[p 000000000000
OO0O0JTMIN OOOJTINC 000 JTMAX OODOO0O0000000000000
000000000000000

Dooboboobobooboboobobobooboboobobooboo

JTMINOOOODOOODOOOOOoO0oOO0 —JTMIN—OODOOO0ODOO 2xJ00O
gooodg

DR3ODOOOOOOODOO0ODOOOOOO [fm]

000000000 NR3=NRF(NRF)/DR3 0000000000 OOOOOOO
gobobhbboooogooobbboobbboodooooooooobboobooon
OOo0b0OobOoboobooobdboepmf 000000 ODOOO0ODODOOOO
goooo

000000000000000000001-2p/p—1(14+1)/p*=000000
0000000000 00000DD00000 p0000O0ODOOOOODODO
000000D0/0000000000p,00000 RF(NR)x (00)00000O
000000 (000 lnpar = pmazy/1 — 20/pmez) 000 000000000000
000000000000 0000000000000HCTK46 000 Cnum 00
0000000000000 000000000000000000000000
Oooooog

1.3 UUogoooboooooon

PTPpp43 Table I (b) 00D ODODOOO®BNIODD OO0 MeVOOOODOOOO
DDDDDDDDDDDDDDDDDDDQESDDDDDDDDDDDDD



hetak DO DO OODOO0OOODOOOOOOODOODOODOOODOODODOOODOODO
gboooogn

2 4 6 8 10
0401000030 (p+n)+58Ni, Ed=56 MeV
ooooboboooooooon
---- system 1-2 --—-- OO00oO00oOoDoOobooo
2 2 1 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: Gnd, 3S1 state
0 2.22 /NODS, ISBE, BES: depth adjust
0.0 1. /NKSBIN FKSMIN FKSMAX
2 2 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: Gnd, 3D1 state
0.0 1. /NKSBIN FKSMIN FKSMAX
2 4 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: Gnd, 3D2 state
0.0 1. /NKSBIN FKSMIN FKSMAX
2 6 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: Gnd, 3D3 state
0.0 1.0 /NKSBIN FKSMIN FKSMAX
OooooD 2-1 00 224 00000000D0O0OO0O0O 2-3 00000
100.106 /NVPS, NR12, DR12, Lammin, Lammax
OOooopoboooog
-2 1 -27.8655 2.4 0.65 2.4/VPS(1-6)
---- sys. 1 or 2-3 Watson, (??) pot. ———-
Oooobooooog
11-48.76 4.53 0.75 5.03 /VPL(*,%*,1)
21 -3.460 5.11 0.5341 0.0 /VPL(*,*,1)
-2 2 -5.214 5.11 0.5341 0.0 /VPL(*,*,1)
OO0o00oD 13 0bob0oboooobouoboboooboo
O00oo0obO0 20000000 2-3 00000000
11 -46.51 4.53 0.75 0.0 /VPL(*,%*,1)
21 -4.60 4.88 0.58 0.0 /VPL(*,%,1)
2 2 -5.586 4.88 0.58 0.0 /VPL(x,%*,1)
0 /potential 2-3 terminator
O0o00obD 2-3 000000000000000
O00000D0O00O0O ODO0O0OO0OD00OD phase OOOOODO
OO0 0 000000 oobob 2000000000000
1 0.530.0 1.0 50.0 2.0 100.0 10.0 1000/NRF, (DRF(i),RF(i),i=1,NRF)
0 100 2 0.05D0/ JTmin, JTmax, JTinc, DR3
OO000DbDO0O0O0o0ooOooooDo
OO00 NRF=1 ODODOOO O.0 OO 1;] OOobooboooooog

SN BN NP OO
O O O O O O



gboobodg.gobbobtoogoboobuoogooboboooooboo

O00O0O0O0OOKTL 0000000000000 00O000D0000O00oooo
Oo000000bOOO00oDOoO00oDOoOoooOoobbooooDooo
KKK KKK KKK KKK KK KK KK KK KKK KKK KK KoK KoK K

C KNTL(1): =0 for LS: =1 for jj coupling

C KNTL(2): number of indep. spin states NLSJ

C KNTL(3): Coulomb ex. and vacuum pol.

C KNTL(4): sysl1-2 wave functions

C KNTL(5): V1-3 and V2-3 potential

C KNTL(6): sysl-2 matrix elements

C KNTL(7): coupling matrix elements

C KNTL(8)

C KNTL(9): S matrix output:=1, print, =2 file

C KNTL(10):

381,3D,,.,300000000000000000ODO (NLSJ=4)O
00000 0,1]m'00000000000000O00O00OOOO(1-2) 0000
gbooboooon
NR12=0000000000000DO00O0O hetadk OOOOODOOOODO
VPLOOOOOOODODDODODODODOODOD (DODDOOOOO0O0o0)ooooooood
OOobooboooobooboo ceUObODbOOOODOODODODOODODO
O00 hetak OO0DOOO0O0ODOO0ODOOODODOOODOOOODOODOOODOODDO
gbboboooobbbouooobbboooon

date=2008/ 4/10/13:12:30
hctak program version 2008/04/05 by Y. Aoki
OD0D00D0 hetak 0000000 Odate=s JO0O0O0000O0ODDOOOOOOOOOO
0000 hetak JOOOODOOOOO

2 4 6 8 10 title
040110003060 (p+tn)+58Ni, Ed=56 MeV
sys Ename Z A J pi M[u]

1 H 1 1 1/2 + 1.0073
2 N 0 1 1/2 + 1.0087
3 NI 28 58 0 + 57.9200

Elab((1+2)-3)= 56.0000 MeV
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UO00D0O0Ouwmtab U0 ODOOO0O0OO0ODOOOO0O0OODOOOO0OOOOOODOOO
oo @oboooooooboobooboboooooooooooDn

xxx%% system 1-2 in LS couplingxxkkx

Ch LS 25 2J Nbnd Nkbin K(min) K(max) Pid
1 0 2 2 1 4 0.0000 1.0000 1
2 2 2 2 0 4 0.0000 1.0000 1
3 2 2 4 O 4 0.0000 1.0000 1
4 2 2 6 O 4 0.0000 1.0000 1

bound state(s)
Ch Node BE isBE?
1 0 2.2200 O
do0dododbooboobooboobobobrPid U000 ob g 1IDVs [

System 1-2: potential parameters
I1=1(2) fixed (floating) part I2=1(2) volume (surface) type

Pid I1 I2 V [MeV] R[fm] al[fm] RC [fm]
1 2 1 -27.86550 2.40000 0.65000 2.40000

(1-2) JOooooboobooboobooobon

System 1/2-3 optical potential parameters
I1=1(2): real (imag.) part. I2=1(2) volume (surface) type

sys I1 I2 V[MeV]l  R[fm] a[fm] RC [fm]

1-3 1 1 -48.7600 4.53000 0.75000 5.03000
1-3 2 1 -3.4600 5.11000 0.53410 0.00000
1-3 2 2 -5.2140 5.11000 0.53410 0.00000
2-3 1 1 -46.5100 4.53000 0.75000 0.00000
2-3 2 1 -4.6000 4.88000 0.58000 0.00000
2-3 2 2 -5.5860 4.88000 0.58000 0.00000

((1+2)-3) JOoooooooooobooboboooo

NR12= 600 DR12= 0.1000 fm. Lambda= 0 to 6
19



R3=0 to 30.00 fm (DR3= 0.05000 fm)*( 600 steps)
2xJtot= 0 to 100 step 2

O00000000000000DO00D00OD0D0O0O phase (HCTK10) ODOODO
HCTKMS: N12= 17, NFF= 470 Lammax= 4

HCTKMS DO DO 000D 0ODO0OO0OO0O0OO0oOOoooboboooooooad
OOooobobobooo@-2) Jogoooboobooooooooobobooo
gbobobuooggbbbuooobobboooobbobuoooobobbooooobooo

OODODOHCTK20 U0 D0O0O0O0OOdate=s DOOUOOOOODOOHCTKIO OODO
gboboboooobbooooobobon

date=2008/ 4/10/13:12:30

*xxxx HCTK20 entered **kk*

System 1-2 ch. ID= 1
potential parameters
I1 I2 V[MeV]l  R[fm] a[fm]
2 1 -27.8655 2.4000 0.6500

WSBND: ISBE= O
Loop LS NS NN Vfac BE(MeV) FI
0 0O O 0 1.00000 2.22000 -2.07145E-02
1 0 O 0 0.97929 2.22000 -6.37518E-04
2 0O O 0 0.97866 2.22000 -5.54605E-07

<r>=  3.7679E+00 sqrt(<r*r>)=  4.4237E+00 fm

oooob (1-2) Jogbooboobooboobobbobbooboooboobon
gbbodgbbogdgbIsee=0 DOUOLOUOODLDOOLODOOOODLOOO0bLbOOn
H

OOO0OvPsS(1,x,x)=$\pm 26 DO ODO0ODO Vfac DOOD0OOOOOOOODOODOODO
O

gbobobuoooobbbuooobbbuooooboood

FI JOODOOOOO0OOooOooOob0obooooooooobooboobooono @moHo
20



Ch

N e

ID NK
2 50
3 50
4 50
5 50

k_range

0.0000E+00
2.5000E-01
5.0000E-01
7.5000E-01

2.5000E-01
5.0000E-01
7.5000E-01
1.0000E+00

delta_k
2.5000E-01
2.5000E-01
2.5000E-01
2.5000E-01

Norm**2
9.2195E-01
9.5390E-01
9.5298E-01
9.5460E-01

OO0000bOdss1 0000 (ch=1) DOOO0OOOODOODODOOOOOODOODOD
0

OOoooboboooboonD (phd 200 sdboOob0obOoboooooooboboo
Ooboobobooobooboo K ooooobooboooooooboooboboooo
gboboboooobbobuooobobobooogbbobuoooobbbuooooboo
ooboobooboobobooooooobobooooooobobobono 0o cango
0

OoooobOooooooooboooobooOsr {12 DOO0DOOOOODOODOOOO
0

gbooooog

31 JOOUg3ps yggooouogoobooooodn

OO00@-2) Doboboobooooboobobooboooooobooo
deltalrad] OODOODODO (phase shift) DOOO

quantum numbers of system 1-2

ID E[MeV] k[/fm] Eta N L 2%S 2%J delta[rad]
1 -2.22000 -0.23131 0.00000 O O 2 2 0.00000

2 0.86445 0.14434 0.00000 - 0O 2 2 2.42050

3 6.05115 0.38188 0.00000 - 0O 2 2 1.53127
sokokokororokoskskokok [ [ [ [ [ [ [0 skokokokskokokokokoskskok ok sk ok sk sk sk ok okokok sk sk ok

16 16.42456 0.62915 0.00000 - 2 2 6 0.12693
17 31.98466 0.87797 0.00000 - 2 2 6 0.28568

KNTL(4)=1 DO0OO0O0000oOoooob0obooooooboooobobooobooogo
$R_{1\,jr(@=u_{1\,j}(x)/r$ OOODODO%u_{1\,j3(x»$ OO0ODOOODODOO

system 1-2 wave functions
21



r [fm] Id= 1 Id= 2 Id= 3 Id= 4 Id= 5
0.1 3.50505E-02 1.00194E-02 2.20862E-02 3.06043E-02 3.97842E-02
0.2 6.98961E-02 1.99719E-02 4.39980E-02 6.08902E-02 7.90050E-02
0.3 1.04335E-01 2.97917E-02 6.55636E-02 9.05442E-02 1.17109E-01

ook ok ok ok ok ok OO00O000  skkkskkksk
59.9 2.18451E-03 -3.09659E-02
60.0 -9.63838E-04 -2.74338E-02

gbboboodd 1p=16,17 UODLODOOOOO0ODODOOO

oboooob(@e.1) dbogboobooboobooboboboobooobooooboo
gbbbuoodd voooooobbbuooobobbbod vbooooboboboo
obooobooboooboobon0 («» bboobuoobuoobooobooboo

overlap int <u(N) |u(*)>
1 1.000000E+00
2 -1.389241E-07 9.219520E-01
3 -1.092223E-07 2.544743E-02 9.538956E-01
ok ok ok ok ok k OO0O0OOO skkkkkksk

2.305679E-02  9.567464E-01

Ooboobv@-3),v(2-3) D0000o0o0o0obooooooobooobooon
OO0 brROOOO0ODOODOOO0O0ODODODOO0O0O0DODO0O0O0 Rmax OOU
gbbobuoogobbbuoodobbbbooodooobbboooobbbooon
gboboboooobbobodgbodod DR, Rmax OO OO

goboboooobobboogoboboboooobbbuoobobobooooboo
HCTK20 DU UOU0ODODOOOOEs=2.31x6 UL DOLOUOOOOLODODOOO0OOODOO0O
gooboooon

VDCAL: potential parameters
I1=1(2) real(imag.) I2=1(2) volume(surface) pot.
sys I1 1I2 VvV RR AA DR Rmax

1-3 1 1 -48.7600 4.5300 0.7500 0.1875 14.8125
1-3 2 1 -3.4600 5.1100 0.5341 0.1335 12.4178
1-3 2 2 -5.2140 5.1100 0.5341 0.1335 12.4178
2-3 1 1 -46.5100 4.5300 0.7500 0.1875 14.8125
2-3 2 1 -4.6000 4.8800 0.5800 0.1450 12.9050
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2-3 2 2 -5.5860 4.8800 0.5800 0.1450 12.9050

KNTL(5)=1 DO0OO00O0000DOO0DO0O0O00ooooDonDn
OOob0oboobob or O0OOO0ODOODOOOOD (fm) ODODOO

V(1-3) table DR(R/I)= 0.1875 0.1335 fm
Real [MeV] (der) *DR Imag[MeV] (der) *DR

-4 .86442E+01 2.88934E-02 -3.46122E+00 -3.04190E-04
-4.86113E+01 3.70499E-02 -3.46156E+00 -3.90553E-04
-4 .85693E+01 4.74907E-02 -3.46201E+00 -5.01424E-04
-4.85154E+01 6.08440E-02 -3.46258E+00 -6.43749E-04

ook ok ok ok ok ok OOO0O0O0O  skskskskoksk

90 0.00000E+00 0.00000E+00 -2.05542E-05 5.13853E-06

w N —» O

IZ(1)= 1 IZ(2)= 0 IZ(3)= 28
Rcoul(1)= 5.03 Rcoul(2)= 0.00 Rcoul((1+2)-3)= 0.00 [fm]

gooboooobbboooobbbdog HCTK20 DOOOODOOOO
gboboboooobobooooonboon

OOODOKNTL(6)=1 DUOOOHCTK20 DD UOO0ODOOD0ODOOOOObOOo0nDon
gbbbuoooobbbuooobbbuoooobood

HCTK20:matrix reference
N1 N2 ID Lammin max FFID

1 1 1 0 0 1
2 1 2 0 0 3
2 2 3 0 0 5
3 1 4 0 0 7
3 2 5 0 0 9
3 3 6 0 0 11
4 1 7 0 0 13
sk ok ok ok ok >k k OO00O0O0O  skkkkkkk
17 15 151 0 4 453
17 16 152 0 4 459
17 17 153 0 4 465
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gboboboggoboobuobbuoogoboboboooobobbuooooobog pre O
(2.22¢) 0 c U ¢ D0OO0OO0OODOODODOOOOOODOODODODOOO
oboooboooooboo aooboobooboobobobobobooboobooo
gbogobuogbboobobuodoboboobboobbogboobbooban
obobbooboobooboob 151 000000b000b0o0b0dl FFTAB
O0043 D0O0ODO48 DOODODODODOODOO ODODOOANDDOO o0, 2, 40000
gbodbbboooobbbuoooobbboooobbbuooaob

OOODOOFFID OODOOOODO (NFEHYODOODOOOODOOODOOOOOOODOOOD
FFID DO00OOO (bO)oobobobooooooboboboboooooooo
0

OR3fm] DOOODOODOODOO MeVv OOODOODOODO (2.22¢) ODOODOO

Oobooboboooooobooboboooog rIDODODOO

potential matrix elements

# 1 2 3 4 5
0.000 -8.83118E+01 -8.55543E+00 -1.12010E+01 2.19745E-03 -1.10411E+01
0.500 -8.79378E+01 -8.58541E+00 -1.11988E+01 -1.30267E-02 -1.10839E+01
1.000 -8.67639E+01 -8.68112E+00 -1.11739E+01 -6.08441E-02 -1.12025E+01
1.500 -8.46355E+01 -8.85980E+00 -1.10719E+01 -1.47629E-01 -1.13684E+01

ook ok ok ok ok ok OOO0O0O0  skkkskkoksk
29.000 -9.50083E-04 -2.08201E-02 -4.57483E-03 -3.52316E-02 -7.52807E-03
29.500 -8.98593E-04 -1.96032E-02 -4.33074E-03 -3.32307E-02 -7.14172E-03
30.000 -8.50428E-04 -1.81369E-02 -4.10473E-03 -3.08109E-02 -6.79366E-03

OUOO0O0OO0OHCTK4AO DO UOOUOOUOOUOOUOOO
date=2008/ 4/10/13:12:31
*xkx*x HCTK4AO entered s**xkxk
allocated memories

NCC KCC NZS NRFF ICW NUV NU IFCC sum
75 42 17 60 1080 14112 17640 220332 253803

gbboboooobbobuooobbbooooboboooobbobuooooboodad
Ooooooooboobo@oob ve)0oooo

O00000000o0o0o0000oo (neo)bOOO0OO0OoooO0o0oooooO000keM O
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((1+2)-3) J000O0 eta DOODOOO0OODOOOO2¢Lem DOOOODOOO (2.14b) O

OJ 0000 @xJ+2xLem)/2 DO 00O ((1+2)-3) D000 D0DO0O0OOOOOODOOO

(1-2) DOO0O0O0D0O0O e+ 0000000000 N12=17 JOONCC=75 OO0
0o

coupled channles base
ID Ecm[MeV] KCM[/fm] eta 2%Lcm L 2%S 21 k(1-2) [/fm]
1 54.118596 2.245346 0.836405 -2 0 2 2 -0.231305
2 51.034146 2.180422 0.861310 -2 0 2 2 0.144338
sk ok ok sk ok 5k 000000  skkkskxkksk

75 19.913934 1.362036 1.378832 6 2 2 6 0.877971

gboboboooobbbooogbbbioooobbibdd Wronskian=1 OO OO
gbbbuooggbbbuooobbbuoooobbobduod vuoooobobo

Coul. wf: Rmatch= 29.900 fm Lmax= 53

rho Eta L Wronsk.-1
6.714E+01 8.364E-01 51 8.3267E-16
6.519E+01 8.613E-01 46 5.5511E-16
6.179E+01 9.087E-01 44 8.8818E-16
5.435E+01 1.033E+00 47 7.7716E-16
4 .072E+01 1.379E+00 52  2.4425E-15

gboboboooobobobooooboboboooosngoobbbooooooboon
gbobs gubobooodgo

*xxxx  CC stage entered *¥xxx
date=2008/ 4/10/13:12:31
2xJtot= 0 NSO= 1

OO0 KNTL(7)=1 ODO0O0OOOO PTP (2.222) UDOOOOOOOOOOOOODODOOO

gboobobuodgbbodbboouodabbooboobbooboboobbooboon
Obdb00O0der DOOOLOOOO/00000O0ODOODOODOODOODOOD

Jn=0- O0O0O00 (KeC) OO0 DO 13x14/2=91 00 0O0O0OO0OOOOOOO0O0O0DOO
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gbobobooodb Jndgobobboogobobobuoooobobobooooboon
gbbbuoogoobbbuogbobbooodobbboooobbbuoooobobod

#HCTK44: MC=
# R(fm)
0.000
0.500
1.000
1.500

sk okok koK
29.000
29.500
30.000

-1.
-1.
-1.

1

Re (FCC)

.30407E+02 -8
.30072E+02 -8
.29017E+02 -8
.27087E+02 -8

ooooon

85360E+01 -2.
85589E+01 -2.
85808E+01 -2.

Im(FCC)

.55543E+00
.58541E+00
.68112E+00
.85980E+00

skoksk ok ok ok ok
71272E-03
56864E-03
43567E-03

der (Re (FCC))
3.77462E-01
-2.88289E-01
7.75695E-01
.86476E-01

.36100E-04
6.21591E-04
.12601E-04

gboboboooobbbuooobboboooon

0
IDCC
-1

-1
11
11

0.033483746
-0.021730405
-0.010490133
-0.063195524

13 1.276E+01
12 13 14
1.75645E-02

0.024728283

/JT2 Jpar KCC Cnum

15 24

/Jpar Inc. ch,
-0.079716250 -0.033890546 -0.024228435 -0.
0.031431951 -0.019969057 -0.
0.024146483 -0.021782158 -0.
0.022858574 -0.018979349 -0.

256 26 27
| S| **2
075393079
088014100
018734630

021389965

der (Im(FCC))
.23324E-02
.62235E-02
.25614E-02
.78553E-02

.06374E-05
.82143E-06
.40776E-06

72 73 74 75

-0.057958807 -0.087850959
0.011177956 -0.018748800
0.029991916 0.034085719

0.036710603 -0.028651282

JT20 JOOOOJpar 00O OO0O0OOOOONSO*DR3 OO0 Rmatch 00O O OO0
OooSobogboooKCcCooboooooooooCnumd SOOOO0OOOOODO
0000000 (@Eo)oIbcCooOd 00 (KCC)OOO0O0OOcoupled channels base O
Oobobooobooboobooboobooooooboobo ebeccoboobooogo

gooo

0000 Jpar,Inc. h 00000000000 O0000000000000—S**2
000000000000000000000000J=00000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000 (KCC)OO
SOO000(000)0000000000break up channel 0 SOO00 A kOOOOD
00000 (2190) 00000000000 —S—*2 000000000000

00000J=1,2,.5000000000

hetakout 00000 SO0000000g00000S000000 hetksmat 0 0



gbooooggd

O0000000000000000 PC(Pentium 4,3.2GHz) 000000000000
gbobobuoooobbbooooboboooobb oy

cache miss 0 pagefaut DO DO ODO0ODOO0O0OOOOOODOODOOOOO

HCTKI0 OOOOODOOoooooooog
HCTK20 DOONRI2O000O00O0OOODOOOOOODOOOOOO0OOOOOOOO
opooooooobo RsODOO0ODLO meUODDOOODLDOODOODOD NR12O
Obooboooboooboooboobo N120b000buoobobobobboobooobo
00000000000 C0OC0OCOO0OO0O0O0O0O0OOKNTL(O)O —10DOoOoODDODOOOOO
obobobooboobod
HCTK40 OOOOOOOOOOOODOOOOOOOoOOOoooooooooDoOoOO (Kee) O
Ooo0o00O0C0OODOO0ODOOOC0C00O0OO0O0 NR3OD ODOoOoooooo (JTMAX-
JTMIN) 000000000000 O0O00OO

00000 (p+22Mg)+12C 000000000000 hetak OODOOOOO

2 4 6 8 10 | title begins
1910000010 (p+22Mg)+12C, E=1840 MeV

system 1-2
2 5 5 1 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: Gnd, d5/2 state
0 0 0.125 /NODS, ISBE, BES: depth adjust
10 0.0 2.5 /NKSBIN FKSMIN FKSMAX
2 3 3 0 1 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: d3/2 state
0.33554 5.0E-3 /fkr wkr
4 0.0 1.0 /NKSBIN FKSMIN FKSMAX
0 1 1 0 1 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: s1/2 state
0.1362027 2E-5  /FKR WKR
1 0.0 0.25 /NKSBIN FKSMIN FKSMAX
1 3 3 0 0O 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: p3/2 state
1 0.0 0.25 /NKSBIN FKSMIN FKSMAX
1 1 1 0 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: pl/2 state
1 0.0 0.25 /NKSBIN FKSMIN FKSMAX
3 7 7 0 O 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: f7/2 state
1 0.0 0.25 /NKSBIN FKSMIN FKSMAX
3 5 5 0 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: f5/2 state
1 0

.0 0.25 /NKSBIN FKSMIN FK§MAX



9 9 0 0 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: g9/2 state
0.0 0.25 /NKSBIN FKSMIN FKSMAX
7 7 0 O 1 /LSTAB, ISTAB, JSTAB, NBND, Nres IDVS: g7/2 state
0.0 0.25 /NKSBIN FKSMIN FKSMAX
1600 0.1 0 10 /NVPS, NR12, DR12, Lammin, Lammax

13 -7.5 3.505 0.65 /VSP(1-6)

-2 1 -46.804 3.505 0.65 3.505/VPS(1-6)

sys. 1-3 Watson pot.

11 -36.798 2.46 0.57 2.46 /VPL(*,%*,1)

L L )

21 -1.697 2.46 0.50 JVPL(*,%,1)
-2 2 -5.172 2.46 0.50 /VPL(*,%*,1)
11-120.0 3.62 0.84 6.62 /real WS VR a
21 -34.02 4.89 0.69 /VPL(*,%*,1)

0 /potential 2-3 terminator
4 0.530.0 1.0 40.0 2.0 50.0 10.0 800/NRF, (DRF(i),RF(i),i=1,NRF)
201 201 2 0.01DO/ JTmin, JTmax, JTinc, DR3

NR1200000O0O0OO00OO0O0O0OO0DOOOLOOOO0bOObDObDObDOO0ODbObDObDOn
gbbogogobuogbobuobbuoouoobboobboobobooboboobon
00 PTP (2.22¢) 00 NR120000000000O0OO0OO0O0O0O0DOOOODODOOOO
Lammax 000000000000 OO0OOO0ODOO0ODOOODOO
OO0OOONRFOOODODOOOOODOO

DoOobDo0boooboobDd JTmin=JTmax OO0O0O0OO0DOOO0OOOOOOOO
OobooboboboobooboobooogJrMINODOOODOOoDbOoooooooboooo
gbooboooobboogobobgad

14 hetak 0O OOQOQOQOQ

000000000000000000000000000000000000000
000000 (20000 (ADODD0D0O00 w000000000000 (EM)O0
00000 (IS)000000 (JP)000000000000000000000000
hetak 00 000000000000000000O00O0O0O0O0O0O0O000000 (0O
00000000000000)0

000000000000000000000000000000000000000
000000 (142) 0000000000000000000000000000000
0000000000000000000000CDCCO00000000000000
CDCCO0O0000000000000 (142)000000000000000000

28



gboboodbbogbooobbuogbobuooobooobobuobobboobboon
000000 (1-2)00000D0D0o0000DODO0O0O0O0C0OO0O0ObOOOOOoOOoo
000000000 (Doo0)0 r000000O0OD0OO0OO0OO00ODO0DO0DODOODODODDOOO
gbobbodboobbuooboobobuoobbobuoobbooboobbooboon
gobobobouoobobobobobobboboboboboobobobobo
0000000000000 000O00000 (BES)OOODOOODOoOOOoOOoOoOoOooo
gbogbodboobbooboobobuoobbbuoobbooboobbodoboon
000 (00)00o00000 (NODS)oooooOopoooooooooooooooo
Oobooooobooob0 NODOOOODOOo!DobooboO nO n=N-100ODO
oboooboobobobuobobdn=N-200000000000D0O0ODOODO
gboogobuogbbbobooobuoobbuoobobooooboobbooboon
O00Ohetak 00 0000000000000 0O0 nOO0OO0ODOOOODA(r)0OOO
0000000000000 00000000000000(1-2) 0000000 (WF)
gbobobooodgobbod
gboogobodboobobodgboboobuobooboobbogboonobooon
(00)ODDODOODDODOO0DOO0O0O00000O00000O000000D0D0oooOoooooo
gboogobodboooboobbouoobbooboobbooboobooboon
gbbooobbogobbbogbbooon q?)(l%)DDDDDDDDDDDDDDD
O000000000000000 (0)0 (FKSMIN, FKSMAX) OOOOOOoOooooo
000000000000 (NKSBIN)ODODOOOO

0000000000000 00000 r00000000000O (LSTAB)OODOOO
0000000000000 IS(0)0IS(0)00000000000000 (142) 00
00 (JSTAB)OODOOOOOOODOOO0OO0OO0OO0DO LS (Russel-Saunders) OO0 j-j O
gbobboooboboboooobbooodgn
LSO0oOo0oooo0obo0b0o0ooO0oooooo0oobO0obD sgbooboo sogo
oboboooboooboobuooboobob 1ooodg

S1+SQZS, l+S=1 (11)

000000000000 SO00000000 (ISTAB)0000000O0000O0Ooo
000000000000000000000000000000000000

000 00000000000 s(IS(1)) 0000000 (LSTAB) 000000 j
(ISTAB) 00 0000000j00000000 (IS2)00000000000000
I(JSTAB)OODOO

1+S1:j, j+S2:I (12)

DDDDDDIDDDDD”D”DDDDD%EDDDDDDDDDDDDD googn



gboboggbogoboobbuogudgbbogbbodbbooboooboboboon
gbooooogbod

gbobogoboogobogobuogboobboobboo 1-:2000b0o0oobooon
gboogobbboooobuoobboobooboboobbobuoobbooboon
000000000000 000 (VPS)UOOOODODODODOODODODDODDODOOODOO OO
O00000b0o00OoboboboobDoboo0obOboOooOobDDboOnD Woods-Saxon O OO
OOobodbooooobooboooooobboobobbobobo0obDO OO0 Thomas OO
0000000000000 00D000O0000O0ODOoOOOO (VI2)oooooooo
00000000 CCOO0O0O0OD0ODODODOOOOO0OO0O0O00OUOOoOOODODDO (NR12)OO
00 (DR12)00000OODOOOOO
O000000000D0O00000oooo(l-2)0000oooo0o0oooooooO
goobgbboobobobobobobuoboboooboboboboobobobo
gboogobbbuoogbbobuooubbbuooobbbooobbobuoooboboboo
gbogboobuogbbodoboobobboobobobooobuoobbooboon
OO00o0b0obO0oO0ooobooboOobooIsBEODDOOO

(1-2) 0000000 I0O0O 100000000 (NLS))Ooooooooooooo
gbogobuodgbbobuoobbooboobbbboobooboobbooboon
oboobdboobobbobobobooobobobobobobobobobobo
0000000000000 000000000NVPS) O (000)00oooooooo
gobodbogoboobbuoobbodobobbodobboobboobooobn
000000000000 (IbVS) 000000000 ooooooooooooooo
00000000000000000000000O((1-2)00000000000 ngSD 0
000000 000000000000 000 WFCALODOOODODOODODOOD
OO0 WSBNDOOOOODO wSSCTUODODUODOOOOOoOobooooooobooogo
000000000000 DO0DO0DO0DO0Db0Db0ObO0Ob00 WSRESOODOODOOD
goobooo

OO000000ob0obOoboooo0ob0obOoooooobooepbccoooooon
O00000(0+2)0000000000000000000OO0D0O0D0DO0OOOOOOOO
gobobboooooboboboo gbbobboooobobboooooboboboooon
DO00ooboog is, Vos OO0 O00O0OOODODOOOOO0ODO0OOODLDOODbDODO
googobogbogobooboobboboobbooboobboobooon
gboogbobobodgboobobouoobbooboobbooboobbooboon
gboboooodn

gboobooogobooobogobbodgbbobogobooobboobboon

gbbodbouooobodobouooboobboobbuooobooobboon
30



0000000000000000000000000000000000000000
00000000000000000000000 r rs=r—-r30rs=r,—130000
00000000000000000rr=r;—rs 0 R=(mi1;+mars)/(mq+ms)—r3
0000000000000000000000

Vis(ris) = > _{47/2A+ 1)} 0¥(r, R) (a(E) - Ya(R)) (1.3)

A

00000000000000Y,(f)000000000000000000000Y,(R)
0000000000000 (142)000000000000000000000000
0 A000000000 (LAMMIN, LAMMAX) 00000O0000OR, r00000
000000000000 VNEXP, VCEXPOOOOOOOOOOOOO0O0O0O0O000OO
hetak 00 0000000000000 0000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000
0000000000000000 (1-2) 0000000000000000000
0000000000000 4(r)v(r, Rlas.(r)0 r000000000000000
(FFTAB) 00000000000 (1-2)000000000000000000000
000 ROAODODOOOOOO0O0O000000000O0O0O0O0O0OOOOOOOOOOO
0oo
000000000000000000000000000000000000000
0000000000000000(NLS)) 000000000000 (NBND)OODOO
D00 (NKSBIN) 0OOOO0000000000000(MO000000)0 (N12)00
0000000000000D000000 (N12%N12+1)/2) 000000000000
00000 A0D00O00000ADOOOODO0O0O0O0OOO000000000000
00 (LSTAB) 000000000000000000000000O0O0O0O0O0OO0O0
00 ROODODODOO0O00OO0ODOO0000 ROOODOOOOOOOO0O0000O0000
000000000000000000000000000000000O0O0O0OOOO
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000 (FCC)0000000000000000000000000000
OOROOOOOO (NRF)OODOOO0OO0O0O0OO0OO0OODOO0O00000 (DRF)OO0OOO
0000000000000000000000000000000000000000
00000000000 O0O0O0KNTL(O)000000000000000000000
0000000000000000000000000000000000000000
0000 (RFTAB) 000000000 O00000O00000O00000O0 (W3SP)

gbooooogn 11



ROODOOOO0O0O0O0OO0O00O0000000000000000000ROO00O0
00000000000000000000000000000000000RFTAB(3)-
RFTAB(2)=RFTAB(2)-RFTAB(1)=RFTAB(1)-RFTAB(0) 0 O

000000000 0hetak D000 (HCTK10)0OOOOOO0OO000O(HCTK20)
0 (1-2)0000000000000PTPO (222) 000000 (FFTAB)OOOOO
0000(222)00000000000000000000000000 (LAMNX) O
00000 (IPFF) 0000000

000000 (HCTK40) DOOOODOOOPTP (2.18) 000000 S OO (SMAT)
Oo0oodoo

OO000Db00O000O00OOoDOOobOobooo
(0)0D0O0O000DOOOO0000D0O0OO0DOooOOoUOOoOooooOoon ((J12)/2) 00
0000 (JPAR)DOODODOOOODOoOoooo

(0) (JT2,JPAR) 00000000 OODO PTP (217) 0000
(0)ODODODODODO0O0OO0OO0 PTP(216) 000000000

(0)SooOoOoooOoO

0000000000 Ooogon

(0)oooo

(1-2) 0000000000000 000000DDO0O0O00000O0OODO(NI2) OO0
0000000000 (JSTAB)OOOOOODOOODOOOOOO (boo)oooooo
O000o0oo0o00o0ooo0o0 (Lee)ooooooooooooo((Lece)oooooo
00 O(JSTAB) -(JT2)O0 /2 00 {(JSTAB)+(JT2)}/200000000HCTK20 00O
O000OO0OO0OO0OO0HCTK40 00O 2x (JSTAB)+1 O ODOOOOOOOOO0OOOO(N12)
0000000000000 0000U0DOO0OOOUOO (NC)ooooooooooo
O0000HCTK20 000 quantum numbers of system 1-20 HCTK40 0O O O coupled
channels base 00000000000 DOOOOOOOO
(NCC)DOODUOOoOOU0oOoOO0o0ooO0O0o0DU0oOooO0oooooUooooO (JPAR)
0000000000000 000000 (KCec)o (Nece)oooooooo((Kee) o
00000000 (NCC)ODDUOOOoouooooooouooooon allocate 00O
0ad

00000000000000000000000000000000(FKCM) 00
0000000(L3CM) 000000000000 (JT2)00000000IDCWF) O
000000000000000000@IDSWF) O (1-2)0000000000000
0oo

32



0000000000000 000000000oOooooOO pTP217) 00000
00000000000000000000 PTP(2.22b) 000000 PTP(2.22¢) 00O
olxfdboboboboobobobobobobooboboboboDobDobooobooo
O0000000000000000000(1-2)0000000000000000(1+2)
0000000000000 0000o0oOoO0O0(1-2)0ooo0ooDoooooooOoOO
O000000D0000O00O0O(ZCS) ODoooooooouooooo(N12)0D0ooooo
00000 (NLSJ))OOoOoOoOoOooOoooOooOooOooODOOoOODOOOODOOO((Zes) oo
000000 (LAMNX(3,?)) DoooOoOooO’? O NLsJOOoooooooooo
gboooao

O0000000000000000000 PTP218) 0000 OO0ODOOO (RM)
O0000000000000000O0O0O0O00O0O0O0OO0ODODOODOOO (CWFTAB) OO
0000000000000 0000000 (IDCWF)OooOo

(0)HCTK40 00000000000 (JT2) 000000 (JPAR)OOOOOO0OO
000 (KCC) 000OO00000000000000000000000000000
(IDCC) 0000000000 (LCC)0000000000000000000000
000 (HCTK44) 0000

(HCTK44) 000 (142) 000000000000000000(ZC) 0000000
00000000 (FFTAB)0000000000000A000O0O00O0O0O0O0OOO0
000 (FCC) 00000000000 0000000000000000000000
000000000000000000 (FCC)000000

0000000000000000000000000000000

(FFTAB) 00000000000 00000000000O(FCC) 00000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000O0
0000000000000000 CPUOOOOOOOOO000000000

0)0000000000000000 (HCTK46) 000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0004(x) 0000000000000 xj(z) 0000000000 2,0 0000
0000 z,5(z,) 0000w, ji(z,) =108 x 2,j(z,) 000 2, 0000000000
0000000000000000 (NSO)x (DR3) 000 (XSCAL)0OOOOOO

00000000000000000wO00000000VOO000 VudO0O0O000
0000000000(KCC)00000000000000000000000 (KCC)

oboobodoboobooboobobboboobooboovobooboo vbOo
33



0000ooo0o00oooooooog w, =1,2,--- ,KCC)OODOO (VUCAL) O
obooobbgoooboobooboob vobooobbooboboooboooboo
googobboooboobboobuoobbooboobbooboobooboon
gbooogao
gbobobobboobbobbobbobbobbobbobbobobooboobobo
gboogobogobuoobbuabogbobboobooobooooboobboon
gbogbobuodboobbuodobbobobuoboobuoobbboobbodoboon
0000000000000 00000 (UGSOC)booooooooo

0000 SO00000000O0Oo0oO0oo0oo0o0o00 (RM)DoOOoOooooooooOoo
gobbbbdodddddoddddddddoooooooooooooooobon
gboobuodgbbodboooboouobbooboobobuoobboobbooon
VuOOOODOOOOOOOOOOOOOOOODOOOOOO0OO0O0OO0OO00000
O0(HCTK46) 0000000 0D0OOO0000ODOOO0O0O0O0O0ODOO00OO0oDoOoOOooOo
goobobbbbbbbbbbbbbobboboboboduoooooooooooobn
O00000000000000 (U(a,b,1) O (U(a,b,2)) DOODOOOOOOOOOODOO
OOab0O00000OD00OO0bPOOOOOOODOODODO

0)SO00 (HCTK48) 00 0000000000000 0000000000000
0000000000000000000 {2x(KCO)}x {2x(KCC)} 00000000
0000000 (KCC) x (KCC) 00000000000 0000000000000
0000000000000000000000000 (U(**2)000000000
00000000000000000000000 (CLULEQ) 0000 LUOOOOO
0000000000000000 (CNUM)0000000000000000000
000000000000000000000000

000000000000000000000000000000000000000
000000000 (NSS)O0O0O0O0 S0000000000000000000000
000

000 (HCTK48) O (SMAT) 0000000000 (KCC)OOOOO0OO0OO0OO0O SO
000000000SO000000000000000000000000000000
000000000000000000000000000000000 sum(|S|**2) O
000000000000000000000000000000000C

00000(12) 0000000000000000000 (DK12)0000000

00000000 SO00000000000000HCTK4SOOOD000000

gbooboooobobooooboboao
gbogbbodboobbouoobbooboobobbooboobbooboon

34



gboboboooobboboooobobuoooobooogn

d2
Wu(r):V(r) u(r) (1.4)
000000000000 O0DO0O pOOOoOoODOOOO sODOOOOODODOOOO
= L5, 510 = Fr+h/2) — Fr— By (15)

O0000ADDODODOOOOOOf(r)D0DDODODO0ODOOOOTayler DOODDODOOOD
Oé0000000O

frEh/2) = fr)£h/2f/(r) + =) (£h/2)"/nl f)(r) = exp(xh D/2) f(r) (1.6)

n

0o
, hD 1 (hD\’®
5:2smh(hD/2):2{7+§(7) +} (1.7)
Oo0doooooooooooooouooooooonoon
5 53 53
hD=2¢_- - — ¢+ ...V =§—- — ... 1.
{2 B8 } o1 " (18)
Oo0oooooooooooooooooooooooonon
54
(hD) =6 — — +--- (1.9)

12
000 (1+442/12)000000(%) 00000000

R* {1+ 6%/12} D* = 5% + O(4%) (1.10)

gbooboogobbiod «.bbobugoubbboogoboo

2

h? V(T)U(T)—f—% {V(r+h)u(r+h)=2V(r)u(r)+V(r—h)u(r —h)}
=u(r+h) —2u(r) +u(r — h) + O(h®)

o) 00000000000

h? h?
12u(r) — 1031 — —=U(r) pu(r) =1 — —=V(r —h) p u(r —h)
u(r + 1) = { 12 } y { 12 } (1.11)

gbooggboogoboobbooobooobooobooobooboboooboon
Ooooboooooboobodr—h0O TD%EDDDDDDDT—I—hDDDDDDDDD



00000000000 u(r+h),w(r) 0000 w(r—h) 0O00O00O000O0ODOODOO
U000« 00000000000000000000000000000000000
goooon O(h2)DDDDDDDDDDDDDO(h4)DDDDDDDDDDDDDD
000000 ol 000000000 00000O(1-2) 0000000000000
000000000000 000000000DO0DLO0DO0O0O00HCTK46 00000
0ooooooooooooooooooon

oo oooobodoooooog
doooodooooboooododooboooooooooboooooooogo
goooooooooooooooon
dooboooooboooooooboooooobooooooooooooooa
0oooooooooooooooodooooooooooooon
0000000000000 0000000000000000P. Henrici 00O Discrete
Variable Methods in Ordinary Differential Equations, John Wiley and Sons O O 00 O

gboboobodgo
goboobbbuoogoooboboboo rbodooooobbbbboooooon
gbbbuoooobbbuooobbbuoooobood

f'(z) =f(x+3h) — f(x —3h) —9{f(x+2h) — f(z —2h)} (1.12)
+45{f(x +h) — f(x — h)}]/60h

O00000f(x) 0 x0000000000000O0z00000000O0O0OODOOO
goooboooooood

00000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000 «()0000
000000000000 W(>0)00000000000000 AWOOO00000
000000 (0000000000000)», 0000000000 v (000000
000000000000000000000000000000000 ve(r)0000
00 v(r)=v(r) 00000000000000000000000 (W)(r) # v)(r))
00O0O0u(r), »(r) 00000000000000000000

D?u(r) = %{V(T) + W}u(r) (1.13)
D?v(r) = %{V(T) + AW }o(r) (1.14)

0 (0)000 »() 00000000000 (0,00) 0000000000000000
000000v000 000000000000



B =l

2uW [T u(ryv(r) dr

u(r)DODO0O0OO0OO0OO0 vy OO vwpOOOODODOODODDODOOODOOOOO0ODODOODOOOO

0000000000000000000000000000O0(WSBND) OO OOOO
O rFIO000oobooooon

000w (r) 0000000000000 00000000O0O0ODOO0ODO0O0O0O0O0O0

goodoobobbobobbobbbbodddoogooboooooobobboboboobooo

gogbobbbbodoooooobbbobodoouuoooooonbbooboboouuoa

gdod

(1.15)

gboodgbboodgbboodbbobooobbodbboobboooobboon
000000 U(r)—NU(r) 000000 o(r) 00000000000 0OOO0OODOO
gooo
goo

Rt u(vp — vl

A=1- ﬁfooo V(r)u(ryv(r) dr

(1.16)

oboobooobo

gboooboogooboood
gbogbobuodgbbodboobbuoobbbobooobuoobboobbooon
O00000 «000000000D00000DOD0O0 F,GO0O0O0 u—cosd F+sind G
Oo0ooo0ooO0ooogoobo 0000000 OOODOODOUODODUODDOODOO
goo

OO0DO0Db0OO00oOobOooognD cosé DOODODOODDODODODOOOODOODO
000000000000000000000OOoOoooooooO(, j)oboooooo
OooooOoOoOoOoOoO0OO0COOO0O0O0O0O00 DOOO0OO00O0O0OOOOOOoOoUOOO (o
0)0ODODO0D0DO0D000000000000000000000c¢c=-cosd, s=sind 00
gooo

O¢ sO00000O
00000000000000000000000000000 (0000000
0000000000O0000O0o0ooo0n)o r, 0000000000000
000000000 »r000 v, vO0000000000000000 »rO00
F F, G G0000000000000000

u=Nv=cF +sG, W=Nv=cF +s@& (1.17)
37



ooooNOO0O0OD0ODOO0O000obObOb000OOde, sOOO0O0o0oobobooon
c=X0WG—-vqG"), s=XwF —vF) (1.18)

0000 X0O+s?=10000000000000000000000000
O0ddb0v—F,c—=100000000000000O0000O00 Wronskian 000
oboodb X >o0booboobuoobuoobobobobboobooon

/ / / /

§ = tan™* (%) = tan! (%) (1.19)
goddd2r00000000000DODDOOOODOODODOOO0O0O0O0O0O0O0O0O
Udbobo0odoobobooobbo0bb0oobD Levinson DOOO0OOO
gooooooon

U000 XOOooOooooooooobo N=kXDOOOODOUOobOOoOoOoooo
krd00O0ON=X0O0O0OO0O0OO

Xgooooooooooooooboobooooooooooobooooboboooooboo

0000000000000000000000000000000000O¢* 0
0000000000000 0(000000000)00000000000Ohctak
000a¢0000000000000000000000000O0 35, 00000
ggogbobbobbobtbudoooooboboobbobdooooooobooon
ggoboboood

O boggooboood

ggobbbbdooooobbbboduooobbb eObbbbooooobob
000000000d?wu/dr*=(U -k« 00000000000000000O0
00000000000dU/dr=0000000000000000000000
ggogoobbboobobbobbotoogbboodoooooooooboboobooon
ggggoboobobbbbobodooooobboobbobboogoooooooobon
gbooboboobbooboobboobbooboooboobboobbo
ggooodgo

O 0ododoooooo
c0000000000000D0D00O000000DD0O0OD0O ¢(k)=00000
000 (k0D000000D00D000O00O00O00OD00DO0D00DO0O00O000O00OOd0
Regular-falsi O O 0O 0O 0O O

00000
000000 ¢k)=000000 k0000000000000 cos(k+ Ay) =
+1//20000000000 A, 0QA0A=(A;+A)/20000000000



gbobobogggooobod
ooooocebcCchoopooboobobobooboonoooobobooooonogo
PTP pp43 (2.22b) DO OOODOOO

Z(CE;c,d; N J) = it HH () =SAL D T T 00 N2 bg s
(LO L' O[XN0) (£0 ¢ ONO) W (L L' T T AN J)W (£ TT'; )\ S)
guoddouobobobobobbboooooooouoooon

/ /
RUCTITNS) =i~ i £rA £oA (1.20)
00 0 I 1S
Z(CE;c,d;\J) = (=151 1"645 R(LL'TT; NJ)R(LLTT;\S) (1.21)

ooobooooa0Obooboboobobobooobobobooboo AObObobo
gbobogbbooodgbobabn ff’R(fE’[]';AS)DDDDDDDDDDDDDDDD
00000000000000000 (-)/°RLLIMNN)DO00D0O0O0OO

000000000000V, 00000000000000
ufy (r) xi°(R)

U5, = [[Yi(R) ® ¢slr @ " YL(R)]u — —n (1.22)

gddooooooodoooooooooooooooooon s=m; 000000
o 47 ~

() — A Pt - - A YA (1) - Y, 1.2

Vi(rs) ;%(7’, R) PA(f - R) ;Uz(ﬁ R)Q)\Jrl( A1) - YA(R)) (1.23)

Vilr) ¥, 000000000000 O00O0O0ODOO00O0O0O AO ODOODOOOOOO
4

<[ [ Y1, ® ¢slr, @iV, 1y | (Ya(R) - Ya(R) [[[" Vi, @ os]s, @ iY7, ]JM>

2N+ 1
(1.24)
= (=) LI R(Ly, Iy, Li, I; J, \) R(ly, Iy, I;, I; S, \) (1.25)
0ooo
- ( L; L X\ L: I
R(Ly, Iy, Ly, Iy J, ) = i L L B[ 70 £l (1.26)
0 0 0 I, L )

0(122)000000000CO0000000D0ODOOCOO0

1+S=1, I+L=1J (1.27)
39



gboboboogobbbuoooobbboooooooo

S+1=1 L+I=1J (1.28)

00000000000
00000000000000000000 0000000000000000 Kummer
0000000000000000000000000000000000000000
000000000000 000000000000000000 /000000000
0 Fy, Gy, F), Gy 0000F 000 p=00000000G, 000000000

0/00000000000000F)/F,b,OOODODOOO!l >>00000000000
FrUOb00000O0bO00bOo0oboon

0 000000000 n000000000000(G),+iF)/(Ge+iF,)00000
00000p000000|G/F >>00000000000000000000
000G, 0000000000 FROODODODODODOO000000000K, 0000
000000000000000000000000000000000

U buogoobbbooodgbobuooooboboooboboboooobobobuooon
OO0O0DO000 Wronskian 00 OOODOODO

O Wronskian 0O OO0 ODUO0OO0OOO0OO0OOOODOOODODOOOOOOODOOO B >0
gbooodg

O7l>0000000F, Gy, Fi, G, 0000/ 000000O0O0OCCOOO

0000000000000 0D0000000D000DO0OSteed00000O0O0DO0OODO0O
O0000000D0000M.Abramowitz and I.A. Stegun O 0 Handbook of Mathematical
Functions with Formulas, Graphs, and Mathematical Tables. Dover Pub. Co., 0 0 0O
O000Ohctak OO O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O
00O A.R. Barnet , Couputer Physics Communications 21(1981)297

Ojo0oobogon
hetak OODOO 300000000000 OO0ODO0ODODOOOOOOOOODOO

( 61 62 gl _62 ) _ (_1)41 Q (129)

0 0 0 20, + 1

oooof

b-t; (l2+n)(n—1/2)
(6420+ n—1/2)n

Q- (1.30)



ooohL > L, 00000000000 000O0bOOo0o0ooOobooDooog 6,000
OOobooooboobo A2=hL-L0000 3j000b00ooobooboobooog A
gooooogd

mﬁ<% %j81>+wU+D<% %jgl>:0 (1.31)
goog
W) =G =+ )G+ 0 =)+ b+ 1+5)(C + b+ 1— ) (1.32)

000000000000000000000000
6j 00000
VAN
1.33
{I/JAS} (1.33)

oobooboboobooaOdbOoooobooboobobooboobooboboboo
obooooaxOboobooboboboboooobog

aEm+U{a§1i ;}+m+nEm){a;12 ;}

a b ¢
+F(a){def}:()
ooon

E(a) = {a> = (b—c)PHb+c+1)2 —a?{a? — (e — f)*H(e + f+1)? —a?} (1.34)

F(a) = (2a + 1){P(a)[~P(a) + P(b) + P(c)] + P(e)[P(a) + P(b) — P(c)]
+P(f)[P(a) = P(b) + P(c)] — 2P(a) P(d)}

gobobooogon
P(a) =ala+1) (1.35)

b0 e=0000000000 e=0000000000000O000O00O0O0O0O0O0O0
6j(a=1) = —{P(b)+ P(e) — P(d)} x 6j(a=0)/{24/P(b) Ple)} DO OO

41



0000000000065 (ames +1) =0, 6j(ame) =(00)x (00)0000000
00000000000am, 06 0000000000000000 «00000O0

sgn ({ Z 2 ; }) = (—1)btetets (1.36)

2

} =1. (1.37)
0000 (00)000000
00000000000000000000a2—8 = (a+b)(a—b)000000(a—0b)
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000.0000000000000000
00000 «000000000000000000000000000000000
00000 6000000000000000000000000000
000000000000000 Elliott-Biedenharn 00000 000000000
000 jr=4s js=j1, o=10000001000 600000000000000
00000000

Ji J2 Js Ji J2 Js
Ja Js Je g7 Js Jo

:Z<_>J+{Z?:1ji} (27 +1) J1 J:5 j:ﬁ ]:4 J2 j:ﬁ ]:4 ]:5 J3
7 J Jo Js Jo J gz Js g1 J

OO000D00b0000o0 J=y7, je£1 00000000

6puuuoooog

. f

a b
2:@a+D@d+D{(ie

JUooboobobobuoobboboobobbO0OU0ObOME. Rese DD OOOO
0 00000000000oo00o0o0O (3.27),(Lg). booooOoOoOoOoOoOooDooOOoOO
OO0000 3j00b00bo0ooobboboubn hetakDOODOO SOOOODOODO
OO000D00DO00O00D00D0000 elxfOOODODO

000000000000
000000 Vis(r3) 0000000 VNEXP, VCEXP 00000000000 VNEXP
(VCEXP)ODOO (00000)00000000000000000000000 suffix
00000000

goooo
DDDDDDDDDDDDDDDDDDDQFDDDDDDDDDDD



gouogboboobuodgbobogbogn

o000
1 R MMl (1.38)
mi + mo
r r1
ooooon
2
I'1:R+LI', TQZR—LI'
r2 my + Mo my + Mo
3 (1.39)
Oo000oOooooon
or OR
o oo |
J = 5 IR =1 (1.40)
8r2 81‘2
O0000000oOooooo
Vi(r) =Y _ v (r, R)P\(F-R),  (i=Lor2) (1.41)

)
O000r;=R+aqr 00000 =mg/(m1 +me), a=-—my/(m+my)=0a;—1
oodooooooooon vi(T,R)DDDDDDDDDDDDDDDDDDDDDD
Oo0ooooooooooonon
22+1

2
0o vi(T,R)DDDDDDDDD (r, R,))DO0O0O0O00O00O0DDODDOOLegendre O
gbooooouooododooodoooooooooogn

W (r, R) =

/ sin 0 df Py(cos®) V;(r;) (1.42)
0

oo0oooooooooo0oo00s = o, OOO0O0Or =

VR2+s2+2Rsz 0000z =cosf =R-§00000000

0000000000 ooOoOo000o0oooOo0ooooooooan

O000Woods-Saxon 0000000000 diffuseness 0000
Z O 0000000000000 0D00D0000DO00DOO0DDOOd
” 0000000000 oOoo00oooooooon

O00000000000000000000000C0000000000 (HCTK20 O
Oo00C00OO0)0DOoC0oOOoOO0O0OoUooooooooo

O0(Cooooooo)oooooo
DDDDDDDDDDDDDDDDDDDQSDDDDDDDDDDD



00 [z0, ) 000000000000000000 f, 100000 g0, 0000
00000000000000

f(@) =sfit+tfotst{(s —t)(f1 = fo) + h(tgo — s g1)} (1.43)

Oooooooooooood

h =z — x, szx_hxo, t:1—5:x1;x
000 AO00000 ;000000000000 00O0OOO00O0O0O0OOO0O APOOOOO
OO0 VDUOOOUOO VNEXPOOOUODOOOOOoOOoooooooooooooooo
doboooooooooooboooooooboooonoo
O000000000000000000000000000D0000O Gauss-Legendre
0000000000000 DOO0000000DOD00 LGCALODDODDODODOO0O0Oono
oooad
0000000000000 0000000000000 diffuseness DOOO0OOO
00000 diffuseness OO0 0000000000 diffuseness 000000000003

gogobobobuoooobbodo

(1.44)

gbbobuooggbbbooogobboboogobbobuoooobbbooaooboo

gbooboooogboood
gobogobogobuoobobuobbbuoobboobboobboooobooboon
gbobobuoogoobbooogbbbooooboo

Ci
— riz > Re,
VS(rg) =4 & 1.45
i3 (ri3) = C; ; ris \ 2 <R (1.45)
QRCi - (RQ) his = e

0000C; =22¢%/dTe 0000000000000000000000Or;0 Re
000000000000000000

000000000000 ri3=r;00000000000r2=R2+s*4+2Rscosf
O00DOROOOOOOOrO000000000|R-s|<rs<R+s0000000
000 R, 00000000000 DODDOONODONDOODODDOON

IR—s|>Rc 000

Vo(rg) = —C = 3 < (—E)APA(COSH) (1.46)



gooogg

A

.
o = (2055 (1.47)
>

O0007rs =max(R, s), r«=min(R, s) 00000

R+s< R, UO0UO

C R% + s* + 2R sP;(cos6) }
VE(rs) = {3— 1.48
"3) = T e R (148)
googooo
C R? + 52 C'Rs
C C
UO 2RC{ Ré }7 vl R% ( )
A00000000 vf\]:0DDDD
|IR—s|<Rc<R+s000O
2A+1 [!
ol = ; / VC(rg) Py(z)dz (1.50)
-1

0000 z=cosf 0000000000 2. 000O00O0O0O0O0OOO0DOOO0OOOO

ogno

RQC—R2—32
2Rs

2X + 1 /m C { R2+32—|—2Rsx} /1 CPy(x) ]
C

vy = dr——<3 — Py (x) + dx
A 2 { . 2Rc R, \(@) v. VR2+ 2+ 2R sz

(1.52)

Z.=cosl, = (1.51)

gbbobuoogobobbboooobbbuooaoboo

c @2x+1C [ 1 R4S\ o, Rs oy
vy = 5 R 3 —R%‘ J{ R%JQ + J3

gbbobooogbobobuoooobon

45



J} 00O

Te Te 4 P! _p
= / Py(z)dz = / L) Bal®,
~1 ~1

!
A+ 1

0000000000000000 J;}00000000000000000000
A=0000

{(£PA(r0) = Praln)} = ${Praled) = vePa(a)}

S =x.+1 (1.53)
Jy OO0
2 Py(z) = {(A 4 1) Pyyr () + APy }/(2A + 1) (1.54)

ooooooboo 4, 000000000

Te 1 3
J§:/¥aﬁﬂmdx:2A+1ﬂA+UJfl+Aﬁl} (1.55)

0o0J9=J'0000J)0000J) 0000000000000000000
000000000000000000000

J200 00000000000000000000000000000

R4 & R
};;8 P P A - )RS (1.56)

]“E@A+UJ§:—{

000000000000000 J2000 (2A+1)J;=/A0000000000

oo0
R+S—RC

=y =-""> ~C 1.57

3 Rs ( )

I'=3J; =J){Rc J3/2 4+ 1+ 2z} (1.58)

J;0000o0oo
J20000000
D00000a=R*+s%, b=2Rs0000{Ve+b2xP} 000000000000
Oooooooo0

b
§J§+LA:Va+bmﬂ (1.59)
46



00000000000
LAz/dx\/mPg(a:) (1.60)
00000000000000
Pi(z) = (2A = 1) Pxoa(z) + Py (1.61)
000000000000000
IA:i/v@:EEQA—lﬂﬂldx+LA2 (1.62)

Va+br=(a+bx)//a+bx 0000000000000 Legendre 00000 DOODO
gboboboogoboboogd

b
LA—LkQ:vb+be3@)—P%ﬂ@}—Eﬂﬁ—n@Q} (1.63)
=@ \+1)J3 000000, 0000000
A+ 1) J3 +2a (2N — 1) J3 P + 02X = 3) J3 2 =2Va + bx(Py — Py_y)  (1.64)

gboboboooobboboooan

R? +s% 5 R,
])\ _ _{ 7 ])\ 1 + ]>\ 2 + s (P)\([Ec) — P)\_Q(I'c))} (165)

OO0 Legendre D0 O0O0ODOOOOODOODOO

2\ — 1
]ﬁ—Pkf:A_lﬂa—xRA}:@A—UﬁA (1.66)
ooo
R+S—RC
=g _--"- - 1.67
3 RS ( )
I'=3J; = J){Rc J5/2 4+ 1+ 2z.} (1.68)

j-j 000 CDCC
0000000000000000000000000000000000000000
0000000 j000000000000000000000000000000

47



ma

1 riz3 =r; — R + mr (169)
oz =T — R — LI‘ (170)
r my + Mo
R R Tt mars W)
2 3 my + Mo '
AT 1 AR r =r; — I (1.72)

00000000000 000 s, (1=1,2,3)0000000000000000
ooooog

[+5 =j, ji+&%=1I IT+L=J (1.73)

0000/0 L00r0 ROODODODDOOODOOO0OO0O0O000000O0Os; 000000
000 (s3=0)000000

00000000000000 H=H,+Tr+Vis+Ve 000H, 00000000
000000000000000 €, ¢%(r) 0000000

H, ¢ = e ¢* (1.74)
00000000000000000000

ulcslj(r)

r

Cu (@) = [ Y0 ® ngQLMI (1.75)

O0000¢, 0000000000000 0O0OODO0O0OOOOO0(O0ODODOOODDOO
DDDDDDD)DU?SUDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000000 Fr, GrO0O0O00ooooOOb0DbOO

2
uj,; — \/j {cos §° Ff(r) +sin6° Gj(r)} (1.76)
7r
oooooDobobooon
Ylsjero(f') EZ(ZmSO—Mm—i_O—nflm(f) ¢sa (177>

O0000000o0ooOoooooD (1.3)000ooo0o0oooooooooooooo
gbobobooogon
00000 (J,M)0O0D0O0O0O0O0O0O00000000OO0O0

Ui, 5. (1) X1E(R)

l:[IJ]\J - i[ |:Zl€ chsljc(f‘) ® ¢82]IC ® Z.LC YLC(R) :| D 16817jc R (178)
48




0000000 w0000 truncation O discretization O O OO

i, oy 7 V_/ . (k. ) dk (1.79)
1 1

Ak=k—k_,000000000000000kK0O0O [k, k000000000
00000000000

k.
) CkPdE Sk B\ (ks — )
klg _ fkl;gl _ i1 K + ( 7 z—l) (180)
goooooooooo
2 2 - )2
E— ms Elab _ (fLKg) —|—60 _ (hKC) + (hkc) (181)

myg + ms 2up 2up 2 iy
D0000000 K. OOOODO ¢00 ROODDDODODO000000(L.78)00 a4c00O
000000 00000000 K.000ODDOO0000000000004°0 truncate
00000000000 0000000000000000W,/,, 000 truncate 100
0000000000o0oooon

\TJJM = Z [[ilchc 51 Jc (f) ® ¢52}Z ® it YLc (R]

[

x2¢(R) 000000

1.82
JM T R ( )

X1¢ = Ioboe — VA sﬁb (1.83)

oooorz,o.00000 CDDDDDDDDDDDDDDDDDDDDDDSgODDD
OO0 o00O00o00 c00 SOOOOOOOO(LY9) ODO0O0OODO0DOO0DOOoOOOOO
000000SO000000000000000 YAROODODODOOOODO (0-0)00
OO000Db0Ob000 Ak=100000000
xcugobbobouoooobbbuooobbbuoooo ouoooboobobogo

(Tr+Vig+ Vag + H) U0 = ET . (1.84)

0000(1.82) 0000000 (1-2)0000000 ROODODOOOODOOODOOOO
D000000r0 ROOOOOOODOOOOOO

(Tr+Vee = E) X1 == Voo Xi° (1.85)
c#c
O00OFE.=F-—-ccO0000000000booo0noooonoooooooooon
up . (1) T .
‘/cc’ = (lC]—C [[zlchcﬂjc@wSQ}]c ®ZLC YLC]JM|‘/13+‘/23’

r

.l ulcc,/ Jet (T)
[Z chl'c S17¢ ® ws2} ®1 ke YL, . (1‘86)
£ JM r 'R
49



gbooggoboo (rf{)DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gobobooogooboood

Viz(ri3) + Vas(ras) = Z ox(r, R) PA(E - R) = Z 2;11 1 vf)(ﬂ R) (Y/\(f') ’ Y/\(R)>
A Ai
(1.87)
Ve (R) :ZZ(C/\C';J) F(cAd;R) (1.88)
A

gbobobooogobobod

Z(eAd; J)
| o Am
:ZLC/Jrlc/ Le—le ([[ch s1ie ® ¢32]IC ® YLC]JM’ N+ 1 (Y)\ . Y)\)H[ch/ 81 ]t & ¢s2]lc/ ® YLa]JM)
=ibertle—henlet2) () Jmsmsa il A 1, G ol T Le Lo ( [g)c i)\ LOC ) ( l((): ())\ lg )

‘[C LC .C ‘[C lC 'C

X / Joo fe 52 e Je A (1.89)
Lo I, A Io jo A Jer le A

000000(.+5) 000000 (=)~ = (=)= 0000

goooo

/

F(cAd;R) = /0 up ;. (ryug, ;. ,(r) {v&l)(r, R) + v§\2)(r, R)} dr. (1.90)

LSO0O0 jjOob00o0o0ooboobooboboboooboobooobooboboo

Z_jj(c7 )\7 C/;J) — (_1>J—32—s1 /L'Lc’_LC+)‘ _LACI [:C { Ic LC J } < Lc A LC/ >

Lc’ Ic’ A 0 0 0
X ilc’_lﬁ‘)\ (_1)jc/+jc+)\ ];/ jAc [AC/ fc l;/ lAC jc {c S92 l‘c jc S1 lc A lc’
[c’ Jc A Jc lc/ A 0O 0 0
(1.91)

50



OO0 LSsoogo

PN I. L L. N L.
Z55(c, A, o5 J) =(=1) S itk [ [, § fe Be A (e A ke
Lo 1o A 0 0 O

N I A le A o
X gl et T L, (1.92)

Iy 1o A 00 0
D00000000000000000000000000 J"00000000000

gbbbouooouogobbbuoooobboooobbb
gbobobuoooobbbugoboboboogoboobooon

oooooon
00000000000 000000000000000000000

00 (z;, v;), {i=0,1,---,n} 0000000 [z;4,2) 0000000000000
000000000000 0000000000000000000000000000
0000000000000000 [z, o] 000hi =2, —2;01, z=y//60000
00000000000000000000000

y' =6 {zia(z; —2) + zi(x —z0)} /B (1.93)
goooooooo
v =3{—zia(wi—2)* + z(r —x; 1)} B} + A (1.94)
doooooooon
y={zi1(xi— )’ + z(x —2;1)*} /h; + Az + B (1.95)

gbobboboobooboobooboobob
yl_IZZZhZ—FAJZZ_l—f—B, yZ:ZZ_th—f—AZL‘Z—f—B (196)

OO000Db0Ob00 A BOOOODOODO

LiYi—1 — Li-1Yi

A=YV ), B= -

hi
Dooooooo

— (I’Z Zi—1 — xi—lzi) (197)

y=sy; +tyii1 — hi{s(l — %)z +t(1 —1*) 21} (1.98)

o1



godogdooouooobbbbil 2=, 00000000O0OOOODOOODOO
goo

Zin + Az oz = Yit1 —Yi  Yi — Yi-1 (1.99)
hit hi

ddd.=100=n—-10000000000UOn+10000 000004040
Ooboo0DooooooboDOoU 2, c, oo booooobbobbuoooon
00000000000000000000000000006 ={y; —vy;i—1}/h; 000
oboobon

0)0000 w;,(i=12---,n) 000000
w1 =1/(4—w;), 0000w =1/4 (1.100)
ooooo0dy, t=0,1,---,n) 0000000COO00O0O0OOODODOOCOOOO
0)000D00o00 A; 0000
Ay =001 — 05 — w1 A1, O000A; =02 — 1 — 29 (1.101)
=200 =n—-10000000
0)2,000000000000000 000000
zi = wi{A; — zig1 } (1.102)
0d00:i=n—-100:=10000000%0 A, 000000000

gbogdbobodgbboobobboobobooobooobooobobboon
gboobogoobobooooboon

goboboboooobouoobooboboboobobobobobobooboon

O000000000hetak OOOO0O00OODOOOCOOOO0OOODODOOODO (OOO
0000000000000000000000OO0)000Do0o0oOoOO0ooDooooooOo
gboobogodbooobuoobobuoobboobooooboboobbooboon
gbobobodgo

OO0 cCbccOoooood
0000000000000 000000000 ecbecCcoono (1.8s)0oonoooooo
O0000Gordon O Airy DOO0ODOO Coulomb excitation 0 0 O O Coupled Channels
0ooooooooooooooooooogn

d’xe
dr?

= VeeXe T Z ‘/cc’ X (1103>
52 7



00 [r, ,) 000000000000 [ry, 7 0000000000000(1.103) 00
000000000000000000 F,G. 0000000

& [ F F,
i - 1.104

O0o0o00oo0oooooobor=r 0000000000
F, 0 F 1
(ro) ) _ , (1) ) _ (1.105)
Ge(r1) 1 G(rq) 0
OOO0OO0OWronskian OO0 OO QOO0

W(r)=F G, —F.G. =1 (1.106)

(1.103) 0000000000000 F, G.0O00000O

Xe(r) = ae(r) Fu(r) + Be(r) Ge(r) (1.107)
0000 o, 8. 0000000000 r0000000r=r, 000000000
ac(r) = X/c(rl), Be(r1) = Xe(r1) (1.108)

000 (l.107) 0000000000000 000O0O000OOoODOOoooOooooOO
gbbbooooboboooobbooodgn

Fo(r) ai(r) + Ge(r) Bu(r) = 0 (1.109)
000 (1.107) 0 (1.103) 000000

Fl(r) ai(r) + G(r) Bi(r) = Y Veo(r) xe(r) (1.110)
cd#c

0000, /0000000000000 (1.109) O (1.110)D0DO00OO0O0OO, p' O

oo
d c Gc ‘/cc’ Fc’ Gc ‘/cc’ Gc’ c
)= “ (1.111)
dr ﬁc d#c _Fc‘/cc’ Fc’ _Fc‘/cc/ Gc’ ﬁc’
0000000000000 cbecCcOobooooboooooboooooooononooon
0000000000000 00000000D0O000O0000O0 (111)Yoooooo

gboooooon

¢ Gc ‘/cc’ Fc’ Gc ‘/;c/ GC/ o
I c - g “ (1.112)
Bc Itc — < Fc‘/cc’ Fc’ > — < Fc‘/cc’ Gc’ > ﬁc’
’ 53 "



gboboboogoboboboogooboon

< G.V.u Fu >E/2erC(r)vcc,(r)Fd(r) (1.113)
1
gododooooooooobooobooboboobooboooo
oooooo [7’1, TN]DDN—1DDDDDDDDDDDD ogooooooooono
ogoond
oooooooooooOoOoObOooOOOooOobOo0obooooooooOooOooOooOooooon
000000000000 r00U0U0oO0bOb000000O0LODOLObO0O0OO 00 ¢
goboobootoogobobototooodgon [Tl,Tg]DDDDDDDDDDDDDDDDD
go000oooooobooooooooooobobooooooobooooonooooonon
0000000000000 00000000O00b00oo0ooecpbccooooooOoon
ogoooooooooooooobobooobono
ogoooon CDCCDDDDDDDDDDDDDDDDDDD/DDDDDDDDDD
oooooo

aoon
Roy G. Gordon, J. Chem. Phys. 51 14(1969)

gbooboooon
gboboboooobobboooobbbooooboboan

d’ry R + mar/mys d’ry R — myr/my
m— = Mo—— = 29
IR — myr/my|3

= 1.114
dt? . ]R+m2r/m12\3’ 2dt2 ( )
O0000C=mxe?/4me, 0000000000000 ODOOO0OODOOOODOOO-O O
Jddddd0r=r—-r 0000000000000 DO0O0O0O0O0O

d2r _ A o R + mor/mys —QC’ R — myr/mys

ﬁ m_1 |R+m2r/mlg|3 mo |R—m1r/m12|3

(1.115)

0000r < ROODODOODOOOOOODODOOO0O ORP) 0000000

dPr C (mezy —mizy mazy +m3z r-R

mi2 mio

u:mlmg/mu, m12:m1+m2DDDDD
BAl=p+2M¢0000000000000000000000 0.435,09380000
(mez1 —muze)/myp > 0000 0r 0000000D0DODODODODODOOODOOOOOOO
gooo

o4



gbboboooobbobuooooboboboooobooooon

2
zlcT’n :le 1_1 2m2r-§{+<m2r>2 +§ 2m2r-§{+(m2r>2
’R+ 2 | R 2 M2 R mlgR 8 mi2 R mlgR

mioY

(1.117)

goobooo

210 ZQO (Zl + ZQ)O _ MoZ1 — M1 29 r-R
m m C

R+ —r |R——r R

mi9 m

0000000000000 00000000000000000000000000
000000000000000 r00000000000000000000000
00000000000000000000(00000)00

000000 z/mO00000000000000000000000000000000
0000000000000 Ep = hwg000O000 v 000000/ wg =d 00
00000000000 0000000E;,00000000000000000000
Czesi{1/(Rp—d/2)—1/(Rp+d/2)} = Ez 0000 ROOOOOD0O000O0O000OO
0000000000000 000000000000000000000000000

ooooo
Oobooobooooboboboooogbobobobo ebcchobooooboonoo
gboobooogooon

95



1.5 hctak.fO00O00O00O

MAIN DATIME CURTIM tt.c
DEFFND
HCTK10 NUCSPE
HCTKMS
PRNTOK
HCTK20 DATIME CURTIM tt.c
WFCAL  WSPOT
WSBND
WSRES  WSINT CWEF, etc
WSSCT  WSINT CWF CF3
CF2
COUPS
FINCAL
VDCAL
LGCAL
VNEXP
VCEXP
HCTK40 HCTK4M XSCAL
HCTK42  ZC36J VCOTAB
SJTAB
SJTAB
CWFX CWF, etc
VCUPOL INTHP INTHP1  VCINT
XSCAL
DATIME CURTIM tt.c
HCTK44  ZC36J VCOTAB
SJTAB
HCTK46 VUCAL
UGSOC  HPSDEC
HCTK48 CLULEQ
CLEQ1
PRNTOK

OO000000000DO0O000DO00 DATIMEOCWE O ZC36J OO DO OOODO
OO00O0O00O0O0O0OODATIMEODOODODOODOODODODCWEXDOO CWFDOODO

gbobobodgo
o6



hetak OO DO DOODODOOOOODOOODOOODOO

SUB/FUNC

SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE

0od
DEFFND
PRNTOK
DATIME
HCTK10
NUCSPE
HCTKMS
HCTK20
WFCAL
WSPOT
WSBND
WSRES
WSINT
WSSCT
CWFX
CWF
CF2
COUPS
CF3
FJNCAL
VDCAL
LGCAL
VNEXP
VCEXP
XSCAL

00

ooooogo
000000000000 00O00oOooDOon
OO0oooooooog
0000000000 Ooogon
0000000000 00000
OO00D000000o00oooo
OO00-0D000000
O-000000000od
O-00000000000
O-0000D000oo0ooood
O-000000000000000
O-0000D00000D000Do
O-000000000000000oagon
OO00DO0DOO0DbOooOog
OO0o0O0oDOoDoooooog
OO0D0D0D0O0000DOo0n
OO00oDO0oooooooono
OO0D0DO0D0OO000O0Dooono
OO00DO0DbOo0o0oOoooon
OO00D00O00OO000ooooogon
Gauss-Legendre OO0 OO O OOOOO
OO000D000000oOooooooooo
000000000000 O0oOoon
(1+2)-3) 000000000 DOOODOOO

o7



SUB/FUNC OO 00

SUBROUTINE HCTK40 00000000000
SUBROUTINE ZC36J 00000000
SUBROUTINE VCOTAB 000000000
SUBROUTINE SJTAB 000000000
SUBROUTINE VCUPOL 00000000000000
SUBROUTINE INTHP 0OOOO0O
SUBROUTINE INTHP1 0OOO0O0O

FUNCTION  VCINT 000000
SUBROUTINE HCTK42 0000000000000
SUBROUTINE HCTK44 00000000
SUBROUTINE HCTK46 0OOO0O00000OO
SUBROUTINE VUCAL 00000

SUBROUTINE UGSOC 00000000
SUBROUTINE HPSDEC 000000
SUBROUTINE HCTK46 SOOO0O0O0O00O
SUBROUTINE CLULEQ 000000
SUBROUTINE CLEQI 000000

gbobobodo
HCA, S12, S3, ASIZE, MPCOM OO DOO0O0OODOO0ODOOODOOODOOODOODOOO
goo
HCA OOOO

COMMON /HCA/KNTL(10),TIA(3),IS(3),IZ(3),JP(3),EM(3),ECM3,
+ JTMIN, JTMAX,JTINC, LAMMIN, LAMMAX

ooooo

KNTL O0O00O00ogd
IAO0D0OOODOOoDbDOoboo
ISO00000000000000 [A]

Iz Oooooooooooo
JPOOoO0oO0Oooooooboon

EM 0000000000 [DD0OOOO0 vy

ECM3 DO00OO0O0OO0OOoOoooooDO g/IeV]

[5



JTMIN OO0O0O0O0OO0O0O0O0O00O0OO [A]
JTMAX 000000000 O0O000O0O [A]
JTINC 0OOO0OD0DO0O0O0D0O0OO0D0DO0O0O0Ooooo [A]
LAMMIN ODO000O0000O0OO0OO0ODOOOO

LAMMAX O00O0O0ODO0O

S120000
1-20000000000000

COMMON /S12/BES(10) ,FKSMIN(15) ,FKSMAX(15),FKR(10) ,WKR(10),
+ VPS(6,5,12),ISBE(10),NODS(10),IDVS(15) ,NBND(15) ,NKSBIN(15),
+ NRES(15),LSTAB(15),ISTAB(15),JSTAB(15) ,KMUL(15),DR12,NR12,NLSJ

0oooo
BES 1-2000000000 [MeV]

FKSMIN 1-20000000000000 [1/fm]

FKSMAX 1-20000000000000 [1/fm)]

FKR 1200000000000 [1/fm]

WKR 1-20000000000000 (0) [1/fm]

VPS 1-200000000000000

ISBE (00000000000000000)00

NODS 000000000000 (000 0)

IDVS 1-20000 (LOSOD) 00 (4,4 ) 00000000000000000
NBND 000000

NKSBIN 0000000000

NRES 1-200000000

LSTAB 1-20000 (LOSON) 0000000000 [A]

ISTAB 120000 (LOSOI) 00000000000000 [A)(00)

JSTAB 1-20000 (LDSDI)DDDDD@DDDDDDDD [R](ODO)



KMUL 1-20000 (LOSOI) 00000000 (NKSBIN+NBND)
DR12 12000000000 [fm]

NR12 1-2000000000

NLSJ 1-20000 (LOSOJ) 0000000

00000000000000000 0070 NLSJO0000000000
(0)000000000000"000000000000000000FKRO k_y =
FKSMIN+(i-1)xA, < FKR < FKSMIN+ixA, =k 0000000000004, =
(FKSMAX-FKSMIN)/NKSBIN 000 0000000000000 [k_,, FKR-WKR],
[FKR-WKR, FKR+WKR], [FKR+WKR, k] 0000000000000000000
wsf 000 |6(kye) — (k)| =7/4000000000000000000000000
D00000000OWKROOOOOOOOOOOOOOOOOOOOOOO0000O Owsf
0000000D000000000000000000000000000000000
(00)KNTL(1)=00 100000ISTABO JSTABOOOOOOOOOO0O0O0O0O
OOKNTL(1)=0 O0OO0O0OKNTL(1)=1 00000 ISTABOOj=1+s, 000000 j
00000000000I=j+s 000000 /0000000

S3uogno

0000000 (1+2)00000000000000000000O
COMMON /S3/RFTAB(0:300), VPL(6,10,2), DR3, RC3, NR3

goobooo

RFTAB r; OO0OODOOOOODOO NRFFOOOOODOO

VPL 1-3,2300000000000000

DR3 000000000O00O0O0ODO (1423000000 r5s0000

RC3 0000000000000 D0OO0O0O0O0OO0OO00OOOO0 [fm]

NR3 OO rs 0000000000

ASIZE OO0 00O
gbboboooobbobuooobbbouooooboboooobboboooon

COMMON /ASIZE/KCC, MCC, MLSJ, N12, NCC, NCWF, NFF, NF12, NZS, NRFF
goggd

KCC JjrOooooonooooooooo 60



MCC J"00000000000000O0MCC=KCC*KCC+1)/2000000000
gboubbudgboobbodgbuooobbooboobooon so0bogbb
goooogooboboooon

MLSJ 0000000000 (1-2) 00000 {=NLSJ*(NLSJ+1)/2}
N12 (1-2)000000 ¢ 00 400

NCC ((142)-3) 00000000 NCCOOOO000 KCCOOO
NCWF ((142)-3) 0000000000000000

NFF A000O00O0D0O0O00000

NF12 00O IPFF OO0O0O0ONI12%(N12+1)/20IPFF O Vi, 000000000 0OOO
OOobo0boboob0«0bobooboobooboboboon

NZS zCSOOOOOOOZCSO (1-2)0000Oooooooooo

NRFF ((1+2)-3) 000000 (RODO s 0000000)0000000O0O0O0O0OO0O
gbbobuogobbbouooaoobob

MPCOM 0000
MPIOODODOOODOOOLDOooDbooobooo

COMMON /MPCOM/NPROCS, MYRANK
gobooo
NPROCS MPIOOOOODOOOO CPU O

MYRANK MPIOOOOOOO CPUOOOOODOODOO (NPROC-1)ODOOOOOOO

gbobobooooon

gboooao
OO0O0000000bO0O00o0obObo0ob0bOobobOoobouobDbUDEFEND, PRNTOK,
HCTK10, HCTKMS, HCTK20, HCTK40 O O O OKTRL(8) 0000 OOHCTK20 O O
o000 0000 FFDUMPOOODOO0OOOOODOOODOODODOODOODOODO
D000 HCTK20OOOODOODO

hetak OO0 OO0 0ODOOOOOOODOODOODOO
DEFFND
DDDDDDDDDDDDDDDDDDD%F



AMU:DDDDDDuDMeVDDDDQDDDDDD
CFACO O00O0OO0ODOO0OODOO0OO00O [MeV fm]
HBARC: hx ¢ 000 [MeV fm)]

TEQ

O00000oooooooo /FUND/ODOOOOO

DATIME
gboogobuogbboboobogobuoobboobobooobooboboboon
gbbobooogbbbuooooboboooon

00 COOD000000000 UNIXOODODOO 00000000 CURTIM(tt.c) O
gbooboooon

HCTKMS

0000000000000 (1-2) 0000000000000 OO0O0O00OODODOO
NFFOOOODODOOOOODOO FFTABOODODODOODODOO

g-oggbbtu bbogbbuoogbboobbooobbuoobbooobboon
00000000000 0DbO0O NLSJOOOODOOoDOOoDOOoDbOONI1I200 1-20000
obooobooboobboobooobboooboooboobboobOon N12
O00000000000000000000000 Vi3, Vo3 00000 (0DO0ODODODOO
O000000)00000DDOoO0O0O0oO0O0OooooO NFFODOOO

FORTRANOO ODOO0ODOOOOOOODOOODOODOOOODOOOD

PRNTOK
gobboooobbboooboboboooobobuoooobbooogn

HCTK10
gboboboooobbboogobbbooooboboood

SUBROUTINE HCTK10

gbobooogooood
OOo0oO0bOoboooogoNUCSPEDODOODODOO

NUCSPE
obobbooboobooboobobboboobo

SUBROUTINE NUCSPE(INPUT, IZ, IA, IS, JP, EM, ELAB)

gobooo
62



INPUT DO0O0OOO0DOO0OOO0bDOoOobOoboboobooon
Iz OoooOOoooooooobooo
IAO0D0OO0ODOOO0OODOO0DOO0oDO
ISOOob00ooooooooobooboon
JPOUOOOO0OOODOOObOOODbDOO

EM O0OO0OO0O0OOO0bDOooboobooooboon
ELAB 00 1+200000000000000DODO

0000000000000000000 000000000000000000000
00000000 INPUTOO0OO00000000000 TITLEDDOO00O0OOOOOO
00000000000000000000000000000000000000
(0+0)000000000 MeVOOOOOOOOOD INPUTOOO0O00O0O0O0OO
00 (1z(1-3)0000 (IA(1-3)0000000 (IS(1-3))000000 (JP(1-3))0000
00 (000000)EM(1-3)00000000000 (142)00000000 (ELAB)
0000000000000000000000000 (database) D00 O umtabd O
0000000000000

INPUT OO0 DO
0000000000000000000000000000000000000000
000000000000000000000000000000000 n,p,d,t a0
00000a0 «0000000000000000000000000000000
00000000 Ar00000000000000000000
0000000000000000000000000000)0000000000
0)000000000000000000000000)0000000000000
0000000000000000
0000000000000000000000000000000000000 (0
00)0(000)0(000)000000000000000000000000000
(0)0000000000000000000000000000

0oo

INPUT="(n+7Li)+118Sn, Elab(1185n)=19.32 MeV’
0000000000000000000000000
000000000000000000000000

HCTK20
1-200000000000000000 Vis(riz)OVas(res) 000000 FFTAB OO
DDDDDDDDDDDDDDDDDDD%EDDDDDDDDDDDDDDDDDD



o00d0OO0O0bOOOoDOOoO0obOo0ODDbOoOoDbOoDoO

1(1-2) 00000000 WFOOO

200 i(3i=1,2)000000000000000000O000OO vDOoOoOoo
3 Gauss-Legendre 000000000 XLOWLODOODO

4000 (1-2) 0000000000000 O0O00OO0O0OOCOOOOOOO LAMNX O
0oo

500000000000000000 FFTABOODODOO
SUBROUTINE HCTK20(IP12, DK12, FKSC, ECMS, IPFF, LAMNX, FFTAB)

goobooo

P12 12000000 (00O N12000000)ONI1200 NLSJOODOOOOOOO
gooo

DK12 12000 /y/0O000(CO N1200000O0O)
FKSC 1200000000000 (00O N12000000)
ECMS 120000000000000000 (00 N120000O0OO)

IPFF 000 1-200 (N0 N,)00000000000000000000000000
000 (Ny, N) 000000 ID=IPFF(N;*(N;-1)/2+N,) 0000 OFFTAB(rg =
0, ID)0000DO0O00O0OOO0

LAMNX 000 1200000000 A00001200000000000000
0000000 (Qoo0o0)
LAMNX(1,¥) 0000000000 A
LAMNX(2,¥) 00000 A
LAMNX(3,¥) zCSOOO0OO0O000000

*00000000 1200000000000000000000000 MLSJ(=NLSJ*(NLSJ+1)
gooo

FFTABOOOOOOOODODOOOODOOO (DODDOOOO)
00000 000 NRFFOOOOOOOOOODODOOOOOO (ry) 000000
OO00o00d NFFOOOOOOOOOOOOobOooooobooo 1-2b0bgoobooon
OOooo0oooboboooooboobob Aobobooboooobobooooboo
0oo

gbobooodoboboboooobon
64



ID=1; JD=10 DO 10 N1=1,N1200 DO 10 N2=1,N1
IPFF(ID)=JD; ID=ID+1
DO 10 L=Lmin, Lmax, 2 ! A O OOO

DO 10 I=1,2 I real/imag. 0O OO
0000000 ; FFTAB(r3,JD)=0000
10 JD=JD+1

gbobbooogobbooodan

WF 000 1-200000000 N12, 00000000 NR1200000WEF(0:NR12,
N12)O0OO0OO0OO0O0OO000000000OoOwWF(o, ) OODOoOooooooooooo
DOoooooboboobobbobobobonbo NRI20DODOOODODO00OO0
Ooo0ooOooOooi10*o00o00oooooon

VD V3, {i=10r2} 0000000000O0O0O0O0OOOOOOOOOOOOOOO
goooodgbbogbouogbbobbuogbboooboobooobboonon
gobobbbouoduooooooobobbobbouodoooooobbbobob
gobobobooboboooooooobobboboboodooooouobobooon
gbobbooooobbbouoobobboooobbboooobod

VMUL 000 s 00000000000 OOOOO0OOOO0ODOOOO0ODOODOO0
Oobooboooboooboboooooboboobooo AObOOooDboboo ro
goooo

HCTK20 ODODODOOODOODOO

WFCAL
1-2200000000000000Woods-Saxon DO DOOO00O0OODOOOOODOOODO
oboooboobobobobobobb wrbOooboobooboobuooboobo
gbogbobodbbbooboobobuoobbooboboobuoobbooboon
000 00000000 DOO0OOO(PTP(26)0)000000000O0O0OOOODOO
gbooboooon
gboobodbbogobbooouogoboooobboobuoooboobobooooon
gboogbobodgboobboobboobobuoboobuoobbooobbooboon
oooboboboboboboooooobobooboboobobobobobbo
0000000000000 0000000000wD0OD000O(OoOoO)oO00 r
0000000000000000000000000 »(0,7) 00000000000
gboboboogoobobooognbo
oboooboobooboobuoobuoobuoobuoobooboob visoobod
0000000000000 000000000000 {(1,200 4)«DR12/3000

OO0 0000000 65



0000000000000 0000000000000000000000 6(rad) O
gboogobobobbobbooboobbuoobboobbooboboooboboon
gooooobobbbbbobobobbboooooddodododouooooooon
gbboboooobbobooobboboooobood

SUBROUTINE WFCAL(IP12, DK12, ECMS, FKSC, N12, WF)

goobooo

IP12 12000000 (DO NIl200OOOODO)NI200 NLSJOOOOO
DK12 12000 /4/000(00O N12000000)

ECMS 120000000000000000 (00 N12000000O)
FKSC 1200000000000 (00O N12000000)

Ni12 1-200000000

WF 120000000 (000oOoooooo)

WSPOT

0000000000000 000000000000000000000OVI12(NR,2) O
gbooggbogoobdobbooubugobbuoobboobboboobabooboon
gbooboooobbbooooboboooobbbooooboboboon

SUBROUTINE WSPOT(EFAC, VP, ZZ, FLL, FLS, DR, NR, ISP2, V12, NRMX)
goooo
EFAC 2u/R?  p=mimsy/(my + ms)

VP OOOOOOOOODODOOO (OOoooooo)o

VP(1,7)000000000000000O0D0O0OOODOO

VP(2,7)=1 00O Woods-Saxon, 00000 Woods-Saxon DO O0OO0O OO0
Thomas [

VP@B)HOODODOOOOOOO [MeV|

VP(4,HOOOoooooO [fm]

VP(5,7)0 diffuseness [fm)]

VP(6,) 0000000000 [fm]O

00 0ooobbobobobbobbbubbdoooooooobooooooo
DDDDDDDDDDDDDDDDD66



ZZ0000000b0ooobo
FLL 12000000000 (00000Ix(+1)000

FLS 1-200 21-s010 (1-2) 0000000000 00ODOsO LSOOODOOOOO
gboobodpuoobb ogbbobuoooobo

DR ODOOOOOOOOOOOO [fm]
NR OODOOODOOODOO
ISP2 00 000O0O0O0OOobO0bOooooooooobooboboboooobog

vi2 00oOoOoooOo(oooooooo)
gboobooooooobooogbon
gboodboobbobbodgboboogboobooboboobboobab
gooodag
gbobooodbbbuoooobbooogbbobooon

0000000000000000000000000 2/ (DR)?/240 0000
oogd

NRMX 0000OO0o0oboobobooobobooboobbooboobboobobon
goobobogoobobboogobbobuoooobbboooboboboooonoo

OO0000b00O0boOoob0obO0oobobooobooobooobooOo 1ISPe=10000000
00000000 0000000 VPS(L**) 0O +2000000000000000

WSBND
oooboboboboooooo 12b00b00bu0ooooobob0o WrDOODODO

SUBROUTINE WSBND(EFAC, FKE, ISBE, BE, VFAC, NS, LS, V12,
+ DR, NR12, NRMX, WF)

ooooo
EFAC 2/h?

FKE 00000000000000

ISBE 0000000000000 000000000000000000
BE OOODOOOO(0DOOD)

VFAC DDDDDDDDDDDDDDDDGQDDDDD(DD)



NS 0000000000000000000000
LS 1200000000

V12 0000000 (000000000)

DR OOOOOO [fm]

NR12 000000000000000

NRMX 0000000000000000

WF O0O0O4Ogog

goboboobobobougooooooboboboobboooooooooobobon
000 WF0)OOODOODOOODOODO0OO00o0ooooooooooooooooo
gooodg

gbbobooodgbbobuooobobon

2
%W(T): (FJZ—I—E(E:Z— 1)+27i—gV(7“)> uy(r) (1.118)
V(r)OOOODODOOODOO0OO0O00ooDoooooooooooooooooooov(r)
0000000000000 00000D0000D0O00000OV(r) = Via(r,1) +
(VFAC) x Vip(r,2) 00000000 Vie(r,1) O Vio(r,2) 0000000000000
O000000000000000000wu(r) DODOOVFACOODO BEOOOO
0000 w(r)00D0O0OOO0OO0OO0O0O0O00O0O0ODOODOOO

WSRES
gbooboooobobooon

SUBROUTINE WSRES(EFAC, LS, FKE, DR, NR, V12, WK, FKN, FKX, NRES,
+ FKRES, WKRES)

gbogbobuodgbobobuoobboboobbuoobboobooboboobbooon
OO0D00D0O0DO00O00 wstODODODOOODOODOODOO
goooo

EFAC 2 (reduced mass)/h* [MeV~!fm™?]

LS 000000 (A
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FKE (00)x (000000000)

DR 00000000000 [fm]

NR OOOOOOOO0OO

V12 0000000

WK 0000000000000000000

FKN, FKX 000000000000000000 [fm™}]

NRES 000000 (00)

FKRES 000D (00O)

WKRES 000 (00)
0000000000000000000000000000000000000000
0000000000 [FKN,FKX]0O0O0O0O0000000000000000000

OOooobDOoboooooowsSINTOODOoOoOO

WSINT
gbooboogobboogoobobad

SUBROUTINE WSINT(FK, ETA, LS, NR, DR, V12, WK, CD, SD)
00000
FK OOOOOOO [fm™!]
ETA 00000000000000
LS 000000
NR OOOOOO0O0O000
DR 00000000000
V12 0000000
WK 0000000000000000000

CD,SD 00000000 cosd(k) DO O sind(k)
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OO00O0bO0bOob0o0ooboooDooobowst0DO0O0ODODOOODOODOODO
CwWroooooboooooooooboooo

WSSCT
obhobooobooobooowroooono

SUBROUTINE WSSCT(FKO, FK1, RK, WK, LS, FKE, DR, NR, V12, WF,
+ NKS, DELTA, SUM, WFK)

gobooo

FKO, FK1 00 (0)00O [m ' |0000000000000O00 NKOOOOOOO
Dooboooboooboobooboobo

RK, WK 000000 000000000 [mODOO0O0D0OD0O0O0O0O0O0OORK< 0
OO0oo0obobodbobobooboo0oFKRO WKROODODODODOODOOOOOOO
gbobooogbbbuoooobbodo

LS 1-20000000000000 [4A)

FKE 00000000000000 [fm™}]

DR 000000 [fm]

NR 00000

V12 000000000 2,4/ 00000000000000000000000
WF CDCC O000000000000000000000

NKS 0000000000000000

DELTA 000000000000 [rad]

SUM ¢ 0000000000000000000

WFK 00000 000 NROODOOOO
0000000000000000000000000000 CWFOOODOOO0OO0OOO
VDCAL

00 1-3,23 0000000000 Vi3, Vo 0000000 DOOOODODOOOVD(2,
O:NVD, 4) 000000

SUBROUTINE VDCAL(ISP, VPL, NVD, VD)

gobooo 0



ISP KNTL(h) OOOODOO0O0O0O0OO0OOOOOO
VPLOOOOOOOOODDOODOOO (DOoOooooDooo)
NVD 00O vDOoOooooooooood

VD O0O0Oooooo(@ooooooooo)
gbooboooobobboooobobobuoooobo
UO00O0OUOrms U0 s DOOOO0OO0OOOOO
goobuoooobb 13bbouodooboogooobogd
gbobobuoooobb 23b0000b0b0bo0gabobobogn
goobboooobobbooooboobuoooobbboooobbooo

00000 0000 /V3aMUL/OODOO0OO0OO0O0000000O000O0OAR, RR, NRL
guoooouoobobbobibooooouooouoobobbboobboooog 1-3
00000 2300000AR, RROODOOODOO0OODOODOOODODOOODOODOOODO
gbooboogoon

ARO00000000000O0D00000000000000 [fm]
RR OO0OOODO0000000O0ODO0000000000 [fm]
NRL 0000000 00000000D0O000000000
DRVD 000000000000000ARDOO /O [fm]

RVDX 0000 [fm]

000000000000000000000 DRDVOOOOOOOO0OO00O0O AR
01/40000
00000000000000000000000000000000000

VNEXP
00000000000000000VNOOOOOOOOO000000(@Oo000)o
000000 ROODOOOOOOOO0O0O0O00 »00000000000000000
0000D0000000000O0ROOOOOO0000000O00000000000
00000000 000000 a=my/(m+me)(000000)00000000
000000000000000000000

SUBROUTINE VNEXP(R, RSA, LMAX, NR, RR, AR, DR, VD, VN)
goagd

R ((1+2)-3) 00000000000
71



RSA (1-2000000)x (00000aor a—1)
LMAX 000000 Apa

NR 0000 (1-300 2-3000000) 0000 NRLO
RR 0000 (1-300 2-3000000)0000 RRO

AR UODOOO (1-300 23000000)0000 ARODOODODDOOOODOOOOOO
0O

DR O000000000 [fm]
VD 0000 (1-300 23000000)00000000000
VN OOOOOOOO

RSA< 00000000 OO (-)*0000000VDCALOOOOOOOO

VCEXP
OO0000Db000O0000ob0o0bDbO00oo0ob0oobOoOo CcEODObOOOR, RSA,
LMAX O VNEXPOOOODOOOOOOODOO

SUBROUTINE VCEXP(R, RSA, LMAX, RC, COU, CE)
00000
R ((1+2)-3) 00000000000
RSA (12000000)x (00000aor a—1)
LMAX 000000 A
RC 0000 (1300 23)00000000
COU 0000 (1300 23)0000 Z Zse?/ (47 ep)

CEDOUODODOOO

LGCAL
Gauss-Legendre 0 000000000 O0ODOOODO

SUBROUTINE LGCAL(NMAX, XGTAB, WGTAB)
gogogo

NMAX OO0O0O -



XGTAB OOOOOO
WGTAB O0O0O0O

gbobboogobbobuoogon

n

1
[ r@de~ 3w st (1.119)
-1 k=1
UbdbOnbO000000zy O0OUOOO0OUO00O000Ow, ODOOOOOOOOOO0OO
0000000000000 n=2,4,---,NMAXOOOODOODOOOODDOO Ty, wyp
0000000000000 00XGTAB, WGTABOUOOOOOOOOOoOoo4ooaoa
ogooogo

VCUPOL, INTHP, INTHP1, VCINT
0000000000000000000000 Uehling pot. 000 000VCUPOL O
00000000

INTHP DOOOO0oDoooDgoon
gbobobooogbbobogoobobuoooon

INTHP1 ODOOODOUOOoboooobooooooboooboooog

VCINTOOOOODODOOoDOoOOoooooooo
b ogoobbooooobobooogbboboooon

HCTK40

OO0 Jrooogo ecbcCcoobouoboopoobsSsuobooooboooobo sgo
O00000000000000000000000000000000OPTP (2.19b) OO
0

gboboboooobboobooon

0 LMAX, NCCONCWF O KCCOOODOUOODODOOOOoOooDooOoo
1000000000000 b00b00bob

2000 J00000000 (1200000000000000000O0OO00O00O0O0O
goobobbobobobobbbbobotddduoooooooooooooobbbo
0O Uehling potential) 0 0 000 O

000 Jrobobobooboobooooo
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3-1 000000 KCCcObooooooooooooooboMccOooonoono
gbobboogodgbobbooogbo

32 KCCOOOOOOOooONCCOOOODOoobDoooooo Ipccooooono
KCcCoooooooopoooopoo Lecoooon

3 MCCOOOOOpoOooooOooobooOooboon rCcCOODOOODOOOD
obooobooobobo axobooobog

3-4 KCCOOODOOOODODODODOO0O0000000000000000000000
000 UF*1), Ux*2) 00000

5 00dpoboobobuobooobooobuooboobbo Lvoooobooon
OO0 0o0ooobo eNuMObDoooog

36 UOO0UODOO0ODOOODOOO sSsUbOoooOoooboobooobooooboOoon
OO000DbO0bO0O0 SOboboobOOobobooboobooboboog

SUBROUTINE HCTK40(IP12, DK12, ECMS, FKSC, IPFF, LAMNX, FFTAB)
goooo
IP12 12000000 (N120000000000)ONI200 NLSJOOOOO

DK12 1-2000/4/000 (D0OONI2000000)00000oooooooooO
gooo

ECMS 1-220000000000000000 (N1200000000D00O0O)
FKSC 1200000000000 (N12000000000ODO)
IPFF (N1)N2) OO0O0O FFTABOOOODOOOOO

LAMNX 000 1200000000 AODODDOOOOOOOO (DOoODODOOOO0O)
Ooooodbo aObOobboboooboobuooboboboboboobooboon
1-2000000000000000000C0O0O0OO0ODODOD (NL,N2)ODOOOOOO

FFTAB OUOOOOOOOOODODOODOOO (DoooooOoO)
OO0000 000 NRFFOOOORODOODOOOOOOD NFPFOOODODOO
gboood obbodogd

oboobooobo

CWFTAB 00000000 DOOO0ODOODOOOOOOOODOOOODODOOODO
Ooboooobooooboob0o rO00b00 GO DooorFroobOoOoDbO
0O GOOO00O0O00O0DbOO0bOO0DbO0ODbOD ROUDODODOODUODUODODOODO
DDDDDDDDDDDDDDDDDM



IDCWF NCCOUOODOooooboboboobooooboobobooboboobooobooo
gboboogobobod

IDCC KCCOUOOOoooooonh J7roobobOo KechoobobooooNee o
gooboogoooboogon

IDSWF NCCOOOOOOOONCCOO (142)-3000000000000N1200
(1-2)00000000000000000000000OO0

L3CM NCCUOOOOOOooooooooooooooboobobobooooooo
O0000002x(Jtot) 00 O0O0O0OOODOOOOOO

FKCM NCCOOOOOOOO((1+2)-3) 0000000000 O0O0oooooon
LCC KCCOUOOOonDooboboouoooboboooooooooboo

FCCOUOOOOOOOOooooobooooboooooobooogoobbooouoooo
OO00000D00OHCTK44 O00O00ODOOOOOHCTK46 D OO OOO0ODOOOOOOO
gobbooobobboooooooobbbbobbodoooooobobobooon
000000000000 (0000000o0o0)/0 0000000

0000000000000 00 (=MCcC)oboOoOooooooooooooo

FFTABODODOOOOOOOOOODODODODODOOOrCCOOOODODODODOODODO
gbooodg

U HCTK40 ODOODODODODODOODOObOOoOoOooooooooooDg KCC x Kee O
goooobboooobbobuoooobobobod

OO000000O00DO0o0b0obO0oobo0oobDobooooOoonD Stomer OO O0O
Oo0o0o0ooOoooOoDOoooOoooOoboboOobooboosoboOoobooOoDo
goobooooobobooooobon

gboodbogbboobbooobuooboobbobbooboobooboon
OOHCTK46 OODOOOOOOOODOHCTK4AS O SODOOOOODODOODOO
0oo

sOoobooobooobooboooooobobooboooobooooorLvoboobogo
0oo

viooOOo KCCOODOooooooooooooooboobooboboboboboo
gbooobooggd

vU OOOO KCCx KCCOOOOOOOOooooooDboDboDooOoStomer 00O
goboboboobobbododooooooobobbbboodooooooobobooboon

gbooodgg 5



obooooooooboon
CWFX, CWF, HCTK4M, XSCAL, HCTK42, HCTK44, HCTK46 HCTK48 0 0O O OO

gooobod

HCTKA4M
HCTK40 O allocate 0000 0000000000000

allocate 100000000000 CWFTAB(ICW)O IDCWF(NCC)O IDCC(KCC)O
IDSWF(NCC)OL3CM(NCC)OFKCM(NCC)OLCC(KCC)OFCC(IFCC)OU(NU)OV(KCC)O
VU(NVU)O 0000000000

0o0(@oo) OO0

E3CM(NCC) ((142)-3)00000000000000

VCP(0:NRFF) ((142)-3)000000000000

W3SP(NRFF) 00000000000000

ZCS(NZS) 1200000000

SUBROUTINE HCTK4M(JTMAX, FKSC, LMAX, FKDR, NR3, LAMNX)
00o000
JTMAX 0000000000 [A)
FKSC 1-20000 [fm™?]
LMAX 00000000 [4
FKDR (1-2)00000000000000000000
NR3 0000

LAMNX 000 1200000000 ADODOODOODOOO

XSCAL
gbbbuoodgboboboooobbooodn

SUBROUTINE XSCAL(LL, X S)
gobooo
LLoooooooboon

XSOooooooooooooo
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rj(x)0 000 j(x) DO00O0DO0ODO0ODOOOOOOOOOO 1000000000
obobooboobd

HCTK42
12000000000 ((142)-3) 0000000000000 OOOOOOODOOOO
gbooooogn

SUBROUTINE HCTK42(IDCWF, ICW, CWFTAB, FKCM, ETATAB,
+ LMAX, LAMNX, W3SP, ZCS)

goooo

IDCWF 000000000000000000

ICW 00 CWFTABO OO O

CWFTAB 000000000

FKCM 0000000 [fm™

ETATAB 00000000000

LMAX 00000000 [A

LAMNX 0000000000zCS000000000
W3SP 0000000000000

ZCSs 12000000000

HCTKOOOOOOOODOOOOOOooOoODDoOOoOooooDoOD ZC36J,SJTAB, CWEX
oood

CWFX

Ooooo0ooboooooboboooboOooooooeowronDOOoOoooOoO

SUBROUTINE CWFX(LMAX, ETA, RHO, FK, CWFTAB)
goobooo
LMAX 0000000 O0O0OOO0O0bOOoOobO0obobOooobooobbooboboooooo
ETA ODODOOOOOOO
RHO ODO00OOO0OOOODO: 0DODO

FK 00 [fm™!]
7



CWFTAB 000O0O0ODO0OOOOOODO

CWF
gboboboooobobboooobobod

SUBROUTINE CWF(L, E, X, F, G, FP, GP)
ooooo
Loooooood
E00D0DOO0DOOOn
Xp,oooooono
FOOOOODODOOOOOOOO(OOoooooo)
GO0U000000O0O0O0O0O0o0oo0Oo (Dooooon)
FPFO p0000O0 (DOODOOODO)
GP GO pO0000O0 (DOOOODODO)

00000CF3, CF2, COUPS O FINCALD

CF3 0000000000,0000000000LO000000000000O0
0000 F(L+1)/F(L)0000

CF2 L=00000000000D00DO0DbObObObOOobOOobDOoD
COUPS L=00O0O0O0 ODOOOODOODODOOOOOODOobODbOO

FINCAL 0000000000000000000000000000000000
0 j(x) 000000000000000000 —m(z)0 200

72C36J
12000000000 [,b//00000 OO0 SOOpDoOooOoOoOO ¢, vooooo
OO0 ANO0OODOODOODOODObOO zCcoOooo

SUBROUTINE ZC36J(LF, JF, LI, JI, IS, LO, L1, ZC, NW, W)

ZC coeff. PTP, pp43 (2.22b) 00000000000 0OOOOOOOODOOOOOOOO
o000 NOOooOooobobooo Zzcoboooo

A Iy j
A A P £odr s (1.120)

gbooboooobobooan

goooo -



LF [, 000

JF j, 000

LI, 000

JI j, 000

IS s 000

Lo AD00O00O0OD0O0O0@Oo00oonn)

L1 \00000o0ooooo((oo0ooo)ooooooooooooooooood
OOoboobobooo xoboobobooobob

zCO000000D0O00OO00ODO0OLODOO0 L1OODODOOD ANODOODOO zCOODO
gbooooogon

Nw Oooooo woooo

wioobhoobooodegobooobooobgoon

gbooooogn
VCOTAB
OO0o00obOobOo0oboobogoD 3jooooo veooooooo

(v (1121
SUBROUTINE VCOTAB(LFW, LIW, LO, L1, VCO)
oodoo
LFW [, 000
LIW [; 000
LoNDODO(OoooOoono)

L1 AD000(0000000)

VCo 3jobobooooooogn
Looooooo L1oo AOoooobogoboob veooooooobobooo
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gbooboogooood

SJTAB
OO0 6000 NDOODOODOODO SJOODOODOOoDOOoo

{jl J2 j3} (1.122)

lh Iy A
SUBROUTINE SJTAB(J1, J2, J3, L1, L2, NS, SJ)

ogoooo

J1/, 000

J2 5,000

J3 4,000

L1/,,000

L2 1,000

NS OO SJOoooo

SJOoddooooooooon

6 U00000Db0000b00 AODOD gjUbObOO00obOonD sJoooobooog
00 zC36JOOOOODOOOoCcGOOoOoOoooouobooboooD epubbooboOon
goo

HCTK44
000 (0000opoooooo JroooooO)oooogebccooooooooo
KCCOOOODODOoooooooo(ooo/Oo)ooooorccoooooo

SUBROUTINE HCTK44(JT2, JPAR, ISCOU, LAMNX, ZCS, IPFF, FFTAB,
+ IDCC, E3CM, VCP, W3SP, FCC)

gobooo
JIr2 0000000000
JPAR OOOOOODOO

IscCou Doonooooooobobooboooooooboboboobooboboboo
gbooodg
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LAMNX 0O0O0O 1200000000 ANOODODODOOOO (DOoOoooooo)
OOoo0ooboo AObOOoOobooOobooboobobooboooo zZesoooo
goooo

ZCS 120000000000
IPFF NLSJOOOOOOODOoDOoDOooooogoooooo

FFTAB OUOUOOOO0OOOOOODOODOOO (DooooOOO)
OO0000 000 NRFFOOOORODODOODOOOOOODO NFPFOOODODOOO
gbooboogoobbooodon

IDCC 00000000 IDOOD0 (KCCOOOOOOoOoooo)

E3CM ((142)-3) 000000000000000

VCP 00000000000000000000000 Uehling potential 0 D000 00
W3SP 0000000000000000

FCCOUOOOODOOOOO (ooooog)
000000000000 00o0ooo0o0o0o0o0o000 (Dooo/o)oboooo
DOO000000 NRFFOOOOROOOODOO
OO00DO0b0o0O0 MCCOhOOOOODOOoDOoDoboboooo

0000 RObDOOOOOOOLObOOObDbUOObDbOoOobDbOoOoOobboOoobbo
O0000OFCCOO (0O00OO)/000000ooon

HCTK46
Ooooboboosoooooboboobooooooo

SUBROUTINE HCTK46(EFAC, H, NRMAX, LCC, FCC, RFTAB, U, V, NSO, VU)
goooo
EFAC 2 x (reduced mass)/h?
HOOODOODOO [/fm]
NRMAX OOO0OOO0O0O0O
LcCcoooonoooooonooooooooboooooon
rCCUOUOOOOOOOOoOoOoOOooooooad

RFTAB R table. O O0O0OODO
81



UO000D0000000000000U(Y%1),U(x*2) 0000000000000
000000000U%*3), Uk*4), U(**5) 00000

vioooooooooo
NSo OOOOOOOO0OO0OO0OD0ODOOOO (DR3*NSo)OOODOoOOoOoooooooooO
vUu oooooogoooo

Stomer 0000000 O0OO0OOOOOOOOOO du/dRszuDDDDDDDDDD
O000000000000000O00000CowellOODODOODOOOOODOODOODOO
O00000000000P. Henrici O O”Discrete Variable Methods in Ordinary Differential
Equations”, John Wiley and Sons, Inc. NY. 1962 00000000

VUCAL

oooobd0 ROODOODD wOhOODOODOO VODOODDOODDOODO
OO0000O0Db0b000 veOOOo VUDOODODODODODOOwDO KCCOODOODOODO
O0O0000OO000OKCCx KCCOOooooooog

SUBROUTINE VUCAL(LCC, R, RR, VFAC, RFTAB, FCC, U, VU, V)
goooo
LCCOoonoDoobooooooDoonooonooonboooDon
ROODOOOO
RROODO 1/(0000000)00000000OO0O
VFAC 2 x (reduced mass)/h> 00 000000000000000
RFTAB R table. 0000000
FCCOOODDODODODOODODOOoOoooooooo
U00000ooooooooo(KCCxKee)oooooooo
vUuuooooooooooooooo((KCCxKCC) Dooooooo

vioooooooogo Kecooooono

UGSOC

OO0bD0ooboobooobooooooooboooog Gram-Schmidt OO0 OOOOOO
oboobooobo
DDDDDDDDDDDDDDDDDDD&DDDDDDDDDDDDDDD



SUBROUTINE UGSOC(N, IU, NU, U, NV, V, IP, W)
goobooo
NOOUO vVooo
IUUvUOD0OIUooOo (NxN)ooooooooo
NU OO vgooooooog
vuboogood
Nv oo vooogoooood
viooooooooooooobooooooboooooboobooboooobooo
IP O00000O0O0OO0bOOobOOobOobOobOoboobOoboobobobobooDobo
woood

gboogbboooboobboobuoboobbodgboobboobuooboon
goboboooobobooon
OO000D0O0O0000OHPSDEC

HPSDEC
obooooobooobooboob Xbooboobobooboobooboobooobo
gobog

SUBROUTINE HPSDEC(N,II,X)
goobooo
NOobOOooOoooooo
Imooooogooooboooon

XO0Oooooooooboooo

HCTKA48
UD0000000000000O000OC00DOO00DOOSODO00ODOoOOSMAT OO
gboboboogobood

SUBROUTINE HCTK48(K9, JT2, JPAR, IDSWF, DK12, IDCC, LCC, LMAX,
+ IDCWF,CWFTAB, FKCM, U, NSS, IDGS, SMAT, IP, W, SJ)

gobooo
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K9 KNTL(9), S 0000000

JT2 0000000000

JPAR ODDDODOOOOOOOO

IDSWF NCC 000000000 (1-2) 0000000000
DK12 NCCO0O0000000000000

IDCC 000000000000000000000000
LCC 0000000000000000000000000
LMAX 0000000000000

IDCWF NCCOOOOOO00000000000000000000
CWFTAB 00000000000000000000O0
FKCM 0000000000000000000000

Uoooooooou**1)0000oooooooooou*2)00o0ooood
OO0D00HCTK48 O OODOODO

NSSODOOooooooo

IDGS O O0O0O0Oooooboooog

SMAT SO0OU0O0O0OO0O0ODOOOOOOOO0OOO
IPODOO0OOO0OOOOOODO
wiooboooooooo

SJoOoooooooon

00000

000 (Ry=(NR3-2)x DR3)00000000000000w;, (i=1,2,---KCC)O
0000000 UOOOOUOR;00000000 000000000000000
00000000000000000 wOOOOOO000000 000000000
000000000000000000 W;; 00000 W,; 00000000000
WOOOOO ;00000000000 (0)00000000000 0;(;) 0000
0000000 O()00000000;;=0;6;, IL;=16,0000

7
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000000000000 S000 S000000 S, =+/K/K;S;;000000
000000000000

~

UW+0S=1I, UW+0S=TI (1.123)

0000 O000o0o0 oDOooOOoOUOOoODOOoO OO O ooDOoUOUoODoDOoOOoOOO
gbbbuoogobbbuoobbbboooobbbuoooobbbooaoboo

O'U-0U)YW =2iK (1.124)

000000 KOOODODOOOO00O000000000000000000 0000
Wooooooooo wWooOoo S00000000000(0'U-0U')0 LU0O0
0000000000000000(NSS)D00000000000000000000
00000000 K/K, 0 SOO0O00SO000000000

CLULEQ
NONOOOODOO CAO LUOOODODOOO0O0OOOOD CAOODOODOOOOO
000000 CLOODO0000000000C0 00000000000000000
000 CUOOOOODO00000000D0000000000000000 cUOOo
00000000000000000CAODOOOONOODOD CNDOOOOOO

SUBROUTINE CLULEQ(N, CA, CND, IP, CW)
0oooo
N OO CADOO
CA 00 (NxN)OO
CND 0000000

IPOD0O0OO0O0O0OO0OOOOOOOODOODOODOCLEQIOOOODOOOOOoDOooDogD
gboooodd

CW O0000000000000000000000
0000 IPO0O0O00 CWOODOOOOOOOCWOOOO0O0O00000000
CLEQ1

CLEQD 0000000 Cxx=bOO0O0O0O00O00 COO0O CLULEQOOO LU

OOooobobooobooboobobooboo cBUbooooooboobD pbooogoo
obobooboob xgbooood

SUBROUTINE CLEQ1(N, C, IP, CB)85



gobooo

NOOCODoOo

CO000000000 CLULEQD L/UO0O0O0O0Ooooon
IP OO CLULEQODUOOOOODOOODOOOO

CBOUOOOOoOobooobooboobobobobboobooooo

FORTRAN ODO00OOO0OO0OOOOOODOODODO

000000000 READ(5,*) 000000000 000000000000000
0000000000000000000000000000000000000000
00000 E(0D00 e000000)0000000000000000000000
E0000O0ODW) 00000000 Q(q)00000000on

000000000000000000000000000000000000000
0000000000000000

000000000000000000000000000000000000000
000000000 ()000000000000000000000

000000000000000000(/)000000000()000000000
000000000000000000000000000000000000O0000
0000000000000000(/)00000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
default 000000000000000000000

000000000000000000000000000000000000000
000000000000000000000000

000000000000000000000000000000000000000
00000000 READOOOOOOOOOOOOO0O

N00000000000000000000000000000000000000
000000000

0000000000000000000000000000000000000000

000000000000000000000000000000000000000
00000000000

000000000000000000000000000000000000000
00000000000000000000000000000000

00000000 compilee 000000
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MPI OO

000000 ceUOOODODOOODDOOOODODOODOOO CcpUOOOODODOOO
dooooooobooooooboooonoooooooooooooooooon
0o0ooooooooooooboboboboboboboboboboboboboboD MPIOOOOOOOOO
ggdno

vpn( virtual parallel machine) 0000000 CPUODOOOOOOOOOOOOOO
O0000000000000000MPI(message passing interface) 00000000
0000000000000 (000o0o0oopoooooooooooo)cpuboOOO
gooooooooooooooondodoooooooonndoooooooon
0000000000 bOoo0obD MPIOODODDOOOO OSOOOODOOOODOOO
OO0 CceUOOODOODODOODODOODODODOOODOOODODOOO0OOOoOOOoDOOoOn
000000000000 0000bO0bO0bO0ObOoDO cpUDOODODODODODODOO
0000 ceUOOOOODODODODOO CPUOOOOODODOOODOOOODODOOO
Oo00o0o0Oo oSonooooooo MPlOODDOO CPUOOODDOOODODDOOOOO
0ooooooooooooooooooo
gooooooooooooodoooonoooooooooooooooogg
000000000oDDoODoODoODoODOD CcekUOOO0OO0OOOOOOODODDODODODOODOO
0ooodooobooooooodooooooooonoooonoooooooooon
O000000b00O0000bDOo ceUOODODOODODODODODODOODODOO
000000000 (00)0ooO00o0oooo00o0ooo0oooooooooooooo
OO000o0oO0oOMPIODODOODOODOODOOOOODOOSODOOODOODOODODOODOO
goooooooooodd
MPIOOOOODODUODODOOoOoDoDoooooboooooooooooobbooooo
00000hctak(mpihex) 00000000000 O0O0DOOOOOO

OO0 MPIOOOOOOOOOOOOOOOODODOOOO (DOooOOoOoOoO)oooo
gbooboogooboood

include ‘mpif.h’

FORTRANOOODOODOODODOOODOODOOODOOOD mpithO00OOODOODODOODO
gbogobobuogboobbuoobboouobbodbboobooboobooboon
OO0000000D00DO0DO0DO00O0000D00D0O0uwsed00000O0O0OMODULE
gbboboogdbuweb 0OD0O0OO00OOO

OOooobobooo MPIOOODODODOOOOOOOD

CALL MPI_INIT(IERR)
CALL MPI_COMM_SIZE(MPI_COMM_WORLD, NPROCS, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WO%,}JD , MYRANK, IERR)



oooboooMPIDOODOOODODOOODOODOODOODLOOODOODObDODODbOODO
gbobbuooggbobuooobobobbbuoooobbbuoooobobbuooon
OOD0OO0OOMPI_COM_WORLD OO0 MPIODOODOOODODOOODOO CPUODODOO
OO00O0boOobOobooooog NPROCSOOOOODOO
osoooooooooboboooboOooboooOobboOoOobbooobboooDbobooo
OOo0Oob0obOobooooooooo oSooooboooobobooon
OOO0O0OMPI_COMM_WORLD DD O OO UOmpith 00000000 OOOOOOOOOO
goggooood

OOob0oboboobooooooboobooooo ceubObOObOOOOoODOooOSODODO
000000 MYRANKOOOOOOOOODODODODODOOOOooOooooDoo
gbobobouoooon

NPROCS 0 MYRANK DO00OO0OO0OO0O0OOOOOOODOOODOOOODOODODOO
O00000000000000 (scope) D000 O0ODOOOOODODOOOOODODODOO
gbbboooobbboodobbboooob

OOOOO0OOOMYRANK O NPROCOODOOOODO CcPhUDOOODOODOOOOO
gbobbobuodoodd MPI_SEND, MPI_RECVUUDDODOUOOOOODLDDODODOOOOOO
O0O00OO0OMPIBCASTOODOOOOOO (broadecast) DO OO OO

MPIDODOOOD cpUDOOODOODOOODOOOOODOODOODOOOOD CcPUD
O handshake OO0 O0O0ODOOO0O0OO00OO0O0OOOOOOOOOOOOOO0O0O0OOOO
oobooooboooobooobbooooooobboooooooboboOooboD crUu
OooooboooOooooobooOoooobbbo ceooobobDbOOoOooboDObOOoOO
gboboboooobbooooooon

hetak 0 MPIOUODOO mpihex DOODODOODOOODOOOODOOODOO0ODOOOMPI
Ooooooobo ceUObOOOOODOObD ceUODODOOODOOODOODOOOD
OO00O0OOOoverhead DODOO0ODOOODOOOO

Ooobd cppdbbooooboobobobobJbobobooobobonog
gboboboogagn

mpihex OOOMYRANK OODOOOOSOOOOOOOODOODOOODOOODOODO
ooooboboooobo ceuObObDODbOOOOOODODODObDOO

0000000000000 00o0ooo0ooooooooO MPIOODOO (MPI_COMM_WORLD
O0000000000)boo00o000o0U00 cpUDODOODOUDODOOO MPIOOOOO
gboboboogobboooagn

CALL MPI_ABORT(MPI_COMM_WORLD, 9, IERR)
CALL MPI_FINALIZE(IERR)
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gboboggbogoboogobouobgbooobboobooobobboboobooon
gb o bobbuoooobbodoggy

OO0D00000D000000 MPIFINALIZEOOOODOODOSODOODOOODOODOO
goo

cbcCUbnpbopooooboobooboobooooon
OOo0ooogooocepiogooooboobooboobo ceibboooooooboboOoDD
0000000000000 000000O000000oO00oooooooO (FFDUMP)
0000000000000 0000000 KNTL®)OOOO

OO0D000D0000DO CckUDODOODOODOODODOO CPU DO broadcast 00O O

OOoobooboboooooobooobobo cevobbooobbOooobooobooobboOoOoD

OOo0o0obooo0oooobobOoooboo0ooboboooobboogoobboD ceUbDO
OO0b0oboooo0oboobobooboboooob0oboob0obobdbU mpihex
gbobbuoooobbbuoobbboooobbbogb
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20 UO4Oootdbotdtd

00000 CbCcCOO0000 hex(hetak) 00000000

mpis2s MPI O O0O0O0O0O0O0O0OOODO SOO0O0OOO0OOOODOO
h2s KTRL(9)>20O0O00O0O0OOODO0O0O 100000000D000CDOO
kin3b 000000 0OO

opm JOO0OUOO0O0OOO0OO0OO0OOOOOO0OOOOO0OObOO0bObOObOOn
O000O0hetak OOOO0O0O0O0000O00OODODODODOOOO (ODODOOOOOOO
00000000000 CO0O0000)00o0oooOoOOo0ooooooooo

wsf 0000000000000 O0OOO0O0O0OO00OO000O0O00OO00O0O00DbO0O0D
Dooboobooobooboobuoobooboobobbooboobooobog

00000000000o0O0O0000000O0 (Doo)ooooooooooOoQ
gboobooodgobobod

DOOob0o0booobDO Fowdier 0000000 O0ODOODOOO
goooogoboboboooobbooooboboooobbodao

filooooodboobooobooooooboboooooooooboo
xscal 0000000000 0ODO0ODOOOOOOODOODOOO0

pickff hetak OO0 O D O0O0O0ODOODOOO0OO0ODOODOOOOODOOOODOOODOODO
0o

elx hetak O SOODOOOOOOODODO SOOOO0OOOOOODOOOOOODOOOOOO
picks hetak OO DO OO0 SOOOOO0OOOOODOOOOODOOSOOOODOOOOOO

trix hetak 00000 SOOO0OD0OO0OOOCOOODOOOOOOOOOODOOOOOOO
goooo

ft 0000000 Fourier OO

openmp U0 O0O0O0O0ODOO0O0ODOODOOODOOODOODO CcCeUOODOODODOODOOO
O000000D00D000 hetak OO0 O0OODOOODODOODODOODOODOO
00O O openmp [ hctakDDDDDDQODDDD



2.1 mpis2s

mpis2s 00000
MPIOOO hetak OO OOO0DO0OO0OOOOD cpu00000O0O0O0ODO0OOOODODO

000 cpu00000000cpu 000000000000 0O0000O0O0OO (padO
O0000)0ODODO0OO0OOO000000D0O extension 0000000000 OOOO
O000 hetak OO ODOODOODOODOODOODOODOOOOOOOOODOODODODO

gbodboboobuogudobbooobuoobbuoobboobobuoobbooboon
OO0 elxfO trixf OOOOD0OODOODO

gbooboooobobboooobbboooobobooon

oooboboboobobobobobooobobooboobobobobobo
OO0D00b00b000bD0o0OwmixOO OSOO0OODOOOODOODObDOODOobOOOD
1s -al smtx>smtab DO OO0 smtab DO OO0 00O0 ‘smt’' 00000000000
OO0O0000bD00bObd editor DOOOO0OO smtab OOOOOOOOODOOOO
gbbogdboboggbboobboouobbuoobbuoobbobooobooobg
gbooooogn

OO0000bOobOobOoboobob soboboobobo0ob0obOo JOoobOoDOohetak
Oo0Ooo0o00 JTMIN, JTMAX, JTINCODOOOODODO

directory OO O0OODOOOOOOOOODOO0ODOOOOODODOODOODOO

mpis2s.in D0 000000000000 00O0000O0O0OO0
00000 00 smtabOOODOOOOOOODO(A20)
00000 0000000000000 0000 (A20)
Oo0O00oo0 JTMIN, JTMAX, JTINC
JITMIN O JTMAX OODOOOOOOOOOJTMAX O JTMINOOOOOOOD

O0O0000000 FORTRANOOOODDOODOODOOOODOJTINCOOO
gbooooooooo



gobbodbuogbbgouobogbuooboobboobuobuooboonon
gbbooggbbbuoogobbbodd smtboboooogbbobuoooobon
gooobogoooboooobbbooooboboboooobbooo

OO000D0000OORetak OO ODOOOOOOOOODOO

gboudbobudgbbooobbogbuogbooobooboobbboobob
OO0000bo0o0 sm’0000000000DO00000O000O0000O00O0000OO0
gooodg

mpis2s.out 0000000000000 0ODO0OOOOOOOOOOOOD

O00000oD SOoooooDoo0obboo0dOmpis2sin 000000 OOOO0O
OO00000D00D00bO0DbO0obDOnOSTATUSODOD UNKNOWNDODODOOOO
gbbobuoobobbbooodobbbooogbobobog

ooOd
mpis2s.in JUOOO00OO0O0O0000000

smtab file name of MPI-smatrix files
hst file name to dump all the S matrix elements
0,1000,2 /JTmin JTmax JTinc

OO000D0000 smtab OODOOOOOOOOODOODOOO

smt00000.0
smt00001.0
*okokok ok kK ok ok
smt00126.120
smt00127.120

gobobdobobobooboobooboboboooogn

gbobobodgbodb rieccO0b00O0bOo0boooboobogg.od 12000000
0000000000 cpu(ecore) 00000000 O0OOOOO core0000 cpulO
Ooooboon

(142)-3 0000000 ODOODO JOODODO SOOODODOOOOOOOOOOJOOO
U0 cpu0DO00O0O0OOO0DOOODLDOO JODOOODOO JOODUOODOODDOODDO
OoooboooooooogoD ecpuOOOOoDOO JOODO SODOOODOOOO

O0hst DO0DOOO0OODOOOOOODOOODOO0ODOOODOOODDbOObDOObDOODO
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oobooobooooooooooobboobooobooboboobosoooobogo
gooo
OO00O0DO0bDO0O0OstODO0DOODOOO0OO0OOO0ODOObOODbObOObOO

gbooboooon
gbogbobodbboouobboobobuoobbobobuoobbogbooooboon
gooboodgg

S25: S-mat. name-table file=smtab

JT2min JT2max JT2inc= 0 10000 2
U000d00Ompis2s.in DOOOOOOOOOOO
gooduoouod smg?7e7? DOOOUOOOOOOOOOOOOOOO
S2S: SMTAB=smt00000.0 opend
JT2N < JT2min !
UO00D00O0Ompis2s DO OOOO JT2MIN JOOODOOOO0OOODOOO
smt00000.0 DO UOOOO 32 OO 10000 UOUOOOOOOOUOOOOOUOOOOO
NJ=4984 KX= 303 NHF= 2397785 allocated
Oooououououououon 23977ss oo ooooooodao
gdduououotuotdotdodotooooouoooooouooooa

S2S: SMTAB=smt00001.0 opend
xkk [JO U smtab UUOODOODOOO0O0OOOO *kx
S2S: SMTAB=smt00126.120 opend
S525: SMTAB=smt00127.120 opend

ObO000O rrFOUMP=2 J0OO0OO0OO0O0O0OO0OO0DOO0DO1-2000000
gboboboogobbobooooboboooobooooon

sys. 1-2 param. NOT definend

goboDboogd abert UDUO job UUODDOO s UOOOOOOOODO
gbobuoogobood

JT2= 8352 NOT defined !

gbooboodod sgdgboboboog Joobooooboo

JT2= 9968 NOT defined !

number of undefined S are 136

00000 JM2min=0 UOUO0OO0ODOO0O0O JT2MIN=32 DO UOO0O0O0OO
gbobuoooobbodgd Jra=10000 OO0 s OU0O0OOOoooooooOg J
b0 136 DUOOoooooood

gboDoogJr2=9970 U0 JT2=100009? gbooboboogoboood



gbooboooobbboooobobbobbboooboboboooon

00
hetak OO0 SOODOODOOO0OOO0OOOODOODOODOOOOOOODOODODODO
goboboogobboboooobbbooooboboboooobobon

goooooo

1000000000 hetakin OO0 OOO0DOOOOOOODOOEDOOOOOODOO
O000D0Ohctak 0000000 KTRLE) OODODODODODODODOOOODOOOOOO
goobooogd

21200000000000NL12(=N1242) 00000 S1200000000000

gooooooooo

3(142)-300000000000NL3(=NCC+2) 0000000000 S300000
ooo

4000 JO0O0ODO SOOO0OOODODODOOOODODOOOODODOOOOODOODOD
0000000000000 0OOOoOOoOoOoOoOooOOoOoUoUoOoO)oDooooooo
000000000000)0000000000000000000000 SO
gobobobobboouooooooooboboobbbooooooobboboobob
gbobobobbbuodgoooooobbbbobboboduoooooobbboob
0 SOo0oOoOoOoOoOoOoOoOOoOoOOOOOOO (J)UOOOoOOo ~0OD0OO0ODOO
gbobobobboooooobobobobobobobobbobg J7obog
ggooboogooo

OO0 SOo0o0O0oOooo0o0 grpOoDOOO0DOOO

OOO00OHD,S12,83, HFOOOOOOOO SHTABOOOOOODOOOO0O0O0000
0D00D00O00HFOO0O0O0OO0O0D0O000000000O000000000000000
000000000 JO0000 SO00000000000000000000000
0000000 IDHTOOOOO000J"0000000HFO000000000000
0 IDHT(*1), IDHT(*2) 000000000000*0 J 000000000000
00 JTMIN, JTINC 0000000000 ,0000000000000000
L,b=000000J0000000000000000000000000000x=
(J—JTMIN)OOOD

I#£00000%=2x (2xJ— JTMIN)/JTINC+(1—=)/20000
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00O000000000000000 L, 0000000000000 0 00000
(—)kn x 7 =100 Ly, =J+100000.00 L, 0000000 Ny(= (LMo —
Lmny /241 000007000000 S00000000000 Nyjpux{KCC/3+(1)+1}
00000000(1)0 KCCOO0O000000000000000000000000
0000000 L, 00000000000000

00000000000000000000 K(=LS)00 O=(-1))000000

000000 J°00000000000000000000IDHT(*1)=10000
000

2.2 h2s

h2s 00000

hetksmat 0 SO OO0O0O0O00OOO0OOOOOOOOOOOO SOODOOOODOODOO
hetakout OO0 0OO0O0O0O0OO00OOOOOOOOOOOOOOO
OO000000h2spl OO0 0O0O0O0Ohetksmat OOOO0O SOOOOOODO h2s.out O
gbobuoogobood

O

O00o0obOoob perlDOOOOODOO

Obo0oO0o0obOoboOoobOoboo perl DODOOOODOOOOOODOODODODO
0od
perl 0 /usr/pin/ D0 0O0O0O0OLnux DOOOO0OO0O0O0DOO0ODOOOOOOOOO

$ locate perl |less
ODOoO0o00O0oOoooOoOobooooboOooDo

gbbogbbodbobobooboobogbogbooboobbobbobbonon
0000000000000 00$h="hctak.out’;$s=">h2s.out’ U0 (00O )OO0
000000000000 ‘hetaq’(‘h2sout’) 000000000000 O0OOO

gbbobuoooobbbuoooobbbuooobbboooobobbodan

sooooooooo’ibcCcoooooobooboooboobobooooboooooo
OO000D0 h2splO00000ODO00ODOODOOOOOOODOODOODO

2.3 kin3b

kin3bO0OOOO0O0OOOO0O00O0O0O00O0O00DLOO00b0ObOOD0bOO00dn kindb.in,
kin3b.0utDDDDDDDDDDDDDDDQQDDDDDDDDDDDDDDDDDDD



DOoobooboooboooboobt wmtab DOODOODODODOOODOOO
goooo

O000O0000DbO000O00b0o0ooO0ob0bO0ob0o0b0oOO0OD FORTRANODODOOD
gbooooogn

0000 1234567890 column indicator
gobboboobbooodooooooobbobobobododoooooooobooon
gbooogg

0000 (KTRL(i),i=1,10), TITLE, FORMAT(1012,A50)
KTRL(2): 00 000000000000
KTRL(2)=1 0000000000000000000000000000 @,
00000 KTRL(2)=2000 ¢, 0000000000000000000000
O000O0O0KTRL(2)=20000KNTLOOOOOOOOO0OO0OO0OO0O0O0000
TITLE OOO0O00000000000000hatak 0000000000000

OO000 QVALONE1IOEIMINO EIMAX

QVAL OO0 QOO MeVODOOOODOO
NE1 000000000000 O00O0000

EIMIN, EIMAX 0 0000000000000 O0O00DO0O0DO0O MeV O
oboobog
gooooobobbobbobbbbbootbodddooooooooooonon
gbboboooobbbuooobboboooobobobuoooobo

0000 ((ANG1(1,J)1=1,3),J=1,2)
0000000000000J=10 2000 6 0000 ¢, 000000I=1,2,3
00000000000000000000000000000000000000
0000000000000000000000000

0000 NE2, E2MIN, E2MAX
0000000000000 NEL EIMIN, EIMAX 0OOOOOO0OO0OO0OOO0OO

0000 ((ANG2(LJ),I=1,3),]J=12)
000000000000 ANG1OOOO

gboogbboobodgboobbbuooboobbodgboobboobuooboon
gobboboooobobobooboboboboboboboboobobobo
gbooooogd
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goo
gbbbuooobgoobbbuoogobon

1234567890 column indicator

0000000000 (p+22Mg)+12C, E(23A1)=1840 MeV

-0.125 10 10, 110 /Qval, NE1 Elmin Elmax

0.0, 180.0, 20, 0.0, 0.0 0.0/((ANG1(j,i),j=1,3),i=1,2)
10, 10, 1000 /NE2, E2min, E2max

0.0, 180.0, 20.0, 0.0, 0.0, 0.0/((ANG2(j,1i),j=1,3),i=1,2)

goo
gbobobuoogobobboooobbbuooooboo

KIRL=0000000000
TITLE= (p+22Mg)+12C, E(23A1)=1840 MeV

sys Ename Z A J pi M[u]
1 H 1 1 1/2 + 1.0073
2 MG 12 22 0 + 21.9930
3 C 6 12 o + 11.9967

Elab((1+2)-3)= 1840.0000 MeV
OU000O0Ohectak DO OOOOOOOOON
NE Emin Emax
1; 10 1.000E+01 1.100E+02
2: 10 1.000E+01 1.000E+03

1st Last inc
thetal 0.00 180.00 20.00
phil 0.00 0.00 0.00
theta2 0.00 180.00 20.00
phi2 0.00 0.00 0.00

OO000Db0b000ooDoDobOobooonD Mevl OOO

KIN31: Ecm= 630.621 cPin= 8876.893 MeV

OOooobobon0o ECMO p00000 cOOOODOODOO
gbobboooobbbuoooobbbuooooboouoon

El: 10.000- 110.000 cpl  0.0000E+00  1.3273E+03 MeV
Thetal: 0.000- 180.000 inc 20.89 deg.



Phil 0.000-  0.000 inc  0.00 deg.

E2: 150.287- 1000.000 cp2:  2.4808E+03  8.6761E+03 MeV
DE2=  84.971 MeV

O00doooooooooooooooooo\\

OO00O000D0 loop DOOOOOO

O00000 (Q0000)00000(@)000000oooog

D000000000000000000000000000 Ohetak OO

FKSMIN, FKSMAX 00000000000

# El thetl  phil E2 thet2  phi2 fk

5.00000E+00 0.00 0.00 1.27457E+02 0.00 0.00 3.77801E-02
5.00000E+00 0.00 0.00 1.27457E+02 20.00 0.00 1.73567E-01
5.00000E+00 0.00 0.00 1.27457E+02 40.00 0.00 3.35795E-01
5.00000E+00 0.00 0.00 1.27457E+02 60.00 0.00 4.89243E-01
# El thetl phil E2 thet2 phi2 fk
5.00000E+00 0.00 0.00 2.12428E+02 0.00 0.00 1.85325E-01
5.00000E+00 0.00 0.00 2.12428E+02 20.00 0.00 2.67197E-01
5.00000E+00 0.00 0.00 2.12428E+02 40.00 0.00 4.21987E-01
5.00000E+00 0.00 0.00 2.12428E+02 60.00 0.00 5.84391E-01
gbobooooobooaobon
# El thetl phil E2 thet2 phi2 fk
9.50000E+01 180.00 0.00 1.23208E+03 0.00 0.00 3.62189E+00
9.50000E+01 180.00 0.00 1.23208E+03 20.00 0.00 3.56779E+00
9.50000E+01 180.00 0.00 1.23208E+03 40.00 0.00 3.40724E+00
9.50000E+01 180.00 0.00 1.23208E+03 60.00 0.00 3.14540E+00

goo

0000 (0o00)00000000 E;, 000 p, 000000000 DOODODOO
gD oobbobbboodpy, pe, p3, HOODDODDOODODOOOOOOOO00OO0O0OO
my, me, my U DO O0OUOO0OO0O0O0DOOO0ODOOOOO0O0O00O0OO0

2 2 2
P1 b3 Pp3
E; = 2.1
+@ QTnl%_27n2%_27n3 ( )
p?

2(my 4+ my + Q/c?)
Pi =P1 +P2+DPs (2.3)
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QUDOO0OQLhOOOoboboooooboDon

D000, r, r3s 000000000003 R
Ooooouoouooooooo G
3
m m
r=r] —Is rlzRG+—3R+—2r
M M2
miry + Moy m m
R=———~"°~_r — ACE o S
p— 3 ro=Rg+ MR mmr
mqry + Maoly + M3r3 m
R = i rngG—ﬁR

OO000Omp=mi+me, M=ma+m; 000000000000 000O0O00O0O00OOO

gooo

2 -2 2 32 32 2
myr]  mor; msry; MR ,uRR_’_,urr

E,+Q= + + =

2 2 2 2 P) 2
RN ¢ I
2M 2/’1/R 2;”7"
O0oo000ooooooon

:mmms :m1m2
HR M Hr Mo
0((24)000000000000000000O0O
miTy + meols + msr
Pczﬂf( — ;ﬁ 33>=pr+m+p3=m
miry + mer . m
Pr=pr (M—r3)zp1+P2—£Pi
mi2 M

. . map1 — M1P2
Pr = pir (i — ip) = oD

mi2
oodooogooooo
mq ma
= Zpi+ —Pp+p,
P1 Mp+m12 RTD
mo mo
= Zp + 2Py —p,
P2 Mp+m12 R—D
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Pr,p, 00000000 O0ODOODODOOO

L v
=T — F, -2 =F.. =00 2.9
2/LR+2,uT +Q 2M (2.9)

0000000 py
0000000000000000000000 p,00000000000000 (2.8)
00000p;, 000000 p; 000000000000 mPr/mye, p, 000000
00000000000000000000000000 (2900000000000
000000000000000 p,0000000000000000000000

S=mM PR/m12 +pr (210)

gbbougdbsddbbtbd puoddbboodbboobboodobbody. g
0000000000000 000000 (2900000

ds __mipn p

dpr_ maa pr Pr
Oubdsdbdod s, 00o0aodn

+1. (2.11)

(2.12)

Oubds, 0000000000

Sy = \/24tr B 1|1+ mmj\? (2.13)

mo

gboogoogbo sd p. 000000
googoooobbbbb sODbDOo
OO0 sO00000D00D00O0O0

O E :C ] pr
o000 mp,/MOODOODOOOO0OO 5, 00000000000 p, 00000
00000000000D0000000000 AD(DDOO0O000)0 sO000D0000
ooodod

m
Pimaz = Mlpz + Sp (214)
m .
Mlpi —8p, if mipi/M > s,
P1min = (215)

0, otherwise
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OO0 e 000000000000

arcsin

S .
mlp ) Zf mlpz/M Z Sp

P
, otherwise

(2.17)

91 maxr —

000 oo 0000000000

gboboodd pq

guobdl ppdbobod pp0gbgooububoboboogboouobogooboon
000000000000 00O0O00000000 ppn00opoooono Q,=(60y, ¢1=0)
gooooo

gboobooooon

2 2
P2 B p L Q- FE. ps+ps=pi—pi=Dp: (2.18)
2m2 2m3

gbobobooodn ps bbb oooobbobogn

Ps = \/p? +p% = 2pip1 cos b (2.19)

Qs = (05, ¢s) = (arccos (1%00391) , ) (2.20)

O000Op, OO0 O0ODOOO0oooog
Ay p2 — 2By cosbyspy — Co =0 (2.21)

gboboboooobboobooon

1 1 Ps ps
= Bs: , C :Ez N s
2m2 2m3’ 2m3 2 +Q ! 2m3

0006, 00000000 py, ps DOO0O0ODOOOOODOOOODODOOODDOOOODO

A, (2.22)

B, cos Oy, £+ \/(BS coSs 923)2 + AC,
pas = a (2.23)

gbboboooobbobuogoobbboooobboooobboboooon

C,>0000 000 ppy >0, p,. <0000000p,, 0000000000000
p. 000 Q= (6, ¢) 000000 DODOO
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Co <0000 ODOOOOO pOodOobobOOOOOl,, OO0DOO0O00O
0 < bys < Oogmar = arccos \/ —AsCy/ By (2.24)
O0000000Op, OO00O0O0OOO0OD0D0DOO0O0O0 ¢ OODODOOOOOOO

p 000 p+06,,0000000000DO0DODODOC, >
2 oobooOoboOoOobOooboOde,, 0bod n0O0ODO

p :
—\\ﬁl\_; D0000000000000 G, < 00000

0000 (0)000 pay (po-) 000O0OOOO0O
Bas = Oasmee 100000000
p.000000000000000000

w&+@@—%<p<w&+&@+&
Ay == Ay

max T0 623 (2.25)

Ps.

o000 p, ps 000060, 0000000 p, 0000000 DODOOODDOOOODOO
gbobogdobobo p, 000dbbogbbooobbod p, ps DOOOOO0OOOO
oboobooboobod

Co>0

7

UO00O0p, DOOOO0OOO0OO0OOO0ODODOODDO0O0DO0O0boOobDd po 0
gbboooobbooobobbooobboooobbooobbbuooobbbao
gbbobDU0Op, DOOUOOOOOooooon

Co<0

P2 = p2(sin Oy cos @2, sin Oy sin ¢, cosby) = po Pa (2.26)

p. UOUOO0OOO0OOOOOobLOO0bOO0
po0(225) 00000000000 p, 000000 6,,0000000 p, 00000
Up,0gdbbbbooodgbobobodgogd

COS 625 = (Agpg - 02)/235 D2 (227)
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goodooooobbobboooooooooo
§1 = (cosby, 0, sinby), S =(0, 1, 0), 83 = (—sinb;, 0, cosby) (2.28)

gbobobododl aggdooo

P2 = pa1 (cosas; +sinasy) + py) 83 (2.29)
P2 = P2 cosbas, pi = ps sinb (2.30)
ooon
cos By = (P2 + Pi) = cos « sin O sin Oyg + cos O cos Oy (2.31)
D2y cos o .
tan gy = — = —————sina (2.32)

D2z B Sin (‘925 - 95)

000000 = (6, ) 0000000000000 00000006, ¢, 00
000000000
«0000 [-n, 7000000+ 0000Q, 000000000000

%, 00000p, 0000000

000000¢, 00000000 [0, 7)000000000000000000000
p; 0000000000 6,000000000000000000000000C, >
0,0, <000000000000000

C,>0000 ODOO0ODOOOO0ODOOOOOObOOODDbOODbOO

p xy 00000 Q= (65,0), (6, 7) 00000000
¢! 0000000 (0)000 s =6 + 65 (= |6 — 62))
000000 6, 0000 (2.23)00 p,, 00000
00000000000000000006,0000
¢, =000 00000000 ¢,0000000
0 p, 0000000000000 Ocosfss = (Pa-Ps)
afululslslslslals

C, < 00O0OD0O DOODOODOOODOODOODOO pODO0ODODOODODOODDOODOO
Ubobooggn pyeb0oogbbbuooobbboooobbbuooobon
oooo
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S s
e2

smax

Ooemez >0, 00 000000 p, 00000000006, 00000000000

ooooono
0 < by < min(fs + O2smaz, ™) (2.33)

0006, <O, — 60, 00000000000 OOOODOOOOOOOOODO
000000000000 0000oooO ¢ 00000000 [0, 7]000
000000000 00000000 p, O000D00ODODODOODOOO
goboboooooboo

08 025 maz = (P2(02, P2min) - S3)

cos 0 cos By — cos 09 max

cos 2 sin @, sin 0, ( )
O00D0¢, O000D0D0O0O00oooooa
bosmez < 0, 00 O0OO00OO 6 00000000000O000O0O00
Qs_QZSmax§92Smin(gs"i_g%maz’ 7T) (235>

000000 ¢, 00000000 (234) 0000000

obooooboobodbboobiboobUddbbOKINGLO B, 00000000
gboboboboooogbbbobuooooobbbbuooobuooo bbbooooon
gbooboogooboood

2.4 opm

opm U OO0
opmfO00000000000000000000000000000000
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(0)ODO0DO0O0DO0oO0Oooooooooooooo

(0)ooooOo0oO0oO0OO0O0O0U0oOUUUUUUOOODOCOOC0OO0OO0OOODOOOOD (mo)HOo
000000oooooo(oo)ooooo

gbooboooobobbooobooboboooobbbuooobbboo

gooo

Oo0bobobOob opm.in -opmowtd 00000 O0OOOO0OO0O0OOOOOODOO
D000 wmtab OO OO0 OOO0OOO0OOODOO0ODLOODOODODOO
gubobobouboboooubobobooboboboobubobooboabo
[00NODOODOODOOODOO0DOO0O0O0O0bO00bO00o00b0U0bUOUOFORTRAN
gboobooboooobon

Ob00 bobobog2robobooboboobobooboboboobobobo
gbooboggd

000 KNTL(10), TITLE, FORMAT(1012,A50)
KNTL(1) =0000 TITLEOOOOOO,umtabO00000000O0DOO
0000000000000 0O0ODOODOO
KNTL(2) =NPOT:0000O00OOOOOO (0 <NPOT< 11)
KNTL(3) < 00D0O0DDR [fm], RMX [fm] D0D0D
DROODODOOOODODDODOOOUOD pOOOODOO
RMX OOoOooooooo r,0oobbon
=NPOW(> 0) 00000000000 OOOOO
00000000000 (107™W ooooooooooo
=00goobbbooooobobbooogon
(4) =NSTEPO KNTL(3) >000O0O0DR = 1/(2%™x 00) 000
(5)  not used
6) >0 0000000 KNTL(6)x DROOOOODO
KNTL(7) >0 000000000000O0O0O0O0OO0OO0O0O0O
) >0 ;000000 (O(241)00)
99 >0 (V)OOOO (00DODOOOOOOOOO)
(10) not used
TITLE guooooooobon
KNTL(1) =00000TITLEOOOOOOOOOOOOOOO
00 0 040Ca(d,p), Ed=50 MeV
guoooboobobboooooodad
gooooooobbbbb pbbbbU0O00O0O0oUoUooooo
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000 KNTL(O)#4#O0O0OO0O0OOOOOOOO0O0OO0OO
OO0O00000D0O0O00000DOO000O00DOO00DOOoOoDObOOoODDOD Iz, 1A,
IS, JP, EMO0OD0O0O0O0OO0O0ODO0O00O0O0OD0IZODOOOOOIAODDODOOISO
OooooooOgJpOO0OOO0O0 (100 —HODEMOODODOOOOOOOO
OobOoboboooboEMOOOOODOODOOOOOOOODOOOODOOO
0000000000000 00000000000KNTL(O)=00000000
gboobooboooogbbbod

OO0D00000D0000D00umtab 00000000 editor DODOOOOODODO
gooooooooon

opm OO0OO0OOO0DOOOIS,JpO0O0O0O0OCOODOOOODO

000 OD000OO00O0O0oOoooO0 KNTL(2)(NPOT) OODODOOOOOOOOOOOO
Oo00000O0O0000Oo0ooo0ooooDo ISLISD, V, R, AO0D0OOO0DOO
0oOod
000000 (0D0)0D0000ooDoooV, R, A0D0D0Q0O0OOOODO ‘A’00
'GO0000000000000A’(G)0000D0000000000 ( grid search
yooooooooooooo

IST
IST

gboooboooo

gobobooood

Woods-Saxon V/(1+e)
Woods-Saxon 00000000 4xVel/(l+e)?
Woods-Saxon 0 0000 Ve(e—1)/(1+e)?
0000000 00 [MeV]

00 [fm]

0000 [fm]

N = O = O

< D’ ;
O o O

0000e=exp{(r—R)/A}0ISD=000 1000V 0000000000000
0000000000

0000000 ROOD (DOD)/A0000000000000000
0000000000000000000000000000000000000
0(00)0000000000000000O0gridsearch 00000000000
0000000000000000000000000000000000000
00000000000000000

‘A’ GOO0000bob00ooooooDoooooboboDooOooboDbooo
00000’ O00000b0booooobo0obobooooobA’rooooooo

gboobooogobbooogon 106



‘A’('G)000000 RCODODODOODOOOOO

000 RC, LMIN, LMAX, LDEL
RCOOOOO [mI00000000000O0O0OO0O0 RCOOOO0O0O0O0O00O
0000000000000000000000DOLOOP000OO0DNOODODO
0000000000000000000 A00000000000 LMAX OO
000000000000000000000000000000000

D000 RCOO (DOO)Y*O00D0DDO0O0O0O0ODODDOOOO0O

000 DR, RMX
KNTL(3)< 00000000000DRODOOOOOOOOOOOOD hAORMX
00000 r, 0000

000 ANGO, ANG1, DANG, NEXP
000000000 ANGO, ANGL, DNG 000000000000000000
0oo0o0000O00oon

OO000000ooobo0d0 Ao GhooooOopoobooooooobooo
OOOONEXPOOOOOODOODODODODODOOOOODODODODOG O
‘A’O00000D0OO00DOO0O0bOboOoOoon

000 grid search G 00000000 (NGRID(M), DGRID(M)M=1,NG) 00000
D0O0O0O0ONGO 00000000000000000000000000 ‘@’
0000000000000000

NGRIDOOODOOODOOOODGRID ODODOODODODOOODOODOODGRID OO
OO0D0O0DOooO0ODGRIDODODOD EO0DODOODOOOOOOODOODODO
0ood

NGRID O DGRIDOO0OO0OOOO0O0ODOOOD 4/=—0000000000+/-—’
000000000000 0000000D0000 X O00X-NGRID*DGRID O
OO0 X+NGRID*DGRID O0OODGRID 0000000000000 OOOOOO

00000 +/—0 NGRIDO DGRID DOOOOO0OODOOOOOOOOOOOOO
gooboooggon

OooooooooooooonbD ‘G0 M=10O00b0bOobOobOo '«¢gPoooo
DoOOo0 M=2000000

D000 ‘A’D000000OC0ITERMX, CONV, NREP OOODOODODO

ITERMX OOOOOOODOODODOOOOoDOOobDgooocecoNV Oooooonooo
goboboboobobbooddooooobbobobobbboodoooooobboboooon
DDDDDDNREPDDDDDDDDl%DDDDDDDDDDDDDDDDDDD



gbobogdgbbgobbooobbogobbogbbuooobboobbooobo

000 000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0o0ooo0o0o00( ¢, c, !, #, %)

00000000000 [000]00000 NEXPOOOOOOOOOOO0OO
000000 (000)00000000000 (mb/sr)0000000000000
(mb/sr) 000000000

goooooooood

O 000000000000 b00ob0obOoDOonD defant OOO0ODOOOODOODODO
O0Odefaut OOOODOOOOOOOOOOODOOODO

OO0D0O00 default 0O OOODOOO0ODOODOOOOODOOODOODOOOODOODO
gboboooogn
gbobobuoooobbbugoobobooooboobuoooobbooo

000000000000000 2c+20c 000000000000
120+12¢ 0000000

(V,W,ry,rw, ay,aw,rc) = (120, 34.02, 0.71, 0.96, 0.84, 0.69, 1.3)

form factor 0 V O W O Wood-Saxon volume OO0 00 O MeV O fm0O
0000000000007 x (A% + AY%)

000 M. Bueneard et al., Nucl. Phys. A424 (1984) 313

O0000 1016 GeVODODOODOOOODDOOODDODOOOOOOO

1234567890 Nucl. Phys. A424,pp313 set F of tab. 1
0200000100 12C(12C,12C), E=1016 MeV.

0 0-120 3.251 0.84 /real WS VR a

1 0 -34.02 4.395 0.69 /Imag WS VR a

5.963 00 O /Rcoul Lmin, Lmax, Ldel

0.1 20 .1 /1st and last angles, angle increment [deg]

gboboodbbogoogbbuogbbuoooboogbboobbuogobboon
gbbogogbbodbooobuoobbuodobboobboouobobbbooboon
googobodgbogooboobbooboobboobooobooboobon
gog
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126112C elast. Ejy,=1.016 GeV
1k 4%ﬁ *?#* .
RN
Lo = T
4+ ™
L S
£ i +*\+\$
& 01 Ty, -
2, i
w vl \
0 f
© i N
0.01 | Exp. from NPA 424(1984) 313 fig.2 ™. -
Line due to set F by opm.f(Y. Aoki) N
0.001 1 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20
Ocm (deg)

OoOooboobooboonD Fig 20000000000 0O0DODODODOODOO
gbbogobbodibb opm OO bouoogbbboooobuoogbbooon
gobobooooboboboooobobon

goo
obooboobooboobooo

grid search 0 000000

1234567890 heading

0200000000 40Ca(D,D), E=40 MeV

0 0 -82.0G 4.0 0.7 /real Woods-Saxon Depth, Radius diffuseness

1 0 -13.5G 4.5 0.75 /real Woods-Saxon Depth, Radius diffuseness

4.46 0 301 4.46 / Rcoul Lmin, Lmax, Ldel

1.0 120.0 1.0 91 /1st, last and inc. angles, Nexp

+/-56 1.0 6 +/-1.0D-2 /NGRID, DGRID or ITERMX and CONV

#Ang(deg) Xsec(mb/sr) Ruth(mb/sr)  Xsec/Ruth
10.00 6.0758E+03 6.6173E+02
11.00 5.2627E+03  2.9456E+02
gobbboooobbboood

98.00 4.2404E+00 4.8139E-01
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99.00
100.00

3.6564E+00
4.0531E+00

1.8372E-01
4.7251E-01

00000000000 00ooooo 'GP 00000 o0ooooonD +/—-000
gbbbuoooobbbuooobbbuoooboboo

opm version 2 Y. Aoki  2009/12/25
title

40Ca(D,D), E=40 MeV

2 4 6 8 10
0200000000

sys Ename Z A Jpi M(u)

1 CA 20 40 O + 39.9516

2 H 1 2 1 + 2.0136

3 H 1 2 1 + 2.0136

Elab(1+2)= 40.0000 Ecm= 38.0807 [MeV]
Eta = 0.7065 k= 1.8683 [/fm]

(Npow Nstep)=( 6 3) RMX= 1.4850e+01 =( 222) x ( 6.6904e-02) [fm]

(Lmin Lmax Ldel)=( O 30 1) [hbar]

Potential parameters

ISI  type depth[MeV] radius[fm] dif.[fm]

0 0 -82.0000 4.0000 0.7000

1 0 -13.5000 4.5000 0.7500
RC 4.4600

STR= +/-5 +/-1.0 5 +/-1.0D-2
NN= 5 JS= 1 1 0 1 FN=

/NGRID, DGRID or ITERMX and CONV
5.00e+00 1.00e+00 5.00e+00 1.00e-02

target for search
Pparm(3,1)= -82.00000 +/- 1.000e+00 * 5
Pparm(3,2)= -13.50000 +/- 1.000e-02 * 5
U0O0d00 grid search UOOOOOOOOOOOOO0OO0OOO
gbooboooo
(Ang0O Angl Dang)=( 1.00 120.00

1.00) [deg] Nang= 120
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#0PM30 fine targl targ?2

2.2629e+03 -8.7000e+01 -1.3550e+01

2.2629e+03 -8.6000e+01 -1.3550e+01
obobboobooboobooboobo

2.2629e+03 -7.7000e+01 -1.3450e+01
fine U0 UO0O0OO0ODOOOtargl UDDODOUOOOD0OOOtarg2 ODOU
gbooboooooboood

#0PM30: min,fine= 2.2629e+03

# at T1 T2= -8.2000e+01 -1.3500e+01
dooooooooboooooooooobooooooobooon
ogoogo
gbdtuotuouotuotdotdououotuouoouoooooo
goooogo

#Ang(deg) Xsec(mb/sr) Ruth(mb/sr) Xsec/Ruth Near X/Ruth Far X/Rth
1.000 6.21091e+07 6.16404e+07 1.00760e+00 1.01286e+00 1.55631e-05
2.000 3.62943e+06 3.85311e+06 9.41948e-01 9.59227e-01 9.82654e-04
0ooooooooooooooooooooooooooooooooon

120.000 1.63653e+00 6.35492e-01 2.57522e+00 1.28368e-02 2.23633e+00

# Xtot=  1.18138e+03[mb]

000 Xtot OO

automatic search OO0 O OQO0OOO0O
OO0 automaticsearch OO0 O OO0OO0OOOOOO

1234567890 heading

0200000000 40Ca(D,D), E=40 MeV

0 0 -82.0A 4.0A 0.7A /real Woods-Saxon Depth, Radius diffuseness
1 0 -15.0A 4.0A 0.7A /real Woods-Saxon Depth, Radius diffuseness
4.46 0301 4.46 / Rcoul Lmin, Lmax, Ldel

1.0 120.0 1.0 91 /1st, last and inc. angles, Nexp

50 1.0E-4, 3 /NGRID, DGRID or ITERMX, CONV and NREP
C mocked up ‘experimental data’
#Ang(deg) Xsec(mb/sr) error(mb/sr)

10.00 6.0758E+03 6.6173E+02

11.00 5.2627E+03  2.9456E+02 11



12.00 3.3202E+03  4.1549E+02

goodooooobboboon

99.00 3.6564E+00 1.8372E-01
100.00 4.0531E+00 4.7251E-01

gboogobuogbboobobuogbbobuoobbooboooboobbboon
gboogobubodboooboobbuoobbooouobboobbooboon
O0o0o00obO0o0bO0ooooooobooO0oboobo0oooDooboDOo "A'DODObogo
gbobbodboobbuooobboobbobobuoobbooboobbooboon
O00000D0000000O0Nexp=91000000000000000O000O00O0O00OO
O ITERMX, CONV, NREP OO0 ODOODOODOOOODOOO0O0OO0O0OO0O0o0oboobDOoD
OO000bO0b0000ooooooobogocCONV=10E4 0000000000000

gbobobuoogobbooaon

opm version 2 Y. Aoki  2009/12/25
2 4 6 8 10 title
0200000000 40Ca(D,D), E=40 MeV
sys Ename Z A Jpi M(u)
1 CA 20 40 0 + 39.9516
2 H 1 2 1+ 2.0136
3 H 1 2 1 + 2.0136

Elab(1+2)= 40.0000 Ecm= 38.0807 [MeV]
Eta = 0.7065 k 1.8683 [/fm]

(Npow Nstep)=( 6 3) RMX= 1.3660E+01 =( 204) x ( 6.6904E-02) [fm]

(Lmin Lmax Ldel)=( O 30 1) [hbar]

Potential parameters
ISI  type depth[MeV] radius[fm] dif.[fm]

0 0 -82.0000 4.0000 0.7000
1 0 -15.0000 4.0000 0.7000
RC 4.4600

obobobobobooboooboobuooboobo ‘&> Doboobooboo
112



gboboboooobbbuoooobbouooooboboooooboon

target for search

Pparm(3,1)= -82.00000 A
Pparm(4,1)= 4.00000 A
Pparm(5,1)= 0.70000 A
Pparm(3,2)= -15.00000 A
Pparm(4,2)= 4.00000 A
Pparm(5,2)= 0.70000 A

(Ang0 Angl Dang)=( 1.00 120.00 1.00)[deg] Nang= 120
gooboooobbbdogoobobboooobbobooobboboooon
0oooooooooooooooo

gdooouoooouoouoooon
OPM40 entered
OPM40 KKK= 1 O OO0 NREP=1 OO OO
Loop FX== 1  2.9939E+03
-8.20000E+01  4.00000E+00  7.00000E-01 -1.50000E+01 4.00000E+00
-9.65406E+00 -1.62384E+03 -6.84507E+03  7.59954E+01 -8.22110E+02
7.00000E-01
-2.09303E+03
2.9939E+03 U UUOUOOUOOOOUOOUOOUOOUOOUOOUOOooouoooooon
oo oooooonoonooon
oo ouououououououoo
gdododododododouoodoooooooooooan

Loop FX= 79 4.6774E+01
-8.27691E+01  3.96397E+00  7.71030E-01 -1.33875E+01  4.42583E+00
-1.77722E-05 5.00152E-03  3.01433E-02 4.08448E-04 -4.43304E-03
7.49965E-01
-8.15057E-03

goboboooobbbooobbONREP=1 OODODOOO

gbobob>buggfo’ gggobobuoooobooboon

\begin{verbatim}

0 0 -81.826 4.0 0.765 /real Woods-Saxon Depth, Radius diffuseness

1 0 -13.124 4.49 0.719 /real Woods-Saxon Depth, Radius diffuseness
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\end{verbati}
UOODOHessian JOOOOO0OO0OO0OOOO
CNGRD: diag. of H of CNGRD
1 7.1543502E+00 2 9.7686600E-03 3 2.7832550E-04
4 8.3194791E-01 5 4.0843906E-02 6 5.9728071E-03
OO0 Hessian UUOOO0OOOO0OO0OO0OOOOO0OO0OODOOOO
Eig. value=  7.44703E+00 E. vec:
9.7850E-01  3.5966E-02 -5.7905E-03 1.9401E-01  5.4594E-02
-2.4375E-02
Eig. value=  5.94852E-01 E. vec:
2.0144E-01 6.7850E-03 -5.6855E-03 -9.6295E-01 -1.7328E-01
4.5097E-02
Eig. value= 1.05559E-03 E. vec:
2.4704E-02 -2.7934E-02 -2.0361E-02 1.8099E-01 -8.4854E-01
4.9539E-01
Eig. value= 1.34211E-04 E. vec:
2.9362E-02 -7.1603E-01 1.8007E-01 -3.5719E-02  3.4848E-01
5.7559E-01
Eig. value=  8.40599E-05 E. vec:
2.2117E-02 -6.7639E-01  4.4430E-02 3.2052E-02 -3.4851E-01
-6.4617E-01
Eig. value= 4.60790E-06 E. vec:
9.9230E-04 1.6337E-01  9.8215E-01  4.3927E-03 -6.6148E-02
-6.5597E-02
gbobbuoooobbbuoobobboooobbbuoooobboao
Potential parameters
ISI type depth[MeV] radius[fm] dif.[fm]

0 0 -82.7691 3.9640 0.7710
1 0 -13.3875 4.4258 0.7500
RC 4.4600

IER= O 1len. func= 4 .6774E+01

#Ang(deg) Xsec(mb/sr) Ruth(mb/sr) Xsec/Ruth Near X/Ruth Far X/Rth
1.000 6.21684E+07 6.16404E+07 1.00857E+00 1.91684E+55 1.91684E+55
2.000 3.60915E+06 3.85311E+06 9.36685E-01 3.06647E+56 3.06647E+56
O00000000 Near/far DOOOOOOO0ODOOODOODO

gbhbbooobobbboooobbboooobbbuooobbon
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OO00O0O0Opqecal DOOOOOOOOOO
3.000 6.04086E+05 7.61302E+05 7.93492E-01 8.86742E-01 4.90124E-03

119.000 2.05095E+00 6.48562E-01 3.16230E+00 1.02260E-02 2.92547E+00
120.000 2.05424E+00 6.35492E-01 3.23252E+00 1.20727E-02 2.89456E+00
# Xtot=  1.18845E+03[mb]

Ooboooboooboooobooobooobooobooboobobooobooboboon grid
searcch 0000000000000 0O00OO00O0O0O0O0O0O0O0OO (0)00000 56.5
(235) 00 0O0O0O0OO0OOOUOOODOOOO0ODOOODUODODDOOODUOODDOOOOOODOO
OO00000000bO0obO0obOoboDoboOooOCNGRDODODODODOOODOODODOD
7.15/0.831 00 0000000000000 0OO0O0O0O00O0O0O0O00O0O0O0O0O0O0O0O
CONV=1.0x 104 0000000000000

OO0000DO0O000D0O0D00DO difftuseness 1O OD0D0O0ODOOOOOOOODOOO
0000000 5973 x1073/2.873x1071=20.79 00 000000000000000
b 198 000bbougoooboooonooboooobo

HRN

gbobobooooboboooobobbon
OoooOo0oO0O0O0O0O0O0O0OO0OCOOCOCOO0ODOODODODODODODODODODOOOOO (CO)ooOo
gooooobobobbbbbobbbboooodoodooodooooooooon
gboogobobbogboobobobuoobbuoobboobooboboobbboon
gboobodbbodbuoobbuodobdoboobboobobbuoobbooboon
gbogbogoogbooobuoobobboobboobogbogboooboon
gooo

gboboboooobbbooobobboooobobobooon

V(r)=Vg(r)+iVi(r)+ Ve(r) (2.36)

O000VgR(r)O Vi(r)DODODOOOOOV(r)DOODOOOOOOOOOOOODODOOO
gooooooooooooooooo
h2

(—ZV”40¢:E¢ (2.37)

000000000000000 E>00000000000000000 (Im)00
0 (r) 00000

bim(t) = = () Vi (B) (2.38)

15



O0000Y, (r)000000000000000 Legendre 0000000 DOOOOO

l [ —
Yim(6, 6) = (—1)0+1b) J L Pleost) ™ (239
goodooooobbobbooooo
2
s (;Q - W%”) w(r) + V() w(r) = Eulr) (2.40)

Jooooooooooooooonoooooooooon
w(0) =0, w(r)— E+C{G+iF} r— o (2.41)

Oo00 /O G O0OO0O00O0O0O0bOO0obOooooOoOoooooooobDOobDOoo
0000000 ;,=0000000000000C00 (DODODODOO)ODODOOOOO
Vr+:V, 00000000000000000000000000000O0O0OVe(r)O
gbogbbodgbbboobuoobbooboobboobuoobouobobooboon
OO0oOobOoo0o ¢,ooooooo

gosbooog Ssuoboobooooogn

Sy =1+2iC, T=1-|5 (2.42)

00000000000000000000 SO0000001—|SP00000000
000000000000000000000000000000000O0OOOOOO
0000000000000000000000

000000000000000000000000000000000000000
0000000000000000
()0 Yh,(r) 000000000000 (r)00000000000000000
00000000000000000000000

Z e Y (K) w(r) Yo (F) (2.43)

00000000 0000000000000 0000 (DO0)okOODOODODOO
OO0ooboobyO00Ooo0ooob0obobo0ooooooooDbonDn
gboogobodboobobooboboobobbooboobbooboonobooon
O f(¢) 0000000000000 0ODPUOODOOO0ODODOODOOOOODOOOOY
00000000000/ O00000000000000O00O0 fe(p)DODODODDODOO
000000000000 (booCcoo00O0)0DUDoOoooDooooOooOoOood
gbobobooodgon

F(0) = fo(0) + (20 + 1)e* C; P(cos 0) /k (2.44)
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Ui —i(nInsin? 8/24200)
cll) =————F——=e¢ 2.45
Je(6) 2k sin? /2 (2.45)
goobooboooboobbooboooboobbooboooboobbooboobboOooon
oooobdoboooboooobobooboboboooboobobDoobobDoobobnoobooo
gbobooooooooboboboboboboooboboboooooboboboboboboo
gooobobobobbodooooobbobbotoooooobobbbuooooobb

gbooogdgbobobogbbogbobooobooobooobooobboobbn
gbogbbodbogbboobuooboboobbooboboobbooboon

goboboooobbboooobbbd epgogobboood
T

oR = EZ(21+1) (1—[1+2iC%) (2.46)

O00000000000D000OWoods-Saxon(OO)O0O00O0OD00OOO (0D0)0000O0O
0000000000 R=5 A=1[m|000000000O0O0OOOOODOOO

12 f _
1 volume type |

0.8 r

0.6 surface type .

02 ) 1

opm UODOUO0OO0OO0OUOOO0DOO0OOOOO0OODDOO0ObOOO00OobOu0bbOooobDon

gbogbobuodgbbouoobobodobbobuoobobooboobobobooboon
OOob00oobooo0oboobooooobooooboooowv2f00000O00OODO
gbobobooogon

gbooooogn
DDDDDDDDDDDDDDDDDDDA]]DD Cowell OO OOODOOODODOO



J00000 hetak OOODDODDODOD0O0O0OO0OO0OOOOO AOODOOOOODODODOOO
w(r —h), w(r), w(r+h) OOODOOOOOO0O0O000O0w(r—~"), w(r)0oooo
w(r+h) 00000000000 000000000w(r), wir+h) 0000 wr+2h)
gogobobboboooboobbobobobboddoooooooobboboboboounbobo
goboboodd wooooboobuoooobbboooooobooon
O00000000000000 AhOOCOOOO0O0O KNTLM@)ODODODOOOoo

godddooooououoooooobobbbobbbboboobbobobobobbbbbn
0000000000000 0000000000D00000w(r=0=000000
w(h)=¢OO0O0)00000D00000D0OOOODOOOOOOOOO

| 0 o it 140
lim, (1 - EV(T)) w(r) = { /6 it =1 (2.47)

Cowel DDODODOOMRY)YDDODDODODODOOOODOOOOO(0DO0DOOODOOO
000)0000000o0o0o0o0ooooooooooD wr)OODODOOoOoooooo
O0000o00oOooOooOoOoOoOD (0000000)0000000O0O0OO0OO0O0O00OO0O
0000000000l 00000000000-00001700000000 |w(r)|O
0000000000000 0o0OD0000D wr)=00O0OODOOOODOOODO rODOO
00000000000 |w(r)|]00000000000000000000DOOOOOO
gbbboooobbbuooobbboooobbbboooobbbooadd

gboboodbodbodbboobbuoobbobooobboobboobboon

goobogbbodbooobogobuoobobooobuoooobbooboon
gboodgbboobuodgboobboobuoobbooboobbboobooboon
goboboooobbboepm oo nboooooon

0 00000000000000000000000000 j(z)00000zj.(x) O
gggobbbbbbbouodgooooobobbbbbboooooobobbobob
ERERN

0 zj(x) DO0O0O0O0OD0O0O0OO0O0O000O0O0O2y(x) D000000O0O0ODODODOOO
gbobobobobobooooooboobobbLoooobobobobobo
ggobobooogbboboooobbobuoooobo

gbobbobobooboooooLboboboobooooboobobbobobobo
obob Loboboobboo0 Lobo obboobooobooLboooobo
O00LO00000000000000000000O0O0O0O00000002j(z) O
DDDDDDDDDDDDDDDDD1D18DDDDDDDDDDDDDD



U bugoobobbooogboboooobobooooboboooobobbooon
gbobouogobbbouooooboo

00000000000000000000000r(L) = (((L+2(1))*L+ 2(2))x
L+23)/(L+2(4)*L+25)0000

LOOO 1 2 3 4 5

L < 50 -6.77767 12.2724 -5.43419 34.5598 -73.1199

50< L <500 631.134 -3578.26 -3128.57 742.118 19420.8

000 Lgbooboboboobobooobobobobooo Lobooboon
0ood

AhO0D0DD0DD0DD0DD0DD0D0D0000
00000000000000000000000000000000000000000
Cowel 000000000 1-R2V(r)/120000000000000 (0)0000
0000000000000000000000000000000000000000
00000 -00000000000000000000R0000000000000
0000000000000000000KNTL(4) 00000000000 A0000
00000000 DROOCOOOOOOOOOOO

D0000000000C 000000 |Ve(rm)+iVilrm)| << [Ve(rm) + 11+ 1)/
noooo r,0000000000000000000 r, 000000000000
KNTL(3)(=NPOW) 000000 0default 00 000000000000000000
oooooo0o0o0o0odr, 0000000000
00000000 w(r)O r, 000000000000000000000000(0
0000 N00C)000000000000000000000000000000
DOoo0o0o00O00

u(rm) = N{F1 + C (G +iF)}, uy(rm) = N{F{ + C (G} +iF})} (2.48)

O0000oo0o0o0oooooo0w(r, OOODODODODOOOO0ODODODODOOOOOOO r
gboboogobobobuogobbbogobbooobobobooobbobuooobobobon
gbbobooodgobbod

000000000000 0ooooDooooon
Mott 0 Massay O O Theory of Atomic Collision 0000000000000 O0O0DOOO
O000000 00o00ooooooooooooooooooooooooooog

119



gboboboooobbbuoggobobuoooobobobuoooobobogad

€2 o 1(l+1
NP B G e ) I (2.49)
dp? p p?
000000000000000
A
p=kr, n= 1ﬁ2a (2.50)

O00a=¢e*/4dneehc 00000000000 =v/c0000000000000O0
oobood4, Z,00000booooboooooooooooo g, p0boobOoOoDn
gbobbobooboobboboobooboobg

Fi(n,p) = Cerp™ e ™ M1+ 1 —in, 21 + 2, 2ip) (2.51)

O000M(a,f,2) 0 Kummer 00000000000 00C00000000OC,
gbooboooobood

2m NEERT
Ceo(n) = %7 Cei(n) = mccz—1(n) (2.52)

000000 G,0 FFOODOO Frobenius 00000000000000000000
00 (0ooo0)d

Fi(n,p) —sin(p —nln2p —in/2 + o)) (2.53)
Gi(n,p) — cos(p —nln2p —In/2 4 0y) r — 00 (2.54)

0000000000FR(G)00000000 zj(z) (—en(x) 0000000000
ooooo
00000000000

op=argl(l+1+1n) (2.55)

OOooooorooobobobno stelingD0DO0O0O0 M'O0O00OoOOobDOobDOn
goooogooood

OO00O0D00D0DO0bD0D0OKummer 0000000000000 Wronskian O
Ooobooboobo/(obooobob nOobOOobOO0obOoboboobobn!iooboon
OO0D0000OnpU00O0O0OD0O0ODO0ODO0OOODO0ODOODOWronskian relation OO O
ooobooobooooooobobobooboooobo Il=0o000b00000DbDOOD
goboboogobbbooogbbobuooooboo

gbooboogoboood
gboogooog (2.42)DDDDDDDDQ2QDDDDDDDDDDDDDDDDDDD



gooogg

47
< |V(r) |y >f.:ﬁ2(21+1) lu (r) 2V (r) (2.56)
l
oo oooooooooooooooooo
Oo000000oooo00oooooooooobobooooooobooooooonon
godooooooooooooobooboooboobooo
gooooooooooooooooooon

gbboggbogobooobooobuoobobuooooboboobobooboboon
gboboggoooogboooboobbobuooooobooobooobooboon
gbogbobodboobbobobobuobboobuoobbooobbooboon
gobobooooboboboooooon

obbuoooobbbuooobbbuoooobbobuounbo

l0gboogoobobooboobbuoobbooboobbuooooobbooboo
ggoboboooobbooboooooboon

200000000¢C,b0ob0O0O0O0U0OO0obDOobO0obobobooboOobDoDOoD
Joboboooooooboboboooooogowyws, yoooooooo
4 0000000 10000000b00000

500 24000000

00000 »00000000000000D0000000000000000000
0000000000000000000000000000000000000000
0000000000000000000 00000000000000000000
0oooon

0000<rVi(r)> /<Vi(r)>0000000000000000000

00000000000000 (00)Ooooooooooooooooo

near/far 00
goobgbobobobooobobobobobbobobobobobobobo
guoodoobooobbobboooooao

goddoboboboddoododd p, 0000000000 powe UODOUps, U

OO0 z0UOpin XPewe OO0 yOOOODODODOOOOOOOOODOOOOOOO
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oododbbibl xOO0O0O z>00000000000000O0O0O0O0O0O000O0
0(0)0000000000 near (far) side scattering 0 00 0000
O000000000000D0O0000000 Legende DD DODOOOODDOOOOO
O000000000000000000000000b0O00d LegendreDOOOO
goobogo

y 1/2
Ph(cos ) — FF< (Vi"gj; (Ws?n 9) cos|(v + 1/2)0 — /4 + /2 + O™ (2.57)
Q" (cos ) = FI(‘Z{V++M3;—2§) (2 s7irn0> v cos[(v+1/2)0 + m /4 + un /2] + O™ ") (2.58)

000000000000 00000 /2/r00000000O0Ocos DOODOOO
+7/400000000000000000000000000 e*t00000000
gbobobooogbbobuoooobboboooon

Q) = [sz(x) T %sz(x) (2.59)

1

2

O0000000Q; (v) O far side, Q,,(z) O near side amplitude 000000000
Prim(x) = Qf, (%) + Qpn(®) (2.60)

0000000000000000 P,(z) 0000 (259) 0000000 near/far O
000000000000z=cosd 0000

gbooobooggbooogbbogbbuoooboobuoobbuooooooooon
O00000000000R.C. Muller (Phys. Rev. C12(1975) 1561) OO OOO0OOOO
gbooooogn

OO00OD0OLegendre OO DOOO0OOOOOOODODOO

Qu(z) = %/_1 Zith(t) dt (2.61)
P(z) = % Qi +ie) — Qulx — ie)} (2.62)
Qula) = 3@l +i0) + Qa — ie)} (2.63)

Q(z) 000000000 z=4100000000000O0O0O0O0OOOODOOOOO
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gooobooono ooogoobod

ANGO,ANG1,DANG 0D0O0OD0OO0OOO0OO0OOOODO (ODOODO)

ANGTAB OO00OOOOOODOOOUOOOOOODODOODODOODODOODObODbOO
DDDDDDDDDDDDDDDDDHSDDDDDDDDDDDDDDD



DR OOODO0O0O0O0OOOO(QOOO)
ECM 0000000000 (0000)
EFAC 2u/h? (0000)

ETA 00000000000000(QO00)
FK OODOOO0O0 (0OO00)

RC 0000 (0O00OD0)

RMX 000000 (0000)
RMASS 0000 (0000 [MeV])

FCOU,GCOU, FPCOU, GPCOU U000 O0ObOOoODOo0obOobDOoOobOobDOon
gboobuooobboouoooobon

vcou oooogooooobobooooooooobobooo robboobo

PL, QL OO0O000ODODO Legendre DO DO O0OO0O0OOO0OOOO0DOODOOODOOODOOO
ODO0O00OO0OLegendre D OO O0OUOOODOOOOODOOOODOODODODODOO
OO0000000000000000000 Legendre U0 OODOOODOOODOOO
gbooboooobobbooooobobboooooobod

R2I 000000000000 0O0O(DR)?/24072000000000000000 rO
goooo

CCOEF SEINT(SEINTA)OO ¢, 00000000000 0OO0OPM20, OPM30, OPMA40
gbobobooooobbboooobobobboooobbobuoooobboboooobn

CE000U0DO0DOOOODOUDOOOO 0000000000000 0000O0
gbooooooooo

rCOOOOOoOOOOOOOobDOobOobOOoUOobOOobOOobDOobDOobobboooOooDo

cCGK OOOOODOC, 000 Legendre O ODOOOODOOOODOODODOOO
gooooooobboooon

PTAB OUODOUODOOOOOOODODODOODOOOODUODOUODODODO rOODODO

KNTL 0000 (0000)

IADDD(D00000O0)
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ISO0000000000000 (000ooono)

IZ0ODOOO (000oooo)
JPOO0ODO0O0(0000000)

NANG 000000 (ANGI-ANGO0)/DANG+10 000000
NRX rO00onon

LMIN,LMAX,LDEL 00000000000 (DO00O0O)
module ASGRD O 00O
goooooooooooooooon

ISAG 000000000000000000000 ‘G'0°A’0000000°G (‘A
)OO 1(2). 0000000

IDP OO00O00ODOOOOO0ODOOOPPARAMOOOODOOOOOOODOOOODODDOO
00 (00)0000000 PPARAMOOO (0)0Q00O0OO0OO0OO0OOODOOO RC
O00000000000000 NPOT(KNTL(2) OOOOoOooooooOOo

JD ‘GO00‘A0D00o0nooonooooooo
NG ‘GO0000oooooooo
NAS‘A’00000000o0ood

NGRID grid search 000000000
DGRID grid search OO0 OO O0OOO0O0O0OO

ITERMX 000000000000 OO0O0b0oobuooboobooobboobon
O0O00OCNGRDOODODOOODODO LargeloopJOOOOODOOOODOOOODOO

CONV OO0bOOooboooooooono
XTAB OOOoooooooooooooooboboooooooooboboooo
NEXP OOOOOOOOOO

ANGEX 00000000000 O0)DDODOO0O0O0000O0O0O00OOO0OANGTAB
Dobooboooobboooboboooboobooboobooboobooboboo

XEX 00000 (0000)00000(0000)0000000000000 mb/sr
00000000000000000
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PDER 00000000 OOOOO0ODOOOOOOOOO (OD)OOO r(ODOOOOO
000000 ID)oooo

CDER ¢, 00000000000000DODOO0OO00O0OOOOOOOOODO (O0)OOO
O00000oooooooIb(L)0ooo

module FUND O OO

AMU 1000000000000 (MeV)OODOODO
CFAC ¢?/47eg [MeV fm™!]
HBARC hc [MeV fm]

EMAS O000O0O0oO0ooooooobooobobouobooboobooooboobooog
gbobboooobbboooooobobboooobbobuoooobboboooobo

PlO0nDOoOooOonOOO

RAD ODO0DOOOOOO ODOOODObDObOOoOoboOoOog

2.5 bgpot

000000000000000000000000000 bgpot.f, jlmpot.f, wv2.f O
oooooo

bgpot.f 00 000D 0O0ODOOD0OO0OO0OO0OO0OO0ODOODOOOODLODLODbDOOOO
doodooooooooooooon
BG Becchetti et al., Phys. Rev. 182 (1969) 1190
CHS86 Varner et al., Phys. Lett. B185(1987) 6
Menet Menet et al., Phys. ReV. C4 (1971) 1114
CHB89 Varner et al., Phys. Rep. 201 (1991) 59
Watson Watson et. al., Phys. Rev. 182 (1969) 977
Koning Koning and Delaroche Nucl. Phys. A713 (2003) 231
Daehnick Dachnick et. al., (DCV 79 F) Phys. Rev C21 (1980) 2253

jlmpot.f jlmpot.f OODO OO JLMOOOOOODOOOOOOOOOOOOOOOOOO
gobooooooboboooobon
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DO000000o00oooooood
J.-P. Jeukenne, A. Lejeune, and C. Mahaux, Phys. Rev. C 16(1977)80.

wv2f 0000000000000 DO0O0O0DOO0O0O0DO0O0DO0O0D0D Woods-Saxon,
Woods-Saxon OO0 00000000000 OOOOOO

bgpot

O000000 global potentail 0000000000000 DO0OOD0O0OOOOOODOOO
0000000000 000DO00O0

0000000000000 00000O00000Do00Do0ooooooooooon
OO00oO0oDOoooo
OO00D00000o00o00ooooooooooooooooooooog
000000000000 00000000O00O00000DO00DO00bO0bOO00OO000n
TWOSTP/TWOFNR 0000000

Ve X Ve 4 1—-Csp der
Vir) = T 1. W —">+Cqp —-— 2.117
(r) 1+6R+7"azs(1+€zs)2 S+1 e, + SD<1+€I)2 ( )

ogoon
- R - R — Ry
€r = exp <T R), er = exp (7‘ I), els = exp (T ! ) (2.118)

ar ar Qs

oooo0dDb R, ODO0O0ODOODOO rn, DODODOLODOOD ADLDDUODOODODOD
goo

R, =ro, x AY3, DO00Or=R, Iorls000O (2.119)
X, 000 00000000000 O00O0X =2m?00000000
X2 X2
0 OO Watson potential 0 0000000000~ 000 -~ 00000000

ras s Qs
Dobdoooooooooooooouooogooonon

TWOSTP/TWOFNR 00000000 DOO0O00000OODODOOOOOOOOOOO
http://web.tac.tsukuba.ac. jp/ yaoki

jlmpot
0000000000000 0ObO0o00ooO0ooOoO0bOO00ooDoooO0ooODOoDbOobOOD
oood
0(0)0000000 jlmin(jlm.out) 0000000000 (0)ODOOOOOOOO
0000000000000 00D0O0DO0DO00DOODO0ODO FORTRANOODODOO
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HEN

00

HEN

(KTRL(i),i=1,10), TITLE, FORMAT(1012,A50)

KTRL(1) 1000000000000 ODODOO

KTRL(2) OO0O0O0OO00.0000000 JLMOOOO (37,38,39) 000000
KTRL(3) O0O0OO0000O0OO0O0O0O0OOOO JLMOOODO (37,38,39) 000000
KTRL(4) =n(>0) 00000 nO000000D00O0ORn=0000000000

000
KTRL(5) = n(> 0) Vo, Vi, Wo, W, 0 n000000000r=000000
0000000

KTRL(6-10) DO OOOOO
TITLE O00O00O0O0O0O0OO0OO0DOO0ODOOO0O0

1Z, TIA, EIN, RC, DR, NR, FRANG

IZ 0000

TA 000

EIN 0000000 [MeV]

RC 0000 [fm]

DR,NR 000000000000000 [fm]000

FRANG finite-range 10000000 [fm] 00000000000000JLM O
000 (59) 00 FRANG(=t)=12[fm| 000000

(DPAR(m, n), m= 1, 4), n= 1, KTRL(2)) 00000000000 00KTRL(2)
DO0OO0O0OKTRL(2) 000000O000000KTRL(R2) 0000000000
0000000000

DPAR(1,*) =1 0000 Woods-Saxon0 =2 0000000000

DPAR(2,*%) =py [fm™@] po 0000000000000 0DOOOOOOOOO
goo

DPAR(3,*) =R, [fm]
DPAR(4,*) =a, [fm]

000 ((DPAR(m,n),M=1,4)n=1KTRL(3))

O0000000000000O0KTRL3) OOOOOOKTRL3) OODODOOOOO
gbooooogoobod
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OooOo JLMDbDOOoOoOd

00000 Reid hard core potential 0 00 00000000000000 py,, pp, p(=
pntp)0a=(p,—p,)/p000000000000000O00O0COO0OCOOOOOOO
ooooo

ODoOoooO0ooboooobooooboooooo

) =Volp, E) +aVi(p, E)
p, E) =Wo(p, E) +aWi(p, E)

)

)

= Wolp, E)+ Welp, E) —aWi(p, E— V) (2.120)

Vo, Vo, Wy, W, ) 00000000000 (0)D000000D0000O0O0O0O0 Ve O
goobooooobon
gooo

3
Volp, E) = a; ;0 B! (2.121)
i, j=1
000000000000000000
7, 00000000000000000000000

AC(pa E) = VO(/O’ E— VC) - Vb(ﬂ, E)
Welp, E)=Wy(p, E—Ve)—Wy(p, E) (2.122)

000000 (2119 00000000000000O0O0O0ODOOOOO FO E-VeO
guoooooooobbbbbooodoa

OOOooboOoookobD O EODO m*,m, mUOOO00O0O0O

m*(p, E) d

m
:1__%(/)’E):EX

m(p, E) ’
AVt e/ ot gl 1
- , — E ciip' B (2.123)

i, j=1

313l

gboobooobobobooooboogao

~ 3
m . .
Vilp, B)=— % bijp' B (2.124)

i,j=1
000000000 ep000O0OOO

er = p(—510.8 4 3222 p — 6520 p?) (2.125)
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gbobobogooboboogoboogad

D -1 4 o
Wolp, E) = |14+ — d; jp' B
O(p7 ) |: + (E._ EF)Z_ Z-;l 3P
m F 1t o
L%@,E%:%{L+E_EF > fip BT (2.126)

i, j=1

0000D=600[MeV}OF=1[MeV]OOO0O

gooo
JiMOOOOoOooOOooooooooboooboooboobooo

(%)
p('{)(r) B I+ eXp[(p;)_ Cp)/ap] (2‘127)

0000a,=054[fm)0000 C, = (0.978 + 0.0206 AY3)AY? [fm|0 00000000
(k) 3K
PO = r O3(1 + 2 a2/C2)
P pl>p
0000 (2127) 00 k=NorZ (000)0000000000000000O000O0
0ooo

(2.128)

000000000000000000000000O0000ODO J/AOoDoooooOoo
D000O0O0< R?>V200000000000

OO0000 jlmpot OOD0OO0OO00O0OO0ODOODODOO Woods-Saxon OO 0OOO
gbobobuoooobboooobbbuooooboo

finite-range 0O [
OO00ms00000D000D0OODOODODOODOODDODOODOODOOOODODOOD
000000000000 00oO0ooDooooog

V)= (vA) " [ Ve {_ (r - r)}
__1 /OOO dr' r'V(r') |exp {_ (T—tr’)2} — exp {_ (Ttr’)QH 0120

ri/m
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gdr=00000
~ 4 o0 2 r! 2
V(r=0)= t3ﬁ/0 dr' vV (r')yexp  — (?) (2.130)

30 MeV OODODDODOOOODODODOOOOOO (40)000000000000OOOOO
HEN

real V(R) [MeV]
N

50 | . (40) of JLM ]
| " JLM with NO FR corr

_60 1 1 1 1 1 1 1
0 ) 4 6 8 10 12 14

R [fm]

O00O0Ojmpot DODOO0OO0OO0OODOOODOOODOOODODO

1-1-1 0000000 12C+proton E=30 MeV
82 208 30.0, 7.41 0.1, 200 1.2 /Z A Ein Rcoul, DR NR Frang

goobogobogobuoobbboobbuoobbodbbuooboboboooboon
goo

12C+proton E=30 MeV
KTRL--1: 1 2:-1 3:-1 4: 0 5: 0 6: 0 7: 0 8:0 9: 0 10: 0
target Z and A= 82 208 Ein= 30.0000 MeV
Rmax= 0.100 x 200 Rc= 7.410 fm Frang= 1.200 fm

Proton density parameters
WSPOT: ID \Y R A

1 1.000 6.5178 0.5400
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Neutron density parameters
WSPOT: ID v R A
1 1.000 6.5178 0.5400

obooooOoboooooboboooooogv, W, W, Wy OOooonoooong

#JLMPVW:

# r(fm) VO V1 Wo W1
0.00 -5.3947E+01 1.1876E+01 -6.3412E+00 7.2746E+00
0.10 -5.3946E+01 1.1876E+01 -6.3414E+00 7.2749E+00
0.20 -5.3945E+01 1.1875E+01 -6.3421E+00 7.2756E+00

+++++ +++++

19.80 -2.5415E-09 8.6026E-10 -1.6316E-09 1.1269E-09
19.90 -2.1111E-09 7.1446E-10 -1.3546E-09 9.3582E-10
20.00 -1.7535E-09 5.9338E-10 -1.1247E-09 7.7716E-10

O00000000000000000000V, WDOOO Local Density Approximation
O000000000000FRmade 00000000 finite-range 0 O (O (51b, 52)) O
O00o0oooon

# Proton Optical potential
# r(fm) v FRmade W FRmade

0.000 -5.64592E+01 -5.63443E+01 -7.88006E+00 -7.93683E+00

0.100 -5.64587E+01 -5.63438E+01 -7.88035E+00 -7.93712E+00

0.200 -5.64571E+01 -5.63421E+01 -7.88113E+00 -7.93796E+00

0.300 -5.64545E+01 -5.63393E+01 -7.88241E+00 -7.93936E+00

+++++ +H+++

19.900 -2.26220E-09 -6.97483E-09 -1.55258E-09 -4.81808E-09

20.000 -1.87905E-09 -5.72213E-09 -1.28907E-09 -3.95114E-09

Jv Ju= -4.16972E+02 -4.16972E+02 -1.35865E+02 -1.35865E+02 MeV/fm**3

rms Rv Rw=  5.83215E+00 6.01448E+00 6.66863E+00 6.82866E+00 fm

OO000OO00OoooooooooooboboobOOobOOoOo0ooooooDOCbOOOOOOinite-

range J OO DUOOO0OO0OO0OOOO0O0OODOOOO
gooboooobbboooobbobooooa
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a; ; U0
j=1 j=2 =3 j=4
i=1| —9.74 x 102 +1.126 x 100  —4.250 x 1072
i=2 | +7.097 x 10> —1.257 x 10> +0.5853
i=3 | —1.953 x 10* +4.180 x 10>  —2.054
b, ;00
i=1 | +3.601 x 10> —5.224 +2.051 x 1072
i=2 | —2.691 x 103 +5.130 x 10!  —0.2470
i=3 | +7.733 x 10° —1.717 x 10>  +0.8846
¢,; 00
i=1 | +4.557 —5.291 x 1073 +6.108 x 10~
i=2 | —2.051 —0.4906 +1.812 x 1073
i=3 | —6.509 x 10!  +3.095 —1.190 x 1072
d; ;00
i=1 | —1.483 x 10° +3.718 x 10!  —0.3549 +1.119 x 1073
i=2 | +2.988 x 10* —9.318 x 10>  +9.591 —3.160 x 102
i=3 | —2.128 x 10°  +7.209 x 10>  —7.752 x 10  40.2611
i=4 | +5.125 x 10° —1.796 x 10*  +1.980 x 10>  —0.6753
fi,; 00
i +5.461 x 102 —1.120 x 10! +0.1065 —3.541 x 1074
i=2 | —8.471 x 10% 42.300 x 10>  —2.439 +8.544 x 1073
i=3 | +5.172 x 10* —1.520 x 10>  +1.717 x 10!  —6.211 x 1072
i=4 | —1.140 x 10° +3.543 x 10>  —4.169 x 100  4+0.1537

Woods-Saxpon potential O 0 OO
P00 (39) 0000000000000000

> r?
I:\/0 1+6( R)/a (/ / >1+€T R)/ad r=101+1

L OO0OODbOobOooooobooooooboooooboobo

L 00000000 0o0ooooooooo0ooooo0oooooooooboOoooDon

7/ 22

o0

ot )(R—1)/a g _ Z(_)ne(n+1)R/a/

n=0 R

n 2a3
(n+1)3
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R? 2a*R

:T;) {n+1 (n+1)?2




L 0000000 L 00000000000000b=e"*e00000

R3 ) 11 5 oo
I:3+4CLR<1—22+32_"'>+2G (b—23+33_>
R? T a2 5 B2 BB

gboooooooboon

11 1 72
C(n)DDDDDD(DDDDDDD(2.131)DDDDDD
voobe 2 (=b)" 1 [ (=b)t?
X — 2.1
bt I e A (215

n=1

0000000000 Ippbb0000O00O0ODOOOODOOOODODOOODOODOOODOOO
oooooog
0000000000 (213) 000000000000 0ODOOOOO0

2.6 wv2

wv2.£ 00000
00000000000000000000000000000000000 Woods-Saxon
0000000000000000000000000000000000000000
000000 Woods-Saxon 00 00000000000000000000
0000000 (0)000000 ws2in (wsvoout) 000000000 O (0)0000
0oooooooo

1 NR, DR, ID, NPOW, MAXN, CONV 000000
0000000000000
NR, DR 0000000 »r000000000 r=000000000000000

ID =1 0000Woods-Saxon 0, =200000000 -400=30000000
gooood

NPOW 000000000000000O000C0O0
MAXN 0000000000000 00000)00000000000000
CONV 0000000000000 000000000000

2 V, Ry, Ay, W, Ry, Ay 00000

OOoOO0ID=1000000000Ib=20000000000000000000
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OO0000ID=1,200000 IDODO0OOOOOO CHECKODOODODOODOO
gboobobooobobbboooobobboooobbbooooboon

Jobobogoooooob NR+1OOODOOoooooobD r=000000 DROOO
gbooooogooood

gbobooodobod

200 0.1 1 0 10 1.0D-3 /NR DR ID Npow MaxN Conv
-50, 2.0, 0.5 /V R A initial values
-5.64592E+01
-5.64587E+01

+++ +++ 0000000 199 00000000

gbboboodgobboooobbob

Wv2: ID= 1 Npow= O NR and DR= 200 0.10 fm
MaxN= 10 Conv=  1.000E-03

Fx Conv=  4.86147E+01  1.00000E-03

Vvol Rvol Avol

-565.78171 7.0765 0.5601

ID= 1 -5.57817E+01  7.07648E+00 5.60126E-01

#r [fm] Input fitted diff.
0.000 -5.6459E+01 -5.5782E+01 6.7767E-01
0.100 -5.6459E+01 -5.5781E+01 6.7721E-01
0.200 -5.6457E+01 -5.5781E+01  6.7565E-01
0.300 -5.6455E+01 -5.5781E+01  6.7310E-01
+++ +++
ad

00000000000000 0000000 r(m <re)0000000000 V;
00000000000 f(r)00000000 NODOOOOOOyp,;, (i=1,2,---,N)
0000000000000000000000000000000000 (00)00
ooO00o0O00o0o0ooon

S = {w(r) (f(r:) = Vi)Y’ (2.134)
D000w(r) 00000000000000000w2 00 w(r) =" 0ooo
NPOW 00000000000000000000000

opm.f000000000000000000O0O0OOOO0O000000000000

gboboboggbbbooobbboggbbbooobboooboobobuoooooboobog
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gogdooooooooooobbbobbbbbbbbbbooboobobobbobon
gogdbodgbbodgbuobooboobbooboobbogboobbooboon
goooo

wv2 00000000 f(r)OODOOOO

% 4W€W
= 2.135
f(T) 1+ Cy (1 + ew)2 ( )
ooo
r—R r—R
ey = exp ( " V), e = exp ( AWW) (2.136)

00000000000000000000 V, Ry, Ay, W, Ry, Ay 00000000
00 SO00000000000VSOOO0000000000000onononoooon
000000000000000000000000000

gbbobuoodgobbbUloepm UOOOO0OOODOO0O
O000000O0O0OD0OO0OOCNGRADOOODOODOODOOODODOODOOO HO
OO000D0DbO0O0O000000D00DOGood luck !

2.7 wsf, ft 00000

wst 0 O0O0O0O0OOOO0ODOOOOODO0OODOODOOOOO0bOOOoOOobDOoOooOOD
gboobooogboboboooobboboooon

gbob gobobbooodbbbuoooobbbuooobbboooobbbooan
gpooooood n, (00000000 00DOODOO0ODODOOODOODbDODO
ggogoobbobbbbouooooobbbbbodoooooooboboob
gooboboooobbbooooobobooo
Ub0oobdobd Fourter O OODO

o000 obobob /obobobo o0 jOoooooooooooobooobogoo
g
gogboboboooobobuoooobbbuoodgoo
gogbobboooobbbooooobobo
ggogobobbobbbbodoooooobobboddoooooobobooboon
ERERE

0ooooo
0 (0)000000000000 (0)0000000 wsfin(wsfout) 00000000
0000 hetak 00000000000000000000O0O00000O0O00000

gboboboooobbobuooon 151



000000000 (KTWSF(i),i=1,5)000000000000000000OOO
gboooogn

KTWSF(1) =10000000000000000000OO
000000000 hetak OOOOKNTL(1)=—10000000000D00OO

KTWSF(2) =n 000000000 KTWSF(2) 0000000000
KTWSF(3) =1 000000000 Fourier 00000
KTWSF(4) =1 00000000000000

KTWSF(5) =n 00 0000000000000000000
00000 WOOOOO (KTWSF(5)*W/10) 00000 00000000000
0000000000000000000000000000000000000
00000000

O0000O0DOhetak OOODODOOOODODOOOOOOOODOOOODOOOO
NR12=0 OOO0OD0OOODO0OD0O wst 0OODOOODODOOODODOODODODOODODO
gboobooooooood

hetak OODOODOOOOOOODOODOOOODODOOODOODODODOOOODODO
O00000DO0OO0000DO0OO0O0DKNTL, FKSMINONKSBINOOOOOOOOO
goo

FKSMAX OOODOOOOOOOOOOODOoOOoOooOooboooDoooooo

00
0000000000000000000000000000000000000000
00000000000000 r000000000000000000000000
0000000000000j=1+s000000 j000000000000000
0000 w,(r)Y,;.(#)/r00000000000000000000000000

Yijm(E) = Z (L smg|jm)Yim, (0, @) Xsm, (2.137)

mp+ms=m

xsm, 10000000000000000000000O0 wy(r)00000000000OO0

d_ {l(l; 1) X QE_QL(V _ E)} uy (r) (2.138)
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0000000000000000 r=000000000w;(0)=00000000
guoodoooooobbbbooodga
m“hl(l)(z’/w) if E<O0

uy — (2.139)
cosdyj Fy(kr)+sind; Gi(kr) if E >0

O0000k=+2u|E|/h, k=+2uFE/AR00000000000D0000C000006,;0
gbooboogogn

OO00000000D00OD hetak O Ohetak OO ODOOOOOOOOOOOOOOO
oboobobbon

OO0D000000 Fowrder 0000t O000ODOO0OO0ODOODOODOOODOODODOO
000000000000000 Rk)DOOODO

Ry (K \/7/ rdru () ji(kr) (2.140)

00000 Fowder 00000000 0ODOOOOO0ODOOOOODODO FKSMAX O
gooooobobobobobbbbbbbobooodoodooooooooooooon
OOFTRANSOOOODOOODOODODOOOOOOOOODO NKMAXOOOODOOO
00000000000000 0.125 MeV O 2Mg+p d-0000000 Fourier 000
gog

22Mg+p, bound d-state 7
BE=0.125 MeV

k[fm™]
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Oooooboo0bobobobooboboooboboobo0ob0obOUdhetak O
gbgbobooobuogbbuoobbooboobbbboobuoouobbooboon
godbbogogbboobooobuoobbooboobobuoobobbooboon
goobog

20 T T T T

15 :

10 :

barrier height

V(r) [MeV]

10 + 4

15 | 4

r [fm]

0000000000 (potential barrier heicht) 0000000000000 0O0OOO
gbooooogn

000D00Ocosd; =00000000(sing,;| =1000000000000000
googobuogbbodbboooboouobobooobooobooooboon
O000000000O0Ocosd,; 000000000000 O0O0O0COOOOOOSsinG,
00000000000000000000000000000000000 22Mg+p O
0000 si1y0, dgpp DO0ODOO0O00O0O0O00O0O0O0O0O0O0OOOOOOOOOOODOOO
si D0UO000O0ODODOOOOO0O0O00O00O0ODO0O0O000O0000000000
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x 22Mg+p

cosd

S12 | *

!
0 | =-oE o8 DE-EEE-Be ﬁrfm%g@e%%%*

i ‘B

o

}‘ =

| he!

| =

' =

i

i

i

i

sind

-8

-0.5

|
I I S T

0 005 01 015 02 025 03 035 04 045 05 055
k [1/fm]

cosd 00OO00O00O00000+£100 710000000000 sind 000O00Ods)

goboooooooooooooddididds,,ddddddddooooooooon
O0O00CO00D0OO00D0O0O00DOO00OO0Ccosd DO00ODDODODOOOODOODDOOO
goobgd

DDDDDDDDcos5lj:j:1/\/§DDDDDDDDD(DD)DDDDDDDDDDD
gbooboooon
gbboodboodgbbooboodgboodgbboboobboobboobboon
gboogbobbogbogbboobugboobbodbogbboobooboon
OOooo0ooobooboobobOoboboboboooooobooobooDb wstODOD
goooo
gboodboodgbbobuoobbooobooobooooobboobboon
00000000000000000000000O (CoooooooOoDoDoooOoO)Oo
O0O00O0OO0OD0OCOCOFORTRANOOOOODOOODOUOODOOOOOUODOOO
oboooobobooobbOn, 22 000000000000 0O000O00O0O0O0O0O0OO
0000 27 000000000000 0OO0ODOOOOOOCOOOO0O0 dé/dE > 00
O0O0000000000000O0C0FORTRANOOODOOODDOO ATAN2O00OO
O [-n, +7] 00000000000 27 0000000000000000000O00OO
|sind| 000 0000000000000 000O0000O0O00O0ODO0O00O0O0O0O0OO0O0
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OO00000000b0bO0obOobDOobD0oD FKSMAX OOODOOOOoDOOoDoDbOoo
gbobuoogobood
hetak OO0 OO0 0ODOODO0OO0OOODOODOODODOOOOODOODOODOOwstODOODO
gbbobuooooboboooobbobuoooobbogn
obobobooboobooboobooboobobboboobob

gbooboogogd

01110 /KTWSF (added on 08/09/29)
2 4 6 8 10 | title begins
1300000020 (p+22Mg)+12C, E=100.37 MeV
system 1-2
2 5 5 1 1 /LSTAB, ISTAB, JSTAB, NBND, IDVS: d5/2
0O O 0.1258 /NODS, ISBE, BES: depth adjust ! modified BE search
1 0.1 1.9 /NKSBIN FKSMIN FKSMAX
2 3 3 0 1 /LSTAB, ISTAB, JSTAB, NBND, IDVS: d3/2
1 0.1 1.9 /NKSBIN FKSMIN FKSMAX
0 1 1 0 1 /LSTAB, ISTAB, JSTAB, NBND, IDVS: 1s1/2
1 0.1 1.9 /NKSBIN FKSMIN FKSMAX
1 300 0.05 0 2 /NVPS, NR12, DR12, Lammin, Lammax
13 -7.5 3.50255 0.65 /fixed LS pot.

-2 1 -46.8655 3.502556 0.65 3.50255/VPS(1-6)
system 1-3 potential
gbooooogn

ODoOooooo
WSF ver. 2007/10/01 by Y. Aoki
2 4 6 8 10 title

1900000020 (p+22Mg)+12C, E=100.37 MeV

sys Ename Z A J pi M(u)

1 H 1 1 1/2 + 1.0073

2 MG 12 22 0 + 21.9930

3 C 6 12 o + 11.9967

Elab((1+2)-3)= ¥8%'3700 MeV



xxkkksystem 1-2 in jj couplingkkkxk
CH 1ls 2xs1 2%jl1 2xs2 2%I12 Nbnd Nkbin k(min) k(max) Pid

1 2 1 5 0 5 1 1 0.1000 1.9000 1
2 2 1 3 0 3 0 1 0.1000 1.9000 1
3 0 1 1 0 1 0 1 0.1000 1.9000 1

bound states
Ch Node BE isBE?
1 O 0.1258 O

System 1-2: potential parameters
Pid I1 I2  V(MeV) R(fm) a(fm) ROC (fm)
1 1 3 -7.50000 3.50255 0.65000 0.00000
1 1 1 -46.86550 3.50255 0.65000 3.50255
I1=1(2) fixed (floating) part I2=1(2) volume (surface) type

N12= 10 NR12= 300 DR12= 0.0500 fm. Lambda= 0 to 2

System 1-2 ch. ID= 1
potential parameters
I1 I2 V(MeV)  R(fm) a(fm)
1 3 -7.50000 3.50255 0.65000
WSPOT: for N= 1 VP= 1.0000 3.0000 -7.5000 3.5025 0.6500
NR= 518 be recomended !
2 1 -46.86550 3.50255 0.65000
WSPOT: for N= 2 VP= -2.0000 1.0000 -46.8655 3.5025 0.6500
NR= 518 be recomended !
R Coul=  3.50255

WSBND: ISBE= 0
Loop LS NS NN Vfac BE (MeV) FI
0 2 0 0 1.00000 0.12580 -1.77514E-06

<r>=  3.6845E+00 sqrt(<r*r>)=  3.9118E+00 fm
OO00000D0000 hetak DOOOOO0OOOODOODODOOOOOOODO

gbobobogoobbbogoboboooobobuoooobbooogn
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gooboodgd

OO0 gas5/2 DO0DOODOOOO

WSRES: for Ls= 2 Btop= 5.3792 MeV k range=[ 0.030, 0.498]
O00O0O0OBtep DO00OO0DOOOOO0ODDOOODOOODOOOODD /fm OODO
Oooooooooooo

No resonance found
Oo0ogoogoooogdg

KTWSF(3)=1 OO0 00000 Fourier DOOOOODOOOOOOODOODO

KTWSF(4)=1 0000000000000 oooooonooon

OO0 d3/2 OO0
System 1-2 ch. ID= 2
potential parameters
I1 I2 V(MeV) R(fm) a(fm)
1 3 -7.50000 3.50255 0.65000
WSPOT: for N= 1 VP= 1.0000 3.0000 -7.5000 3.5025 0.6500
NR= 518 be recomended !
1 1 -46.86550 3.50255 0.65000
WSPOT: for N= 2 VP= -1.0000 1.0000 -46.8655  3.5025 0.6500
NR= 518 be recomended !
R Coul=  3.50255
gbduduouooooooooooad

WSRES: for Ls= 2 Btop= 5.8161 MeV k range=[ 0.030, 0.518]
gbobboobodobodaboodn

Eres= 2.44599MeV k=  3.3564289E-01 /fm

k_c= 3.3564289E-01 +/- 2.604E-03 [/fm] : {cos(delta)=1/sqrt(2)}
del(k_c): 2.763E-03 -2.444E-03 [/fm]

O0000000000000000000000000000000000000

O00000000000000000000 lcos(delta) l=1/sqrt(2) OO OO0O

gboogo
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goboboooobbbuooooboboooobbobuoooobbobooo

WSRESOUOOOODOOOODOOOOOOoOooOoboooobooooooobboobooo
OO000D0b00000ooD0oDb0bOo0n Regular-falsi D00 OO0OO0OO
gbobuogoobbobugoobbboooobobbooooooooooog

gboogobuogbbuodgbbodboooboobbuoobbodoboooboon
goooooo

7 T T T T

d [rad]

k [/fm]

ds;2, s1, 0000000000000 O0O0OCOOOOOOOOOOOOOOOOOOO0

wsf2f 0000000000 O0ODO0OO0ODOOODOOODOODOOODOODOOODOOODbOOD
OO0D00000ooboboonoogn Woods-Saxon DO OO OOOOOOOOOOODO
gbbboogbobbbooodgbbbuooaooboo

OO000000o0o0ooobon wst2ind wsf2.out OODODOODOOOOOOOOOOO
gbogobuodgbbodbooobuobuodobboobbobobuooooboboobn

gboboggobboooonoo
O0O000O0O0D0OOO0OD0OOOFORTRANODOOODOOOODOOODO

000 EM(1), 1Z(1), EM(2), 1Z(2)
EMOOO0OO0OO0OO0OO0OO0OO0O0O0O0IZOOOOOOO000000000000000CO

ggbbobuoooobbbouooobobboood
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000 NOD(1), LMOM(1), NOD(2), LMOM(2), BE

NODODOOOoDOoOoooboooobooooooooob LMOM O AODOODO
OoobobboboobooobobobobuoboobobobobooboooOoBEDO
MeVUODOUOGOODOOOOOOOODOODOODOODOODOODOOD

Oo00d V1,R1,V2,R2,AR,RC

V1, Vv20O MeVOUOOOODOOOOOODODOODDODODOOODOODODOODOODOO
gooo

R1, R2 0 Woods-Saxon 00O O0000O0OOO [fm]O

AR O Woods-Saxon O 0000000000000 0O0O [mDAROOOODOOO

00000000000000000
RCOOOOOOO0O000 [fm]

OO0 NR, DR
NR O O Schréodinger eq. OO0 000000

DROOOODOOO [fm]

gboooogogoood

1.007825032070E+0 1, 2.199957384300E+1, 12 /EM1, IZ1, EM2, IZ2

02100.125 /N1, L1 N2 L2 BE
-556.0 3.5, 4.0 2.3 0.65 3.5 /V1 R1 V2 R2 AR RC

300 0.1

/NR DR

obooooboooo

Z and mass

= 1

1.00783

12 21.99957

nodl 1_1 nod2 1_2=

V1 R1 V2 R2= -55.0000

NR and DR=

300 0.1000 RC=

0 2 1

0 B
3.5000

E=
4.0000

0.1250

2.3000 Ar=

0.6500

3.5000

gboboboooobbobboooobbbuooobobobod

k and Eta=

L N1 N2

a b W N -

0

o O O O

1

1
1
1
1

7.61928E-02

VA
1.0000E+00
9.5054E-01
9.2398E-01
9.1895E-01
9.1846E-01

VB

1.0000E+00
9.9986E-01
9.9985E-01
9.9986E-01
9.9987E-01

5.26632E+00

DL
8.2894E-02
2.1126E-02
3.2813E-03
3.3832E-04

5.6670E-05
160

9.1744E-02
2.3416E-02
3.8870E-03
1.0807E-03
8.1381E-04



6 0 1 9.1842E-01 9.9987E-01 3.3312E-05 7.9165E-04
gbobobooodr bogoobobboooooooobbboooon
gbboboooobbobduodod N1 N2 ODgggboobooooboo
OO0O0O0OVA, VB OUODOO Woods-Saxon U UOOUDOODODOOOOOOO
gbooo0ODL DObouooobbodooobobobogo
OO0o00boboooooooooboo sao{-shHhs UnoonoO
goobogo

gdodouoouododooodgo
CAL2B: boud state wave functions
# r(fm) ul(r) u2(r)
0.10 8.1469888E-05 5.7033273E-02
0.20 6.4924417E-04 1.1303919E-01
0.30 2.1771095E-03 1.6700972E-01
godoooooooooooon
29.90 2.7065252E-04 -1.2237323E-03
30.00 2.6391651E-04 -1.1932760E-03
<r> sqrt(<r**2>)=  3.6487E+00 3.8790E+00  4.2446E+00  4.8253E+00
O000000000O%rs O $\sqrt{r"2}$ DO0ODO [fm] ODOOO

Oobooboootd2n+!l0000000DOO00ODO0O0OO0ODOOODOOOODOODOO
gboogobuodgbbooboobobuobobuoboobooobuoobbooboon
gbobobobobuoobobuooobooooobboobouoooobobbooboboon
obooboobog

0)00000000000000000O0000000000000000ODOO0000
gbbboooobbboodobbbuoooobbbuooobbboooan

gbobobogoobbbooggbobuoogobbbuoonbo

0)00000000000D0O0O0OC0O0O000oooooooooooooOoDOoOo
goooboobbbbobboboobbbbbobooboboodddudooooooooon
gbgboboobbuogbobbobuoobboobbuoobbogbboobooon
gbobboobooboobooboobobobobooboobooboob

0)0000000000000000ws20000000000

gbooggboggbooobogobuoooboooooooooboooooboon
OO000D0D0wstf 0000000000000 0O0O0OO

goobboogooboobobboooobobbboooobobobboooouobobobooo
goo Cohen—KurathDDDDDDDDDlﬂﬁlDOpl/Q, Opz, DOODODODOODODODODODO €



Oobdbdooobodbdid g 0ububdoooogboabodgboooooogn
Joooooooooooooonoooooonooooooooooonooboooon
dodooodbooobooooooooooooooooboooobooooooon
00 Cohen-Kurath 0000000000 DO0OOOOODOOODOOOOOOOODOOO
0000000000000 000000O0000DO (DOD0D0bOoOoOOO)oDooooo
Jooooooooooooodoooonoooooooooooooooonoooon
Jdododooooooobbbooooooas

0o
wsff OOOD0O0O0O0OOO0ODOOO0OO0OODODOO0O0O0O0OOODOO0O00O0OOODOO0O000
doooooooooooooad

O000000000ooo fr), g(r)00D00OCOCOO0O0OODODOOOOOO
d?u;(r) {li(li—i-l) 211

- D BBy aftr)+ Bl + v<r>>} ui(r) (2.141)

OOoboo0o0 ;00b0o0o0boo0bbo0obboobooooobbodbae=p=100
00000o0o0ooooo w(r)bOoooooboooooooooooooog r, O
gboogobuogbboobooooobbboobooboobboobbooboon
OO0, pOO00000OO0OO0ODO0ODOOOO

a—1 _ <f> <g> Ly (2.142)
g—1 <[> <g> Ly '

gbooboogogobbod

<f>i=) vi(r) f(r)dr (2.143)
_ B2 0i(rm) E I
L; = W{vZ (rm +h) —v; (ry +h)} (2.144)

<g>;gogobbobuoogon

obooooboon

0000000 (0)0OO0OOoOoUoOoooO(@)0oDoOooOO00o0oOooDooOO0O DEFFEND
0000000000 @)00000000000000000000 PDEFOOOO
000 (0)00O0O0000000o0oooO0 CAL2BOOOO

PDEF 000000
0000000000 V(51)- V(*5) 00000000

V(r,l),V(r,2)DDDDDDDDDDDD%PDDDDDDDDDDDDDDDDDD



V(r3),V(r4) OOODDODODOOOOOOO0DODO00O0O0O0O0OO0OO0000
V5 OODODODDODODODOODOODDOODOOOOO
oooooboboo -0 DROOO O0ODLDOODODODO

CAL2B 000000
0000 Fox-Goodwin 00000000 OODOODOOOOOOOO U(r,l), U(r,2) OO
gbobobboooobbobbouoooub boogooboobboooooboboooon
gbbbuoogobbbuooobobboooobbbuoooobbodao
O00000000000O00O0O OD0000000 (ooooooDooO0 DROO
O)O A DLOOCCOO
gbobboogooboobooago
ND: OOOooOOobooobooobo

MT:-O0DOOoooboobobooboobooboobooboobon
FM:ODOOODOODOOoDOOOoDOO
DM: OO00OO0oboooboooboonDo

ftf0000D000 Fourier 00000 ODOODOOODOODOODOODODOO
OO000Db0obOon #in 00 ftowt 0000000 DOOOOOOOOODOODOODOO
OO000Db0bO00000000OD0ODO0OFORTRANODODODODODOOODOODOOD
gbobobooggg

0000 (KTRL(),i=1,5)

KTRL(1) =NYOOO Fowier 00O O00O0O. NYOOOOOOOOOOOO
KTRL(2) =n 000000000 n 000000000
KTRL(3) >000000000000000O0

KTRL(4) > 0 00000000 w(r)/r 0000=0000 w(r) 000000
KTRL(4) >000000000000-000000 Fourler 0000000
00000000000000000000R,,,000w 000000000

KTRL(5) 00000000
0000 NR, NK, DRX, DK

NR Fourier OO O0OD0OODOOOOODOODO

00000000000 KTRL(1)(=NY)+1 O0OOOoOooooooooooo
oodg-0oobgo NYyOobooooob -0bgoono

NK Fourier OO DOOODDOOOO0OOOODOO0OODO DKOODOOODOOOK DO
o0 bDKOOO NKDDDDDDlGD?)DDDDDDDDD



DRX 0000000000000 000O0OKTRL(3)>00000000000
RTABOOUOODOOOODOOOOOOO

DK Fourier OO OOOOOO

0000 LTAB
KTRL(1) 0000000000 00O0O0O0000O0 Fourter 000O0O0OODO

000000 RTAB, FF
0000000000000 0000O0C0O000ORTABO 0000000000
0000000000000000000000000000000000000
OOFFOO00000CO0OC0OO0OO0DOOOO0O0O00ODODOODOONOONOOn

READ(5,*) (RTAB(M) , (FF(N,M) ,N=1,NY)) ,M=0,NR)

gbobobooooob rOboooogbbbbuoogbbobobuooooobob
O0000000O0O0O0ONR+100DO0OO

ooOd

20000 /ktrl
250 200 0.1 0.05 /NR NK DR DK
2 0 /Ltab
0.0 0.0 0.0
0.1000 8.5017216E-05 5.7220046E-02
0.2000 6.7737682E-04 1.1337449E-01
0.3000 2.2706878E-03 1.6741933E-01
3k 3k 3k ok 3k 3k >k 3k ok 3k 3k >k ok Sk 3k 3k >k 3k Sk 3k >k >k ok 5k k >k ok ok 5k
24.8000 7.8551916E-04 -3.2967933E-03
24.9000 7.6576393E-04 -3.2162342E-03
25.0000 7.4637166E-04 -3.1368883E-03

goo
gbboboodgobboodad

N= 1 Sum= 9.9999963E-01
N= 2 Sum= 9.9999346E-01

0000000000000 000000000000O0D w(r)ODOOODODODODODOO
DDDDDDDDDDDDDDDDDDD%EDDDDDDDDDDDDDDDDDDD



U000 A00000D0DO0ODLOOO0ODOOO0DO0ObODOd Fourier DODOODODOO

goo

# Fourier transform

N= 1 Sum= 9.9999963E-01

N= 2 Sum= 9.9999346E-01

# Fourier transform

0.0500 8.627388E-02 -1.26320E+01
0.1000 3.15206E-01 -1.11419E+01
0.1500 6.14565E-01 -9.15086E+00
35 ok K ok ok 3 ok 3 ok oK 3 ok 3 ok 3K ok ok 3 ok 3 ok K ok 3 ok 3 ok ok K ok
9.9500 -6.21554E-06 -2.62671E-05
10.0000 -5.27781E-07 -2.59213E-06

gooboobbooooooooboboboon RM{:)DDDDDDDDDDDDDDD
Oo00bOobobooobooboobobuobl Fourier 000 O0O0OO0ODOOOODODOO
000 f000000000000000000 KTRLM4)=10O0OOOOooooo
0000000000 »r0000000000O0O00O00OO0O0O0OO w(r)OOOOOO

gobobroggoboboogon

000000000 Fourier OO
OO0O0O0O0OO0O00000O0O0O0O0O0O Fourier oo o

Rin(r) = "y, 1)

Fourier OO OO0 Q0OOO0OD0OOO0OOOOOOOOOODOO
Rum(K) = (27)32 / dr Ry (x) €%
OO0 Rayleigh OO0 00000000 O0OODOOOOO
ek =am> i ji(kr) Yin (k) Y7, ()
lm
godod
~ 2 -l " 1 o0 .
Rin(k) = ;2 Ylm(k)E drw(r) {kr j(kr)}
0

00000 iY,(k)000000000000

Ri(k) = (k) /k \/g /0 h dru(r) kr ji(kr) /k
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gbooboooon

00 00000 looooooooan ul(r),TDDDDDDDDDDDDDDDDD
Jddodoogooooogogd
0)zj(x) 0000
Jddodoogoobooodoodgdooooodg
. I(l+1 )
J;'<as>={< )—1}yl<x> (2.150)

xr2

gbobooogbobobooooboobbbooogn
0)0000000000000000000000D0DO0DO0OooooOoDOOO
0)O00000 k00000 r-r00000D0O0O0O0OOOOOO

00000000000
0000000000000 f(z) 000 [z, z,) 000000000000 f(z) 00
00000000000, fi), =0,1,---,2,) 000 (n+1) 0000000000
000000000 (ntl) 0000000000000, 0000000000000
0000000000000000000000000000000000000000
000000000000000000000000 [, 2,)]00000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000O0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000O0OO0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
nooooo

gbooooogn
MAIN

GETFF 000000000 DOODOOOOOOO0OOOOO0OOobODOoboobooDbDOoon
gbooboooooobooooboboooon

CALL GETFF(NX, NY, XTAB, YTAB)

gbooodgg 166



NX OOobogooooooobooono

NY 0oogood

XTAB OOOOOODOODODOOOO NXOO Doooooooooooogo
gboobooboon

YTAB DIMENSION YTAB(O:NX, NY) OOOOOOOO0OOOOOOOOOO

NX,NYOOooOooooooobbooboboobuoooboobobooboooo
goooboooobobooooboboboooobo

S3SPL1 0000 DOOoOoOoOooooobooboboboboobooooooooDboon
gooogood

CALL S3SPL1(NX, X, Y, DY2)

Dooooo

NX OOobogoooooooboono
XY OOoooooooo NX+1oogoboobooboooboo

DY2 NX+1 00O0OOOOOOOOODO0O0O0O00D0 yx)OOOODODDOODOOODODO
00 ¢'(x)/6 000000000000O0OO

S3SPL2 000000000 DO0O0OODOO0DbOOO0OOODODOOoO0OD ssspL10O0O0O
goobuogoobbbuoooobbbuoooa

CALL S3SPL2(NX, X, Y, DY2, XX, YY)

gooodd

NX OOobgoboooooboono
XY oOoooooooDo NX+10oooboooooooooooo

DY2 NX+100000000000000000 ¢y 000000000000
00 ¢'(z)/6 00000000000000

XX, YY ooooooooooboooo XXooooooo yvyoooooo

XJ 2 xj(z) 000000zx% () 000000000000000000
CALL XJ(L,DX,NXM,XJTAB)

Dooooo
LDDDDDDDDDDDDDDDD%7



DX, NXM 0000 0000000
XJTAB NXM OOOOO0O000OXJTAB() O zxjj(z),s=DX xn 000000

OO0000000 000000000 0DO00ODO0ODOCowellDODOODOODOO
gboobouogoobbodoogon

28 elxOQOonog

hetak OOO0O0 SOO0O0OO00ODODOODOOODODOOOO0OOOOOODOOFORTRAN9O
gboooogn

00

0000000000 elxin, elxout 0000000000000 00000O0hetak O
00 S00000000000000000000
00000000000000000000000000 KNTL(), (n=1,2,3,4,5) O
0000000000000000 FORMAT(512,A50) 0000
O0O0OO0OC0OKNTLOOOOOOO0OO0O0O00000O

0000O00ANGO, ANGL, DANGOOO00000000000000000OANGO
00 ANGIOODANGOOOOOOOOO0O0OO00O0O000000000000 JT2LIM
0 hetak 0000000000000 D0O00O000 JT2MAXOOOOOOOOOO
0000000000000 000000000000000000000000000
000000SO000000 hetak 000000000000 O00000 Ohetksmat
0000000000000000

goo

0 00O0O0O test test
0.1 20.0 0.1 /ang0, angl, dang, JT2LIM
hctksmat

00
000000000 8000000 COad (¢, =(S,—4,,)/2) 00000000
000000000000000 ¢f, 00opmO00000000 ¢0000000

gboboodgbbogbbuobooobboooouobbuoobuoooobuoobboon
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googobodgbogbobogboobbouogbboobuooobooboboon
ooo0oo0ooo0o0ooo0o0ooo0 (00)oooooo0o0 L) OboDoOoo
0000000000000 0000000000O000000oOoODOO (j)ooooo
goobooo

ooooooooooD k, kyO0OOOOOOOODODOOOOOOOOOOOOOO0O0
00000 z00k, xky, 0000 yOOOooOOOOOOOOOOoOooooOOOODOOO

V4 .
fr]nvfmi(e) = Z TW\/QZZ- +1e% < ;0 smy;|jm; >
lilyj
X Czjfzi el < lym smy|jm; > Yifm(l;f) (2.152)

guobdboooboobdbsbooogbodbooooddm, my DOO00O0O00 z0O0O
gogoogo

C _ Ui —i(nlogsin? 6/2+20¢)

0) = ———5——¢ "\1'® 2.153

FO) =~ o2 (2.153)
O00D0o00o0o0oobboodyn, k000000000 DOO0O0OODODO
oo 0000000 /00b000bO0o0boobooboooooo
gooboooooboo fn];]fmiD cGOODOOOoDOoOoDoOobOoOoDbOoOoDbOoOoDOg
ggn

(_)(771-5-|m|)/2

| Ly = [m])! io
S i (0) = (=)™l g | ———% P, m(cosf) el
gmi k %: T\ U+ mh "
x Y j(smplpm|im) Y (smij —mi|l;0) €4 CL (2.154)
J l;

0000l=+2] +100000000000000000000000000 (=) =
(-): 0000000000 (Y, = (=)~ ™, . 000000000000m=

m; —my, < 0000000000000000000000000000000000
gbbboooobbboooobbbuoooobbodaan

goaad
N. Glendenning O O Direct Nuclear Reactions, Academic Press,(1983) pp139 (8.60)

gooooobooog

obooooooooogon
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ETA 00O0OO0OO0OO0OOQO

FK 00O [/fm]

IS ODO0D0O0ooooood

JT2MIN ODOO0O000OO0OO000DOCOO0O00DOOO00OooDOoOoOooooOooo
JT2MAX 000000

JMX 000000000000

KNTL(5) 000000000

LMAX 00000000

LS OO0O00DOoO0oooDbooooon

NANG 000000 (ANGI-ANGO)/DANG+1
NCC CbccOpooooooon

NS IS+1000000ooogoo

ELXCAL
000000 SO0000000CO0000000ELXO000000000000000 (00)00
00000000000000000000000000000000M

0D0000CO ¢f, , 000000000 (0)000 I, () 000000000000LF=2x (I -
j)+2s+10000, 000000000 ;0000000000 J=(2x j-JT2MIN)/2+1 0000

ELX
CO00000000000000000000000000000

0000000000000000000;00000000000000000000000000
000

00000000000

ANGTAB 000O0O000O0ODOOOOD

FLM FLM(m)=+/(21 + 1)(I — [m])!/(l + |m])!
PLM Legendre 00O P, OO0
VCI <sm;j —m|;0>000m;=-s00000000000000

VCF <smylym|jm; >00000000 my 000000000000 m; 0000000000
oono

CESIG ezxp(io;) OO

CLJ cOO000O0O00o00 000000 000000 jO0OOO000000000000000
0oo0oooO0oooO0oo0oO0oo0o0ooooo, 00 j0000000|j—-s]<j<j+s0000
DDDDDDDDDDDDDDDDDDDD%%DDD



FC OOOO0ODOOOOOOD

GC 0Ooooooooooo(—)™m+mh/2poo p,,,(0) 000D0000000m 0000000000
O00mO0O000000000000 mOO00000000000000000000000000
m<000000000000000000(-)MHm)/20000000000000

CPHAS
000000000 n0O00000000 lpe O00OODOexp(ioy) DOOO

SUBROUTINE CPHAS(LMAX, ETA, ESIG)
ooooo
LMAX oz
ETA 7

ESIG exp (io;), I=0toln.,) 000000000000

FCCAL
oboocooOobooooobboooboobooooobOobooooobooooboobooooobon

SUBROUTINE FCCAL(ETA, FK, ESIGO, NANG, ANGTAB, FC)

ETA 000OD0OO0OOOO
FK 00 [1/fm]

ESIGO exp (2i09)
NANG OOOO0OOO
ANGTAB 00000 [0]

FC OOOODOOOOODO

PLMCAL
Legendre 0O P;,,(cos6) DO OO0

SUBROUTINE PLMCAL(THETA, LMAX, MMAX, PLM)
ooooo
THETA 0O00O0OOO0O0OO0OO
LMAX 001

MMAX 00O m
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PLM P;,,(cosf) 00000 (0)000 I (m000000000000

VCCMS3E
Clebsch-Gordan 0 O < ji, m1, jo, me |js, ms > 000 my = —j1, —j1+1,---,72 00000 VCTAB
o0000000000o0oooooooooooan

SUBROUTINE VCCM3E(J1, J2, J3, M3, VCTAB)
ooooo
J1j,000
J2 j,000
J3 j,000
M3 ms 000
VCTAB 0000000 25, +100000000

oooooOoOo0O00000 cGUOoOoOoooooooo

<10 smy | mg >= (—)l—Itm ll <smij —mill;0> (2.155)

2

<lpmysmy|jm; >= (=)= < smplymyljm; > (2.156)

xscal DO OOO0O

000000000 000000000000000000DODODOOOO0O0O0OO 1078
0000000000 0000ooon

000000000 DOO0000D0ODO000oooDoOn

HRN

hetak OO DOOO0ODOOODOODOOODOODOOO0OORctak OO OODOOODOODOOO
gbbobuoooobbodoodonbo
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2000 T T T T T T

I’x’ usiné1:3 A
1800

1600
1400
1200
1000
800
600
400

200

_200 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

L

120 T T T T T

X' usin'g 13 + -~
f(x)
100 | P

80 | A 1

60 - A 1

_20 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140

gooo

oboboobobobobobb Lobobobooboobobbo L=00000000
obooooboboboboboobobobob coboobooboobuoobooboobo
gboboggbogoodgboooboobobuoobboobbuobobobobboon
googobuodboooboobboobuoobbooobbogbooooboon
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000000000/, (z)=(2L+1)j.(z)/z—j,(z) 000000 LOOOOOO
0 00000000000000000000000000000000000000
000

00
gboogobodboobboboobuoobbooobbooboobbooboon
gbogbobodbbbuoobbobobuobbobobuoobbogboobobboon
0000 z,(L)0 LOOOOOOOOOOOOO

2o(L) =(ax L+b)x L+¢ 5 << 2000 (2.157)

a = —1.95530940174349¢ — 06 b = 1.00730451348907, ¢ = 3.42087998916608 (2.158)

U0 LbOobooboboboboodbobdo<x L<c10000b0oonooobonbo
goo

a = —0.000174934450488189, b = 1.03931308952876, ¢ = 2.08060364533271 (2.159)
obhobobooboooboobuooboobobboobnon

goobobooobogbobogobooobooobooobooboobooboon
gbogbobodobbuooboobobuoooobuoobbooboobbooboon
ooooo

000000000 10800000 2, 0000000000000000O000O0O
gbobboogobbbuoooobbodn

zs=((pxx+q)xx+r)/(x+s) (2.160)

0 < L <100 100 < L < 2000
0.910174251162854  0.98132310118092
q —3.91062674580673 —3.91062674580673
1.38277205808606 1804.85478277682
s 21.9545836049262  49.0827109138245

T

—

ooobobobooooobbobooooboboboLocbobobooobobonog

gbobobooggd
OOooobooooo fufooon

29 trix 0O

trixf 0 hetak OO0 DOODO0O0 SOOO0OODOOOOOOOOOOODOODOOODOODO

gbooooogoood 174



trix.f 00O 0O

trix.f 00 000000000000 trixdn, trixouwt OO0 000000000 DOOOO0O
00000 hetak OOO SOO0O0O0O0O0ODDOOOOOOOOOODOODODOOOOOO
O000000wmtab 0000000000000 0O0O00ODDOODDO trixO0OO0O0O
Oo00o00000DoOoooon

0000000000000 0000000000D0OO000000ooooooOoo
OO0 FORTRANODOODOOODODOODDODOODOODODOODDOOD hetak OO OOO
ooooo

gbooob goboboogd

0000 (KTRL(), i= 1, 10),TITLE: FORMAT(1012,A50)
KTRL OOOOODOOOOOOOTITLE 0000000000000 0000
000

KTRL(1) =1 000000000000

gogoobbbbbbbbbbbbboototddodooooooooooonon
gobboogobboboooooboo

000 KTRL(2), KRTL(3), ANG OO0 O00000000000000000
0000000000000000000000000

KTRL(2) 00000 (00000000000 O0)000000O0DO0O0O0O0O0O0O
gooobooodon
ouooboobo
10400ooo
2000000
KTRL(3) 00000 (000000000 DOO0DO)0D0000DOObOOOOOoO
goooboooon
oobDoooon
1000000
2000000
KTRL(4) OOO0O0O0OO0OO0OO0O0O0O0O0O0OOOOOOOOOOOOOOOO

KTRL(4) OOODODODOODODODODOOOOOOOOO0O0O00OO0ODOO0O0O0OO00OO
gbooboooobbbooogbboboooobbbuooobobobod

O.0bobon 6 |boboboooogd ¢
0. 0000006 | 000000000 ¢
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KTRL(5) O0OO0O0O0O0O0O0OO0OO00O00O0O00OO0OO0OOOO0OO0OOOO0OOOOOOO
ODO000D00DOO00O00D000O000gon
KTRL(5)=10000TXAV2Q 0000000000
KTRL(5)=20000AXAV2G OOOOOO0O0OOO
0000 Quasi Monte Carlo 0 00000000 Gauss-Legendre 000000
ooo

KTRL(6) OO0 000000000000 0O0ODOOOO0OOOOOOO
KTRL(6)=10000DDXQMCOOOOOODOOODO
KTRL(6)=20000DDXGTOOOODOOOOOO

KTRL(7) 0000000000000000000 (6, ¢) 000000
KTRL(7)= 10000DDXINQ OOOO0O000000
KTRL(7)= 20000DDXING 0000000000

000000000 QMCOODOODODO Gaussian quadrature 00 00
KTRL(8) ODOO0OOOOOOOOO

KTRL(9) 00000000 0000000
=0 000 mb/(d d2, dEy).
=10000mb/(dd%dp)0000000000000000000
ooooo

KTRL(10) =1 0000000000000000 =0000000000000O
gogoooobbbbbbobobbbbtbtbdooooooooooooon
obooboon

0000 SFILEO FORMAT(A20)
hetak 000 SO000000000000000tix 00000 directory 000
0000000000000htak 0000000000000000000000

0000 QVAL, NE1, EIMN, EIMX, JT2LIM

QVAL (1+2) 0000000000000 0000000O0O0O0O00O0O[MeV]
NE1 000OO0oooooobooobooobon

E1IMN, EIMX 00000000 ooobooboobobooboooboon
oboobooboobgobuooboobuooboobd0oONE1IOODOO
oboooDg

JT2LIM 0000000000 JI2LIM 000000000000 hetak OO
JI2MAX O00O0O0O0OO0OO0DO0OO0OObOoOoboooboooboobobooo
goo
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0000 (ANG(,1),i=1,5)
00000000000000000000000000 [J]O0ANG(4,1), ANG(5,1)
000000000000000000000000000000000000

ANG(1,1) OO (6,)[0]0
ANG(2,1) 000 (¢,) [0]0

ANG(3,1) DO0O0OOO0O0O0O0O0OOO0O0O000O00000O0Oxz 00000000
Ooooooooboooooo ZAoHODOOOO

ANG(4,1) 0000000 yzO0OOODOOOOOOODOODODOODOOOOO £BOH
opoooog

ANG(5,1) 000O000000[0]0

0000 (ANG(,2), i=1,5)
00000000000000000000000000 00000000000
00000000000

0000 EPS, NFGMX, NANGO ANGMIN, DANG
EpSO0000000000000000000DO0O0O0O0O0O0O0O0O0O0O0O0O DDXQMC
O TXAVROOOODOOOOOOOOOOODOO
DDXQMC OO 0.01, TXAVR OO 0.1 0000000OO0ODO

NFGMX OO0

000000000000 QMCOO0OO0O0ODODODODOO0OO0OO0OOFibonacciDODODOO
O00000000000000000000000 Fibonacci DO0OOOO (NFGMX-
)0 NFGMX OOOODOODOOOOooooo

OO000OO0o0ooOobooooboooboooboobbooboboobooooQMCcOOO
OO000000000000 PLecuyer DODOOODOOODO¢t=800¢t=2000
goboobbbooddooooobboboobobboodooooooobboboobon
OOobooooboooooobooobooboooobboooobooO EpSOOD0O
Doood

0000000 NFGMX 000000 (t=8000)0000 (t=20000)00
00000000000000000000000000000000¢=8000
00 F,00000000000000000000000

KRTL(4) OODOOOOOOOOANGMINOO DANGOOO NANGOOODOOODO
DDDDDDDDDDDDDDDDDHPDD



gbooboogooood

KTRL 000000000000

00 KTRL(7) 0000000000000000000000000000000 (O
00)00000000000

00 KTRL(6) 00000000000000000000000
DOO0OO0OOKTRL(S) 00000000 KTRL(2), KTRL(3) 000000000000
0000000000000000000000000000000000000000
00000000

OO0OO0OO0OKTRL(4) 000000000 000000000000000000000
0000000000000
000000000000000000000000000000000000
D0000O0O0OKTRLMA) OO KTRL(7) 00000000000000000000
00000000000000 GOTOS500000000000000000000
0ooooo

ogooooooooooo
0000000000000 0DO0O00000000Db0000 O0D00D0OxyzO0OOMadison
convention J O OO OOOO

Y

gbbogbdbudboodbudb x20000

B goboudb zO0ObOoooogooboooboo

C LZAOHOODOOOODOOOOZBOHOOOODO

OL/ /Z ooooOoOoO0O0Ob00OO0000000000D Oz

| X ¥ A 00000000 00 XO0000 YOOOOO
%é;// 0000000000 ZCHX(=a) 0000

o . 00000000(ANG(L,i), ANG(2,i), (i=1or 2))

gogggobbbootuouuoooooooon

booodooooon 000 (217900000000000

gobooo

BNi+d, Eg=56 MeV OO ODOODO0O0OO0OO0000000O00O00O0O0OOOOOOhetak
OO0O0O0ODOONKBINODOOOOOODODOODODOoOoOOoooobooob soobogo
DO0000wixO0Ooboboooobobooobobooooboboboboboo
gbobboogoobbobuoooobbbuoooobobbuooooooon

2 4 6 8 10 | title begins
0000000O0CO01 56Ni(d,d)
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hctksmat
-2.22 50 0 O O /Qval, NE1, E1IMN, EiMX, JT2LIM

0 0 0 0 O /ANG1(i,1),i=1,56 OODOO0ODOOO
0 0 0 0 O /ANG2(i,2),i=1,6 J0ODOO0OOOO
0.150 10 2 2 /EPS, NFGMX, NANG, ANGMIN, DANG

stk Kok Kok Kok oK ok Kok oK ok Kok oK ok ok K ok ok K
KTRL(1): excahnge particle 1 <--> 2

KTRL(2): shape of slit 1

KTRL(3): shape of slit 2

KTRL(4): scatt. angle controle

KTRL(5): set spins to O

KTRL(6): double differential cross sections

KTRL(7): interg DDX over theta_1. NOT supported yet.

KTRL(10): do not print pol. Xsec

gbbogbbodbodgboobbuoobboobbuooobooooooboon
gbooooogn

Your input KTRL= 0 0 0 0 0 0 0 0 0 1
title= 56Ni(d,d)
S mat. file=hctksmat Qval= -2.2200 [MeV]

Ang(*,1): 0.00 0.00 0.00 0.00 0.00 [deg]
Ang(*,2): 0.00 0.00 0.00 0.00 0.00 [deg]

S1it(1): S1it(2):
0000000000000 0ooooon
sys Ename Z A J pi M[u]
1 H 1 1 1/2 + 1.0073
2 N 0 1 1/2 + 1.0087
3 NI 28 58 0 + 57.9200
Elab((1+2)-3)= 56.0000 MeV

NLSJ= 4 ISJJ=0
gbobobooggbbobuobbuooogbobooogbbobodg; boood
IsJJ=1 0OoOuaanf

LS JS II NK IP

o 2 2 11 1
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2 2 2 10 12

2 2 4 10 22

2 2 6 10 32
LsOJstIir Doogobooboobooboooobbobbobooboobd
NK OO0O0O0O0O000000000oOo0obOoobO (ooHh)oooooooooo
gbobobobboooaooboo
IPOD0OUOO00O0ODOOUOOoOoobobDoOOn

IS1 IS2 IIO ISN ISX LSMAX IIMAX MSMAX MLMAX
1 1 2 2 2 2 6 2 4

NLJI NLJK NCM KCMX NG12 NG3 JTMIN JTMAX
18 44 198 102 18 92 0 90
gooddoooobobbobboooooououobobbooooougg JrIn O
JTMAX D000 oooooooooobbobn

gboboboooobbbuooobbbouooobobboooobobon
Main: malloc. parameters
NSO NS1 NS2 NE1 NLSJ NLJI MLMAX LMAX JMNX  NYL
3 2 2 50 4 18 4 48 46 245

gbbbuoooobbbooobbboooobbbuooobobn
gbooboooobboboooobbobooooa

TRIXO: El1 range: 0.0000E+00 5.3598E+01 step 1.072 MeV
P1 range: 0.0000E+00 3.1706E+02 MeV/c
S range: 0.0000E+00 3.0936E+02 MeV/c
Sp Shx Amom= 3.0936E+02 3.0181E+02 7.7006E+00 MeV/c
EJ0pPOOOODOOOODDOOODOOOOOOODOOODOsOODOOODO
FKSMAX D 0000000000 DbO0bOobooobooooboobuobooo
FKSMAX 0 O000O0O0O0ODOs 0O0OCOO00DOoO00oobOooboboooboboood

OO00O0D0OD0000000 [mb/srxx2 MeV]
obobooboobooboobobbobb cob
OboobooOoboooboob (o0)O0U0bO0O0ODFKSMAX=1.0/fm OO0 s OO0
Ooboobodo.72/fm J0OOD0OODOODOOOOOOODOODOODOO

gbobobooogbbbuooggboboooobbobuoooobobogd
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#E1(MeV) Pilxc [MeV] k12 [/fm] tri-Xsec
0.536 3.17057E+01 7.19472E-01 1.03019E-01
1.608 5.49159E+01 6.52795E-01 1.07713E-01
2.680 7.08961E+01 6.04238E-01 2.38051E-01
3.752 8.38854E+01 5.63128E-01 5.82485E-01

ok ok ok ok ok o o ok ok kKoK ok ok ok ok ok ok o ok kK ok ok ok ok ok ok o kK ok ok ok ok ok ok ok

25.191 2.17363E+02 3.55786E-02 3.75885E+02

26.263 2.21940E+02 1.28692E-02 7.61059E+01
27.335 2.26424E+02 9.82465E-03 4.68497E+01
28.407 2.30821E+02 3.25299E-02 3.34311E+02
29.479 2.35136E+02 5.52738E-02 5.91575E+02
30.551 2.39373E+02 7.80844E-02 6.70606E+02
31.623 2.43536E+02 1.00990E-01 5.90247E+02
32.695 2.47629E+02 1.24022E-01 4.38303E+02

33.767 2.51656E+02 1.47212E-01 2.95601E+02
sk sk sk sk kKRR KRR K O o oK ok ok oK ok oK oK oK oK oK ok oK oK oK K 3K K K K K K K K K K o
50.918 3.09029E+02 5.99722E-01 2.67904E-01
51.990 3.12265E+02 6.48042E-01 1.14672E-01
53.062 3.15468E+02 7.14375E-01 1.10707E-01

gbbogodgbbodbooobuoobbuodobboooboboboobbooboon
goooboooobon

*JO0O00oOoOooooooooDoOOOoOOo0oooUoDDoODOoOoOooooooOoDooOoOOoOOoOn
gbobouogoobbboodao

* KTRL(1)=1 00000hetak 0000 (0)00000000000 (0)00000
0000

*KTRL(9)=00OODOODOODUOOOODODODODOKTRL(9)=1000000000000
gobboboobboooooooobbobobbboodooooooooboboon
gobbobobobboooooooobbbbboboboduoooooooboboon
Doobogtd

*O0ODOOODO0OO0O0O0000O00000000000000ANG(1,1), ANG(2,1) 00O
gbobbuoooobbbuoobobbbuoobobobooooon
gboboooooboobooan
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*O00O0OO0O0OO00O0O0o0O0000000000O00D0O0KTRLM) ODODOODOOOOO
O0000D0O0O0O00D0ODO0O0 NANG, ANGMIN, DANGOODODOOOODOOO
OO000D0O00O0000 ANGODOODobobooo

0000000000000 00000000D0000OKTRL(10)=10000000
gbooboooogboobooan

*00000000000000000000000000KTRL(G) 00000000
00000000000000000 (KTRL(2)> 0, KTRL(3)>0)0000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000

*KTRL(6) DO0O0O0D0D00O0OOOO0OO00O0O00O0O0O0O0D00OO0OOOOOooooo
0000000000 (elasticbreak up) 00000000000 O0OOOOOOO
gboooboooooboboooobboboooobo

*000O0O0OO0Do0O0ooO0O0O00000O0ooO0O00D0D0oOOooOOO0OOo0oDUOoDOooOoOOoO
0000000000000 0000000KTRL(M=1000000000000
Dooooog

000000000000000000000000000O (boO0)oooooo
gbooboogd

*O00D000o0oO0oU0oDO0DO0D0o0o0oOoOooDOoDOoooooooOon
TPINT: E1= 18.500[MeV] Theta2[ 0.000 0.296]give up integ.

Doobooboobooboobobbobooboobooboob

gd

0000 (142) 0000000000000 0O0OOOODOODODOOODODODODODODOO
OO0O000o0ooobOoooooooooooog O, QR Ub0obooooooooooog
gogbbbbbodoogoouobbbobbobbodooooooonbbobobooooa
goddobobbbooooooboboboboboooubbobbbobbbouuooao
guoooooooooon

00000000000 Prog. Theor. Phys. Supp. 89 (1986) O IV OO O (2.8), (2.9),
(2.10)pp 8 0000O0O00OOOODOO

o 27 ug
— =TT 2 n(EF 2.161
Traorder ~ hoB D PE) (2.161)
D0000 b0 2 0000EYODDO0 bO0O0DDO00DODDOODODOOOOOOuOO
D00 a000 AODDDDOOODD a000DD00000D0D0000000 (2.160) O

DDDDDDDDDDDDDDDDDDD%QDDDDDDDDDDDDDDDDDDD



000000000 R/prkOODDOOODOOOOOOODODOODO

O0000000000OIsen 00O (Nucl. Instr. Meth. 37, (1965), pp240) O O (40)

gooooooooon

M1 Mg M3 P1 P2

my(p1 —P)-p
P

JoooPOO00O0O0O0OO0ODOO0OODOOODDLDO0ODODUOOUOLDDOO p;O0b0bOOO

gogtoobbbbboddoobuooooooobbobboboobbbobbooooa

000 0pss/pa (dpas/dp:) 0000000000000 0O000D00DO00OO000

gad

000 (2162) 00ChCcCO0OOO0OOoOOOD TOOODOOO

27 h)? 1
:i(ﬂ) Z
“R\/i kVPPOZLJM

O000064:0 0, D00 00 0000000000 OODODOOOODODODOOOO
poooobonoubdoobobnoubdboboooooooobonot /e, pr
Oup00000000O0CCOCOCOOOCOOOOOOOOOOOOOOOOO(COOOO
O000)pps8 (2.149) 00 000SO TOOODODODODODODOODOOOOOO

%a:@MM@—k@—leﬁ%%ﬁ@Tm
00000000000 «00 (1-:2) 000000000000 0OODOO pOOO0OO
O00000Oelastic break-up 000 000p, =pg 0000000 k, #kgODOOOO
O0000000000000000O0O0000 (2162)00000D0D0O0OCOOOO0OO

00000 hetak 000000000000 00D0DOO0OO0DOOOOT,; 00 (2.162)
OOoo00ob0obOooooboobooobobooooobooboooooooysbOoD
OO00obOobOob0oobobooob0obobobOobo0obobOonbDOdOProg. Theor. Phys.
Supp. 89(1986) OO (2.6) DO 0O0OOOODODO0O0SOO0OODODOOOODOOOOO

cCbhcCSUOOOUOO TOODOOUOOODODDODODOODOOOOOO ( private commu-

nication) 0 0 0000000000000 00O0O0O0OOOOOOOOOOCDCC OO0
gooboooboooboobooboobobobooboooobooooDoooobboOoboOooo
000000000 (0000)DOoO0Ooooooooooooooooooooooo
OOooOobobOooooboooob0oboboooooooLsoooobobooo

P1 (El)dEldQldQQ = h_6 dEldgldQQ (2162)
2

(7712 —+ mg) -+

Ty, V2T 11 [YZ(R) ® YL(K)] e S (k) (2.163)

(2.164)

1(1-2)0000000

(27)3/2

FlgE k

Ot < sy my, symalsmg > < Iy, smgll My > Yy, (k) (2.165)
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2 ((142)-3) 000 0
= (27?)3/2 et < I My, LMy|JMy> YLML(K)

(2.166)
300000
2L+ 1 .
Fy, = (2 7T)3/2 éf—+ el < Iy Mo, Lo O’J My >
s
(2.167)
4 S—TOOO0O
2 ) h?
S S in /Ko K
(2.168)

F,00000000000000 /,000000000000000000000
00000000(12)0000000000000 (Prog. Theor. Phys. 89 pp 40 (2.11)
0)00000000CDCC OO0 (0 pp4l (216)0)00000000000000
000000
000000000000000000000000000000000000000
00000000 (2168) 00000 S000000000000
000000000000

(27)3 B2 ,
ilortitorytor) \ /oLy +1 < Iy My, Lo0
—— 0 o+ 1 < Iy My, LoOJJ My >
V2 KoK kg

X < §1my, Somelsmg > < Imy, smg|I My ><IM;, LMp|JMy>

X Vi (K) V2 a1, (K) ST, (2.169)

000 (1-2), (142)-3) 0000 k, KOOODOOOOODO (py, po) D0000O0O
gobooouoooooobooood
000000000000 (s =sy=5=0) 0 (810mn, 0,7) 000000000
00 CGOOU00O00D0 CGUUUOO0UUOD00uoooooooooon (J, M)
O0000000000000000000000000000000(2.162) O (2.168) O
0000000 Prog. Theor. Phys. Supp. 89 I, pp 41 (2- 19b) OO0 O D0O0ODOOOOO
dooooooooooooboooon

0oooooooooooooooooon

[0 (2.168)] = [A)?/[K* ] [K'/?) = [M L*T~']* [L?/M][LY?] = [M LT~
[0 (2.161)] = [ML*T ) S [M*L*T 2] = [M 2L~ 1T

[0 (2.160)] = [M'L72T) [L7MT) [MPLYBT 4 [M 2L~ TY = [M 1 17
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00000000000 [EF=[ML*T?0000000000000000[0 (2.160)] =
[L?/Energy]=[fm?/MeV] 0 0 0O O

hetak 000000000000 00O0OOOOO [fm] 0 MeV]OODODOOOOOO
mb/st? MeV]| 00D ODO0DO00D0O0D0O0O00DO0DOO0OOOODODOOOOOOOOO

LSO00 j-j00000

00000000000 0000000000000000000000000000C0
0000000000000000000000000000
000000 Rayleigh 00000000

expi(k-1) =47 Y i ji(kr) Y/, (K) Yim(P) (2.170)

Im

expi(k-r) expi(K - R) ¢g, my Gsymy

=@m? Y kr) jo(KR) Yy, (k) Yi 4 (K)
Im LMSIJ

X < §1my Soma|smg ><Imysmg|I My ><IM; LMp|JM >
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2.10 pickff, picks 00000

pickf 000000 Ohetakout 00O Vis+ Ve 0 1-200000000000000
<dy|(Vis+Vas)a@; >000000000000000000000
000000000 pickff.in, pickfout 00 00000000000000000 he-
takout 000000000 0 FNAMFFQQOO00000000



gooo

gbb b0 oodgbobbodo
gobboboobboougooodg 123456789 o000000000O0
gboouboooaoboo

000 O (KTRL(i),I=1,10), TITLE. FORMAT(10I2,A50)

KTRLOOOOOOooooooooo

KTRL(1) O00000O0D0OO |, >000000000
KTRL(1)=0 OOODODOOOOOOOOOOO
KTRL(1)=-100O00ODOOO0O0OO0O0O0OO0OO0OO0OOO

KTRL(2) O000O0000O0 <4 000000000
KTRL(2)=0OOODOOOOOOOOOOOO
KTRL(2)=-10O00DOOOO0O0O0O0O0O0OO0OO0OOO

000000000 hetakout OO OO quantum numbers of system 1-2
0000000000000 IDOOODOOOKTRL(1) 0O KTRL(2)=00O0O
OoO0ooOoOooooooDood

KTRL(3) OO000O000OO0 AODOODOOOOOO
KTRL(4) 00000000 AOODDOOOOOO

KTLR(5) 00000000000O0KTRL(5)=1(2) 0000 (0)00=3000
00000000

KTLR(6) =0 0000O0OO0OO00DO0O =0 ODO00D0OO0OO0OO0DOOOOO0OOOOO
gbobobobooboobooboobo

KTRL(7-8) 00000000000

KTRL(9) 0000O0O0OOFFIDOOO0O0O0O000O

KTRL(10) 0 0000001200000 00000000
0000 FNANFF, FORMAT(A20)

hetak OO ODODODO0OOOO0ODOOOODOOO0ODODOOOODDODOO0ODDOOOO
OOhctak OO DOODOODOODOOOOOOODOODODOO

0000 NCH, (IDI(i),i=1,NCH)
KTRL(1) 00 KTRL(2)=-1000000000.

200



0000 NCH, (IDI(i),i=1,NCH)
KTRL(1)= KTRL(2)=-1 000000000,

000000000000 O0KTRL(1), KTRL(2) OOOOOO -1 0000000
0000000 -100000000000(@)00 |u;,>, (<uy)000O00O

IDIDCO0OO0O0OO0OOOO0ODbOObOObOOobOOobObOOobDooDooDooboobooboboOoD
gooo

goo

123456789 0 test stage
0003300000 you can write title here
hctak.out / file nams(A20) of hctak output file

KTRL(1): particle 1 ID
KTRL(2): particle 2 ID
KTRL(3): lambda min.
KTRL(4): lambda max.
KTRL(5): real/imag

O0O0O0OO0O0OKTRL(1)=KTRL(2)=00OOOOOOO0OO0OO0OO0O0OO0OO0OOOOOOOOOO
gooo

KTRL(3)=0, KTRL(4)=300OOAN=0—-3000000000000000000O
gboobudgbobbodboboobuoouobboobooobuoobbooboon
OOoIspFO0O0O0OO0ODOOOODOOOOOOO
KTRL(5)=300000000000000O0O

oo

gooooooooooooooooo 120000000 1D E[MeV] k[/fm] Eta N
00000000 E12, FK12, ETA12, NOD, LS12,IS12, J12, DELTA DO OOOOOO
Jdodddooooooboboooodooooooooooboboboono N120000
00000 IDO0O0O00O00O000D0O00DO00DO0OOhctak.out 00O HCTK20:matrix reference
Jdooobobodoooooobd Nt N2 ID Lammin max FFIDOOOOOOOOO
O00000000000000 NTAB(?7,1), NTAB(?,2), NTAB(?,3) 00 ODO0OO0QOOO

000 LAMTAB(?,1), LAMTAB(?,2) O0O000 000000000 ODOOOOOOO
000000000 IDFF(?) oooOO0oO0O0oOoO

oog 7?00 DDDN12><(N12+1)/2D%FDDDDDDD



OO0O0ORTAB(?), FFTAB(?*) 00O0O0O RO ODOOOOOOODODOOOODODOOO
00070000 NRFFOO«0O DO0O NFFOODODODOOO

gbobooooooood

PUTF DOO0OOO0OO0ODODODOODOODODOODODOODOODbOObLODbDOn
goooogooboboooon

IDCC ODOoobooooooooboboboooooooooboboooooogoo
gooobogogooobod

ISPF OO00OO0O0O0OOO0OO0OODOOOO
gbobobooaon

GET12 hetak 00O OOOOOFNAMFFO OOOODOOOODOOODOO
SETCC KTRLOUUODO O0OOO0obOOoboboOobooobooobooboooboobon
SETFF 0000000000 00OOCO FFTABOOODOOOOPUTFOOO
PUTFF PUTF OO0 O0OO0OOOODOODOOOOOOODOODOOODO

00

000000000000000000 120000000 ID  E[MeV] k[/fm] Eta N
00000000 E12, FK12, ETAI2, NOD, LS12, IS12, J12, DELTA 00000000
000000000000000000000000000000000 NI120000
00000 IDO000000000000000000Ohctak.out 00 HCTK20:matrix reference
000000000000000 Nt N2 ID Lammin max FFIDOOOOO00O0OO
00000000000000 NTAB(?,1), NTAB(?,2), NTAB(?,3) 00 0000000

000 LAMTAB(?,1), LAMTAB(?,2) 00000 00000000000000000
000000000 IDFF(?) 000000000

000?00 O0O0NI12x(N12+1)/20000000000

000O0RTAB(?), FFTAB(?*) 0000 RO 0000000000000000O0
000?0000 NRFFOO«0 000 NFFOOOOOOO

gbooboooooood

PUTF DO00OO0OOO0OOO0ODODOODOOODOODODOODDODODOODODODOO

gboobooooobbooodon 202



IDCCOO0O00bOoboooooobooboboboobooooooboboboobooooo
gboobooogbbbod

ISPF ODO0OO0OOO0OO0OO0ODOO0ODOOOO

gbooboooon

GET12 hetak OO OOOOOFNAMFFO ODOOODOOOOOODOO
SETCC KTRLOUODO ODO0O0oboooboooobooboboobooboooooon
SETFF 000000000 DO0O0O0OO0 FFTABODODODOOOPUTFOODO

PUTFF PUTF ODOO0OO0OOO0OODOOODOOOODOOOOOODOOODO

2.11 picks

picks D0 OD0O0O0OOhetak DO0DDO0O SOO0OOOO (hetksmat) OOO0O0O0OO0OO
Oo0ooooooooooog

000000000 picks.in, picks.out 0000000000000 OOOODO Ohctksmat
000000000 O FNAMSOOODOODODODODOOOO

ooon

b0 ooboboboood
Dobogoboboooboobobodbb 123456789 0000000000
goooobooooooboo

000 000000 SO000000000000000
1-1: (KTRL(i),I=1,10),TITLE FORMAT(10I2,A50)

KTRLOOOOODOooooooooo

KTRL(1) 0000 S00000O00000
KTRL(1)=10000J =Ly, =L, 0000000000000
KTRL(1)=2 0000L;,, +2=L,, 0000000000000
KTRL(1)=4 0000 Ly +4=L, 00000000000000

KTRL(2)-KTRL(5) 00O0SOO0O0O0 D000 O0O0O0OOO0OO0OOOOOOO

gobboogoboooboood
203



O0OO0OOKTRL(1) OOODODOOOOOOODOOOO (1-2)001-60000
gbooboobooogn

KTRL(2) 120000000000

KTRL(3) 00000 O0OO0ODOOOOOOOO

0000000000000000000000
KTRL(6-8) 00000000000

KTRL(9) 0000000 ((142)-3) 0000000000000
KTRL(10) 0 0000001200000 00000000

000 hetek J000000000000000000000000000
2 FNANS, FORMAT(A20)

OO000D000O0Ohctak DODOODOOOOOOODOODOODOODOOODOO

OO0 o000 JOooooooobooboobooobo
3 JT2N, JT2X, JT2I

KTRL(1) 00 0000000000000000000S00000000000
1-200000000000000000000000000000

4-1 (NSTB(i), i=1,KTRL(2))

0000 20,,000 KTRL(2) 0000000000 0000000O

000 20,,00000 0000 (000)000000000000000000
0S000000000000000000000000000

4-2 (NKT(i), i=1, KTRL(2))

25, 0000000000000000000O0O0O0O0O0O0

00000000 NKB() 0000000000000000000000000
000000000000 0000000000000000000000000
000000000000

4-3 (NKTB(j,i),J=1,NKT(i))

00 KID OOKTRL(2) 000000

4—4 (LITB(i), i=1,KTRL(3))
00000000000000000p0000000000000000000



00000000000000000000000 20,,000000000000
4-5 (NLF(i), i=1,KTRL(2))
1-2000000000000000000000000000000
4—6(LFTB(j,i),j=1,NLF(i))
000000000000000000000000000000000KTRL(2)
0ooooon

O ooboboooooboobobo 1200000 ,.0000000D0O00DO0
Dooboodbooobooboobobbobooobon

000000 LOoOJ=CL+/00000000000000000000000
00000000-21, —27+2,---,2/ 000000000000000 0000
0000 KTRL(3) OO NLF(i) 000000000000 ONLFG)< 2141 000
0000000

OooboooooooooooobboobooooboooobooooSoboooooo

ooooo

123456789 0! column identifier
0110000011 place title here

alsmatd /hctksmat file name
0, 50,10 /JT2N, JT2X, JT2I
12345 /ID table for ktrl(2)
12131 /NKT table

4 /NKTB(*,1)

-4 -2 024 /Li table

12034 /LFT table

0 /LFTB(*,1)

O0OO0OONKTO LFTOO0000000000000000 KTRL(2)=KTL(3)=100
OO0OD0OODOOONKTB, LFTBOODOOODOO 000 ODOoOooooboooo

goooo

picks program 2009/12/05
Title= place title here

1234567890
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KTRL= 011 00000 11 Smat file=alsmatd

JTmin JT2N JTinc JT2I JTmax JT2X JT2I NCC  KCC
0 0 2 10 10000 50 10 505 303

gbbbuoodoos uogobbbuooobbbuoooobbbooobobn
OobOobobobooobooboobdobos23s DooOoo0o Jran, Jr2x, Jral
OOo0oOopbOoogoo nNee, kKecc DOOOooooboboono g,0oooo)Ho
gboboboooobbooooboboo

goboboooobobooan

K2= 1, K3= 1, Li= -4

N=1 2xI=4 Nk= 1 NLf=1
K=1 k= 0.2517 /fm
Lf= O

gbbbuooggcc bugobobobooogbbobogn
Smat. pointer table
I K= 1 1 KCP(M,K,I)= 46

gooduououon soodooooooad
#SpinID= 1 k_ID=1 Lin_ID=1 Lf_ID=1 1IDS= 1
# J Re (Smat) Im(Smat) IS| Arg(S)

0O 0.00000E+00  0.00000E+00  0.0000QOE+00  0.00000E+00
10 1.79410E-05 -5.91480E-05 6.18091E-05 -1.27629E+00
20 -4.93530E-05 7.74070E-06  4.99564E-05  2.98602E+00
30 -1.73120E-05 4.47100E-05  4.79446E-05 1.94023E+00
40  2.44600E-05 5.18260E-05 5.73082E-05 1.12983E+00
50 7.33700E-05 1.94070E-05 7.58933E-05 2.58587E-01

OoOooOoooobOoOoobo Ssgobooobooooooooboooboo sooooo
ooooo

picks program 2009/12/05
Title= place title here
1234567890

KTRL=2 11 0 0 0 0 01 1 Smat file=alsmatd
206



OOODOKTRL(1)=2 ODOOOODOKTRL(2), KTRL(3) OO OOOOODOO
gobooo

JTmin JT2N JTinc JT2I JTmax JT2X JT2I NCC  KCC

0 0 2 10 10000 50 10 505 303
# el. S mat.for 2xLi=2%Lf=2%xJ-4
# 2%J Re(8S) Im(S) S| Arg(S)

0 0.00000E+00 0.00000E+00
10 1.10910E-02 5.33980E-03
20 -6.71740E-03 -1.07010E-02
30 -1.13770E-02 6.70200E-03
40 2.68060E-03 1.37630E-02
50 1.46320E-02 3.84520E-03

.00000E+00 0.00000E+00
.23095E-02 4.48701E-01
.26347E-02 -2.13136E+00
.32043E-02 2.60924E+00
.40216E-02 1.37844E+00
.51288E-02 2.56983E-01

[ = = S S o)

# el. S mat.for 2%Li=2*%Lf=2%J-2
# 2% Re(S) Im(S) [S| Arg(S)
0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
10 1.15710E-02 -5.69490E-03 1.28965E-02 -4.57364E-01
O000O0Ooooo
KTRL(1)=2 0000000000 O0D0OOO
O00O00oOoooo
40 1.32870E-03 -9.67990E-04 1.32870E-03 -9.67990E-04
50 -8.36340E-05 -1.30250E-03 -8.36340E-05 -1.30250E-03

OO0O0OKTRL(1)=2 OO OOKTRL(2)=KTRL(3)=1 00000000000

K2= 1, K3= 1, Li= O

Smat. pointer table
BUSMT: JT and JT2= 0 52 JP and Jpar= 1 1 777

D000 SO000000000Dalsmatd OO0 OO0 REWIND ODODO0ODOOGETS0
OOobO0o0obO0oboo0obOoOOobobOobOooooobD SOooboooobooOooboooooo

picks 0O OOOOOO 207



GETSOODODOOOOODKtksmat OO ODOOO0OOO0O0O0OO0O0ODOODOODOODOOO
goo
GSSMTOOOOOO0ODOOSODODOOO000bODOO000obOoObOOoooDooobOOg ELS
OOooooooboELSODOOOOOoOoOoOooOooobooboobooboboboDbOoD
oobooogoboboboboboo Jooooooooboobooboboobooobooogoo
obooboooboo IrIgboooboooobooon

LAL [ J=2]J—=1] J [J+1]J+2
J—2] 1 - 6 | - 11
J—1/| - 4 | - 9 -
J 2 - 7| - 12
J+1 | - 5 | - | 10 -
J+2| 3 - 8 | - 13

oooooooo0 L,=L, 00000000041, 4,7,10, 1300000000000
SOD00ODO reciprocity 000000000000 OOOODO Sif’rLi:Si”LfDDDD
gbobobuoooobbbuooboboboooobbobuoooobboao

BUSMT O O00OO0OO0O0O
OO0OO0GETTABOOOOODOOOODOOOOOOODOOOODOOOOOOODOOOOD
OO0O00O0O000000 coupled channels U OO OO0ODOOOOOOOOOOOOOO
OO0 KCpOOOODOOKCPOOOOODODODODODODODODOOODOOOODODOOD
gooboooobboooobob 1—20000b0bbooobbobooobbooon
0000000000 KTRLB)O LITBOODODOOODOOOO

O00000 SOO0O0 SRIOOOOOOoOoOSETBUSOODOOOOODOOOOODOD
OO0 SMTDOOOOOOoOo
OOoboOobooboooopUTBUSOOOODOODOOOOOOOOODOODOODOOO
OO000ob0oboooobogoooboSobooobo Jooooobobooo

S OO0 reciprocity OO0 QOO OO

SO00 reciprocity 0000000000 O0ODODOODOOOODOOOODOODOOOOODO
O000O0OOreciprocity D00 0ODDOO0ODODOO0OOOOOODOOOOOOOODOO
OO000000O000obO00oo0ooo0o0ooboO0obOoobOOooooObOOobOObOOoDboboOD
00

OO0O000O00000000Ocoupled channelsH OO OOOOOOOOOOOOOO
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d2 U;
e => Viju (2.193)
J

Oooov,;, 000boooboogoogoboooooooonyy,; =V, 0ooooao
gbboboooobbbuod n0gbbbboooobbbo 000 v, 000000
v, JOOO00D0D0O0O000000O0O00

kn
Uin(r = 0) =0, tin = Indin =4[ 5=5in O; (2.194)

o000k, k,OOODOO n,¢e000O0O0O0O0DODOODOYIL, 0,00000 nODODO
gbobbuoooobbboooobobon

Oo0o0O0o0ooD0DO0S,.=58:., 00000000000000000DO0DO0O0OO
0000000 uim, w, 000000000000000000000O00O00O [0, o) O
gobooo

"

— Ui U = — (Ui UL — Ui U 2.195
u uzn dr (u uzm u u’L’rL) ( )

gbboboooobbbuooobbboooon

< d

[k, [
( n(szn kz Szn02> ( m5zm kz SszZ>
k. | K
— .6 —/8 . 'S, —4 /28 0O
( mbim kz Szmoz) ( nYin kz SznOz>

::—2¢VG5<—4/anmn5“n4-\/mnsgmémJ (2.196)
00000000000000000000

0000000 (2192) 000000000

]:/ > " (inVijtjm — UimVij ) (2.198)
0 -
J

209



gbobOm, n, c 0o oooboogooboboggn

/ g (UmnVinj Ujm — UmmVinj Ujn) = +2i\ Ky kn Spn,  if(i=m#mn) (2.199)
0 -
j
/ E (Unn Vi j Wim — Unm Vi Ujn) = =20\ ki kp Spm,  0f(i =n#m)  (2.200)
0 -
j

/ E (UinVijUjm — wimVijuj,) =0, otherwise (2.201)
0 -
j

O (2.198) 0 (2.199) DO00O0OOCOOO Spn— S 00000000 0O0ODOODOO
gooboooobbb;0odbbb j=nmobbobooooobooOOd

integrand = Uy, (VinmUmm + Vi nUnm + Z Vinjtjm)
J

- umm(vmmumn + anunn + Z ijujn)
J

J

- unm(Vnmumn + Vnnunn + Z anujn)

J

:ungijujm - ummZijujn + unnz anujm - unmz anujn
J J J J
(2.202)

Ooobooooboooooooooyv,; =V, 0000oodooogoooooodn
S>F000000000000 (2200)00000000000¢#n,i#m 00000
gbobodb 0bugobobuoobbboodybud g=m, n 0000000000
oboobod

(2.200)integrand = w;p(VimUmm + Vintnm + Z Vijtjm)

— Ui (Vimtimn + Vintinn + > Vijtijn) (2.203)

00 (2202)0 S*000000000(2201)0 j=i00000000000000
00000000000000000000000000000(2202)0 000000
(2201) 0000000000000000000000S8,m6in—Smadin=000000
000000000000000000000000000000000000000
V;;=V; 0000000 SO0000000000000000000000 Schrédinger

e 00ODOOO ’10



hetak OOOO0O0OODOOO0ODOOODOOO SOODOOOODOOOODDOOODOODOODO
OO0b00o0oboooooboooobooboooboobo0obooobOoOoDDO picks OO
OO000DO00O00000 SobObobobouobooboobDobobooo
OO00000006,, 64, 00000000 0000000hctak OODOOOOCODO
2000000000000 0O00DOOOOODODOOODOODOD LepyOOOOOOO
O L. 000000000 ODOODO SODOODOObOOO0oboOoooooon

gbooodbbogbboooobobbuogboboooboodbbuobnooboon
gbogbobodobbuooboobobuobbooobbooboobbooboon
OOoo0OoooooooccbpccbooboobooooobooboooooooooobooobooD
gbooboooobood

212 0O0O0OO0OOO

gboboboooobboooobbobao

/ f(z)dx (2.204)

00000 NOOOOOODOODOOO0O00000000000 [x4,]0000000
00000 2200000 f)0 000000

0o000000doooooooooOoUdoooooooooO0O0dg (zy—x) 00O
goobooooboboooobbbooooboboan

OO0 pO0D00D0O00DO0OO0ODOODOODOOOOOOUODOOODOODOOOODO
OOoboooboooooobooooooboobooboobbogn Euler-Maclaurin O 0O O
O000000000000000000 f(»)ODODO L, OD0OO0O0OODOOOOODOO

S s = [ fande+ G+ f)

+Z Boy {f(Qk Dn) — FE=D)} 1 R,

R < o [ 1) do (2,200

O000By 0 Bernoulli OO0OO0OR, 00000000000 B, OOD0ODOODO
0000000 IO pp 34 O Abramowitz and Stegun O 0O Handbook of Mathematical
Functions with Formulas, Graphs, and MaQtﬂematical Tablesd (Dover Pub. Co) pp 16



3628 0000000000000000000000 0 00000000(@OO0
O)pp420000
000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0ooo

hetak 00 000000000000 O000O0O Uehling potential 0 00000000
000000000000
00000000000000000000000000000 10, 27000000
0000000000 Oooooon

O0000000000000000 h/30000000 4h/30 2h/30000000
OoobdobooobobooooobobouooboobobobobDoobobowoooo
00000 W=6—-WOOODODOOODODDOOOODOOooooobOooooooooooo
OOhetak 00000000 DOODOODOODOODO

OO00000000000000o00ooooooooooooooooooooono
O000D00000 hetak OODOOOOODOODO

OO00000O000O00bO000ooO0obObOoO0bObO0boOO0bOOoooODOobOobOOooObOOoDO
0000000000000 000O0000DO00000000 O OooOooooogo
0000000 ID(@OoO0)pp8l 000000DDDODODOOODOOODODDODODOD O
0000000000000 0O0 Ho@oo)pp279000000DO0OCOOOOOO
O00Gauss DOOOOODOOOO Theory of Orthogonal Polynomials 0 00 O Gaussian
quadrature 0 0000000000 DOO0OOOOODOOODODODOOODODOOODOOOO
00000000000 wx)DODDODOOOO P(x), (k=0,1,---) 000000

/Pk(x) P(z)w(x)dr = oy, (2.207)
00000 f(z)000 2»—1 00000 (000000)00000P,(z)0000
f(@) = Po(@) gu-1(2) + ro-1(2) (2.208)

0000¢,1(z), ma(r) 000000000000000 (n—1)00000000
000000000000000000000000

/f(x) w(x) dz ~ Zgi f(x) (2.209)

0000¢ 0 2, 00000000000000000,, 0000000000000
(2.207) 0 (2208) 0000000000, [0P,(x)=0000000000i000



O000,0000000000000((220) 0000000000O0O0O0O0ODODODOOO
Un-100000000000000

/ f(z) w(z) da ~ Z Gi a1 () = Z gi flx;) (2.210)

00000000r000 (x4 f(z)), (i=1,2,---n) 0000(r—-1)00000000
D00000000000000000000000 Lagrange 0000000000

Li(z) = Wyzi(x — aj) M jei(2s — ;) (2.211)

Li(z)0 (n—1)00000000000000000000 Li(z,) =6,0000000
000 f(z;) X Li(z) D00 (x4, f(z;)) 000000 2, (j#4) 00 Li(z;)=00000
00000000000

F(z) =Y f(a:) Li(x), (2.212)
0000 000000000000000000

%:/@@w@m; (2.213)

00000000000000000000 (2203)0 (2n—1) 0000000000
000000000000000 P(x)0n00000 a;, (i=1,2,---n) 000000
00000 (2212) 0000000000000000 (x, ¢) 00000(2.208) OO
000000000000000000000000 n000000000 (2n—1)0
00000000000000002:000000000@e—-1)000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000
hetak 0000000000000 000000000O0O0OO0O0O0O0OOO0000
00000000 Legendre 100 0000000000000O0O0OOOOO ;00
0000000000000000000LGCALOOD0O00000000000000
00000000000000000

gbboodgbbdgbbuooobboobbuoobbooobbuoobbooobbod
gobogoboogoboobbuogbuogbooobobuogbbooboooboon
OO0000D00000Ohctak OO OOOD0OOOOOODOODOOODO Uehling potential
goboboooobbbuoooobbobooo

0000000000000 00000D0000000D0 (adaptive)y OO0 ODOOO0OO
gooboobogooboooboobooboobooooboobobobobooboo
DDDDDDDDDDDDDDDDDDDDZDBDDDDDDDDDD 0000FORTRANTY



0000000000000 OooD)ppl8700000000O0O0OOOOODODOODOO
gbogbobodgboooobbodboobbuodoboobooboobbooboon
gboogobuodgbbooboobuoobboobboobooonbooboboboboon
gbbbuoogbbobuooobbobuoooobbbooobboooobbbuoodobo
gooooboobobobobobobobbobobobobobobobobobo
gbooooogn

O0000000oooboDooDD hatak OO OOOO0O0O0O0DODODODO Uehling potential
OOOooO0OINTHPOODOODOODODOODOOOOoOobooboobooo

entrance
ID(1)=1; L=2; << integrate Q(1)>>
ID(2)=1; IP=2; L=4

<< integrate Q(IP)>>; ID(IP+1)=ID(IP)+1
<<integrate Q(IP+1)>>; ERR=EPS

Sum=Q(IP)+Q(IP+1)
JP=IP-1; IF(IP<4 .OR. Mod(ID(IP+1),4)==0) JP=IP-1

(1QIP)-Suml< €))

g yes l no (divide)

(JP)=Sum IP=IP+2

IDIP)=2*ID(IP--1)-3

—
L#*=2; goto o

Job is over
if(JP==1) ((JP is even))

yes l no
IP=JP-1; L /=2

ERR=large num.
goto B

IP=JP+1
ID(AIP)=ID(JP)+2

goto Ot

OO0D000D0000 brushupODOOODOO trix000000ODO0OOOOOOODOO
gboboooodn

gooooogn
gbogbobuodbboouoboobobuoobboobuoobbooobbooboon
gogbboobooboboooobooooobboobboobboobobboboon
gbobobuoooobbobuoooobbbuoooobood

000 () 0000000000000 000000O0O0O00000 (/200000
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Newton Cotes 0000 000D 0ODO0OO0OOODOODOODOODODOODOOOODODO
gbuodgbboobuodboobobuoboobbodboobboobuooboon
googodboooboobboobuoobbooboobbooobobooboon
gboboooooboood

OO0000000 Uehling potential 0 0000000000000 0O0OO0OO0OOO
O potential DO OO DOOOODOO0OOOOODOOODOOO

207 [ 1 1
oV (r)=— a / dtvi? — 1 <t—2 + t—4> et (2.214)
1

3mr

t=1000000000000000b0bo0bobo0boboboobooboban
O00+000000000CC000000000000ODO0O0O0O0O0O0O0O000 (O 386
mO000000)00000000000O0000OO0O000O00OODOOODO0O00
DooboboooboboobooboboobdUehlingd0OobobobonooOog
0000 0000000000 00000b0o0o0oOoboOgogn Physical Review O
O0O0ONucl. Phys. O Apendix OO DO O0O0O0O0OOOODOODODOOOO

hetak OO0Os=logt D0 O00OD0O0O0O0OOO0OODO0ODOOOOODOOODOOOODO
goboobobbod sdgdooooobobbbooooooobobbooooooon
gboobdboboooobooobboobbuoobbodobbooboooooboon
ooboboboboooooboboboboboboboboboobobobbo
gbooboooobobooon

gbboodbooboodbbodobbuobbuooobobbuobboobboon
gboboboooooooboobooooboboboooobon

/ du / dy S 0) ~ 3 00 Y1 s ) (2.215)

dooodooooooooooooooooooooooooooooooog
oo NOODODOooooooooooog
0 1/\/WDDDDDDDDDDDDDDDDDDDD
0ooooodoooooooooooonooooooooonoooooooon
0000000000000 00000O000 000000000 o(@ouo)oooo
0o0doooodooooooooooooooooooionooooooooo
oo

O00000000000000 ( good lattice points) 00000000000 OO0
O FORTRAN77 OO00OD0ODOUOODOOOOO(ODO)pp 205. I.H. Sloan and S. Joe O,
Lattice Methods for Multiple Integration (Clarendon, Oxford, 1994) O O O O Sloan and
JoeDDDDDDDDDDDDDDDDDQ19DDDDDDDDDDDDDDDDDDD



000000000000OP.L’ecuyer, Mathmatics of Computation, vol 68, Num. 225(1999)
249-260
dboddododoooooooooooooooooououooooooouoon
dododdodooooddooouooouooooouoooooooouoooo
doboooooooooooboooooooooobooon

000000 0000000000 DO00O00O0DOO0O0OO0O0OODOOO0OOOOOOO
g, (k=1,2,---)00000 0 <z, <1 00000000000 ODOODODO

1
/f(xl, T, xq)dxidasy - - - drg ~ N ; F(Z1ms Tam, s Tam) (2.216)

O00Om=000 M(=N-1)0DOOm=100 m=NOOOOOOOODOOODDOO
O0dd x,,, 000000000000 O00O00O NOOOO ODOoO MOOOOODO
00400000 Ly=M (k=1,2,---d)0000000000000O0O0OO0OO0O
00000000 2m =mLy/N—[mL,/N]O0OOO00000[z) 000 x 000000
ooboobooooobboobboooboobo NOOboobooboooobo MODbDOO
0000000000000000000000 Dipin = /S @hm — T1n)% (1 # m)
goboboooobbboooobbboooobo MOoobooo

OO0 NOOOODoOooooobobooooobboooobobbooooobboooo
O00000000000ONDO 2 (000000)0000000000

000 (d=2)000000M,N(N>M)OO0O0O0OO0OOO0DOOO0OOODOOOOOOO
O0wix 0000000000000 0000000000000 (TXAV2Q, FIBINT)O
0000 Gauss-Legendre 00 (TXAV2G)DOD0OOOO0D00O0OO0O0O0 TXAV2GOOO
goddouoooobbbbbuooooooououobobbobobbooooo

O000000000000000000000)00000)00000000) Quasi
Monte Carlo (QMC)0 0000000000 00O0OOO

PLecuyer 0D ODDOOD0OOD0OODOOOODOODOODODODOODODODOMultiplicative
linear congruential generator (MLCG) O 00O

Ty = QTp_1 mod m (2.217)

O0000mO a000000O0Omodule, multiplier 00000000 x, € 2, = {0,--- ,m—
1} 0n000 state 000000
00 [0,1)00000000000000O0DODOOOOOOO0O0OO0O

Uy = T /M. (2.218)

0 (2216),(2217) 000000 MLGC(m,a) 0000m 00000a O primitive



element modulom 0000z, #00000{z,},{u,} 0000 p=m—-1000000
OO0 full period MLGC OO OOOO
t>100bobouooobobbooooooboood

Ty ={w, = (Un, - ,Upye—1) |0 >0, 29 € Zp, } (2.219)

7,00t0000000000 [0, 000000000000DDO0O0O0OT; 0000
googobodbogobuogboboobuooboboobbogbooooboon
ooooooooooooooobooobo o 0000 40000000, 0b0OgoD
0000000000000t 0000 RRO0OD0OD0OD0O0000000 d(m)0t<80
goobboboobobbobboooootooooobobbobbbouoooooooon
0000000000 mO 24+000000000000000(=28,9,---64) 00
oboobdbdqd, Ub0d e 0O0ODOO
O0000boO:00b00b00obo0boboobbo0bobObD Good Lattice Points
goobooogon

a000000axa*=1, (modm) 00000 «* 000000000000 DOOO
Uz, 0000O0O0O0O0OO

t=80000000000 [=8000l=20000000000000

l m m a a*
8 28 -5 251 33 213
9 29 -3 509 35 160
10 219-3 1021 65 377

1 21t-9 2039 995 1498
12 22-3 4093 209 3858
13 2B -1 8191 884 7459
14 24 -3 16381 072 13374
15 2% —19 32749 219 30805
16 2% —15 65521 17364 32236
17 27—1 131071 43165 66284
18 28 —5 262139 92717 166972
19 29 —1 524287 283741 358899
20 229 —3 1048573 380985 444362

00000000000000000000000000000000000000
00000 (QMC)00O0D0D000000000000000000000000Euler-
Maclaurin 00 000000000000000000000000000000000
000000000000000000000000 00 y)0O0O0OO0OO0OOO0OO0OOO
00000 f() 00 f(e(y)de/dy 000O0000dy/de 00000000000



OO0D0000000DbO0o0obO0ooobouoboobSloanand Joe DOOODOOODOODO
obooobobgobboobboooboboobbuooobboobbooobobo
OOwix 00O QMCOOODOO0OODOOOOoO0oOoOoooooon

module/ allocate O

trix.f 0 FORTRANDO O 0O 0O 0O O O module, allocate 00 000 00O OO O O module
O0000 allecate 00O D0O00OD0DODOOODODOOODOODOODOODOOOVDTOOO
OO000000000000000000000DOleop 00 0OCYCLEDODOOODOO
module [J

D00D000 oeixf 000000 OOOOODOO0OO

MODULE COM

ALLOCATABLE
CT(C:,:,:,:), CL(C:,:,:),
FKL(:),G12(:,:,:),G3(:,:,:),GS(:,:,:),YLO(:),
II(:), IPLK(:), JS(:), NKB(:), LS(:)

COMPLEX*16 CT, CL

REAL*8 AMU, COU, HBARC, PI,

EM, FKO, FKL, G12, G3, GS,YLO
INTEGER IIO, IS1, IS2, ISN, ISX, JMNX, JTMAX, JTMIN,

+

+

+

+ LMAX, LSMAX, MIS, MLMAX, MSMAX, NIS, NLJI, NLSJ, NSO
DIMENSION EM(3), IA(3), IS(3), JP(3), IZ(3), KTRL(10)

END MODULE

MODULE TRIXS
ALLOCATABLE CSY(:,:,:),CLY(:,:), E1TAB(:), TX(:,:,:,:)

COMPLEX*16 CSY, CLY
REAL*8 ANG1(5),ANG2(5), A2, C20, EI1MN, EIMX, E1TAB, ELAB,
EMC1W, EMC2W, EMC3W, EMC3WI, EMCSWI, EMC12I, EMCSM,
P1PM, PIC, PLRZO, QM2, QVAL, RAD, TX, XFACO
INTEGER NE1
END MODULE

module 00 0Omodule 000000000 (00000O0DO)0000O0O0OO0OOOOOO
gooobobobbobbobboboobbbbobootoddgoooooooooooooon
O000o00oobo0obob0oo0oobooboooobobob0oboUblmodule 00 OO
gbbogbobooobbodgbbooobbuodobboodbuweddbooooon
Ooboooooooboooboono coMMoNODOOOooooooboobooogo
googobodboooboobobouobboobooboboobbooboon
DDDDDDDDDDDDDDDDDDD%%DDDDDDDDDDDDDDDDDDD



Oboboooboboboobuooboboobiotddmudule DO 0D0OOO0O0ODOODOO
module 0000000000 DOOOOOOODOODOODOOOOOODOODO

gbobuoooobbbooobboboooobbbuoooobbob

0000000000 DODOO0DOO0DOO0bOO00DO00O0DOO0DbOO0bOOoO0ODOO0ODOooDogn
O0000000000000000DO00000o0oo0DooDOooDooooon
O0000000D00000D00O000D00O0OOmultiphase O overlay D00 0OOO
0000000000000 OSO00000O0multitask/TSSOOOOO0O0OOO
OO00000000000000O0bO0obO0oDooooooSoobooooooon
0000000000000 FORTRANODOODOOODODODODO

OOOOFORTRANTTOODODOOODOOOODOOODOOO

Aok KKk
N=10

CALL SUB(N)
*okok

SUBRQUTINE SUB(N)
DIMENSION A(N,N+2)
3k %k 5k

A(1,3)=777

OooOooooboboooo NOOobbboooobobooooobboooo
SUBOODOOOOOOOOOODOO SUBOOODOoODOOOOOOOOOOOA
gooboboooobboboboobbbbboodoodoooooooooobooon
gobboobobbooogoooooobbbbboouogoooooobbobooon
OOoO00O0DbOOo0ob00ooO0ob0oobooobOobOoooooOobDoooOooSsooono
OOobOooboobooboboboobobobooboobobobooooboboosuBOOO
OoO000OOo0oO0ooOoO0o0oDo0oooooooD ADoooooDooOooDoo
(Nx(N+2)00000000000000O0O0O0OOODODOOOOO0OO0O SUB
Oo0O000OO0O0O0 AQO0ODOoO0Oobo0oobooooooDoUoobDbboUooDoo
gobbobooboboogoooooboboobobboodooooooobobobooon
good

gboobobbobbobbobbobbooboobooboobobboob
gogdbboobogbobodbooobuoobobuoobbobooboonbn
godgbgod OSDDDDDDDD%BDDDDDDDDDDDDDD FORTRAN



000000000000 0D0OALLOCATABLE, ALLOCATE, DEALLOCATE O
gbobooogbobbooooobbogo

ALLOCATBLE 00 ODO0OO0OO0O0OO0OO0OOOOODOODOODOO

ALLOCATABLE A(:,:),B(:)
REAL*8 A; COMPLEXx*16 B

OobooobooOoboo0bb0 AOODDbOoOobooooobooob BOooooOo
gbogbbodgobbodboobbboobbooboobbobboon
gobobooogoboood

ALLOCATE 00O OOO0ODOOOOOOOOO oSOObobooobooobooon

N=5; M=10; L=200
ALLOCATE (A(N,M), B(L), STAT=ISERR)

CSSTAT=ISERR’ 00 O00O0OOOISERROODO0OO0O0OO0OO0OOOODOO0OO0
OOALLOCATEOOOOODODODOOOOOOOOODODODOOO ALLOCATE
OO0000o0ob0o00o0ob0bo0o0 AODBODOOOODODOODOOOOODOOOO
OooobooooboboboboooocoMMON DODOoonbDoDbonoo
OOo0oOooooocoMMON ODODODOODOODOODODODODODODOO
gogooobobobooboobobbbbbbotbddoooooooooooooon
Oo0o0oooooooboOooooooooo0o0ooboooooooCcoOMMON
gogooobbbobobobooobobbbbbbbodgoooooooooonon
Oooooo coMMoOoNDODOOoooooooooooooooooooooo
gboboboogobbobouogooo

DEALLOCATE O O0O0O0OO0O0O DEALLOCATE 00D ODOOOOODODO
ood

DEALLOCATE (A,B,STAT=ISERR)

CSSTAT=ISERR’ D000000000O0O0ODOOO0DOO0O0ODOObOobOOobDDbOoO
gbbbooggbbbuoooobbbuoooobbobuoooobbob
0000000 ALLOCATE DODOOOOOOOOODOODODOOODOOD
DEALLOCATE OO ODOOODOOODOSODOODOODOOOOSAVEDOO
gboogobbogbbodgbobobbodgboobobuoobooobuooon
OO00000D0o0boo0oobooboOobOoOonD alecate DO OOODOOOO
O00O0Oallocate DO ODDOUOODOOODOODODDOODOOODOOO
OSO000000 (bOboOoUOoDUOoOL)DpooooODOOOODODODODOOO
OO0OODODOOOODEALLOCATE DO ODODOODOODOODOOODOODD
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module 000000 OOODOOODOODO0OU0OOOOOOOOOODODODOODOODO
MODULE 0 O0OO0OOODOOOOOOOOALLOCATEDODOOOODOODDOODO
0000000000000 D0O0OO0 OSSO (DopoSOoOo0O0O0O0 booooo
0)000000C0C00O00ODOO0ODO000000000oOoooOoOoOooooooog
DO0bobooboobd swap OO swapUDOOODUOO0OUOO0OOODOOOOODOOO
000000000000 00o0oooooooooooooOoOoOOoOoOooooo
0000000000000 000000000)000000DO00DO0ODOO00
gobboobobobbodgooooobbbobbboodgoooooobobooon
00000000000 FORTRANOODOOOOODODODOOODODOODODO
gboobooogoobooooboboooon

OooooooobooooobooooobooonbD MODULEDODOOO

module array; allocatable A(:);integer:: N; end module

module comex; allocatable X(:,:); integer:: IAX, IAY; end module

UO0D0D0O0 array U comex DO O UOO00ODOO0O0O0OOO0OOOOO0OODOOO0ODO
0000000000000 0000000000)000000ooooooo
googbbodbbuwetddbodbooobooobbooboooboann
gbooooodgod

gbbouoodgbobbboooobbboogoo

C test of module array
use array; use comex; N=15; IAX=20; IAY=30
allocate (A(N), X(IAX,IAY))
DO I=1,N; A(I)=I; ENDDO
CALL SUB; deallocate (A)
CALL SUBX
DO IY=1,IAY,5
WRITE(6,6)IY, (X(IX,IY),IX=1,IAX,5)
6 FORMAT(’IY=",14/(1P5E13.3))
ENDDO
STOP; END

gobbobooboboouoooobbbbbbbbouodooooobobbbobob
ODO0O000000Db00O0nD allecate 000D OD0DDODO0OODOODODDOOOODDOODOO
0000000000000 AQDO0ODOOOOOOODOoOO syBOOOOADOO
Dooboobooboobooboob
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Oooboboooboboob Xooboooobooooobooooboooo
gboobooogbbbod

O0000000 DEALLOCATEOODOOOOOOODOOOODOOOOOOOD

SUBROUTINE SUB; use array
WRITE(6,1) (I,A(I),I=1,N)

1 FORMAT(5(’A(’,13,’)=’,F6.1,2X))
RETURN; END

OO0000000 SUBOOOOODOOODOODOOOOOO AONODOODO
gbooboooodgbn

DoOoONODOODOOM NOOooooobobooboobooboo

SUBROUTINE SUBX

use comex

DO IY=1,IAY; DO IX=1,IAX; X(IX,IY)=100*IY+IX;ENDDO; ENDDO
RETURN; END

OO0D00D0b0O000O00OnooDOoD allecate 000000 OODODOOOO

OOOO0OOOFORTRANT7T OOODOOOOOODOODOODOOOOODDOODO
gobboboobobboougoooooooboobbobdoooooobobooon
Ooboobooboobooooooboboboooo broboooboob

O000000O0000O000DOO0O0ODOOFORTRANDODOOODOOODOO
Dobooboobbooboooboobobuoobboobuoobbuooboon
gobbooobobboooooooobbbbbobouogooooooobobobooon
00000 C#%000000000000000!'0 /0000000000
gboobooooobbboogoobbooooboboooobod

module/ allocate 0

trix.f 0 FORTRAN O O 0O 0O 0O O O module, allocate 00 000 00O OO O O module
Oo00O00 allecate OO ODOODOOODOOOODOOOOOOOOOOOOVDTOOO
0000000000000 DO000bo0oOoOoObDOlecopdOOCYCLEODDOOOOOO
module [J

O00000 trixfOOODOOOODOOOOOO0OO

MODULE COM
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ALLOCATABLE
CT(:,:,:,:), CL(:,:,:),
FKL(:),G12(:,:,:),G3(:,:,:),GS(:,:,:),YLO(:),
II(:), IPLK(:), JS(:), NKB(:), LS(:)

COMPLEX*16 CT, CL

REAL*8 AMU, COU, HBARC, PI,

EM, FKO, FKL, G12, G3, GS,YLO
INTEGER IIO, IS1, IS2, ISN, ISX, JMNX, JTMAX, JTMIN,

+

+

+

+

+ LMAX, LSMAX, MIS, MLMAX, MSMAX, NIS, NLJI, NLSJ, NSO
DIMENSION EM(3), IA(3), IS(3), JP(3), IZ(3), KTRL(10)

END MODULE

MODULE TRIXS
ALLOCATABLE CSY(:,:,:),CLY(:,:), E1TAB(:), TX(:,:,:,:)

COMPLEX*16 CSY, CLY
REAL*8 ANG1(5),ANG2(5), A2, C20, EI1MN, EIMX, E1TAB, ELAB,
EMC1w, EMC2W, EMC3W, EMC3WI, EMCSWI, EMC12I, EMCSM,
P1PM, PIC, PLRZO, QM2, QVAL, RAD, TX, XFACO
INTEGER NE1
END MODULE

module 00 0Omodule 000000000 (D00O0ODODO)000000OODOOOOO
gooooobobbbobbobobobbboboooddgdooooooooooooon
OO0bo0o0ooooboooooobooboooobobooobogbDDmodule 00 OO
oboboboooboboobobooboboobobubbuwedbobobDOODO
OobOoooooobooboonD coMMoONDODODObObOOobDobOooboobogo
gbogbobodboobbuodobbouobbobobuooboboobbooboon
gboogobodgbogbbodgbooobuooboobbodboobobuooboon
OobodoooboobooboooobooboootOmudule 00000000 DOOO
module D0 O0O0O0OOO0OOO0ODLOOODLOODODODODOODOODOODOO

obobobooboobooboobooboobobbobooboob

0000000000 DO0OO0DOO0DOO0bOO00DO00O0DOO0DOO0bOOo0ODOO0DOOoDOgn
0000000000000 0000DO00000000DO0ooDooDooooon
00000000000 00000D000000multiphase O overlay 000000
0000000000000 OSO00000O0multitask/TSSOOOO0O0O0OOO

OOo00oobooboobooooobboobooobooSoooboooboooDo
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OO000DbO0b0O00b000O0O FORTRANODOODOOOODODODODO
OO0OOOFORTRANT7TOODOOOODODOOOOOOOOO

Kok Kk
N=10

CALL SUB(N)
* k%

SUBROUTINE SUB(N)
DIMENSION A(N,N+2)

*kk

A(1,3)=777

OO0o0o0o0obobobob0b NOoOoOooooobooooobuoobooboo
SUBOODOODOODOODOODODO SUBOODOOOOOOoOOOOoOOoOOOA
gobobbobobobbobobobbobbbbbbobouduuoooooooooobobon
gobbobobboddgooooobbbobobboodooooooobobobooon
OOoobOobooobOoooobobobooboooboboooooobooosuoboon
OO00000000DbO000O0DbO0O0ObOO0obOOob0obOobOOooOobOoboosuBOOO
OO0O000O0O000OOo000oDoOO0U0bOOOo0OoD ADooOooooOooDoo
(Nx(N+2)00000000000000O0O0O0O0OODODOOOOOOO0O SUB
OO0bO0o0o0o0db ADODOOoboooooboooobooboooooboooDoDo
gbobbobbobougoooobobbbbbbbuouoooooooobbbobob
good

gboobobbobobobobobbobboobooboobooboboboon
Dobooooboobobobobobobobobboboboobobooon
OOoO0oooo oSOoobooboooboboooobboboboooooboonD FORTRAN
O00D000D0O0O0DO0ODOALLOCATABLE, ALLOCATE, DEALLOCATE O
gobobogoobbooooobobogo

ALLOCATBLE U0 ODODOOOOOO0OOOOOODODODO

ALLOCATABLE A(:,:),B(:)
REAL*8 A; COMPLEX*16 B

Oo0O00o0oDOooDooOoooo Agoooooooooboooo BopooO
gboogbobodgobbodgbogbobboobbooboobbobboon
gbobbooodgobood

ALLOCATE 0O DDDDDDDDQ%DDD oStobbooooooboboooo



N=5; M=10; L=200
ALLOCATE (A(N,M), B(L), STAT=ISERR)

“STAT=ISERR' OO OOCOOOCISERROOOOCOO0OOCOO0OOOOOOOD
OODALLOCATEDODOOUODOOODODOOODOOODOOOODOOD ALLOCATE
O000000DOoO00o0boDoO AOBOOOOOODOOoOoOOoODoObooogo
OoOooOoOoooooboobogooocoMMON DODOODOOODOOOD
gooooooocoMMON ODOOOOOOOOOoODOoDOobDOobOoDbOobO
goggoobobbobbobbbbbbbtbotbotdidooooooooooooobon
OO000oooboobooOooboooboobboboooobooobbogCOMMON
gogoobobobbbbbbbbbbbbbtbotodgoooooooooonon
OO0O00o0do coMmMONODOOOoOOoOooOooooooooooboooooo
gbboboooobbbuooono

DEALLOCATE O O0O0O0OOOO DEALLOCATE 00DOOD0OOOOODOODO
goo

DEALLOCATE (A,B,STAT=ISERR)

“STAT=ISERR' 00000000000OCOCOOO0O0ODOOOOOO0ODODD
gboboboogobobobuooooboboooobobobuoooobobon

0000000 ALLOCATE DODOOQOOOOCOOODOODObOODODOOD
DEALLOCATE DO ODOOODOOODOSOOODOOODOOOSAVEDOO
gboogobbogbbuodgbobobbodgboobobuodgbooobooon
OO00000D0ooboooobooboOoboOoonD alecate DO ODOODOOOO
O00O0Oallocate DO ODOUOODOOODOODODDOODOOODOOO

OSOO00000O0O (D0oOoOo00U0o)DUUoooOOoUUboooOoOoOobo
O0OO0OOCOODOOODEALLOCATEODOOOODDOOOOOODOOOODO

module 00000000 OODOOODOODO0OU0OOOOOOOOOODODODOODOO
MODULE O0O0OOOCODOOUOOOOCOOALLOCATEDOOOOOOODDOODO
0000000000000 D0O0OO0 OSSO (DopoSOooObO0U0UO0 booooo
0)00000000000DO0D0000000000000O0O00000O0O000
boooboodbod swap U0 swapUDODOOOOODOOO0OOOOOOOODODO
000000000000 ((@oOo0o0000oo0o0O0o0D0ooooooDoooo
0000000000000 000000000)0000oo0ooooooooooo
goboboooboboboooooooooboboboobbboodooooooobboobooon
00000000000 FORTRANOODOOOOODODODOOOODOODODO

DoOoboobooboobooboobob
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OO00O0b0o0o0O0obOooOob0oboboo MODULEDOODODOO

module array; allocatable A(:);integer:: N; end module

module comex; allocatable X(:,:); integer:: IAX, IAY; end module

0000 array U comex DO 00000000 0OO0O0OO00OO0O0O0O0DOO0O0OO
0000000000000 0ooooo0ooo0)00oooooooogo
googbbodbbuwetddbodbboooboogobbooboooboanon
gbooouoogood

gooboooobobboooobboboogoa

C test of module array
use array; use comex; N=15; IAX=20; IAY=30
allocate (A(N), X(IAX,IAY))
DO I=1,N; A(I)=I; ENDDO
CALL SUB; deallocate (A)
CALL SUBX
DO IY=1,IAY,5
WRITE(6,6)IY, (X(IX,IY),IX=1,IAX,5)
6 FORMAT(’IY=’,I4/(1P5E13.3))
ENDDO
STOP; END

gobbobooboboouoooobbbbbbbbouodooooobobbbobob
OO0O00000OO0bDOoonD allecate 00D O0ODDODOOODOODODOOOODDOODOO
OO00000000O0000O ADOODOOOOOOODOoO SsyBOOOOADOO
Dooboobooboobooboob

Doobooooboboob Xoobooooboooooboobooboooo
gboboogoobbobod

OO0D00D00O00 DEALLOCATEODOOOOODOODODOODOOOOODOODO

SUBROUTINE SUB; use array
WRITE(6,1) (I,A(I),I=1,N)

1 FORMAT(5(’A(’,13,’)=’,F6.1,2X))
RETURN; END

OO00D0O0O000 SuUBOOOOODOODOODOOOOOO AONODOODO
gooooggon

DOoOooONODOODOOM NDDEGDDDDDDDDDDDDDDDD



SUBROUTINE SUBX

use comex

DO IY=1,IAY; DO IX=1,IAX; X(IX,IY)=100*IY+IX;ENDDO; ENDDO
RETURN; END

U000bo0booboobOobobO allecate DODDODODODOOODOODOODO

OODOOODOFORTRANT7 DOOOOOOOODOODODOODOOOODODOODDOO
gbobooboobobdoobboobbooboobboobbooboobbo
oooooooobobooooooobobobobo bobooooboo

00000000 0b0o00O0DO0ObD0OU0O0OOFORTRANODOOODODODODOO
ggggbbobobotoooooooooobbbobbbbooooooooboboob
ggooobbbbbotbodogoooooobobobbodooooooobobooboon
00000 C#%00000000opoooogo!o /*ooo0Ooooooo
gboobuooboobobbobbooboobooboobood

2.13 openmp [

O0000OOpenMP 0O0O0O0OOOOOOOOOOpenMP 000000 OOOOOO CPUDDODOOO
0000000000000 0000O000000O000O0O0O0O00OFORTRAND DOODDOODOOOO
O0000000000000000 FORTRANOO C/C++ 00000000 OOFORTRANODOODO
000000000000000000000000000 (threads) D000

OpenMP OOO0OOOFORTRANOOOOOOOOOOOOODOOOOOOOODOOOOOOOOOFOR-
TRANOOOOOOOOOOOOOO (OMPO)0O OMPOOOOOOOOOOOOO OMPOOOO
ooooooboooooobooo

OMpPOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOCOODOOOOOO
oooooooooooooooooooogd CcpUO ODOODOOOOOODOOOOOOOOOOOOOO
oobooooooobooobooboobooboboboooboobooobooobooooboooooooooon
goooooooooo0ooooooooOobDoOoOoOU00UoOoDoOoooOo cpUbDOOUOODDODOOO
goobooooobooboooooobooobooobooooobooooobooOooobooobooboaon
obooobOoboooooboooooon

OMPOOOODOOODOODOOOOOODOO)ODODODOOO)OMPOOOOOOOOO)OMPOOOOO

o000 obooooboboooboooooobooooooboooooooon

227



agoog ooo

OMP.NUM_THREADS 00000000 0ODODOO0ODOOOOOOODOOODOOOO
ooogbooobooboooban
setenv OMP_NUM_THREADS 4

OMP_SCHEDULE 0000000000000D000000000 Otype[,chunk] O
000000 Otype O static/dynamic/guided O O O O Ochunk
U00000O0OstaticOO00ODOD0OOO0OODOODOOstaticdO
0o([@Oo0O00DOoo)/(00000n)
setenv OMP_SCHEDULE “DYNAMIC”

OMP_DYNAMIC o000 TRUEOOOOOOOOODOOoOoobooobooo
OOOFALSEOOOOODOOOOOO
setenv OMP_DYNAMIC TRUE

OMP_NESTED 0000 TRUEOOODODODOOOOODOODOOOOOFALSE
OO0000000DoooO0O0 FALSEOD
setenv OMP_NESTED TRUE

OPENMP O0OUOOO0OOOOOOOOOOOUOOOO OMPOOOOOOOUDO (DOOO)OOOO
gooo

#ifdef _OPENMP
IAM=0MP_GET_THREADS_NUM()+index
#endif

O000ooono OPENMPOUOOOODOOOOOOOOOOOOODOOOOOOOOOOOO
00000000 mdexOOOOOOOO0 lamOO0O0OO0OOOOMPOOOOOOODOOOOOOOO
obooobOooooboobooboooboobooooobobooooboOobooon

123456789
'$ iam=0MP_GET_THREAD_NUM()+index

oooooOoOoOoOOOOOOOO OMPUOOOOOOOOOOFORTRANOOOOOOOOOO
oooobooogan

OMP 0000000 OO OMP.GET.THREADNUM() DOOOOMP OOOOOOOOOOOOO
gboooobooboboooboobodb ompd00OOooDOOoobOoooooobOoOobOoOn
goooooOoUoooooooooooooooOOoOCO0O oMPO DOOOOODODOOOOOOO
oono

C23456789
'$ USE OMP_LIB ! default O0O0O0O0O/00000000C0CO

ugboodoodaod
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ooboobooooao

call omp_set_num_threads(integer)

integer omp_get_num_threads()
integer omp_get_max_threads()
integer omp_get_thread num()
integer omp_get_num_procs|()
logical omp_in_parallel()

call omp_set_dynamic(logical)
logical omp_get_dynamic()
call omp _set_nested(logical)

logical omp_get_nested|()

oobooobooooobboobooooooog
ooo
gboooboobooooboboood
gooooooooon
oboooooboooooboobooooon
oooooooooooboooooooo
gboooboooooogoobo
oobooOoooboooooooboooooog
oo
ooboooooooooooobbooooboog
O
oobooboooooooboobobooog
ooooo

gbooobooboooooboooo

goooobgon

call omp_init_local(svar)

call omp_init_net_local(nvar)
call omp_destroy_lock(svar)

call omp_destroy_nest_lock(svar)

call omp_set_lock(svar)

call omp_set_nest_lock(nvar)

call omp_unset_lock(svar)

call omp_unset_nest_lock(nvar)

logcal omp_test_lock(svar)

integer omp_test_nest_local(nvar)

gboooooboooooboooo

gboooboooboooobooon

gobooOoobooooooobooobboog
oood

gooooobooooboobbooobood
goooo

goobobobobooooooobobo
O

googoogoooa
real(8) omp_get_wtime()
real(8) omp_get_wtick()

obooooobooooboobooog
oooooooooooogoo

OMP 0 OMPOOOUOUOODDOOOODOOOODOOOODOOOOD

0000000000000 +1¢oMp+0 000000 P 0’00 000000000DO0O0O
oooooooOoOoOOO0OOOOOPO0O00O0o

ooooboooob '+ ooboobobooboooobobboooboooobooo
gooopooooopoooOoOooooOoOoooooUoooD ¢ O0DOOO0OO0DOOO
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Ooo0O0 cpUOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOO CPU
0000000000000000000000000000000000000O0O0O000On (serial
region)00 0000 (parallelregion) 00 0000000000000 0O000O0O0ODO0OO0O0OOOOOO
0000000000 00000000 fork, join 0O0O0OOO0O0ODOOCODODOOOOfork-join D000
000000000000 CPU(thread) OO0 OOOOOOO
gbooobobooobobooooobobbo coboboooobooboooobooooboboboooDo
goooooboooboobooooobooobooooboo

oooo pooOObOOoOoOoOoOoDOOOoO0OoOoDODOOOOO0 bODOOOOOODOOOOOODOO
gobooboobooboobobobobobobobobobobobobbbooobobooboboboboo
oooooboooboooobobooobooboooobobooboooobooOoboooDobooobDoooDoo
goboooooobooobobooobooobooooboooooooboooooobooooooaoon
obooooOobooooboboooobooooobooboooooon

goboobooooooobooobooobooobbooboooooo0oobooboooboooooo
goboooooboboobooooboobobooooboooooooooboooboooooooooboooboaoon
ooooooboooooon

gobooooooobooooobooooooooboooooooooooooboooobbbooooo
gbooobobooooboooog

goboO0oooooobobooboooooooboooobooooooooboooooooboooooag
ooo

000 (000O0)0000000O00000000 (share)00O0O00OO0ODOOOOODOOOOOOO
OO0 (private ) 0000000000000 OOOOOMP O0OO0OO share/private 0000000
oobooooooobooobooboooooooboooboooboooboooooboooooboobooboobooobobooon
gbooboooooooboooooooooooooooooooooboobooobooooboooobooo
gono

obobooboooooooooooooooooooooooooooboobobOobobOobona
0000000000 mainthread000000000000000000O0O0O0O0O00OO0O ( broad cast
000)oooo

goboooboobboooooooboobooooooooboooboobooooooboooooo
oboooboooooooon

coooooooopoooo oMpPOOOOODOODO

ooooooo
oMpPOODOOOOODOOOOODOOOODOOOODO

1$0MP directive
DO something
1$OMP END directive

OO00D0OOdirective 00 00O00DOOO0DOOO0ODOOOODOOOODOOOODDOOODOOOO
O GOTODDDDDDDDDDDDDDDDDD%E STOPOOOOODODOO



goooooo

ooboooooboooboooooboooboooooobooobooOooobooobooooooboooooooon
0000000000000 0OO00OO0OFORTRANOOOODO (global) 0D O OO (local) DODODOODO
ooo00o0ooooooo0ooooooooooO00000o00oo0oO0COMMON OO MODULE O
ooboobobooooooobooboooooooobooooooooooboooboooobooooooaon
gogoobobobobboooooobobobbobooogoo
oOMPUOUOUOOUOOO0ODOUOUOUDOUOODUOODDO0ODOUD (shared) 0000 DOOOODOODO
0000 (private) DO0O0OO0O0OO0OOOOOOODOglobal/local OO shared/private 00000000
obooooOooooooboooooo

shared private

ocoooooooo ooooooooooooooo

0000 | 1) COMMON BLOCK 2) MODULE O | OpenMP OO0 00O THREADPRIVATE O
03)SAVEOUOOOO 4000000 | O ( COMMON BLOCK 0O MODULE O

0)
oooo 1) OpenMP O 0O default 1) OpenMP O O private OO
2) OpenMP 0O O shared OO 2)0000oooo

000000000000 (default )00 0000000000000 O0O0OO0O0O0OOOOOOOOOO
O000000000000000000000parallel region OO share/private 00 000 clause OO
ooooo

OMP O0OOO
1$0MP directive [clausel[[,] clause],,]

O00Odirective D000 clavse OO0 O O0O0O00O00000O0O0Oclause O directive 00000000 DOOOO
directive 0 clause 00000000000 OOOOOOO0OO

THREADPRIVATE directive
000 share/private 0000 0000000000000 00O0ODOO0OO0O0O0OO0OOOOOOOOOOO
goo

I$0MP THREADPRIVATE (name-list)

name-list 0 0 O default 00 share 00 OO Othread OO0 private 00000000000 OO0ODOOO
000000000 privatelist 000 0000000000000 O00OODODOOOOO0OOOOOOO
ooo

name-list 000000000 threaed 00000000000 0DO0OOO0ODODOO0ODOOOOOODODOOO
0000000000 DATAOOOUODOOUOODODOOUODOOOOODOOOUOODD threed D0OOOO
OO000 DATAOOOOQOOOOOOOODOOOOO

OO0 threed DO0ODD0OO0O0O00O0O0O00O"0000"0000000OPARALLEL directive O clause
00 00COPYIN(name-list) 00000000 COPYIN O name-list 00O THREADPRIVATE 00O
OO0 name-list 00O0O00O00O00O0O
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000 thread O name-list 00 0000000000000 threaed 0000000000000O0OO
0000000000000 O00o0o0O0oo0o0oo0ooooo0ooo00ooO0DoOo0o0oO0ooOo0oo0oo
0000000000000 0000000000000D00O00O0O0O0

00000 (serial region) 00000000 O0OOO MASTER directive 00 00 00 O O master
threaed 000000000 "O0000"00000000

000000 parallel region 000000 share/private 000 0000000000000 O00O0O0O
OO0O00D0 clavsse0OOOOODODOO

1$0MP PARALLEL DO SHARED(X)

0000 clause OO0 O0O0OO0OO0OO0DOO

PRIVATE (name-list) 0O parallel region 00 name-list 000000000 PRIVATEOOOOO
O000Ofork OODO0OO0OODO0ODOODO0ODOODO0OOOD0O0OO0O00O00 thread DOOO
oooo0oO0obOOOOOOOO PRIVATEODOOOOO

SHARED (name-list) 00 0O PRIVATE ==> SHARED

DEFAULT(SHARED) parallel region 0000000000 threed 00000000000 dafault
O00O0O0O0OO0ODEFAULT(SHARED) D0OODOO0O0OO0O0OO0OO

DEFAULT(PRIVATE) THREADPRIVATE OO OOOOOOO COMMON BLOCK 0O 0O O Oparallel
region 0000000 COMMON BLOCK O0O0ODO thread O private 000000000000
000000000 PRIVATE(.) OOOO

DEFAULT(NONE) paralle region 0 00000000 OO OPRIVATE, SHARED, FIRSTPRIVATE,
LASTPRIVATE, REDUCTION 0000000000 O0O0O0O0O0O0O

gooogboooboo ooboobuooboobobobobobooboobooboobooboonoo

1$0MP PARALLEL DO DEFAULT(PRIVATE),
!$0MP+ FIRSTPRIVATE(I), SHARED(X),
!$0MP+ SHARED(R), LASTPRIVATE(I)

0000000000000 0D00O000DO0O000D0O00000 clause0O00OO

FIRSTPRIVATE(name-list) PRIVATE 00 0000000000000 000D0O0OOO0O0O0O0OO
00000000 thread O PRIVATEOOOOOOOOO

LASTPRIVATE(name-list) PRIVATE OO UOO0O0OOO0OO0OO0O0OO0OO0O0OO00O0OO0O0OO0O0OO0OO
O0000000OO0O00O0OO0DCOOPRIVATECODOOOOODOOOODOOODOODOOOOOOO
oono

COPYIN(name-list) THREADPRIVATE 00 0000000000000 0OOOOOOOOmaster
thread (00 0O0OD0O0)000000O0O0OO

COPYPRIVATE END SINGLE directive 00000000 clause 000000000 private 000
000000000 threads O broadcast 00O O
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I$0MP SINGLE
READ(1)X,Y,Z
I$0MP END SINGLE COPYPRIVATE(X,Y,Z)

REDUCTION DO directive 000000 OOloop unrolling 0000000000000 OODOCOO
ooood

S=0.0D0; P=1.0DO

$0PM PARALLEL DO REDUCTION (+:S) REDUCTION (*:P)
DO I=1,N; S=S+A(I); P=P*B(I); END DO

I$OMP END PARALLEL DO

REDUCTION clause O 0 0O O O loop unrolling 00000000 ODOODO OO parallel region O O
OO0 SO pPOO0ODOOOODOOOODOOODOOOOODOODOOOOODOOOODOOOOO
OO0 0OREDUCTION clause 0000000 Oserial region 00O SO POODOOOOOOO
0000000000000 000REDUCTION OODO clause D0 OO0OOO0DOOO0DOODOO

REDUTION clause 0 0O

REDUCTION (0000000 D0OOO: 00O0OO0O)
000000000 +0 -0 *0/0.AND.O .OR.O .EQV.O .NEQV.
0000000000 Ooo0oMAXO MINO IANDO IORO IEOR

‘00’000poo0 private 000000 DOOO0ODOODOOODOOOOODOOOOODOOOODO
gbooboobooobogobogooo

Oo00o0ooo0o00oDo oDooooooogo okKkOoOooo

PARALLEL directive
000000O0000o0OoOobO0o00o0obOo0o000o0oOobOo0o0o0oo0oOoObO0o0o0oooobOoOoOoOoooooDooOoOoa

'$0MP PARALLEL

gboodbpo ODODOOO0OO0OOOO0ObOOO0OO0OOd

WRITE U0OU0OO0OOOthread DU UOOUOOOOOOOOOOOO
I$0OMP END PARALLEL

O0O00O0 OMPOOOOOOOOOparallel regiond 000000000000 OOOOOOOOOOOO
00000000000000000000Oserial regiond O master 0000 (master thread)O parallel
region I team J OO OO0

O0000000000000 PARALLELOOOOOOOOOOOCOOOO0OOOOOODOOOOOO
PARALLEL directive DO OO0O000O0O PARALLEL OO0O0O00OQOCOOODOOOOOOOOOOOOO
oo ooboboboooboobobbobobobobdooooobo oL bbb bbbb
000000000 D0o0o0oD0oooDooDO0oooooOooDooDooDOonD OMPOOODODOODOO
PARALLEL directive 00000000 OMPOOOOOOOO0O0O0O
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WORK SHARING
PARALLEL directive 000000 OO0OO0O ( parallel region) 000000000000 0OOOOOO
threed 0000000 OCO0O0ODOCOOODOCOOOODOOOOODOOOOODOOOODOOOODO
O000000000000DO, SECTIONS, SINGLE, WORKSHARING 000 OMP directive
OO00000000DO directive D OO0

DO directive
DOOODODO threed DOOOOOOOOO

1$0MP PARALLEL
'$0MP DO

DO I=1,1000; A(I)=B(I)+2.0; END DO
I$0MP END DO [NOWAIT]

O0000DOOo0OO0000oODOOo0O000oooDoOoO0o00oOoDOobD threedDO0OOO0DODODOOO
ooooo00O000 > REDUCTION OOO0O

END PARALLEL 000000000 threed DOOOOOODOOODODODOODOODODOODODOODODOO
OO0O0D0D0OOOUOODOONOWAIT clause 00D OOO0DOOO0OODOOOOODOOOO threedDOOO
gboooboooooogn

SECTIONS derivative
000 section OOODOOOOOO section DOOO0O threed DOODOO0OO0O0OOOOO section OO OO
ooooooono

00000 section OO0 0Othread D0 OO0D0OD0OO0D0OOO0OODOOODO threaed DOODOODO section O
O threed DO0OO0O0OD0OO0O0O0ODO section JO0O0O0O0O0O threaed DO0OO0O0OSOO0OOOOO thread OO
000 section 000000 Osection 00000000 (00 D0OD0ODOO) thread 0000 thread
0000000000 DbOO00bOO0oo0oOooooooooag

ad

I$0MP PARALLEL
!$0MP SECTIONS

god A ! 00 thread OO0 OO0 A ODOOO
!$0MP SECTION
gooB ! 00 thread U0O0O0OO0O OOOBOOODOOO

{\ldots} {\ldots} ! DO ODOO
1$0MP END SECTIONS [NOWAIT]
1$0MP END PARALLEL

SINGLE directive
000 threed 0000000000000 00D0O00ODOOODOOODOOO0OOO singledOO0OOOOO
00000000000 00000 threaed 000000000 jobODOOODOsinglejob OOOOOO

oood 934



!$0MP PARALLEL

gogd A ! OO0 thread OOODO A OOODODOOO
1$0MP SINGLE
ood B ' OO0 D00 A000O0O thread DO0OOO B OOODOO
!$OMP END SINGLE ! OO0 A O0OD0OO thread DOODOO B OOOODOODO
googdc ! J00 cUO0O0D0 thread JOOODODOOO
'$0MP END PARALLEL
oo ! J0O0O D 0O master thread OO OON

WORKSHARE directive

OOOOOFORTRAN OO DODOOODODOOOOODOODOOOODODOOOOODODOOOODODOOOOOO
oooooooodg

a

DIMENSION A(100,200), B(100,200), C(100,200)
gboogoooobooo
I$0OMP PARALLEL
!$OMP WORKSHARE ' Jboo0ooobOobooobooobooon
A=B+C ' O000D00O000D0O0O000D000 (clause) DOOO
'$0MP END WORKSHARE
I$0OMP END PARALLEL

DO, SECTIONS, WORKSHARE O PARALLEL O0O0O0OOOOOOO OMPO 000O00O0O0OO
uboooobooooooon

!$0OMP PARALLEL DO
!$0OMP PARALLEL SECTIONS
!$0MP PARALLEL WORKSHARE

Oo0ooooooooooooog

worksharing 0000 0000000000000 D0OO0O0OO0DOOOODOOOSCHEDULE OO0 clause
00000000 000oo0oOo boOoOdOonD OO0 thread O loop unroll 0000 OO0 O O O thread
i0 TG ODOOO

SCHEDULE(STATIC,chunk)

1$0MP DO SCHEDULE(STATIC,10) O OOOOOOO

000 thread OO 1~10, 11~20, 21~30,31~40 00 0000000000000 0OT(i) O On=40*m+(1
00 10)*(i-1) 000000000000 m=1000000 O ---0
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000000000000 round robbin 00000 (chunk) 0000000000250 0000000
0000000000000 D00O0000ODOthread D OODOOOODOOOO

SCHEDULE(DYNAMIC, chunk)
I$0MP PARALLEL DO SCHEDULE(DYNAMIC,10) 0D D000 ODOO

000 thread OO 1~10, 11~20, 21~30, 31~40 0000000000000 00On=40*m+(1 OO
10)*(i—-1) 0 O0OO0O0OO threaed D00000Om O0O0000O00OO0O SCHEDULE(STATIC) OOOOO
OOchunk 000 default OO OO0ODO

00000000000000000000000000000000000000USCHEDULE(DYNAMIC)
oooobooon

SCHEDULE (GUIDED, chunk)
'$OMP PARALLEL DO SHEDULE(GUIDED,10) 00000000

000 thread OO 1~10, 11~20, 21~30, 31~40 OO0 O0D0OO0O0D0O0OO00C0O0O0Ochunk ODOOO
OO00o0ooo0o0oopoOoDooO0oooOod chmk OO0O0ODOOOOODOOOODOO

O0000000000chunk 0000000OSTATICOOOOODOOO overhead O CPUDODOOOO
obooobOoooooobooog

SCHEDULE (RUNTIME)
0000 OMPSCHEDULE 000000000000 00000000 SCHEDULE(STATIC) OO
0oo

oood
000000000000 000000D0000000000000000 directive MASTER, CRIT-
ICAL, BARRIRER, ATOMIC, FLUSH, ORDERED 0000

MASTER directive
MASTER/END MASTER 000 0O code block O master thread D 000000000 thread 000
O000OO00O0O0Omasterthread 00000000000 O0OOOODOmaster 000 threads OO0OO0
gooboooooon

I$0MP MASTER
DO something
I$0MP END MASTER

CRITICAL directive
000000000 threedD0O00000OO codeblock 00O0OOOCRITICALOOOOOOOOO
O00 threedD0OO0O00000CO0O00O0DOO

I$0OMP PARALLEL
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1$0MP DO

oo A ! 000 threads OOOOO0OOOOOOO

1$0OMP END DO

I$0MP CRITICAL ! OO A OUOODO thread JODODO thread O 00O B OODO
oo B ' Jobooooboooo sgoao

' 00 BOOOODO thread OODODOO
' 0000000000 BOOOOODOOOOODDO
WRITE(1) output-record
I$0MP END CRITICAL

I$0MP DO ' OO0 B U000 thread U0 parallel region OO O OO
oo ¢ ' gbcoonoooon
'$0MP END DO

I$0OMP END PARALLEL ! 00O0O0O0O0ODO threads DOOODOODOOO

OO0 BOOOODDOOODODODOOOOOOO0OO0O0O0OO0O000O00C0O0O0000000000 thread O
gooobobooooboobooooboooboooDo

BARRIER directive
000 threaeds OO000O00O00O0OO0O0OO0OOOOO0OOO threaedsOOOOOODOO

!$OMP BARRIER

ATOMIC directive
ATOMIC directive 0D 000000000000 0O00DO0OO0O0O0O0OODO0O0O0O0OO0ODOO0O0O0O thread
00000OD0OO0O00000o0bOoOoOo0o00o0o0oooOoDOoOo0ooOooon

X=X Op exXpr, X=expr op X, x=intr(x, expr), x=intr(expr, x)

dbobOOxOooOoOOOOO0000oooObbO00000oboDbDbO0bOexpr xOOOOOOOO0O Ointr O
MAXOMINOIANDOIOROIEOROOOOOOOOOOOOOop O O0-000/0.AND.O.OR.O.EQV.O.NEQV.
oooooooogo

00 x O load/store 0 ATOMICOOOOOOOOOOOOOOOCRITICALOOOOOOOOOOO
oooo ‘AToOMIC’ OoOoOooooooo

00000 ATOMICO CRITICALOOOODODDDDODOOO

1$OMP PARALLEL PRIVATE(B)
B=DOIT(I)

I$0MP ATOMIC
X=X+F00(B)

I$OMP END PARALLEL

CRITICALOOODOODO

!$0MP PARALLEL PRIVATE(B, tmp)
B=DOIT(I)

TMP=F00(B) 9237



1$0MP CRITICAL
X=X+TMP

I$0OMP END CRITICAL

!$0OMP END PARALLEL

OO000O0XO wdateOOOOOOOFOOOODDOOOOOOOODOOOODOODODOOOODOOODDOO
gboooboooooon

FLUSH directive
000oooooDoooooooo

1$OMP FLUSH (name-1list)

name-list 000000 " 0" 0000000000000 Onamelist 0000000000 OO0O0OOOC
gboooboobooboobooboobobbobbobooboon

*O0DOOoOoooo (COMMON block, MODULE OO O0)

* SAVEUOOO0O0OOO0O0O00O0O0000oo0o0o0ooo0ooooo0oooooooooooooo
gboooboobgon

* SAVEODOODODDOOOOOODD000000D00000000000 SHAREDOOOOOOO
*0(000)00
* 0000000000

ORDERED directive
ORDERED/END ORDERED O0OO0OO code block 00O O0O0OO0OOOOOOOOODO
ORDERED directive 00O 0O block 00O DOO PARALLEL DO directive O O O ORDERED clause
goobooooooon

directive 0 clause O OO0 000000

parallel do sections workshare single P do* P sections* P workshare*

if Y Y Y Y
private Y Y Y Y Y Y Y Y
share Y Y Y Y
default Y Y Y Y
1stprivate** Y Y Y Y Y Y Y Y
lastprivate Y Y Y Y 00
reduction Y Y Y Y Y Y
copyin Y Y Y Y
copyprivate Y

ordered Y Y

schedule Y Y

nowait Y Y Y

num_threads Y Y Y Y

P O parallel DO OO0 1stprivate O firstprivate %EDDDDDDDDDDDDDDDD



000000 Odirective 0000000 directive, (do, sections, workshare) OO0 000000000
ood

000000 clause OO0 OOdirective D00 0OO0OO0OOOPARALLEL 00000000 ODOOOOO
OO0 directive OO OO0OOOOO

000 YODOOooooooooo

gooooad
00 0O O Hyper threading O 0 Pentium4 O intel FORTRAN compiler(V.10) O gfortran D0 000000
oooooo
gooooooooboooo

C ifort -parallel -openmp -par-report3 exl.f
C gfortran -fopenmp exl.f
'$ USE OMP_LIB ''wse JOOUOIMPLICIT UDODOOOOOOOODOOODOO
IMPLICIT REAL*8 (A-H,0-Z)
TO=0MP_GET_WTIME()
DO I=1,100000000; X=1.0D-3*I; Y=SIN(X); Z=COS(X); END DO
WRITE(*,*) ’y and z=’,Y,Z
T1=0MP_GET_WTIME(); TD=T1-TO
WRITE(*,*) ’t=’,TD,T1,TO
TICK=0MP_GET_WTICK(); WRITE(*,*) ’tick=’,TICK
STOP; END

ifort 0 O O tick=1 p sec, gfortran 00 0 tick=1msec. 00 O000-03000000000000000O
00 ifort 00 0O0O0Ogfortran 00O 179000000

Ooo0o0oo0oo0 OMP OODOODO

C ifort -openmp ex2.f
use omp_lib
write(*,*) ’before’
!$0OMP PARALLEL !fork
write(*,*) ’Hello OMP !’
!$OMP END PARALLEL ! join
write(*,*) ’after’

stop; end
goooogood

before
Hello OMP !
Hello OMP !
after
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gbobooboboooooboooobooooono

C ifort -openmp ex3.f ! compiler DO DO OONO
use omp_lib

I$0MP PARALLEL
ID=omp_get_thread_num()
CALL SUB(ID)

'$OMP END PARALLEL
ID=10; CALL SUB(ID); STOP; END
SUBROUTINE SUB(K)
S5=0.0D0; IMAX=10+2*K
DO I=1,IMAX; S=S+REAL(I); END DO
WRITE(*,*) ’at Sub. K IMAX S=’,K,IMAX,S
RETURN; END

gboooboboooooboon

at Sub. K IMAX S= 0 10 55.00000
at Sub. K IMAX S= 1 12 78.00000
at Sub. K IMAX S= 10 30  465.0000

CRITICAL 00O0OOCOOO

C ifort -openmp
'$ USE OMP_LIB
I$0MP PARALLEL DO

DO I=1,5; ID=0OMP_GET_THREAD_NUM(); CALL SUBX(I,ID); END DO
!$0OMP END PARALLEL DO

STOP; END

SUBROUTINE SUBX(I, ID)

DO J=1,ID; X=0;D0 K=1,10000; DO L=1,10000;D0 M=1, 10

X=X+1;END DO; END DO; END DO; END DO

!$0MP CRITICAL

WRITE(6,1)I, ID, X

1 FORMAT(’I ID and X=’,2I3,1PE12.3)

I$0MP END CRITICAL

RETURN; END
goooboooon

I ID and X= 1 0 0.000E+00
I ID and Xx= 2 0  0.000E+00
I ID and X= 3 0  0.000E+00
I ID and X= 4 1 2.684E+08
I ID and X= 5 1 2.684E+08
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gbooobobo cpu00000O0O0O0O0O0DOOOODOOOOOOODOOOODOODOOOOODOOn
obooooOoooobooboooooooon

private 00O 00O

'$  USE OMP_LIB
DIMENSION A(5), B(5)
DO I=1,5; A(I)=I*I; END DO
I$0MP PARALLEL DO PRIVATE(B)
DO I=1,50 ID=omp_get_thread_num()O B(I)=A(I)-ID*2
WRITE(6,6)I,ID,A,B
6 FORMAT(’ I ID ’,2I3,’ A ’,1P5E12.3/9X,’B’,1P5E12.3)
END DO
I$0MP END PARALLEL DO
STOPL]  END
0000000000000 ADOOOOOCOOOOOO00 B O private
0000I1ID O0000000000000ID 00000000000
000000000000 oooooooooooo

IID

1 0A 1.000E+00  4.000E+00  9.000E+00 1.600E+01 2.500E+01
2 0A 1.000E+00 4.000E+00  9.000E+00 1.600E+01 2.500E+01
3 0A 1.000E+00 4.000E+00  9.000E+00 1.600E+01 2.500E+01
4 1A 1.000E+00  4.000E+00  9.000E+00 1.600E+01 2.500E+01
5 1A 1.000E+00  4.000E+00  9.000E+00 1.600E+01 2.500E+01
1 0B 1.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00
2 0B 1.000E+00  4.000E+00  0.000E+00  0.000E+00  0.000E+00
3 0B 1.000E+00  4.000E+00  9.000E+00  0.000E+00  0.0O0OE+00
4 1B 3.009E+00 0.000E+00  0.00OE+00 1.400E+01  4.484E-44
5 1B 3.009E+00 0.000E+00  0.000E+00 1.400E+01 2.300E+01

00000 EQUIVALENCE OD0O000OO0OOO0ODO

COMMON /A/B(100)

DIMENSION C(100)

EQUIVALENCE (B,C)

DO I=1,100; B(I)=I; END DO
I$OMP PARALLEL DO FIRSTPRIVATE(C)

DO I=1,5; CALL SUBB(I,C); END DO

I$OMP END PARALLEL DO

STOP; END

SUBROUTINE SUBB(I,C)

DIMENSION C(100) 241



WRITE(6,1)I,C(100)
1 FORMAT(’I and C(100)=’,I3,1PE12.3)
RETURN; END

FIRSTPRIVATE(C) OOUODIOOOOOOOOOOOOOOOOFIRSTPRIVATE O OO OO PRIVATE
oboooooooooooon

ALLOCATE 00 ==; 00

source program of ex6a.f
'$  USE OMP_LIB
ALLOCATABLE A(:); N=100; ALLOCATE (A(N))
DO I=1,N; A(I)=I; END DO
I$OMP PARA1LEL DO PRIVATE(A)
DO I=1,5; ID=0MP_GET_THREAD_NUM();
WRITE(6,1)ID,I,A(1),A(100)
END DO
I$OMP END PARALLEL DO
1 FORMAT(’ID I A(1) A(100)=’,2I3,1P2E12.1)
DEALLOCATE (A)
STOP; END
forrtl: severe (174): SIGSEGV, segmentation fault occurred

Image PC Routine Line Source
libpthread.so.0 0O0002AAAABO90CCD Unknown Unknown Unknown
libguide.so OO0002AAAAAF676B5 Unknown Unknown Unknown

forrtl: severe (174): SIGSEGV, segmentation fault occurred

OO0000D0O00000 allocate J0O0D00O0Oprivate 00000000000 O0O000O0DODOOO
ob0oo0O0bOO0o0o0ooDbon private 00000000O0O0OOOOO

N=10; CALL JOB(N); STOP; END
SUBROUTINE JOB(N)
'$ USE OMP_LIB;
DIMENSION X(N)
DO I=1,N; X(I)=500-I; END DO
I$0MP PARALLEL DO FIRSTPRIVATE(X)
DO I=1,5;ID=0MP_GET_THREAD_NUM()
CALL SUBX(ID,N,X); WRITE(*,*)’I ID N X(N)’,I,ID,N,X(N)
END DO
I$OMP END PARALLEL DO
RETURN; END
SUBROUTINE SUBX(ID,N,X)

DIMENSION X(N)
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IF(ID.LE.O)RETURN
DO I=1,N; X(I)=-X(I); END DO; RETURN; END
00000000000000000000

I ID N X() 1 0 10 490.0000
I ID N X() 2 0 10 490.0000
I ID N X() 3 0 10 490.0000
I ID N X(D 4 1 10 -490.0000
I ID N X() 5 1 10 490.0000

O000DO0bO0o0boObDObDalecate 0O ODOOOOODOODOOOOODOO

allocate 0 0 shared O 0O allocate 0O 00O OO parallel region O Oprivate 00000000000
oo oKoood

'$ USE OMP_LIB
DIMENSION A(5)
ALLOCATABLE X(:)
N=10
ALLOCATE (X(N))
DO I=1,5; A(I)=I; X(I)=2%I; X(I+5)=3%I; END DO
I$OMP PARALLEL DO PRIVATE(A)
DO I=1,10; ID=0MP_GET_THREAD_NUM()
CALL SUBX(ID,I,A,N,X)
WRITE(6,1)ID,I,N,A(1),X(N)
1 FORMAT(’ID I N A(1) X(N)=’,3I4,1P2E12.3)
END DO
I$OMP END PARALLEL DO
STOP; END
SUBROUTINE SUBX(ID, I, A, N, X)
DIMENSION A(5),X(N)
DO J=1,5; A(J)=20-J; X(J)=100-J; X(J+5)=90-J; END DO
IF(ID.LE.O)RETURN
DO J=6,10;X(J)=-J; END DO

RETURN; END
ID I N AL X(M)= 0 1 10 1.900E+01 8.500E+01
IDINA(L X()= 0 2 10 1.900E+01 8.500E+01
ID I N ACL) X(= 0 3 10 1.900E+01 8.500E+01
ID I NACL) X(M= 0 4 10 1.900E+01 8.500E+01
IDINA(L X(W)= 0 5 10 1.900E+01 8.500E+01
ID I N A(D) X()= 1 6 10 1.900E+01 -1.000E+01
ID I N A1) X(\W)= 1 7 10 1.900E+01 -1.000E+01
ID I N A1) X(N)= 1 8 10 1.900E+01 .000E+01



ID I N A1) X(\)= 1 9 10 1.900E+01 -1.000E+01
ID I N A1) X(N)= 1 10 10 1.900E+01 -1.000E+01

boboooooooooooooooobooboooooboobOobOOobOobOobOobOoboboboboon
obooooOobobooobooboooobobooooobobooooboOoboooon

ATOMIC O CRITICAL OOOOO

COMMON X; X=0; WRITE(6,5)
5 FORMAT(’1st stage’)
!$0OMP PARALLEL DO PRIVATE(B)
DO I=1,1000; B=DOIT(I)
I$OMP ATOMIC; X=X+FOO(B); END DO
!$0MP END PARALLEL DO
X=0; WRITE(6,10)
10 FORMAT(’2nd stage entered’)
!$0MP PARALLEL DO PRIVATE(B,tmp)
DO I=1,1000; B=DOIT(I); tmp=F00(B)
I$OMP CRITICAL; X=X+TMP
I$OMP END CRITICAL
END DO
!$0OMP END PARALLEL DO
STOP; END
FUNCTION DOIT(I); COMMON X; IF((I/100)*100.EQ.I)WRITE(6,1)X,I
1 FORMAT(’DOIT X=’,1PE9.2,2X,’at I=’,I5)
DOIT=X+I; RETURN; END
FUNCTION FOO(B);IF(B.GT.100)F00=100;IF(B.LT.0)F00=0;RETURN;END
gbooobooobooobooo
1st stage 2nd stage entered

DOIT X= 0.00E+00 at I= 100 DOIT X= 1.28E+04 at I= 100
DOIT X= 9.90E+03 at I= 200 DOIT X= 2.63E+04 at I= 200
DOIT X= 1.99E+04 at I= 300 DOIT X= 3.63E+04 at I= 300
DOIT X= 2.99E+04 at I= 400 DOIT X= 4.63E+04 at I= 400
DOIT X= 3.99E+04 at I= 500 DOIT X= 5.63E+04 at I= 500
DOIT X= 4.99E+04 at I= 600 DOIT X= 1.63E+04 at I= 600
DOIT X= 5.99E+04 at I= 700 DOIT X= 6.64E+04 at I= 700
DOIT X= 6.99E+04 at I= 800 DOIT X= 7.64E+04 at I= 800
DOIT X= 7.99E+04 at I= 900 DOIT X= 8.64E+04 at I= 900
DOIT X= 8.99E+04 at I= 1000 DOIT X= 9.64E+04 at I= 1000

0000000 XO0ODoOoOoOoooooXooooo polITogoooooo poIToooon Xoo
obooooobooIrIoooobobobooobooboo %4% oboooobo Xoooooboooooo



