200800 DOOOO

Jooobobbod
Jobbobboobooudddd

oooouod goodoon
ool ouood boboudgbodgd

BO776015 oo 0O



HEN

0o 6
1 0o 7
L1 OO . e e e e e e e e 7
121 0000 .+ o e e e e e e e e e e e e e e e e 7
1.2 0000 . . . e e e e e e e e e e e e 12
1.3 0000 . . . e e e e e e e e e 16
2 0o 17
21 0000000D0000000 ... . e e e e e e e e e e e 17
2.0 1 OO0 . o vt e e e e e e e e 17
2.0.2 OOO0 .o o e e e e e e e e e e e e e e e 18
2.2 ZImanO O . .. . e e e e e 22
23 FlowersandItoh1976. . . . . . . . . . . . . .. 27
231 00000000 . . . e e e e e e e e e e e e e e 27
232 000000000000 . . 0 0 o o o e e e e e e e e e e e e e e e 27
233 0000 ZimanO O . . . vt e e e e e e e e e e e e 31
234 0000000000 . . . . e e e e e e e e e e e e e 34
235 MottOODOOO . . . . . e e e e e e e e e e e e e e 35
2.4  Itoh, Mitake, lyetomi, and Ichimaru1983 . . . .. ... ... ... ..... 38
241 ODOO0 .o o e e e e e e e e e e e e e e 38
242 0000000000 . . . e e e e e e e e e e e e e 40
243 OOO0 . . e e e e e e e e e e e s e 42
244 000000000000 . . . 0 0 o e e e e e e e e s e e e e e e e 44
2.5 Itoh, Uchida, Sakamoto, Kohyama, and Nozawa 2008 . . . . .. . ... ... a7
251 0000000 . . 0 0 o o e e e e e e e e e e e e e e e s s e 47
252 00000000000 .. . 0 0o e e e e e e e e e e e s s s e 48
253 0000 . . e e e e e e e e e e e e 49



26 00000000000 .. . 0 vt e e e e e e e e e e 71
27 OO000D0 . .o e e e e e e, 75
%< S I I o 77
3 00 81
1 7 81
311 00000000000000 + .« o v v vt v e e e e e e e 81
312 00000000000 « .« v v ot e e e e e e e e e e e e 81
313 0000000000 . v vttt e e e e e e e e e e 81
314 00000000000 + v v v vt e e e e e e e e e e e e 81
00 102
O0A 00000000 106
Al (S)O0O000O00O000 . .t vt et e e e e e e e e 106
A2 (SYOO0O0O0D0 .o vt e e e e e e e e e e e e 119
A3 YoungetalOOODODO . . . . o vt it e e e e e e e e e e 143
Ad (SPSOSYIB2BOOO ... 151



0o

© 00 N oo o B~ WwN P

NN NN DNDNNDNR R R R R B B R R
N~ o 00N WO N PR O © 0 N O 00 W N B O

00000 NGC6543 OOOOMNASAD . . . .ot i i .. 9
D000M4ADDODODODODOOO0OO0O0O0O0O00000ODOMINASAD .. 10

D000 A0)DDOOO0 BO)OOOOONASAD ... .. ... ... 11

D000 D0ODDOOOOONASAD . ..o oottt e e e e 13
00000 RXJ1856.5-375@ NASAD . . . . . . v e e e 14
0000 3C58INASAL . . . . oo e e e e e 15
0000000000000 .+« .« vt e e e e e e e e e e e e e 20
0000000000000 .+« . v vt v e e e e e e e e 21
ZmanOOOOOOOO0OO0OO00O0O00 « . . vt v v e e e e e e e 26
O000000 .. 0t e e e e e e e e e e e e e e e e e 39
Thomas-Fermi LindhardJ JancoviciD DO O OO0OOO ... ... .. .. 41

IHNCOOOOOODO &« v v e e e e e e e e e e e e e e e e 46
D000000000 .« . . 0 ot e e e e e e e e e e e e e 50
D000000000 .« . . v ot e e e e e e e e e e e 51
000000000000 .« .« v v e e e e e e e e e 53
(Soy OO 2C . . 54
(S OO 12C . ., 55
S, 00 12C . . . 56
(Soy OO BFe . . . . o 57
(S_) OO SOFe . . o, 58
(S, 00 OFe . . . 59
SYO O TH . . 60
(SYO O AHE . . o o e e e, 61
(SYO O 2C . . 62
(SYO DO N . L 63
(SYO DO 80 . . . 64
(YOO ONe . . . 65



28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

(SYOD PG . . o o e e 66

(SYO DO BSi. . o 67
(SYO O 32S . 68
(SYO DO 20Ca . . . o o 69
(SYOO %BFe . . . 70
000000000000000™C ... ... . o ... 82
000000000000000%Fe. . ... ... . ... 83
000000000000000%C .. ... .. . . ... 84
000000000000000%Fe. .. ... ... 85
000000000000 ®C. .. ... .. . 86
000000000000 %Fe ... .. . . . .. 87
O0O00D00C ... 88
O000005%Fe. . ... e 89
OO0O0O00 %Al . . . 90
O0O0O0008%Cu ... .. 91
00000 C ... 92
OO0O00D0%Fe . . .. 93
T 94
000008Cu. . ... . . 95
00000000000000C ... ... 96
O0000000000000%Fe . ... ... 97
00000o0o0ooooooooooo®C. ... ... . . . ... 98
00000000000000000%Fe .. ... ... ... ..... 99



0o

o o1~ WN B

IHNCOOOOOOOOO + ot vt e e e e e e e e e e e e 44
(S_1)(u,0.1) 0 (S_1)u,180)0000OODDODOOO0O0OOg .. .... 72
(So)(u,0.1) 0 (Spy(u,180)0 D0 DODO0DOODOODOO . ...... 73
(S;1)(u,01) 0 (S,;1)(u,180)0 0 000D OODDOOOOOO .. .... 73
vw,zODODODOO0OO0O0O0O0000000 + .. v et v e e e e e e 74
00000000000 Doggettand Spencerl9561 000000 ... 80



HEN

goobogoobobboooobboooobobobooooboboooobobooon
gogoboboooobbbooobbbooobbbooonooboboooobbooog
gogoboboooobbbuooooboboo
goobogoobobboooobboooobobobooooboboooobobooon
gaoo
gobboooobbboooobbboooobbboodobboooobbboooo
ggoboboooobobboooobobboooobobobuooooboboooooo
gobobogoobobboooobbboooobbobooonoboboooobboood
gooboobooooono
goboboooobobboooobbboooobobobooooboboooobbooon
guobbboooooobobbdouoooobobboooobbbooooobobn
ggobbboooobbboodobbuoooobbooooo
goboboooobobboooobbboooobobobooooboboooobbooon
ggobobooooboboooobbooon
goobooooboboooooo



1 OO0
1.1 OO

doodoooooboooouooooooooooooooooooooooood
oo ooboooouoooooooooooa
gboddobooooooboobouoobooobobooouooboooooooooa
gododoboooooooboooouoooooobooooooooooooooooad
gooodouoobooooobooooouoooooooooooooooooon
gboddobooooooboobouoobooobobooouooboooooooooa
gboddoboooooooboooouooooooboooouooooooouoooooa
oo oooouoood
goddoboooodoboobooooooobobooouooobooooouooooa
Jdo0o0o000oooo0oobDbOOo00oooDoOoOg T, 0O00oD0DO TsoOooooooad
oo ooobooouoooooooooooa
000000000 Gudmundsson-Pethick-Epstein, 19821 000000000000
oodxooad 4aCT3/3KpDaDDDDDDDDpDDDDDDDDDDDDDDDDD
godooooooooooooouoooooooooooooooooooooogad
goddoboooodoboobooooooobobooooooboooooooooa
goddobooooooobooobouooooooobooooooooooouoooooa
godooooooooooooouoooooooooooooooooooooogad
goddoboooodoboobooooooobobooooooboooooooooa
godoooooooooboooood

111 0000

gooboboooobobboooobbooooboboboooobobboooobLboooan
ggoboboogobobbooooboobboooboboboooooboooobobooog
goobobooooboboooooboo



s 000 OOoOoOoboboboOooOobbbooobbbooobbbooobbboood
ggobbooooboboooooobbooooboboboooooboooobbooog
goobboooobbtboooobobbooobobbuooooboboooubbbooon
goo0obO0d0o0O0obO0obOob0 l100b00oO0obooooO0obOobooooOobooobooo
00000 200000000000000000DOCO00OCO0OO00O0ODOO0ODOOO
gooboboooobobbooooobboooobbooooboboooobobooon
goo00dbO00obO00OOo0ooOO0bOoUobO0dbOOo 10oobOooboUooboobooboooobooo
/em00000000000000000000000

00000000000 0bO00D00oO000o0 BOODODODOODODODODOOOO 300
O0000000oooBOOOOOOODOO.O0l6ODODOOO 106000000000 40
000000000000 0DO000O00O00 41000000000000D00 110 6000
oo ooooobobobobobobobbobbbooooooogoog
ggoboboooobbtbooobobbdooobob bbb boooobbbooon
ggobboooobobooooobobooooboboboooooboooobbooog
oo0ooo0O0oOooOobOOo0oU0bbo0oUobob0oOoDobD 140000000000 0O0DOO
ggoboboooobbtbooobobbdooobob bbb boooobbbooon
ggobobboooobbooboooooboooobboooon

gobobogoobobboooobbboooobbobooonoboboooobboood
gogoobbooooobbobobboooobobbboooobobboooobbobooboboo
ggoboboooobobooooobboooobobobuooooboboooobobooog
gogoboboooobbobuoooobobooon

gobboooobbboooobbboooobbboodobboooobbboooo
ggoboboooobobooooobboooobobobuooooboboooobobooog
OO0O0o00O00O0o0O0DO0O0ooO0OdbOoUoOoODOoOobooDUooooooon S0
goobobboooobbboodobbuoooobbbooobbo

000 0OOoOoOooobooboooOobbbooobboboooobbbooobbobooog
O00ooooooooo 10kmOOO0O0OO0O0OO0OO ImOoOoOooooooooooooo
ggoboboooobobboooobobbodooobobbuoooobbboooobbbooon
ggobbooooboboooooobboooobobobuoooooboooobbooog



01 00000 NGC65431 0000 M NASADO



02 00O00OM4000O0O0O0O0ODOO0OO0OO0OOOO0OOOODOOINASAD

0000000000000000000000000000000000000000
00010 000000000000000000000 100 tem 00000000
0000000000000000000000000000000000 2x10%00
0000000000000000 1/30000000000000000000000
00000000000000000000000000 1400000000 3000
00000000000 0000D000D00000D0000D000000000DnoOd
000000000000000000000000000 15000 25000000
0000000o00on
00000000000000D0000D000000000D000000000000
00000000000 0000D0000D000000000000000000000

10



03 0000 AD)D0000 B(O)OO000NASAD

0000000000000000000000000000000000000000
00000@MO00000000000000000000000000000000
000000000000000000000000000000

00000000 kmOOOOOOOpe=28x100cm3 000000000000,
000 20, 0000000000 10015%,00000000

0000000000000 050200000 kmOOOOOOOOOOOO0OO0O
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000 000000000000000000000000000

11



000000000000 0D020000000000000000000DODOODO0O
gobboboooooobododoouoobbooooobbboooooboboboona
gogoboboooobbbooobbbooobbbooonooboboooobbooog
ogn

doggoooobobobobboobboooooooooooooooooooooaoa
ggoboboooobobbooooboobbooobboboooooboooobbooog
gogobboooobobooouoboboo

O0O0OOODOOOONASAD XOOOOOOOoOOoOooooDooooooooooo
0000000 200000000000 00DOO00OOOO0ODODOOOODOO
gooboboooobbtbooobobbdooobbbuoooob bbb bbooog
RXJ1856.3-37541 0 00 000000000O0OOODO0O0O0O 113kmO00dooooon
ggoboboooobobooooboobboooboobboooooboooobbooog
gogoboboooobbtbooobobbooobb bbb bbb bbooog
gaoo

O0000000000O000 3Ck80011810000000oooooooooon
0000bO0000DbO000O00ODO0bO00DO0DO00DO0ODO0ODOD XOOooooooo
00000000000 00D00O0O 3Ch80 100000000 oogooooooog
ggoboboogobobbooooboobboooboboboooooboooobobooog
ggobbboooobbbooobbbooobobbuoooobbuoooubboo

gooboboooobobboooobbooooboboboooobobboooobLboooan
ugn

1.2 0000

oo ouoooooooooobooooooaoan
0 Hubbard-Lampe 1969, Canuto 19700 0 00 0000000000000 O0O0O
oo

O00ZmanJ 196 00 0000000000000 00000D00O0O0000O0
000000000000 000D00000D00000D0O0OdFlowers and Itoh 19767
000000000000000000000 Thomas-FermOD OOOOOOOOO0OO

12



04 0000 O0OO0OO00O0O0ODONASAO

13



05 00000 RXJ1856.5-3754 NASAD

O000000000000000000000000000000000O0ONearly Free
ElectronD0 0000000 ZimanO O (Ziman1961)0 00000000 OZimanO OO
0000000000000 000o0oo0ooooooooooooooo Sk oo
O00000000000000000 ek 0)0oOOd

0 0O 00 Yakovlev and Upit 19810 0 0O O O O Flowers and Itoh 19760 0 00 00 0O
0000000000000 Yakovlev and Upirid O Hubbard-Lampel 0O 000000

14



06 0000 3C581NASAD

O00000oo0ooooooooooooooooodn Flowers and Itold O 0O O
000000000000 203000000000000000
0000000000000 00D Oltoh, Mitake, lyetomi and Ichimaru198310 Mitake,
Ichimaruand Itah1983T1 0 0000 OO0 00O O Improved Hyper-Netted ChainHNCO
schemd ] OO 00O0O0OO0000OO0OO0O0000O0OO000OO0OO0OO0O0O0OODOOOOOOOOOO
000000000 Galam-Hansen(1976) Monte-CarloD OO OO O OIIHNCOOOO

15



OO00000O0O00JancoviciDOOOOOODODODODODO0O0ODO0OODOOO0OODOO0OOOOOO
goooooobobobooooooogooooooboobooooooooo
O0000000000000Itoh, Uchida, Sakamoto, Kohyama and Nozawal
0O O The Astrophysical Journal 0 0 THE SECOND BORN CORRECTIONS TO THE
ELECTRICL AND THERMAL CONDUCTIVITIES OF DENSE MATTER IN THE LIQ-
UDMETALPHASEO D OOOODOOODOOODOOODOOODOODOODOODOODOODOODOOOOO
doooooobobooooooooooooooobbobbooooo

1.3 0000

gooobbbbbooouoooboooobobboboooooobbooooooon
0000000000000 0000D000D0000DbOO0Z<2600000000000
gobbobooooobooooooobboooobooobobbooboooobboboboboa
gobbobooodoooooobbooooobbbooooobbobooooobooobog
gobbboooouobbboodooouobbobboooobbbooooobboo
00000000 ZOOO0OO pO0b0O00OODOODODOOODODODODODOOODO
guobbobbodooooouooboobooooobbbooouobobobooooobonog
000000000 00000Z=6,132950,82920000000000000000
0.05MeV, 0.1MeV, 0.2MeV, 0.4MeV, 0.7MeV, 1MeV, 2MeV, 4MeV,10MeVO O O OO O
ggobboogoboboooobobbooooboboboooobobooooobooboa

16



2 00

gooooooooo

21000000000000DOO0DOOOO0O0O0O0ODODODUODOObOO22000
000000 ZmanO OOOoooooooooooooo

O00000DOoO000ooo0d0oooOoooooodooooooooogooo?2.3
0000000000000000000 ZmanOO0OO0OO0OO00O0O0O00O0OO0OO0OO0O0OO
gooboboooobobtbooobobbooobob bbb ubbbooo
O00000000oo0ooooo2400000000000000DO00DO0ODOO
0000000250000 0000000000DOOO00O0ODOOODOOOOODOO
goobboooobbbooouobboooo

260 0000000000000 0OC00OO0ODOODODOODOO2700000000
OO00Oo00DOOo0OoOO00oO0OoOO0bOoOU0ObOO0DoOUODOoOD2800000000
goobobooooobooo

21 000O00D0DOOOOO0OOOOO

D00000000000000000000001¢ <p <24x10%genT?, 108 <
T<10°KOOOODOOOODOOODO0O00ODO0O00D0O000000000000oO
0000000000000000000000000000000000000000
000000000000 0000000000

211 00O
000 1Pgenm® 0000000000000 0000000000 e 000000
Ooooooo
000000000000000000000000000000000000000
0~136Z%eV00000000D00000DO000ODOO00OODOO0OOOOOOOO
0000000000 D00000DO00
O00e >mc(5.11x10°eV)0 0000000000000 O0D0O00000
D0000000010°K00000000000000000 keT O 1PevVO OO

17



000000000000 00000000000000000e>kgTOOOODOO
ggoboboooobobboooobobbooobobobuooooboboooobbooog
ggn

gobbododbbbuoooobbuooobobbuooobobboo

212 0000

00000000000 000000000000000000~10Remooonn
0000~10%cm0 000000000000 00000000000000000C0
000000000000 000000000000000000000000000
DOCRID0DD0OND0OND0ONDN0ONoNNONoon

OCPODOC0OONDDOOONDOO0OONDDNONO0ONDNDNO0ONDNDNN0ONONDNOOO
0000000000000 0000000000000000000000000C
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
00000000000

0000000000000 0ooOo0000o0ooOoLooO0ooOooOooOoOoOoo ocrPOU
00000OCPOODDOOONDOOONDOCNr00DN00NDNN0ONDNN000NDD
0ooooo
7262 72 pg

= 2275x 10712 (£8)3 (1)

I'=
aksT Ts A

0000000000000 0OD0D00000000000000000000 add
00000 a=[3/(4r)]3, n000000000Te0 1K OOOODOO000pe 0
10Pgem* 000000000000
D0000000D0D000r>»1000000000000000000000000
00000000000 00000000000000000000000000000
0000000000000000000000d
OCPUOUUIONOOUODODODDOOOOOOOOODDDDODOOOONONOOOODO
00000000000 0000D0000000000000000000000000
000000000000000000000000r0o00o0o0o0ooong
000000000000 000000000000000000000000000

18



1« T <1750 00 0O Potekhin and Chabrier20000 D00 Q00D O0OOOO0O
O000000Te OOOOO0ODODOOOO0OOOODO 700 8000000000000
gooodobooooooooooooooobogo

Z 2
T < T¢ = 5.930x 10° ([1 +1018() 3031 - 1) @)

OO0 TeO0OO0OO0OOOOOOO0

000000000000000000000000000000000000000
000000000000 00000000000000000p >10Bgen30000
0000000000000000000000000000000000000000
00000000000 0neutron-richd 0000000000000

D000000000000p>43x10Mgem® 0 0000000000000 0O0
000000000000000000000000 neutron-dripd 000000000
000000 24x10%gemm® 0000000000000 00000000000OO
0000000000000 Oneutron-rich0 00 00000000000000000
00000000000000000000000000000000

000000000000000000000000000000000000000
000000000000000000000000 neutron star mattern 0 0 O

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000 ~023000000000000000000000000000
0000000004

19



logT

—T=10
—Tr=100
—Tr=180

log6 o) (g CI‘IE‘;] '3)

07 OD0OoOOoOoOoooDoooooo

20



logT

14

12

10

—r=1
—TI=10

—I=100
—I=180

4 6 8 10 12

log o (g cm '3)

08 ODOoOoOoooopoogooo

21

14



2.2 Ziman OO

0000000000000 0000Zman0 00000000000 ooooooao
O0ZmanOOOOOOOOOOODOO0OO0O0O0OO00O00000000000000000
goobbboooobobboooobbboooooo

Nearly Free Electron(NFE) O O
ZmanOOODOOOOOO NFEODODOOOODOODOOOOOOOOOOOO

]l OJO0O00O0OOOO0OO0OOOO0OOOOO0LObOOO0ObObOOoObbOOoOobDbOoOobDbOOn
0000000000000 DO0O00DoOogn0 T <01Te,rs<05000000000
goobobooooono

m?2 (JO0000O0OO0OoOoooooboboboob-obbbooo0o0oooooboobbobooboon
gobobooogobobobdobobobuobobouoboboboooobobUoobo
ZimanOOOOODODOOODODODOOODOOO0O0O0OO0000000000000000 e

0 Z&/2(@g/Z2) 000000
e < Z€/2(ap/Z)

gaoo
rs <14/Z

ggoboboooobbboooobobbooobobbuoooobbooouobboo

m3 J0O00O0OO0O0O0OO0AODOOOOODOODOODOODODOOODOOOODODODO
goobbboooobbboooooo

goobogoobobboooobobboooobooboooooboooobobooog
0000000000000 0OXOoODOoooooDoooboooooooooooo
ggoboboooobobboooobobboooobobbuoooobbboooobbbooon
000000000000 koo kODODODODDODODODOOOOOOO

Sk = IVa(K)(K - Ug) ©)

22



O00000000K=k'-kOOOOOOONOOO UOOOOOOOmMg=KO
g=K-gUO0O00000U, 0000000 qO0000000000000000000O0
Vo(K)OOUDOOOOOOOUOOOO00O0oooooooooooooooooooooo
ogn

Sy 0000000000000 00OO000oDoOO00ooDoooooooooooogo
gogooboooooboobooon

a(K) = oa(K)NK - Ugl? 4

O00000O0OOo(K)ODOOOODODODDO0O0OO0O0O0OO0O0oooooooooooooo
KOOOOODOOOoOOo
gobobogoobobboooobbbooooboboboooooboooobobooon
goobboooobbboooobbbooobobbuooooboboooubbobooon
qDDDDDDDDD|K-Uq|2DDDDDDDDDDDDDDDDDDDDDDDDDD
O0000O0o00DooO00oooO0ooDo00ooogooDoOoooDooOoKOoOoDoOOo
goobboooobbboooobbbooobobboooobobboooubbbooon
ggoboboooobbboooobbbooobobbuooobobobooaon
N|K-Uq|2DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

00000000000000
o(K) = oa(K)SK) ()

gooboboooobobbooooobboooobbooooboboooobobooon
gogoboboooobbboooobobbooobob bbb bboooobbbooon
ggobbooooooooodon
goobooooboboooobobboooobobbooooboboooobobooon
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggobbooooboboooooobbooooboboboooooboooobbooog
gogoboboooobbbooobbbooobbbooonooboboooobbooog
gogobbooooboboooobboooobbboooobbbooobbbooon
O00000000000000000D00o(K)ODDODDOODOODDOODOooooo
0000000000000O0 V(r)ODOODODODODOODODODODODOOOODOoDOoOooooo
0bo0O0o0obO00O0oO0bOobOO0obObOO0bDO0obObOobDOoo0D QUubobooobobooo

23



ooao
doa ., M

o (ZJThni

)?Va(K)I? (6)
oo00oooo0 nUoooooooooooogon
Va(K) = nj fva(r)e‘iK'rdr (7)

goobboooobobuoooobobuoooobbuoooobobooon

gooboboooobobboooobbooooboboboooobobboooobLboooan
ggoboboogoboboooooobbooooboobobooooobooooboobooog
00000000600 V,0 000000000 DO0ODO0OOODODOODDOOODOODOO
gobobobooooooobobodoouobbooooooooobbboooooboboboo
gobbboboooouobboboooooobboooooobobooouoobboooog
goobobobbooooouoboboboooobobbbooooobbbooooobboo
oo

600000000000 U00ODOOU0DOOU0DOOOUOODOOUODOOUODOOO

0oy ( m
2nhn

T = () s(K) ®)

00000000w(K)ODODOODODODOOoOoo0oO0ooooooooooooooooo
000000000 DbO0000DO00DbO0O0O00ODOD0O0ODOOONFEODODDODOODO
ggoboboooobobuooouobobooobooboooad
wy(K)DOOOOOODOO00O0O00ooooooooooooooooooooooooo
O000OwK)OOOO ZeOOOOOOOOODODODOODOOOoOoooooooooO
ggoboboooobooooo

ArnZn€?
K2

Wo(K) ~ — +V'(K) 9)

oooov((K)OOV(r)DOOOOoOOoOoOOoOOOoODODODODODODOODODODOK 00000
00000000000000K=00000 ¢(K)ODOODODOOOODODOOOOOODOO

0Do0Ooo0od
Wo(K)  —4nZne?/K2 +V'(K)

Ws(K) = 20 ¥ "1 dnenie) K2

=& + (K2122)V'(K)
(1+K2/2?)

(10)

24



O000nNe) 000000000000 00000000000 OOOAODOOOO
gogoobooooobooo
goboboogobobuooobbooooboooboood

1 €1

0000AO0O0O0OODODOOOOOOOO0OOO0UU000000OO0 e(UODDODODOOOA
goobbooooboboo

% = n2r fo " (1 - cost)or(6) sin@)do (12)

O000000000000000 5080110120 000000000000000O
ggobobooooboobuoooooboooooo

1 3 1 1

2ke
Zop=2_— = K)?S(K)K3dK 13
SR AR Jy MRS (13)

D000V 00000000k 00000000 MW(KROODOO0OO0O00000O0S(K)
D00O0O000O0000O0

000000000000 X0OO00O0O0000000000000000000000
0D000000000000000000000000000000000000000
0D000000000000000000000000000000 9000000000
D00000000000000000000 2k00000000000000k0O0O
0D000000000000000000000000000000000000000
0D000000000000000000000000000000000000000
0D000000000000100000000000000000

0000000000000000000000

25



S(K)

313K

\‘633K
|
|
\
ﬁ')/
e Z=H 21314]5
2kp Kr,

09 ZmanOOOOOOOOOOOOOO

26
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Cofficient 1H ‘He 2Cc M¥N 10 2Ne 24Mg 2Bsi 825 40ca  SbRe
ap  0.6496 0.7407 0.8981 0.9232 0.9457 0.9848 1.0181 1.0471 1.0729 1.1171 1.169
0.0471 -0.0007 -0.0666 -0.0781 -0.0884 -0.1065 -0.1221 -0.1357 -0.1477 -0.1684 -0.197
-0.0056 -0.0165 -0.0071 -0.0045 -0.0019 0.0031 0.0076 0.0117 0.0155 0.0222 0.0297
-0.0284 -0.0376 -0.0558 -0.0588 -0.0615 -0.0663 -0.0703 -0.0737 -0.0767 -0.0818 -0.0869
as  0.0054 0.0114 0.0247 0.027 0.0291 0.0326 0.0356 0.0382 0.0404 0.044 0.0481
0.0921 0.1037 0.1068 0.1064 0.1059 0.1046 0.1032 0.1018 0.1004 0.0977 0.0946
0.4531 0.3959 0.404 0.4047 0.4053 0.4063 0.4069 0.4074 0.4078 0.4084 0.4017
dy  0.0336 0.2181 0.4396 0.4803 0.5203 0.5924 0.6516 0.6991 0.7383 0.8032 0.8871
d,  0.0017 0.0019 0.008 0.0048 0.0005 -0.0087 -0.0172 -0.0245 -0.0309 -0.043 -0.0617
ds  0.0064 0.0431 0.0744 0.0799 0.0854 0.0951 0.1024 0.1076 0.1112 0.1165 0.1218
ds  -0.0008 -0.0078 -0.0194 -0.0229 -0.0267 -0.0338 -0.04 -0.0452 -0.0497 -0.0575 -0.0682
ds  0.0022 0.015 0.0228 0.0242 0.0257 0.0283 0.0302 0.0314 0.0322 0.0333 0.0344
e 0.0014 0.0061 0.0176 0.0187 0.0193 0.02 0.0206 0.0212 0.0217 0.0226 0.0234
f 0.077 0.3548 0.3638 0.3704 0.38 0.3971 0.4066 0.4092 0.4081 0.4047 0.3984

2 &e

02 (S1)u,01)0 (S.;)u,180)0 000000000 OOOOO

3
W= Z BmX™ (120)
m=0
3
7= Z VenX™ (121)
m=0

00002000 500000000000000000DOO00DO0ODOO0ODO 3000
goobobooooono
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Cofficient 1H ‘He 2Cc M¥N 10  Ne Mg 2B 825 40ca  SbRe
gr  0.2781 0.3281 0.4042 0.417 0.4286 0.4489 0.4662 0.4813 0.4946 0.5173 0.5452
g2  0.0357 0.0222 -0.0077 -0.0131 -0.018 -0.0266 -0.0339 -0.0404 -0.046 -0.0556 -0.0672
g3 0.0224 0.0249 0.0396 0.0423 0.0448 0.0491 0.0528 0.056 0.0588 0.0635 0.0684
gs  -0.0072 -0.0134 -0.0245 -0.0264 -0.028 -0.0309 -0.0333 -0.0353 -0.037 -0.0397 -0.0426
gs  0.0059 0.0082 0.0152 0.0163 0.0174 0.0191 0.0205 0.0217 0.0227 0.0241 0.0254
h 0.0303 0.0323 0.0269 0.0258 0.0247 0.0227 0.0209 0.0193 0.0179 0.0154 0.0127
i 0.3087 0.2749 0.279 0.2794 0.2797 0.2802 0.2805 0.2808 0.281 0.2813 0.2773
i1 0.028 0.1847 0.2943 0.3151 0.3369 0.3761 0.4063 0.4282 0.4445 0.4699 0.5053
j2 0.001 0 0.0006 -0.003 -0.0073 -0.0158 -0.0228 -0.0282 -0.0325 -0.0399 -0.0505
ja  0.0056 0.0374 0.0523 0.0555 0.0591 0.0656 0.0703 0.0734 0.0754 0.0782 0.0818
ja. -0.0007 -0.0069 -0.0136 -0.0159 -0.0183 -0.0227 -0.0262 -0.0288 -0.0308 -0.0341 -0.0383
i 0.002 0.0132 0.0165 0.0174 0.0185 0.0205 0.0219 0.0227 0.0232 0.0237 0.0243
k 0.001 0.0044 0.0095 0.0093 0.0088 0.0077 0.0068 0.0061 0.0056 0.0047 0.0033

0.0688 0.3101

0.2606 0.2636 0.2705 0.2832 0.2893 0.2894 0.2866 0.2811 0.2762

03 (Soe)(u,0.1)0 (Se)(u,180)00 0000000000000

Cofficient 1H ‘He 2 N 160  20Ne Mg Bsj %25 Yca SBFe
p1 0.1543 0.1881 0.238 0.2466 0.2544 0.2679 0.2794 0.2893 0.298 0.3126 0.3306
p2 0.0202 0.0137 -0.0068 -0.0105 -0.0138 -0.0196 -0.0244 -0.0287 -0.0323 -0.0384 -0.0451
ps3 0.0205 0.0248 0.0367 0.0388 0.0406 0.0438 0.0465 0.0487 0.0506 0.0537 0.0569
Pa -0.0024 -0.0063 -0.014 -0.0152 -0.0164 -0.0183 -0.0198 -0.0211 -0.0222 -0.0238 -0.0254
ps 0.0057 0.0074 0.0123 0.0131 0.0137 0.0149 0.0158 0.0165 0.017 0.0178 0.0183
q 0.0133 0.0135 0.0084 0.0074 0.0065 0.0049 0.0036 0.0024 0.0013 -0.0005 -0.0024
r 0.2293 0.2069 0.2095 0.2097 0.2099 0.2102 0.2104 0.2105 0.2106 0.2108 0.2082
S1 0.0244 0.1594 0.2052 0.2172 0.2311 0.2566 0.2751 0.2869 0.2946 0.3059 0.3246
S 0.0005 -0.0012 -0.0033 -0.0069 -0.0109 -0.0183 -0.0239 -0.0279 -0.0308 -0.0355 -0.0422
S3 0.005 0.0328 0.038 0.0402 0.0429 0.048 0.0515 0.0535 0.0547 0.0563 0.0588
S -0.0007 -0.0062 -0.0101 -0.0117 -0.0135 -0.0165 -0.0188 -0.0202 -0.0212 -0.0227 -0.0246
S 0.0018 0.0116 0.0123 0.0131 0.014 0.0157 0.0168 0.0173 0.0176 0.0178 0.0181
t 0.0007 0.0033 0.005 0.0043 0.0035 0.0019 0.0007 -0.0002 -0.0008 -0.002 -0.0035
y 0.0624 0.2736 0.1937 0.1964 0.2029 0.2147 0.2198 0.219 0.2158 0.21 0.2066
04 (S,1)(u,01)0 (S,1)(u,180)00 0000000000000
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Cofficient 1H ‘He 2 N 160  20Ne Mg Bsj %25 Yca SBFe
ap 0.4288 0.1778 0.2634 0.2661 0.2619 0.2489 0.2461 0.2513 0.2583 0.27 0.276
a1 -0.5654 -0.5446 -0.5073 -0.5144 -0.5252 -0.5454 -0.5525 -0.5518 -0.5496 -0.548 -0.5561
a2 0.0769 0.3337 0.2504 0.2474 0.2512 0.2638 0.2674 0.2632 0.2568 0.2454 0.2389
a3 0.0662 0.0467 0.0083 0.0155 0.0264 0.0472 0.0549 0.0547 0.0527 0.0513 0.0594
Bo 0.5283 0.009 0.3358 0.3352 0.3055 0.2147 0.1748 0.1905 0.2221 0.2725 0.2749
B1 -0.5546 -0.7314 -0.4548 -0.4724 -0.509 -0.5917 -0.6101 -0.5803 -0.5438 -0.5002 -0.5122
B2 -0.0256 0.5152 0.1868 0.185 0.2121 0.3007 0.3446 0.3334 0.3045 0.2539 0.2464
B3 0.0559 0.2429 -0.0421 -0.0245 0.0124 0.0973 0.1193 0.0915 0.0556 0.0107 0.0208
Bo 0.6073 -4.1969 0.474 0.4662 0.3641 -0.2351 -0.9551 -0.6419 -0.1657 0.2634 0.2677
Y1 -0.5135 -2.82 -0.1732 -0.2319 -0.3358 -0.7498 -1.0234 -0.6405 -0.3169 -0.1219 -0.1927
V2 -0.1064 4.9321 0.0621 0.0612 0.1539 0.7369 1.4926 1.2221 0.7513 0.2993 0.2586
V3 0.0143 2.461 -0.3263 -0.2675 -0.1632 0.2631 0.5803 0.2096 -0.1263 -0.3459 -0.2894

O5 vw,zOOOOODOODOOOOODOD
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Z —(Pc+ Py_1) = In cscg (145)
k=1
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gooo
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147
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Doggett and Spencerl9561 00000000000
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f d(2kF 2kp) [(k/ 2k )2k 2K (Ban, 52 (148)
O000kOeODOOOOOODOODOOODOOO
k .0
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S)1B+28 — S(k/2k|:)|f(k/2k,:)|2 18128 euiB 5
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2
Exin = 0.5110MeV[1+ 1.018(Z/A) ipf — 1] (151)
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Z Ekin(MeV) <S)DS <S>lB+ZB <S>lB+ZB/<S>DS

6 0.05 0.9322  0.9299 0.9975
0.1 0.8923  0.8897 0.9971
0.2 0.8253  0.8239 0.9983
0.4 0.7488  0.7465 0.9969
0.7 0.6949  0.6929 0.9972
1 0.67 0.6677 0.9964
2 0.6409 0.6386 0.9964
4 0.6293  0.6268 0.9961
10 0.622 0.6202 0.9972
13 0.05 1.1804 1.1668 0.9885
0.1 1.1508  1.1365 0.9876
0.2 1.091 1.0778 0.988
0.4 1.0179  1.0048 0.9871
0.7 0.9658  0.9529 0.9866
1 0.941 0.9283 0.9866
2 0.9126  0.8998 0.9859
4 0.9005 0.8879 0.9859
10 0.8907 0.8788 0.9867
29 0.05 1.5002  1.4295 0.9529
0.1 1.4652  1.4239 0.9718
0.2 1.4666 1.3875 0.946
0.4 14605 1.3321 0.9121
0.7 1.3692 1.29 0.9422
1 1.3487  1.2695 0.9413
2 1.3243  1.2453 0.9404
4 1.3127  1.2343 0.9403
10 1.2987 1.2204 0.9397

06 0000000 UUOO Doggettand Spencerl9561 000000
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* Z:atomic number
* A:mass number

* Gam:gamma

* rho:mass density

* alp:fine structure constant

* input NZ,Gam

* output FS

implicit none

real*8 Z,A,Gam
real*8 pi,alp,Cl
real*8 x,rho,u
real*8 vv,ww,zz,xGam
real*8 Sminl,Smin2
real*8 Szerol,Szero2

real*8 Splul,Splu2
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real*8 T1(100,100),T2(100,100),T3(100,100),T4(100,100)

real*8 FSmin,FSplu,FSzero
real*8 FS

integer*4 NZ,ic

OPEN (unit=10, file=’S fitting.csv’)

* input

B I S T T I A T S A R M P R O A
WHHAATTRTAARATTRARNRTRTRRARTRTRRARARNRTRRRS

B T S T T S T T S A T SR A R K
HHAHHAATTRARATTRARTRTRTRARNRTRTRRARNRTRR

* NZ=1(1H) ,NZ=2(4He) ,NZ=3(12C) ,NZ=4(14N) ,NZ=5(160) ,NZ=6(20Ne)
* NZ=7(24Mg) ,NZ=8(28S1i) ,NZ=9(32S) ,NZ=10(40Ca) ,NZ=11(56Fe)

NZ=1

Gam=0.1d®

if(NZ.eq.1)then
Z=1.d0
A=1.d0
elseif(NZ.eq.2)then
Z=2.d0
A=4.d0
elseif(NZ.eq.3)then
Z2=6.d0
A=12.d0
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elseif(NZ.eq.4)then
Z=7.d0
A=14.d0
elseif(NZ.eq.5)then
Z=8.d0
A=16.d0
elseif(NZ.eq.6)then
Z=10.d0
A=20.d0
elseif(NZ.eq.7)then
Z=12.d0
A=24.d0
elseif(NZ.eq.8)then
Z=14.d0
A=28.d0
elseif(NZ.eq.9)then
Z=16.d0
A=32.d0
elseif(NZ.eq.10)then
Z2=20.d0
A=40.d0
elseif(NZ.eq.11)then
Z=26.d0
A=56.d0
endif

data T1(1,1),T1(1,2),T1(1,3),T1(1,4),T1(1,5),T1(1,6),T1(1,7),
* T1(1,8),T1(1,9),T1(1,16),T1(1,11),T1(1,12),T1(1,13),T1(1,14),
* T1(2,1),T1(2,2),T1(2,3),T1(2,4),T1(2,5),T1(2,6),T1(2,7),
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T1(2,8),T1(2,9),T1(2,10),T1(2,11),T1(2,12),T1(2,13),T1(2,14),
T1(3,1),T1(3,2),T1(3,3),T1(3,4),T1(3,5),T1(3,6),T1(3,7),
T1(3,8),T1(3,9),T1(3,10),T1(3,11),T1(3,12),T1(3,13),T1(3,14),
T1(4,1),T1(4,2),T1(4,3),T1(4,4),T1(4,5),T1(4,6),T1(4,7),
T1(4,8),T1(4,9),T1(4,10),T1(4,11),T1(4,12),T1(4,13),T1(4,14),
T1(5,1),T1(5,2),T1(5,3),T1(5,4),T1(5,5),T1(5,6),T1(5,7),
T1(5,8),T1(5,9),T1(5,10),T1(5,11),T1(5,12),T1(5,13),T1(5,14),
T1(6,1),T1(6,2),T1(6,3),T1(6,4),T1(6,5),T1(6,6),T1(6,7),
T1(6,8),T1(6,9),T1(6,10),T1(6,11),T1(6,12),T1(6,13),T1(6,14),
T1(7,1),T1(7,2),T1(7,3),T1(7,4),T1(7,5),T1(7,6),T1(7,7),
T1(7,8),T1(7,9),T1(7,10),T1(7,11),T1(7,12),T1(7,13),T1(7,14),
T1(8,1),T1(8,2),T1(8,3),T1(8,4),T1(8,5),T1(8,6),T1(8,7),
T1(8,8),T1(8,9),T1(8,10),T1(8,11),T1(8,12),T1(8,13),T1(8,14),
T1(9,1),T1(9,2),T1(9,3),T1(9,4),T1(9,5),T1(9,6),T1(9,7),
T1(9,8),T1(9,9),T1(9,10),T1(9,11),T1(9,12),T1(9,13),T1(9,14),
T1(10,1),T1(10,2),T1(10,3),T1(10,4),T1(10,5),T1(10,6),
T1(10,7),T1(10,8),T1(10,9),T1(10,10),T1(10,11),T1(10,12),
T1(10,13),T1(10,14),
T1(11,1),T1(11,2),T1(11,3),T1(11,4),T1(11,5),T1(11,6),
T1(11,7),T1(11,8),T1(11,9),T1(11,10),T1(11,11),T1(11,12),
T1(11,13),T1(11,14)/
0.6496d0,0.0471d0,-0.0056d0,-0.0284d0,0.0054d0,0.0921d0,
0.4531d0,0.0268d0,0.0012d0,0.0051d0,-0.0007d0,0.0018d0,
0.0011d0,0.0621d0,0.7407d0,-0.0007d0,-0.0165d0,-0.0376d0,
0.0114d0,0.1037d0,0.3959d0,0.2196d0,0.0006d0,0.044d0,
-0.0081d0,0.0155d0,0.0056d0,0.3641d0,0.8981d0,-0.0666d0,
-0.0071d0,-0.0558d0,0.0247d0,0.1068d0,0.404d0,0.4347d0,
0.0084d0,0.0741d0,-0.0189d0,0.0228d0,0.0174d0,0.3604d0,
0.9232d0,-0.0781d0,-0.0045d0,-0.0588d0,0.027d0,0.1064d0,
0.4047d0,0.4753d0,0.0052d0,0.0796d0,-0.0224d0,0.0241d0,
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0.0184d0,0.367d0,0.9457d0,-0.0884d0,-0.0019d0,-0.0615d0,

* 0.0291d0,0.1059d0,0.4053d0,0.5166d0,0.0006d0,0.0854d0,
-0.0263d0,0.0257d0,0.0189d0,0.3787d0,0.9848d0,-0.1065d0,
0.0031d0,-0.0663d0,0.0326d0,0.1046d0,0.4063d0,0.593d0,

* -0.0094d0,0.0962d0,-0.0338d0,0.0287d0,0.0194d0,0.4011d0,
1.0181d0,-0.1221d0,0.0076d0,-0.0703d0,0.0356d0,0.1032d0,
0.4069d0,0.652d0,-0.0176d0,0.1035d0,-0.0399d0,0.0305d0,

* 0.02d0,0.4097d0,1.0471d0,-0.1357d0,0.0117d0,-0.0737d0,
0.0382d0,0.1018d0,0.4074d0,0.6976d0,-0.0243d0,0.1082d0,
-0.0449d0,0.0316d0,0.0208d0,0.4097d0,1.0729d0,-0.1477d0,

* 0.0155d0,-0.0767d0,0.0404d0,0.1004d0,0.4078d0,0.7358d0,
-0.0304d0,0.1116d0,-0.0494d0,0.0323d0,0.0214d0,0.4074d0,
1.1171d0,-0.1684d0,0.0222d0,-0.0818d0,0.044d0,0.0977d0,

* 0.4084d0,0.8004d0,-0.0423d0,0.1169d0,-0.0571d0,0.0333d0,
* 0.0223d0,0.4036d0,1.169d0,-0.197d0,0.0297d0,-0.0869d0,

0.0481d0,0.0946d0,0.4017d0,0.8856d0,-0.0612d0,0.1224d0,
* -0.0679d0,0.0344d0,0.023d0,0.3986d0/

data T2(1,1),T2(1,2),T2(1,3),T2(1,4),T2(1,5),T2(1,6),T2(1,7),
* T2(1,8),T2(1,9),T2(1,10),T2(1,11),T2(1,12),T2(1,13),T2(1,14),
T2(2,1),T2(2,2),T2(2,3),T2(2,4),T2(2,5),T2(2,6),T2(2,7),
* T2(2,8),T2(2,9),T2(2,10),T2(2,11),T2(2,12),T2(2,13),T2(2,14),
* T2(3,1),T2(3,2),T2(3,3),T2(3,4),T2(3,5),T2(3,6),T2(3,7),
T2(3,8),T2(3,9),T2(3,10),T2(3,11),T2(3,12),T2(3,13),T2(3,14),
* T2(4,1),T2(4,2),T2(4,3),T2(4,4),T2(4,5),T2(4,6),T2(4,7),
* T2(4,8),T2(4,9),T2(4,10),T2(4,11),T2(4,12),T2(4,13),T2(4,14),
T2(5,1),T2(5,2),T2(5,3),T2(5,4),T2(5,5),T2(5,6),T2(5,7),
* T2(5,8),T2(5,9),T2(5,10),T2(5,11),T2(5,12),T2(5,13),T2(5,14),
* T2(6,1),T2(6,2),T2(6,3),T2(6,4),T2(6,5),T2(6,6),T2(6,7),
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T2(6,8),T2(6,9),T2(6,10),T2(6,11),T2(6,12),T2(6,13),T2(6,14),
T2(7,1),T2(7,2),T2(7,3),T2(7,4),T2(7,5),T2(7,6),T2(7,7),
T2(7,8),T2(7,9),T2(7,10),T2(7,11),T2(7,12),T2(7,13),T2(7,14),
T2(8,1),T2(8,2),T2(8,3),T2(8,4),T2(8,5),T2(8,6),T2(8,7),
T2(8,8),T2(8,9),T2(8,10),T2(8,11),T2(8,12),T2(8,13),T2(8,14),
T2(9,1),T2(9,2),T2(9,3),T2(9,4),T2(9,5),T2(9,6),T2(9,7),
T2(9,8),T2(9,9),T2(9,10),T2(9,11),T2(9,12),T2(9,13),T2(9, 14),
T2(10,1),T2(10,2),T2(10,3),T2(10,4),T2(10,5),T2(10,6),
T2(10,7),T2(10,8),T2(10,9),T2(10,10),T2(10,11),T2(10,12),
T2(10,13),T2(10,14),
T2(11,1),T2(11,2),T2(11,3),T2(11,4),T2(11,5),T2(11,6),
T2(11,7),T2(11,8),T2(11,9),T2(11,160),T2(11,11),T2(11,12),
T2(11,13),T2(11,14)/
0.2781d0,0.0357d0,0.0224d0,-0.0072d0,0.0059d0,0.03034d0,
0.3087d0,0.0225d0,0.0007d0,0.0045d0,-0.0006d0,0.0016d0,
0.0007d0,0.0557d0,0.3281d0,0.0222d0,0.0249d0,-0.0134d0,
0.0082d0,0.0323d0,0.2749d0,0.1881d0,-0.0008d0,0.0385d0,
-0.0071d0,0.0136d0,0.0041d0,0.32d0,0.4042d0,-0.0077d0,
.0396d0,-0.0245d0,0.0152d0,0.0269d0,0.279d0,0.2913d0,
.0011d0,0.0519d0,-0.0133d0,0.0164d0,0.0095d0,0.2571d0,
.417d0,-0.0131d0,0.0423d0,-0.0264d0,0.0163d0,0.0258d0,
.2794d0,0.3121d0,-0.0026d0,0.0551d0,-0.0156d0,0.0173d0,
.0093d0,0.2604d0,0.4286d0,-0.018d0,0.0448d0,-0.028d0,
.0174d0,0.0247d0,0.2797d0,0.3353d0,-0.0072d0,0.059d0,
-0.0182d0,0.0185d0,0.0087d0,0.2694d0,0.4489d0,-0.0266d0,
0.0491d0,-0.0309d0,0.0191d0,0.0227d0,0.2802d0,0.3787d0,
-0.0166d0,0.0664d0,-0.0229d0,0.0208d0,0.0074d0,0.2873d0,
0.4662d0,-0.0339d0,0.0528d0,-0.0333d0,0.0205d0,0.0209d0,
0.2805d0,0.4085d0,-0.0233d0,0.0711d0,-0.0263d0,0.0221d0,
0.0066d0,0.2923d0,0.4813d0,-0.0404d0,0.056d0,-0.0353d0,
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0.0217d0,0.0193d0,0.2808d0,0.4283d0,-0.0281d0,0.0736d0,
* -0.0288d0,0.0228d0,0.0061d0,0.2897d0,0.4946d0,-0.046d0,
0.0588d0,-0.037d0,0.0227d0,0.0179d0,0.281d0,0.4436d0,
-0.0321d0,0.0754d0,-0.0307d0,0.0231d0,0.0056d0,0.2856d0,
* 0.5173d0,-0.0556d0,0.0635d0,-0.0397d0,0.0241d0,0.0154d0,
0.2813d0,0.4687d0,-0.0395d0,0.0781d0,-0.0339d0,0.0236d0,
0.0047d0,0.2799d0,0.5452d0,-0.0672d0,0.0684d0,-0.0426d0,
* 0.0254d0,0.0127d0,0.2773d0,0.5053d0,-0.0505d0,0.0819d0,
-0.0383d0,0.0243d0,0.0033d0,0.2763d0/

data T3(1,1),T3(1,2),T3(1,3),T3(1,4),T3(1,5),T3(1,6),T3(1,7),
T3(1,8),T3(1,9),T3(1,10),T3(1,11),T3(1,12),T3(1,13),T3(1,14),

* T3(2,1),T3(2,2),T3(2,3),T3(2,4),T3(2,5),T3(2,6),T3(2,7),

* T3(2,8),T3(2,9),T3(2,10),T3(2,11),T3(2,12),T3(2,13),T3(2,14),
T3(@3,1),T3(@3,2),T3(3,3),T3(3,4),T3(3,5),T3(3,6),T3(3,7),

* T3(3,8),T3(3,9),T3(3,10),T3(3,11),T3(3,12),T3(3,13),T3(3,14),

* T3(4,1),T3(4,2),T3(4,3),T3(4,4),T3(4,5),T3(4,6),T3(4,7),
T3(4,8),T3(4,9),T3(4,10),T3(4,11),T3(4,12),T3(4,13),T3(4,14),

* T3(5,1),T3(5,2),T3(5,3),T3(5,4),T3(5,5),T3(5,6),T3(5,7),

* T3(5,8),T3(5,9),T3(5,10),T3(5,11),T3(5,12),T3(5,13),T3(5,14),
T3(6,1),T3(6,2),T3(6,3),T3(6,4),T3(6,5),T3(6,6),T3(6,7),

* T3(6,8),T3(6,9),T3(6,10),T3(6,11),T3(6,12),T3(6,13),T3(6,14),

* T3(7,1),T3(7,2),T3(7,3),T3(7,4),T3(7,5),T3(7,6),T3(7,7),
T3(7,8),T3(7,9),T3(7,10),T3(7,11),T3(7,12),T3(7,13),T3(7,14),

* T3(8,1),T3(8,2),T3(8,3),T3(8,4),T3(8,5),T3(8,6),T3(8,7),

* T3(8,8),T3(8,9),T3(8,10),T3(8,11),T3(8,12),T3(8,13),T3(8,14),
T3(9,1),T3(9,2),T3(9,3),T3(9,4),T3(9,5),T3(9,6),T3(9,7),

* T3(9,8),T3(9,9),T3(9,10),T3(9,11),T3(9,12),T3(9,13),T3(9,14),

* T3(10,1),T3(10,2),T3(10,3),T3(10,4),T3(10,5),T3(10,6),
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T3(10,7),T3(10,8),T3(10,9),T3(16,10),T3(10,11),T3(10,12),
T3(10,13),T3(10,14),
T3(11,1),T3(11,2),T3(11,3),T3(11,4),T3(11,5),T3(11,6),
T3(11,7),T3(11,8),T3(11,9),T3(11,10),T3(11,11),T3(11,12),
T3(11,13),T3(11,14)/
0.1543d0,0.0202d0,0.0205d0,-0.0024d0,0.0057d0,0.0133d0,
0.2293d0,0.0196d0,0.0004d0,0.0041d0,-0.0006d0,0.0015d0,
0.0005d0,0.0507d0,0.1881d0,0.0137d0,0.0248d0,-0.0063d0,
0.0074d0,0.0135d0,0.2069d0,0.1636d0,-0.0017d0,0.0339d0,
-0.0064d0,0.0121d0,0.0032d0,0.2834d0,0.238d0,-0.0068d0,
0.0367d0,-0.014d0,0.0123d0,0.0084d0,0.2095d0,0.2027d0,
-0.0028d0,0.0375d0,-0.0099d0,0.0121d0,0.0051d0,0.1902d0,
0.2466d0,-0.0105d0,0.0388d0,-0.0152d0,0.0131d0,0.0074d0,
0.2097d0,0.2148d0,-0.0064d0,0.0397d0,-0.0115d0,0.0129d0,
0.0044d0,0.1933d0,0.2544d0,-0.0138d0,0.0406d0,-0.0164d0,
0.0137d0,0.0065d0,0.2099d0,0.2302d0,-0.0108d0,0.0428d0,
-0.0134d0,0.0139d0,0.0035d0,0.2021d0,0.2679d0,-0.0196d0,
0.0438d0,-0.0183d0,0.0149d0,0.0049d0,0.2102d0,0.2597d0,
-0.0191d0,0.0487d0,-0.0168d0,0.0159d0,0.0017d0,0.2188d0,
0.2794d0,-0.0244d0,0.0465d0,-0.0198d0,0.0158d0,0.0036d0,
0.2104d0,0.2776d0,-0.0245d0,0.0521d0,-0.019d0,0.017d0,
0.0005d0,0.2226d0,0.2893d0,-0.0287d0,0.0487d0,-0.0211d0,
0.0165d0,0.0024d0,0.2105d0,0.2872d0,-0.0279d0,0.0536d0,
-0.0202d0,0.0174d0,-0.0002d0,0.2192d0,0.298d0,-0.0323d0,
0.0506d0,-0.0222d0,0.017d0,0.0013d0,0.2106d0,0.2938d0,
-0.0305d0,0.0545d0,-0.0211d0,0.0175d0,-0.0008d0,0.2147d0,
0.3126d0,-0.0384d0,0.0537d0,-0.0238d0,0.0178d0,-0.0005d0,
0.2108d0,0.3049d0,-0.0352d0,0.0561d0,-0.0226d0,0.0177d0,
-0.0019d0,0.2089d0,0.3306d0,-0.0451d0,0.0569d0,-0.0254d0,
0.0183d0,-0.0024d0,0.2082d0,0.3248d0,-0.0422d0,0.0589d0,
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-0.0246d0,0.0181d0,-0.0035d0,0.2068d0/

data T4(1,1),T4(1,2),T4(1,3),T4(1,4),T4(1,5),T4(1,6),T4(1,7),
T4(1,8),T4(1,9),T4(1,10),T4(1,11),T4(1,12),
T4(2,1),T4(2,2),T4(2,3),T4(2,4),T4(2,5),T4(2,6),T4(2,7),
T4(2,8),T4(2,9),T4(2,10),T4(2,11),T4(2,12),
T4(3,1),T4(3,2),T4(3,3),T4(3,4),T4(3,5),T4(3,6),T4(3,7),
T4(3,8),T4(3,9),T4(3,10),T4(3,11),T4(3,12),
T4(4,1),T4(4,2),T4(4,3),T4(4,4),T4(4,5),T4(4,6),T4(4,7),
T4(4,8),T4(4,9),T4(4,10),T4(4,11),T4(4,12),
T4(5,1),T4(5,2),T4(5,3),T4(5,4),T4(5,5),T4(5,6),T4(5,7),
T4(5,8),T4(5,9),T4(5,10),T4(5,11),T4(5,12),
T4(6,1),T4(6,2),T4(6,3),T4(6,4),T4(6,5),T4(6,6),T4(6,7),
T4(6,8),T4(6,9),T4(6,10),T4(6,11),T4(6,12),
T4(7,1),T4(7,2),T4(7,3),T4(7,4),T4(7,5),T4(7,6),T4(7,7),
T4(7,8),T4(7,9),T4(7,10),T4(7,11),T4(7,12),
T4(8,1),T4(8,2),T4(8,3),T4(8,4),T4(8,5),T4(8,6),T4(8,7),
T4(8,8),T4(8,9),T4(8,10),T4(8,11),T4(8,12),
T4(9,1),T4(9,2),T4(9,3),T4(9,4),T4(9,5),T4(9,6),T4(9,7),
T4(9,8),T4(9,9),T4(9,10),T4(9,11),T4(9,12),
T4(10,1),T4(10,2),T4(10,3),T4(10,4),T4(10,5),T4(10,6),
T4(10,7),T4(10,8),T4(10,9),T4(10,10),T4(10,11),T4(10,12),
T4(11,1),T4(11,2),T4(11,3),T4(11,4),T4(11,5),T4(11,6),
T4(11,7),T4(11,8),T4(11,9),T4(11,10),T4(11,11),T4(11,12)/
0.4288d0,-0.5654d0,0.0769d0,0.0662d0,0.5283d0,-0.5546d0,
-0.0256d0,0.0559d0,0.6073d0,-0.5135d0,-0.1064d0,0.01434d0,
0.1778d0,-0.5446d0,0.3337d0,0.0467d0,0.009d0,-0.7314d0,
0.5152d0,0.2429d0,-4.1969d0,-2.82d0,4.9321d0,2.461d0,
0.2634d0,-0.5073d0,0.2504d0,0.0083d0,0.3358d0,-0.4548d0,
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.1868d0,-0.0421d0,0.474d0,-0.1732d0,0.0621d0,-0.3263d0,
.2661d0,-0.5144d0,0.2474d0,0.0155d0,0.3352d0,-0.4724d0,
.185d0,-0.0245d0,0.4662d0,-0.2319d0,0.0612d0,-0.2675d0,
.2619d0,-0.5252d0,0.2512d0,0.0264d0,0.3055d0,-0.509d0,
.2121d0,0.0124d0,0.3641d0,-0.3358d0,0.1539d0,-0.1632d0,
.2489d0,-0.5454d0,0.2638d0,0.0472d0,0.2147d0,-0.5917d0,
.3007d0,0.0973d0,-0.2351d0,-0.7498d0,0.7369d0,0.2631d0,
.2461d0,-0.5525d0,0.2674d0,0.0549d0,0.1748d0,-0.6101d0,
.3446d0,0.1193d0,-0.9551d0,-1.0234d0,1.4926d0,0.5803d0,
.2513d0,-0.5518d0,0.2632d0,0.0547d0,0.1905d0,-0.5803d0,
.3334d0,0.0915d0,-0.6419d0,-0.6405d0,1.2221d0,0.2096d0,
.2583d0,-0.5496d0,0.2568d0,0.0527d0,0.2221d0,-0.5438d0,
.3045d0,0.0556d0,-0.1657d0,-0.3169d0,0.7513d0,-0.1263d0,
.27d0,-0.548d0,0.2454d0,0.0513d0,0.2725d0,-0.5002d0,
.2539d0,0.0107d0,0.2634d0,-0.1219d0,0.2993d0, -0.3459d0,
.276d0,-0.5561d0,0.2389d0,0.0594d0,0.2749d0,-0.5122d0,
.2464d0,0.0208d0,0.2677d0,-0.1927d0,0.2586d0,-0.2894d0/

S @ @0 Q@ QO Q@ Q@ Q@ Q@ Q@ Q@ Q@ Q@ L o e o

pi=4.d0*datan(1l.d®)
alp=1.d0/137.036d0

if(Gam.eq.0.1d®)then
xGam=-1.d0
elseif(Gam.eq.180.d0)then
xGam=1.d0
else
xGam=0.61439d0*dlogl10®(Gam)-0.38561d0
endif
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vv=T4(NZ,1)+T4(NZ,2) *xGam+T4 (NZ, 3) *xGam**2+T4 (NZ, 4) *xGam**3
ww=T4(NZ,5)+T4(NZ, 6) *xGam+T4 (NZ, 7) *xGam**2+T4 (NZ , 8) *xGam**3
zz=T4(NZ,9)+T4(NZ, 10) *xGam+T4 (NZ, 11) *xGam**2+T4 (NZ, 12) *xGam**3

do ic=0,128
x=0.1d0*dble(ic)
rho=10.d0**x
u=2.d0*pi*x/25.6d0

C1=(1.018d0*(Z/A)**(2.d0/3.d0®)*(rho*1.d-6)**(2.d0/3.d0))/
* (1.d0+1.018d0*(Z/A)**(2.d0/3.d0)*(rho*1.d-6)**(2.d0/3.d0))

Smin1=T1(NZ,1)*dsin(u)+T1(NZ,2)*dsin(2.do*u)
+T1(NZ,3)*dsin(3.d0*u)+T1(NZ,4) *dsin(4.d0*u)
¥ +T1(NZ,5)*dsin(5.d0*u)+12.8d0/pi*T1(NZ,6) *u+T1(NZ,7)

Smin2=T1(NZ,8) *dsin(u)+T1(NZ,9) *dsin(2.d0*u)
*  +T1(NZ,10)*dsin(3.d0*u)+T1(NZ,11)*dsin(4.d0*u)
* +T1(NZ,12)*dsin(5.d0*u)+12.8d0/pi*T1(NZ,13)*u+T1(NZ, 14)

Szerol=T2(NZ, 1) *dsin(u)+T2(NZ,2) *dsin(2.d0*u)
* +T2(NZ,3)*dsin(3.d0*u)+T2(NZ, 4) *dsin(4.d0*u)
+T2(NZ,5)*dsin(5.d0*u)+12.8d0/pi*T2(NZ, 6) *u+T2(NZ,7)
Szero2=T2(NZ,8) *dsin(w)+T2(NZ,9) *dsin(2.do*u)
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+T2(NZ,10)*dsin(3.d0*u)+T2(NZ,11)*dsin(4.d0*u)
* +T2(NZ,12)*dsin(5.d0*u)+12.8d0/pi*T2(NZ,13)*u+T2(NZ, 14)

Splul=T3(NZ, 1) *dsin(u)+T3(NZ,2) *dsin(2.d0*u)

*  +T3(NZ,3)*dsin(3.d0*u)+T3(NZ,4)*dsin(4.d0*u)

* +T3(NZ,5)*dsin(5.d0*u)+12.8d0/pi*T3(NZ,6) *u+T3(NZ,7)
Splu2=T3(NZ,8) *dsin(u)+T3(NZ,9) *dsin(2.d0*u)

*  +T3(NZ,10)*dsin(3.d0*u)+T3(NZ,11)*dsin(4.d0*u)
+T3(NZ,12)*dsin(5.d0*u)+12.8d0/pi*T3(NZ,13) *u+T3(NZ, 14)

FSmin=vv*Sminl+(1.d0®-vv)*Smin2
FSzero=ww*Szerol+(1.d0®-ww) *Szero2

FSplu=zz*Splul+(1.d®-zz)*Splu2

FS=FSmin-C1*FSplu+pi*Z*alp*dsqrt(Cl)*(FSzero-FSplu)

B R R e R R O S S S S S S S R R M S R R T PR
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* output

* fitting formula for <S>

write(10,*) x,’,’,FS

B T R S R R e B S R A I S S A R R T R RO K RN
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enddo
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end
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A2 (SyO0O0OOOO

implicit none

real*8 Z,A,Gam
real*8 pi,x,rho,alp,kf,ai,rs,xx,Cl,rc
real*8 U1,U2,q,q2eps,f,y,Sy
real*8 x1,x2,x3,x4,y1,y2,y3,y4
real*8 Fmin,Fzero,Fplu

real*8 Smin,Szero,Splu,Sexact
real*8 aa(10),b(10,10,10),qq(106)
real*8 c,cc,d,dd
real*8 BO,f0,cs

real*8 XU(100),WU(100)
real*8 UU(100)

real*8 FSmin(150,100),FSzero(150,100),FSplu(150,100),FS(150,100)

integer*4 NG,NDU,ic,NN,ix,ig,i,j,k,1,m,n,is

OPEN (unit=10, file=’56Fe.xls’)

Z=26.d0

A=56.d0
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data b(1,1,1),b(1,1,2),b(1,1,3),

b(1,2,1),b(1,2,2),b(1,2,3),

b(1,3,1),b(1,3,2),b(1,3,3),
* b(1,4,1),b(1,4,2),b(1,4,3),
*b(2,1,1),b(2,1,2),b(2,1,3),b(2,1,4),b(2,1,5),b(2,1,6),b(2,1,7),
* b(2,2,1),b(2,2,2),b(2,2,3),b(2,2,4),b(2,2,5),b(2,2,6),b(2,2,7),
* b(2,3,1),b(2,3,2),b(2,3,3),b(2,3,4),b(2,3,5),b(2,3,6),b(2,3,7),
* b(2,4,1),b(2,4,2),b(2,4,3),b(2,4,4),b(2,4,5),b(2,4,6),b(2,4,7),
* b(2,5,1),b(2,5,2),b(2,5,3),b(2,5,4),b(2,5,5),b(2,5,6),b(2,5,7),
* b(2,6,1),b(2,6,2),b(2,6,3),b(2,6,4),b(2,6,5),b(2,6,6),b(2,6,7),
*b(2,7,1),b(2,7,2),b(2,7,3),b(2,7,4),b(2,7,5),b(2,7,6),b(2,7,7),
* b(3,1,1),b(3,1,2),b(3,1,3),b(3,1,4),b(3,1,5,b(3,1,6),b(3,1,7),
* b(3,2,1),b(,2,2),b(3,2,3),b(3,2,4),b(3,2,5),b(3,2,6),b(3,2,7),
*b(3,3,1),b(3,3,2),b(3,3,3),b(3,3,4),b(3,3,5),b(3,3,6),b(3,3,7),
* b(3,4,1),b(3,4,2),b(3,4,3),b(3,4,4),b(3,4,5),b(3,4,6),b(3,4,7),
* b(3,5,1),b(3,5,2),b(3,5,3),b(3,5,4),b(3,5,5),b(3,5,6),b(3,5,7),
* b(3,6,1),b(3,6,2),b(3,6,3),b(3,6,4),b(3,6,5),b(3,6,6),b(3,6,7),
*b(3,7,1),b(3,7,2),b(3,7,3),b(3,7,4),b(3,7,5,b(3,7,6),b(3,7,7),
* b(4,1,1),b(4,1,2),b(4,1,3),b(4,1,4),b(4,1,5),b(4,1,6),b(4,1,7),
* b(4,2,1),b(4,2,2),b(4,2,3),b(4,2,4),b(4,2,5),b(4,2,6),b(4,2,7),
* b(4,3,1),b(4,3,2),b(4,3,3),b(4,3,4),b(4,3,5),b(4,3,6),b(4,3,7),
* b(4,4,1),b(4,4,2),b(4,4,3),b(4,4,4),b(4,4,5),b(4,4,6),b(4,4,7),
* b(4,5,1),b(4,5,2),b(4,5,3),b(4,5,4),b(4,5,5),b(4,5,6),b(4,5,7),
* b(5,1,1),b(5,1,2),b(5,1,3),b(5,1,4),b(5,1,5),b(5,1,6),
* b(5,2,1),b(5,2,2),b(5,2,3),b(5,2,4),b(5,2,5),b(5,2,6),
* b(5,3,1),b(5,3,2),b(5,3,3),b(5,3,4),b(5,3,5),b(5,3,6),
* b(5,4,1),b(5,4,2),b(5,4,3),b(5,4,4),b(5,4,5),b(5,4,6),
* b(5,5,1),b(5,5,2),b(5,5,3),b(5,5,4),b(5,5,5),b(5,5,6),
* b(6,1,1),b(6,1,2),b(6,1,3),
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* b(6,2,1),b(6,2,2),b(6,2,3),

* b(6,3,1),b(6,3,2),b(6,3,3),

* b(6,4,1),b(6,4,2),b(6,4,3)/

* 0.d0,0.d0,0.d9,

* -7.37159d-3,-3.093941d-2,5.775133d-6,

* -1.785965d-3,-9.156094d-3,-5.215690d-6,
*1.551919d-3,1.000275d-2,3.407914d-6,

* -2.211480d-2,-9.281645d-2,2.105917d-5,1.527865d-7,

* -2.511623d-9,7.838556d-12,0.d0,

* 2.970690d-3,2.794343d-2,-8.758671d-7,-2.009939d-7,1.878432d-9,
* -4.990626d-12,0.d0,

* 1.428655d-3,4.165185d-3,-1.643889d-5,1.826357d-7,-1.031887d-9,
* 2.195364d-12,0.d0,

* -5.537246d-4,-5.848738d-3,-8.728617d-6,1.076314d-7,

* -6.819082d-10,1.557185d-12,0.d0,

* 5.617672d-5,-2.848769d-4,-6.427415d-7,6.133415d-8,

* -6.343027d-10,3.021813d-12,-5.585550d-15,

* 8.484234d-6,6.353313d-4,2.422957d-6,-3.388935d-38,

* 1.718468d-10,-3.109722d-13,0.d0,

* -2.084635d-6,-9.537685d-5,-4.578476d-7,4.459593d-9,

* -1.674969d-11,2.099074d-14,0.d0,

* -1.349980d-2,-1.178214d-2,3.414967d-5,-1.235405d-6,

* 1.525965d-8,-8.094505d-11,1.550263d-13,

* 2.555060d-3,2.664933d-3,-6.691853d-6,2.919678d-7,-3.857775d-9,
* 2.114887d-11,-4.127568d-14,

* -3.764923d-4,-1.703133d-3,1.295266d-5,-2.014016d-7,
*1.623818d-9,-6.486351d-12,1.009608d-14,

* -3.254136d-5,1.416699d-3,1.207188d-6,-7.290296d-8,1.198781d-9,
* -7.296064d-12,1.506339d-14,

* 1.485941d-5,1.703860d-5,-7.305411d-7,-6.153975d-8,
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* 5.619353d-10,-2.048821d-12,2.735942d-15,

* -1.211017d-6,-2.288448d-4,-6.681539d-7,5.033742d-38,
* -4,847156d-10,2.050713d-12,-3.298829d-15,

* 6.279524d-9,3.944934d-5,1.525661d-7,-7.424258d-9,

* 6.856207d-11,-2.849071d-13,4.540122d-16,

* -3.662810d-3,-1.521862d-3,8.409706d-6,-1.124811d-7,
* 4.251699d-10,3.730156d-13,-3.686204d-15,

* 6.535520d-4,2.852788d-4,-1.894213d-6,3.625697d-8,

* -2.316304d-10,4.991858d-13,0.d0,

* -1.414461d-4,-6.637037d-5,-4.604689d-7,1.057214d-7,
* -1.346978d-9,6.856586d-12,-1.258136d-14,

* 2.153694d-5,2.584947d-4,2.080372d-6,-6.118364d-8,

* 3.932223d-10,-8.330949d-13,0.d0,

* -2.009718d-6,-7.529755d-5,-6.008686d-7,1.111813d-38,
* -5.850549d-11,1.061405d-13,0.d0,

* -1.113950d-3,-4.092842d-4,1.302525d-6,1.389474d-8,
* -2.263515d-10,6.695408d-13,

* 1.804680d-4,5.967425d-5,-3.030219d-7,-7.034325d-10,
* 3.162043d-11,-1.105659d-13,

* -3.367708d-5,3.119216d-5,-2.722031d-7,2.325234d-8,
* -1.388141d-10,2.497008d-13,

* 4.610403d-6,3.458116d-5,5.693294d-7,-1.206499d-8,

* 3.339377d-11,0.d0,

* -4.014775d-7,-1.360860d-5,-1.034757d-7,1.002049d-9,
* 0.d0,0.d0,

* -3.920810d-4,-1.705876d-4,3.559208d-7,

* 5.697300d-5,2.052896d-5,-6.280051d-8,

* -8.841226d-6,2.420697d-5,2.614085d-7,

* 7.427372d-7,-7.164052d-6,-8.440139d-8/
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data qq(1),qq(2),qq(3),9q(4),qa(5),qq(6),qq(7)/
* 0.d0,3.d0,5.9d0,9.75d0,13.65d0,17.65d0,21.75d0/

do NG=1,13

if(NG.eq.1)then
Gam=0.1d0
elseif(NG.eq.2)then
Gam=0.2d0
elseif(NG.eq.3)then
Gam=1.d0
elseif(NG.eq.4)then
Gam=3.d0
elseif(NG.eq.5)then
Gam=6.d0
elseif(NG.eq.6)then
Gam=10.d0
elseif(NG.eq.7)then
Gam=20.d0
elseif(NG.eq.8)then
Gam=40.d0
elseif(NG.eq.9)then
Gam=80.d0
elseif(NG.eq.10)then
Gam=100.d0
elseif(NG.eq.11)then
Gam=125.d0
elseif(NG.eq.12)then
Gam=160.d0
elseif(NG.eq.13)then
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Gam=180.d0
endif

NDU = 98
pi=4.d0*atan(1.d®)

B0=0.399925d0*Gam-0.20001d0*Gam**0.357069d0+0.0692063d0

ic=0

do x=0.d0,12.8d0,0.1d0
rho=10.d0**x

ic=ic+1

alp=1.d0/137.036d0
kf=2.613d10* (Z/A* (rho*1.d0/(10%%6)))**(1.d0/3.d0)
ai=0.7346d-10*((rho*1.d0/(10%*6) /A))**(-1.d0/3.d0)
rs=1.388d-2*(A/(Z*rho*1.d0/(10%%6)))**(1.d0/3.d0)
xx=1.d0/137.036d0* (9.d0*pi/4.d0)**(1.d0/3.d0)*1.d0/rs
C1=(1.018d0* (Z/A)**(2.d0/3.d0) * (rho*1.d0/(10%%6))**(2.d0/3.d0))/
*  (1.d0+1.018d0* (Z/A)**(2.d0/3.d®)* (rho*1.d0/(10%*6))
*#%(2.d0/3.d0))
rc=1.15d-13*A**(1.d9/3.d0)

NN=20
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do i=1,NN+1
uu(i)=1.d0O/NN*i-1.d0®/NN
enddo

do i=1,NN
Ul=uu(i)
U2=uu(i+1)

CALL GAUSAB(XU,WU,U1,U2,NDU)

do ix=1,NDU

g=XU(ix)

if(q.1t.1.d-4)then
q2eps=q**2+(2.d0/(3.d0* (pi**2)))**(2.d0/3.d0) *rs
* *(2.d0/3.d0*(1.dO+xx**2)**(1.d0/2.d0)-2.d0*q**2*xx/3.d0
* *(dlog(xx+dsqrt (1+xx**2)))
+(1.dO+xx**2)**(1.d0/2.d0) * (xx**2+1.d0-3.d0O*q**2*xx**2)
* /(6.d0*xx**2)*(2.d0+2.d0/3.d0*q**2+2.d0/5.d0*q**4)
* +(2.d0*q**2*xx**2-1.d0) /(6.d0*xx**2)
*(1.dO+q**2*xx**2)**(1.d0/2.d0)
* *(2.d0*(1.dO+xx**2)**(1.d0/2.d0)-q*(1.dO+xx**2)
* -1.d0/2.d0*q**3*xx**4+1.d0/12.d0*q**5*xx**6
+q**3*xx**2%(1.d0+xx**2)-1.d0/32.d0*q**7*xx**8
* -3.d0/4.d0*q**5*xx**4* (1.d0+xx**2)
* -1.d0/2.d0*q**3* (1.dO+xx**2)**2))
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else
g2eps=q**2+(2.d0/(3.d0*(pi**2)))**(2.d0/3.d0)*rs
*(2.d0/3.d0*(1.dO+xx**2)**(1.d0/2.d0)-2.d0*q**2*xx/3.d0
*(dlog(xx+dsqrt (1+xx**2)))

* +(1.d0+xx**2)**(1.d0/2.d0) * (xx**2+1.d0-3.d0*q**2*xx**2)
/(6.d0*q*xx**2)*dlog(dabs((1.d0+q)/(1.d0-q)))
+(2.d0*q**2*xx**2-1.d0) /(6.d0*q*xx**2)

* *(1.d0+q**2.d0*xx**2)**(1.d0/2.d0)
*dlog(dabs((q*(1.dO+xx**2)**(1.d0/2.d0)
+(1.d0+q**2.d0*xx**2)**(1.d0/2.d0))

* /(q*(1.dO+xx**2)**(1.d0/2.d0)
-(1.d0+q**2%xx**2)**(1.d0/2.d0)))))

endif

if(2.d0*kf*rc*q.1t.1.d-4)then
£=1.d0-1.d9/10.d0* (2.d0*kf*rc¥*q) **2+1.d0/280.d0* (2. dO*kf*rc¥q) **2

else

£=-3.d0* ((2.d0*kf*rc*q) *dcos (2.d0*kf*rc*q) -dsin(2.dO*kf*rc*q))

* /((2.dO*kE*rc*q)**3)

endif

y=(18.d0*pi*Z)**(1.d0/3.d0) *q

if(Gam.1t.1.d®)then
Sy=1.d0/(1.d0+3.d0*Gam/ (y**2))

goto 3333

endif

if(y.ge.0.d0.and.y.le.3.01d0)then
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is=1
1=4
n=2
do k=1,1
c=b(is,k,3)*(gam-1.d0®)*(gam-225.d0)
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0®)+c

enddo

elseif(y.gt.3.d0.and.y.le.5.9d0)then

is=2

1=7

n=5

do k=1,1
cc=0.d0
do m=3,7
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c
enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc

enddo

elseif(y.gt.5.9d0.and.y.le.9.75d0)then
is=3
1=7
n=>5
do k=1,1
cc=0.d0
do m=3,7
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)

CC=CC+C
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enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc

enddo

elseif(y.gt.9.75d0.and.y.le.13.65d0)then
is=4
1=5
n=3
do k=1,1
cc=0.d0
do m=3,7
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+cC
enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc
enddo

elseif(y.gt.13.65d0.and.y.le.17.65d0)then
is=5
1=5
n=3
do k=1,1
cc=0.d0
do m=3,6
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c
enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc

enddo
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elseif(y.gt.17.65d0.and.y.le.21.75d0)then

is=6
1=4
n=2
do k=1,1

c=b(is,k,3)*(gam-1.d0)*(gam-225.d0)
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0®)+c
enddo
endif
f0=-3*gam/(y**2+3.d0*gam/BO)

dd=0.d0

do j=1,n
d=aa(j+2)*(y-qq(is))**j*(y-qq(is+1))
dd=dd+d

enddo

cs=-f0-aa(1)-aa(2)*(y-qq(is))-dd

Sy=1.d0/(1.d0+3.d0*Gam/y**2-cs)

3333 Fmin=q**3*(Sy*(dabs(£))**2/((q2eps)**2))

Fplu=q**5* (Sy* (dabs (£))**2/((q2eps) **2))

erro:q**4"~‘ (Syz': (dabs (f) ) 7':7':2/( (qzeps) 7‘:7':2))

Smin=Smin+Fmin*WU(ix)
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Splu=Splu+Fplu*WU(ix)

Szero=Szero+Fzero*WU(ix)

enddo

enddo

Sexact=Smin-C1*Splu+pi*Z*alp*dsqrt(Cl)*(Szero-Splu)

FSmin(i

c,NG)=Smin

FSzero(ic,NG)=Szero

FSplu(i

c,NG)=Splu

FS(ic,NG)=Sexact

Smin=0.d0
Szero=0.d0
Splu=0.d0
enddo
enddo
ic=0
do x=0.d0,12.8d0,0.1d0
rho=10.d0**x
ic=ic+1
c write(10,7000) dlogl®(rho), (FSmin(ic,ig), ig = 1, 13)
C write(10,7000) dlogl®(rho), (FSzero(ic,ig), ig = 1, 13)
C write(10,7000) dlogl®(rho), (FSplu(ic,ig), ig = 1, 13)
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write(10,7000) dlogl®(rho), (FS(ic,ig), ig =1, 13)
7000 format(£f7.4,13(C’,’£7.4))
enddo

END

SUBROUTINE GAUSAB( X, W, A, B, NPT )

/b

Gaussian quadratures for | f(x)dx. NPT must be even & <100.

/a

N O O O 0O 0O

IMPLICIT REAL*8 (A-H,0-Z)

REAL*8 X(1), W(1)

REAL*8 XX, Ww, C1, C2
COMMON / GAUSCM / XX(100), Ww(100)

NPT2 = NPT/2

IFC A .EQ. 0. .AND. B .GT. .5E20 ) THEN
CALL GAUS(NPT, 1)
DO 5 N =1, NPT
X(N) XX(N)
W(ND) Ww(N)
5 CONTINUE
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10

20

RETURN

END TIF

CALL GAUS(NPT,®)

Cl = (B-A)/2.

C2 = (B+A)/2.

DO 10 N = 1, NPT2

M =NPT2 +1-N

X(N) = - XX(AD*C1 + C2
WN) = wWw@D*C1
CONTINUE

DO 20 N = NPT2+1, NPT

M=N-NP
X(N)
W(N)
CONTINUE

RETURN

END

T2

XX(D*C1 + C2
Ww (M) *C1

N O N0 0O N

SUBROUTINE GAUS(NN,ITYPE)

STANDARD SETTINGS ARE: IALF=IBTA=0,0<NN<100,
ITYPE=0 :
ITYPE=1 :

-1 TO +1 POINTS
® TO INFINITY
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IMPLICIT REAL*8 (A-H,0-Z)

DATA TIALF, IBTA / 0, 0 /

GAUJAC COMPUTES GAUSS - JACOBI INTEGRATION WEIGHTS AND NODES

ORI A SR SRR A SR SRR R R R RN A S SRR R SR R R A S SR R R A S RO R S S SOOI A SR SR R R A R R R R ORI R R SRORORKN
P A L R A A L T o g A b T ol g e T T A A A O o R ARR e Lo o i A A S T o e A A T o g A Al T o A A T T o AR A IR iR T e A A T o A o 1y

B S R T P P M P PR SR A FR SR A A P P PRI P PR SRR R P M PR S I P S SRR A P SRR ORI M PR SRR SRR M PR SR AR M PR SRR ORI K R RO
AN T RN A A RN T RN A A TN R A AT TR ARNT R RARTNTRRAARATTRTRRARATTRARATRTRARNRTRTRARTNTRTRARTTRRRARTRTRARNRS

NN NN NN

DIMENSION X(100),A(100),B(100),C(100)
DIMENSION XX(100), Ww(100)
DIMENSION G(100)

COMMON/GAUSCM/XX , WW

PI=3.141592653589793238D0

ISUM=TALF+IBTA
IDIF=IBTA-IALF
FNUM=ISUM*IDIF
ALF=IALF
BTA=IBTA

C CALCULATE COEFFICIENTS REQUIRED BY JACOBI

DO 20 I=1,100

I2=I+I

IM=I-1
DEN=(ISUM+I2)*(ISUM+I2-2)
IF(ISUM.EQ.0) GO TO 67
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B(I)=FNUM/DEN
GO TO 68

67 B(I)=0.D0

68 FNUMP=4*IM* (IALF+IM)* (IBTA+IM) * (ISUM+IM)
DENP=(ISUM+I2-1)*(ISUM+I2-2)**2*(ISUM+I2-3)
IF(((ISUM.EQ.®).OR. (ISUM.EQ.1)).AND. (I.EQ.1)) GO TO 69
C(I)=FNUMP/DENP
GO TO 20

69 C(I)=0.D0O

20 CONTINUE

Commmm o
C For outputting quadratures

Cm o
C TYPE 34

C34 FORMAT(1X, ’FILENAME FOR INTERMEDIATE RESULTS =7 (A10)’)
C ACCEPT 35,FNAMX

C35 FORMAT (A10)

C OPEN(UNIT=3,FILE=FNAMX, STATUS="NEW’)

Cmm -
C For outputting quadratures
T S R
C TYPE 70

Cc70 FORMAT (1X, OUTPUT FILENAME ? (A10)°’)

C ACCEPT 71,FNAM

C71 FORMAT (A10)
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C OPEN(UNIT=7,FILE=FNAM, STATUS="NEW’)

C o o o o o
C OUTPUT DATA STATEMENT OF WEIGHTS AND NODES
C
IF(ITYPE.EQ.®) GO TO 130
DO 100 I=1,NN
IT=NN+1-I
C XX(I)=(1.0D+00+X(II))/(1.0D+00-X(II))
C WW(I)=2.0D+00*G(II)/((1.0D+00-X(II))**(TIALF+2)*
C 1 (1.0D+00+X(II))**IBTA)
ZZ=PI1*(1.0D+00+X(II))/4.0D+00
XX(I)=SIN(ZZ)/C0S(ZZ)
WW(I)=G(II)*PI*0.25D+00/(COS(0.25D+00*PI*(1.0D+00
1 +X(II)))**2)
C
C WRITE(7,120)I,I,XX(I),Ww(I)

120  FORMAT(6X,6HDATAX(,I2,6H,M),W(,I2,4H,M)/,D22.15,1H,,
1 D22.15,1H/)

100 CONTINUE
RETURN
130 CONTINUE
NI=NN/2
DO 140 I=1,NI
IT=NT+1-I
XX(I)=X(II)
WW(I)=G(II)
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140  CONTINUE
RETURN
END
SUBROUTINE JACOBI(NN,X,A,ALF,BTA,B,C,EPS,CSX,CSA,TSX,TSA)
IMPLICIT REAL*8 (A-H,0-Z)
C

C********************************************************************

CALCULATES THE ZEROS X(I) OF THE NN-TH ORDER JACOBI POLYNOMIAL
PN(ALF,BTA) FOR THE SEGMENT (-1,1)

THE LARGEST ZERO WILL BE STORED IN X(1).

ALSO CALCULATES THE CORRESPONDING COEFFICIENTS A(I) OF THE
NN-TH ORDER GAUSS-JACOBI QUADRATURE FORMULA OF DEGREE 2*NN-1.
THIS SUBROUTINE MUST BE GIVEN THE COEFFICIENTS:

(ALF+BTA) (BTA-ALF)

(ALF+BTA+2N) (ALF+BTA+2N-2)

4(N-1) (ALF+N-1) (BTA+N-1) (ALF+BTA+N-1)

c(N)

C

C

C

C

C

C

C

C

C B(N)
C

C

C

C

C (ALF+BTA+2N-1) (ALF+BTA+2N-2) **2 (ALF+BTA+2N-3)
C

C

C

IN THE RECURSION RELATION

136



P(N) = (X-B(N))*P(N-1)-C(N)*P(N-2)

FOR ALL N LESS THAN OR EQUAL TO THE HIGHEST DEGREE NN.

CSX
CSA

CALC SUM X(I) TSX
CALC SUM A(I) TSA

TRUE SUM X(I)
TRUE SUM A(I)

Fedededededddedefehhddede NS dedeNhddedeNNddedeNhdhdede e e dedeNNhddedehdddehdddnk

N O N0 O O 0O 0O O 0O 0N

DIMENSION X(100),A(100),B(100),C(100)
FN=NN
CSX=0.D0
CSA=0.D0
BETA=EXP (FLGAMA (ALF+1.D0O)+FLGAMA (BTA+1.D0®) -FLGAMA (ALF+BTA+2.D0))
CC=2.**(ALF+BTA+1.)*BETA
TSX=FN* (BTA-ALF)/(ALF+BTA+2. *FN)
TSA=CC
DO 1 J=2,NN
1 CC=CC*C(I)
DO 12 I=1,NN
IF(I-1)12,2,3
C LARGEST ZERO
2 AN=ALF/FN
BN=BTA/FN
R1=(1.DO+ALF)*(2.78/(4.+FN*FN)+.768*AN/FN)
R2=1.D0+1.48*AN+.96*BN+.452*AN*AN+.83*AN*BN
XT=1.DO-R1/R2
GO TO 11
3 IF(I-2)12,4,5
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10

SECOND ZERO
R1=(4.1+ALF)/((1.+ALF)*(1.+.156*ALF))
R2=1.D0+.06* (FN-8.)*(1.D0+.12*ALF) /FN
R3=1.D0+.012*BTA*(1.D0+.25*ABS(ALF)) /FN
RATIO=R1*R2*R3
XT=XT-RATIO*(1.DO-XT)

GO TO 11
IF(I-3) 12,6,7

THIRD ZERO
R1=(1.67+.28*ALF)/(1.D0+.37*ALF)
R2=1.D0+.22%*(FN-8.D0®) /FN
R3=1.D0+8.*BTA/((6.28D0O+BTA) *FN*FN)
RATIO=R1*R2*R3
XT=XT-RATIO*(X(1)-XT)

GO TO 11
IF(NN-I-1)10,9,8

MIDDLE ZEROS
XT=3.*X(I-1)-3.*X(I-2)+X(I-3)

GO TO 11

SECOND LAST ZERO
R1=(1.D0+.235*BTA)/(.766D0+.119*BTA)
R2=1./(1.D0+.639*(FN-4.D0)/(1.D0+.71*(FN-4.D0)))
R3=1./(1.D0O+20.*ALF/((7.5DO+ALF) *FN*FN))
RATIO=R1*R2*R3
XT=XT+RATIO* (XT-X(I-2))

GO TO 11

LAST ZERO
R1=(1.D0+.37*BTA)/(1.67D0+.28*BTA)
R2=1./(1.D0+.22*(FN-8.D0) /FN)
R3=1./(1.D0+8.*ALF/((6.28DO+ALF) *FN*FN))
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RATIO=R1*R2*R3
XT=XT+RATIO* (XT-X(I-2))

C
11 CALL GSROOT(XT,NN,ALF,BTA,DPN,PN1,B,C,EPS)
X(I)=XT
A(I)=CC/(DPN*PN1)
C o m o
C WRITE(3,20)ALF,BTA,NN,I,XT,A(I)
Cm oo
CSX=CSX+XT
CSA=CSA+A(I)

12 CONTINUE

C WRITE(3,22)CSX,CSA,TSX,TSA

20 FORMAT(1X,2F6.2,2I3,2(1X,D26.18),1X, (1X,D26.18))

22 FORMAT(1HO, /,5X, ’CSX =’,D25.18,5X,’CSA =’,D25.18,/,
1 5X,’TSX =’,D25.18,5X,’TSA =’,D25.18)

RETURN

END

SUBROUTINE GSROOT(X,NN,ALF,BTA,DPN,PN1,B,C,EPS)
IMPLICIT REAL*8 (A-H,0-Z)

R T R R S e S S R R R R R R S R N R R RORON
SRR i e A T i e e T i e i Tl T2 e A R A e e e e i e A e e e i i L Tl e i e A Tl e e e e e i e e e Tl e i Tl e e e A T A A R KA

IMPROVES THE APPROXIMATE ROOT X
IN ADDITION WE ALSO OBTAIN:
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NN N Nn

DPN = DERIVATIVE OF P(N) AT X

PN1 = VALUE OF P(N-1) AT X

DIMENSION B(100),C(100)

ITER=0

ITER=ITER+1

CALL RECR(P,DP,PN1,X,NN,ALF,BTA,B,C)
D=P/DP

X=X-D

IF(ABS(D)-EPS)3,3,2

IF(ITER-10)1,3,3

DPN=DP

RETURN

END

SUBROUTINE RECR(PN,DPN,PN1,X,NN,ALF,BTA,B,C)
IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION B(100),C(100)
P1=1.D0O

P=X+(ALF-BTA) /(ALF+BTA+2.D0)
DP1=0.D0O

DP=1.D0

DO 1 J=2,NN
Q=(X-B(J3))*P-C(I1)*P1
DQ=(X-B(J))*DP+P-C(J)*DP1
P1=P

P=Q

DP1=DP
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DP=DQ
1 CONTINUE
PN=P
DPN=DP
PN1=P1
RETURN
END
FUNCTION FLGAMA(W)
IMPLICIT REAL*8 (A-H,0-Z)

B I T T T T S S R A P P R A P PR SRR A P P SRR P R M TR SR R R P R SRR ORI R R OO
NN A A TN TR A AT TR AR RTRT R AT RTRTNRARNTRTRATNTRTRRARTRTRAATRTRARATRTRARANTTRARNRTRTRRTRARTRTRRRARTRTRSN

CALCULATES LOG(BASE E)GAMMA(W) FOR W REAL AND GAMMA(W) POSITIVE.
USES STIRLING’S APPROXIMATION
ACCURATE TO ABOUT 12 SIGNIFICANT PLACES

B I T T I S A T P P P P PR A A PR SR A A A SR ORI R R R OO
R e A A T Tl e A A g T T A R A T i e A T o i A T T i A i T T i A A T L R S e e (i A e T T i A A T T i A A Tt i A T T i A A T T i A A 1Y

N O 0O N0 0O 0O 0O 0O 0N

PI=3.141592653589793238D0
X=W
M=0
FK=-1.D0®
IF(X-.5D®)1,1,2
C W LESS EQ .5
1 M=1
XPI=X*PI
X=1.D0-X
2 FK=FK+1.DO
IF(X+FK-6.D0)2,2,3
3 Z=X+FK
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10
11

272=7%Z
LOG GAMMA(Z), Z GREATER 6.

Y=(Z-.5)*L0G(Z)-Z+.9189385332047+(((((((-10861851./7Z
1 +2356200.)/ZZ-704820.)/2Z+309400.) /7ZZ-218790.) /ZZ
2 +291720.)/2Z-1021020.)/Z2Z+30630600.)/Z2/367567200.
IF(FK)6,6,4

IK=FK

DO 5 I=1,IK

FK=FK-1.

Y=Y-LOG(X+FK)

IF(M7,11,7

P=PI/SIN(XPI)

IF(P)8,8,10

WRITE(6,9)W

FORMAT (2X, 6HGAMMA(D11.4,13H) IS NEGATIVE)

Y=0.

GO TO 11

Y=LOG(P)-Y

FLGAMA=Y

RETURN

END
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A3 Youngetal. ODOOO0O

implicit none

real*8 gam
real*8 a(10),b(10,10,10),qq(10)
real*8 c,cc,d,dd
real*8 BO,f0,cs,q
real*8 S(500,500)

integer*4 i,j,k,1,m,n,ng,ic

OPEN (unit=10, file=’S(qg)young.csv’)

data b(1,1,1),b(1,1,2),b(1,1,3),

b(1,2,1),b(1,2,2),b(1,2,3),
* b(1,3,1),b(1,3,2),b(1,3,3),
* b(1,4,1),b(1,4,2),b(1,4,3),
*b(2,1,1),b(2,1,2),b(2,1,3),b(2,1,4),b(2,1,5),b(2,1,6),b(2,1,7),
* b(2,2,1),b(2,2,2),b(2,2,3),b(2,2,4),b(2,2,5),b(2,2,6),b(2,2,7),
* b(2,3,1),b(2,3,2),b(2,3,3),b(2,3,4),b(2,3,5),b(2,3,6),b(2,3,7),
* b(2,4,1),b(2,4,2),b(2,4,3),b(2,4,4),b(2,4,5),b(2,4,6),b(2,4,7),
* b(2,5,1),b(2,5,2),b(2,5,3),b(2,5,4),b(2,5,5),b(2,5,6),b(2,5,7),
* b(2,6,1),b(2,6,2),b(2,6,3),b(2,6,4),b(2,6,5),b(2,6,6),b(2,6,7),
*b2,7,1),b(2,7,2),b(2,7,3),b(2,7,4),b(2,7,5),b(2,7,6),b(2,7,7),
*b(3,1,1),b(3,1,2),b(3,1,3),b(3,1,4),b(3,1,5),b(3,1,6),b(3,1,7),
*b(3,2,1),b(3,2,2),b(3,2,3),b(3,2,4),b(3,2,5),b(3,2,6),b(3,2,7),
* b(3,3,1),b(3,3,2),b(3,3,3),b(3,3,4),b(3,3,5,b(3,3,6),b(3,3,7),
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* b(3,4,1),b(3,4,2),b(3,4,3),b(3,4,4),b(3,4,5),b(3,4,6),b(3,4,7),
* b(3,5,1),b(3,5,2),b(3,5,3),b(3,5,4),b(3,5,5),b(3,5,6),b(3,5,7),
* b(3,6,1),b(3,6,2),b(3,6,3),b(3,6,4),b(3,6,5),b(3,6,6),b(3,6,7),
*b(3,7,1,b(3,7,2),b(3,7,3),b(3,7,4),b(3,7,5,b3,7,6),b(3,7,7),
* b(4,1,1),b(4,1,2),b(4,1,3),b(4,1,4),b(4,1,5),b(4,1,6),b(4,1,7),
* b(4,2,1),b(4,2,2),b(4,2,3),b(4,2,4),b(4,2,5),b(4,2,6),b(4,2,7),
* b(4,3,1),b(4,3,2),b(4,3,3),b(4,3,4),b(4,3,5),b(4,3,6),b(4,3,7),
* b(4,4,1),b(4,4,2),b(4,4,3),b(4,4,4),b(4,4,5),b(4,4,6),b(4,4,7),
* b(4,5,1),b(4,5,2),b(4,5,3),b(4,5,4),b(4,5,5),b(4,5,6),b(4,5,7),
* b(5,1,1),b(5,1,2),b(5,1,3),b(5,1,4),b(5,1,5),b(5,1,6),

* b(5,2,1),b(5,2,2),b(5,2,3),b(5,2,4),b(5,2,5),b(5,2,6),

* b(5,3,1),b(5,3,2),b(5,3,3),b(5,3,4),b(5,3,5),b(5,3,6),

* b(5,4,1),b(5,4,2),b(5,4,3),b(5,4,4),b(5,4,5),b(5,4,6),

* b(5,5,1),b(5,5,2),b(5,5,3),b(5,5,4),b(5,5,5),b(5,5,6),

* b(6,1,1),b(6,1,2),b(6,1,3),

* b(6,2,1),b(6,2,2),b(6,2,3),

* b(6,3,1),b(6,3,2),b(6,3,3),

* b(6,4,1),b(6,4,2),b(6,4,3)/

* 0.d0,0.d0,0.d0,

* -7.37159d-3,-3.093941d-2,5.775133d-6,

* -1.785965d-3,-9.156094d-3,-5.215690d-6,
*1.551919d-3,1.000275d-2,3.407914d-6,

* -2.211480d-2,-9.281645d-2,2.105917d-5,1.527865d-7,

* -2.511623d-9,7.838556d-12,0.d0,

* 2.970690d-3,2.794343d-2,-8.758671d-7,-2.009939d-7,1.878432d-9,
* -4.990626d-12,0.d0,

* 1.428655d-3,4.165185d-3,-1.643889d-5,1.826357d-7,-1.031887d-9,
* 2.195364d-12,0.d0,

* -5.537246d-4,-5.848738d-3,-8.728617d-6,1.076314d-7,

* -6.819082d-10,1.557185d-12,0.d0,
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* 5.617672d-5,-2.848769d-4,-6.427415d-7,6.133415d-8,

o
w

* 8.484234d-6,6.353313d-4,2.422957d-6,-3.388935d-8,

-6.343027d-10,3.021813d-12,-5.585550d-15,

* 1.718468d-10,-3.109722d-13,0.d0,

o
w

-2.084635d-6,-9.537685d-5,-4.578476d-7,4.459593d-9,

* -1.674969d-11,2.099074d-14,0.d0,
* -1.349980d-2,-1.178214d-2,3.414967d-5,-1.235405d-6,

o
S

1.525965d-8,-8.094505d-11,1.550263d-13,
2.555060d-3,2.664933d-3,-6.691853d-6,2.919678d-7,-3.857775d-9,

* 2.114887d-11,-4.127568d-14,

o
S

-3.764923d-4,-1.703133d-3,1.295266d-5,-2.014016d-7,

* 1.623818d-9,-6.486351d-12,1.009608d-14,
* -3.254136d-5,1.416699d-3,1.207188d-6,-7.290296d-8,1.198781d-9,

o
S

e
=

-7.296064d-12,1.506339d-14,
1.485941d-5,1.703860d-5,-7.305411d-7,-6.153975d-8,

* 5.619353d-10,-2.048821d-12,2.735942d-15,

o
1S

e
=

o
1S

e
=

-1.211017d-6,-2.288448d-4,-6.681539d-7,5.033742d-38,
-4.847156d-10,2.050713d-12,-3.298829d-15,
6.279524d-9,3.944934d-5,1.525661d-7,-7.424258d-9,
6.856207d-11,-2.849071d-13,4.540122d-16,
-3.662810d-3,-1.521862d-3,8.409706d-6,-1.124811d-7,

* 4.251699d-10,3.730156d-13,-3.686204d-15,

o
1S

e
=

6.535520d-4,2.852788d-4,-1.894213d-6,3.625697d-8,
-2.316304d-10,4.991858d-13,0.d0,

* -1.414461d-4,-6.637037d-5,-4.604689d-7,1.057214d-7,

o
1S

e
=

-1.346978d-9,6.856586d-12,-1.258136d-14,
2.153694d-5,2.584947d-4,2.080372d-6,-6.118364d-8,

* 3.932223d-10,-8.330949d-13,0.d0,

o
s

e
=

-2.009718d-6,-7.529755d-5,-6.008686d-7,1.111813d-8,
-5.850549d-11,1.061405d-13,0.d0,
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* -1.113950d-3,-4.092842d-4,1.302525d-6,1.389474d-8,
* -2.263515d-10,6.695408d-13,

* 1.804680d-4,5.967425d-5,-3.030219d-7,-7.034325d-10,
* 3.162043d-11,-1.105659d-13,

* -3.367708d-5,3.119216d-5,-2.722031d-7,2.325234d-8,
* -1.388141d-10,2.497008d-13,

* 4.610403d-6,3.458116d-5,5.693294d-7,-1.206499d-8,

* 3.339377d-11,0.d0,

* -4.014775d-7,-1.360860d-5,-1.034757d-7,1.002049d-9,
* 0.d0,0.d0,

* -3.920810d-4,-1.705876d-4,3.559208d-7,

* 5.697300d-5,2.052896d-5,-6.280051d-8,

* -8.841226d-6,2.420697d-5,2.614085d-7,

* 7.427372d-7,-7.164052d-6,-8.440139d-8/

data qq(1),qq(2),qq(3),q9q(4),qa(5),qq(6),qq(7)/
* 0.d0,3.d0,5.9d0,9.75d0,13.65d0,17.65d0,21.75d0/

write(6,*)qq(1),qq(2),qq(3),qq(4),q9q(5),qq(6),qq(7)

do ng=1,11

if(ng.eq.1)then
gam=1.d0®
elseif(ng.eq.2)then
gam=3.d0
elseif(ng.eq.3)then

gam=6.d0®

elseif(ng.eq.4)then
gam=10.d0
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elseif(ng.eq.5)then
gam=20.d0
elseif(ng.eq.6)then
gam=40.d0
elseif(ng.eq.7)then
gam=80.d0
elseif(ng.eq.8)then
gam=100.d0
elseif(ng.eq.9)then
gam=125.d0
elseif(ng.eq.10)then
gam=160.d0

elseif(ng.eq.11)then
gam=180.d0

endif

ic=0

do q=0.d0,20.20d0,0.2d0

ic=ic+1

if(q.ge.0.d0.and.q.le.3.01d0®)then
i=1
1=4
n=2
do k=1,1
c=b(i,k,3)*(gam-1.d0)*(gam-225.d0)
a(k)=b(i,k,1)+b(i,k,2)*(gam-1.d0)+c

enddo
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elseif(q.gt.3.d0.and.q.le.5.9d0)then
i=2
1=7
n=>5
do k=1,1
cc=0.d0
do m=3,7
c=b(i,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c
enddo
a(k)=b(i,k,1)+b(i,k,2)*(gam-1.d0)+cc

enddo

elseif(q.gt.5.9d0.and.q.le.9.75d0)then
i=3

1=7

n=>5

do k=1,1

cc=0.d0
do m=3,7
c=b(i,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+cC
enddo
a(k)=b(i,k,1D)+b(i,k,2)*(gam-1.d0)+cc

enddo

elseif(q.gt.9.75d0.and.q.le.13.65d0)then
i=4
1=5

n=3
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do k=1,1

cc=0.d0

do m=3,7
c=b(i,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c

enddo
a(k)=b(i,k,1)+b(i,k,2)*(gam-1.d0)+cc

enddo

elseif(q.gt.13.65d0.and.q.le.17.65d0)then
i=5
1=5
n=3
do k=1,1
cc=0.d0
do m=3,6
c=b(i,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c
enddo
a(k)=b(i,k,1)+b(i,k,2)*(gam-1.d0)+cc

enddo

elseif(q.gt.17.65d0.and.q.le.21.75d0) then

i=6
1=4
n=2
do k=1,1

c=b(i,k,3)*(gam-1.d0)*(gam-225.d0)
a(k)=b(i,k,1)+b(i,k,2)*(gam-1.d0)+c

enddo
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endif

B0=0.399925d0*gam-0.20001d0*gam**0.357069d0+0.0692063d0

f0=-3*gam/(q**2+3.d0*gam/BO)

dd=0.d0

do j=1,n
d=a(j+2)*(q-qq(i))**j*(q-qq(i+1))
dd=dd+d
enddo

cs=-f0-a(1)-a(2)*(q-qq(i))-dd

S(ic,ng)=1.d0/(1.d®+3.d0*gam/q**2-cs)

enddo

enddo

ic=0

do ¢g=0.d0,20.20d0,0.2d0

ic=ic+1

write(10,7000) g, (S(ic,ng), ng = 1, 11)
7000 format(£f7.4,12C’,’£7.4))
enddo

END
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A4 (SYPSO (S22 OO

implicit none

real*8 Z,A,Gam,Ekin
real*8 pi,x,rho(100),alp,kf,ai,rs,xx,Cl,rc
real*8 U1,U2,q,q2eps,f,y,Sy,T
real*8 x1,x2,x3,x4,y1,y2,y3,y4
real*8 Fmin,Fzero,Fplu,Fcorr

real*8 Smin,Szero,Splu,Sexact,Scorr
real*8 aa(10),b(10,10,10),qq(106)
real*8 c,cc,d,dd
real*8 BO,f0,cs

real*8 XQ(100),WQ(100)
real*8 UU(100)

real*8 FSmin(100) ,FSzero(100),FSplu(100),FS(100)
real*8 FScorr(100),Fds(100)

integer*4 iE,NDU,NN,iq,i,j,k,1,m,n,is
OPEN (unit=10, file='DOGGETT AND SPENCER.csv’)
data b(1,1,1),b(1,1,2),b(1,1,3),
b(1,2,1),b(1,2,2),b(1,2,3),
* b(1,3,1),b(1,3,2),b(1,3,3),
* b(1,4,1),b(1,4,2),b(1,4,3),

* b(2,1,1),b(2,1,2),b(2,1,3),b(2,1,4),b(2,1,5),b(2,1,6),b(2,1,7),
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*b(2,2,1),b(2,2,2),b(2,2,3),b(2,2,4),b(2,2,5),b(2,2,6),b(2,2,7),
*b(2,3,1),b(2,3,2),b(2,3,3),b(2,3,4),b(2,3,5),b(2,3,6),b(2,3,7),
* b(2,4,1),b(2,4,2),b(2,4,3),b(2,4,4),b(2,4,5),b(2,4,6),b(2,4,7),
* b(2,5,1),b(2,5,2),b(2,5,3),b(2,5,4),b(2,5,5),b(2,5,6),b(2,5,7),
* b(2,6,1),b(2,6,2),b(2,6,3),b(2,6,4),b(2,6,5),b(2,6,6),b(2,6,7),
*b(2,7,1),b(2,7,2),b(2,7,3),b(2,7,4),b(2,7,5),b(2,7,6),b(2,7,7),
* b(3,1,1),b(3,1,2),b(3,1,3),b(3,1,4),b(3,1,5,b(3,1,6),b(3,1,7),
*b(3,2,1),b(3,2,2),b(3,2,3),b(3,2,4),b(3,2,5),b(3,2,6),b(3,2,7),
*b(3,3,1),b(3,3,2),b(3,3,3),b(3,3,4),b(3,3,5),b(3,3,6),b(3,3,7),
* b(3,4,1),b(3,4,2),b(3,4,3),b(3,4,4),b(3,4,5),b(3,4,6),b(3,4,7),
* b(3,5,1),b(3,5,2),b(3,5,3),b(3,5,4),b(3,5,5),b(3,5,6),b(3,5,7),
* b(3,6,1),b(3,6,2),b(3,6,3),b(3,6,4),b(3,6,5),b(3,6,6),b(3,6,7),
*b(3,7,1),b(3,7,2),b(3,7,3),b(3,7,4),b(3,7,5,b3,7,6),b(3,7,7),
* b(4,1,1),b(4,1,2),b(4,1,3),b(4,1,4),b(4,1,5),b(4,1,6),b(4,1,7),
* b(4,2,1),b(4,2,2),b(4,2,3),b(4,2,4),b(4,2,5),b(4,2,6),b(4,2,7),
* b(4,3,1),b(4,3,2),b(4,3,3),b(4,3,4),b(4,3,5),b(4,3,6),b(4,3,7),
* b(4,4,1),b(4,4,2),b(4,4,3),b(4,4,4),b(4,4,5),b(4,4,6),b(4,4,7),
* b(4,5,1),b(4,5,2),b(4,5,3),b(4,5,4),b(4,5,5),b(4,5,6),b(4,5,7),
* b(5,1,1),b(5,1,2),b(5,1,3),b(5,1,4),b(5,1,5),b(5,1,6),

* b(5,2,1),b(5,2,2),b(5,2,3),b(5,2,4),b(5,2,5),b(5,2,6),

* b(5,3,1),b(5,3,2),b(5,3,3),b(5,3,4),b(5,3,5),b(5,3,6),

* b(5,4,1),b(5,4,2),b(5,4,3),b(5,4,4),b(5,4,5),b(5,4,6),

* b(5,5,1),b(5,5,2),b(5,5,3),b(5,5,4),b(5,5,5),b(5,5,6),

* b(6,1,1),b(6,1,2),b(6,1,3),

* b(6,2,1),b(6,2,2),b(6,2,3),

* b(6,3,1),b(6,3,2),b(6,3,3),

* b(6,4,1),b(6,4,2),b(6,4,3)/

* 0.d0,0.d0,0.d0,

* -7.37159d-3,-3.093941d-2,5.775133d-6,

* -1.785965d-3,-9.156094d-3,-5.215690d-6,
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*1.551919d-3,1.000275d-2,3.407914d-6,

o
w

-2.211480d-2,-9.281645d-2,2.105917d-5,1.527865d-7,

* -2.511623d-9,7.838556d-12,0.d0,
* 2.970690d-3,2.794343d-2,-8.758671d-7,-2.009939d-7,1.878432d-9,

o
w

-4.990626d-12,0.d0,

* 1.428655d-3,4.165185d-3,-1.643889d-5,1.826357d-7,-1.031887d-9,
* 2.195364d-12,0.d0,

o
S

-5.537246d-4,-5.848738d-3,-8.728617d-6,1.076314d-7,

* -6.819082d-10,1.557185d-12,0.d0,
* 5.617672d-5,-2.848769d-4,-6.427415d-7,6.133415d-8,

o
S

* 8.484234d-6,6.353313d-4,2.422957d-6,-3.388935d-8,

-6.343027d-10,3.021813d-12,-5.585550d-15,

* 1.718468d-10,-3.109722d-13,0.d0,

o
S

e
=

-2.084635d-6,-9.537685d-5,-4.578476d-7,4.459593d-9,
-1.674969d-11,2.099074d-14,0.d0,

* -1.349980d-2,-1.178214d-2,3.414967d-5,-1.235405d-6,

o
1S

e
=

1.525965d-8,-8.094505d-11,1.550263d-13,
2.555060d-3,2.664933d-3,-6.691853d-6,2.919678d-7,-3.857775d-9,

* 2.114887d-11,-4.127568d-14,

o
1S

e
=

-3.764923d-4,-1.703133d-3,1.295266d-5,-2.014016d-7,
1.623818d-9,-6.486351d-12,1.009608d-14,

* -3.254136d-5,1.416699d-3,1.207188d-6,-7.290296d-8,1.198781d-9,

o
1S

e
=

-7.296064d-12,1.506339d-14,
1.485941d-5,1.703860d-5,-7.305411d-7,-6.153975d-8,

* 5.619353d-10,-2.048821d-12,2.735942d-15,

o
1S

e
=

o
s

e
=

-1.211017d-6,-2.288448d-4,-6.681539d-7,5.033742d-38,
-4.847156d-10,2.050713d-12,-3.298829d-15,
6.279524d-9,3.944934d-5,1.525661d-7,-7.424258d-9,
6.856207d-11,-2.849071d-13,4.540122d-16,
-3.662810d-3,-1.521862d-3,8.409706d-6,-1.124811d-7,
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* 4.251699d-10,3.730156d-13,-3.686204d-15,

* 6.535520d-4,2.852788d-4,-1.894213d-6,3.625697d-8,

* -2.316304d-10,4.991858d-13,0.d0,

* -1.414461d-4,-6.637037d-5,-4.604689d-7,1.057214d-7,
* -1.346978d-9,6.856586d-12,-1.258136d-14,

* 2.153694d-5,2.584947d-4,2.080372d-6,-6.118364d-8,

* 3.932223d-10,-8.330949d-13,0.d0,

* -2.009718d-6,-7.529755d-5,-6.008686d-7,1.111813d-38,
* -5.850549d-11,1.061405d-13,0.d0,

* -1.113950d-3,-4.092842d-4,1.302525d-6,1.389474d-8,
* -2.263515d-10,6.695408d-13,

* 1.804680d-4,5.967425d-5,-3.030219d-7,-7.034325d-10,
* 3.162043d-11,-1.105659d-13,

* -3.367708d-5,3.119216d-5,-2.722031d-7,2.325234d-8,
* -1.388141d-10,2.497008d-13,

* 4.610403d-6,3.458116d-5,5.693294d-7,-1.206499d-8,

* 3.339377d-11,0.d0,

* -4.014775d-7,-1.360860d-5,-1.034757d-7,1.002049d-9,
* 0.d0,0.d0,

* -3.920810d-4,-1.705876d-4,3.559208d-7,

* 5.697300d-5,2.052896d-5,-6.280051d-8,

* -8.841226d-6,2.420697d-5,2.614085d-7,

* 7.427372d-7,-7.164052d-6,-8.440139d-8/

data qq(1),qq(2),qq(3),9q(4),qq(5),qq(6),qq(7)/
* 0.d0,3.d0,5.9d0,9.75d0,13.65d0,17.65d0,21.75d0/

NDU = 98
pi=4.d0*datan(1.d0)
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Z=29.d0
A=63.d0®
Gam=10.d0

BO=0.399925d0*Gam-0.20001d0*Gam**0 . 357069d0+0 . 0692063d0
alp=1.d0/137.036d0
rc=1.15d-13*A**(1.d0/3.d0)

do iE=1,9

if(iE.eq.1)then
Ekin=0.05d0
elseif(iE.eq.2)then
Ekin=0.1d0
elseif(iE.eq.3)then
Ekin=0.2d0
elseif(iE.eq.4)then
Ekin=0.4d0
elseif(iE.eq.5)then
Ekin=0.7d0
elseif(iE.eq.6)then
Ekin=1.d0
elseif(iE.eq.7)then
Ekin=2.d0
elseif(iE.eq.8)then
Ekin=4.d0
elseif(iE.eq.9)then
Ekin=10.d0

endif
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rho(1iE)=(((1.d0+Ekin/0.511d0®)**2-1.d0)/(1.018d0*(Z/A)**(2.d0/3.d0)))
* *%(3.d0/2.d0)*1.d6

kf=2.613d10*(Z/A* (rho(iE)*1.d0/(10**6)))**(1.d0/3.d0)
ai=0.7346d-10*((rho(iE)*1.d0/(10**6) /A))**(-1.d0/3.d0)
rs=1.388d-2*(A/(Z*rho(iE)*1.d0/(10%*6)))**(1.d0/3.d0)
xx=1.d0/137.036d0*(9.d0*pi/4.d0)**(1.d0/3.d0)*1.d0/rs
C1=(1.018d0*(Z/A)**(2.d0/3.d0)*(rho(iE)*1.d0/(10%*6))
**(2.d0/3.d0))/(1.d0+1.018d0*(Z/A)**(2.d0/3.d0)*
* (rho(1E)*1.d0/(10**6))**(2.d0/3.d0))

NN=20

do i=1,NN+1

uu(i)=1.d0/NN*i-1.d0/NN

enddo

do i=1,NN

Ul=uu(i)

U2=uu(i+1)

CALL GAUSAB(XQ,WQ,U1,U2,NDU)

do ig=1,NDU

a=XQ(iq)

if(q.1t.1.d-4)then
q2eps=q**2+(2.d0/(3.d0* (pi**2)))**(2.d0/3.d0) *rs
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o
S

*(2.d0/3.d0*(1.dO+xx**2)**(1.d0/2.d0)-2.d0*q**2*xx/3.d0
*(dlog(xx+dsqrt (1+xx**2)))
+(1.dO+xx**2)**(1.d0/2.d0) * (xx**2+1.d0-3.d0*q**2*xx**2)
/(6.d0*xx**2)*(2.d0+2.d0/3.d0*q**2+2.d0/5.d0*q**4)
+(2.d0*g**2%xx*%2-1.d0) /(6.dO0*xx**2)
*(1.d0+q**2*xx**2)**(1.d0/2.d0)
*(2.d0*(1.dO+xx**2)**(1.d0/2.d0)-q* (1.dO+xx**2)
-1.d0/2.d0*q**3*xx**4+1.d0/12.d0*q**5*xx**6
+q**3%*xx**2%(1.d0+xx**2)-1.d0/32.d0*q**7*xx**8
-3.d0/4.d0*q**5%xx**4* (1.d0+xx**2)
-1.d0/2.d0*q**3*(1.dO+xx**2)**2))

g2eps=q**2+(2.d0/(3.d0* (pi**2)))**(2.d0/3.d0) *rs
*(2_d®/3_d@*(l_d®+xx**2)**(1_d®/2_d@)_z_d@*q**Z*xx/3Id®

*(dlog(xx+dsqrt (1+xx**2)))
+(1.dO+xx**2)**(1.d0/2.d0) * (xx**2+1.d0-3.d0*q**2*xx**2)
/(6.d0*g*xx**2)*dlog(dabs((1.d0+q)/(1.d0-q)))
+(2.d0*q**2*xx**2-1.d0) /(6.d0*q*xx**2)
*(1.d0+q**2.d0*xx**2)**(1.d0/2.d0)
*dlog(dabs((g*(1.dO+xx**2)**(1.d0/2.d0)
+(1.d0+q**2.d0*xx**2)**(1.d0/2.d0))
/(q*(1.dO+xx**2)**(1.d0/2.d0)
-(1.dO+qg**2*xx**2)**(1.d0/2.d0)))))

if(2.d0*kf*rc*q.1t.1.d-4)then

£=1.d0-1.d0/10.d0*(2.d0*kf*rc*q) **2+1.d0/280.d0*(2.d0*kf*rc*q) **2

f=-3.d0*((2.d0*kf*rc*q)*dcos(2.d0*kf*rc*q)-dsin(2.d0*kf*rc*q))

* /((Z.dN*kf*rC*q)**g)

157



endif

y=(18.d0*pi*z)**(1.d0/3.d®) *q

if(y.ge.0.d0.and.y.le.3.01d0)then
is=1
1=4
n=2
do k=1,1
c=b(is,k,3)*(gam-1.d0)*(gam-225.d0)
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+c

enddo

elseif(y.gt.3.d0.and.y.le.5.9d0)then
is=2
1=7
n=>5
do k=1,1
cc=0.d0
do m=3,7
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+cC
enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc
enddo

elseif(y.gt.5.9d0.and.y.le.9.75d0)then
is=3
1=7

n=>5
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do k=1,1

cc=0.d0

do m=3,7
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c

enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc

enddo

elseif(y.gt.9.75d0.and.y.le.13.65d0) then
is=4
1=5
n=3
do k=1,1
cc=0.d0
do m=3,7
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
cc=cc+c
enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc

enddo

elseif(y.gt.13.65d0.and.y.le.17.65d0) then
is=5
1=5
n=3
do k=1,1
cc=0.d0
do m=3,6
c=b(is,k,m)*(gam-1.d0)**(m-2)*(gam-225.d0)
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cc=cc+c
enddo
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0)+cc

enddo

elseif(y.gt.17.65d0.and.y.le.21.75d0)then

1s=6
1=4
n=2
do k=1,1

c=b(is,k,3)*(gam-1.d0)*(gam-225.d0)
aa(k)=b(is,k,1)+b(is,k,2)*(gam-1.d0®)+c

enddo

endif

f0=-3*gam/ (y**2+3.d0*gam/B0O)

dd=0.d0

do j=1,n
d=aa(j+2)*(y-qq(is))**j*(y-qq(is+1))
dd=dd+d
enddo

cs=-f0-aa(l)-aa(2)*(y-qq(is))-dd

Sy=1.d0/(1.d0+3.d0*Gam/y**2-cs)

Fmin=q**3*(Sy*(dabs(£))**2/((q2eps) **2))
Fplu=q**5*(Sy* (dabs (£))**2/((q2eps)**2))
Fzero=q**4*(Sy*(dabs(£))**2/((q2eps) **2))
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if (Z.eq.6.d0®) then
if(iE.eq.1)then
Fcorr=(0.147%q**6-0.428*q**5+0.463*%q**4-0.230%q**3
* +0.050*q**2+0.001*g-1.d-5) *Fmin
elseif(iE.eq.2)then
Fcorr=(0.311*q**6-0.985*q**5+1.185%q**4-0.666%*q**3
* +0.166*%q**2-0.008*g+1.d-6) *Fmin
elseif(iE.eq.3)then
Fcorr=(-0.152*%q**6+0.413%*q**5-0.387*%q**4+0.124*q**3
* +0.001*%q**2+0.000*g+1.d-5) *Fmin
elseif(iE.eq.4)then
Fcorr=(-0.464%q**6+1.373*q**5-1.500%q**4+0.727%q**3
® -0.150*q**2+0.015%q+1.d-5) *Fmin
elseif(iE.eq.5)then
Fcorr=(-0.219*%q**6+0.734%q**5-0.922%q**4+0.527%q**3
* -0.136*q**2+0.017*%q+4.d-6) *Fmin
elseif(iE.eq.6)then
Fcorr=(0.024%g**6-0.108*q**5+0.200%q**4-0.183*q**3
® +0.071*%q**2-0.003*g+3.d-6) *Fmin
elseif(iE.eq.7)then
Fcorr=(-0.262*%q**6+0.840*q**5-1.000%*q**4+0.529%q**3
* -0.123*q**2+0.016%q+9.d-6) *Fmin
elseif(iE.eq.8)then
Fcorr=(0.293*q**6-0.998*%q**5+1.299%q**4-0.801*%q**3
* +0.223*%q**2-0.015*g-5.d-6) *Fmin
elseif(iE.eq.9)then
Fcorr=(-0.115%*q**6+0.381*%q**5-0.460%q**4+0.229%q**3
* -0.042%q**2+0.006%q-2.d-5) *Fmin
endif
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C
elseif (Z.eq.13.d0®) then
if(iE.eq.1)then
Fcorr=(0.228%q**6-0.709*q**5+0.881*q**4-0.573*%q**3
* +0.191*%q**2-0.003*g+2.d-5) *Fmin
elseif(iE.eq.2)then
Fcorr=(0.344%g**6-1.199*g**5+1.619*%q**4-1.078*q**3
* +0.344%q**2-0.017*g-3.d-6) *Fmin
elseif(iE.eq.3)then
Fcorr=(-0.094%q**6+0.252*q**5-0.206%*q**4-0.006%q**3
* +0.051*%q**2+0.012*g+3.d-5) *Fmin
elseif(iE.eq.4)then
Fcorr=(-0.115%q**6+0.296*q**5-0.224%q**4-0.029%q**3
* +0.064*%q**2+0.013*g-3.d-6) *Fmin
elseif(iE.eq.5)then
Fcorr=(0.191*%q**6-0.641*q**5+0.869%q**4-0.639%q**3
* +0.226%q**2-0.003*g+9.d-6) *Fmin
elseif(iE.eq.6)then
Fcorr=(-0.365%q**6+1.128*q**5-1.286%q**4+0.605%q**3
® -0.113*q**2+0.032*%q+4.d-6) *Fmin
elseif(iE.eq.7)then
Fcorr=(0.336%q**6-1.027*g**5+1.200%q**4-0.714*q**3
* +0.198*q**2+0.008*g+7.d-6) *Fmin
elseif(iE.eq.8)then
Fcorr=(0.122*%g**6-0.419*g**5+0.565%q**4-0.419%q**3
* +0.139*%q**2+0.012*g+4.d-6) *Fmin
elseif(iE.eq.9)then
Fcorr=(-0.310*%q**6+0.878*q**5-0.875%*q**4+0.299%q**3
® -0.014*%q**2+0.021*q+2.d-5) *Fmin
endif
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C
elseif (Z.eq.29.d0®) then
if(iE.eq.1)then

Fcorr=(-0.138*%q**6+0.063*q**5+0.813*%*q**4-1.514%q**3

o
w

+1.000%g**2-0
elseif(iE.eq.2)then

Fcorr=(0.650%q**6-2.382%q**5+3.615%q**4-2.993%q**

+1.080%q**2-0.

o
S

elseif(iE.eq.3)then

Fcorr:(®_395*q**6_1_555*q*
+1_1®®*q**2_®.

o
S

elseif(iE.eq.4)then

Fcorr=(0.499%q**6-1.748%q*
+1_221*q**2_®.

o
S

elseif(iE.eq.5)then

Fcorr=(0.039%q**6-0.304*q*
+®_781*q**2_®.

o
1S

elseif(iE.eq.6)then

Fcorr=(0.132%q**6-0.647*q*
+®_875*q**2_®.

o
1S

elseif(iE.eq.7)then

FCOI‘I‘:(@ . ®75*q7‘s‘7‘»‘6_® . 41@7’:q~k
+®_814*q**2_®.

o
1S

elseif(iE.eq.8)then

Fcorr=(0.132%q**6-0.65%q**
+®_9®8*q**2_®.

o
1S

elseif(iE.eq.9)then

Fcorr=(0.506%q**6-1.734%q*
+1_®®8*q**2_®.

o
s

endif

.122%q-1.d-5)*Fmin

021*%g-2.d-5)*Fmin

*5+2_572*q**4_2_392*q**
063*q-8.d-6) *Fmin

*5+2_599*q**4_2_311*q**
089*g-1.d-5)*Fmin

*5+®_857*q**4_1_347*q**
007%q+8.d-6) *Fmin

*5+1_333*q**4_1_67*q**3
012*%g+3.d-5)*Fmin

*5+0.979*q**4-1.451%q**3
003*qg+7.d-6) *Fmin

5+1.349%q**4-1.723%q**3
915%q-1.d-5)*Fmin

¥542 . 506%q**4-2.269%q**3
016%q-7.d-6) *Fmin
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endif

Scorr=Scorr+Fcorr*WQ(iq)

Smin=Smin+Fmin*WQ(iq)

Splu=Splu+Fplu*WQ(iq)

Szero=Szero+Fzero*WQ(iq)

enddo

enddo

Sexact=Smin-C1*Splu+pi*Z*alp*dsqrt(Cl)*(Szero-Splu)

FSmin(iE)=Smin

FSzero(iE)=Szero

FSplu(iE)=Splu

FS(iE)=Sexact

FScorr(iE)=Scorr

Fds(iE)=FS(iE)+FScorr(iE)

Smin=0.d0

Szero=0.d0®

Splu=0.d0
Scorr=0.d0

enddo

do iE=1,9

write(10,7000) rho(iE),Fds(iE),FS(iE),FS(iE)/Fds(iE)
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7000 format(£30.4,13(’,’£30.4))
enddo

END

SUBROUTINE GAUSAB( X, W, A, B, NPT )

/b

Gaussian quadratures for | f(x)dx. NPT must be even & <100.

/a

N O O O 0O 0O

IMPLICIT REAL*8 (A-H,0-Z)

REAL*8 X(1), W(1)

REAL*8 XX, Ww, C1, C2
COMMON / GAUSCM / XX(100), Ww(100)

NPT2 = NPT/2

IFC A .EQ. 0. .AND. B .GT. .5E20 ) THEN
CALL GAUS(NPT, 1)
DO 5 N =1, NPT
X(N) XX(N)
W(ND) Ww(N)
5 CONTINUE
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10

20

RETURN

END TIF

CALL GAUS(NPT,®)

Cl = (B-A)/2.

C2 = (B+A)/2.

DO 10 N = 1, NPT2

M =NPT2 +1-N

X(N) = - XX(AD*C1 + C2
WN) = wWw@D*C1
CONTINUE

DO 20 N = NPT2+1, NPT

M=N-NP
X(N)
W(N)
CONTINUE

RETURN

END

T2

XX(D*C1 + C2
Ww (M) *C1

N O N0 0O N

SUBROUTINE GAUS(NN,ITYPE)

STANDARD SETTINGS ARE: IALF=IBTA=0,0<NN<100,
ITYPE=0 :
ITYPE=1 :

-1 TO +1 POINTS
® TO INFINITY
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IMPLICIT REAL*8 (A-H,0-Z)

DATA TIALF, IBTA / 0, 0 /

GAUJAC COMPUTES GAUSS - JACOBI INTEGRATION WEIGHTS AND NODES

ORI A SR SRR A SR SRR R R R RN A S SRR R SR R R A S SR R R A S RO R S S SOOI A SR SR R R A R R R R ORI R R SRORORKN
P A L R A A L T o g A b T ol g e T T A A A O o R ARR e Lo o i A A S T o e A A T o g A Al T o A A T T o AR A IR iR T e A A T o A o 1y

B S R T P P M P PR SR A FR SR A A P P PRI P PR SRR R P M PR S I P S SRR A P SRR ORI M PR SRR SRR M PR SR AR M PR SRR ORI K R RO
AN T RN A A RN T RN A A TN R A AT TR ARNT R RARTNTRRAARATTRTRRARATTRARATRTRARNRTRTRARTNTRTRARTTRRRARTRTRARNRS

NN NN NN

DIMENSION X(100),A(100),B(100),C(100)
DIMENSION XX(100), Ww(100)
DIMENSION G(100)

COMMON/GAUSCM/XX , WW

PI=3.141592653589793238D0

ISUM=TALF+IBTA
IDIF=IBTA-IALF
FNUM=ISUM*IDIF
ALF=IALF
BTA=IBTA

C CALCULATE COEFFICIENTS REQUIRED BY JACOBI

DO 20 I=1,100

I2=I+I

IM=I-1
DEN=(ISUM+I2)*(ISUM+I2-2)
IF(ISUM.EQ.0) GO TO 67
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B(I)=FNUM/DEN
GO TO 68

67 B(I)=0.D0

68 FNUMP=4*IM* (IALF+IM)* (IBTA+IM) * (ISUM+IM)
DENP=(ISUM+I2-1)*(ISUM+I2-2)**2*(ISUM+I2-3)
IF(((ISUM.EQ.®).OR. (ISUM.EQ.1)).AND. (I.EQ.1)) GO TO 69
C(I)=FNUMP/DENP
GO TO 20

69 C(I)=0.D0O

20 CONTINUE

Commmm o
C For outputting quadratures

Cm o
C TYPE 34

C34 FORMAT(1X, ’FILENAME FOR INTERMEDIATE RESULTS =7 (A10)’)
C ACCEPT 35,FNAMX

C35 FORMAT (A10)

C OPEN(UNIT=3,FILE=FNAMX, STATUS="NEW’)

Cmm -
C For outputting quadratures
T S R
C TYPE 70

Cc70 FORMAT (1X, OUTPUT FILENAME ? (A10)°’)

C ACCEPT 71,FNAM

C71 FORMAT (A10)
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C OPEN(UNIT=7,FILE=FNAM, STATUS="NEW’)

C o o o o o
C OUTPUT DATA STATEMENT OF WEIGHTS AND NODES
C
IF(ITYPE.EQ.®) GO TO 130
DO 100 I=1,NN
IT=NN+1-I
C XX(I)=(1.0D+00+X(II))/(1.0D+00-X(II))
C WW(I)=2.0D+00*G(II)/((1.0D+00-X(II))**(TIALF+2)*
C 1 (1.0D+00+X(II))**IBTA)
ZZ=PI1*(1.0D+00+X(II))/4.0D+00
XX(I)=SIN(ZZ)/C0S(ZZ)
WW(I)=G(II)*PI*0.25D+00/(COS(0.25D+00*PI*(1.0D+00
1 +X(II)))**2)
C
C WRITE(7,120)I,I,XX(I),Ww(I)

120  FORMAT(6X,6HDATAX(,I2,6H,M),W(,I2,4H,M)/,D22.15,1H,,
1 D22.15,1H/)

100 CONTINUE
RETURN
130 CONTINUE
NI=NN/2
DO 140 I=1,NI
IT=NT+1-I
XX(I)=X(II)
WW(I)=G(II)
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140  CONTINUE
RETURN
END
SUBROUTINE JACOBI(NN,X,A,ALF,BTA,B,C,EPS,CSX,CSA,TSX,TSA)
IMPLICIT REAL*8 (A-H,0-Z)
C

C********************************************************************

CALCULATES THE ZEROS X(I) OF THE NN-TH ORDER JACOBI POLYNOMIAL
PN(ALF,BTA) FOR THE SEGMENT (-1,1)

THE LARGEST ZERO WILL BE STORED IN X(1).

ALSO CALCULATES THE CORRESPONDING COEFFICIENTS A(I) OF THE
NN-TH ORDER GAUSS-JACOBI QUADRATURE FORMULA OF DEGREE 2*NN-1.
THIS SUBROUTINE MUST BE GIVEN THE COEFFICIENTS:

(ALF+BTA) (BTA-ALF)

(ALF+BTA+2N) (ALF+BTA+2N-2)

4(N-1) (ALF+N-1) (BTA+N-1) (ALF+BTA+N-1)

c(N)

C

C

C

C

C

C

C

C

C B(N)
C

C

C

C

C (ALF+BTA+2N-1) (ALF+BTA+2N-2) **2 (ALF+BTA+2N-3)
C

C

C

IN THE RECURSION RELATION
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P(N) = (X-B(N))*P(N-1)-C(N)*P(N-2)

FOR ALL N LESS THAN OR EQUAL TO THE HIGHEST DEGREE NN.

CSX
CSA

CALC SUM X(I) TSX
CALC SUM A(I) TSA

TRUE SUM X(I)
TRUE SUM A(I)

R R L o R S R o o L R o R

N O N0 O O 0O 0O O 0O 0N

DIMENSION X(100),A(100),B(100),C(100)
FN=NN
CSX=0.D0
CSA=0.D0
BETA=EXP (FLGAMA (ALF+1.D0O)+FLGAMA (BTA+1.D0®) -FLGAMA (ALF+BTA+2.D0))
CC=2.**(ALF+BTA+1.)*BETA
TSX=FN* (BTA-ALF)/(ALF+BTA+2. *FN)
TSA=CC
DO 1 J=2,NN
1 CC=CC*C(I)
DO 12 I=1,NN
IF(I-1)12,2,3
C LARGEST ZERO
2 AN=ALF/FN
BN=BTA/FN
R1=(1.DO+ALF)*(2.78/(4.+FN*FN)+.768*AN/FN)
R2=1.D0+1.48*AN+.96*BN+.452*AN*AN+.83*AN*BN
XT=1.DO-R1/R2
GO TO 11
3 IF(I-2)12,4,5
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10

SECOND ZERO
R1=(4.1+ALF)/((1.+ALF)*(1.+.156*ALF))
R2=1.D0+.06* (FN-8.)*(1.D0+.12*ALF) /FN
R3=1.D0+.012*BTA*(1.D0+.25*ABS(ALF)) /FN
RATIO=R1*R2*R3
XT=XT-RATIO*(1.DO-XT)

GO TO 11
IF(I-3) 12,6,7

THIRD ZERO
R1=(1.67+.28*ALF)/(1.D0+.37*ALF)
R2=1.D0+.22%*(FN-8.D0®) /FN
R3=1.D0+8.*BTA/((6.28D0O+BTA) *FN*FN)
RATIO=R1*R2*R3
XT=XT-RATIO*(X(1)-XT)

GO TO 11
IF(NN-I-1)10,9,8

MIDDLE ZEROS
XT=3.*X(I-1)-3.*X(I-2)+X(I-3)

GO TO 11

SECOND LAST ZERO
R1=(1.D0+.235*BTA)/(.766D0+.119*BTA)
R2=1./(1.D0+.639*(FN-4.D0)/(1.D0+.71*(FN-4.D0)))
R3=1./(1.D0O+20.*ALF/((7.5DO+ALF) *FN*FN))
RATIO=R1*R2*R3
XT=XT+RATIO* (XT-X(I-2))

GO TO 11

LAST ZERO
R1=(1.D0+.37*BTA)/(1.67D0+.28*BTA)
R2=1./(1.D0+.22*(FN-8.D0) /FN)
R3=1./(1.D0+8.*ALF/((6.28DO+ALF) *FN*FN))
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RATIO=R1*R2*R3
XT=XT+RATIO* (XT-X(I-2))

C
11 CALL GSROOT(XT,NN,ALF,BTA,DPN,PN1,B,C,EPS)
X(I)=XT
A(I)=CC/(DPN*PN1)
C o m o
C WRITE(3,20)ALF,BTA,NN,I,XT,A(I)
Cm oo
CSX=CSX+XT
CSA=CSA+A(I)

12 CONTINUE

C WRITE(3,22)CSX,CSA,TSX,TSA

20 FORMAT(1X,2F6.2,2I3,2(1X,D26.18),1X, (1X,D26.18))

22 FORMAT(1HO, /,5X, ’CSX =’,D25.18,5X,’CSA =’,D25.18,/,
1 5X,’TSX =’,D25.18,5X,’TSA =’,D25.18)

RETURN

END

SUBROUTINE GSROOT(X,NN,ALF,BTA,DPN,PN1,B,C,EPS)
IMPLICIT REAL*8 (A-H,0-Z)

R T R R S e S S R R R R R R S R N R R RORON
SRR i e A T i e e T i e i Tl T2 e A R A e e e e i e A e e e i i L Tl e i e A Tl e e e e e i e e e Tl e i Tl e e e A T A A R KA

IMPROVES THE APPROXIMATE ROOT X
IN ADDITION WE ALSO OBTAIN:
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NN N Nn

DPN = DERIVATIVE OF P(N) AT X

PN1 = VALUE OF P(N-1) AT X

DIMENSION B(100),C(100)

ITER=0

ITER=ITER+1

CALL RECR(P,DP,PN1,X,NN,ALF,BTA,B,C)
D=P/DP

X=X-D

IF(ABS(D)-EPS)3,3,2

IF(ITER-10)1,3,3

DPN=DP

RETURN

END

SUBROUTINE RECR(PN,DPN,PN1,X,NN,ALF,BTA,B,C)
IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION B(100),C(100)
P1=1.D0O

P=X+(ALF-BTA) /(ALF+BTA+2.D0)
DP1=0.D0O

DP=1.D0

DO 1 J=2,NN
Q=(X-B(J3))*P-C(I1)*P1
DQ=(X-B(J))*DP+P-C(J)*DP1
P1=P

P=Q

DP1=DP
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N NN NN N N NN

sk
b
H

sk
b
s

DP=DQ
CONTINUE
PN=P
DPN=DP
PN1=P1
RETURN
END
FUNCTION FLGAMA(W)
IMPLICIT REAL*8 (A-H,0-Z)

L I T I I T T S A T S S T P P SR A R P PR SR R R K RN
HHHARANTHTAARATTRARNTTRARTRTRRERARATRTRTRRARTTRTRARNRR

B S T S S A M P PR R P PR SRR A M PR R R K R SRR
AR HRARATTRARNTRTRAARTRTRARATRTRARNTRRARNRR

CALCULATES LOG(BASE E)GAMMA(W) FOR W REAL AND GAMMA(W) POSITIVE.
USES STIRLING’S APPROXIMATION
ACCURATE TO ABOUT 12 SIGNIFICANT PLACES

PI=3.141592653589793238D0
X=W
M=0
FK=-1.D0®
IF(X-.5D®)1,1,2

W LESS EQ .5
M=1
XPI=X*PI
X=1.D0-X
FK=FK+1.DO
IF(X+FK-6.D0)2,2,3
Z=X+FK

R R A A A N RO K R NN
THHHRARNTRRARRTRR"
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10
11

272=7%Z
LOG GAMMA(Z), Z GREATER 6.

Y=(Z-.5)*L0G(Z)-Z+.9189385332047+(((((((-10861851./7Z
1 +2356200.)/ZZ-704820.)/2Z+309400.) /7ZZ-218790.) /ZZ
2 +291720.)/2Z-1021020.)/Z2Z+30630600.)/Z2/367567200.
IF(FK)6,6,4

IK=FK

DO 5 I=1,IK

FK=FK-1.

Y=Y-LOG(X+FK)

IF(M7,11,7

P=PI/SIN(XPI)

IF(P)8,8,10

WRITE(6,9)W

FORMAT (2X, 6HGAMMA(D11.4,13H) IS NEGATIVE)

Y=0.

GO TO 11

Y=LOG(P)-Y

FLGAMA=Y

RETURN

END
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