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10 tdoddootdod

0000000000000 0000 [2]0000000000D0O00O00OOOO
clguogobobooobbuboooobbobon

1.1 0Odd

0000 (atomicmass) 000 0000000000000 O0OOOOOOOO
000000000000 0000000 (nuclear mass) 00000000000
00000000000000000 [3][4]

00000000 (atomic number) 0 Z,0000 (neutron number) D NO O
00Z000000 (proton number) 0000000 A= N+2Z0000 (mass
number) 0 0000000000000 OOO AM(N,Z)D0000000O000O0O
00000000 NMN,Z) 000000000000 0ooO

AM(N,Z)O NM(N,Z)000000000000000000

AM(N,Z) = NM(N, Z) + Zm, — kg Z**° (1.1)

000000000000000000000000000000000000000
(binding energy) 0 000000000000 000000000000 kg x 2239
0000000000000000

ko = 1.433 x 107° MeV (1.2)
D00D000000D000000 (electron mass) 0 m, 0000000
me = 5.485799110 x 10~ *u (1.3)

goon

0000 (1.1)000000000o0oooooooooooooooooooooo
10000 (proton) 0000000000000 myOOOOO (proton mass)m,
googbobbooooooooo

my = Mp+ Me — k1239
= mp + me — ke, (1.4)
my, = 1.00727646688u. (1.5)

O000O00oobOooobobbOoobDOononU 13.6eVO OO0k, =14.33eVUOO 0.7keV
OO000OoooDbooOooognDkvVOOOOOOOOOD 100keVODOOODDOODO
goooobbobobbobbooboobobbobuoooooon



1.2 O00O0O0O0OO0

00000000000000000000000000000000000
0000000000000000000000 (mass excess) 00000000
0 AME(N,Z)0000

AME(N, Z) = AM(N, Z) — (N + Z)u (1.6)

0000000000 0uwdD0D00O000 (atomic mass unit) 000000000
gboodoboobi120b0bobd1gbbbdi1200 1000400

u = 931.494013 MeV (1.7)

gooo

1.3 U0boobooboooobd

gbobobooooobuooobbobobbbobbboboobobobbooon
gboobbdooouboobobbbbuobboouobbobobooooobbn
oooobO MOOooOoooobooooOooooooboD mObDbOOO0Ob0DbDO0oObDO
BEO O

BE:Zn:mZ- - M (1.8)

i=1
0000000000000 0000000 (atomic binding energy) 000000

g NOOODOODO ZzoOooooboboboboobooooboobobooboo
0000000000 ABE(N,Z) 0000000000

ABE(N, Z) = Nmy + Zmy — AM(N, Z) (1.9)
000000000 0Om, 000000 (neutron mass) 0 O
my = 1.00866491578u (1.10)
O00O0myg0000000 (hydrogen atom mass) O 0
my = 1.007825032u (1.11)

oooo

0000000000000 0 (nuclear binding energy) 00 00000000
00000000 NODODOOO ZO00O0OOODODOOOOOOOOODOOOOOO
000000000 NBE(N,Z)DOOOOOOOOO

NBE(N, Z) = Nmy, + Zm, — NM(N, Z) (1.12)
0000(1.1)000

NM(N, Z) = AM(N, Z) — Zme + kq 2> (1.13)

5



DoOoodoo@.e)0on
AM(N, Z) = AME(N, Z) + (N + Z)u (1.14)
0000(1.14)00 (1.1) 0000000
NM(N, Z) = AME(N, Z) + (N + Z)u — Zme + ka 2> (1.15)
0000000 (1.12)0000000

NBE(N,Z) = Nmy+Zm, — AME(N,Z) — (N + Z)u+ Zme + ka Z**
= (mn—w)N + (my, —w)Z — AME(N, Z) + Zm, + kg Z**
= (mn—WN + (my +me —0)Z + kg Z** — AME(N, Z).
(1.16)

(1.4)000
mp + Me = My + kel (1.17)
000 (1.16) 0000000

NBE(N,Z) = (mn—wN + (my+ ko — W) Z — kaZ%% — AME(N, Z)
= (my— )N + (mg —1)Z — kq(Z2** — Z) — AME(N, 2)

godadg

1.4 ODOOOOO

00000000000000000NM(N,Z)000000000000000
00 AME(N,Z)0000000000000000NM(N,Z)0 AME(N,Z)000
000000000

NM(N, Z) = Nm, + Zm, — NBE(N, Z)
000000 (1.18) 00000000
NM(N,Z) = Nmy+ Zm,— (m, —u)N — (mg —u)Z
+ ka (2% — Z) + AME(N, Z)

= uN + (my — mg +0)Z + kq(Z2** — Z) + AME(N, Z)
= uN + (kg — me + 1) Z + ka(Z*%° — Z) + AME(N, Z)

= uN+ (u—me)Z + kaZ** + AME(N, Z)

(1.18)

gooo
000000000 (1.18) 000000000000 ooOo0ooooooO

6



1.5 O0O00ooogbobooon

O000D00000000 G.Audild A.-H. Wapstrall C.Thibault 0 OO OO
0000000000000000 13)00000oooooooon
000000000000 00000000000000 mass.mas030(200300
O00000000)0000001.10000000000000000000000
gbobodboobbobooobbboooobod

e 11000000000 0UDUODDOUODO(OUOODDOOUDODO)DDODOOOOO
goood

e 20000 WMN-ZOOUUDOOOODODODODDODDOOOOOO

030000@MNOODOODODO (neutron number) 00 00

040000 M Z00000 (proton number) 00 00

e 50000MANIIDNODDDOODODOOODOODODOODOOOD (mass number)
gooo

e 600I0DDMELOOIODODOOOODOO

Ov70000moobbOoboboobooboonoogoon

e 18000 IMMASSEXCESSOOOOOOOOOODDOODOOOOO AME(N,Z)
gobbooogogg

090000 MM MASS EXCESSOOOOOOOO

e 1 100000 M BINDING ENERGYUD 1000000 DODODODODOO
goboognd

e [ 110000 M BINDING ENERGYUUO O OOODOO

01200000p4000000 g~ 000 pr000000

e [ 130000 M BETA-DECAY ENERGYOUO pgOb0O0oOoooOoOoDODO
e [ 140000 MM ATOMIC MASSOOOOOOOOOO

015000000 ATOMIC MASSOOOOOOOO



1 alOpeysza ATOMIC MASS ADJUSTMENT
DATE 18 Nov 2003 TIME 14:12
0 skok ok ok ok ok ok ok s kok sk ok ok ok ok ok ok ok A= 0 TO 293
* file : mass.mas03 *

This is one file out of a series of 3 files published in:
"The Ame2003 atomic mass evaluation (II)" by G.Audi, A.H.Wapstra and C.Thibault
Nuclear Physics A729 p. 337-676, December 22, 2003.
for files : mass.mas03 atomic masses
rctl.mas03 react and sep energies, part 1
rct2.mas03 react and sep energies, part 2

A fourth file is the "Rounded" version of the atomic mass table (the first file)
mass.masO3round atomic masses "Rounded" version

All files are 3179 lines long with 124 character per line.
Headers are 39 lines long.

Values in the files 1, 2 and 3 are exact (unrounded) copy of the published ones

Values in the files 4 are exact copy of the published ones

col 1 : Fortran character control: 1 = page feed O = line feed

format : al,i3,i5,ib,i5,1x,a3,a4,1x,f13.5,f11.5,f11.3,f9.3,1x,a2,f11.3,f9.3,1x,13,1x,f12.5,f11.3,1x
cc NZ N Z A el o mass unc binding unc B beta unc atomic_mass unc

Warnings : this format is not identical to the one used in Ame1993 and Ame1995

in particular "Mass Excess" and "Atomic Mass" values are given now, when necessary,
with 5 digits after decimal point.
also, the "Binding Energy" column is replaced by a "Binding Energy per A" one.
decimal point is replaced by # for (non-experimental) estimated values.
* in place of value : not calculable

L LA 20k LB BB T Bl 9L 10 L L 20

MASS LIST
for analysis

1N-Z N Z A EL 0 MASS EXCESS BINDING ENERGY/A BETA-DECAY ENERGY ATOMIC MASS
(keV) (keV) (keV) (micro-u)
0 1 1 0 1 n 8071.31710 0.00053 0.0 0.0 B- 782.347 0.001 1 008664.91574 0.00056
-1 0 1 1H 7288.97050 0.00011 0.0 0.0 B- * 1 007825.03207 0.00010
0 0 1 1 2 H 13135.72158 0.00035 1112.283 0.000 B- * 2 014101.77785 0.00036
0 1 2 1 3 H 14949.80600 0.00231 2827.266 0.001 B- 18.591 0.001 3 016049.27767 0.00247
-1 1 2 3 He 14931.21475 0.00242 2572.681 0.001 B- -13736# 2000# 3 016029.31914 0.00260
-3 0 3 3 Li -pp 28667# 2000# -2267# 667# B- * 3 030775# 2147#
0 2 3 1 4 H -n 25901.518 103.286 1400.351 25.821 B- 23476.602 103.286 4 027806.424 110.881
0 2 2 4 He 2424 .91565 0.00006 7073.915 0.000 B- -22898.270 212.132 4 002603.25415 0.00006
-2 1 3 4 Li -p 25323.185 212.132 1153.761 53.033 B- * 4 027185.558 227.733
0 3 4 1 5H -nn 32892.440 100.000 1336.360 20.000 B- 21506.207 111.803 5 035311.488 107.354
1 3 2 5 He -n 11386.233 50.000 5481.132 10.000 B- -292.653 70.711 5 012223.624 53.677
-1 2 3 5 Li -p 11678.886 50.000 5266.132 10.000 B- -26317# 3996# 5 012537.800 53.677
-3 1 4 5 Be X 37996# 3996# -154# T99# B- * 5 040790# 4290#
0 4 5 1 6 H -3n 41863.757 264.906 963.633 44 .151 B- 24268.651 264.908 6 044942.594 284.388
2 4 2 6 He 17595.106 0.755 4878.017 0.126 B- 3508.313 0.755 6 018889.124 0.810
0 3 3 6 Li 14086.793 0.015 5332.345 0.002 B- -4288.154 5.448 6 015122.794 0.016
-2 2 4 6 Be - 18374.947 5.448 4487 .262 0.908 B- -25228# 699# 6 019726.317 5.848
-4 1 5 6 B X 43603# 699# 152# 116# B- * 6 046810# T50#
0 b5 6 1 7H -nn 49135# 1005# 940# 144# B- 23034# 1005# 7 052749# 1079%#
3 5 2 7 He -n 26101.038 16.658 4119.070 2.380 B- 11192.898 16.658 7 028020.618 17.883
1 4 3 7 Li 14908.141 0.079 5606.291 0.011 B- -861.893 0.071 7 016004.548 0.084
-1 3 4 7 Be 15770.034 0.106 5371.400 0.015 B- -12098.312 70.712 7 016929.828 0.113
-3 2 5 7B +3n 27868.346 70.712 3531.306 10.102 B- * 7 029917.901 75.912
0 4 6 2 8 He 31598.044 6.868 3925.975 0.859 B- 10651.200 6.869 8 033921.897 7.373
2 5 3 8 Li 20946 .844 0.095 5159.582 0.012 B- 16005.172 0.101 8 022487.362 0.101
0 4 4 8 Be 4941.672 0.035 7062.435 0.004 B- -17979.819 1.001 8 005305.103 0.037
-2 3 5 8 B 22921.490 1.000 4717.164 0.125 B- -12172.570 23.089 8 024607.233 1.073
-4 2 6 8 C 4n 35094.060 23.068 3097.800 2.883 B- * 8 037675.025 24.764
0 b5 7 2 9 He 40939.429 29.418 3348.637 3.269 B- 15985.165 29.481 9 043950.286 31.581
3 6 3 9 Li 24954 .264 1.935 5037.839 0.215 B- 13606.616 1.928 9 026789.505 2.077
1 5 4 9 Be 11347.648 0.398 6462.758 0.044 B- -1068.034 0.899 9 012182.201 0.426
-1 4 5 9B - 12415.681 0.983 6257.160 0.109 B- -16494.809 2.353 9 013328.782 1.055
-3 3 6 9C -pp 28910.491 2.138 4337.476 0.238 B- * 9 031036.689 2.295
0 6 8 2 10 He ++ 48809.203 70.001 3033.927 7.000 B- 15758.623 71.615 10 052398.837 75.149
4 7 3 10 Li -n 33050.581 15.124 4531.555 1.512 B- 20443.910 15.123 10 035481.259 16.236
2 6 4 10 Be 12606.670 0.401 6497.711 0.040 B- 555.939 0.557 10 013533.818 0.430
0 5 5 10 B 12050.731 0.386 6475.071 0.039 B- -3647.951 0.118 10 012936.992 0.413
-2 4 6 10 C - 15698.682 0.403 6032.041 0.040 B- -23101.466 400.000 10 016853.228 0.432
-4 3 7 10 N - 38800.148 400.000 3643.660 40.000 B- * 10 041653.674 429.417

O 1.1: GAudi O AHWapstra 0 C.Thibault OO0 000000 OOOODOODODOODOOO
0 mass_mas030 0 100



1.6 OOOO0OoooO

0000000000 MASS EXCESSI BINDING ENERGY I ATOMIC
MASSOOOOOOoOOOoOoOOoOooooboooobooooboboooboobooobOoDboo
googbugoogboboobbuoouobobooobbooboooobobobn
goobdboogoboon

000000000 massmas0300 000000222600 (NOZ)O0ODOOOO
godug1rz2b000booogbboobbobouougoboobooobooouobogn
oboobooood

120 I I I I I 1 I
known nuclei + N
_:_|:+
100 i
N
o 80 -
=
= 60 | -
S
*é' 40 -
o
20 -
O . ] ] ] ] ] ] ]

O 20 40 60 80 100 120 140 160
Neutron Number N

012 222600000000000 00:0000 ODO:00O0



1.7 ODOUooooooo
goggbobbodooobobbooogboboboobbobood

ABE
AM
AME
Kel

NBE

OooDOoOooooooOoogoooaOo

mass number
atomicbinding energy
atomic mass

atomic massexcess
electric binding energy
electron mass
hydrogen atom mass
neutron mass

proton mass

neutron number
nuclear bindingenergy
nuclear mass

atomic massunit

proton number

10

goo
gboobogobgn
goooo
obooobo
gboobogoobgn
gooo
gooogd
gobooo

gooo

gooo
oboboobobog
gboogoaod
gbooao

goo



20 UOo0odobod

21 0O0OOO

O00000000000000010000000000000 NBE(N,Z)/(N+
Z) 0000000000000 02.10000000000000A=N+2Z000
gi1iboagooboboaobobaaon

9

8 -
g ’ 1
< ° i
w5 i
3 4 i
2
o 3 .
2 2t .
©
I i

0 -

1 L L L L L

0 50 100 150 200 250 300

Mass Number A

021000 A00OCOOODOOOOOOOODODOOOOOOOOOOOO

goboobboobobobooboooooboobuoobboo 8sMevOOoog
gbogi1gbbggboogoubgobobobboobiboounoobuooobogoo
00000000000 00ooOoOoooo 1o

gogboobbbobouooooobdooobbboooooboooboobbn
000000 (liquid-drop model) 0 000 0000000000000 O0OOOO
gbbogoobboouooobboboobobuobooobobo

2.1.1 Weizsacker-Bethe O O O O O

0000 (mass formula) 000000000000 Z0O00O0O0OO NOOOO
OOoooooobobobobobb0o0obobooooboOobbOn O Weizsacker-Bethe [
0000 [g)oCooo0iooooooooZ000ooO NOOOOOoOooooo
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gddodooooodoooooooooodd
M(N, Z) :Mvol—i-Msurf—i-Mc-i-Msym-i-Mpair (2.1)

0000500000000000 MOOOO Mye0OOO0O McOOODO My O
000 M,000000

(1)0o0o

0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000 VOO
V=0Ur/3)RPOR=rAA0000000000 VO ADDDOODOO0 V/AOOO
00000000060 0000000000000000

Mvol = (IV()]A (22)

0000
(2)000

000000000000000000000000000000000000C0
000000000000 00000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000 0000000000000000000000000
0000[10)0000000000000000000000000 SO S = 47R?
00000000 R=rAY2000000000000000 S0 42300000
0000000000 a0 000000000000000000

Msurf = asquQ/s (23)

0Dooo0o0o
(3)00000

gbhboboboooobbooooobboboobboobobobobboobod
D0000000000000000000000000000 ZeOOO Re = rgA'/3
gobbbodoobboboooobbobobbbobbdooo

OO0 QUO0O00DbO0OD pO00 ReOODDOOODOOODDOOODODODODODD
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ooo000o0O00oo0bOO0ob0o0oo00bOoo0bD roD0obO0O00o000oOoog dr
0000000000 duoOo0D000o00o00DO0o0bO00onog pObOOOO0O0O
O %ﬂ'pTS/47T€0TDDDD drO0000 4rpr?dr OOOOOO

4 2
dU = il ridr
380
Oo0ooooooooun
Rc 47Tp _ 4mp®RY
U= / - 2.4
360 1580 ( )
0000000000 ZeO O
4
Ze = —mpRY, (2.5)

3
DDDD(2.4)DDDDD (2.5)DDDDDDDDDDDDDDDDDDDD (Ze)2D
goono
B 1 3 Z%?
dmey 5 Re
DDDDRC:TcAl/SDDDDDDDDDDDDDDDDDDDDDDD
Z2
3e?
20megre

0000000 (r¢,Re,p000)ec000D000O0O0O0DOOOOODOON2]

(2.6)

Mo = (2.7)

ac =

(4)000

gooobooobobobobbbobbuobbboobboobobbobbobb oo
gogbboougogooobbobobotoooboobobobooobbboobn
gobobobobbbbbbbbotboooboobooboboboobbboao
godbbodbuobug-odbd~0goouogoboobobooooooan
gbbdgoboobboboobobobobuooboobbobbobboobobobo
gobbboboboggoouobbobououoboooboooboonboaon
gbobobobbooooobobbbobbooobooboboboobobbobooon
booddoooooogdoooododd ey OODOO0OO00O000O0000
good
(N - 2)°

- (2.8)

Msym = Qsym

(5)000
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00000000000000000000 LO0O0000000000 S000
000/=L+S00000000000000000000000000Z0 NO
gobboougobogdgobotubbboooobobuoboooooobbboon
gb20000000000u00o0buadgobbbuoo200000bbooaogon
gogbdgboboogbgoboobobboobb 20000 o0bbbbboognogn
gobobboooobooubboubbboouobobbooooooobbooan
O0000000b0ob0o0obo0ob0oobOobD ADODDO0D A *Oob0oOoboobbboo
gbooubooon az%DDDDDD

ao/AY? Z NOOODDOOO (0OO)
M., = 0 ADDO0O0O (0O AD,00) (2.9)
—aeo/AY? Z NOODDDOOO (ODO0).

2.1.2 JOO0b0OO0OO0O0obboOoOo

Weizsacker-Bethe 0 000 0OO000ODO Z, 0000 N, 000 ADOOOOODODOO

2 2 an/Al/2
Z N—-Z
M(Na Z) = avolA + asurfAz/S + OJCM + asym(14> + 0 (210)
—an/A1/2

Ooo0oooooooooooooooogd ((21)oooo)oboooooooo
000000000000 00000000000 (least squares method) 0 00 O
gooboboooooboobooboobooboboobo222e0000000000K0
00000000000 (root-mean-square) 0000000000000 0OOO
oooo

00000000000 00000/00 (0<i<I=22260000000 f(4),00
ooo N, 0000 Z,0000 A,=N;,+2,000000000

foli) = A, f1(i) = AP, foi) = Z2 AL, f(i) = (N; — Z:)?/A;,
A2 (N, zDOOOOOO)

fai) =4 —A7Y2 (N,z000000D0) (2.11)
0 (0DOoDOo0D0)
000000000000
K-1
f(@) =Y enfuli) (2.12)

k=0

00000000 00000000000 (¢ = ay,c1 = ay, s = ac,C3 = Gsym, C4 =
aeo) 0 K =50000
100 (0<i<[)DO0ODO0OO0ODOOD f(1,0ODO y OO0 fi)O v, 00D0DDOO

14



00000000000 0000000000000 000O000O0O0O000 f@A)
0o

2

E(co,c1,09,03,¢4) = i(y, — fx(i))? = i (yz- — i ckfk(@)> (2.13)

1=0 =0 k=0

~

gogoboobbobodoooon

-3 {50 (n- X an))} =0 G=1200K-1 @y

i=0 k=0
oot bbouobobbobobbobbibd g 00bn

K-1

> & (E% fz(i)fk(i)> = z;)yifl(i) (1=1,2---,K—1) (2.15)

1=0

gbooggdu

A = 020 [i() fr(0)
X, = e (2.16)
By = Y10 vifili)

O00000A,O0B000000[-10000000000000000000O (2.15)
0d

K-1

S ApXe=B, (=1,2,--- K1) (2.17)

k=0
0000000010000000000000000000000000 (Gaussian
elimination) 00000 [21]00000000000000000 (MeVOO0O)O

a, = —15.308 (2.18)
as =  16.480

ac =  0.693
Ggym = 22527 (2.19)
G = —11.245

gogd

2.1.3 0O00O0OO0O0O00O0bbObObOoOoOod

000000000 (2.10)0000000000000O00OO0OODODOODODO
M(N,Z)DOODOOOODODOOOODOODODODOOOOooooooooooooo
gboobboobboooobobbob220230000222600000000000
Ooo0 3.41MeVODO OO
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Mass Error (MeV)

Mass Error (MeV)

10

40 60 80 100 120 140
Neutron Number N

160

022000000000 Weizsdacker-Bethe 0ODOOO0O0OO0O0O0DODO

20 40 60 80 100
Proton Number Z

0 23: 000000000 Weizsdacker-Bethe 00D O0000D0OO0O
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22 0O0O0O

U2202300000000000000000000000000O0O0O0OO
gobbbodgbbbbobobbboobuoooboooboobbobbbobbo
OOoooooooubobobobo0obobooob0ooOon 19490 O Mayar [ Jensen
00000000000000 (shell model)D OO0

221 0O000OOO

00000000000000000000000000000000000000
000000000000 (2080200280500820126)0 000 (magic number)
D0000000000000000000000000000000000000
000000000000000000010000000000000000000
000000000000000000100000000000000000000
D0000000000000000000000000000000 (closed shell)
000000000000000000000000000000000

000000000000 (double magic) D0 000000000000000
00000000 [5)0

222 JO00O0O0bOO0O0OO0OO0O0

000000000000 0000000000 (shellmode)DOOOOOOO
0000000000000 0000D00000000000000000O0000O0
OO0o00o0o0oOooooOoO0OOOOO0O0000OcOoboO00oooooooooDoo
Ooo0o0o0oooooooobooooOOooOooOOoObOOO0bO0OooOOoOooOooboobDoO
0000000000000 (harmonic oscillator) 1 0000000000000
0000

1
V(r) = QMwQTQ (2.20)

ooooMODOOODOO0 wOoObOOOooOoOooboooooroboobobOooboon
O0o000,00 (2200000000000000000000D000O0ODOO0OO
O000DO Schrodinger 0 0O OO

h 1 9 9
<—2mV+2Mu} r)gb(r) = E¢(r) (2.21)
goobobobobbobooob rpoObD O
E = hw <N+§), (2.22)
N=n,+n,+n, (2.23)

Oodn,0n,0n, 0 200y00000000000000000000NO0O00
DoOobOoboooobbbog

17



D00000000000000000 N=0000 (ng,ny,n.) = (0,0,000 E =
(3/2)hwd 0000000000000 N =100 0(ng,ny,n.) = (1,0,0),(0,1,0),(0,0,1)
000300000000000000000000000000000100000
200000 (00000)000000000000000000000000 2.1
0000000 021000000000N=3000000000000000

N 0o 1 2 3 4 ) 6
ooo |2 6 12 20 30 42 56
ooo |2 8 20 40 70 112 168

021 00000000000 NOOODOOOODOOO

dooododdtuoogogoognouoooo oo oo oo oboouooaon
0 Woods-SaxonO O OO OOOoOoQOQOQd

—V

Vi) = l+exp(r—R)/a

(2.24)

D00D0OR=rAY*000000000000000000000O0O000OOOO0
00000000 Schrodinger 000000000 0O0ODOOO0OO0O0OO0OODOORO000
OOooooonD/0bobboo0o0ob0 NOODOUODOObOooDbDbOoOooUoo OWoods-
SaxonUOUODOOOOOOODO NOOODOnOOODOOOOOODODDOOODO
gobgoobooood

OUod N=2000000000000000 2s01dO0OD0O0OOO0OOOOOOO
00000000000 00000 OWoods-SaxonOOOOODOOOO0O0OO 2.5(b)
Oooobooooooooooo??oooobbor-roo0bobdd Woods-Saxon
gobobobbbbdoboodooooobuoooooooobobobobobooobo
gogdbooouoobobboooubobbobbb-rDo0bbobooogbo
OOo000gobod2sggooobooobboooboooobboob bbb bonn
goobboboogouogobobooboooboobobd 2sgbogooood
gbodboooouooboobbbbooboobobubobbooooobooba
0 1Jd0000000000000000000000000000000 2.5(b)O
000 2s0 1d00000O0O0OOO0O
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| | |
Harmonic Oscillator

Woods-Saxon -------

Potential Energy V

Radius r

024: 000000000000 Wood-SaxonOODOOOO

O000000Woods-Saxon 000000000000 0OOO (2.2)00000
OO0 dbobooooboz2os8pbzobibobooooobbooboobobobbon

N 0 1 2 2 3 3 4 4 4
nl Is 1p 1d 2s 1f 2p 1lg 2d 3s
ogoo |2 6 10 2 14 6 18 10 2
ooo |2 8 18 20 34 40 58 68 70

0 2.2: Wood-Saxon OO 0O0O0O0O NOOOOOOOnOOOOOOOOOOO

godbdgbobubudgooooobboboooooooobobobbuodoon
goobobbboouoobobboooooobobobobbdooooboon
goon

Oooobobooo/oobo sboooboboboooobgg

j=1l+35 (1#0)
{j:; (= 0) (2.25)

goggbbiooggb s0booobbon

—kl- 3 (2.26)

gboggbboodan



- {E -y -5 G

_{ | (j=l+iooo)

| -(+1) (j=1-i000) (2.27)

DDDDDDDDDDDDDDDDDDDDDj:l—i—%DDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDj:l—%DDDDDDDDDDDDDDDD
DDDD]’:Z—I—%DDDDDDDj:l—%DDDDDDDDDDDDDDDD-DD

obodoboobooouooobobobobobbbobobboboobooobogon
00000 25(c)0000
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hw/21T N=5 . 2p1/2
p N @ 1fs/2

51 S I--—-o S M P —
N D c— 13X 7
\ -~ p— 0 ke 7
N f ~~o
\ 2~ Ohor2
AN -~ 1712
N h e
—_—
) (82
N
N=4 . @
—_ N
S AN 1dss2
A
4r ST T I —— 1)
N\ S~ o e—
N =zzZ7 ——— Ohu
\\\ T ogir
N g g 1ds/2
— €
SN ogor
N=3 J
p _ 1pir
3r ST e e T ofs2
R 1p3/2
o~ &
S~e—— 0f72
N=2 S
[ P—— o TV
2 e — (Y
d e
0ds/2
N=1 Op1/2
P .
iF @ — " e -  Op32
N=0
S

o“- —_——— — __ Osire

(@) (b) (©)

025 () 0000000000000 0O0O0O0OO0OO0O0O(b) Wood-SaxonO OO OOOOOOOO
O000000(e)00D0-000000000000OO0OO0O0
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30 tUotutdboubbotubogd

3.1 Uooooooooon

gogoobobogobgboobboooooobob-bboooobbobon
gboobboobgbbobbboouoobboooboobbobobobbon
gugdobboobbbbououobotboogoogdybooooobbbooobao
gobbbooobbouooodgbuoobobbbobdobboboooobbobobod
gbhbouoobobooobobooobon
ggobbuoodooouobbooooobbbbobuobuobooobooobb
gobouobbooooobbobbuobooboboobobboooboooboo
Ooobooooboboobouobbouoooo ouoobobooooooooooo
OoooboobooooOoooboobobo0oooooo ooboooDE=00000O0
oooooooooobooooboooooooOoboOoboO0oDbO ;uoboobooboo

2j — 1

T <r?> (3.1)

Q; =

0000000 <?2>007200000000000000000 100000000
0000000000 Q;00(3.1)0000 @;<00000000m=,0000
Dobodbooooooobboobboobbobooboobbobboobobb
O00000000000000000 (eblate00)0O0 0000 10000000
000000000000 000 (000000 oo0)00o0OoOOo0o0o0ooO 100
000000000000 0000000000000000000 (prolated O)O
00000000ooooooo0o0 Qt=-Q,>00000(0C 3.100)0

<r?>0000000000000000 R=rAY300000000000 0
gogobdg

<7r?>= §T§A2/3 (3.2)
oooooo
Q= — i (33
00000000 L0000 j=7/20000r=12m0000
Q;' =0.19 x 107*m? (3.4)

00000000000 Qops =568 x 1072m200000 0 Qus/Q~' =300000
0000000000000000 Q000000000000
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> i
[ =
— S=

O 3.1: (a)prolate 0 O, (b)oblate O O

0000000 JRainwater 0 000 000000000000000000000
000000000000000000000000000000000000000
000000000 (110

3.2 JUOooooobood

gbobogobbogobobbobbboduouboubooogobbood
gbobbobbougobbobbooboboboobuouobbouoboboboobogd
gobbobboooooobbobboooboobuobbbooobobobobbbooon
godooooobobooouoobbibobouobooouoooboboodabo
gooboobobbobobboboboboboboboboooboobobobbg
gboooobbobboooooobbbbooouooboboooooooogo
gobbuodgbuoooobobbbobuooobobbuooooooobbbboo
gobogbogoooobbbdoobbbbobbbooooobbobobboboad
gbogooboooobooobboouoooobbouobboooooobobbon
gogoobbogbooobbdgsb3obugnoooubooobobbooogo
gododgboggbgobbbdabiobbubboooooooobobobbob
gbooboboobbbooboobbobbooboobbobobobbobobd
goobobooobobobobobobbobobouoboobobbboooobooaon
gboboboodbougbobdagbbooobbobboouooboobbbbbo
goobbbbobooboboobuobuouoooobbbuooooooooobooo
gbogbbodoodgboon
gbooooooboobobbobobooboboobboooobobobion
gogbbboouogboobobobbodoooobbobbouooboobboo
OO00o0o0o0ob0ooboboooboobooobz2oe00000bbboboOo KUTY DO
0000000000 000000 1900000 KUTYOOOODOOoOOoOoOooOoOo
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Ooboogo o7isMevVUOUODOUOOOOOOOOOOODODOOOOOOODOO
gbooooboboboooooKkKUTYODoobboboobooooobooooo
gbbobuoooogooooooobaoo
gboobogboobbooooboboobobuooooboobbbooooobo
gogooo
gbhbobbobbobdwoobboobobodoooooboobooboobobon
guodbbbiooouoboobobooouboobbobobobouboooobn
gbbogbuoboobouboooobbouooooobobobobobboooobbn
gbhobbboooggoobobobooobooooboobouobobobbogn
gugbbgbbbboobbbbbbooooooobbbbaoboouoood
guogbogbooobbobbooboobbbobbodoooooobbboboogo
0gd o.715MeV0OU0O0O0O0ODO0ODOO0ODODOODOODOOOO0OOOOOO

3.2.1 ODUOO0bOO0OO0bOOoOobOooODboOoOd

gboboboobboboobuooobobboboobobbbbobooooon
gobobbuobooogooboobobboboodoooooboboooobobooonoo
guodgbogbbuobbbuodbuodoouoouubbbooobobbboboobn
gobobobuobouggbuooobobbouobobobobboooooooboboo
gobbobbouoobboobbobbubobbbobuoobbouooobuabobbo
gbhbogodooboboogbboboboogooo
O0000000O0O000O0000000DOCOC0OCO0O0ODODDODO(UOoOooOogo
0)000000O0O0O0O0O0O0O0O00O000000D0D0DDOODOODOODOOOOO0
gbobobobobboogbbdbboodbobboobobbooobooboon
godgbobbbbbououboooobbobouobboouooobooooobbn
gobobbboogbbbooooooooobbboouboooooboboboboboon
0000 sharp-cut D0 00000 O0O0OO0OOOOOOODOOOOODOOODOODO
0000000000000 000 (polar angle))0 00000 O00O0OOOO

Ry
f) = =2
r(0) =5
Pyi(cosO)(i=1,2,...)0 2000 Legendre 0 000000 0000000000
0000000000000 0<I<7/20000R0O0O000C00OOOO

[1+ agPy(cos @) + ayPy(cos ) + agPs(cos ) + - - -] (3.5)

Ro(Z,N) =ro(N + Z)3 (3.6)

O00D0000r=12(m)0000000O000OCODOOOOOOOOOOOOOO

3 (4w 4 4 1/3
A= [14—%(5&3—%9&34—@24—---)} (3.7)

0000 Ps(cosf) 00000 (3.5) 00000000
00000000 W(N,Z)000O0000000000000000000000
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O32200wWOO0OOoooO

gobooboboooobbooboooooooboobbbooooogb1bbbo
000000 (03.200)0
goooboobboboooooooooooobooobobooboooooga
gboooooboooobbro n,0o00booooobbooboobooboobgad
000000000000000000000000000 (imtermediary shape)
goobuoboodgoon
00000000000000000 (occupied solid angle)2,. 00000000

s 2T
Doclro) = [ a6-sind [ dpO(r(6, %) ~ 10) (3.8)
0 0
D00 é000D0eO0DOOO0OO00000
o - 1 (z>0) (3.9)
0 (z<0)

O0Oo00ooooboobO-0bO0ob00000b00bO0obOb0o0obOOobDoboooDbO 2.0
000000000000 00000 2.000000000prolated 0 (DO O)
Ooblate00 (0DO0O0ODO0D0)0D000000O0ODO0ODOOOOODOODDODOOOOOO
Prolate DO OO DOOOOOO %<0DDDDDDDDDDDOb]ateDDDDDD
good %>0DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gobobogbooobbooubbibild 00000 bbbbobooobd
oooobooo0oooooounoooonn 0<d<f0bboooooouoooo

goooogo

6
Doe(r(0)) = 4x /O sin 96

= 4n(1 —cosf) (prolate 0 0O) (3.10)
Doe(r(0)) = 4x /@ ? sin 6d9
= 4mwcos (oblate 0 O) (3.11)

gbbbobgobboogbobboboboobbobbboooooobabbb
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033: 00000 2(r)

1. r=r,AY*0000,-0000000000000

2. 00b00uobbobbboooobobbuoboboboaoon

3. 00000 -0ob00ob0bbO0obO0obO00o0o0obOobOoobDoUDADDODDO
gbobooogggboooobobbooo

4. 000000000000 AODODOO)ODODODOOOOODODOOOOOODOOO
guoboobooogbooobbboobbiobo

goboguomobboooboodgbogoouooabobbooonooo
Dmogboooobobooobobooobobboooooobooooobooooboon
guddgbgobobbbooodoubboooouoooouobbobuooooo
00000000000000000000000000000 (00D AhDODOOOo
gboobobooobobboboboobbbooooooobobboobobobobbbon
gbooboooboooooboobod

gogboobogoooobbooboo-0obobbbb0d n,OOOOODODOOOO

0oo
dmn:{l—hlL—QZUW}dr (3.12)

™

0000hO0O0OO0OO0OO0O00D000000000000000(1<Ah<1).000r=0
0000 ry, =00000
00000000000000000000000000 Ryy0000Or < R
000 Q(r)=47000 drin =dr 0000007, =r00000007r > Ry O
0000 n, <r00000000000000000000000000000 7,
00000000000000

000000000000 00000000000000000000000000
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034 1y >r1 0000000000 R(r)

Oo00ooogoooobooooooboo (D 3.4DD)D
Qim(hm)Tiderim = ro(r)erT (313)

0oo00R,.00000000000000000000 n,, 00000000000
D00000(0)00O0 (3.13)00000000 [r,r+dr 000000000000
000000000000 [P, e +dnm0000000000000000000
000000000000 0000000000000000ooooouooon
000000Ooooooooo

(3.12)00 (3.13) 000000000000 r=r(AD0 r000 AO0D0DO00OO
0000000 meO 6, 000000000000000 prolate0 000000
oooO0o0o0ooooooog

O (r = Ruiny 0 =2) 0 (7im = Ronin, b = 2) 000000

Do (r = Ruaxs 0 = 0) 0 (i < Rinax, O = 0)0 00000

(e =0, =0,2 000007, >7, 6, >00000

000000000000000000000000000 7, 6, 7, 6, 0000
0000000000000 0000000000000000000000000oO
000 r4mu06m#60 000000000

006,000000000000000000000000O00O00O0O0O0O0OO
0000 (2,9,2) 00000000002z =rcosf0 /a2 +y2 =rsind 000000
00000000000000% = rimcosbim0 Va2 + 42 = rimsinb, 0000000
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0ooo
(3.12) 00 (3.10)0(3.11) 0000000

dr — { (1 —hcosf)dr (prolate 0 O ) (3.14)

1 —h(1 —cos@)dr (oblated O)

ood0r:mn=Rnx 0O0O0D00=0,0000,,00000000000000

Rmin - Tim(emin) { emin - (prOIate s ) (315)

]
Omin =0 (oblate 0 O)

Oooo0o0(@3s.15) 00000 6,00 00000000¢00ODO0OOO

0 0 dr
dr.. — / m 19
/Hmin " 9m1n de

0
:/ drin d7 4 (3.16)
911’111’!

dr dé

0000000000 dnw/dr0 (3.15)0000dr/d90 (3.5)0000000000
000000000000000000

0
/ drim = Tim(e) - /rim(emin)- (317)
(3.17) 0o rim(emin) O Ry, 00000 (3.16)D (3.17)D (3.15) goooooo
dri, dr
Tim (0 _fm+/ ar 9% (3.18)

mln

000000 (3.18)000 r,, 0000 RMMOOOODO

max

oobooooobood np,Ooooooboobuoo Mmooboo 4,40

N Tim 3N 7 Tim 3Z
im) — ; im) = 3.19
()% 7= () o
Oodooooooooooooooodooooooo
N\ /3 Z.\1/3
Tim (N1) = <Nl) Ry, 1im(Z1) = (Z1> Ro (3.20)

0000 (3.1900000r,00000000000000000000000
0ONOZ00000000000000 N0 Ny 000000 Ny O Nypayx 0 O
0000000000000 Z,0 Z1mpy0 000 2,0 Zine 00000000060
0000000000000 00000000000000000000000 (3.1)
00000000 (3.5)00 (3.5)0,0000 N=980000 Z=63000000
0Er00 @, =0200000000 +0 r, 00000000000070r,0 600
000000000000

(3.18)J0ooOoooD 0 r,, ODODODOOOOOOO
0 = 0(rim) (3.21)
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prolate 00 O oblate 0 O
0 0 T /2 0 T /2
r Riax Ruin | Rmin | Rmax
Fim | Rad(< Bmax) | Rmin | Rumin | Riad
Do 4 0 0 47
im 47 0 0 47
Ny Nimax Nimin | Nimin | Nimax

031 20000000000000000000O000OO

7.5
(im)

Rmax

Radius rim (fm)

Rmin

5.5 L 1 1 1 1
55  Rmin 6.5 75

Raﬁusrﬁm)

Rmax

0 35:00000 (N=98,Z=68,00=02)0000000 r0r;,, 0000 Ruin 0000 Rpax
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O Lagrange 0 000000000 0OOO
000 Lagrange 0000000000 O0O00OOOO [20]0
nUO0O0 Lagrange 0 0000000000 n4+1000

Loy, L1y L2y ... ,Tp
ooooooo
f07f17f27"'7fn

0000000 f(z)0

n

f(@) =3 Lnw(@) s, (3.22)

k=0

(x—zo)(x—21) ... (T — 2p_1) (@ — Tpp1) ... (T — Tp)

(xp — xo)(xp — 1) .. (T — Tp—1) (T — Tpg1) - - - (T — )

r — T
= . 3.23
itk
OO0 Lagrange 0 000000000 0O0O0O0OOrn,, 00 /000000 0ODOOOO0O
ooodooooo N - — 0 —r0000000O0O0O0O00OOO
O00000000000 2 (rm(N)) 000 (3.10)0 (3.11)0 (3.13)0 (3.14) O

gobgod

irlcosd) ()% (prolate 0 D )

O (T (N1)) = 1 Reos0 AT/ (3.24)
st (Tn) (oblate 0 O )
1 d2y, (1 (N,
W(Ny; N, 2) = — L 4m(rim (M) (3.25)

4 dn,
000000N,, 00 Mimex 00000 WODODOO WOOOOO

3 Nlmax
W= > W
N1:N1min
Nlmax
— / Wa(Ny)dM
1min
Nimax ]_ d\Qim(rim(Nl))
_ _ 2 ((HanTe(N)) ) Gy
/Nlmin 47 ( dN; 1
L 0 (N
= _E Almin im(rim( 1))
1 Nimax
— —g I:Qim(/rim<Nl>>]Nimin
1
= = [ (i (Miwin)) = i (Vo))
T
1



= i(47T —0)

_ (3.26)

goggbodgbbbooobobuooboooooon
goooogobboooobooobooooobb myoooooooooobooboo
Nimin +1/2 < Ny < Ninax — 1/20000

Ni+3
wo— [ wvam

N3

1 1 1

- = [Qim(nm(Nl =) = Din(rim(Ny + 3) (3.27)

gbooboooodobooobobobooooboobDobooooobo MmOobOOoo
ooz, 0

N
Zf>ﬁz (3.28)

0000MNOO0O0O000000000000000 400000000000
00000000000000000000000000000000000000
000000000 BCSOOOOOOOOOODO0O0O0000O0OO0O0O0000000
0000000000000000000000@MO000000000000000
0000000000000000000000000

OO0OAN, =AZ =0.1000000000000000 1000000000
00000000000000000000000000000000000 N, Z
000000000000000000000000000 N, 00000000
0000000000000000000000 N,z 0000000000000
00000000000000000000000000000000000000
000000000000000000000000
000000000000000000000000000000N, 0000 2,0
00000000000000000000000000000000

Zs — 7y 7y — 7y
Z3— Z Z3— Zn
00000000%,40000000(%,M),(Z;,N,)0 000000000000
000%Z <7 <Z,0000 %,20000000000000000000000
00000 Z3=2%+10000000000000000002,00000 Z,7Z
0000000000

£,0000 00000000000 000000000000000

N3 — Ny Ni — Ny
N3 — Ny N3 — Ny
N0 £, 000000000000000000000000000N, <N, < N3O
Ty < 7y < Z; 000040000 Na, N3, Zo, Zs00400 00 (NayZo), (NoyZs),
(N3,%), (N5,Z5) 0000000000000000000 Ny=Ny+107Z5 = Zo+1

OF(Ny, Zy) =

E(Ny, Zs) +

E(Ny, Z3) (3.29)

OE(Ny, Z;) = E(Ny, Zy) + E(N3, Z1) (3.30)
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gudboobbbobboogoobbobbbuooobooobbbbobodoo
googbbobuoogbobodgod

1

E(N1,7y) = (N3—N2)(Z3—Z){( — No)(Zy — Z5)E(Na, Zy)
+(N1 = N2 )(Zs5 — Z1) E(Na, Z3)
+(Ny = N)(Z1 = Z)E(Ny, Z)

+(Ns — N1)(Zs — Z1) E(Ns, Z3)} (3.31)

0O000N,Z000000000000N2 220000000000000000
NODDDZOOOOOOOOOOOOOO00O0O00000000000 (3.29)0
000 (3.30)0000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000

000000000000000000 (V,2)000000000000000
0000000
0000000000000000000000000000000000000
D00000000000D00000000000000000000000000
Nyt Ninax> Ziins Zinax 0000

000000000 oON™ <N<N™ Opze <z<zof gODOoOO0OO
00000000000000000000000000000000000000
0000000000000000000000000000000

000000000000000000000000000 (V,Z,)000000
100000001000000000003000000000000000000
000000000 V000 2 00000000000000000000000
ooooQ

0000038.6000000000000000000000000000
E(Ny, Z)) = E(Ny +1,Z1) + E(N1, Z, + 1) — E(Ny + 1,7, + 1) (3.32)

00000000000000000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000000
0000000000000000000000000000000000000
00000000(3.31)00 N,ON;02,02,00000000000000000
Ne=Ny+10%Z3=Z,+10000

e N < N <N 7 >z OO000N, <N, <No+1, Zz=2" 0000

min max? max max

e N < N, <N™ 7 <z O0000ON, <N, <No+1,Z,=2z" 0000

min — max? min min

e < zi< gz N >NY OO0000Z<Z)<Zo+1, Ng=N™ 0000

min — max? max max
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Number of possible calculations of extrapolation: n=1

+7 | O . @ ®
E(N-17Z+1) - E(N,Z+1) E(N+1,Z+1)

O ® 'Y

E(N-1,7) E(N,Z) E(N+1,7)
O O O
E(N-1,Z-1) E(N,Z-1) E(N+1,Z-1)
+N

O Unknown Data
® Known Data

) Value from extrapolation

0 36:00000000000000D00000
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o I < Zy < ZB L, N <N O0000Z,<Z1<Zo+1, N=Na, 0000

max? min min

e N, >N zZ >z O0O0O00ON;=N™ Z, =z 0000

max max max max

e N, >N Z <z OOO000N, =N Z, =z 0000

max min max min

e Ny <N Z, >z® O0O0000ON, =N Z, =2~ 0000

min max min max

e Ny <N 7, <z DOO0O0ON,=N™ Z, =7 0000
000000000000 000000D00000000000000 E(Ny,Z,)0
00000000000000000000000000000000000000
0000000000000000000000000000DO000000O000
O000000000DO0OO0O00
00000000000000D0D0O000000000D00 v;OOOOO0OO0OO0OO0O
0000000 10000000000000000000 100000000000
D00000000D0000000D00000000000000000000O0 (O
000000000 AN, =0100000)00000000000O00OODOOO

gobobooboogoobooobbboooobobanb

Nlrnax
Mo [ B WLV AN,
/ E<N1>Wn(N1)dN1 - e Nimax
Nlmin / le

Nlmin

(3.33)

NvOoOobobobooboobooooobbobbooooooooooooboooboooboon

Nlmax

Yo E(N)Wa(Vy)

Nlmax N1:N1min
E(Nl)Wn(Nl) — N (334)
N1=N1imin Z Wn(Nl)
N1=Nimin

(3.34)0 0000000000000 00UODOoOOD0bOOUOOooDoODooDOO
gobboobbobbbbboodobboodo

1 rNi+3 d0

W.(N :‘7/ m 3.35

(V) Ar -y AN (3.3)
oooo 0
1 im

W,(Ny) = —— 3.36

(M) 41 dN, (3.36)

0000000000000 Sy Wa(N)0100000001000000000
000000000000000000000 W,(N,) 000000000

0370 N=98,Z=63000000 [Erj0000 Prolate 00 (ap = 0.2) 00
0 Oblate 00 (ap=-02)0000000000000000000 M;OOOOO
SN0 OO OO0 W(N,)D NOODO0D000000000000000KN, 00
000000000000000000 (3.35)00000 N, +100000000
000000000000000000000 Ny, 000 Ny 000000000
0000000 N,000000000000000000000000000000

gbobbuoobooboon
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00 (e, =0)00 N; =980 10000000000000000 (3.7)00000
| =02000000000000000000000000 60,00000000
600 000000000000000000000000000000000000
00000000000000000000000000000000000000

0000000000000000000 (h=1000)00000000000
00000000000000000000000000000000000000
000000000000000 |ee/000.20000000.02000000000
00000000000000000C0 (0.300)000000000000000
000000000000 000000 h=046~050000000000000
0000000000000000000000000

000000000000000000000000 Ny O0O0000000000
00 Ny 000000000000000000000000000000000
000000000 00000000000000000000000000000
000000000000000000000000000000

0000000000000 000000000000000000000000
00000000000000000000000000000000000000
0000000000000 0000000000000000000000000
00000000000000000000000000000000000000
00000000000 000000000000000000000000000
000000000000 000000000000000000000000000
000000000 00000000000000000000000000000
000000

0000000000000 a,00000000000000000000000
0000000000000 0000000000000000000000000
0,00

A
1000

gbgdgbutoobboduboouooboodobuobboooobboodobibbaed
gooboooobbooobbobuobooooboooboboooooobboan
UdbbbdillUe0b0b0000b0b0b0b0bbo0o0ogog

ay = 0.6 (3.37)
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3.22 0O00O0OODOOOO

0000000000000 00000DO0000O000UO (boboooo)o
gobbboboboobobboobooobbobuoboobouoobobboo
goobbobbobboooogo

O0oo0o0ob0oo0ooobooboboboooboobo0bob0bU0ouUUuoProlated
OO0booboo0o3gobobooobooboooboboiod sharp-cut0O0OO0O0ODO0O
gbobooogbobuobodabooboooboboodon

2 20

AE, = &(5@+fﬁ+1§@+u>, (3.38)
1 5 25

M%::%(%ﬁ_mﬁ_mf%m> (3.39)

obobodob0o0OED EcO0000D0DO0ObOObOO0O00oooboboobboooong
O0000O0O0O00D0O000 EOE:-0O0 O Weizsacker-Bethe D0 O DO OOOO
goodaooon

Es = asurfA2/37 (340)
Ec = acZ?A7Y3 (3.41)

000 aweDagy0 000000000
00000000000 3000000 Prolate 000000000000 000
000000000000000000000000000000000000000
0000000000000 0000000000000000000

|mE’prl = _C’pr11042142/3 eXp[_OprQag] (342)

0000C,m0 Cpe000000000000000

000 (3.42)00000000000000000000Oa, < 0000000
0 >0000000000000000000000000 000000000
00000000000000000000000 100000000000000
ooooo

1000000 |00 0000000000000000000000000000
O0000R,,00000000000000000000000MO000000
0000000000000 0000000000000000000000000
00000000000 000000000000000000000000000
0000000000000 MO000000000000000000000000
000000000000000000000000000000000000000
000000000000 MO000 @0 1000000000000 a0 1000
000000000

0000 A2200000000000000000000000

000000000000|}000000000000000000000000
000000000000000|aw0000000 R0 00000000000
00000000000000000000000000000000000
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000000000000003000000000000000000
Eaet = AE, + AE¢ + AE,,. (3.43)
0000000000000000000000 [19]

h = 046 a,=17.3MeV  ay = 5MeV, (3.44)
Cot = 028 Chp = 5. (3.45)

3.23 UOU0O0O0OODOOOOOOOOOd

00000000 w(M)ODOooooooooooo E,(N,Z) DOoDoooooo
O000000000O000000D Ex(N,Z)DOODOOOOODOOOODOOODOO
000(@O0)000 E(N,Z)D0o000oo00oooooooooooooooo

BN, 2) = S W N{(Bue(Vi, 22) = BNy, 20)) = (Bar(N, Z) = By(N, 2)

(3.46)

00000000000Z =ZN,/NOOOOOOOOOO Eu(N,Z)=000000
0oooo0o00o0oooo
E/(N,Z)00000000000000000000000000 {Exw(N,2)} 0
000 Weizséicker-Bethe 1000000000000 0000000000000
000000000000000000000000008< N <184,8< 7<126
00000000000000000000000
00000000D00000000000000000000000000000
000000000000000000000000000 00 Weizsicker-Bethe
0000000000000000000000000000000 Strutinsky 00
00000000000000000000000000000000000000
000000000000000000000000000000000
000000000000000 EWw(N,Z2) 0000000000 Eu(N,Z)000
0000000 Ew(N,Z)000000000000000

Ew(N,Z) = min |Ew(N,Z) + Eae(N, Z)] (3.47)

2,04,

0000000000 000000000 Ew(N,Z)DOOODOOOoOOooOooo KUTY
goboboooobbooooobbooooooboboooon

Et(N,Z) = Ent(N, Z) + Eq(N, Z) + Eeo(N, Z) (3.48)
00000000ELN,Z) 000000000000

Eeo(N7 Z) = Ceol{l + 0602 eXp[Ceo3(N - 27 + Ceo4>/A]}71/2A71/250ddZ
+ C’eol{l + Ceo2 eXP[Ceo?.(N - 27 + Ceo4>/A]}71/2A71/2§oddN
- A]\400<*’4)60ddZ50ddN7 (349>
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AMyo(A) = Cod A7+ Coe A3 4 CLy A3, (3.50)

1 Z00O
Joddz = 3.51
ddZ { 0 7z0O0O : ( )

1 NOD
Jodan = 3.52
ddN { 0 NOO ( )

gogd

0000000000000 0 a0 00D D0D0OO0 OO0 00nO0On
goobOooooboObObODOO0DODO0OO0DbOoObD0ODOobOoAN, =100000 100
gobobobboougoobobobbobbooobobbobbbooooobob oo
Ooo0oo0 M MOOODODDoDOoOOoO wW(N,)DOODODAN, =0010000000000000
oo 3.80 vyOoboboi1oobooboooooorbbuobboobooobbo
gboodgboooobboooooaboon

O0bDU0dbl e O00000O00O0DOODOOOOoblate OO O0OOODOOOO
O0prolate 000000 (0D0)000000000O0O0O0OOOOOOOOOOOO
gobooboboddbd eedo20bd0ddbbonbo3dtbonnbooononon
gogbobboooogboobbboboobobgoo

-1332 : : : | | . .

-1334

-1336

-1338

-1340

-1342

Energy Etot (MeV)

-1344

-1346

-1348 1 1 1 1 1 1 1
-04 -03 -0.2 -01 0 01 02 03 04

a2

038 00000 (N=98,72=68)0 a0 0000000000 N;OOOOOOODODO
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40 UOO0OOO

gbobdobobodgobobbboooboobobobbbbbuooboboaan
gboogbbodbogbobobboobuoolrooobobobbobbobobaobo
00000000000 (000)0000000o0o0ooooooooDoooooon
googoobobboogo

4.1 Skyrme-Hartree-Fock [

4.2 Hartree-Fock ]

goooboooobooooooobobobbbbobobob HOOoDbOoboboo
OO0000D0O0OO0000D0ODOSchrodinger O 0O O

H|V) = E|V) (4.1)
0000000 (variational equation)
I =0, I[V]= W (4.2)

000000000000 0000000000000000 [¥) — |¥+60)0
000000 I[W0000000000000000 (WOD00 (4.1)0000000
gboboboboogoobbobiboobboogd

00 (4.2)0000 [$)0000000 (trial function)|¢)0 000 00000000
000000000000000 |¢)000000 Slater 00 (Slater determinant)
O00b0b0obO00o0doOD Hartree-Fock OO O OO

00 100000000000000100000000U(¢)00O000000 g
OO00DO0DbO000ooobob0obooboOobOobOgb1on Schrodinger O 0O O

{577+ U ) = (43)

00 () DCOODOO00ODOODODOODOO DELDDD kO0O0O0oooooooooo
(creation operator)U ¢, 0 00000 (annihilation operator) 00 000000
000000000000 (anti-commutation relations)

(e el =g, {man}={cl,el} =0 (4.4)
Jdodoodooooooodg 1o oo oo oo oo

_ a1 o of A
H = tirlp o+ 5 D, UkikokskaCl, ChyChsChy (4.5)
k1ko k1koksky
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0000000000 1000000000000 200 200000000000
000 vk, 00000000000000000000

(akalolhska) = [ [ W5, (a0 W, (@)0(ar, 02) Ve, (@) Ui (@2)dardas, (46)
1
Vkqkoksks — Z {<k31]{32|’l}|]{?3k’4> — <k32k‘1|’0|]€3k’4> — <k31k‘2|’0|]€4k’3> + <k2k1|v|k‘4k’3} (47)

0Doooooo
Hartree-Fock 1000 |[0,)0 00 (4.3) 0000000000000 ¢,0000
00000 ADDDDOODO0O Slater 00000000

|Bo) = [[lél 0) (4.8)

00000000 |0)00000000000000000000 0O 0OdOHartree-Fock
0000 900000000 100000000 FermiOOOO O (Fermi energy)
Ubd e 0000

Hartree-Fock 0 000 |$,) 000000 (particle) D00 OO (hole) DO OO
O0¢, >ep,01000000000 (particle state)Je, < e, 00000 (hole
state) D 00000

0 >
g, = 0 KTEF (4.9)
1, ep<er
0000000000 &0
(1 —onet gt —at i

DDDDDDDDDDD&LDDDDDaDDDDDDDDDDDDDDDDDD b, O
gbbbebbbO0ouobobboogo

(k| Po) = 0 by|Po) =0 (4.11)

00000 0OHartree-FockDO OO |9)0 00000000000 00OO0OOO O
000000000000000 (4.5) 000000000

H = HO + Z Ek1ks (&Jqulde - ZA?L Bk‘Q) + Z Ek1ko (d;rql;LQ - Bkzdkl)

klk‘g kle
1 A A
+—= Z Vk1kokska - CJILICZQC]%C]~C4 5 (412)
kikoksky
) . 1
Hy = <Ph20|H|PhZo> = Ztklklékl + 5 Z UkleklkzeklekQ, (413)
k1 kikz
Ekiky = tk1k2 +2 Z Uk1k3k2k30k3 (414>

k3

00000000000000000 (412)0000 :é, & é,é,:0000000
00:000000000000000000000000 (normal product) O O
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guoouobddodoooooobuoobooobbbboooobbbuoooooa
O00O0WickDOOODODOOOoooooooooooooooooooobooooo
goon

Hartree-Fock D0 000 Slater 000 |$) 00000 1000000 |¢x) = |k)
0000000 00000000000 HOOOO Hy=(dg|H|®)ODDODDOOODOOO
0|¢)D00000000000000 (¢éw) = (k|k) =1000000 Lagrange
ddidd goobbbbobooon

0 [(k’ﬂ@ + Z(<k1k2|v|k1kz2> — (krka|v|koky)) — er(k|k) (4.15)

ko
000000000001 00000000 Hartree-Fock 000 (Hartree-Fock

equation)

2 V0u(0) + [ Ul )oua)dd = (0 (1.16)

0000000000000 (415)0000000000000O0ODODOOOOO0OO
guoddgoboboooboobbobbobobbbobbodob b oooooborgn
OO0 (000000000000 DO0O0OO0O0O00O0ObObODOO0O0O0ODbODbDOobDbOObOO
000000000 Hartree-Fock OO0 00O (Hartree-Fock potential)U(q, ¢')
0

Ulard) = da=d) X0 / Gi(q")0(q",)6w(¢")dq"
—Zew)k, v(d . q)éw (0) (4.17)

O0000000Hartree-Fock OO (4.16) 000000000000 0OOOOOO
0U(g,¢d)000000D0 1000000 ¢,000000000000000 (self-
consistent) 0 00000000000

100000000000000 100 Schrodinger0 00 (4.3)00 ¢, 00000
Hartree-Fock 0 00 (4.16) J00000 00 (4.14)000 4, 00k 000 kO
00000000000 0o0o0ooooooO0o00Oo0UO0Un 412)0D0000O 3
O00O00O0D00O0OOOHartree-FockOOOOOOOOOOOOOOOOO

H = Hy+ H,+ H,, (4.18)
Ho = (I)o|H|(I)0 Ztlﬂékl kalk2k1k29k19k2, (419)
k1k2
H1 = Zékl aklakl —Z€k1 bkli)kl? (420)

k’l kl
1 of o s
H, = — Z Vkykokska © Chy ChyChis Chy (4.21)

k1kokska
O000000H,O Hartree-FockDOOOODO0DO0OO0DOO0OH, 0100 (C0O)D0OO
O000000O00obo0o0bo0ogobnb Hartree-FockODOODO OO HyO H,O00
O00000000000000 H,O00ODDO([22]
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4.2.1 Skyrme 000

0000000000000 (nuclear force) 000000000000 DOOOO
0000000000000 0000000000000000000000O00O0O0
Oo00000000000000000O0O00DO0000OO000OOb0O0000000
000000000000 000000000000000 (residual interaction)
0000000000000 0000D00O0O000O0DO0D0(OO0DDO)D0O0O00
000000000000000000000(@O)00000000000000
Oo0ooOo0ooooooooobooboc0oOoboooooobo0oooonoooon

O000000000000000 (effective interaction) 0 0000000000
000000 SkyrmeJ0000000000O0Skyrmelld 2000 300000
0000 Skyrme 000000000000 0O0O0 AO

A=Y+ + 3 i (4.22)
i i<j i<j<k
2000000
v = to(1 4 2o P,)8 (R — )

1 P
+2h(ﬂﬂ—ﬁﬂﬁ+k%&}—@)

D N

otk O(F, — ) + IWo (61 + 63) - K X 8(F — B, (4.23)
googo3o0o0ooon
0(3)y50 = 1P0(7 — 72)3(7> — ) (4.24)
ooood ]?:’D ]{A?DDDDD
P ;(vl—%), = —;(vl—vz). (4.25)

k0DOD0DO0O0OOo
Hartree-Fock 0 D00 O0O00O000OSlater 000 HF)ODOOOOOOOOOOO
gobboooobobon

E = (HF|H[HF)
= I + 5 Sl0) + Tk sk (1.26)
doooooooobooobooooooon
E= / &Era (7). (4.27)

gogboobobbbobobbobbobuobobooooboboboobbobbon
googoo

¢i(7,0,9), (4.28)



ggoubobooobbbuooobouoboboobbbon U:i%DDDDDDDDDD

::t%(DD ¢g=p,n000¢00000000O00O0OOCOOO)00DOOODODOO
00000:;00000000000000000000000 ¢4(r,0,q)00000
HEN

iL.ugboobbooobbbbb

pg(7) = 2; |6:(7,0,9) %, (4.29)
2.00000000000000000000
F) = Z |Voi(7,0,q)|%, (4.30)
3.0000000000
Ty(7) = =i Y ¢1(F,0,9)[Ve(F, 0, q) x (o]F|0")], (4.31)

1,0,0'

0000000000000 AR/2n00000000000 ¢*VeO0O0OOOOOO
gobguobbuoouooboobobuooobobuoobbbooooooooon
gbodbouoooouoboooobboboooboobbobbobboobbobbo
goooooood pEx&DDDDDDDDDDDDDDDDDDDDDDDDDD
gbuogogogooogoooo
gobbgobobobbobbooboobbooooobobobboobooooon
gobboboouoogbobbbbooobobobooboboobbobboban
oboboooboooooooooobooboobbobooboooooon
¢;(ro,q) 000000000 DODOODOOO0OO T0000000000000000
0000000000000 00000000000 T=—¢0000000000
googbobooogbobobboodoon

Téi(F,0,q) ——ZZ oloy|o")oi (7, o', q) = =209} (7, —0,q). (4.32)
gogbogbbgouooodoboboboooboooibd

3 6; (7, 0,9)(0|5|0") (7, —0', q) = 0. (4.33)

i,0,0’

gboboooboobgbbooboooobbooooon (1+T)DDDD

Z¢ Q)¢i(7, 0", q)
fZ Q)9i(7, 0", q) + 400’ ¢} (7, —0, )¢ (7, =o', q))
= 5o Y (wz Q) +16:(7, ~0,0) ) (4.34)
1

2500’pQ(f> (435>
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oottt oooooogn
ZQS:(F’ g, Q)<0-|3:|0J>¢’L(Fv OJvQ)

1 .
= 0 Y borra(){01510)

o,0’

= LT} = 0 (4:36)

Ob00 PanliDODOO0OO0OO0OOOODODODOOODOODODODOOODOOOO 20
godbobobbboooobdobbbbbooobbbobbobuooboobbb
gudgboodgboogbbooobbogobooooobbobbouooooboo

DoO0000
000000000000000000000000000
. n? 1 1 ) 1IN/ o
H) = %f+2mKLﬂﬁQp—<w+2)@{u@}
1 1
+ i(tl + tQ),OT -+ g(tg — tl)(pnTn + ppr)
1 1
+ 15 (2 = 30)pVp + = (30 + 1) (Vo on + 9 Vopp)

1 Y 1
+ E(tl - t2)(‘]n + Jp) + Zt?)pnpnp
1 — — —
= 5WolpV - T+ puV - Ju+ 9V - ). (4.37)

gogbogooboboooobobbooboooboobobobbbooobn
gobboboboboobobobbbboobd

Doobobood N=ZzZUOUOOOOooooooooooooboboooobop, =
pp=p00000000000O00O00DO0000O0DOO0O0O

H(7) - + 200+ S+ 1@% + 5ty)
r) = — - — —
ZmT 3 op 16 3P 16\ 2)PT
1 3 -1
+61@u—5@XVﬂ2—zw@vT-J+§§@y—@yP, (4.38)

O0oogoooooboooobooboboobbobbobb0obOob0dU Hartree-
FockODOOOOOOOOUODOOOODOODOOOO Hartree-FockO O OOODOODO
gobbodgobn

4.3 0O0OO0OO0OO0O0O0O0OO

goooobboboboobbbboddoddoodoobooboobbboboba
gbobo200000000400000

4.3.1 OU000O0OO0oOoOoOooooOoOod

gboboboboboooooboboboooboboboooboboooooboboD
gobgbobobobboobobobbobobobobobboobboboood
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(DooOooOo)Joooo (DoooDOoUoooOOoOooDoooOoOoooo)Nooooog
O (@oOo0o0O0oo0oo0oooo0)TOODLOOOODOOOOODODOOO JOoTO
000000000000 00000O0DO000000oOoOoo0ooooooOoOooDo
O0000D0Do0o0o00ooooooOoooooo0oooooooooooooogn
ooooo I, ro0bdoobooogbooooo Jorooooooooooon
0000000000000 bO0boOOooboDbOOgOn one — boson — exchange ptential
0000000000000 DO00D000000O0DO000DO00O0oDo0oooOo0on
00000000o0o0o0ooooUoO0 (J=0)oooooooo (J=1noood
0000 (T'=000000000 ('=1)00000000O0D0O0O0O00ODOODOO
0000000000000 000000000ooDO0o0oDOD0o0oDoDOoODOOoDODDOOo0O
(I=—-(-1)00D0OD0O0D0D00000000000Mo00o0oo0ooo(r = (-1)7)
00000000000 oopDooopoO0d (J=0,1=—-T=1)0c¢ea000
(J=0,l=—,T=0)00000000000000000O00O0OO0O

o : 0JO0DOOO0OODODOOOOO ®(xH)
w : 0000000000000 V(2"
p : 000000 O00ODOOOO R, (z#)
v : 0000000000000 OO A(e#),00

gooboobb ow,ybodoubooboobogbbobboooboogoobooa
gbobobbobooooogobuoboouboouoobobobooobbobbon
goobobooboobboddoooooooobonooobbbo ew,pdgobboooo
gbogobobuogobdgoobbogdbpbboboobobbbobibobobnon
gbbobobboboooobbbobbbododbbooouooooboobobbo
000000000000 000000000000000 (s0oo)oooooo
gbbogobodgogbdaogo

4.3.2 0OU00OO0OOOOOO

goobobooooooboboboooboobbboboboo eobOO
0000000 (0000 y00)00000000D00000000O0OO0OOOO
gbooobobooooooood

L= ("8 = mp)v + L{,) — 9.P00 (4.39)

meson)

gugdbgobobbouobbbbuobuooobobobobbobuodago
googbooooboboobb ebypobobbobbOobboobobobobog
gogdbodggbboodgbooguoobobobdoobuoboooobbo2b04040o
godggobbboodooooobobbuoooboobobbbobbouooooooo
gobbbodobuobouooobbboobbuoooboobooooon
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OO00000000000000000000000000000000000A0
000000000000000000000 ¢—0 (classical number) 0000 O
OoOoobooooobooooooooooboOooOooooooooooooooon
oooO0ooooooooboooboboooboOooooOoOoboOoOoooOoOOOObOObObObOObOb

d— &= (P) (4.40)

gobobobogoboobboboooboobooobobbooobobbo
gbooobbobobbooboboobbbbbobobooobobbobogo
(D0D0O0D0OOO0O0U0OOOO0O00DOU0O00DDOCOO0DUDOODUODOOODODOOOO)oo
gobodgobbooooobobboboobobbooodoooobbogad
0000000000 (@MO00)00000000000000o00oOoDO0Oo0oOOd
gbobobooobooboonoboon

4.3.3 UU00OO0OO0OOOOgOooOoooOO

gboogbbodgbobooboobobobobbboobobbobboobo
OOobOob0ooooobobooobobobobooog g

b= palr")ia (4.41)

oboboobodboedooboboboboooobogobbobae OO0 dn0O
0000000000000 e, (0000000000 DO0DO0DOO0ODOOODDOO
gbbobobooooooboooboobobooon

<: IW :>: Z@ag@a— Z @gee@gee (4'42)
a<F a<Fy

DDDDDDDDDD(pgeeD DiracOOOOOO(COO0)0O0O00O0RODOOOOO
00000000000 FOO0OD0OO0O00O0O0OO0ODDODOD ADOODODOOOOOODO
00000 (442)0000000000 DiracOO0O0O0O0OO0OO0ODOOODOOOOOO
godbodoooooooodoouoooooooooouoooooooo
goddoooooooouooooooooooooooooooooouooo
gbdooduoodoooboooouoooooooooouooouoouuo oo
goooddbodoodoooboodooooooooooooooooooon
0000000 00oO0oooooo0oooooooooo (442)0000

A
(zepy ) = (Z PaPa — Z @geegogee) + Z PaPa (4.43)
a<F a<Fy a=1

OO0oo0oDoooo0OoOFROFOOOODOOOOOOD AODODDOOOOOO FOO
gbooboouobbooboboo1boobboobooboob 200000000
Ooo0do0oooooboi1b0o0oo0goboooooooogooo20d a=1,---,A
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Oo0oobooO0 AD0O0bDOoOoOoOoOooobooooOOooooboobooooDbobooo
00O no-sea 00 OOOD0O0OOO0O0OOOOODOOOOOOODNO

<: 1E¢ 5> = Z PaPa (4'44>

godogbbooooobbooboboobuooooooobooooboooo
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(00  Program List

//Nuclear mass formula of deformed nuclei

#include<stdio.h>
#include<math.h>
#include<stdlib.h>
#define Ntheta 100
#define NMAX 300
#define ZMAX 200
#define neutronimax NMAX
#define protonimax ZMAX
#define NMIN 1

#define ZMIN 1

#define EPS 1.0e-8
#define KMAX 4

#define JMAX 1

#define CHECK 1

#define NON 1.0e8

typedef enum{Spherical,Prolate,Oblate,Unknow} SHAPE;

// Function prototype

void Read_Dats();

int skyrmeS3_dat();

int NE_mass03_dat();

int Alpha2_dat();

int LSMQ);

void gaussl(double a[KMAX] [KMAX+1]);

void RMS1Q);

double term(int TN,int N,int Z);

int Make_nucl_chart();

int extrapolation();

int Nucl_shape(double alpha2);

double radiusO(int N,int Z);

double N_R(double R);

SHAPE SetDeformation(double alpha2b,double alpha4b,double alpha6b,double ROD);
double radius(double theta);

int rim_theta_relation();

double drdtheta(double theta);

double Omega(double N1_min,double N1_max);

double Omega_N1(double N1);

double rim_N1(double N1);

double theta_N1i(double Rim_N1);

double interpolate(int N,double x0,double x[],double y[]);
double radius_N1(double Theta_N1);

double Omega_im_prolate(double Rim,double Theta_N1,double R);
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double
double
double
double
double
double
double
double
double
double
double

Omega_im_oblate(double Rim,double Theta_N1,double R);
GS_shell_energy();

SUM1_Wn_EQ);

Ener_g(int N,int Z);

Ener_def (int N,int Z);

SHIFT_1(int N1,int Z1);

SUM2_Wn_EQ);

two_pointsl(int x,double y,int yl,int y2);
two_points2(int x,double y,int yl,int y2);
four_points(double N,int N1i,int N2,double Z,int Z1,int Z2);
Weight (double n0,int i,int imax,int h);

double Nucl_Ener(double Es);

double Ener_eo(int N,int Z);

void RMSO();

void RMS2();

void RMS3();

double AW_g(int N,int Z);

// Global variable
SHAPE shape;
int proton; //Z :proton numbers

int neutron; //N  :neutron numbers
int Opionil; //1 or 2
int Opion2; //1 or 2 or 3

double alpha2; //alpha2,alpha4 and alpha6

double alpha4; // :alpha2i are parameters to specify the shpa
double alpha6;

double RO; //The radius of the shpere

double lambda; //Ddenominator lamdba

double thetamin; //The minimum value of theta

double Rmin; //The minimum radius od deformed nucleus
double Rmax; //The maximum radius od deformed nucleus
double Rim_min; //The minimum value of Rim

double Rim_max; //The maximum value of Rim

double hpara=0.46; //Positive adjustable parameter (hpara<1)
double r0=1.2; //The value of r0 is 1.2fm

double Theta[Ntheta+1]; //The polar angle

double Rim[Ntheta+1]; //Radius in the intermediary-shape nucleus
double PI=M_PI; //Pi(disambiguation)

double RimN[neutronimax+1]; //Values of Rim in N1

double N1_min; //The minimum value of N1

double N1_max; //The maximum value of N1

double OmegaN_min; //Value of Omega in Ni_min

double OmegaN_max; //Value of Omega in N1_max

double NE_sky[NMAX+1] [ZMAX+1]; //Nuclear Energy of Skyrme S3

double NE_sky_extr [NMAX+1] [ZMAX+1]; //Nuclear Energy of Skyrme S3 + extrapolation
double alpha2_dat[NMAX+1] [ZMAX+1]; //Values of alpha2 data in neutron and proton
double alpha2_ MIN[NMAX+1] [ZMAX+1]; //The minimum value of alpha2

double u =931.4939; //atomic mass unit

double Mn=939.5652; //neutron mass

double Mh=938.7829; //hydrogen atom mass

double kel=1.433%1.0e-5; //electronic constant of proportion(MeV)
double C_gross[KMAX];

double AW_gross[KMAX];

double AME[NMAX+1] [ZMAX+1]; //atomic mass excess

double NE_mO3[NMAX+1] [ZMAX+1]; //nuclear mass by mass.mas03
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double Fermi[ZMAX+1] [NMAX+1] [JMAX+1]; //Fermi level(n)

int Use_NC[NMAX+1] [ZMAX+1]; //Data used for nuclear chart in data of Skyrme S3
// Used data is O or Not used data is 1

double NE[NMAX+1] [ZMAX+1];

double Nmin,Zmin;

double Omegal,Omega?2;

double Esh_MIN;

// Main function

int main(){

Opionl=2; //0pionl=1: N1 is an integeral number

//0Opion1=2: N1 is an real number

if (Opionli!=1 && Opionl!=2) exit(1);

Opion2=2; //0pionl=1: Nuclear chart
//0pion1=2: Experimental valus of mass and Calculation valus of mass
//0Opion1=3: Data of alpha2 and Calculation value of the minimum alpha2
if (Opion2!=1 && Opion2!=2 && Opion2!=3) exit(1);
switch(Opion2){
case 1:
Nmin=NMIN;
Zmin=ZMIN;
break;
case 2:
Nmin=8;
Zmin=8;
break;
case 3:
Nmin=8;
Zmin=8;
break;
}
Read_Dats();
LSM(Q);

Make_nucl_chart();

if (Opion2==2){
RMS20) ;
RMSOQ) ;

}else if (Opion2==3){
RMS3() ;

Yelse exit(1);

// ---- Reading of Data
void Read_Dats(){
skyrmeS3_dat () ;

NE_mass03_dat () ;
Alpha2_dat();
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// -- Substitute Data of Skyrme_S3

int skyrmeS3_dat(){

//input : Z,N
//output:

char buff[80];

int nil,z1;

int n, z;

int i=1;

double NE; //Nuclear Energy of Skyrme S3

double FLN,FLZ;

int N=0,Z=1;

int Ndrip,Zdrip;

FILE *FSK;

FSK=fopen("SIII.dat","r"); //Data input

for(n1=0;n1<=NMAX;ni++){
for (z1=0;z1<=ZMAX;z1++){
NE_sky [n1] [z1]=NON;
NE_sky_extr[n1] [z1]=NON;
Fermi[n1] [z1] [Z]=NON;
Fermi[n1] [z1] [N]=NON;

while(fgets(buff,80,FSK) ! =NULL){
if (buff[0] == ’#°) continue; // Skip comment lines
if (sscanf (buff,"%d %d %1f %1f %1f",&z,&n,&NE,&FLZ,&FLN)==5){
if (n>=0 && n<=NMAX && z>=0 && z<=ZMAX){

NE_sky [n] [z]=NE;
NE_sky_extr[n] [z]=NE;
Fermi[n] [z] [Z]=FLZ;
Fermi [n] [z] [N]=FLN;

}
else if(n<0 || z<0){
break;
}
else {
fprintf (stderr,"warning : data out of array size: N,Z=Yd %d\n",n,z);
}

if(0){ // interpolation to odd nuclei : begin
for (z1=ZMIN;z1<=ZMAX;z1+=2){
for (n1=NMIN;n1<NMAX;n1+=2){
if (NE_sky[n1+2] [z1]1<NON && NE_sky[n1][z1]<NON ){ //proton:odd ,neutron:even
NE_sky[n1+1] [z1]=(NE_sky [n1+2] [z1]+NE_sky [n1] [z1])/2.0;

}
for (n1=NMIN;n1<=NMAX;n1+=2){
for (z1=ZMIN;z1<ZMAX;z1+=2){
if ( NE_sky[n1] [z1+2]<=NON && NE_sky[n1] [z1]1<=NON){ //proton:even,neutron:odd
NE_sky[n1] [z1+1]=(NE_sky [n1] [z1+2]+NE_sky[n1] [z1])/2.0;
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}
for(z1=2;z1<=ZMAX;z1+=2){ //proton:odd , neutron:odd
for(n1=2;n1<=NMAX;n1+=2){
if ((NE_sky [n1+1] [21]!=0.0)&& (NE_sky [n1] [z1+1]!=0.0) && (NE_sky [n1+2] [z1+1] !=0.0)
&& (NE_sky [n1+1] [21+2]1=0.0)){
NE_sky[n1+1] [z1+1]=(NE_sky [n1+1] [z1]+NE_sky [n1] [z1+1]+NE_sky [n1+2] [z1+1]+NE_sky [n1+1] [z1+2])/4.0;

}

} // interpolation to odd nuclei : end

for(z1=ZMIN;z1<=ZMAX;z1++){
Ndrip=0;
for (n1=NMIN;n1<=NMAX;ni++){
if (NE_sky [n1] [z1]<NON){
if (Fermi[n1] [z1] [N]<=0.0 && Fermi[n1] [z1] [Z]<=0.0){
Use_NC[n1] [z1]=0;
if (n1>Ndrip) Ndrip=n1i;
}else if (Ndrip>0 && ni-Ndrip<=4){
Use_NC[n1] [z1]=0;
Yelse{
Use_NC[n1] [z1]=(int)NON;
}
}else Use_NC[n1][z1]=(int)NON;

}
for (n1=NMIN;n1<=NMAX;ni1++){
Zdrip=0;
for(z1=ZMIN;z1<=ZMAX;z1++) {
if (NE_sky [n1] [z1]<NON){
if (Fermi[n1] [z1] [N]<=0.0 && Fermil[n1] [z1] [Z]<=0.0){
if (z1>Zdrip) Zdrip=z1;
}else if(Zdrip>0 && z1-Zdrip<=4){
Use_NC[n1] [z1]=0;

}
fclose(FSK);

return 0O;

[/—==—=——————————= Nuclear mass from Data by Audi-Wapstra
int NE_mass03_dat(){

char buff[35];

int i=1;

int Z,N;

double ME; //atomis mass excess

FILE *FAM;

FAM=fopen("atom_03.dat","r");

for(Z=0;Z<=ZMAX;Z++){
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for (N=0; N<=NMAX ; N++) {
AME[N] [Z]=NON;
NE_mO3 [N] [Z]=NON;

}
while(fgets(buff,35,FAM) ! =NULL){
if (sscanf (buff,"%d %d %1f",&N,&Z,&ME)==3){
if (N>=0 && N<=NMAX && Z>=0 && Z<=ZMAX){
AME[N] [Z]=ME;

fclose(FAM) ;

i=1;
for (Z=0;Z<=ZMAX;Z++){
for (N=0;N<=NMAX; N++) {
if (AME[N] [Z2]<NON){
if ((ceil (AME[N] [Z])-floor (AME[N] [Z]))==1.0 || AME[N] [Z]==0.0){
i++;

NE_mO3 [N] [Z]=AME [N] [Z] *1.0e-3+(u-Mn) *N+ (u-Mh) *Z+kel* (pow(Z,2.39) - (double) Z) ;

}

return O;

// alpha2 Data

int Alpha2_dat(){

char buff[20];
int i=1;

int Z,N;
double alp2;
FILE *FA;

FA=fopen("a20frdm.dat","r");
for (Z=0;Z<=ZMAX;Z++){
for (N=0;N<=NMAX; N++) {
alpha2_dat [N] [Z]=NON;
}
while (fgets(buff,20,FA) !=NULL){
if (sscanf (buff,")d %4 %1f",&Z,&N,&alp2)==3){

if (N>=0 && N<=NMAX && Z>=0 && Z<=ZMAX){
alpha2_dat [N] [Z]=alp2;

fclose(FA);

return 0O;
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// least squares method
int LSMO{
int 1; //Matrix A of file
int k; //Matrix A of rank
int N,Z;
double s1,s2; //Matrix A of components
double t1,t2; //Matrix A of 5th component
int n=1;
double A1[KMAX] [KMAX+1]; //Matrix A
double A2[KMAX] [KMAX+1]; //Matrix A
double a;

for(1=0;1<KMAX;1++){
for (k=0;k<KMAX ; k++) {
s1=0.0;
t1=0.0;
s2=0.0;
t2=0.0;
for (N=Nmin ; N<=NMAX;N++){
for (Z=Zmin;Z<=ZMAX;Z++){

switch(Opion2){
case 1:
a=(double)Use_NC[N] [Z];
break;
case 2:
a=NE_m03[N] [Z] ;
break;
case 3:
a=alpha2_dat [N] [Z];
break;
}
if (Opion2==1){
if (a<NON){

si+=term(k,N,Z)*term(1,N,Z);
tl+=term(1,N,Z)*NE_sky[N] [Z];
n++;
}
}else if (Opion2==2){
if (a<NON && N%2==0 && Z72==0){
sl+=term(k,N,Z)*term(1,N,Z);
tl+=term(1,N,Z)*NE_sky[N] [Z];
s2+=term(k,N,Z)*term(1,N,Z);
t2+=term(1,N,Z)*NE_m03[N] [Z] ;
n++;
¥
}else if(Opion2==3){
if (a<NON && N%2==0 && Z%2==0){
sl+=term(k,N,Z)*term(1,N,Z);
ti+=term(1,N,Z)*NE_sky[N] [Z];
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n=1;
A1[1] [k]=s1;
if (Opion2==2) A2[1] [k]=s2;
A2[1] [k]=s;
}
A1[1] [KMAX]=t1;
if (Opion2==2) A2[1] [KMAX]=t2;
A2[1] [KMAX]=t2;
}
gauss1(Al);
gauss_j(A2);

return 0;

// Gauss elimination partl

void gaussi(double a[KMAX] [KMAX+1]){

//input : A[1[]
//output: XI[]

int i,j,k;
double t;
double x[KMAX];

for (k=0;k<KMAX-1;k++){
for (i=k+1;i<KMAX;i++){
t=alil [k]/alk] [k];
for(j=k+1;j<=KMAX;j++){
alil [j1-=t*alk] [j1;

}

for (i=KMAX-1;i>=0;i--){
t=a[i] [KMAX];
for (j=i+1; j<KMAX; j++){

t-=alil [j1*al[j] [KMAX];

}
a[i] [KMAX]=t/a[i] [i];
C_gross[i]=al[i] [KMAX];

/0000000000000000000=*/
#if CHECK==
for(i=0;i<KMAX;i++) {

for(j=0;j<KMAX+1;j++) {

}

}

#endif
for(i=0;i<KMAX;i++){
}

RMS1Q);
}
//

int gauss_j(double a[KMAX] [KMAX+1]){
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int k; /* pivot */
int i; /* row */
int j; /* column */
double pivot, w;
int k1;

double x[KMAX];

for(k=0; k<KMAX; k++) {
pivot = alk][k];
if (fabs(pivot) < EPS) {
printf ("PIVOT is nearly equal zero.\n");
return 1;
}
k1l =k + 1;
for(j=ki; j<KMAX+1; j++) {
alk] [j1 = alk][j] / pivot;
}

for(i=0; i<KMAX; i++) {

if(i '= k) {

w = alil [k];

for(j=k1; j<KMAX+1; j++) {
alil[j] = alil[j] - w * alk][j];
}

}

}

for(i=0; i<KMAX; i++) {

for(j=0; j<KMAX+1; j++) {

}
//printf("\n");
}
}
for (i=0;i<KMAX;i++) {
AW_gross[i]=a[i] [KMAX];
}
RMS10);
return 0;
}
// Root Mean Square 1

void RMS1(){

//input: X[KMAX],N,Z,BE[]1[]
//output :RMS

int A;

int 1;

int n;

int N,Z;

double EV; //emprical value

double CV; //calaulated value

double S=0.0;

double RMS; //Root Mean Square

n=1;
for (N=Nmin ; N<=NMAX ; N++){
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for (Z=Zmin;Z<=ZMAX;Z++){
EV=0.0;
CV=0.0;
switch(Opion2){
case 1:
A=(double)Use_NC[N][Z];
break;
case 2:
A=NE_mO3[N] [Z] ;
break;
case 3:
A=alpha2_dat [N][Z];
break;
}
if (Opion2==1){
if (AKNON) {
for(1=0;1<KMAX;1++){
CV+=term(1,N,Z)*C_gross[1];
}
EV=NE_sky [N] [Z] ;
S+=pow ((CV-EV),2.0);
n++;
}
}else if(Opion2==2 || Opion2==3){
if (A<KNON){
for (1=0;1<KMAX;1++){
CV+=term(1,N,Z)*C_gross[1];
}
EV=NE_sky [N] [Z] ;
S+=pow ((CV-EV),2.0) ;
n++;

B

}
RMS=sqrt (S/(double)n) ;

Y S term variable

double term(int TN,int N,int Z){
//input : TN(term number),N,Z

//output: f
int A; //mass number
double f;
A=N+Z;
if (TN==0) f=(double)A;

else if (TN==1) f=pow(A,2.0/3.0);
else if (TN==2) f=(pow((N-Z),2.0))/(double)A;
else if (TN==3) f=(pow(Z,2.0))*(pow(A,-1.0/3.0));

else exit(1);

return f;

//

73



int Make_nucl_chart(){
int i;
int I= 600; //Number of alpha2 that can be put in the direction of positive(the negative direction)
int n,z; //n is neutron number
double Es;
double P;
int A;

int imax; //alpha2 maximun * 1e3

FILE *fp;

fp=fopen("MF_SIII_D34.dat","w");

extrapolation();

i£(0){
for (z=ZMIN; z<=ZMAX;z++){
for (n=NMIN;n<=NMAX;n++){
if (NE_sky_extr [n] [2] <NON){
printf ("%d %d %f\n",n,z,NE_sky_extr[n][z]);

for (z=Zmin;z<=ZMAX;z++){
proton=z;
for (n=Nmin ;n<=NMAX;n++){
neutron=n;
A=n+z;
imax=I-A;
Esh_MIN=0.0;
switch(Opion2){
case 1:
P=(double)Use_NC[n] [z];
break;
case 2:
P=NE_m03[n] [z];
break;
case 3:
P=alpha2_dat [n] [z];
break;
}
if (Opion2==1){
if (P<NON){
for (i=-imax;i<=imax;i++){
if(i1=0){
alpha2=ix*1.0e-3;
Nucl_shape(alpha2);
rim_theta_relation();
N1i_min=N_R(Rim_min) ;
N1_max=N_R(Rim_max) ;

Es=GS_shell_energy();

}
NE [neutron] [proton]=Nucl_Ener (Es) ;
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}
}else if(Opion2==2 || Opion2==3){
if (P<NON){
for (i=-imax;i<=imax;i++){
if (i1=0){

alpha2=i*1.0e-3;
Nucl_shape(alpha2) ;
rim_theta_relation();
N1i_min=N_R(Rim_min) ;
N1_max=N_R(Rim_max) ;
Es=GS_shell_energy();

NE [neutron] [proton]=Nucl_Ener (Es);

fprintf (fp,"%4d %4d %12.6f J12.6f %12.6f J12.6f %9.5f\n",z,n,NE[neutron] [proton]
,NE_sky [neutron] [proton] ,NE_m03 [neutron] [proton] ,AW_g(neutron,proton) ,alpha2_MIN[neutron] [proton]);
printf ("%4d %44 %12.6f 12.6f %12.6f %12.6f %9.5f\n",z,n,NE[neutron] [proton]
,NE_sky [neutron] [proton] ,NE_m03 [neutron] [proton] ,AW_g(neutron,proton) ,alpha2_MIN[neutron] [proton]);
}

}
fclose(fp);

// Extrapolation of Data

int extrapolation(){

int i,j,k,h,m,n;
int nmax;

int Z,N;

double e[8];

double E1,E2,E3,E4;

nmax=1e5;

for (n=0;n<=nmax;n++){
m=0;
for (Z=ZMIN; Z<=ZMAX; Z++) {
for (N=NMIN; N<=NMAX;N++) {
if (NON-NE_sky_extr [N] [Z]<=EPS){
k=0;
h=0;
for(i=-1;i<=1;i++){
for(j=-1;j<=1;j++){
if(i'=0 || j!=0){
if (N+j<=NMIN || N+j>=NMAX || Z+i<=ZMIN || Z+i>=ZMAX) e[k]=0.0;
else e[k]=NE_sky_extr [N+j] [Z+i];

if(e[1]<0.0 && e[3]<0.0 && e[0]1<0.0){
El=e[1]*e[3]/e[0];
h++;

(0]



Yelse{
E1=0.0;
}
if(e[1]<0.0 && e[4]1<0.0 && e[2]1<0.0){
E2=e[1]*e[4]/e[2];
h++;
}else{
E2=0.0;
}
if(e[6]1<0.0 && e[4]1<0.0 && e[7]1<0.0){
E3=e[6]1*e[4]/e[7];
k++;
Yelse{
E3=0.0;
}
if(e[61<0.0 && e[31<0.0 && e[51<0.0){
E4=e[6]*e[3]/e[5];
h++;
Yelse{
E4=0.0;
}
if (h>0){
NE_sky_extr [N] [Z]=(E1+E2+E3+E4) / ((double)h) ;

}
if (m==0) break;

// Set alpha2

int Nucl_shape(double alpha2){
//input : alpha2b,alpha4b,alphaéb,ROb,neutron,Rim_min,Rim_max
//output: Sum_W_N

int ni; //neutroni
int ret; //Return value from function SetDeformation
int i;

double alpha2b;
double alpha4db;
double alpha6b;
double ROb;

alpha2b=alpha2;
alpha4b=0.0;
alpha6b=0.0;

ROb=radiusO(neutron,proton) ;
ret=SetDeformation(alpha2b,alphadb,alpha6b,RODb) ;

if (ret==Spherical) ;//printf ("Shape is Spherical.\n");
else if(ret==0blate) ;//printf("Shape is Oblate.\n");
else if (ret==Prolate) ;//printf("Shape is Prolate.\n");
else if (ret==Unknow){

fprintf (stderr,"error:Shape is Unknow.\n");

76



exit(1);
}

return 0O;

// Radius of the sphere

double radiusO(int N,int Z){
//input : N,Z
//output: RO
return rO*pow((double) (N+Z),1.0/3.0);

double N_R(double R){
//input : R,RO
//output: (double)NZ*pow(R/R0O,3.0)
return (double)neutron*pow(R/R0,3.0);

// Deformation

SHAPE SetDeformation(double alpha2b,double alpha4b,double alpha6b,double ROb){

//input : alpha2b, alpha4b, alpha6b, ROb, Rmin, Rmax, shape
//output: (global variables)lambda, thetamin, Rmin

int i; //(return value) shape

double ril,r2,rmin;

double 1;

double theta;

int nincr=0;

int ndecr=0;

alpha2=alpha2b;
alphad4=alphadb;
alpha6=alpha6b;
RO=ROb;
1=1.0+(3.0/ 5.0)*alpha2*alpha2
+(3.0/ 9.0)*alphad*alphad
+(3.0/13.0) *alpha6*alpha6;
if (1<0){
fprintf (stderr,"error:1=/f\n",1);
exit(1);
Yelse{
lambda=pow(1,1.0/3.0);
}
for(i=0;i<=Ntheta;i++){
theta=M_PI/(Ntheta*2.0)*i;
ri=radius(theta);
if (i==0){
rmin=ri;
thetamin=theta;
Yelse{
if (ri<rmin) {
rmin=ri;

thetamin=theta;
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}
if (r1<r2) ndecr++;
else if(r1>r2) nincr++;
}
r2=ril;
}
Rmin=rmin;
Rim_min=Rmin;
if (ndecr==0){
if (nincr==0) shape=Spherical;
else shape=0blate;
}
elseq{
if (nincr==0) shape=Prolate;
else shape=Unknow;
}

return shape;

[/====—mmmm Radii as a function of theta

double radius(double theta){
//input : theta,lambda, RO
//output: radius
double r;
double P2,P4,P6; //Legendre polynomials
double c,c2,c4,c6;

c=cos(theta);

c2=c*c;

cd=c2x*c2;

cB6=c4x*c2;

P2= (3.0%c2-1.0)/ 2.0;
P4= (35.0%c4 -30.0%c2+3.0)/ 8.0;

P6=(231.0%c6-315.0%c4+105.0%c2-5.0)/16.0;
r=RO*(1.0+alpha2*P2+alpha4*P4+alpha6*P6)/lambda;

static int ncall=0;
ncall++;
if (ncall’100==1){
//fprintf (stderr,"radius:%f %f %f %f %f %f\n",alpha2,alpha4,alpha6,lambda,theta,r);
}

return r;

// Rim of theta

int rim_theta_relation(){

//input : Ntheta, hpara, thetamin, Rmin
//output: Rim[]

int i,j;

double hj;

double sum;

double s;

double R;

double theta;

double Ntheta2=100;
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double R1;
double rim_max;
double COS;

for(i=0;i<=Ntheta;i++){
Theta[i]l=(M_PI*i)/(2*Ntheta);

Rim[0]=0.0;
for(i=0;i<Ntheta;i++){
sum=0.0;
hj=(Theta[i+1]-Theta[i])/Ntheta2;
for(j=0;j<=Ntheta2;j++){
theta=hj*j+Thetali];
CO0S=cos(theta);

if (Prolate==shape){ //prolate shape
if (j==0]| | j==Ntheta2) sum+=(1.0-hpara*C0S)*drdtheta(theta)/2;
else sum+=(1.0-hpara*C0S) *drdtheta(theta);
}else if(Oblate==shape){ //oblate shape
if (j==0| | j==Ntheta2) sum+=(1.0-hpara*(1.0-C0S))*drdtheta(theta)/2;
else sum+=(1.0-hpara*(1.0-C0S) ) *drdtheta(theta) ;
}else exit(1);
}
sum*=hj;

Rim[i+1]=sum+Rim[i];
}
if (fabs (thetamin-0.0)<EPS) s=Rmin;
else if(fabs(thetamin-M_PI*0.5)<EPS) s=Rmin-Rim[Ntheta];
elseq{
fprintf (stderr,"error:thetamin=%f\n",thetamin) ;
exit(1);
}
for(i=0;i<=Ntheta;i++){
Rim[i]+=s;
}
for(i=0;i<=Ntheta;i++){
R1=Rim[i];
if (i==0){
rim_max=R1;
Yelse{

if (R1>rim_max) rim_max=R1;

}

Rim_max=rim_max;

return 0O;

// ---- dr divied by dtheta

double drdtheta(double theta){
//input : theta,alpha2,alpha4,alpha6,lambda,RO
//output: drdthe
double drdthe;

double s,c,c2,c4;

s=sin(theta);
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c=cos(theta);
c2=c*c;

cd=c2x*c2;

drdthe=(RO*s*c* (-24.0%*alpha2+60.0*alpha4-105.0*alpha6
+(-140.0*alpha4+630.0*alpha6) *c2
-693.0*alpha6*c4))/(8.0*lambda) ;

static int ncall=0;
ncall++;

if (ncall%100==1){

//fprintf (stderr,"drdtheta:%f %f %f %f %f %f\n",alpha2,alpha4,alpha6,lambda,theta,drdthe);

}

return drdthe;

// Omega_im

double Omega(double N1_min,double N1i_max){
//input : N1_min,N1_max
//output: Omega
int i;
int min;
int max;

double Omega;

min=ceil (N1_min) ;

max=floor (N1_max) ;

Omega=0mega_N1(N1_min) ;

for(i=min;i<=max;i++){
Omega=0mega_N1((double)i);

}

Omega=0mega_N1(N1_max) ;

return 0O;

// Omega (N1)

double Omega_N1(double N1){
//input : N1
//output: Omega
double Rim_N1;
double Theta_N1;
double R_N1;
double Omega;

Rim_Ni=rim_N1(N1);
Theta_Ni=theta_N1(Rim_N1);
R_Ni=radius_N1(Theta_N1);

if (shape==Prolate) Omega=Omega_im_prolate(Rim_N1,Theta_N1,R_N1);
else if (shape==0Oblate) Omega=Omega_im_oblate (Rim_N1,Theta_N1,R_N1);
else exit(1);

return Omega;
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double rim_N1(double N1){
//input:N1,R0
return RO*pow(N1/(double)neutron,1.0/3.0);

// Theta_N1

double theta_N1(double Rim_N1){
//input: Rim_N1
//(used global variables):Ntheta,Rim,Rim[],Thetal]
return interpolate(Ntheta,Rim_N1,Rim,Theta);

double interpolate(int N,double x0,double x[],double y[1){
//input : N,x0,x[1,y[]
//output: interpolate
int i,j,k,n,m;
int i1,i2; //il1=i-3, i2=i+2
double p,q;

i=0;
i1=i-3;
i2=i+2;
if (x[0]<x[N]1){
if (x0-x[0]<1.0e-18&&x [N]-x0<1.0e-18){
return O;
Yelseq{
for(n=0;n<=N;n++){
if (x[1]<=x0){
i=n;
}else break;
}
if (i<3) m=3-i;
else if(i>N-2) m=N-2-i;
else m=0;
il=i-3+m;
i2=i+2+m;
p=0;
for(k=il;k<=i2;k++){
q=1;
for(j=i1;j<=i2;j++){
if (j!=k) q=q*(x0-x[j1)/(x[k]1-x[j1);
}
p=p+y [kl*q;
}
}

Yelse if (x[N]1<x[0]1){
if (x0-x[N]<1.0e-18&&x [0]-x0<1.0e-18){
return 0;
Yelse{
for(n=0;n<=N;n++){
if (x[N-i]<=x0){
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i=n;

}else break;

}

if (i<2) m=-3+i;

else if (i>N-3) m=N+2-i;

else m=0;

il=i-3-m;

i2=i+2-m;

p=0;

for(k=il;k<=i2;k++){
q=1;

for(j=il;j<=i2;j++){

if(j!=k) q=q*(x0-x[N-jl1)/(x[N-k]-x[N-j1);
}
p=p+y [N-k]*q;

}
Yelse{
printf ("error:3\n");
exit(3);
}

return p;

// R of theta

double radius_N1(double Theta_N1){
//input : Theta_ N1
//output: radius(Theta_N1)

return radius(Theta_N1);

double Omega_im_prolate(double Rim,double theta,double R){
//input : Rim,Theta_N1,R,hpara
//output: Omega_P
int i;
double c;
double hpc;
double Omega_P;

c=cos(theta);
Omega_P=((1.0-c)*R*R)/((1.0-hpara*c)*Rim*Rim) ;

return Omega_P;

double Omega_im_oblate(double Rim,double theta,double R){
//input : Rim,Theta_N1,R,hpara
//output: Omega_0
int i;
double c;
double hpc;
double Omega_0;
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c=cos(theta);
Omega_0=(c*R*R)/ ((1.0-hpara*(1.0-c))*Rim*Rim) ;

return Omega_0;

// The ground-state shell_energy

double GS_shell_energy(){

//input : neutron,proton,NE,skyrme[][],WeightN[]
//output: Emf,E_weight

int NIMIN, N1iMAX;

double Edef;

double Esh;

double dEs;

double Emf; //Energy of Spherical Relativistc Mean Field model (SRLF)

Emf=NE_sky [neutron] [proton] ;

switch(Opionl){
case 1:
dEs=SUM1_Wn_E(Q) ;
Edef=dEs+Ener_def (neutron,proton) ;
break;
case 2:
dEs=SUM2_Wn_EQ);
Edef=dEs+Ener_def (neutron,proton) ;
break;
}
Esh=Emf+Edef;
if (Esh_MIN>Esh){
alpha2_MIN[neutron] [proton]=alpha2;
Esh_MIN=Esh;

return Esh_MIN;

//

double SUM1_Wn_E(){

int i,imax;

int N1MIN,N1MAX;
int Z1f, Zic;

int N1i;

double Z1;

double Emf_nlzi; //Energy of SRLFin N1 and Z1

double Eg; //Energy that removes shell effect from SRLF

double E=0.0; //Sum total of product of WeightN and Emf_nlzl - Eg
double Wn;

double sum_Wn=0.0;

N1MIN=ceil(N1_min);
N1MAX=floor (N1_max) ;
if (NIMIN-N1_min>0.5) NiMIN=N1MIN-1;
if (N1_max-N1MAX>0.5) N1MAX=N1MAX+1;
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imax=N1MAX-N1MIN;
for (N1=N1MIN;N1<=N1MAX;N1++){
Z1=proton*(N1/(double)neutron) ;
Z1f=floor(Z1);
Zlc=ceil(Z1);
if (Z1c-Z1£==0){
if (NE_sky_extr[N1] [Z1£]<NON && NE_sky_extr[N1] [Z1c]< NON){
Emf_n1z1=NE_sky_extr [N1] [Z1c];
Yelsed{
Emf_n1z1=NON;
}
Eg=Ener_g(N1,Z1ic);
}
else if(Zlc-Z1f==1){
if (NE_sky_extr [N1] [Z1£]<NON && NE_sky_extr [N1] [Z1c]<NON){
Emf_nizi=two_points1(N1,Z1,Z1f,Z1c);
}else{
Emf_n1z1=NON;
}
Eg=(Z1c-Z1)*Ener_g(N1,Z1f)+(Z1-Z1f) *Ener_g(N1,Z1c);
Yelse{
exit(1);

//Z1 is a real number

}
i=N1-N1MIN;
Wn=Weight ((double)N1MIN,i,imax,1);
sum_Wn+=Wn;
if (Emf_n1z1>EPS)
else

}

return E;

E+=NON;

//When both of the two values exist

//When both of the two values do not exist

//When both of the two values exist

//When both of the two values do not exist

//When the value of Emf_nlzl doesn’t exist
E+=Wn* ((Emf_nl1z1-NE_sky_extr [neutron] [proton])-(Eg-Ener_g(neutron,proton)));

Nuclear mass formula of Weizsacker

double Ener_g(int N,int Z){

//input : N,Z
//output: E
int A; //mass number
double £0,f1,£2,£3;
double E;
A=N+Z;
f0=A;

f1=pow(4A,2.0/3.0);

£2=(pow((N-Z),2.0))/A;

£3=(pow(Z,2.0))*(pow(A,-1.0/3.0));

E=C_gross [0]*f0+C_gross [1]*f1+C_gross[2] *f2+C_gross [3]*£3;

return E;

double Ener_def(int N,int Z){
//input : N, Z
//output: E_def
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int A; //Mass number

double E_def; //The average defotmation energy
double E_s; //The surface energy

double E_C; //Coloumb energy

double dE_prl; //The energy tofavor prolate shapes
double dE_s;

double dE_C;

double A2,A4,A6;

double a_s = 17.3%(1.0-0.34); //(MeV)
double a_sI= 5.0; // (MeV)

double a_C = C_gross[3]; // (MeV)
double C_prl1=0.28;

double C_prl2=5.0;

A=N+Z;

A2=alpha2+*alpha2;
Ad=alphad*alpha4;
A6=alpha6*alpha6;

E_s=a_s*pow(A,2.0/3.0)-a_sI*pow((N-Z),2.0)*pow(A,-4.0/3.0);
E_C=a_C*Z*Z*pow(A,-1.0/3.0);

dE_s= E_s*(0.4%A2+ A4+(20.0/ 13.0)*A6);
dE_C=-E_C*(0.2%A2+(5.0/27.0) *A4+(25.0/169.0) *A6) ;

dE_prl=-C_prli*alpha2*pow(A,2.0/3.0)*exp(-C_prl2*A2) ;

E_def=dE_s+dE_C+dE_prl;

return E_def;

//

double SUM2_Wn_E(){

int N1MIN,N1MAX;

int i,j;

int imax;

int h=100;

double z,n;

double z0;

int zf,zc,nf,nc;

double dEmf; //Energy obtained from Substitute Data of Skyrme_S3
double dEg; //Energy obtained from Nuclear mass formula of Weizsacker
double el,e2;

double Wn;

double dEs; //Value of product of Wn and dEmf - dEg

double sum_dEs=0.0; //Sum total of product of Wn and dEmf - dEg

double sum_Wn=0.0;

N1MIN=ceil (N1_minxh) ;
N1MAX=floor (N1_max*h) ;

if ((double)NIMIN-N1_min*h>0.5) NIMIN=NiMIN-1;
if (N1_max*h-(double)N1MAX>0.5) N1MAX=N1MAX+1;
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imax=N1MAX-N1MIN;
for(i=0;i<=imax;i++){

n=(N1MIN+i)/((double)h);

z=proton*(n/(double)neutron) ;

zf=floor(z);

zc=ceil(z);

nf=floor(n);

nc=ceil(n);

dEg=Ener_g(n,z) ;

Wn=Weight (NIMIN/ (double)h,i,imax,h);

sum_Wn+=Wn;

if (nc-nf==0 && zc-zf==0 && NE_sky_extr [nf] [zf]<NON){
dEmf=NE_sky_extr [nf] [zf];
dEg=Ener_g(nf,zf);

}else if(nc-nf==0 && zc-zf==1 && NE_sky_extr[nf] [zf]<NON && NE_sky_extr [nf] [zc]<NON){
dEmf=two_points1((int)n,z,zf,zc);
dEg =(zc-z)*Ener_g(n,zf)+(z-zf)*Ener_g(n,zc);

}else if(nc-nf==1 && zc-zf==0 && NE_sky_extr[nf] [zf]<NON && NE_sky_extr[nc] [zf]<NON){
dEmf=two_points2((int)z,n,nf,nc);
dEg =(nc-n)*Ener_g(nf,z)+(n-nf)*Ener_g(nc,z);

Yelse if(nc-nf==1 && zc-zf==1 && NE_sky_extr[nf] [zf]<NON && NE_sky_extr[nf] [zc]<NON

&& NE_sky_extr[nc] [z£]<NON && NE_sky_extr[nc] [zc]<NON){

dEmf=four_points(n,nf,nc,z,zf,zc);
el =((double)nc-n)*Ener_g(nf,zf)+(n-(double)nf)*Ener_g(nc,zf);
e2 =((double)nc-n)*Ener_g(nf,zc)+(n-(double)nf)*Ener_g(nc,zc);

dEg =((double)zc-z)*el +(z-(double)zf) *xe2;
Yelse{
sum_dEs+=NON;
}
dEs=Wn* ( (dEmf-NE_sky_extr [neutron] [proton])-(dEg-Ener_g(neutron,proton)));
sum_dEs+=dEs;
}
return sum_dEs;
}
//

double two_pointsl(int x,double y,int yi,int y2){
//input : N, N1, N2, Z
//output: E
return ((double)y2-y)*NE_sky_extr[x] [y1]+(y-(double)yl)*NE_sky_extr[x] [y2];

//

double two_points2(int x,double y,int yi,int y2){
//input : N, N1, N2, Z
//output: E
return ((double)y2-y)*NE_sky_extr[y1] [x]+(y-(double)yl)*NE_sky_extr[y2] [x];

//

double four_points(double N,int Ni,int N2,double Z,int Z1,int Z2){
//input : N, Ni, N2, Z, Z1, Z2
//output: E
double EZ1,EZ2;
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double E;
double n1,n2;

n1=N-(double)N1;
n2=(double)N2-N;

EZ1=n2*NE_sky_extr [N1] [Z1]+n1*NE_sky_extr [N2] [Z1];
EZ2=n2+*NE_sky_extr [N1] [Z2] +n1#NE_sky_extr [N2] [Z2] ;

E =((double)Z2-Z)*EZ1+(Z-(double)Z1)*EZ2;

return E;

// Weight (N1)

double Weight(double nO,int i,int imax,int h){

double n;
double Weight;

if (i==0){
n=n0+((double)i+0.5)/(double)h;
Omegal=Omega_N1(N1_min);
Omega2=0Omega_N1(n) ;

}else if(i==imax){

Omegal=0Omega2;
Omega2=Omega_N1(N1_max) ;

Yelsed{
n=n0+((double)i+0.5)/(double)h;
Omegal=0Omega2;
Omega2=Omega_N1(n) ;

}

Weight=(Omegal-Omega2) ;

return Weight;

//——=mmm e Nunulear Mass

double Nucl_Ener(double Es){

return Es+Ener_eo(neutron,proton)-kel*pow(proton,2.39);

// The even-odd term

double Ener_eo(int N,int Z){
//input : N, Z
//output: E_eo

int A; //Mass number
double E_eo; //The even-odd term
double M_oo;

double del_oddZ;
double del_oddN;

//Parametersin the even-odd term

double C_eol= 13.90; // (MeV)
double C_eo2=  0.94; // (MeV)
double C_eo3= 6.50; // (MeV)

double C_eo4d= 2.00;
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double C_ool= 55.0;
double C_002=-120.0;
double C_oo03= 65.0;

A=N+Z;
if ((Z%2)==1) del_oddZ=1; //for odd Z
else del_oddZ=0; //for even Z

if ((N%2)==1) del_oddN=1; //for odd N
else del_oddN=0; //for even N

M_oo0=C_ool*pow(A,-1.0)+C_oo2*pow(A,-4.0/3.0)+C_oo3*pow(A,-5.0/3.0);
E_eo=C_eol*pow((1.0+C_eo2*exp(C_eo3* (N-2*Z+C_eo4)/(double)A)),-0.5)*pow(A,-0.5)*(del_oddZ+del_oddN)
-M_oox*del_oddZ+*del_oddN;

return E_eo;

// Root Mean Square 2

void RMSO(){
//input: NE_mO3[N] [Z],NE_sky[N][Z]
//output :RMS
int i;
int N,Z;
double S=0.0;
double RMS; //Root Mean Square

i=0;
for (N=Nmin ; N<=NMAX;N++){
for(Z=Zmin; Z<=ZMAX;Z++){
if (NE_mO3[N] [Z]<NON && NE_sky [N] [Z]<NON &&N%2==0 && Z%2==0){
S+=pow ((NE_mO03 [N] [Z]-NE_sky [N] [Z2]),2.0);

RMS=sqrt (S/(double)i);
printf ("Skyrme and Audi-Wapsta : RMS=%10.8f(MeV) %5d\n",RMS,i);

// Root Mean Square 3

void RMS2(){
//input: NE[N][Z],NE_mO3[N] [Z]
//output :RMS
int i;
int N,Z;
double S=0.0;
double RMS; //Root Mean Square

i=0;
for (N=Nmin ; N<=NMAX ; N++){
for(Z=Zmin; Z<=ZMAX;Z++){
if (NE[N] [ZI<NON && NE_mO3[N] [Z]1<NON && N%2==0 && Z%2==0){
S+=pow ((NE[N] [Z]-NE_mO3[N] [2]),2.0);
//printf ("%d %d %f %f %f\n",N,Z,CV,EV,fabs(CV-EV));

i++;
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}
RMS=sqrt (S/(double)i);
printf ("This work and Audi-Wapsta : RMS=%10.8f(MeV) %5d\n",RMS,i);

// Root Mean Square 4

void RMS3(){
//input: alpha2_ MIN[N] [Z]<NON,alpha2_dat [N] [Z]
//output :RMS
int i;
int N,Z;
double S=0.0;
double RMS; //Root Mean Square

i=0;
for (N=Nmin ; N<=NMAX ; N++){
for (Z=Zmin;Z<=ZMAX;Z++){
if (alpha2_MIN[N] [Z]1<NON && alpha2_dat[N][Z]<NON && N%2==0 && Z%2==0){
S+=pow((alpha2_MIN[N] [Z]-alpha2_dat[N][Z]),2.0);

RMS=sqrt (S/(double)i);
printf("alpha2 : RMS=)10.8f(MeV) %5d\n",RMS,i);

[/====—mmm— Nuclear mass formula of Weizsacker

double AW_g(int N,int Z){
//input : N,Z

//output: E
double A; //mass number
double f0,f1,f2,£3;
double E;

A=(double)N+(double)Z;

£0=A;

f1=pow(A,2.0/3.0);

£2=(pow((N-Z),2.0))/A;

£3=(pow(Z,2.0))*(pow(A,-1.0/3.0));

E=C_gross [0]*f0+C_gross[1]*f1+C_gross[2] *f2+C_gross [3] *£3;

return E;
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