DDDDDDDDDDDDDDDDDDI

oooubobooogooobod

oo o
gboooooooooooooboobooobooobogng

g o

oobooboooboboooboobooboobooboboooboobooobooboooboon
oboooooooboooboboobooooboobooboooooobooobooooobooobooobn
gbooooboooboobobooooboooobooooobooboooo

1 0000

gboogoboobooboobooooboobobbobobooboobboobboobbOon
gbobooboobooboooboooooboobooboooobooboobbobobonoboon
O000000000O000O(SSB)Uoooooooooooooooooooooooooooo
gbbooboobuoobouoobooubboboboobooooobooboboobboboboan
0000000000000 000DOO000DO0000O0000D0ODO0O00DOD0O00DOOOO SSB
gobooboobbooboobboooboobboooboonDn

gbooobooooobooboboboboobooboboboboobooboboom20000
gbobobosboboboboboboboboboobooobooobooooboooooooooon
oooooooooooooooxmoo00oooo0oooobo0ooooOobobo0ooooooOoooo
goobooboobobo“wwboborobbogbobooooboboobDUbobobDobbobDUuDbO
gboboobooobbooboobooboobbooobooobobooboobooboobooon
uuobooboombOOobooOob cObO00bOOob0bOob0ooboobooooboboboobooboan
gooobobod h2/m62DDDDDDDDDDDDDDDDDDDDDDDD VoUOODOOOOO
000000000000 oo 2360000000200000000000 (Hy)OODOO 20
gboooooboboobobobooboboooobboboooboboboooobo h2/(mc2V0)
0102000000000000000000010000000000000000H,0000
gobooobogoboogobooboooobooooobooboboioobobboobbgboooobooboboo
gboooboooboboboooooooboobobooooooboboboooooboobobobo
gboboobooboobooboobooboobooboboobooboobooboooon
goobooobooobbobbooboobooboboobooboboobooboobobooon
ugbbooboobooboobobboobboobooboobooobooboobbonoboon
gooobooo



2 Oooood

2.1 OU00dOoboooooooboon

00000000000 0000000000000
0000000000000 SSBO0000000000

000 Goldstone (1960) 00 000000000000 %)
0000000000000000000000000
000000000 000000000000nnodO a
000000000000 0000000000000
0000000000000 00O0O0 0 Bohr-Mottelson
00000 (00000000)000(0000000) J
0000000000000 000000000000 / -
010000000195600000000000000
000000000000000000000000 [2]
0000000000000000000000000
SSBO00000000000000000000nnn o FO000000000000000000

00000 go00o0oooooooooooo

0000000000000000000000000 gQoQoQooooooOOoooooooonn
000000 SSBOOOOOO0O0O0O00000O00D 00000000.00d00000000 2]
00000 (“sSB’000oo0oooooooo)ong O Fe V100000
0000000000000000000000000
00000000000000000000000000000000 [3]006-310 [4]00 3-40
oooooo

000000000C000000000000Bohr-Mottelson 0000000000000000
Aage Bohr 000000 Niels Bohr 000000000 OO0OOOOONiels Bohr 0OO0OOOOOO
00000000000000000000000000000193700000000000000
0000000000 [50Bor 000000000000 Wheele 00000000000000O
00000000000000000000000 [f000000000000000000000
0000000000000 (Resonating Group Method) 00 00000000000000000
000000000000000000000000000000000000000000Wheeler
000000 Bohr 000000000 0000000000000000000001937000
000000 SSBOOOO Jahn-Teller 000000 [7]00000000000000000 Teller
0 Wheelr 000 0000000000000 00 8|00000000000000000000
0000SSBOOOODOOO0OO0OO0O0OONOOOOONONONONONONONON0ONONONONNON0O0ONO0nDO
0 O Hahn-Meitner-Strassmann 0 0000 0000000000000 0O00O00OO0O (9, 10[0000

000 Jahn-Teller 000000000000 discrete 0000000000000 0Goldstone 00000000
gobooooobooooooooooboboooobobooboobboOooboOobooOooa



0000000000000 00000000000 WheelerOOOOOOOOOOOBohrO OO
00000000 (00)DoooOOoOoUOoOoODOOooOoOO0oOb 11jJooo0o0DU0bOoDoDoOooooo
O00000d00o00oooo0oo00oo0ooo0oooUooo0oooooooooooo
oooooooon
00odboboboboobooobooboooobo0oobooDboooobOoobonodMayer-
Jensen 0000 30000000000000000O0OODOOOO(0O0O0ODOO)0OOOO [12]0
00000000 (DOoDoDoDOO)0000000DO0D0D0D0D0D0DO0D0D0DODOoOoOoOODOOOODODO
0000000000000 00000O0000O0D0O0O0UO00DOOUO BoUDooOoooo
oddodoooooooooodoboooooobooooooooboooooooooooooo
gddodobdodooooooouobodobooooooooboooooooooooobooo
0000000000000 00O00000000ODODODO (13, 4000000 SSBOOOOOOO
O000000000o00oo00ooo0oo00oooUooo0oooUoooooooOoooo
000000000000 000000000000A.Bohr 000 [13]00 000 M The coupling
of nuclear surface oscillations to the motion of individual nucleonsO 0D OO0 000000 OOO0OO
o000 (oD0)0b00o0O0O00000 (DOO0D0D0)O0O0O0ODOO0OO000D0D0OD0ODOOOOODOO
0020
O0000D000o00oo0oo0o0ooooooooooooooooooooooooon
oddodobodooooooobooooooooodoooooooooooooooooooo
gddodobooooooooouoooooooooooooob0ooooooooooooo
Jddddooooooooooooon Jan-Teller D00 O0O0OO0OO0OO0OOOOOOODOOOOOO
Od0o0odU0oo0oooooooooooooo

2.2 0DOO0O0O Jahn-Teller 0O

ubooboobooboooboobbobboobboobooboooboobboooboooboobon
00 00000000000000; (i=1,---,A)0000000000000030

Te L T3. (1)

0000000 0000000000000000000000000000000000O020
O000ooOo0ooooboooooo

H(xa/@):T,@+V(ﬁ)+h($)+Hcoupl($a/6)a (2)

0000000004000 00 Born-Oppenheimer 100000 x00000000000000
0 0 {h(z) + Heoupi(z, 5)}[n(8)) = en(B)|n(4)) 00D DO0DA(z)0000000000000000

00000HI-Wheeler 000 0000000000000000000000000O0O0O0O0O00000000 [16]0
‘0000000000000 D0000000000000000000000000000000000000000
goboocoooooooood




0000000000000000000 (valence) 00 000000000000DOO0DOODOO
o000 ¥(z,8) =>,nB)®¢,(3)000000000000000000O0OO0OOOOOO
O twm(B) = (n(B)|Tslm(B)) (m#£n)0000000000DOO0ODODO!Y

{Tﬁ+v(ﬁ)+€n(ﬁ)}¢n(5)+ Ztnm(5)¢m(ﬁ):Ewn(ﬁ)a (3)
mn
00000 (00000)0000000000000DO0O0OOoOOO0OO n(E)YyooOOoOoOOooOOoOO
00000000000 V(@) +e(/) 00000000 000O0O0O0OO t,,(/)ODOODOODODOODO
O00000V(P)+e(B)000 (F=0)00000000000O0O0O0O0O0O0O0OODODOOO (DO
000)000000000000000000000000e, —e0>to 00000 B)0DOO
0t,, 0OODODODDOOOOOOOOOO p=0000 (0 1000«000) 0000000000
0000000000000 00000O00e 000 e 0p=0000000000000 ¢t,000
ooooooo
0000000000000000n=0,1000000 (e(B) =0, e1(f) =ep)UB>0000
doo0pg=0000000000000000DO00DO0O0OO0ODODOOO0DOOODOOOOO0

VO RS0, ) ~ab to(d) =B )

D000000C>00e>00(3)00 730000000000000002x200000000
0000000008 =e(y/1+4[¢/e2—-1)/(2C)>000000000000000000000
00010 ¢000d0000000000000000

0000000000000000000000000000000000000 SSBOOO0
00000000000000000000000000000000 Heoup(z,3) 0000000
0000000 V(B)+6 00000 (3=0000000000000000000000000
000000000000000000000000000000000000000 ,(6)000
00000000000000000000000 (closed shel) 100 (00)000000 (open
shel) 0000000000000 0000000000000000000000000000
0 (Nilsson) 000 000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000 20000000000V(B)+e(8) (n=0,1)03=000000000
0000000000

23 0U00b0OO0OO0O1100000000

oo0o0000 HopOooodooooooooooooooooooooooooooooo
0o0ooooooU00oO0 (yo)oooploooUOODOoOoODoOOOOOODDODDODOO 100000

‘0poo t.(8)0 () 000000000D pOO00D0O0O0O0ODOODOOOOODODOOOODODODDOO
goboooooboooooooooobooobOooooOoOooobooOoobOOoOoOooOoO0OobOo0obOobboOobOOOoOobooOooon




000000000000000000000000000000000Bohr-Mottelson 0000
0 Hewp 000000000D0000000000 4000100000000 U(z,f) 0000
Heoupi (2, 8) = U(z,8) —U(2,0)0 000000000x00000000

Hcoupl(xaﬁ) = —RﬁF(l‘), (5)

0000000000000 000000000000F(x)=Y,f(z;) 000000 pO0O0O0OODO
O0000001000000000 |0)(Slater000)000000O0O0OODO 10010000000
DDDDF\O>:ZPh|ph)<ph|F|O>DDDDDDDDlDDDD rogoooooboobobgonog
O0|(ph|F|0)| « 1000000000000 0OOOODODOOOOOODOOOOOODOOOODOO
000000000000 (000000)00000000 “0000700000000°0F(x)
Opo00oooooOooo0oOoooooooboooOooooooooon

1 1
Hcoupl ~ _§K(F(‘/L’))2 ~ —5/‘%52, (6)

00000000000000000000000000 C—-«0000000000000 (C< «)0
0000000000000SSBOOOOOOOO0O0000000000000000000000
O000000O000H =h(z) - (x/2)(F(z)?000 1000000004000 20000000
0000000000000000000%0
0000000000000000000000000 4000000000000000000
000000000000000000000000000000 (Yo)0000000000000
00000000000000000000000000000 (Ya)00000000000 (30
00)00000000000000000000000000000000000000000 “0
0’«000000000000000 “00”7000000 40000000000000000
00000000000000 (6)000000P 02000000000000

Hpair = _G(OZPT + hC) ~ —GPTP ~ —G|Oé|27 (7)

0000000000000 00000 “00”(000)0000000000000070a0 80
gbobobobobooboobobobooboboboooboooobooooooboUOoDOooOoobDgn Pairing-
plus-quadrupole D 0 0O OO O0OO0ODOODOOOOODOOOOODLOODOOOODOODOODOOD
ubbobobobobobbooboobuooboobobbobbobobobobobbooboon
0000000o00o000o0o000U0O00U0L0O0OU0D (DoOOO0o [3,1I7)oo0U0O0DOO0) O
goooooo

*300000000000000000000000000000000000000000000000O0FO000
00000(6)000000000000000000 (RPA)0DODODD0O00D0O000O 400000000000
000000000000000000000 (5000000 (Nuclear Field Theory) 00 000000000000
0000000000000000000000000 (3]0

S6)000000000000000000000 (Q,Q)00000000000000000000000000
000000) =exp(e)0)0000000000O00000O0O0DO00OG =(0|F0)000000000000

"BCSO0000000D0000O00O A=GaO0O00O000«00000000 ADOODOOODOOOOOOOO
0000000000000000000000000 BCSOOOOOO0O0a=A/G = {(0|P|0')0




3 000 (shell structure)

2000b0b0oboobobobob0b0dddooDoDbD b0 bbb bbO0dddUUUUoo
oo0oo0oooOoooooOdD “o0”00b0b00o0bObO0bOO0ob0O0o0bOO0OoDOOoDObOOoDOon0Oon
goobobOoboboboboboobobDooooDOo “o’bobobOoooobooog “noo”
000o0o0o00(@oO)000o00o00U0o0o00DUoO0O0DUOO0O0DLO0DoOOoO0O0oUOoOOOO
Strutinsky 0 0 00 OO (shell correction) 0000000000 (8000000 O0OOOOOO
00000000000000(000)0000000000000 (E = Enacro+ Esnen)0 O OO
000000000 Woods-Saxon Nilsson 00000000000 ODO0OOOODOOOODOODOO
O0FEqen 000000000 (shellenergy) 0000000000000 00O0OO0OODOOOODOO
0000000000000 bo0o0o0b0oo00b0ooo00ooo0 EgenDO000oooon
ggodouobbobtbtbdoooooobooubobo bbb booboobobooboobo
0000000000000 00000000O0O0000UOOOOO (YODoDODOoOoDoooooo
O0000ONaOOODOOOODOOOOOOOOOOOOOO [20,21]0

vboogbobobobooooooooboboboobooobobobooooooooboD
0000000000 00000 [22,23,2400000000 BJoo0000oO0OO0O0OOoOOOO
ygoooobobtododoooooboobobtoodobdooooob bbb oLbL Lo
000000000000 Oe(n,) 0000000 000000000000 e(n,))ODO0O0ODO
0000000000000 00000000000000000000n 0000000 e(n,l)00O
gooon

e(n, 1) = €(no, Io) + (n — no) (2;)0 U= 1) (g;)o T (8)

n0(0000000000000000000(e,b)0000000000(%) (%), =a:b0

0
0000mO000000é€(ng+mb,lo—ma)0 e(no,lo) 000000000080 0000000

St 1/0 1/
€ €
=5 (5n)y = (31 Y

oooo00oDoO00DOOo0obO00DD gy ODOOOOOOOO e0OO bOODOOODOO
0000000 weg, 00000000 OOOOO0ODOOOODOOOOOOODOODOOOO (a,b)0O
gobooboobbooboobbooboobbooboobbooo

000 (n,) 000000000 (action) D 000000000 9¢/onb00e/ol0OOOOOODO
(angle) 000000000 OOOO00OOOOOOOOOOOOOOOOOOOOOOOOOOO
ubbooboobuoobuoobooboobboboboobooboobbobobbooboan
00000°0000000000000000000000000000

0000000000000 0000000000000DDN00DNO00DNDOO0NDOONoonong (»,l)0000
gobooooobooooboooooooobo

‘0000000000000 e:b=2:10000000000000e:b=1:1000000000000000
goboooooooboobooooooooooboOoOolbboo1bbooooOooOobooboOoon



OO00O0o00O0bO0O0b00e:b=2:100000000000000DO0COO0ODOOO0ODODOOD
a:b=3:1000000000000000000000000000000000000 [22]*°0
gbooboboooboobobooooobooobobobooooooboboboboooooobobo
O00e:b=2:1000000000000000002:10000000000000A1=2
gbobopoboobooboobobooooboobobobboobboboboobooboobooboon
uooboobooboobooboobbobbooboooooboobobobbonoboon
0000o0o0O000o0oOo000oOOOo0oU0oOoO0C0OO0O00 (DbooO)oooooooooo
OoooooooooooOoOOoOOOOCOOOOOOOoOooooOosSsBooooOOOOODOOO
gooboooDn

gboooboboobobooboboobooooboooboobgooobo3-1000o0a0on
000000000000 BDOU00O0Al=3000000000000((@MOODODO0OO)OOO
gboobooooobooboboboooooboboboboboboobooooooboobobobo
goooodobooobobooooboboobobooobbobooobobooboboboon

gboogobooobobobbobooobbobboboboobbooboobooboboboobon
ubobobobobobooboobobbobboboboobooboboobbobbooboon
gbobobobooooboooboooooooboobooboboboboboo40b0b000ooon
0000000000000 0O0O0000000O000O00O000UO0O0OD 260000000

4 000 (superdeformation)

200000000000000000000D00000000O000000000000000
OO0DD0O00 A™Y30Doooo' 0000000000000 0DD0000oDonoDoooooon
00000000 f~0300000000 3~0200000000008~060000000
0000000000000 (superdeformed state) DD 000 0000000000000O0ODOO
0000000200000 S8SBO000O0O00O0O0O00OOO0OOOOO “00”000001"120¢¢0
0”’000000000000(0000000D)0000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000003000000000000000000000

00000000000000000000000000000000000000000000
000D000000000200000 (»,/)000000000000000O0D0000OO000

000 (3:1)0000 (4:1)0000000000000000000 (supershell structure) 000000000
O000ONishioka 000000000000 0000000000000O00O00O0000 [25]0
U0poo0000000000000000 (hwa~A"Y3) 000000000000000
OpooD00o000000000A Y3 00000000000 0A~20000000000 8~06000000
ooooooooooooo



0000000000000000300000 (n1,n,n3)00000000000O03000000
gbbooboobobooob3sbboooobogoanoo

(B () (),

000 (n1,ne,n3)o 000000000000 DOOOOOOOOOO (9)YOOODODODOOOOOOOO
0000000000 (a,b,c) 00000000 0O0OOOOOOOOCOOOOODOOOODOOOOO
00000000000000000(10)00000000000 wy:twy:w,=a:b:c00000
gbobooooboobobooboobooboobobobbooobobobbo0b0bd asbie=1:1101
OO0O0Oo00DbOOo0bOOo00oO0oOobDbOObobObODO0OoDOOogO0a:bie=1:1:20002:2:1
goo0oO0oooOooOOOO0OOO0OO0 (oOOOOO)OOOODOO0OOO0OO0DO0D0ODUOO0DO0(OO)OoDOOo
gboboooboobgoobooobobooboboo2010b0bob0o0obooboobobobon
000000000000 000000U00O000OO0UO0O0 B0 6480000000000
gob1:1:202:2:10000000000000000DO0000O000O0DO0O0OODOO0ODODO
uboboboboobooboobobobobboobooboooooboooboobooboon
ubbobbobbobbooboobuooboobuobbobbobbobbobobooboan
0000000000000000000000000®B00000000000003:3:100
O000D00o0“000oOn” (hyperdeformation) 00 0000000000000 O0OOOOOO
gbobopooboboobooboobboobbobobobooboooboobbobbooboon
uboboobooooboobboobuoobbooboobooon
oooboooooboooooboooooboooboogssBOoboDOO 7
goboooobooo 2:2:100000000000O00O0DOODODO
00300000000 00DOO0O0DoOpg~06000000000O0O0
U000bo00bDUOb0Egqq 000000 oboooboooobooon
uboboooobuooobooobbooobooobbooboboooboon
gbobgobobooooobooboboboobobooooobobon
gobooboobobooboog
odooooooooboobbobobobobobobbbbbbibibibi0lw, =
wy=2w, 0000000000000000000000000O0O0O00
gboobobobobddxr—y0OOoOO0OO0ODOOD z:0000000O
gobobdbddz—z0000000D0D0O0O080O0O00O0O0DOOODODO
oobobboo0z—200000000080000000000 y0ODO
uooooobog20b00boboobooboobooobobooboboanoo
ugboboooudgbboobboobboobboobbuoobboano

02000000000
000000000 [29]0

B300000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000
000000000 [27)0



0000000000000 000000 80000000000000000000000000
Al=000AK=100000000000000000000000 KOOODOOOOOOOO
00D :0000000000000000000000000000000000000000C
000Y,4 0000000000000000000000000000000000000 =3
00Y;; D000D00000D00000000000000000000000000000
000000000000 0000000000000000000000MO000N00nOn
00D000000D000000

0000000000 A=150000
A=1000000000000000 —— s
28)00000000000000000 | | @) ®)
D000D0000000000000 : — B | R
DOO0O0(6) D0 (7)D0000000n
000000000 RPA(QRPA) OO0
0000000000000 30000
03000000 K=10000000
0000D0000000000000
0000000D0000000000
0000000000000 DO00ODn e e
0D (h)000D0000D00 8000 0 2;16 8 0 2;;
00D QRPAODDODOOOOOOO

goboboboooobbbooobobb 03 00000000000000000000000000
0000000 3(3,)[||:||:J|:|[||:||:J|:| o GOoo (Nva) DOODOO0DOO0O0OD01000000000D0OO0O
000000000U0D00o0uodO(a)d (mUoOOQO GO
00000 00000000000 [30]0 Fig.8OOOOO

s o o
> (=} (o<}
= j
Il
|
J
|
|
|
|
|

Excitation Energy [hws)
|
IJ
|
&
[
|
|
~
Il

e
-]
T
1
J
1

6 8

gobooboooooboobooooooo
ugod

gboobboobbobbobobooboobuoobuoobodgbuoobooboboboobod
gboboooogoboboboboboooooooooboboboooboooboobooboboobo
gbooobobooboboobobooooooobobobobooobooboobobg 8~1000
gbobobooboobobobboobooboobooboobooboooboooobobobooboon
gbooboobboobboboboobuoboboobooboobooobooboobooboan
b o~400000000D0DO0OD 30D00O0O0ODOODOODOODODODODODOLOODOO
00 K=00 K=200OUOoOooooooooooobobuoboboooooooooooooo
O0000o000o00oo0o0oOo0oo Bloo0o0oo0ooo0oo0oooo0ooOoooo
(2000000000000 0000000O00O000O000O0DO00ODOOOUODODOOUOODOO
gbobogooooboboboobooooob RrRIODbOoOOobDOoOOo0oOo0obOobobOoD 2000
gbooooogobobooooogoboboboobouoooooboboboobooobOobobo
gobooboooboogg



E. Teller and J.A. Wheeler, Phys. Rev. 53, 778 (1938).

O. Hahn and F. Strassmann, Naturwiss. 27, 11 (1939).

L. Meitner and O. R. Frisch, Nature 143, 239 (1939).

N. Bohr and J.A. Wheeler, Phys. Rev. 56, 426 (1939)

M.G. Mayer, Phys. Rev. 75, 1969 (1949); O. Haxel, et al, Phys. Rev. 75, 1766 (1949).
A. Bohr, Mat. Phys. Medd. Dan. Vid. Selsk. 26 No.14 (1952).

A. Bohr and B.R. Mottelson, Mat. Phys. Medd. Dan. Vid. Selsk. 27 No.16 (1953);
A. Rainwater, Phys. Rev. 79, 432 (1950).

D.L. Hill and J.A. Wheeler, Phys. Rev. 89, 1102 (1953).

P. Ring and P. Schuck, Nuclear Many-Body Problems (Springer-Verlag, 1980).

M. Brack et al, Rev. Mod. Phys. 44, 320 (1972).

P. Moller, J.R. Nix, and W.J. Swiatecki, At. Data Nucl. Data Tables 59, 185 (1995).
S. Frauendorf and V. Pashkevich, Z. Phys. D 26, S-98 (1993).

M. Brack, Rev. Mod. Phys. 65, 677 (1993).

R. Balian and C. Bloch, Ann. Phys. (NY) 69, 76 (1971).

M.C. Gutzwiller, J. Math. Phys. 12, 343 (1971).

M.V. Berry and M. Tabor, Proc. Roy. Soc. London Ser. A 356, 357 (1977).

H. Nishioka, K. Hansen, and B.R. Mottelson, Phys. Rev. B 42, 9377 (1990).
0000000000000 00000 57, 37 (2002).

N. Tajima and N. Suzuki, Phys. Rev. C 64, 037301 (2001).

X.-L. Han and C.-L. Wu, At. Data Nucl. Data Tables 63, 117 (1996).

K. Arital 0000 0000O0OS. Mizutori et al, Nucl. Phys. A557, 125¢ (1993).

T. Nakatsukasa, S. Mizutori, and K. Matsuyanagi, Prog. Theor. Phys. 87, 607 (1992).
T. Nakatsukasa, et al, Phys. Rev. C 53, 2213 (1996); Phys. Lett. B343, 19 (1995).
T. Lauritsen et al, Phys. Rev. Lett. 89, 042501 (2002), and references therein.



