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Abstract

Atomic nucleus is a finite quantal system and shows various marvelous features. One
of the purposes of the nuclear structure study is to understand such features from a
microscopic viewpoint of nuclear many-body problem. Recently, it is becoming possible
to explore nuclear states under “extreme conditions”, which are far different from the
usual ground states of stable nuclei, and new aspects of such unstable nuclei attract
our interests. In this lecture, I would like to discuss the nuclear structure in the limit of
rapid rotation, or the extreme states with very large angular momenta, which became
accessible by recent advent of large arrays of gamma-ray detecting system; these devices
are extremely useful to measure coincident multiple ~v-rays following heavy-ion fusion
reactions. Including such experimental aspects as how to detect the nuclear rotational
states, I review physics of high-spin states starting from the elementary subjects of
nuclear structure study. I would like also to discuss the extreme states with very large
nuclear deformation, which are easily realized in rapidly rotating nuclei.



1 Introduction
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2 Nuclear Structure near the ground state
— preliminaries —
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2.1 Single-particle vs. collective motions
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2.2 Static mean-field theory — Hatree-Fock-Bogoliubov method
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00000000 (static) 000000 OOOOO00OO0OODOOOOOOOOOODO
goddggooobooooooooooooooooooooobbboonbboon
(0000000000o0o0oooOoDO)0D0DO0Rn0O0—PO0000 (n=1,2,3,..)00000

guooooooog:
H:hsph+1). (21)

0000hy 0000000000000 vO000000000000 2000000
000000000 (00000000000000000000000000000 20
00000000)0000000000000 (d,¢)000000000a = (nljm,m,)
00000 (nO0000000 ()000+000000000 ()000 -00 (m)000
00000300 (m,=7,,)00000000000000

1
B > Uaﬂn&CLCIaCan (2:2)

Psph, = Z eacha, v =
e} afByo
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0000 41x1080/"=2"0000 35x 1004 0000000000000 0O000OOO
000000000000000000000ooooooO (boooooooooooo
O0000000000000000000000O00O0O0000O0OoooooOo B)o
gbboodgbboobbobbuoobbooobbodobbuobbooobboobb
00o0000000(21)00000000000 Ay, 0000000 000000000
0000 00000000000 00000000000OO0|py O0D00O0O0O0O00O0OO
0000000000000 000000000 {(¢pvj¢)=00000000000000
gbobodgbbugboboodgbbuoobbobbuoobobuoobbuoobboooboo
0000 (000000000000 Slater 00000)000000000000O0OO
goobodbbogbbogobooobbuoobbuoooboobuooboboooboo
000000022 0000000000000000000O0O0O0O0O0DOOOOOOO
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hsph - Z Ea[cj;ca]OOa (23)
v = Z v (L) [[ehes]nlchea tloo : (2.4)
abch
dodoooooooogooo
v=0 = 3 oil(L) llelef]Lleace] oo, (2:5)

abedL

000000000 [+ 0000000000000 LMOOOO0OOO0O0000:*«:0
0000000000000000 (normal ordering) 00000000 0a = (nlj,m,) O
00000000 000000000000 0O0((R4)000000O00000O0O0O-

O((p-h)000000000000000000000000000000000000O0O
(25) 0000000000000 (pp, h-h)J0000O000OO0OO0OOOOOOOOO
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gbogbobboodgbboodgbbdaboobbobbooobbuooobbooboboo
00000000000000000000000000000 |¢) 0000000000
gboboboooobobooooooon

haet = Zea[c Ca 00 + Z Fab LM)[ Cb LM + Z Aab LM)([ Cb]LM + [Cdcc]LM) (26)

a abLM abLM

0000000000000000000 IM)(L>0)0000000000000
0 Ah(LM)0D0D000000000:

ab LM Zvab cd Tcd]LM|¢>7 (27)



ab LM Zvab cd (b‘ CdCc LM‘¢ Zvcd ab C ¢ ]LM|¢> (28)
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00000 Iw(LM) O Au(LM)ODOO0OO0D0D000 |¢) 000000000000000
godgogoouoobobbobbbibioooouoouoobobobobbiboooooo
gdddoooououooooobobbobobbbbbbbbbooooooooouuoo
000000000000 (0O00000000000) Nw(LM) O Aw(LM) D000
goddgdodoooooououoooobobobbbbbbbbobbbbibodoooogo
0000000000 (0000)DoDoooO0UoooooooOooooooooooooo
Hartree-Fock-Bogoliubov (HFB) 00 00000000

2.3 Nuclear deformation and the Strutinsky method

gbbodbbuoooboogbbuoboobbooobboobboobooobb
HFBOOOODOOOUOOOODOOOLOO0bOobOobuoooobOoboOobODzero-range
0000000 Skyrme 0000000000000 0O0OOO(OOODOOOOOOOODO)
000000000 gpBOO0OOOODOOOOODOOOOODOOOOODOODOOOOOD
gbbogdgbbugbobogbboobbooobboobbobbuoobbooboboo
OO0O0O00o0ooooooooonDg Skyyrme HFBOOODOODODODOODODODOODOODOODO
goobodbbuogbbooobooobbuoobbuoobuoobbuooboboooboo
gbboodbbugbodbbuoobbuoooboodbooobbuoobboooboo
gbodbuogboboodgbbuooobbuooboboobooobbuooobbuoobooo
OO000000b00Db0obDO0ob0o0oo0obOoD strutinsky DODOOOOOOOOODODO
6000000000000 00DOOO0ODOO

Strutinsky 00 0000000000000 O0O0O0OO0O0OO00OO00DO0OOO0ODbOOOO0
0000000000ooooo0o0d0d (L=2)000000000000oDoOoooDOoO
OO0O0OONisson OO0 OO0O0OOO0OOO0OOO0OO0OoOo0ooboooDbobobooboobg
O Nilsson 000000000000 000 (00O Nilsson 000000000 OOOO
(L=4)00000000000000000000000000O0O0O0O0O0O00O0O00):

hxis = huo + Pustu- (2.9)

000 mpoOOOOOOOOODODOOODOOO

2

p
huo = oM + > . wzy Zwk‘rlm (2.10)

Ooooobooboobobbobbo0obo0ob0l E=o2,y,:-000000000 ny
O00000ego = Yphwr(ng +1/2) 00000000, O0O0DO0O0O00O00O0O0OOO
O00000000000D000D (IsO)000000ooooDoooooooooooo
000000000000 *000000000000000000000000000
0000000000000 0O0D0 (DODODUDUDODDoDoDOoDoooooOoDOD plooo)Oo
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0(210)00000000000000000000000000%2.2000000 HFB
0000000000000 (26)00000.M-000000000000 (L =2)0
0000000000000000000000000000000000000000
Qorr = Xapla|r?Yaou|B)ches 00DD 00000 vgg = XXy QhyQoy 00D0ODDO
0000000 §2400000000000000000 P+QQ-0000000000
0000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000hg 000000000000000 k=2,9,2000000 R,x1/w,0000
00000000000000000000000000000000000000000
00000000000 20000000000000000 Lund convention 00000
000000000000 (e,7) 00000 (00000020000 (L=2)000):

2 2
Wi :wv(l— gﬁgCOS(’Y‘l‘%l{)), (k=x,y,z < 1,2,3), (2.11)

0000w(e,7) 0000000 wywyw, = w} 00000000000 Dw, = 41/AY3
MeV/R] 0000000000000 O000O000000O000O0O0000000000O
00000 Nilsson 0000000000000 (000 QQ-00000)000 2000
0 HFBOOOOOOOOOOOOOOO0OO0O0OO00O0000000000000 Skyrme
0000000000000000000000000000000000000000
00000000000 O0Nisson 0000000000000000000000000
000000 70 >00000000000070000000000000¢ # Zn
(n=0,1,2,.) 000000z,9,-0 300000000000000000000000
000030000000000000000000000000000<+~<60°00
00000000000000000000000000000000000000000
0000000~=00 (--00000000)0000 (prolate) D00y =60°0 (2-00
000000)0000 (oblate) 00 0000000000000000 y=000000
0e>000000000e,<00000000 (0000 »-00000000)0000
0000 000000000000000:

Rz_wz_l‘f‘éGQ

Rx Wy 1— %62

~ltea (o<l) (2.12)

00000000000000000000000000000000000000000
00000 (0,9) 0000000

R(0,0) = Ry(1+ > Bia Vi (0,9)), (2.13)
LM

000000000 (R, 0000000000000 OO)D0000000 By(=Fp) O
MMmDDDDDDDQDDDDDBwsf%Q (< 1)0000000DO000OO
000000000000000000000000000O0O0000000O0 (Dooo

DO00O00O0 [8looo)o
00000000000 Nilsson OOOO0OOO00O00O0000000O0DO (e,v) 000
ei(e,7) 00 0000000000000 0 Nilsson diagram 0000000000000
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0 2: 000000 Nilsson diagram 0O 00O O

obooboboobobobuooboboboobobobooboboboboobobo
00000000000000000000000000000000000000 (y=0)
O00000 0000000000000 DO0D0ODODODO Nilsson diagram OO
b 2000000000000000D0D0O0e=000000000000O00000ODO
00000 00 m(Nilsson 000000 00000)00000000O0O0O0OOO
gbbodgbbugbugobboogbbuoobboobuooobboobbooboboo
0000000000000 00000000000000000000 (shell structure)
O00000000000000000000000000 (binding energy) 0000000
000000000000000 (Liquid Drop Model, LDM) 0000000000000
gbbuogobbubobbogbooobbooobboobbuoobbooobbaoo
0000000 (0000000)00000000000000000O0O00000000O
gbooboboboboboobobuoboobobobbboooboboboobobo
gbboogdbbugbbuooobooobbuoobboboboobbuobboooboo
gbooodobbobbogbbuobbuoooboogbooobbuoobboooobooo
O0O0D0ODO0O000D00OD Strutinsky DODOODOOO

Nilsson OO0 000000000000 OO0OOOOOOO0OO0O0OO0O0O0O000000000
gobooo

Eq(e2,7) = (lhnis|d) = D eil€2, ), (2.14)
i<F

(ZiSFDDDDDDDDDDDDDDDDDDD)DDDDDDDDhNﬂsDDDDDDDD
ogooogog HFBDDDDDDD(Q.G)DD hiee UOOOOO0O0O0O0OOOOOOOOO
00D000000000000000000 (000 (H) = (heg) + W) = (haet) — (v) O
DD)DDDDDDDDDDDDDD(2.14)DDDDDDDDDDDDDDDDDDDDDD
odogopooooooogooooogooooooo oo ooognoooobooouoggg
O00o0o0oouoooooooobodmp 00000000000 0o0oooooboobooon
DDDDDDD(2.14)DDDDDDDDDDDDDDDDDDD EShDDDDDDDDDD



obobob pppv 00OO0O0D0OO0ODOODOOODDOO:

Eiot = Esh — Esh + Ervpym = 0Egy + EvLpwm, (2.15)

000 6B, =Ey— F, 000000000 (shell-correction energy) 000000000
O0oo00ooooooooooooooooooooooooooooooouoonooon
0000000000000 00000(@MO0D)0DD0O0 Strutinsky 00000000
oo oooooooooooooonooooooooooooon
000000000 Skyrme OODOOOO HFBOOOOOOOOOOOOOODODODODODO
Odoooooooodooboooooooooooooooooooouoooooon
Strutinsky 0 000000000 HFBOOOOODODOOOODODODOOOOODODDODOOOO
0000000000000 000000D0000D000000Strutinsky OOOOOO0O
00000000 [9)0
O000o00oodooooooooooooooouoooooooooooooonoo
000000 (214000000000 g 000DDOODODOO00O0O0OODODOOODO:

Eq = /GF eg(e)de, N = /_6:0 g(e)de, with g(e) = Zé(e —e). (2.16)

obooNDOO0ODO0DbO0DO0D e 000O0DOO0DODOOODLOODLOODO0ODO
Os0O0ob0ob0oboboobobobobooboobooobooboboboobooboboboo
000060000 yOO0O00O0O0O0O0O0O0O0 f,0000000000:

E’Sh:/EF €g(€)de, N:/EF gle)de, with g(e) =>_ f,(e—e). (2.17)
f(eDOOODDOODOODOOOO0 yO0DOOOOOO0ODOO0OOOO0OO0ODOODOOO
0000000000000 b00O0DO00oO00bO0o0ooOOooOoOoDOOoOoODOobDOoOoDOoDO
0000000000000 00000000O0000DO000O00D0ODOODO0O00DO00
0000 vyOOOO0O0O0Eyg/0y=0000000000 yOOOODODOOOODODOOOO
plateau condition 0000000000000 O00OO0DODODO vOOODODODOOOStrutinsky
0000000000000000000 (0000000000 [3]00)0 Strutinsky O
O0O000oOonD 250000

2.4 Nuclear superconductivity

gobogdboboobboobbooobuooobooobooobbuoobboobo
gbodbboobuooobbooobbuooobbodobuoobbooobboobboo
gbbogbboodboobboogbuoooboobbuooobboobbooobo
000000000o00U0oo ot000000O00Uo00O00DUDoOoOOoDUOoOOO (O
000000000000000) 0000000000000 000000000oooo
gbbboooobbbuooobobbobbbbooodgboboood

ooboooobobooobooob L=o00bbuooobbooobboooboooob
O0D00000D00000Db0D0OO0 seniority scheme UODODODOOOODOOOOODOO
gbboooobboooobboooobbooobboooobboooobbog



BCS(Bardeen-Cooper-Schrieffer) 0 0 000 (0000000000000 00O0OOOO
0000000000000 0000000000) 0000 §2200000 HFBODOO
D000L=00000000 09 000000000000000000000000
0000000000 Ap(L=0)0000000000000000000OOODOODOO
00000000000000 (monopole pairing interaction) 0 O O :

vp = —GP'P, with PT:ZCIC%[ (==Y lelelp). (2.18)

>0 a

000000000 PFO0O0O0ODOOOOOOODOO L=00000000000000
DDDD%DDDiDDDDDDDDDDDDDZDODDDDDDDDDDDDDDDDD
00000000000000000 (Nilsson 0OOOODOODOO0O0OOO0OODO)0 BCSOOOO
000 (quasiparticle) 000000000 O0OO:

hscs = hais — A(PT+ P) — AN, (2.19)

O00000000000000 |¢pes)000000D000O0ODOOOOOOOOOOOOO
ooooooboogboooon N:(¢BCS|N|¢BCS)DDDDDDDDDDDDDDDDDD
000000000000A = G{(ppcs|P'¢pcs) = Gl{dpes|Plopes) 000000 (pairing
gap) 0000000000000 OOOOODOOOOODOOODOODO 2400000000
0(219) 0000000000 Bogoliubov OOODODODODOOOODOOOOODODOODOODO
oogd EZ-:\/(ei—)\)2+A22ADDDDDDDDDDDDDDDD 20000b0DbOo0
00000000000000 BCSOOODOOODODOOOOooooOoO [1,3]0000

oooboboooboboboobobuobooboboboboboobobuooboon
000 (pairing correlation energy) O O O O Strutinsky 0 000 00000000000O00O
oboobooboobgob:

Epair = (¢Bcs(A)|H|ppcs(4)) — (dpes(A = 0)|H|¢pes(A = 0)), (2.20)

00000000000000000 H=hw+op 000000 E,,, 00000000
0000000000000 0000000000000000000000000000
0000000000 (0000000000)00000000000000000000
0000000 goO00O000BCSOOOOOODOOOOOOOOOOO0On

Epair = —1§A~2(1 - exp(—;‘G)) ~ _igﬁa (2.21)

DDD[3]DDDDDﬁDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

2 2/
& =3 log(5): (222

O0000000000000000 (2800000000000 O00O0OOOO0OOOO
00000 (0000000000000 00000O0O000000DO00000OO0oOO
O000000000)0000000oooooo |eg—epr|<A00000O0O0ODODODOO

0000000 ADOOOD0OO0 A=lhw0000000g0000O0O (217)000000O0O
O00000000000000 glep)DOODODDODODODOOOOOODODODODOO Strutinsky
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00000000000000000000 6By = By — Epery 00000000000
000;:

Eior = 6Esh + 5Epair + Erpm- (223)

00000000000 GO000000000000000000000000000
0000 ADDDODOOOOOOOOOOOOOOOOOOOOOOADOOOOOOOO
000 BCSOOOOOO0O0OOOOOOO ADDOODODODOO00000000000O0
000000000000000000000000GO0000000000000000
00000000000000000000000000000000000000 (2.22)
0000000000000000000000000000000000 A~ 12/V4
MeV] 0000 GOOO0OOO00OO0O (000000000000000000000)0
000000 ¢O0000000000000000000000000000 r=m,v0
00000§000000000000000000 § = @N,)¥3/h, 0000 (N #£Z
0000000000000000000000000000000000000000
w, = (2N, /A3, 0000000000 r=x,v000 N,=N,Z)0GO0000000

oooo: s
1 _

Gwv@ig 1
000 Gy = [82(2/3)%/3/log(24/A)]/A [MeV] DD D0000 A~ 150 00000000

Go~23/AMeV|DO0ODO0D0DOOODOOOOOOODOO

) Gy, +,— for T=mv (2.24)

2.5 Examples of Strutinsky calculations

0000000000000000000000000000000000000000
0000000 3000000000000000000000000000 Strutinsky O
0000 (2230000 000000000000000000000000 Nilsson O
00000000000000 (hexadecupole) 0000000000000 000000
000000000000000000000060000 Strutinsky 00000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
00 (000000)00000000 3000MGd, 2Ph00000000000000
170y}, WHe 00 000000000000 0000000000000000000000
000000000000000000000000000000000000 Strutinsky
00000000000000000000000000000
03000000000000000 (B, 000000 (6Ey,) 0000000000
0000000000000000000000000000000000000000
00 g(r) 0000000000000 000000000000000(0O00000)0
000000000000000000000006E, 0 (214)00000000000
000 g(ee) 0000000000 000000 (0000000)000 6By 0 (2.21)0
00000000000000 ge) 0000000000000 (0000000)000
0000000 pp, vh 0000000000000 0B, 0000000000000
0000000000000 pp, hh000000000000000000000000
0000000000000000000000000 ¢()000000000000 (0
00)00000000000000000000000000000000000000
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000000000 (00O000000oooooooooooo 1,4)00)0
00000000 -0000000000000D0O00O0O00000O00O00 (valence
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3 Overview of High-Spin Physcis

goddooooououoooobobbbobbbbiboodooooooooooooon
gddddoooouooooooooououoooobobobbobbbbbbboooooooo
gboboboobobobuoobboooboobobobooboboboobobo
000000000000000000000000000 (10,11, 12,13]0000000
000 [14, 15,16, 17/ 0000000

3.1 Scope of the field

gobobboooooboobobboooooboboboooooobobbbooooooobobo
gbbodgbbugoboodbbuoobbobbboooboobbodobboobboo
o000 (b0 UODO)ODOOU0ODOOO0OODODOOOOOODOOOOOOOOOOODOO
gboogboboobbugoooogbbooobbooobobobbuodgbboooooo
gboboobobobobuobooboobobooboboooobobooboobo
000000000000000 8000000000000 000000000000
0000000000000 000000D0OD00O00O0O000 (D000 I=30Kh0O00
0000) 0000000000000 0000000000oooooooooooDoo
gbbodgbboogdbbdobboobbboobbooobboobuoobbobboo
gbbbuoooobbboodgbbboooobbbuooobo

war -
8o A=160, Z=66

I o

tission barrier
€0

E {MeV])

4]
b/

0+

0

1 i
100 700 30¢ I
A

U4 00:0-0000000000000000000000O0O0O0O0O0O0OO0OOO0OBs=0,38
MeV OOOOOOOOOOOODOO O, 8MeVOOOOOODODOODODODODODODODO
0000000000000 0O0000000000U0oO0O0o00: 000000 (B, IH)-00000
000000000000 O0oOoOS,(0000ooo0o00)000DooooOOooUobooOoOo

Doobobgoboobobobobobobooboboboobooboboooab
gbuodgbugboboobuoobooboobooboobbobbobbobbobbon

13



00000000000000 (000O00)000000000DO000ooooooo 4
oooboooobooboobooooooooobo pOobobbobobooboobbooboo
OO0000D A=1600000000I=8rU00000O00O0DOODODOODOODOODO
OooobOooOogoo0o0oooobooooooobooooooboboOooooDono
Ooo0o0o0boobobooobobobooobooooboobooDooboonog I'=50n
Oobooboobooboobooboobooboog I=7Ar00000D0O0ODOOD
gbobogoboboobbuogobbogboboobbuooobobuooobbooobooo
0000000 40000000000000000000 (E,)-00000000C0OO
gbbogboboodbbuoobobuoobboodobbuooobboobbobboo
000000000000 00000000000000000D0000 (yrast)ODODO
gbobodgbobogobobooobbuooobooobbobbuoobuoobboooboo
gbbogbboodbbuodbbooobbboooobboobboodobboaobboo
gbogdgbbuooobboobbooobbuogbbooobobuooobbuooboboo
0000000000000 00000000000(020MeVOOOOODO)ODOOO
gboobogbobogoboboobobooobboobbuooobbuoobboonoobooo
gbbubobooboodgbbuooobbdooobboobobbuooboboooboboo
gobbobooooobbobbuoooobobobobbooooobbbboooogobon
gbooboooobbooogbboboogobbboooobbboo

Time Rotational® Number
scale freq. of rot.
{sec) (HeV})

| IZQSn(QOAr'xn) I64-1E',

Preformaion : «@ ’ E (Ar)= 147 MeV g
n
Yrast
Formation 10-22 .15 <t - N Line
Compound Nucleus %2x102042 ?mmb:‘m

Iy
. P
Ecr:'rit;l;r(‘bleutron) 10-19 R1 10-100
Ao 3

Ix

Stetistical (Cooling) 10-15 .75 105-106
y-ray Emission

I
Quadrupole (Slowing
Down) y - roy 10-12-10-10 750 108-1010
Emission

n
o

Yrast- iike
Cascades

=)
I

EXCITATION ENERGY (MeV)

10-9 0 1011 o 2 ] . ] s ]
Ground State @ 0 20 40 60

tAssuming about 60 units of angular momentum in compound system! 1(h)

U5 00:000000000000CC000000D0DDOCOOO00000DODODDOODODOOOO
gboogooooooobobo bbb yv~oboobob40000LO0ODO 4000000
goobobooooooboobobobo EerboooooooobouoboDb g20booooog

O00000oopooo (p,))-00000000000D0OCO00O00ODOCOOO0OODOO
gbobogoboboogbobbobobbdag sgubobboooobboobbbogon
googbdgboogbooboobobbooboobooboobooobbobbonon
000000000000000000000000000000OD0O00000 (000 a-
O00)0000000000000 (DoDooopooCooOoOOoOoOO0)ooooooooo
gbobogoboboobobooobbuooobuoobooobbooobbuobooo
gboobobobobooobobobobobobobuoboobdybobobobobg

14



000000 (deexcitation) 00000000 r+~000000 2000000000000
00000000000 00ooooo El00 (AI=0,1))000000 20000000
0 E2-00 (AI=2)0000(F,)-0000000000O0D0OO0O00OOOOOOO0OO
obobobgbobobobodboboobobobob sbobobobobobobobg
oboobuooboobbono 2000 »~oobooboobooboobboobd
gobobb wgooobbbbbuooooobboboooooobobbobbogo
gboobgdbbuogbbogobogobbuogoogbooobbuoobbooooobooo
OmMoboobooboobooboobboobooboobooboboobboobo
0000000000000 00(00O0000000000000000 [19oo0)oo
gboboboooobbbuoooobbobooooobboooobon

3.2 High-resolution discrete-line spectroscopy
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3.4 Examples of high-spin spectra in the yrast region
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4 Basic Understanding of High-Spin States

gbbodbbuobbooobbooobbuoobbooobboobbuoobboon
OOo0oOooonD 20000000000 ooooooobooooooooboobooooo
OO0 rR=10000

4.1 Cranked shell model

— Single-particle motion in the rotating frame —

OO0 &8300000000000000000000O00OOOOOOOOOODbOOOO
gobobobooboboouuooooobibbbbibibddl wee UOOODDODDOOOOO
gboboboooobbboooobb sbuoggoobbbo «bbbogoobbbod
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H/ =H — WrotJazv or h, - hdef - wrotJma (41>
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hae 0000000 hy000000000000000 hges 00000000000
—wroJ, 00000000 (cranking term) 000 0000000000000000000
000000000000000000000 (41)00000000000000000
000 (000 J, 00000000 S(rxp),)0000000000000000000
00000000000000000000000000000000000

EUR(t) = g Wrotts (42)
gooboobobobobbobbbobobbooobobobbbooooooooooooonon
obobobooboboboobobobobobobobooboooboboobobo
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gbbbuoogoobbbuogbobbbdoodobobboooobbbooad:

0(¢|H|p) =0 with (| Ja]¢) = I. (4.3)

Oooooooobooooobooooooooooobbooooobooooboooooo

0000000000000000000000000000000 4.1)0o0booo
0000000000000 000000000O000000000000 (cranked shell
model, CSM) 0 0000000000000 O0O0 €(wwt) O routhian OO OO Nilsson
diagram 000000000000 000000O0O routhian 00O00O00O0O0O (routhian
diagram) 000 0000000000000 O0O0OOOO0OOOOOOOOOOOOOODOO
00000000 13000000000

e’(hiwo) neutron routhian e’(hwo) proton routhian
7.0 6.4

6.0

5.8

0.00 0.02 0.04 0.06 0.08 0.10
wrot(wﬂ)

0 13: 00000000000000 (we0000D0D0)00000000000O00O0O0O0OOO
000000000000 e=026,¢=001,y=00 Er0000000000000000
00000000000000 (ma) = (+,+1/2), (+,-1/2), (-, +1/2), (-,—-1/2) 0000000

0I00000000000000000000000000 210000000000
00000000000000000000000000000000000000000
0 1300000000000000000000000000000000000000
00000000000000000000000 (0 (26)0 L=even 00000)000
0000000000000000 (parity, 1) 0000000 (signature, r 000 ) 000
00 (00000000000000000000000000000000000000
000000 (simplex, s)0000000000000)0000000000000000
(»~0)0000 18°000000000000000000000 r0 R, = exp(—inJ,)
000000000000000000 «00000 r,=4+i000000000000
00000000000000000 r=lyr 00000000000000 rO0
000000 «00000000:

r=e , a=1 (mod?2). (4.4)
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gbbbuoooobbooodoabbon

a= 0 (r=+41) < 1=0,2,4,..
even
a=1 (r=-1) < I=1,3,5,..
a=+% (r=—i) « I=1L279 (45)
odd 2 = 22020
{a:—; (r=+i) < I=37111.

000000000000000000000000 130000 (7,«) 0000 routhian O
00000000w,=0000000000000000000000 (signature splitting)
Oo0o00oOooooooooobobooooooooooboboooooooooooboOogn
0000000000000000 routhiane, 1000000000000 00000O
(4.1)0o00000O00o0oO0O00o0000 4, 000000:
4 del,
(a|Jx|a>:za——dwmt. (4.6)
000000000 (aligned angular momentum) D00 0000000000000O00O0O
OO0000000000000000000000000000000000 1300000
O0000000000000000000000000000w,s =000 high-;jO0000
000000000 (unique parity) 0000000000000 DOg)2,hi1/2,013/2, J15/2, -
0000000 NilssonOOOOOOOOOOOOOOOOOOOOOOOOOODOOO0 Is-
ooooo0Oo0O00O00000000000O0O0O0O0O0CCOOO0O00000O0O00O00O0AO0
oooooooooooOoOOOOCOOOOOOODOOOOOOOOOOOODODOOOOO
00000000000000000000 j00000000000000 (00000
0)OooOoOooo0o0oo0o0ooO0o0ooO0o0oooo0ooooooooooooo
ooood
(4.1)00000000Inglis 0000000000000 0O0O00OOOOOO0O0O0O0
0000000 20000000000 10000000000000000000 Inglis

obobooobo:

2
Jing = Tim LCrot) o5~ [PILIR)E

wrot—0 (W rot ph

(4.7)

€p — €En

000000000000000000000000000 wX(X2?) =wX(Xy?) =w(X?)
000000glis00000000000 (3.1)00000 (0000 Jy = M{E(y%+22))
000)0000000000000000000000000000000000 (000
Jep =3/E+ 000000)00000023000000000000 §2400000
0000000000000000000000000000000BCSO0000000
0000000000000000000 [21, 4):

TEO(2) = Fu(1 - p("2)), (48)

O0000p(z) =loglr+ (1+22)Y2)/[z(1+2)Y/ 0000000000000 000000
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4.2 Application to collective rotation
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COMPARISON OF EXPERIMENTAL
AND THEORETICAL POSITIVE
PARITY ROUTHIANS
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COMPARISON OF EXPERIMENTAL
AND THEORETICAL NEGATIVE
PARITY ROUTHIANS
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4.3 Rotational alignment
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4.4 Application to non-collective rotation
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4.5 Nuclear shape at high-spin states
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4.6 Other theoretical approaches
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5 Some Selected Topics
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5.1 Superdeformed bands
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