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Instability of Nuclear Wobbling Motion and Tilted Axis Rotation
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Abstract

We study a possible correspondence between the softening of the wobbling mode and the ”phase transi-
tion” of the mean field to a three-dimensionally rotating one by comparing the wobbling mode obtained
by the one-dimensional cranking model + random phase approximation and the total routhian surface

obtained by the three-dimensional tilted axis cranking model.

g

lgbobobooob0 +00b00b0b0b00ob00oob0ob0obOobo 3sboobooboobOoboOoboooon
goboooboooooboooboobooooboooboooboooooboo 3sbobooooboooboobogon
"000r’oo0goooooooooo

oboooooooboboooooooboobobooooooboo -0ob -0o0o0o00oboboboooon
oooooooobooobooobooooooobooooooooboooboooooobooobooooboooboo
goooooobooooboooobooooooobooooboooobooboobobboooDobDooo
gbooooooboooboooboobooooboobooboooooboooooboooboobooooboo
0((00O-.0000)00001000 («0)0000O0QOOOOOO (J,)000000000OOOO
oboooooo g ooobooooobooogooooboobooooooobooobooobooooboo
goooooooooboooboooboboobooobooo 3gboooooooobooboooDooooo
ooooo0ooo0oooo300o000o0000 (U, J,,J.) 00000000000000000 30
oboooooobooobooooooooobooobobooooooboooboooooooobooooon
gooobobooooboobooooboooo

O000000000000000000000 ~(0°<~4<60°y=0°000000 (000O0)dy=60°
000000 (0D0o00))0o00o00oo0o0oo0oo00o0ooOU0ooOooODOooUOoOooUoOUD



QT,
oblate @

Y =60°
z :
spherical @ Y y=0° @
—*8B
prolate
b X
@y:—lw y=-60°

prolate oblate

Ul gbodboobobobobooobod

00000000000 30000 (—120°0<4<60°) 00000000000 000000 =-120°
Uz000000000000y=—-60°0y000000D000D00O0y=0°0 000000000
O00y=60°0 200000000000000 (0 1)0D00000k=1,2,302,y,z000000
gboooboooooboobooooboooon

Jm = é\70 sin? (7—}— 27rk:> , (1)

1—\/76cos (74— ﬂk)] (2)

0000000000B,0 000 -0000000 110000000000 Jo=3Bp?080000
gboooboboooboo20b00b00obOoboooobooby0O0obooooboboboonbo

1
Jie = ﬁBz

gogoboboooobbooooobobooooobbboooboboooboboooobbooooboobog
0000000 +~=20000000000000000000 ¥L0000000000000000
00 (wobbling) OO [2]00000000O0OO B 000000000 OOOUOOOOUOOOOOO
0000000000000 0000O00UoO0 (0300000000000 n x 0000000000
0000 we 00000000000 DO0O0DO0DO000O0O0O0DO0O0UOOO0O0U0O0OOD 4000

hwwob = ha}rot T,
yJz

3)

goboooboooboooobooobobooobooooboooobooooboooboooboOooobooo
02 0~020°00000000000 (3)0 hwwo, 000000000 OOOOOOOOOOO [5]
00do0o0ooO0o0oo0oUoOo0 (DUoo)o0oUo g, 000000000000000O00O0O000
ooo0o0000o000 79 >J9,>J.00000wyw, 000000000000000O000000
gooobooogn



1.5 ]

J(P/I0)

0 R e e
-120 -100 -80 -60 -40 20 0 20 40 60
Y (deg)
2 :
X
(b) [Appe—
PR
1.5t |

J(P/I(0)

05 | .

0
-120 -100 -80 -60 -40 -20 0 20 40 60

Y (deg)
02 (a)000000((b)00 (8=02)00000000000~0000

ooooooooooooooooooooooooooooyg, -JO000 7, —-J,) 00000
0000000000 hww, 000 (000O0) 0000000000 O0ODOOOO0ODOOOOOOOD
boboooooobooobooboooboobooooboooboobooooooOooboooboOooobooon
oooooooooooooooooog, -J,—00000000000000001000000A0
0000000000000000000000000000000000 (000)000000000
00000000000007’000700000000000000000000 FD0DO00D000OO
0000000020000 180°00000000O0 (signature) 000 [2]000000O00CO0OOOO
ooooboooo

e 1000000 (100)00000(000000)00+000000 (RPA)[6,7 000700
0’000000000000000000000000000000000000000000

oono

e ’I0I0’00300000000000UODUODUDOOLUODLDODO RUOODDOODODOOO
gboobooboboboobooboobooobobo

gob200000000000000000



U3gbooooogod

000000000000000000000000000000000 30 (0000000 N =
4,5,60000000 N =3.4,50000000 (singly-stretched) 1> 00 1-.s 0000000000
00000000 -000000000000BCSO000000000000001000000000
0+RPADD (00000 [6,7000)00200000000000000000000000000
000000000000 r=4+i0000000000000000000000 7= (44) x (&) = -1
000 2000000002000000 (doubly-stretched) 10 0-0000000000000 RPA
O0D0OD0ORPADOOOOOOOOOCOOOOOOOOOOOCOCOCOOOOOO0O0OOOOOOOOOO
oo0oo0o0o0ooon

o = T () (T — TP (W)
T () T (w)

0000000000000000000000000000000000 (3)00000000000
00000000000000 (w=wwp) J0000000000000000007, = (J,)/wet O
00000000000000000000000000000000%%(w)0000000000
000000000 (PA)OD00D00000D00000000000 Z5(w) = JF (w)/Qy..(w) O
000003000000000000000000000000000000000000000

(h)? = (hioeor)? (1)

Q = (wrot Sin 6 cos @, wrot, Sin 0 8in @, wyet cos 6) (5)

0000000 (A,¢)00000000000000000000 (J)OOOOOO0OO000000000
00O0(J) || QO00000000000000 (000)000 (4,¢)0000 (00000 [9000)0
00000000000000000 (000000000 (000 0000 004) 0000000
000D0000)000000000000000000000#=90°,¢=0°00000000000
(f,¢)000000000000000D007007(000000000000)00000000000
0000000000000 (routhian) 000000000000000000000O0O0OO00

0000000000000000>0°00000000000000000000000000
000 GdOODO00MGA O 4 = 60°0 hiwyer = 0.25 MeV 00000 O [(hy1/2)2 (vho 2, f1/2)?)16+ O
000000000100 1.s0000000000000 (10000000070070000000
000000000 e =0.190 A, =08 MeVOA, =06 MeVOOOOOy 00000000000
00000000000 4(a)-(6) 000000000 +RPAOOOOOODDDD 4()0000000
0000000000000 00000000000=60°0000000000000000000
Bwwob + Awror = 0.198 MeV +0.25 MeV 000000000000 v<40°000000000000



0.5 T T T " . 90

0451 @ 1 s o ]

04 r 20 | ]

035
> 60 F
R |
—~ 025 r Z% 0
s 02¢t =
.‘Q L
0.15 | 30
0.1 | 20 I
0.05 10 +
0 : * 0 L L L L L
0 10 20 0 10 20 30 40 50 60
Y (deg)

30 : : : : : 100 : : : : :

) Jx —_—
(© (d)

25 (/A — 1 g0 | J(zeff) _____________ |
g2 2 S—
g ] Ng 60 ]

15 ¢ <
> =
2 £ 40t i
< 10 | 2 ]

st 20 | e ]

0 ) L . ‘ ‘ | | |

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Y (deg) ¥(deg)
400 . .

K=1 ——
350 © K=2 e |
300
~ 250 t
g
< 200 f
N
& 450t
100 ]
N /./

0 10 20 30 40 50 60
Y (deg)

0410000000000+ 00000000000000000DO0O0O ()0000DDOOOOODO
00000 000000000000 0O00O(c)b0000O0O00OO0OO0OOUO(dObOOUOOOOOO
O000O(e) 00000000 ODOO0OOOOANDOOOO



boboobobooooboooooobooog

- \/‘JL(’PA) (wwob)r n ’JéPA) (@won)
(Jz)

0000000000000 00000000000000000000o0o0o0oooO 4b)00oo
bobooooobooobooboooooboobooooooobooobooooobooboooboooo
00000000 y0OOOO0O0OOOU0DOOO0O0O0OUOO0ODOO0O0OO 4(c)00000O0OOOOOOn
0000000 4000000000000 2(2)0000000O00D000ODO 400000000 J, O
O00o0oooO0o0oooO0bOo0obooO0O0ooO00o0 g, 000000 v~30°0000000000
goooo g, 0000000 J,—-J,<00000 (3)000000 wwp 000O00O0O000O0O0O0OO
~OOOOOOOU0DO0O0OO0U00O0O00000000O0000oo0oooooooo (O 2b)oo)o

‘2

(6)

Owob = tan

05 3000000000000000000000000000O (A,p)00D00OODOODDODOOOOOO
O0000: (a)y=60°0 (b)y =40°0 (c)y =20°0 (d)y =0°0

000000000000 (,¢) 0000000000000000000000(4,¢) 000000
000000060 =90°¢=0°0002000=90°¢=90°000 y000=0°000:00000
0000000000006=0°000 ¢00000000000000000 (4,¢) 00000000
0000000000000000000000 50keVOO000000000000000000 QO
(J)yOODOOOOOOO 5(a)0y=60° (x00000)00000000000000 (000000)
00000 20000000000000000 2000000 4(c),(d)000000000 60 90°0



000000 ¢00°0000000000000000(0O00000000000000000000
00000000000)y~40°0000000000000000000000000000000
0000000000000 (05(b)000000~0000000y0000000000 (0 5(c))0
00006000000 :00000000000000000 4(c),(d)00000000000000
0000000000000000000000000000000000000000000 4(c) O
1J,/00000000 |/, 000000000y0000000000000000000000000
0000000 00000000000000000000000RPADOODOOOOOOODOO
000000000000000000000000000 k=100 QY xzz, k=200 Q% « ay
000000000 7,7, 0000000004(e) 00000000;2y000000000 7,00
000000000D000000g, -J,—-0000007T,/T, -0000000000000000
0ooo [70

oobooboooooboybOOO0obObo0obO0oobooboobooobooooooOooooooooon
000000000 6#=9°00000 (060000000000 00O0O0OO0O0O0OODO0OO0OO 10
00000000000 000000C0ORPAOOIDOOOy=60°00000000D0O0O0O0OOOO
00 6wop~10°0 0000 60000000000000000O0 ~02MeVOOOOOOOOOOO
ooooooo2regoooooboobo0o0ooooOobobobobo0oooooboobobooooooDboDbOoO
cooooo0oooooooooboo0ooooooDooooDog0 ¢g=0c00000D00O00OODOOO
O00~=30°0000000000RPATIDOOD 322000000000 5(c)000600RPATD
00000000000 00O000O000O00000O00U0O0O0D (2000000000 (OOOO)
00000 z,2000000000000y 00000000 300)007000700000~0 60°
oboooboob -y OODOOOOODOOOODOOOODOODOODOODOODODOz,yOOODOO
00 (00000)000000000000000000000000000D 2z-y0O0O0O0OOO0OOO
ocooooooooooo’o0oor’oooooooooooOooog

12 T T T T

1.0 .

0.8

0.6

0.4

Total routhian [MeV ]

0.2

0.0

0 30 60 90
Tilting angle, ¢ [deg.]

06000000 00O0DOOOODODOA=90°00000



05d)000000~=0°00000000000002y0000000000000000000
00000000000040 (4, 00000000)30°0000 7, ~J, 7P ~o0000 4-0
00000000000000000000000000000000 (40000000 J,—J4 >0
000000000000000000000+00000000000000000000000 [5]
0¥Gd 00000 +0000000000000000

goboooooobooooboooboooooobo0oobooobooobobooooboooboooobo
ooooooboooooooooooooobooOooooDboboboOoDbDObOOoOooooDo”ooO’"oOoO
boboooooboooboooooboobobooobobooooobooobooboOoooobooooboon
oboooooobooobooboooooboooboobooboooboooboooboooboooboooon
go3gooooooogoobooooboooooooboooooooooobobooboobDooDboo
gboboobOoboooboobooooboboooooboooobooooon

godd

[1] A. Bohr, Mat. Fys. Medd. K. Dan. Vid. Selsk. 26 (1952) No.14.
[2] A. Bohr and B. Mottelson, Nuclear Structure, Vol.II (Benjamin, New York, 1975).

[3] S\W. Odegard, G.B. Hagemann, D.R. Jensen, M. Bergstrom, B. Herskind, G. Sletten, S. Térménen,
J.N. Wilson, P.O. Tjgm, I. Hamamoto, K. Spohr, H. Hiibel, A. Gorgen, G. Schonwasser, A. Bracco,
S. Leoni, A. Maj, C.M. Petrache, P. Bednarczyk and D. Curien, Phys. Rev. Lett. 86 (2001) 5866.

[4] L.D. Landau and E.M. Lifshitz, Mechanics, (Pergamon, London, 1960).
[5] M. Matsuzaki, Y.R. Shimizu and K. Matsuyanagi, Phys. Rev. C65 (2002) 041303(R).
[6] Y.R. Shimizu and K. Matsuyanagi, Prog. Theor. Phys. 72 (1984) 799.

[8] S. Frauendorf, Nucl. Phys. A557 (1993) 259c.

]

]

|
[7] Y.R. Shimizu and M. Matsuzaki, Nucl. Phys. A588 (1995) 559.

|
[9] S.-I. Ohtsubo and Y.R. Shimizu, Prog. Theor. Phys. 98 (1997) 1099.
|

[10] T. Bengtsson and I. Ragnarsson, Nucl. Phys. A436 (1985) 14.



