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T³|´�¶é¡�, λ�Ù/CrÝ. �/CrÝλ

ÅìO����./CrÝλc �, ³|òm��Ã¡
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[7]

. O�¥�a = b = 1, c = 1.2, =�ý¥��f

³N\Y32 +Y3-2 /C, d�³|�λc =2.312. du³

|äkIÝØC5V (γr) = γ2V (r), ØÓUþ��³

U¡äk�Ó�/G. ã1´³UV =5�, ³|(2)ª

3ØÓ/CrÝλ/λc ���³U¡ã. ã¥�X/C

rÝ�O�, �³U¡u)C/Û, k�/�Ñy

KÇ,ù«Czòéâf�$Ä�)K�.

ã 1 ³UV = 5, a = b = 1, c = 1.2��¶é¡l

4/CY32 +Y3-2 ��³U¡ã

2.2 ;��½5©Û
[5, 8]
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Ò��n�M�îXÚó: S =

(

0 l3

−A 0

)

, Ù¥

A =









Vxx Vxy Vxz

Vyx Vyy Vyz

Vzx Vzy Vzz









eIL«V é�A�I� �,

~X: Vxy =
∂2

V

∂x∂y
Ù{aí. l3 =









1 0 0

0 1 0

0 0 1









. �

�ÄXÚ3,����$ÄA��: S �±w¤éA

u,���ÄO;����~êÝ
. ù�, XÚ3

,����$ÄG¹û½ud�S ����x.

Ú\�|�³U�'�ëþ:

a1 =Vxx +Vyy +Vzz = tr(A),

a2 =VxxVyy +VyyVzz +VxxVzz−
V 2

xy
−V 2

xz
−V 2

yz
,

a3 =VxxVyyVzz +2VxyVxzVyz −VxxV 2
yz
−

VyyV
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= det(A),

a =a1a2−a3, (5)

�,���S �����§���

x6 +a1x
4 +a2x

2 +a3 = 0, (6)

-x′ = x2, Kk

x′3 +a1x
′2 +a2x

′ +a3 = 0, (7)

d=�A�����§. duA´¢é¡Ý
, Ù�

��x′�¢ê. �âRouth-Hurwitz�â, e

a1 > 0, a2 > 0, a3 > 0, a > 0 , (8)

x′�K¢ê, xéAXJê.

XJXÚ³UëþØ÷v(8)ª�^�, këþC

�Kê, @xò¬Ñy�¢ê�, Uì$Ä½5�n

Ø, ��;�òª��ê©l. Ïd, �³U¡þ³U

ëþÑyKê�«�ò´Ø½�, �âf3$Ä�

L§¥, ØäB�ù
«�, âf¬u)²w�·b

$Ä.

du�¶é¡l4/CNX´��p��ÅM

�îXÚ, Ù��m��ê�5, ^x$\V�¡5�

äâf$Ä�½5®Ø2�B, �æ^�XÚ��

oäÊìÅ�ê��{5�	âf�$Ä
[9]. ã2¥

�(a), (b)´a = b = 1, c = 1.2��ý¥��f³©O

N\
Y32 +Y3-2 /CÚ¶é¡�Y30 /C�, NX�

²þ��oäÊìÅ�ê�/CrÝCz�'Xã.

�±w�, �/CrÝ���, üö��oäÊìÅ

�êÑªu0, âf?u5K$Ä; �X/CrÝO�,

ã 2 ²þ��oäÊìÅ�ê�/CrÝλ/λc C

z�'X

a = b = 1, c = 1.2��ý¥��f³©ON\ (a)

Y32 +Y3-2 /C(b) Y30 /C.



136 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

�³U¡ÑyKëþ«�, ù
Këþ«�ò�/

CrÝ�O�Oõ, âfÅìª�·b$Ä. �´,

�¶é¡��¹3���/CrÝeÒ�±u)·

b$Ä, ��oäÊìÅ�ê�/CrÝλ/λc Cz

��Nª³��u¶é¡��¹, �ö�´�3

λ/λc > 0.5��/CrÝeâU
©EÑXÚ�·b

$Ä. ���³|�¶é¡5�»��, XÚ���

5\ì, �ý¥��f3N\
�¶é¡l4/C�,

�UN´/u)·b$Ä.

3 þf·b$Ä

3.1 �¶é¡l4/CY32 +Y3-2 XÚU?���

�

XÚ�M�îþ�
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, (9)

(9)ª¥H0�n�Øé¡��fM�îþ. ±H0�

L�, æ^�m�ä��{, ¦M�îÝ
�1000�,

ê�¦)NX�Å½��§
[10]

, U?��é°Ý´

0.1%.

�	U?�/CrÝO���Cz. �*	ü�

��U?�,�ëêCz�1��, �±uy: �È

XÚ�U?¬u)��, Ø�ÈXÚ�U?K  

k�C�©l, ¿Ø��, ùÒ´U?����y�.

nØïÄL², ²;þ·b�NXÙþfþ���

�LyÒ´NXk�þU?���Ñy, ù«U?�

��y�q���5���éX
[11]

.

ã 3 a = b = 1, c = 1.2 ��¶é¡l4/C

Y32 +Y3-2 XÚüâfU?�/CrÝλ/λc Cz

�'Xã

(a)Uþ���13—15; (b)Uþ���14—14.5.

ã3�(a)´a = b =1, c = 1.2�, �¶é¡l4/

CY32 +Y3-2 XÚUþ��313—15�üâfU?�

�é/CrÝCz�'Xã, ã3� (b)´3 (a)�Ù

¥�ãUþ��¹. ·�w�, �/CrÝ���, N

XvkU?����y�, �X/CrÝ�O�, �

²;þNXª�·b$Ä�, þfþÙU?Ñy
�

õ�U?��� (Xã3(b)). ùL²XÚ�3Xþf

·b$Ä.

3.2 �Z�3�¶é¡l4/CY32+Y3-2 ³|¥�

ÄåÆüz

�
¦�é�AþfNX�£ãBu�²;Lã

�éX, ÀJn�Øé¡��f�Z�Å���NX

�Ð�, Å��*Ñ�Au�å�;��*Ñ
[10, 12]

.

��f�Z�k�Ð�ÄåÆé¡5, �É��¶é

¡l4/CY32+Y3-2 ��^, �k�é¡5;�»�,

�Z�Å��DÂ7,¬Ly�½�ÄåÆA�. N

XÐ��Z�Å� |α0〉�L�ª�
[13]
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, |0〉�ý��. E

êëþαx, αy, αz dÐ©��Å�3��m� �

{〈x0〉, 〈y0〉, 〈z0〉, 〈px0〉, 〈py0〉, 〈pz0〉}û½
[14]

. n�

Øé¡��fXÚH0 3âfêL�e����L«

�
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x
)n1x(a+

y
)n2y (a+
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)n3z |0〉,

(11)

(10)ª�U�¤
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− 1
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∞
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ù �, ±(12)ª�Ð �, t � � � ¶ é ¡ l 4 / C

Y32 +Y3-2 XÚ�G��

|α(t)〉= exp(−iHt) |α0〉=

∑

m

|Ψm(x,y,z)〉exp(−iEmt)〈Ψm(x,y,z) |α0〉, (13)

|Ψm(x,y,z)〉´Uþ�Em ��¶é¡l4/CY32 +

Y3-2 XÚ���Å¼ê.

d d, � ± ê � O � â f ? u � ½ � Å ¼ ê

|α(t)〉�, ÄåÆCþ�Ï"�9ÿØOÝ, 5�	

XÚ�Z�Å��üz
[10, 12, 14]

. �Ð©���Z�

Å� |α0〉¥%� ��{〈x0〉, 〈y0〉, 〈z0〉, 〈px0〉, 〈py0〉,
〈pz0〉}={0.0, 1.0, 2.5, 1.8, 0.0, 0.0}, ©OO�/Cr

Ýλ/λc = 0.1Úλ/λc = 0.5�, ÄåÆCþ�Ï"�9

ÿØOÝ. ²;þlT¥% �Ñu�;�λ/λc = 0.1

�´5K�, λ/λc = 0.5�´·b�.

ã4´XÚ/CrÝλ/λc = 0.1�, Ð©�� |α0〉
�G�3�¶é¡l4/CY32 +Y3-2 ³|¥DÂ�,

 �ÚÄþ�Ï"���m�üzã, ·�w�, 3

¤�	��m��S, �Z�Å��üz�²;;�

��, ¥yÑ5K��³, ¿�Å�¥%÷X²;;

�$Ä. ��Z�Ø2÷v��ÿØO'X, 3ã5¥

 �ÚÄþ�ÿØOÝ��m��ª/�5O\. ù

L²XÚ3λ/λc = 0.1, Å��k*Ñ, �*ÑØõ,

Å�¥�¤©�m�±X�Ð��Ó5, Ny
XÚ

C�È�A�, ù�ã2(a)¥XÚ3λ/λc = 0.1�²

;��oäÊìÅ�êªu0��.

ã 4 Ð©��n�Øé¡��f�Z��G�3a = b =1, c =1.2�¶é¡l4/CY32 +Y3-2

³|¥DÂ�,  �ÚÄþ�Ï"���m�üzã

Ð©�Z� |α0〉, /CrÝλ/λc = 0.1.

ã 5 Ð©��n�Øé¡��f�Z��G�3a = b =1, c =1.2�¶é¡l4/CY32 +Y3-2

³|¥DÂ�,  �ÚÄþ�ÿØOÝ��m�üzã

Ð©�Z� |α0〉, /CrÝλ/λc = 0.1.

�NX/CrÝλ/λc = 0.5�, ²;þXÚ3�

�m¥�;�ý�õ´·b�, ��oäÊìÅ®�

�u0. d�, Ð©�� |α0〉��Z�ÙDÂ´Ø5K

�, ã6¥ �ÚÄþ�Ï"���mÃ5��, �Ì

Ñy���P&. 3ã7¥ �ÚÄþ�ÿØOÝ

3éá��mSO\�������, ,��±3�

�²ï�NC��. �XÚ3λ/λc = 0.1��/ØÓ,

XÚÔ�
C�È5, Å��(�;é��»�, Ñ



138 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

y×��*Ñ.  �ÚÄþ�ÿØOÝ��m�ù

«�êªO��Ð�²;·bXÚ��;���êª

©l�éA.

ã 6 Ð©��n�Øé¡��f�Z��G�3a = b= 1, c = 1.2�¶é¡l4/CY32 +Y3-2

³|¥DÂ�,  �ÚÄþ�Ï"���m�üzã

Ð©�Z� |α0〉, /CrÝλ/λc = 0.5.

ã 7 Ð©��n�Øé¡��f�Z��G�3a = b= 1, c = 1.2�¶é¡l4/CY32 +Y3-2

³|¥DÂ�,  �ÚÄþ�Ï"���m�üzã

Ð©�Z� |α0〉, /CrÝλ/λc = 0.5.

4 (Ø

3�ý¥/���f³N\¶é¡l4/C�N

X¥, XÚ3��/CrÝeâu)·b$Ä, Xã

2(b)¤«. �©¤�	����ý¥/���f³

N\
�¶é¡l4/CY32+Y3-2 �3���/Cr

ÝeXÚÒ�±u)wÍ�·b$Ä. 3²;þ, �

X/CrÝ�O\, �³U¡þÑyØ½�Këþ

«�, ù´NXu)·b$Ä�Ì��Ï. þfN

X�3�U?���y�ÚNX�Z�Å��DÂA

�, KNy
�Ð�þf²;éA. Ù¦�ý¥/�

�fN\�¶é¡l4/CY32 +Y3-2 ��¹, Ó��

±���Ó�(J. ùL²Øf$Ä¤?�²þ|ª

��¶é¡�, �±\ìXÚ���5, âf�N´

Ñy·b$Ä. N\�¶é¡l4/CK´�ý¥

/Øfu)·b$Ä��«{ü�Å�. �u¶é¡

��¶é¡l4/CNXÄåÆA��?�Ú'é,

ò,1?Ø.
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Chaotic Motion of Single Particle in the Potential of Nonaxial

Octupole Deformation *
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Abstract The single particle’s chaotic motion in the potential of a prolate harmonic oscillator plus Y32+Y3-2 non-axial

octupole deformation was systematically analyzed from the classical and quantum-mechanical viewpoint. The classical

trajectory stability analysis showed that the characteristics of the potential surface would be important for the particle’s

motion. By investigating the phenomena of avoided level crossing in the system and the evolution of the coherent initial

state, it is found that the non-axial feature of octupole deformation potential can make the single particle to go to chaos

easier.

Key words non-axial octupole deformation Y32 +Y3-2, avoided level crossing, coherent state, chaotic motion
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