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ẋ2 + ẏ2 + Ueff(x, y)

}
,

� § �!$

Ueff(x, y) = (y + d cos 2x)2 + d2 sin2 2x , d =

√
w2S

h3
=

√
2π

δ3/2

υ

EJ
.

� § � $
� <�<858��;6583658�89#� � 7(;¡9�>4N8��14;6147(�:P
��72�¡;=147(�
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ẋ2

2
+ q cos 2x

} � _ �!$

ª ©



1.5 2 2.5 3 3.5 4 4.5
0

5

10

15

20

25

d

  S
E4e

, S
E2e~

~

QI7438K _ ��� ��� 
 ��� �
�
��� �	"�� � ���	���	� ��� �	�������
� � 
��	�	�	"�

S̃2e

E (d) � ����� �	
 � �
� ��"	�	"	��� " S̃4e
E (d) � �	
��	�	��"	���� �
� ��"	�	"	��� #

7G743=�4<����8E=9�� � § ª $��4HI�z�(<���9�?�N8;6H�N8HI����7�589FP�9R3=�8;=>!���4>4<���<=P�� � ;6¢=<M58<�@�N

I2e ≈ 32 · 21/4I0
c

√
N

(
υ

EJ

√
δ

)3/2

exp

{
−8

√
2

π

Nυ

EJ

√
δ

} �(>47 1

δ3/2

υ

EJ

� 1
� _ �!$

� >47 HaN������ <�5�@���<814;=147����g�4<858<�@�N
δ
��N8>�N8HI;�5�>

d � 1
7g36�47414<8�!N�� �4;6>4;=HI;6141�N��

y
�(�����4;�5�3 �

<85814<�3=7�5�;�����14<RHI;�P���;=1414<8AC7��4>�N�@(5�74?(;=3=@(7g1(;ZHI;=1��4;6583 � 1�N-58>�N8;6@(5�<�>(747 �4;=>4�8<�¢=<M5874��N(K � >47
�658<�HkP�<�HI741474>�9�� 5

4e
� 5�>4N8;=@(58<�>4747	K � ?(7(5�N��

y
�4<�3�5�< �4141(��H��
HI�z�4<���9�?�N�;=H

S4e
E = h

∫
dτ

{
ẋ2
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In(z) =
1

2π

∫ 2π

0

dθ exp (inθ + z cos θ) , exp

{
z

2

(
t+

1

t

)}
=

+∞∑

k=−∞
tkIk(z) ,
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Q(α2e, α4e) =

Tα2e

4

∫ π

0

dϕ

∫ 2π

0

dθ1dθ2
(2π)2

(cos θ1 + cos θ2)×

exp {Tα2e sinϕ(cos θ1 + cos θ2) + 2Tα4e cos(θ1 + θ2)} .
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u = (θ1 + θ2)/2

�
v = (θ1 − θ2)/2
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∫ π/2

0

dϕI1(2z sinϕ) =
π

2
I2
1/2(z) =

sinh2 z

z
,
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Q(α2e, α4e)

Q(α2e, α4e) =

∫ π

0

du

2π
{cosh (2Tα2e cos u) − 1} exp (2Tα4e cos 2u) .
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〈y2 , x2| e−T bH |y1 , x1〉 =

∫ 2π

0

du

2π
eiu exp(2Tα4e cos 2u+ 2Tα2e cos u) .
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〈y2 , x2| e−T bH |y1 , x1〉 =

∑

n

ψ∗
n(x1, y1)ψn(x2, y2)e

−EnT .
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Ueff(x, y)
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V̂n = R̂nT̂πn/2
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¢ P
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T̂a
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x
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E0

u
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ψu
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V̂1ψu(x, y) ≡ ψu(x + π/2,−y) = eiuψu(x, y) .

� � ª $
� >�N8�81474�!N��,� �8¨�� � ª $#3 � ) � $���HI�}E N8@����¥?�N�;=H���?(58<2>4;6E69 ��� 5�N�5,� ) � $ 74HI;=;�5D��7�P->�N�E6��<
��;6147(� � ��¨ $��
�4>47(?4;=H HI14<
�M7�5�;����

eiu �4<=P�741(58;=¢6>�N���<�H ��<8E=1474@�N8;65-7(E ψ∗
u(x1, y1)ψu(x2, y2)
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E0
u = −2α4e cos 2u− 2α2e cos u .
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γ̃
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b(γ̃)
�

b(γ̃) = −4α4e cos 2γ̃ − 4α2e cos γ̃ .
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I(γ) = (2e/~)dE0/dγ
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