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C c 5, < � u y | ^ e � f > ^ a A ß
² (EIT) 0���±¢y�m1�f��)ÚD
Â. �ÊÏ��50��)��m�fØÓ, 3 EIT

0�¥/¤�m�f¤I�1r4f, ��3Î
�þ?, ¿�3 EIT 0�¥Ø=U¢y­½DÂ
� (1+1) ��m�f, �U¢y­½DÂ� (2+1)

��m�f. ù?�ÚÿÐ
 EIT 0�31&ÒD
Ñ�¡�A^�� [1−3].
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 EIT 0�¥�
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Â. 2006 c, Michinel � [8,9] |^ EIT 0����
5�Ú�A?�Ú��
­½� (2+1) ��m1
�f, JÑ
 “��1” �Vg. u¥�E�Æ�ï
Ä�|ïÄ
 EIT 0�¥��mV�fÚµ^(
� [10,11]. Huang � [12−17] ée��0�¥�>^
aAß²�A?1
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nU?. EIT 0�¥¢y�N���
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c5Nõ��5 �©�§, X��5Å½��
§!KdV �§!KP �§±9 Maxwell �§!GP

�§�, Ñ2�æ^"AÛ�{?1O� [18−21].

�©Ì�´|^"AÛ�{ê��[nU?e�
f0�¥õ�1�f�üz1�¿©ÛÙ�Ï. ·
�Äkr£ãnU?e�f EIT 0�¥�m1�
f����Ú��5Å½��§=z¤ Hamilton

XÚ"(��/ª, ,�|^"AÛ�{ê��
[���Ú��5Å½��§, ©ÛnU?e�
f EIT 0�¥õ��m1�f��p�^1�Ú
DÂ5Æ.

�©�(�Xe: 1 2 !���Ú��5Å½
��§�=z¤�A� Hamilton XÚ"(�¿^
"AÛ�{lÑ���A�lÑ"�ª; 1 3 !
|^"AÛ�{ê�¹[
e�f EIT 0�¥ü
�!o�1�f3�Ó�ËÚØÓ� e�p�
^1�, ¿?1
©Û; ���â�m�áf�-
E1��Ñõ�1�füz��
5Æ.

2 ���Ú��5Å½��§9Ùê
�lÑ

� Ä n U ? e � f X Ú, © O � � f � ó
À.&ÿ1 (¥%ªÇ� υp = ωp/(2π), éOU
? |1〉 → |3〉, óÀ°Ý� τ0) Ú�r�ëY.��
1 (¥%ªÇ� υc = ωc/(2π), éOU? |2〉 → |3〉)
�^, du��1��ru&ÿ1, �w¤~ê

Ø�Ä��1�ÄåÆ, 
&ÿ1�üz5Æ÷v
Xeð�d��§

∇2E − 1
c2

∂2E

∂t2
=

1
ε0c2

∂2p

∂t2
, (1)

Ù¥ p = Na

∑
j=1,2[pj3A3A

∗
j exp[i(kjz − ωjt)] +

c.c], æ^úC�äCqÚý9Cq^� (=b�&
ÿ1�ó¿v
°), &ÿ1�üz÷vXe���
�Ú��5Å½��§ [12]

i
∂Ωp

∂z
+

c

2ωp

(
∂2

∂ξ2
+

∂2

∂η2

)
Ωp

+κ
d2Ωp

D(1 + W |Ωp|2)
= 0, (2)

Ù ¥ D = |Ωc|2 − d2d3 ± 9 W = (|d2|2 +

|Ω|2)/|D|2.

é � § (2) Ã þ j z, Ú \ ä N � A � C
þ s = z/Ldiff , (x, y) = R−1

a (ξ, η) ±9 u = U−1
0 Ωp,

Ù¥ Ldiff = ωpR2
a/c �XÚû��Ý, R⊥ �1å

�», U0 = 1/
√

W �&ÿ1��.'ªÇ, òù

Cþ�\�§ (2), ò���5Ú��5áÂ��
Ñ, ����§ (2) �Ãþj/ª

i
∂u

∂s
+

1
2

(
∂2

∂x2
+

∂2

∂y2

)
u +

au

1 + |u|2
= 0, (3)

Ù¥ÃþjXê a = kd2Ldiff/D = aR + iaI, ¿k

aR = kLdiff
∆2(|Ωc|2 − ∆2∆3)

(|Ωc|2 − ∆2∆3)2 + ∆2
2γ

2
3

, (4)

aI = kLdiff
∆2

2γ3

(|Ωc|2 − ∆2∆3)2 + ∆2
2γ

2
3

, (5)

Ù¥ ∆2 Ú ∆3 ©O�V1f��Úü1f��.

éu�§ (3) vkäN�)Û)L«, �U�6ê
��[?1ïÄ. 3ùp·�æ�"AÛ�{5©
Ûe�f0�¥õ�1�f��p�^.

� u = p + iq, �§ (3) �L«�

ps +
1
2
(qxx + qyy) +

αq

1 + (p2 + q2)
= 0, (6)

qs −
1
2
(pxx + pyy) − αp

1 + (p2 + q2)
= 0. (7)

� z = (p, q)T, �§ (6), (7) �=z�Ã��
� Hamiltonian /ª

dz

dt
= J

δH(z)
δz

, J =

 0 I

−I 0

 , (8)

�A� Hamilton ¼ê�

H(z) =
∫ [

1
4
(p2

x + q2
x + p2

y + q2
y)

−α

2
In(1 + (p2 + q2))

]
dxdy. (9)

Ã��� Hamilton /ª (8) �du

dz

ds
= JAz,A =

D 0

0 D

 , (10)

Ù¥�©�f

D = −1
2

(
∂2

∂x2
+

∂2

∂y2

)
− α

1 + p2 + q2
. (11)

� 
 � � k � � � Hamilton X Ú, · � l Ñ �
§ (8) ��m�, � B =

∂

∂x2
+

∂

∂y2
� 2mth ¥

%�©� B(2m), ·�k

B(2m) = ∇+∇−

m−1∑
j=0

(−1)jβj

(
(∆ξ)2∇+∇−

4

)j
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+
m−1∑
j=0

(−1)jβj

(
(∆y)2∇+∇−

4

)j
 , (12)

Ù¥ βj = [(j!)222j ]/[(2j +1)!(j +1)] Ú ∇+ Ú ∇−

´�cÚ���©�f [19], ∆x Ú ∆y ©O´÷ x

Ú y ���Ú�.

�

P = [p11, · · · , p1N , p21, · · · ,

p2N , pN1, · · · , pNN ],

Q = [q11, · · · , q1N , q21, · · · ,

q2N , qN1, · · · , qNN ],

Ú Z = (P,Q)T, �§ (8) �mlÑ��=z¤k�
� Hamilton XÚ

dZ

ds
= J̃∇ZH(Z), J̃ =

 0 I

−I 0

 , (13)

Ù¥

H(P,Q) =
1
2
[PTB(2m)P + QTB(2m)Q]

−α

2

N∑
j=1

N∑
k=1

In(1 + p2
j,k + q2

j,k),(14)

Z ´ N2 �þ, I ´ N2 × N2 �ü Ý
, B(2m)

´ N2 × N2 Ý
.

é�§ (13) ?1"¥%�©k

Zn+1 − Zn = ∆sJ̃∇ZH

(
Zn+1 + Zn

2

)
. (15)

"�ª (15) �°Ýk O((∆s)2+(∆x)2m+(∆y)2m).

½Â���©�f

Dtu
n
j,k =

(un+1
j,k − un

j,k)
(∆s)

,

Dxun
j−1,k =

(un
j,k − un

j−1,k)
(∆x)

,

Dyun
j,k−1 =

(un
j,k − un

j,k−1)
(∆y)

,

±9 u
n+

1
2

j,k = (un
j,k+un+1

j,k )/2, �Ak���©�f

D2
xu

n+
1
2

j−1,k =

(
u

n+ 1
2

j+1,k − 2u
n+

1
2

j,k + u
n+

1
2

j−1,k

)
(∆x)2

,

D2
yu

n+
1
2

j,k−1 =

(
u

n+
1
2

j,k+1 − 2u
n+

1
2

j,k + u
n+

1
2

j,k−1

)
(∆y)2

,

��©�f B(2m) ¥ m = 1, d�§ (15), ���
�§ (3) �"�©�ª�

iDtu
n
j,k +

1
2
D2

xu
n+

1
2

j−1,k

+
1
2
D2

yu
n+

1
2

j,k−1 +
αu

n+
1
2

j,k

1 + |u
n+

1
2

j,k |2

= 0. (16)

e¡|^"�©�ª (16) �[���Ú��
5Å½��§3ØÓÐ�^�ee�f0�¥õ
�1�f�üz1�.

3 e�f0�¥õ�1�f�p�^
�ê��[

3.1 ������ËËËÓÓÓ���   õõõ���111���fff������ppp���^̂̂

�\��pd1å�

u(x, y, 0) =
√

2
2

[exp(−(x2 + (y − 2.5)2))

× exp(i(−y + π/4))

+ exp(−(x2 + (y − 2.5)2))

× exp(i(−y + π/4))],

ã 1 �Ñ
��ËÓ� ü\�pd1å
3e�f0�¥ α = –16.5 �üz1�. ã 1(a)

´ s = 0 Ð©�ü\��pd1å� �, ã 1(b)

´ s = 1.4 �ü\�pd1å� �, ã 1(c) ´ s =

2.4 �ü\�pd1å� �. 3ã 1 ¥, ü\��
pd1å� �Åì� , �áf/GCÄ, �á
f��ËCp, ��ü�áfKÜ¤���áf.

lã 1 ��, ��ËÓ� �üpd1å3e�f
0�¥Ly��páÚ1�, pd1å3e�f0
�¥U/¤­½��áf.

�\��pd1å�

u(x, y, 0) =
√

2
2

[exp(−(x2 + (y − 2.5)2))

× exp(i(−y + π/4))

+ exp(−(x2 + (y + 2.5)2))

× exp(i(y + π/4))

+ exp(−((x − 2.5)2 + y2))

× exp(i(−y + π/3))
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+ exp(−((x + 2.5)2 + y2))

× exp(i(−y + π/3))].

ã 2 �Ñ
��Ëoå\�pd1å3e�
f0�¥ α = –16.5 �üz1�, Ù¥÷ x ���
üpd1å´Ó��, ÷ y ���üpd1å�´
Ó��. ã 2(a) ´ s = 0 Ð©�o\��pd1å
� �, ã 2(b) ´ s = 1.4 �o\�pd1å� 
�, ã 2(c) ´ s = 2.4 �o\�pd1å� �. 3
ã 2 ¥, ÷ y ���üpd1åLy��páÚ,

��KÜ¤���áf, ÷ x ���üpd1å
÷ y ���Ó��$Ä, Ø�páÚ. lã 2 ��,

ü\�pd1å´ÄLy��páÚ, Ø�Úü\

�1å�� k', �Ú\�1å���k'. õ
�\��pd1å3e�f0�¥U/¤­½�
�áfDÑ.

3ã 1 Úã 2 ¥, 3� �Ó�, ü�áfL
y��pKÜ, ù´du0� u-E«��ò�
Çdu�f�ËU\Z���
O�, 1å8¥�
ò�Ç���«�, ��ü�áfu)
KÜ. Ó
��w��áf3KÜL§¥Ø´ýé­½�, Ñ
y
�Þá, ù´du0��ÚÑ�A¬¦1óÀ
3DÂL§¥�)é�C/, �du EIT ��Ø1
áÂ, Ïd1óÀ3DÂL§¥du0��ÚÑ�
AÚ��5�A�Ø²ï, ��
�áfKÜL§
¥�)
�Þá.� � �� � �� � � � � � � � � � � �� � �� � � � � � � � � ��� � � � � � � � ��	�		 � 
 � 

 � 

 � 
� 
 � � � � � � �

ã 1 Ó� üpd1å�üz1� (a) s = 0; (b) s = 1.4; (c) s = 2.4� � �� � �� � � � � � � � � � � �� � �� � � � � � � � � �� � � � � � � � ��	�		 � 
 � 

 � 

 � 
� 
 � � � � � � �
ã 2 Ó� opd1å�üz1� (a) s = 0; (b) s = 1.4; (c) s = 2.4

3.2 ������ËËËØØØÓÓÓ���   õõõ���111���fff������ppp���
^̂̂

�\��pd1å�

u(x, y, 0) =
√

2
2

[exp(−(x2 + (y − 1)2))

× exp(i(−y + π/6))

+ exp(−(x2 + (y − 1)2))

× exp(i(y − 5π/6))].

ã 3 �Ñ
��Ë�� ü\�pd1å3
e�f0�¥ α = –16.5 �üz1�. ã 3(a) ´Ð
©�ü\��pd1å� �, ã 3(b) ´ s = 3.6

�ü\�pd1å� �, ã 3(c) ´ s = 10 �ü\
�pd1å� �. 3ã 3 ¥, ü\��pd1å
� �Åìlm, �áf/GCÄ, �áf��Ë
Cp, ��ü�áf£Ä�>. �±�, §�� y

�������£Ä. lã 3 ��, ��Ë�� 
�üpd1åLy��pü½1�, pd1å3e
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�f0�¥U/¤­½��áf.

�\��pd1å�

u(x, y, 0) =
√

2
2

[exp(−(x2 + (y − 1)2))

× exp(i(−y + π/6))

+ exp(−(x2 + (y + 1)2))

× exp(i(y − 5π/6))

+ exp(−((x − 2.5)2 + y2))

× exp(i(−y + π/3))

+ exp(−((x + 2.5)2 + y2))

× exp(i(y + π/3))].

ã 4 �Ñ
��Ë�� ü\�pd1å3
e�f0�¥ α = –16.5 �üz1�. ã 1(a) ´Ð
©�ü\�pd1å� �, ã 4(b) ´ s = 1.8 �

ü\�pd1å� �, ã 4(c) ´ s = 3.6 �ü\
�pd1å� �. 3ã 4 ¥, ü\�pd1å�
 �Åìlm, �áf/GCÄ, �áf��ËC
p, ��ü�áf£Ä�>. �±�, §�� y

�������£Ä. lã 4 ����ËÓ� �
üpd1åLy��pü½1�, pd1å3e�
f0�¥U/¤­½�áf.

3ã 3 Úã 4 ¥, 3� �� π �, ü�áf
Ly��pü½, ù´du0� u-E«��ò
�Çdu�f�ËU\Z���
~�. -Eu)
�, z��fu)á6åÏ�ªu­½, ��±�
��Ú/GDÂ, ü�áf�>.�, ¬UC��
£Ä. Ó��w��áf3DÑL§¥Ø´ýé­
½�, Ñy
�Þá, ùÓ��´1�f3DÑ¥
0��ÚÑ�AÚ��5�AØ²ï�(J, ��

�f�Øýé­½.� � �� � �� � � � � � � � � � � �� � �� � � � � � � � � � � �� � �� � � � � � � � ������ � 	 
 		 
 		 
 	� � 
 � � 
 � � 


ã 3 �� üpd1å�üz1� (a) s = 0; (b) s = 3.6; (c) s = 10� � �� � �� � � � � � � � � � � �� � �� � � � � � � � � � � �� � �� � � � � � � � ������ � 	 
 		 
 		 
 	� � 
 � � 
 � � 

ã 4 ØÓ� opd1å�üz1� (a) s = 0; (b) s = 1.8; (c) s = 3.6

4 ( Ø

\�pd1å3e�f0�¥DÑL§¥X
Û¦0��ÚÑ�AÚ��5�A��²ï�)
­��1�f±91�f�DÑ5Æ�ïÄ´�
�­��ïÄ�K. �©r£ãnU?e�f0�

¥1�f�üz1�����Ú��5Å½��
§=z¤Ã�� Hamilton XÚ, |^"AÛ�{ê
��[
e�f0�¥��Ë�ü�Úo�1�
f�üz1�. ·���Ä
ÃþfXê�¢ê�
�/. ê��[(JL²e�f0�¥õ�1�f
��p�^1�Ø��\�pd1å�� k',
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�Ú\�pd1å���k'. �ÃþfXê�Ü
·�ê�, e�f0�¥ÚÑ�AÚ��5�AU
¦þ�±²ï, e�f0�¥õ�1�fÓ�U/
¤­½��áf, e�f0��­�1�f3&E
?nÚDÑ�¡äk­�A^. �ÃþfXêØÜ

·�, �áf�/G¬u)²w�UC/¤Ø­½
��áf. éuÃþfXê�JêÚØÓ�Ë�1
�f�, �áf/G�\E,. e�Ú·�ò^"
AÛ�{©Ûe�f0�¥3ÃþfXê�Jê
ÚØÓ�ËØÓ� 1�f��p�^1�.
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Abstract

Optical solitons in gaseous atomic media display many striking features under electromagnetically induced transparency (EIT).

Study of theoretical model, which describes these features of optical solitons, has important meaning in optical informational process

and propagation. Two-dimensional saturated nonlinear Schrödinger equation, which describes the spatial soliton evolution in the three-

level gaseous atomic EIT media, is transformed into the Hamilton system with the symplectic structure. The Hamilton system is

discretizated by the symplectic method. The corresponding symplectic scheme is obtained. Evolution behaviors of two and four spatial

solitons with the same amplitude in a three-level, gaseous atomic EIT media are simulated by the symplectic scheme. Numerical

results further show that the phase difference and the direction of the entering gauss beams have an obvious effect on the interaction of

multi-solitons. The entering Gauss beam can form the stable optical solitons in a gaseous atomic media.

Keywords: two dimensional saturated nonlinear Schrödinger equation, symplectic method, spatial soliton, gaseous
atomic EIT media
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