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1 Ú ó

�f´��5�Æ¥�����K, 1�f
´�fïÄ��é�. §²{
l�m�f��
m�f!2����f, l��f�V�f, l�
�.�f����.�f, lÛ��f��Û��
f� [1]. 1997 c, Snyder Ú Mitchell[2] ïá
r�
Û�gà���0�¥�m��f��5�., �
�
pd�f). ��, Conti � [3] uy����
¬´r�Û�0�, ddÚu
<�é����¬
¥��f [4−8] �ïÄ. Rotschild � [9] uyYÀæ
�´�«r�Û�0�, ¿�l¥*	�
ý��
fÚµ^�f, 3�C�ïÄ¥<�ql¥*	�

L¡�f [10].

3 é � Û � � m � � f ? 1 ï Ä � Ó �,

< � � é � Û � � m V � f ? 1 
 � þ ï Ä.

Krolikowski � [11] �Ñ
�Û�gÑ���0�
¥�mV1�f�)Û), ���Û�V�fm

��páÚ���
¢�y¢ [12,13]. �C, Conti

� [14] 3/�Ûû² B �`UM�¥*	�

V�f¤jy�, Ty�ÊH�3uõ«ÔnX
Ú [15−17] ¥; ©z [18,19] �l¥*	�
ÀÂÅ
y�, §�´�«ÊH�3�y�.
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M��ßÝïÄ
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UC�µ1��ý�Ç (á¶��¶�'), uyý
�Ç�¬K�V�f¤j±9ÀÂÅy�.
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§, =

2ik
∂ψ

∂Z
+

∂2ψ

∂X2
− 2k2 ∆n

n0
ψ = −ikα0ψ. (1)

ùp, k �Åê, k = k0n0, Ù¥ k0 �ý�¥�Å
ê, n0 �0���5ò�Ç; α0 �0��áÂX
ê; ∆n ´d9���5�AÚå�0�ò�ÇU
C, ÷vXe9*Ñ�§ [19]:

∂2∆n

∂X2
− 1

L2
eff

∆n = −γ
dn

dT
|ψ|2 , (2)

Ù ¥, Leff � § Ý | 3 D Ñ � � � � Ô � C q
��A��Ý, dn/dT �9���5Xê, γ =

α0/(ρ0cpDT), ρ0 �á��Ý, cp ��þ½Ø9N,

DT �9*ÑXê. �§ (2) 5u�9D��
§, �Ò´Ñt�§. �§ (1) Ú (2) Ò´�©?1
V�f¤jïÄ��Û���5nØ�..

�O��B, �Ú\±e8�zþ:

ϕ = ψ/
√

I0,

x = X/w0,

z = Z/Ld ,

δn = −k0Ld∆n,

Ù¥ I0 ��µ1r,

I0 = 1/(γk0LdL2
eff |dn/dT |);

w0 �\�V^«°Ý, ��1r©Ù��p�°;

Ld �û��A��Ý, �¡a|ål,

Ld = kw2
0.

ò�§ (1) Ú (2) ©O8�z�� [13]

i
∂ϕ

∂z
+

1
2

∂2ϕ

∂x2
+ δnϕ = −i

α

2
ϕ, (3)

δn − σ2 d2δn

dx2
= −|ϕ|2. (4)

ùp

α = α0Ld ;

n2 �Û���Xê,

n2 = γ(dn/dT )L2
eff ;

σ L���50���Û��A§Ý,

σ = Leff/w0 =
√

DTρ0cp|n2|/(α0w2
0|dn/dT |).

σ ���L²�Û�§Ý�r, σ ���L²�Û
�§Ý�f, 3 σ → 0 �4��¹e, T�Û��
.ò=z�Û������5�..

�
��\/n)Û�Ú�Û���5�A,

$^Fp�C�{)�§ (4) �� [20]

δn(x) = −
∫

R(x − ξ)|ϕ|2dξ, (5)

Ù¥ R(x) ���50���Û��A¼ê,

R(x) = (1/2σ) exp(−|x|/σ),

T�êP~�A�±O(/£ã0��9*Ñ�
. [21]. �±y², 3 σ → 0 �4��¹e,

R(x) = lim
σ→0

(1/2σ) exp(−|x|/σ) = δ(x).

d (5) ª��, d�ò�ÇUC δn(x) = −|ϕ|2, ù
Ò´Û���5�A. ��A¼ê�°Ý σ O��,

l (5) ª¥ò�ÇUC�òÈ/ª�±wÑ0�¥
?¿�:é1|��AØ=�T:�1|k', 
��±�:�1|�k'. ù`²?¿�:�ò�
ÇUCdT:�±�:�1r�Óû½, ùÒ´�
Û���5�A. �A¼ê�°Ý σ ��, K�9
�±�:Ò�õ, �Ò´�Û�§Ý�r. �Û�
§Ý¬K�ò�ÇUC, ?�¬K�1åDÑÚ
V�f¤j. 3ïÄ�Û�§ÝK�V�f¤j�
c, k{�0�V�f´N�¤j�, äN[!�
ë�©z [14].

�Ä��V�fÅ/�1å39��Û�g
Ñ���0�¥�DÑ. ��µ1r�$�, ��
5�Afuû��A, V^«Ð°. �X�µ1r
�O\, ��5�AOr, V^«~fÐ°. ��µ
1r���f�.1r�, ��5�AÚû��A
��²ï, V^«Ò¬QØÐ°!�Øà /DÑ,

ù�Ò/¤
V�f. ��µ1r�u�.1r�,

��5�A�uû��A, V^«úúà . �
�µ1r��u�.1r�, ��5�A��uû
��A, 3d�¹eV^«¬é¯à ���1|
CzFÝ4�:, ¿3T:��©�¤õ�V (�)

�fDÑ, ùÒ´¤j. �µ1r��, ¤jêþ�
õ. Ù¢�´p�V�f©�¤õ�Ä�V (�) �
f. e¡ïÄ�Û�§ÝXÛK�V�f¤j.

Äk�ÄÃ�Ñ (α = 0) �¹e�Û�§Ýé
V�f¤j�K�. $^ÚîS�{¦)�§ (3)

Ú (4) ���ØÓDÂ~êeÓ�Û�§Ý�V�
f�S�) [20]

ϕ(x, z) = ϕ0u(x) exp(−iβz), (6)

Ù¥, ϕ0 ��Ì, Ä�V�f��Ì ϕ0 = 1; β �
DÂ~ê. 3���¹e, �À�DÂ~ê β = 1
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��f)��Ð©Ñ\. �±\��µ1r Iin

�½!UC�Û�§Ý σ, ÏL©ÚFp�{?
1V�f¤j��[DÑ. ã 1 ¤«� ϕ0 = 20,

σ = 2.4, 3.2, 3.9 �DÑ 1Ld �V�f�¤jL§.

ã 1 Ã�Ñ�Ó�µ1rØÓ�Û�§ÝeV�f¤j�ê��[DÑã Ð©Ñ\ ϕ(x, z = 0) = ϕ0u(x), Ù¥�
Ì ϕ0 = 20. (a) σ = 2.4; (b) σ = 3.2; (c) σ = 3.9

ã 2 Ã�Ñ�Ó�µ1rØÓ�Û�§ÝeV�f¤j�1r©Ù Z = 0.5, Ð©Ñ\ ϕ(x, z = 0) = ϕ0u(x), Ù¥�
Ì ϕ0 = 20. (a) σ = 2.4; (b) σ = 3.2; (c) σ = 3.9
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lã 1 �±wÑ, �Û�§Ý��, ¤jå©
:�C!¤jêþ�õ. ù´Ï��Û�§Ý��,

V�f�.1r Ic �� [22]. ¤±3\��µ1r
�½�, �Û�§Ý��, ��5�A�éóÒ

�r, V^«�N´®à, ¤jå©:Ò�C, ¤j
êþ��õ. ù�(J��±lò�ÇUC�òÈ
/ª5n). 0���Û��A¬Ð°!²w1|,

¬~f�� 5� A, ¿��Û � §Ý ��, ~f�

ã 3 Ã�Ñ�Ó1r'ØÓ�Û�§ÝeV�f¤j�ê��[DÑã Ð©Ñ\ ϕ(x, z = 0) = ϕ0u(x), Iin/Ic = 500.

(a) σ = 2.4; (b) σ = 3.2; (c) σ = 3.9

ã 4 Ã�Ñ�Ó1r'ØÓ�Û�§ÝeV�f¤j�1r©Ù Z = 0.5, Ð©Ñ\ ϕ(x, z = 0) = ϕ0u(x), Iin/Ic = 500.

(a) σ = 2.4; (b) σ = 3.2; (c) σ = 3.9
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UåÒ��, �Ò´�Û�§Ý��, ��5�A
�f, lV^«�J®à, ¤jå©:Ò��, ¤
jêþ���. 3 σ → 0 �4��¹e (�Ò´
Û��¹e), ¤jêþ�u [14]2N − 1, Ù¥ N �
�ê, � N =

√
Iin/Ic. ù`²Û��¹e¤jê

þ�Ú\��µ1r��.1r�' Iin/Ic k'.

�
�\�Ù/w�ù�(J, �±*	DÑ�
½ål�V�f¤j�1r©Ù, ã 2 ¤«�D
Ñ 0.5Ld �V�f¤j�1r©Ù.

d u � f � . 1 r � � Û � § Ý k ', ¤
±e¡?�ÚïÄ\��µ1r��.1r�
' Iin/Ic �½��Û�§ÝéV�f¤j�K�.

� Iin/Ic = 500 ?1�[DÑ, (JXã 3 ¤«.

lã 3 �±wÑ, 3\��µ1r��.1r
�' Iin/Ic �½��¹e, �Û�§ÝØ¬K�¤
jå©:Ú¤jêþ, �¤jêþ��C 2N − 1.

±þ¤ã`²�Û�§Ý¬K�V�f¤j, �¤
jÌ��ûu Iin/Ic. �
�\�Ù/w�ù�(
J, �±*	DÑ�½ål�V�f¤j�1r©
Ùã, ã 4 ¤«�DÑ 0.5Ld �V�f¤j�1r
©Ù.

�XïÄáÂXêéV�f¤j�K�. �Ð
©Ñ\�DÂ~ê β = 1 ��f) ϕ(x, z = 0) =

ϕ0u(x), Ù¥ ϕ0 = 25, ÙÅ/Xã 5(a) ¤«; �
�Û�§Ý σ = 3, ÏL©ÚFp�{?1V�
f¤j��[DÑ. ã 5(b), (c), (d) ¤«�áÂX
ê α = 7, 11, 19 �, DÑ 1Ld ��1r©Ù. dd
�±w�, áÂXê��, ¤jêþ��. ù´Ï�
áÂXê��, 1r�Ñ��, V�f�.1r Ic

Ò��. ¤±�\��µ1r�½�, áÂXê�
�, �éó��5�AÒ�f, V^«�J®à,

l¤jêþ��.

ã 5 �Ó�µ1r�Ó�Û�§ÝØÓáÂXêeV�f¤j�1r©Ù Z = 1, Ð©Ñ\ ϕ(x, z = 0) = ϕ0u(x), Ù¥�
Ì ϕ0 = 25, �Û�§Ý σ = 3. (a) Ð©Å/; (b) α = 7; (c) α = 11; (d) α = 19

o�, �Û�§Ý σ ¬K�V�f��.1
r Ic, l�¬K�V�f¤j. du�Û�§Ý
��, �f��.1r��, ¤±3�½�\��
µ1r Iin e, �Û�§Ý��, �éó��5�
AÒ�r, V^«�N´®à, ¤jå©:Ò�C,

¤jêþ��õ. ��\��µ1r��.1r�
' Iin/Ic �½�, �Û�§ÝØ2K�¤jå©:
±9¤jêþ, �¤jêþ� 2N − 1, Ù¥ N ��
ê, N =

√
Iin/Ic, �Û��¹e�5Æ��, `²

¤jÌ��ûu Iin/Ic. d	, áÂXê�¬K�V

084210-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 084210

�f��.1r Ic, l�¬K�V�f¤j. d
uáÂXê��, V�f�.1r Ic ��, ¤±�
\��µ1r�½�, áÂXê��, �éó�
�5�AÒ�f, V^«�J®à, l¤jêþ
��.

3 ¢ �

*	�Û��mV�f¤j�¢�C�X
ã 6 ¤«. ¢�æ^ Verdi-12 .-1ì��1,

ÙõÇ�N���õÇ� 12 W, �±ÑÑÅ�
� 532 nm �ëYpd1å; �¬�/�Ûû² B

�`UM�, �uî�º�� 2.4 cm × 2.4 cm!D
Ñ��º�� 1 cm �O�µ�ÀæÝ (þL¡3
k��, ^55\�¬) ¥. ÏL Z ×£¢�·�(
½Ûû² B �`UM���«9��Û�gÑ�
0�. Ûû² B �`UM�áÂ1�)9, 9*Ñ
/¤§ÝFÝ, §ÝFÝÏL91�AÚå�Û�
���5ò�ÇUC.

l-1ìÑ5�pd1åÏLÎ¡àßº�
d©åcº�©¤ü´, 3�²¡? ( ucº�
�) /¤�¶÷ x ¶!á¶÷ y ¶�ý�pd1å.

31´ 1 ��²¡?���¬�Àæ¡, ¦ÙR�
u1å��^>�\1å�¥% �. ,�^��
¥¡àßº|òÙ¤�u�¬cL¡. 31´ 2 �
�Ó ���Ó����¥¡àßº|, 1´ 2 �
1´ 1 üå1u)Z�, ¿^ CCD1 P¹Z�ã�.

ÏLN!�Àæ¡, 3 CCD1 ¥P¹�ã 6 ¤«�
Z�^«, ¦�ý�pd1å÷ x ¶3 y = 0 ?u
) π � �C, l3�¬cL¡?¼�÷ y ��
3 x = 0 ?�ý�pd1å�µe�V^«. ÏL
UCÎ¡àßº��å, �±UC�µý�pd1
å�ý�Ç e. ÏLUC��¥¡àßº|��å

', �±UCV^«�°Ý±9\�1����.

Tý�pd1å�µe�¥%V^«ÏL�¬Ý
�, ò�¬�L¡�1r©Ù²ßº?1¤�, ¿
P¹u CCD2.

ÄkïÄ�¬ßÝéV�f¤j�K�. ã 7

¤«�\��µ²þ1r Īin �½��¬�L
¡ � 1 r © Ù. ¤ À ë ê X e: \ � � µ ý �
1��ý�Ç e = a/b ≈ 0.01, Ù¥ a ��¶,

a ≈ 1000 µm, b �á¶, b ≈ 10 µm; \��µ²þ
1r Īin = Pin/A ≈ 1.8×105 mW/mm2, Ù¥ Pin �
\�õÇ, Pin ≈ 1.8 W, A �1�¡È; \�V^«
°Ý w ≈ 40 µm; DÑål Z ≈ 1 cm; �¬ßÝ c

©O� 2.5, 1.5, 0.5 mg/L.

lã 7 �±wÑ, �¬ßÝ��, ¤jêþ�
�. ù´Ï��¬ßÝ��, áÂXê α0 ��, �
)�9þ��, l9���5�A�f, V�f
�.1r��. �\��µ1�²þ1r�½�,

�¬ßÝ��, V^«�Jà , ¤j���. ¢�
¥æ^ý�Ç���ý��µ1�, ��¡�±�
y÷ y ¶�V^«3 x ¶��¼�rÝ¸��°
²��µ1r; ,��¡�±k�/~�\��µ
1��¡È, l3Ó��\�õÇe�±���
r�1rÚ�r���5�A, ?�k|u¤j.

lã 7 ��±wÑ: ÷ y ��Ñy
ÀÂÅy
�, =�µ1|du��5�A�e� =, /¤
Í��>�; �¬ßÝ��, ÀÂÅy��Ø²w.

ù´Ï��¬ßÝ��, ��5�A�f, ÀÂ
Åy�I�3ér���5�AeâU*	�. �
�5�A�r, Ty�Ò�²w. d	, du�¬É
9�)é6�A, ¤±·�*	��ÀÂÅ´�e
 =�. �
�\�Ù/w�ù�(J, �±éã 7

¥�1r©Ù÷ y ¶?1²þ. ã 8 ¤«��ã 7

�éA�1ré y ¶²þ�÷ x ¶�©Ù.

ã 6 ¢�C�«¿ã
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ã 7 \��µ²þ1r�½�ØÓßÝe�¬Ñ�¡�1r©Ù (a) c ≈ 2.5 mg/L; (b) c ≈ 1.5 mg/L; (c) c ≈ 0.5 mg/L

ã 8 \��µ²þ1r�½�ØÓßÝe�¬Ñ�¡�1ré y ¶²þ�÷ x ¶�©Ù (a) c ≈ 2.5 mg/L; (b) c ≈ 1.5 mg/L;

(c) c ≈ 0.5 mg/L
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3 ï Ä 
 \ � � µ ² þ 1 r � ½ � � ¬
ßÝé V�f¤j�K���, e¡ïÄ\�
� µ ² þ 1 r � � . 1 r � ' Īin/Ic � ½ �
�¬ßÝéV�f¤j�K�. ã 9 ¤«�\

� � µ 1 � ý � Ç e ≈ 0.01, \ � V ^ « °
Ý w ≈ 40 µm, DÑål Z ≈ 1 cm, ²þ1r�
�.1r�' Īin/Ic ≈9.3 ��¬�L¡�1r
©Ù.

ã 9 \��µ²þ1r��.1r�'�½�ØÓßÝe�¬Ñ�¡�1r©Ù (a) c ≈ 2.5 mg/L; (b) c ≈
1.5 mg/L; (c) c ≈ 0.5 mg/L

lã 9 �±wÑ: ��±²þ1r��.1r
�' Īin/Ic �½�, ¤j�êþÄ�ØÉ�¬ßÝ
K�; ¤j�êþ��C 2N − 1, Ù¥ N ��ê,

� N =
√

Īin/Ic. ù`²�¬ßÝ¬K�V�f¤
j, �¤jÌ��ûu Īin/Ic. �
�\�Ù/w�
ù�(J, �±éã 9 ¥�1r©Ù÷ y ¶?1²
þ. ã 10 ¤«��ã 9 �éA�1ré y ¶²þ
�÷ x ¶�©Ù.

e¡·�5ïÄý�ÇéV�f¤j�K
�. ã 11 ¤«�\��µ²þ1r Īin �½, �
µý�1�ý�Ç e ≈ 0.05, 0.01, 0.005 ��¬
� L ¡ � 1 r © Ù. ¤ À ë ê X e: \ � � µ
²þ1r Īin ≈ 3 × 104 mW/mm2, \�V^«
°Ý w ≈ 40 µm, DÑål Z ≈ 1 cm, �¬ß
Ý c ≈ 1.5 mg/L.

lã 11 �±wÑ: UC�µý�pd1å�

ý�Ç��±Ù²þ1rØC�, ¤j�êþ�ý
�Ç�~�~�; ÀÂÅy��ý�Ç�~�
Cf. ù´Ï���µý�pd1å�ý�Ç~�
�, á¶���û��AÒ¬Cr, V�f�.1
rC�. ¤±�\��µ1�²þ1r�½�, ý
�Ç��, �éó��5�A�f, V�f�J
¤j, ÀÂÅy��Ø²w.

o�, ¢�ÏLUC/�M��ßÝïÄ
�
¬ßÝéV�f¤j�K�. ¢�(JL²: �\
��µ²þ1r�½�, �¬ßÝ��¤jêþ�
�, ÀÂÅy���Ø²w; �\��µ²þ1
r��.1r�'�½�, �¬ßÝÄ�ØK�¤
jêþ. ÏLUC\�ý��µpd1å�ý�Ç
ïÄ
�µ1�ý�Çé¤j�K�, �\��µ
²þ1r�½�, �µ1�ý�Ç��¤jêþ�
�, ÀÂÅy���f.
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ã 10 \��µ²þ1r��.1r�'�½�ØÓßÝe�¬Ñ�¡�1ré y ¶²þ�÷ x ¶�©Ù (a) c ≈ 2.5 mg/L;

(b) c ≈ 1.5 mg/L; (c) c ≈ 0.5 mg/L

ã 11 \��µ²þ1r�½�ØÓý�Ç1å\���¬Ñ�¡�1r©Ù (a) e ≈ 0.05; (b) e ≈ 0.01; (c)

e ≈ 0.005
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4 ( Ø
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Abstract

In this paper, the spatial optical dark soliton filamentization in a nonlocal self-defocusing Kerr medium is investigated. Theoret-

ically, starting from nonlocal nonlinear theoretical model, we examine the influences of the degree of nonlocality and the attenuation

constant on the formation of dark soliton filaments by numerical simulation method. We find that when the input background optical

intensity is determined, the greater the degree of nonlocality, the farther the initial point of the formation of dark filaments is and the less

the number of dark filaments decreases with the increase of the degree of nonlocality; when the ratio of the background optical intensity

to the critical optical intensity is fixed, the degree of nonlocality can hardly influence the number of dark filaments and the number of

dark filaments under nonlocality is equal to that under locality. Besides, when the input background optical intensity is determined,

the number of dark filaments decreases with the increase of the attenuation constant. Experimentally, by changing the concentration of

dye solution and the ellipticity of background light, we discuss the influences of the concentration of sample and the ellipticity of back-

ground light on the formation of dark soliton filaments respectively and find that when the input background average optical intensity is

determined, the number of dark filaments decreases with the increases of the concentration of sample and the ellipticity of background

light; when the ratio of the background average optical intensity to the critical optical intensity is fixed, the concentration of sample can

hardly influence the number of dark filaments. Besides, the phenomenon of optical shock wave is found in our experiment.

Keywords: nonlocal self-defocusing, optical dark soliton filamentizations, optical shock wave
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