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¢�¤^v���¦-1ì�Ì�5U�
I�µÑÑ-1óÀ��p�°�� 30 fs, ó�
Å�3 800 nm �m, óÀEªÇ� 1 kHz, �
püóÀÑÑUþ�� 5.3 mJ. Xã 1 ¤«, v
� � � ¦ - 1 ì Ñ Ñ � - 1 ² L P ~ � � 1:1

�©å¡©�"Ë1Ú &ÿ1, &ÿóÀ²L
���mò´��N !�, �"ËóÀ�å²
1\���å� 15 cm �]¡º, ²LÙ���
à�. �ªüå-1±� 3.8◦ �Y�3Ó�²
¡S��, ¿|^1n1Ì¤éÙ1Ì/G?1
&ÿ.

Äk, ¢�¥"Ë1Ú&ÿ1�üóÀUþ�
��3 0.5 mJ, =üóÀ²þõÇ� 1.67 Pcr(�
í ¥ 30 fs - 1 ó À g à � � K � õ Ç Pcr �
� 10 GW)[18]. 3ù«�¹e, "Ë1Ú&ÿ1
©O3�í¥�)¤j�A. du3¤jL§¥g
� N�!gÍ��AÚ�lfN��Ó�^, "
Ë1Ú&ÿ1-11Ì�pªàÐ°l�)�
ëYÌ [19]. ·�Äké�¦-1óÀ¤jc��
1Ì©O?1
ÿþ, Xã 2 ¥¤«. ü��¦-
1óÀ¤j�)��ëYÌ���¸�3 760 nm

?, �3Å��u 750 nm �pª��k���1
ÌÐ°, ùÌ�´d�lfN�^ÚÍ�óÀ�
÷²g� N�E¤�.  835 nm ?��Ì
¸�U´d�²��óÀc÷²g� N��
)�. �"Ë1Ú&ÿ1�Ó¤j�, ÏLN!
�mò´�¦üóÀ3�mÚ�mþ�pU�
�. ���«��F1rÝ���, &ÿóÀ�"
ËóÀ3�mÚ�mþ��°(ÓÚ. d�ü1

j��Z�l/¤�m�lfN1»(�, ¿
E¤�¦-1óÀ¤j¤�)�1Ì3áÅ��
�Ð°§Ýk¤Or. dã 2 ¥��, �üóÀ
¤j�1Ì�', VóÀZ�¤j¤�)��ë
YÌÌ¸E3 760 nm ?, �3áÅ����
²
w�*Ð, 1ÌCX��3áÅ����±��
� 600 nm ?.

,�, ÏLP~ìr&ÿ1�üóÀUþP
~� 0.1 mJ, =óÀ²þõÇ�� 0.33 Pcr. d�
&ÿ1g�Ø2÷v¤j^�, 3�í¥Ã{¤
j, �&ÿ1�¤j�"Ë1Z�EU3�m/
¤�lfN1», �´3ù«�¹e�3�é�
r��µ1. du�lfN1»�Ù.�û��
^, "Ë1¤j�AZ�Or¤�)�Ð°1Ì
¤©ò�&ÿ1=£. ÏdXã 3 ¥¢�¤«�
&ÿ11Ì3áÅ���´�)
²wÐ°, �Ð
°OrÜ©Ä��±
ã 2 �ëYÌ¥éA�Ì
¸A�. ÏLUC&ÿóÀ�"ËóÀ�m��
mò´ τ , �ëYÌUþ�=£G¹�ò��u)
Cz, Xã 3 ¤«. τ ���L«&ÿóÀ´u"
ËóÀ,  τ �K�L«&ÿóÀku"ËóÀ.

τ = −71.5 fs �&ÿ11Ì�kÐ°�Ñyõ¸
(�. d��3�f�g� N��^, dóÀØ
ÓÜ �)��Ó1Ì¤©m�pZ�l¥y
Ñù«AÏ/�. τ = −21.5 fs �&ÿ1óÀ�÷
�"Ë1óÀc÷�p�^, &ÿ11Ì3áÅ
��k¤Ð°��é�f. τ = 21.5 fs �&ÿó
Àc÷���Í��"ËóÀ�÷�p�^, &
ÿ11ÌÐ°�r�3$ªà�±w���� 
N��K�. � τ = 71.5 fs �&ÿóÀØ2�"
Ë1óÀu)���p�^, �"Ë1¤j¤�
)�lfN�¬é&ÿ1óÀE¤áÂ!Ñ��
K�.
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ã 2 �¦-1óÀ¤jc1Ì (:�)!0.5 mJ �¦-1
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ã 3 &ÿ1óÀ�"Ë1óÀ�m��mò´©O
� −71.5, −21.5, 0, 21.5 Ú 71.5 fs ��&ÿ11Ì

3 (J©Û

�¦-1óÀ3�í¥¤j��ÚuíN©
f>l, l/¤��d�lfN�¤�Ï�. 
3�lfNÏ�Su)V1å��Z��, B�±
/¤���lfN1», ÙÆ·��A� ps[5]. �
lfN1»��m±Ï�

Λ = λ0/[2np sin(α/2)], (1)

ª¥ λ0 �¤^�¦-1�Ð©Å�,  np ���
lfN�Ý�'�Ï�Sò�Ç, α KL«ùüå
-1���Y� [7].

�lfN1»éuÅ�Ú\��ÎÜ�½^
��\�1�±¢yÙ.�û�, Ù.�û�^�
�±Lã�

nλ = 2Λ sin(θB), (2)

ª¥ n �Lû�?g, λ �\���lfN1»þ
�1Å�, θB L«T\�1� n ?Ù.�� [17].

d (1) ªÚ (2) ª, ���?Ù.��

θB(λ) = sin−1

[
npλ

λ0
sin(α/2)

]
. (3)

b�üå��Z�-1���uÑ�� ϕ, X
J÷v

0 <
α − ϕ

2
6 θB(λ) 6 α + ϕ

2
< 90◦, (4)

@oÒ�±¢y°�-1óÀUþ3ùüå-1
�m�=£, 3�¢�¥Ì�Ny�&ÿ1óÀÚ
"Ë1óÀ�m1Ìþ�Uþ=£.

éu÷v (2) ªÚ (4) ª�\�1, �lfN1
»�û��Ç�

η(λ) = sin2

(
π∆npL

λ

)
, (5)

Ù¥, L ��lfN1»�k��^ål, �ü1
å���Y� α Ú1j�»�Ï��',  ∆np

´d�lfN�ÝN�¤Úå�ò�ÇCzÌÝ.

��, 1ÌUþ�û��¹3�½§Ýþ�N

�lfN1»S�lfN�Ý�N�G¹ [5]. ¢
�¥� α = 3.8◦ �ü1å�p�^«��Ý L �
� 2.0 mm, (ÜV1j1ÌOr (Xã 2 ¥¢�¤
«) Ú²�lfN�^�&ÿ11Ì (éAuã 3

¥:x�), � ∆np = 8.1 × 10−4 �, d (5) ªO�
¤�(JXã 4 ¤«, �¢�(JÎÜ�Ð. 3¢
�(J¥, &ÿ11Ì3Å� 835 nm ?äk��
�Ì¸, ù�U´3��� N�¥"Ë1óÀ�
�Í���÷é&ÿ1óÀ1Ì¤�)�K�.

ã 4 &ÿ1Ú"Ë1óÀÓÚ�&ÿ11Ì�Cz (¢
��¢�(J, J��nØO��(J)
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by a plasma grating in air∗

Zhang Zong-Xin Xu Rong-Jie Song Li-Wei Wang Ding

Liu Peng† Leng Yu-Xin‡

( State Key Laboratory of High Field Laser Physics, Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences,

Shanghai 201800, China )

( Received 20 January 2012; revised manuscript received 7 February 2012 )

Abstract

We experimentally investigate the plasma grating created by two intersecting ultrashort laser pulses, and its effects on the

supercontinuum generated from femtosecond laser filamentation. The enhanced supercontinuum generation is observed, with a plasma

grating formed. And an energy transfer of the supercontinuum is demonstrated, from one pulse to the other, due to the diffraction

property of plasma grating. The theoretical calculation accords well with the experimental result.
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