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�©À�ó°� 12 fsÅ�� 2000 nmÚ 800 nm�üå�5 �-1, ·�N!üå-1� ����Y� θ,

uy� θ = π/2 �, pg�ÅÌ�1�?²�Ñy
 “¦Ì/” ]ø. � θ� π/6 �, ��
 290 eV��°ëYÌ�

pg�Åu�, |^�ÅC�Ün�)º
pg�Å/G9�� �. 3TãëYÌþ?¿�� 70 eV°Ý�ªÇ,

Ñ�±��ó°�� 60 as��áC¦óÀ. ·�~������±���5 ��ó° 94 as��áC¦óÀ. ù

�¢�¥�)U(¹N!��áC¦óÀJø
�«�Y.

'�c: VÚ �-1, �áC¦óÀ, pg�Åu�

PACS: 33.20.Xx, 42.65.Ky, 32.80.Rm

duC¦óÀ´ïÄ�fSÜ�¯ÔnL§

�r�óä [1,2], Cc5éC¦Ôn�ïÄ�~9

� [3−5], XÛ¼��áó°, �r1r, �´N�

�C¦óÀ¤�ïÄ�:. C5¢�þ�)C¦

óÀ��{Ì�´|^pg�Åu�, �r-1|

��f!©f½ìq�p�^�, dup���5

�A, ¬�)\�-1ªÇ�ê��pg�Å, U

\�½ªÇ?g��Å�±��C¦óÀ. Corkum

�< [6] |^ “nÚ�.” éÐ/)º
Ù�)Ån

9pg�Å²���5Æ, äN5`, >f3r-

1|eu)�B>l½õ1f>l, >l>f3	

-1|e�\�$Ä¿¼�Uþ, �-1|��U

C�, �Ü©>f$Ä��UCk�U�1Ølf

EÜÓ�Ë�ÑpU1f, =u�Ñpg�Å.

8c<��)C¦óÀÌ�kA«�Y, �

«´�±Ï�Y, Goulielmakis�< [4] ¢�þ|

^k�ó°� 1.5 ±Ï�Cù	-1óÀ, ¤õ

¼�
 80 as��áC¦óÀ; |^�±ÏU\�

� 2 �ª [7] ½öU\��b	| [8] UÐ°�Å

²�¿�±Ü¤�áC¦óÀ. ·�C5|^á

óÀ 5 fs(800 nm)}òóÀÚ 12 fs(1600 nm)|Ü

|, ·�/N�}òëê, �� 38 as��áC¦ó

À [9]. ,�«´ ���Y [5,10], ÙÅn´|^p

g�Åu��Ç�Xý�Ç�O\:ì~�, Ï

L��Ü¤|ý�Ç��m�Cz, �±¦õ±Ï

-1óÀ=3Ü©�mépg�Åu�å�^, Ù

¦Ü©Øå�^. ¦^�óÀ¼�C¦óÀ, ¤�

�õ¢�¿��".

·�3©z [11] ¥ïÄ
R�� �-1	

\�·>|, ��
 75 as��áC¦óÀ, ÏL

·�N�·>|�rÝ, �±���5 ���á

C¦óÀ. Zou�< [12] |^¥ù	-1 (2000 nm)

� 909 nm�-1|Ü|¼�
YIÅã��ÅÌ.

2008c Hong �< [13] ¦^k �Y��VÚ-

1|, À^ó°� 5 fs � 800 nmÌ-1Ú 400 nm

9-1óÀ�|Ü|, �)
 82 eV ��ëYp

g�ÅÌ. C5k< [14] ïÄuy�°Ä-1Å

��O�, �� �NC�fu�pg�Å�=

z�Ç'²�«��=z�Ç$, �¼��C¦

óÀ�°Ý¬�Å��O� á. �©3±þ

ó�Ä:þ, À�k �Y��¥ù	 (2000 nm)

ÚCù	 (800 nm)�5-1|Ü, UC �Y�

� π/2 �, uypg�Å²�Ø²w, Ñy
�

� “¦Ì/” �ÅÌ. �Y�� π/6 �, ¼�
�

� 290 eV��°ëYÌ, ÏL3²�«U\ 70 eV

° Ý � � Å, � � 
 � 60 as� � á C ¦ ó À.
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U C U \ ° Ý� 40 eV �, � ± � � ó ° �

u 100 as��5 ���áC¦óÀ.
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ã 1 � θ = π/6 �°Ä-1óÀ��m�Cz (a)¢�L« x

��>|rÝ, :�� y ��>|rÝ; (b) -1óÀ�n�/

G, Ù¥�ç¢��Ü¤|/G

�©|^��©��Î{ [15] ê�O�
r-

1|�±�f�p�^���¹�Å½��§, Ð

�Å¼êÀ^J�üz{�O�(J. 3O�¥,

³UÀ� “^Ø³”, V (x, y) = −q/
√

x2 + y2 + a2,

q Ú a2 �^Øëþ, 3�©¥©O� q = 1.5,

a2 = 0.6, ù�±�f�1�>lU 0.9 a.u. �

�. ·�À�1r� 3×1014 W/cm2 �\�-1,

x ��©þ� y ��©þ-1>|�äNL�

/ª�

Ex(t) =E0f(t − τdelay) cos (ω1(t − τdelay))

× sin(θ), (1)

Ey(t) =E0f(t − τdelay)[cos(ω2(t − τdelay) + φ)

+ cos (ω1(t − τdelay)) cos(θ)], (2)

f(t) = exp[−4 ln(2)t2/τ2]�\�-1óÀ��ä,

τ = 12 fs ´-1óÀ��p�°. E0 �-1>|

�Ì, ω1 = 0.057, ω2 = 0.0228�\�-1�ªÇ,

éAÅ�©O� 800 nmÚ 2000 nm.ϕ = 0.9π ´

üå-1��é� , θ �ü\�-1 ���Y

�. À�ØÓ� θ �,·�O��o�m� 13T (T

� 800 nm-1�1Æ±Ï), (1), (2)ª¥� τdelay

� 13T/2. � θ = π/6 �, -1Å/��m�Cz

Xã 1(a)¤«, Ùn�/ªXã 1(b)¤«.

lã 1 ¥�±wÑ Ex �X�müC´'�k

5Æ�,  Ey dukü�-1ªÇ©þ, Ì¸�

mÑy
���, o-1>|rÝ����Ñ´�

�mCz�, =¹�ý�Ç´��mØäCz�,

·��CzU~f>f�á;��Z�, u��p

g�Åk|u�áC¦óÀ�Ü¤. � θ = π/2

�, =\�-1��� �VÚ|, �·�3©

z [11] ¥vk\·>|��^�aq, �´ò x �

�þ 800 nm�-1d 12.5 fs,1.5 × 1013 W/cm2 C

� 12 fs,3 × 1014 W/cm2, �pg�Åu�Ì%�

Oé�, Xã 2 ¥ç:m�¤«, 31�²�Ñy


�� “¦Ì/” ]ø, ù�U´du x, y ü©þ

���-1|r��, 3�)ù
?g�Å��ý

�Ç��, �Çü$���. ]ø�Ñy¦�)ù

ãªÇ�Å��ÇØþï, ´Ø|u�áC¦óÀ

Ü¤�. �UC θ� π/6, π/4, π/3 �, Xã 2 ¤«,

·���
²w�V²�(�, Ù�ÇÄ��Øõ,

éA1�²���� �©O� 210 eV, 200 eV,

185 eV,1�²���� �©O� 500 eV, 470 eV,

430 eV,w,� θ � π/6 �, �Å��� ���.

pg�ÅÌ�1�²��~²w, `²�á;�Z

�é�, ùéÜ¤�áC¦óÀ´�~k|�.
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)º²�(�/G. ã 3 �Ñ
 θ � π/2, π/6 �

��ÅC�, Xã¤«, ã¥�n�Ì�¸©OI

� A, B, C Ú A1, B1, C1. ã 3(a) ¥ A ¸ ��

3 160 eV,ù��ÅÌ¥1�²��� �éA, B
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äë, `²3 t �� 6.8T �u��

043303-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043303

�ÅªÇ�u 250 eV��Çé�, é²��zé

�. 3 160 eV� 250 eV, A, B, Cn�¸éA��

ÇÑ�$, ù��ÅÌ¥Ñy]ø� ��ÐéA.

3ã 3(b) ¥, A ¸ �éA�� 210 eV�pg�

ÅÌ¥1�²��� ��ÐéA, 3�u 210 eV

��Sk�z��k B1, C1 ¸, Ù�ÇÑ' A1 ¸

�, ù�1�²�'1�²��Ç$�ÎÜ. ,	

lã 3(b) ¥�±wÑ, A1 ¸�á;�Ó��3, ù

éÜ¤C¦óÀ5`N´�)ØÓ;��Z�, Ø

´�)�áC¦óÀ, �u 210 eV� B1, C1 ¸

�ká;�, ù��(J´�~k|u�áC¦ó

ÀÜ¤�.
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360 eV, 360—430 eV, 430—500 eV.�ã�¢�ã���ã)

du θ� π/6 ��Å²��� ���, ²�

«��°, �©�ïÄ θ � π/6 �C¦óÀ/G.

�âÿØO�n, U\�°�ªÌâU���á�

C¦óÀ, �´�°�ªÇÙ� Úu��mØN
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O\~�éA.

6.9

7.0

7.1

7.2

-6.0

-3.0

0.0

3.0

6.0

9.0

-6.0
-3.0

0.0
3.0

6.0

6.90

7.00

7.10

7.20

-2.0

-1.0

0.0

1.0

2.0

3.0

-2.0

0.0

2.0

E
y
/
1
0

-
5
 a

rb
.u

n
ti
s

E
y
/
1
0

-
5
 a

rb
.u

n
ti
s

Ex/1
0-

7 arb
.untis

Ex/1
0-

7 arb
.untis

t⊳T
t⊳T

(a)

(b)

ã 5 �áC¦óÀéA�n�L« (a) L«U\ 430—

500 eV(ã 4 ¥¢�) �C¦óÀ; (b) L«U\ 460—500 eV

���C¦óÀ

òþ¡?Ø�C¦óÀ�3n��mp, ·�

uy, C¦óÀ� ���´�X�mCzC

z�, ã 5(a)�Ñ�� 430—500 eV��C¦óÀ

��mCz�n�£ã, 3c¡�ó�¥ [11], ·

�ÏL\\·��·>|�±òù«CzN!¤

�5 �. 3�©¤À�-1ëþ,ÃI�	\^

�, ��È�pg�Å�ÀJU\«���:Ò�

±���5 ��C¦óÀ. ��� 40 eV(460—

500 eV)ª°��±�� 94 as��áC¦óÀ, �

,Ùó°C°, �´C¦óÀ� ���%Ø2

��mk²w�Cz, Xã 5(b) ¤«. ù`²��

043303-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043303

�´�5 ���áC¦óÀ. ÏLO�·�uy

3 400—500 eV��S?¿�� 40 eV°Ý�Ù¦

ªã, Ñ�±��ó°� 100 as�m��5 ��

�áC¦óÀ, ùé¢�þ(¹ÀJC¦óÀªÇ

Jø
é��B.

�©À�ó°� 12 fs, ØÓ ����VÚ

�óÀ, ÏLN�Ù ����Y�, uy3·�

À��-1ëþ�¹e, �üå-1 ���Y

� θ � π/2 �, pg�ÅÌÑy “¦Ì/” �]ø

(�, |^�ÅC�·�éÙ�Ñ
ÐÚ)º. � θ

� π/6 �, ��
�� 290 eV��ëY�pg�

Åu�Ì. 3�ëYÌ��S?¿ÀJ 70 eV��

°ªÌ, Ñ�±�� 60 as�m��áC¦óÀ, X

d°�ªÇÀJ, �¢�¥ÀJØÓªÇ�C¦

óÀJø
é���B. ·��~�U\ª°, ~

X 40 eV�, �±���5 ��ó°3 100 as�

m��áC¦-1óÀ, ù¦¢�¥(¹¦^C¦

óÀJø
����15.
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Generating isolated attosecond pulses at an arbitrary
angle of the two-color polarized laser pulse∗
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Abstract

By adjusting the polarized angle of a two-color laser field that is synthesized by a 12 fs/2000 nm and 12 fs/800 nm, we find

that the spectrum of the high-order harmonic generation hasa “funnel structure” in the second plateau whenθ is π/2. And whenθ

is π/6, a bandwidth of supercontinuum about 290 eV is observed. We illustrate the structure of the high-order harmonic generated

spectrum by the time-frequency analysis. An isolated attosecond pulse is obtained by intercepting an arbitrary 70 eV width in the

supercontinuum plateau, and whose full width at half maximum (FWHM) is about 60 as. When we intercept a narrow width of the

bandwidth of supercontinuum, a linear polarized attosecond pulse with FWHM 94 as is obtained. All those are convenient to generate

and use attosecond pulse in experiment.

Keywords: two-color polarized laser pulse, isolated attosecond pulse, high-order harmonic generation
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