
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 9 (2012) 093303

±±±���fff���gggSSSVVV>>>lllééé������VVVÚÚÚ|||
rrrÝÝÝ'''������666'''XXX*

ÖOù† ¾Ir "[Ú

( ��1���Æ�,Ôn�>f&EÆ�,ÉÇ 430205 )

( 2011 c 6 � 29 FÂ�; 2011 c 9 � 3 FÂ�?Uv )

|^²;Xn�.ïÄ
��VÚ|¥±�f�gSV>léVÚ|rÝ'��6'X. ïÄL², T�6'
X�VÚ|�é�  φ k'. φ = 0.25π �, ÷�Å�-1 �����'ÄþÌ�rÝ'�O�l�'�ª=C
���'�ª. φ = 0.35π, 0.45π �, �'ÄþÌ�©Ù31�Ú1n��, �'�ªA�Ø�rÝ'�Cz
Cz.

éV>l;,-E�m!-E�!-EÄþ���©Û�±)ºþã(J, ¿w«
��VÚ|é�gSV>l
¥-E�m!-E�����^.

'�c: ��VÚ|, rÝ', -E�m, -E�

PACS: 33.80.Rv, 33.80.Wz, 33.80.Eh

1 Ú ó

�gSV>l (NSDI) ´-1 -Ô��p�^
¥���;.L§. ¢�ÚnØïÄ [1−7] ®²y
¢, ­-E�. [8] �±)ºr-1|¥�fÚ©
f��gSV>ly�. �â­-E�. [8], 1�
�>fÏL�B�ª>l��-1|°£¿�1
Ø-E, ���Ü©Uþ�1��>fl
¦1�
�>f>l. du�gSV>lL§¥7,�3>
f�', 
>f�'3n)r| -Ô��p�^¥
u�­��^, >f�'ÄþÌ�©Û3�gSV
>l�ïÄ¥�2�A^. �8c��, �'Äþ
©Û®²�«
�gSV>l¥´L�-EÄå
Æ, X (e, 2e) -E>l [9], -E-u|�>l [3].

¢�ÚnØïÄL², NõÏ�¬K�>f�
'L§, X� �1�-1rÝ [10]!�±Ï-1
óÀ�1Å�  [11,12]!©f�� [13−16] �. Ø�
 �1	, VÚ|��2�^5ïÄr| -Ô��
p�^¥�>fÄåÆ. �� �1�', VÚ|

O\
�
�(¹N!�ëê, XVÚ|�é�
 !�érÝ!�éªÇ!�é ����. ù

ëê�N!Ñ¬ér| - Ô��p�^�)w
ÍK�, ÏdVÚ|���¢�ÚnØïÄ¥��
r|>fÄåÆ�k�óä. 3@Ï�VÚ|�
�¥, ÏLN!VÚ|��'ëê, �±é�f>
lÇ [17]!�?gpg�Å�)VÇ [18]!C¦ó
Àó° [19,20]!©f)l>l [21] �?1k���.

CAc5, �X-1Eâ�uÐ±9ïÄ��\,

VÚ|ér|>fÄåÆ����^�>f�'
5�éX�5�;�. ïÄL², |^VÚ|, �±
��-E>f�-E�!-E>fÅ���mü
z [22]!>l>f�;, [23]!�gSV>l¥>
f��'A5 [24]!-E>f��£-E�m [25]
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����^. �©æ^�²;�.äk�
²w�
`³. ��¡, 3V>l���L§, =l-1|m
©�-1|(å, ü>f�m��p�^±9>f
��fØ��p�^ÑéN´O�. O�L§�'
õN S Ý
nØ{üéõ, O�þq�'ê�¦)
¹�Å½��§�A�êþ?. ,��¡, �±3
?Û����V>l�;,, k|u�\/ïÄV
>l��[L§. ²;�.3�gSV>lïÄ¥
��
é��¤õ, X­y�gSV>l�'é>
fÄþÌ [6], ïÄ­-EL§�[! [26], �)õg
­-EÅn [27], ±9 (e, 2e) L§¥�fØé-E
>f­Ñ��­�5 [28].

2 nØ�{

�©æ ^ � ² ; X n � . [2−31] d Haan

Ú Eberly �ÄgJÑ. 3²;�.�¦^¥, I
�5¿±eA:: >f�$Äl©�ª�ÌÚî²
;$Ä�§; ü��f½©f�$ÄØU�[þf
Å¼ê, Xn¥�f½©f�ê8�v
�; Xn
��[(J^ÚO�ª�º; ïÄé��Ð©Uþ
�ÙþfÄ�Uþ; �f½©f³Uæ^^Ø³.

3�©¥, du²¡	$Ä��A�±�Ñ
ØO [32], �
{zO�, ·�ò>f�$ÄÛ�
3 x − y ²¡S. ü�>f�Ì�Úî²;$Ä�
§� (�©æ^�fü )

ẍi = − 2xi

(x2
i + y2

i + a)3/2

+
(xi − xj)

((xi − xj)2 + (yi − yj)2 + b)3/2

−Ex(t),

ÿi = − 2yi

(x2
i + y2

i + a)3/2

+
(xi − xj)

((xi − xj)2 + (yi − yj)2 + b)3/2

−Ey(t),

Ù¥eI i = 1, 2 L«ü�>f. Ex(t) Ú Ey(t) ©
OL«-1|� x Ú y ©þ. ±�f�Ä�Uþ
� –2.9035a.u., Äk�Xn¥�z�>fé�ÅÀ
�²;^�#N� �, ùÒ(½
>fé¤ä
k�³U. Ä�Uþ~�³U=>fé¤äk�
ÄU, ò>fé�ÄU�Å/©��ü�>f. 3

ü�>fäkm©� �ÚÄþ�, 4§�3Ã
	|��¹egd$Äv
���m (100a.u.), Ò
�±��Xn­½� �ÚÄþ©Ù. �
;�
g>l, ^Øëê a Ú b ©O�� 0.75 Ú 0.01. 3
�©�O�¥, ��VÚ|�Å�©O� 800 nm

Ú 400 nm, Ù¥, 800 nm -1>|� ���÷ x

¶��, 400 nm -1>|� ���÷ y ¶��.

o|r�±L«� E(t) = f(t)[Ex(t)x̂ + Ey(t)ŷ].

x̂ Ú ŷ � ��þ, f(t)�F/�ä. P 800 nm -
1>|�±Ï� T1, VÚ|�oó°� 10 T1, c
ü�±ÏÚ�ü�±Ï�|r©O�5O\Ú�
5~�, ¥m 6 �±Ï�±1r���. Ù¥ κg

2, Ex0, ωx ©OL« 800 nm -1>|��ÌÚª
Ç, Ey0 L« 400 nm -1>|��Ì. φ �ü-
1>|��é� . �©¥, 800 nm -1>|�
rÝ (Ix) � 4×1014W/cm2, 400 nm -1>|�r
Ý (Iy) 3 1×1014W/cm2 � 4×1014W/cm2 ��S
Cz.

3 (J�?Ø

�©XÚ/ïÄ
��VÚ|rÝ'é±�
f�gSV>lL§¥>f�'5�K�. 3O
�¥, ·�À½�VÚ|�é� �g� 0.25π,

0.35π Ú 0.45π, 3z��é� e, ü-1>|r
Ý' Iy/Ix 3 0.25 � 1.0 ���SCz. ã 1 �Ñ

�'>f÷ x ¶��= 800 nm -1>| ���
�Äþ©Ù. � φ = 0.25π, Iy/Ix = 0.25 �, >f�
'ÄþÌÌ�©Ù31�Ú1n��, =ü>l>
f�Ó��¥Ñ�. �X Iy/Ix �O�, ü>f�'
ÄþÅì 1�Ú1o��=£. � Iy = Ix �, �
'ÄþÌw«Ñ²w���'A5. � φ = 0.35π,

0.45π �, �'ÄþÌ� Iy/Ix �Czé��Ì�©
Ù31�Ú1n��. '�
ó, φ = 0.35π ��'
Äþ�©Ù���2.

ã 2 �Ñ
�'>f÷ y ¶��= 400 nm -
1>| ����Äþ©Ù. � φ = 0.25π, �'
ÄþÌ�©Ù31���, L²ü�>f±�C
�Äþ����Ñ�. Ød�	, ü>f�"Äþ
� Iy/Ix �O�
O�. � φ C� 0.35π, 0.45π �,

�'ÄþÅÚ*Ñ�1�Ú1o��.
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ã 1 ±�fV>l>f÷ x ¶��= 800 nm -1>| �����'Äþ©Ù. VÚ|�é�  (a—d) φ = 0.25π,

(e—h) φ = 0.35π, (i—l) φ = 0.45π, rÝ' Iy /Ix: (a, e, i)0.25, (b, f, j) 0.5, (c, g, k) 0.75, (d, h, l) 1.0

ã 2 ±�fV>l>f÷ y ¶��= 400 nm -1>| �����'Äþ©Ù. �ãéA� φ Ú Iy /Ix �ã 1 éA�Ó
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ã 3 V>l¯�'u-E�m�VÇ©Ù (çÚ¢��L 800 nm -1>|, çÚJ��L 400 nm -1>|. T1 � 800 nm

-1>|±Ï, �ãéA� φ Ú Iy /Ix �ã 1 éA�Ó)

þã(JL², ±�f�gSV>l¥ü>f
��'5Ø=�VÚ|�é� k', ��VÚ|
rÝ'k'. �
�\
)��VÚ|rÝ'é±
�f�gSV>lL§¥>f�'5�K�,·�
é�«�¹e�V>l;,?1
��©Û. ã 3,

4, 5 ©O�Ñ
V>l¯�'u-E�m!-E
�!-E>f-EÄþ�VÇ©Ù. -E�m½Â
�1��>f>l�ü�>fål�C���, -
E�½Â�-E��-E>f-EÄþ� x ¶�
���Y�. dã 3, 4, 5 �, ��¡, 3ØÓrÝ
' Iy/Ix e, -E�m!-E�!-EÄþ� φ �
Czª³�q, � φ �O��O����£Ä. -
E�m!-E�3�½rÝ'e��é�  φ �
Cz5ÆL², ��VÚ|�����k��ó
ä5���gSV>l¥��'>fÄåÆ.,�
�¡, ØÓ�é�  φ e, -E�m!-E�!-
EÄþ©Ù�rÝ' Iy/Ix �CzØ��. lã 3

�±wÑ, φ = 0.25π �, -EÌ�u)3 800 nm

-1>|¸�NC; �X φ �O�, -E��Åì
� 800 nm -1|":��£Ä; φ = 0.45π �, -
EÌ�u)3 800 nm -1|":��NC. ��
5¿�´,φ = 0.25π �, �XrÝ' Iy/Ix l 0.25

O�� 1.0, -E���ú/l¸���£Ä�¸
���c, 
 φ = 0.35π, 0.45π �, -E��A�Ø

�VÚ|rÝ'Cz. lã 4 ��, 3�«�¹e,

-E�Ñà8uü�¸�-E�. φ = 0.35π, 0.45π

�, ü¸�-E�Ø� Iy/Ix Cz, �´ü¸�-E
��©ÙVÇÑkCz. φ = 0.35π �, ü¸�-E
�� 0◦ Ú 180◦; φ = 0.45π �, ü¸�-E�©O
Ñ�u 0◦ ÚÑ�u 180◦. � φ = 0.25π �, ü¸�
-E��©Ù3 0◦ Ú 180◦ NC, ��X Iy/Ix �
O�, �C 0◦ �-E�~�, �C 180◦ �-E�O
�. dã 5 K�±��, -EÄþ3���é�  φ

e� Iy/Ix �CzÑ�~�.

y3·�5)ºã 1 Úã 2 ¤«�>f�
' Ä þ © Ù. X � [ ¤ �, - E � m é > f "
Ä þ � K ��: 3 � � > | E0 cos(ωt) ¥, Ð �
� v0 �>f3 ti ��>l�, ��¼��"�Ý
� vf = v0 − (E0/ω sin(ωti). �-E��3 800 nm

>|":NC�, 1������, é"�ÝåÌ
��z; �-E��3 800 nm >|":NC�, 1
���", "�ÝÌ�d-E��ü>f�Ð�Ý
û½. 
-E�Ú-EÄþ�Óû½-E>f3-
E��÷ x ¶Ú y ¶���©Äþ, -E©Äþ�
����K�-E>f�-E�J. ~X, -EÄ
þ÷ x ¶���©þ���, T��éAu��-
E>l, 
�-EÄþ÷ x ¶���©þ���,

KéA-E-u|�>l.
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ã 4 V>l¯�'u-E��VÇ©Ù (�ãéA� φ Ú Iy /Ix �ã 1 éA�Ó)

ã 5 V>l¯�'u-EÄþ�VÇ©Ù (�ãéA� φ Ú Iy /Ix �ã 1 éA�Ó)

� φ = 0.25π, Iy/Ix = 1.0 �, -E��8¥
u 800 nm >|¸�c, "�Ý�1��A��",

"�ÝÌ�d v0 û½, 
�'ÄþÌ¥y���
'A5 (Xã 1(d) ¤«) L², ü�>f3-E¥
¼��Ð�ÝÏ~��, ù�U´duü�>f�

m�ü½�p�^. ,	, -EÄþ�é��, �-
E� l x ¶�!K����, éAu-EÄþ¥
� x ©þé�, ÏdõêV>láu-E-u|�
>l, ù�´�'ÄþÌw«��'A5��Ü©
�Ï. �X Iy/Ix �~�, �,-E�m©Ù�Cz
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��, é�'Äþ©Ù�K�Ø�. �du-E�
�� Iy/Ix ~�� x ���C, éAu-EÄþ¥
� x ©þO�, Ïd��-E>l�VÇO�, �
'ÄþÅì�1�Ú1n��=£, Iy/Ix = 0.25

�, �'ÄþÌÌ�©Ù31�Ú1n��, �©
Ù���2.

φ = 0.45π �, ��¡, -E��8¥3 800 nm

>|":NC, ü>f"�ÝÌ�d1��û½,

��ü>f�"Äþ�C;,��¡, -E>f�
-EÄþ���Ì�÷ x ¶��, Ïdü>f�-
E�� x ¶�����-E>l, éA��'Äþ
Ì¥y�'A5.

φ = 0.35π �, -E��� 800 nm >|¸�N
C£Ä, 1����z~�, 1����z�AO
\. ,	, � φ = 0.45π �'�, -EÄþ~�, -E
-u|�>l�VÇO�. du±þü��Ï, ÷ x

¶����'Äþ�Ì�©Ùu1�Ú1n��,

�' φ = 0.45π ��©Ù���2.

ÏLò-E�m'u 800 nm >|�©Ù=
C�'u 400 nm >|�©Ù, -E�=C�-E

>f-EÄþ� y ¶����Y�, ±�fV>
l>f÷ y ¶����'Äþ©Ù�±aq/?
1)º.

4 ( Ø

�©|^²;Xn�.ïÄ
��VÚ|¥
±�f�gSV>l, ±�fV>l>f�'Äþ
ÌéVÚ|rÝ'kr���6'X, �T�6'
X�VÚ|�é� k'. ��©ÛL², rÝ'
¬K�±�f�gSV>l¥-E�m!-E�
Ú-EÄþ�©Ù, |^ù
K��±)º�'Ä
þÌérÝ'��6'X. φ = 0.25π �, -E�
m!-E��rÝ'�O�k²w£Ä, ���'
ÄþÌl�'�ª=C���'�ª. φ = 0.35π,

0.45π �, VÚ|rÝ'é-E�m!-E�!-
EÄþ�K�é�, �'ÄþÌA�Ø�rÝ'C
z. d	, 3�½rÝ'e, -E�m!-E���
é�  φ �CzL², �ò��VÚ|���«�
��gSV>l¥�'>fÄåÆ�k�óä.
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[11] Baltuška A, Udem Th, Uiberacker M, Hentschel M, Goulielmakis

E, Gohle Ch, Holzwarth R, Yakovlev V S, Scrinzi A, Hänsch T W,
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Dependence of nonsequential double ionization of He
on intensity ratio of orthogonal two-color field∗
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Abstract

Using classical ensemble model, the dependence of nonsequential double ionization of He on intensity ratio of orthogonal two-

color field is investigated. It is shown that this dependence is related to the relative phase(φ) of two-color pulse. When φ = 0.25π, with

intensity ratio increasing, correlated momentum distribution along the polarization of long wavelength field changes from correlation to

anticorrelation pattern; when φ = 0.35π, 0.45π, correlated momenta are mainly distributed in the first and third quadrants, correlation

pattern is nearly unchanged with the variation of intensity ratio. Back analyses of recollision time, recollision angle, recollision

momentum of double ionization trajectories are responsible for the above results, and reveal the control of recollision time and the

recollision angle in NSDI by orthogonally polarized two-color field.

Keywords: orthogonal two-color field, intensity ratio, recollision time, recollision angle
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