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1 Ú ó

�fÚ©f�r-1|��p�^, �)

éõ��5Ôny�, ~Xõ1f>l [1,2]!K�
þ>l [3,4]!pg�Å�Ë� [5−8] Ú�gSV>
l [9−14] �. gl3¢�þ*ÿ��gSV>ly
� [12] ±5, �fÚ©f3r-1|�^e�gS
V>lL§éA��*ÄåÆ®²¤�r|Ôn
+��ïÄ9: [15−21]. Walker � [15] é He �f
3 780 nm � �-1óÀ°Äe�V>l�Ç?
1
°(ÿþ, uyV>l�Çé-1rÝ��
6'Xäk�� “HX” (�. Watson � [16] |^
��¹� Hartree-Fock �{nØïÄ
 He �f�
�gSV>l, O�(Jw«
¢�þ� He2+ Ì
� “HX” (�. Weber � [17] |^eq�ÀlfÄ
þÌ¤*	��-1 ���²1� Ar2+ ÄþÌ
�V¸(�,,	, ¦��� Ar �f�-1 ��
�²1�>f->fÄþÌ, uy3K�þ�gSV
>l¥ü�>f>l�Ó�����U5�� [19].

Liu � [20] ¢�*ÿ� Ar �f3-1rÝ$u2
-EK��, �gSV>l�'é>f"�p�Ä
þÌ�©Ù3�!o��, Ar2+ lfp�Äþ©
Ù¥ü¸(�, ¸� u"ÄþNC. 8c, ��[
¤@Ó��gSV>l�ÔnÅ�U
d Corkum

� [22] JÑ�O²;nÚ2-E�.nØ5)º.

Fittinghoff � [23] ¢�*ÿ�ý� �-1óÀ°
ÄeV>l³�y�, l
|±
nÚ2-EnØ.

�âTnØ, 3-1|��^e, ?uÄ��>f
ÏL��>l�ëY�, ëY��>f3-1|�
°Äe\�, �-1|UC���, >fk�U�
£�1ØlfNC, XJ�1Ølfu)��5-
E, ��1��>f���>l½ö�-u�-u
�, �-1|2g��¸�NC�ÏL��>l.

�âTnØ, �fÚ©f3� �½ý� �
-1óÀ°ÄeA�Ø�Uu)�gSV>lL
§, Ï�1��>f>l��éJ�£�1Ølf
NC¿�1Ølfu)k�-E. Dietrich � [24] �
ÏL¢��yý� �-1óÀ°ÄeØ�3�
gSV>lL§. �ù�(J%����¢�(
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J�gñ, Gillen � [25] 3� �-1óÀ°Äe
¢�*ÿ� Mg2+ ��Çé-1rÝ��6¥y
�� “HX” (�, l
`²�3�gSV>lL
§. Äu�²;�.nØ, Shvetsov-Shilovski � [26]

ïÄ�Ñ�ý Ç���áþf;�Ø2|�V
>l�Ç, 
å�|��^�´�þf;�; Hao

� [27] ïÄ
�gSV>l�Ç�ý Ç�'X.

Äu²;Xn�.nØ, Wang � [28] ?�ÚïÄ�
Ñý� �-1óÀ°Äe�f�gSV>lL
§E,�±^2-EnØéÐ/)º, ¿��Ñ2
-EL§´ÏLý�;,u)�.

�©|^²;Xn�.ïÄ
3ý� �-
1óÀ°Äe Ar �f�gSV>l. O�(Jw
«�ý Ç�O�V>l�Çü$,·��(J�
¢�(J [24] ��.,	, 'é>f"�Äþ÷ x �
� (-1 �²¡�¶��) Ì�©Ù3�!n�
�, =�õê>fu���Ó���; ÷ y �� (-
1 �²¡á¶��) Ì�©Ù3�!o��, =
�õê>fu�������. Ar2+ ÷ y ���"
�ÄþÌ3":¥y��ü¸(�, Ó�ý ÇO
��, ÙÄþÌC°. ;,©ÛL², ý� �-1
óÀ°Äe, 2-EE,´�gSV>l�)��
Ï; � �-1óÀ°Äe=ý Ç ε = 0 �, �õ
ê�k�-E´u)31��>f�üg � (1
�g�£) �; �Xý Ç ε �O�, 1��>fI
�õg � (üg9Ù±þ �) âU�1Ølf
u)k�-E. ~X, ý Ç ε = 0.3 �, 1��>
füg �U�1Ølfu)k�-E�VÇA
��". 1��>f3²Lõg ��, du1Ø
lf�¥Õ�^âU
£�Ø«�, �1Ølfu
)k�-ED4Uþ�1��>f, �ª¦Ù>l.

2 nØ�{

©z [18, 33] é²;Xn�.�
�[�£
ã, T�.®²�2�^uïÄ�gSV>lL
§ [26−36]. ·�À��²;Xn�¹ 4×105 � Ar

�f. z�é>f3���m¥�$ÄdÍÜÚî
$Ä�§£ã (�©Ø�k,	�5½, þæ^�
fü  (a.u.)).

d2ri/dt2 = −∇[Vne(ri) + Vee(r1, r2)] − E(t), (1)

ª ¥, i � 1 ½ 2, r L « ��� m ¥ > f � �

I, E(t) L«ý� �-1|�|r, E(t) �L
�ª�

E(t) =
E√

ε2 + 1
[ex cos(ωt)

+eyε sin(ωt)]f(t), (2)

ª¥, ε �Lý� �-1óÀ�ý Ç, -1rÝ
� 3.5×1014 W/cm2, Å�� 800 nm. ex �L-1 
�²¡�¶��, ey �L-1 �²¡á¶��,

f(t) �LF/óÀ�ä, ��óÀ�) 10 �1±
Ï (cü�1±Ï�5O\, ¥m8�1±Ï�±
1r���, �ü�1±Ï�5~�� 0). Vne(ri)

Ú Vee(r1, r2) æ^^Ø¥Õ³�©OL«�

Vne(ri) = −2
/√

r2
i + a2 ,

Vee(r1, r2) = 1
/√

(r1 − r2)2 + b2 , (3)

ª¥, a �L1Ø�>f�m�^Øëê, b �L>
f�>f�m�^Øëê,�;��ÔnÛ:Úg
>l, 3·��O�¥ a � 1.5 a.u., b � 0.05 a.u.

�
¼�z�é>f�Ð©G�,·�kò>
f�3ål1Ø 0.85 a.u. � �, Ù³UÚÄU�
Ú�u Ar �f�Ä�U. >fé�Ð©�ÝÚ�
�´�Å�½�, ,�4>fé=3¥Õ|��^
egd$Ä, ¿4Ù$Äv
���m (100 a.u.),

��XnS¤k�>féþ����­½�G�
©Ù, =>fé�Ð© £÷vpd�m©Ù. 3
Xn?u­½G��\\ý� �-1|, d�,

z�>féÑ3¥Õ|Ú-1|��Ó�^e$
Ä, Ù$ÄE,dÍÜÚî$Ä�§5£ã. �-
1|(å��, u�zé>f�Uþ, d�, >f�
Uþ�)>f�ÄU, 1Ø�>f�m�¥Õ³U
±9>f�>f�m��p�^³U, XJü�>
f�Uþþ�u", L²u)
V>l.

3 (JÚ?Ø

ã 1 �Ñ
�gSV>l�Ç�Xý Ç�
Cz. lã 1 �±wÑ, ý Ç��, V>l�Ç�
$, ù�¢�*ÿ�(J [24] ��. T(JL²�g
SV>l�Ç�ý Çkér��6'X. ù´Ï
��ý Ç�O�, 1��>f>l��3-1|
��^eU
�£1ØlfNC¿�1Ølfu
)k�-E�VÇü$, l
���gSV>l�
Çü$.
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ã 1 ��/�:©O�L ε = 0, 0.1, 0.2, 0.3, 0.4, 0.5 � Ar

�f�gSV>l�Ç

ã 2 �Ñ
ý Ç ε = 0.1, 0.2, 0.3 �'é>

fé"�Äþ÷-1 �²¡�¶�� (x ��)

©Ù±9÷-1 �²¡á¶�� (y ��) ©Ù.

(Jw«, 3 x ��, 'é>fé"�ÄþÌ�©
Ù3�!n��, ¥y�'é, =�õê>fé3
"�u��
�Ó���; 3 y ��, 'é>fé
"�ÄþÌ�©Ù3�!o��, ¥y�'é, =
�õê>fé3"�u��
�����. l'é
>fé"�Äþ�©Ù��w, ã 2(a), (b) Ú (c)

²w�uã 2(d), (e) Ú (f), ù´duu)-E>
l��, 'é>féÌ�É-1|��^, 
 x �
��-1||r' y ���-1||r�, ¦�
>f3 x ��¼��k�Äå³U' y ���,

�ª��'é>fé3 x ��¼��Äþ' y �
��.

ã 2 (a)—(c) ´'é>fé"�Äþ÷ x ��©Ù; (d)—(f) ´'é>fé"�Äþ÷ y ��©Ù; Ù¥ (a) Ú (d), (b) Ú (e),

(c) Ú (f) ©OéAý Ç ε = 0.1, 0.2, 0.3

XJ�Ñ1Ølf�>f9>f�>f�m
�¥Õ�^, @o-E>l��, >f�"��Ý
�±de¡úª�Ñ [28]:

V ′
xi

= V0xi −
1
ω

E sin(ωt0i), (4)

V ′
yi

= V0yi +
ε

ω
E cos(ωt0i), (5)

(4) Ú (5) ª¥, ω �L-1ªÇ, V0xi Ú V0yi ©O
�L-E>l�>f÷ x ��Ú y ���Ð�Ý,

t0i �L>l�m. dd��, >f�"��ÝÌ�
dü�Ï�û½: 1�´-E>l��ü�>f�

Ð�Ý; 1�´>l��>|é>f�\�. 3 (4)

ª¥, V0xi   ' 1/ωE sin(ωt0) ��õ, ù� V ′
xi

���Ú��Ì�d���û½, =>|�\�é
>l��>få�
Ì��^. u)k�-E��,

Ï~ü�>fA�Ó�>l (ü�>f�>l�m
m��u 1/4 �1±Ï), Ïd, (4) ª¥����Î
Ò´�Ó�, ��ü�>f3"��õêu���
Ó���, =ü�>f÷ x ���"�ÄþÌ¥
y�'é, Xã 2(a), (b) Ú (c) ¤«; 3 (5) ª¥, -
E>l�� V0yi   ' ε/ωE cos(ωt0) ��õ, ù
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� V ′
yi

���Ú��Ì�d V0yi û½, du-EL
§¥ü�>f�m�3r��ü½�^, ��-E
>l�� V0yi ���´���, Ïdü�>f3"
��õêò÷�����u�, =ü�>f÷ y �
��"�ÄþÌ¥y�'é, Xã 2(d), (e) Ú (f) ¤
«. ,	, lã 2 �±wÑ, ý Ç�Cz¿vkU
C"�'é>fé3 x ��Ú y ���'é�A,

ù´Ï�3 (4) Ú (5) ª¥åÌ��^�Ï�vk
UC. �´, 3 y ��, ε ÅìO\¦�>|é>f
�\��^C���²wå5, K�
'é>fé
�"�Äþ©Ù, �� Ar2+ �"�ÄþÌÅìC
°, Xã 3 ¤«.

ã 3 Ar2+ lf÷ y ���"�ÄþÌ

ã 4 �Ñ
ØÓý Ç�¹ek�-E�ü
>l�m��mò´©Ù. (Jw«, 3� �-
1óÀ°Äe= ε = 0 �, 1��¸�é�p, Ù¸
��î�ICq�u 0.6 �1±Ï, T�méAX
>f�üg �, ù`² ε = 0 ��õê>f´3
üg ���1Ølfu)
k�-E. 3ý� 
�-1óÀ°Äe, � ε = 0.2 �, 1��¸�pÝ
�é¢�ü$
éõ, 1��¸�pÝ�é,p

éõ, 
1��¸��î�ICq�u 1.1 �1±
Ï, T�méAX>f�üg �, ùL«üg 
�U�1Ølfu)k�-E�>f~�, k�-
E�u)�õê´3>f�õg ��; � ε = 0.3

�, 1��¸Ú1n�¸�é�p, 
1��¸�
éA��mCq�u 1.1 �1±Ï, ù`²üg 
�U�1Ølfu)k�-E�>fA�Ø�3,

�õê>fI�²Lõg �âU�1Ølfu
)k�-E. ù��Ï�±ÏL;,©Û5)º.

ã 5(a)—(f) �Ñ
>flü>l���k
� - E � � �; . $ Ä ; ,, (a) Ú (b) © O �
L ε = 0, 0.1 �>füg ��1Ølfu)k
�-E�$Ä;,; (c)—(f) þáu>fõg �

��¹, Ù¥ (c) �L ε = 0.3 �>fog ���
¹, (d), (e) Ú (f) �g�L ε = 0.1, 0.2, 0.3 �>fü
g ���¹; (0, 0) ?�ç:�L1��>f3
1ØlfåPe�$Ä;, ($Ä�m�1��>
f��), �ÞÚêi�Ñ
>f�£1ØlfNC
�k�^SÚgê. ã 5(a)—(f) >flü>l��
�k�-E����mò´©O�� 0.7T , 0.7T ,

2.2T , 1.2T , 1.2T , 1.2T (T �1±Ï). dã 5(c)—(f)

�±wÑ, >f3ý� �-1óÀ°Äe�£1
Ølf�$Ä;,´ý�/, ¿�©z [28] ¥�Ñ
>f�1Ølf�k�-E�UÏLý�;,u
), ù�� �-1óÀ°Äe´��ØÓ� (X
ã 5(a) ¤«). ;,©ÛL², Ar �f3� �-1
óÀ°Äe, >f�£1Ølf�L§¥ l1Ø
lf÷ y ���ål�é��, üg � (Xã 5(a)

¤«) �N´�1Ølfu)k�-E, Ïdã 4

¥¢��1��¸�é�p; Ar �f3ý� �-
1óÀ°Äe, �X ε �O�, '�ã 5(d), (e) Ú (f)

�±wÑ, 3$Ä�mÄ��Ó�^�e, 1��
>f>l���£1ØlfNC�L§¥ l1
Ølf÷ y ���ålO�, üg �U�1Øl
fu)k�-E�VÇü$�é¯. � ε > 0.2 �,

�õê>fI�²Lõg � (Xã 5(c), (e) Ú (f)

¤«) âU�1Ølfu)k�-E, l
���
mò´O\. Ïdã 4 ¥J�1��¸�pÝ�é
u¢�,p
éõ, :�éA�1��¸Ú1n�
¸�é�p, 
:�1��¸�éA��mCq�
u 1.1 �1±Ï.

ã 4 �mò´©Ù

>f �gê�ý Ç ε �O�
O\, ù�
�Ï�±ÏL1Ølf�¥Õ�^ [37,38] Ú>f
3 y ��É��-1||r���5éÐ/)º.

�â (2) ª��, �^3 y ���-1||r� ε

¤�''X. ε ���, �^3 y ���-1||r
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�é��, 1��>f>l���£1ØlfNC
�L§¥, É�-1|÷ y ����^�f, Ïd
>f l1Ølf÷ y ���ål��, üg �
�N´�1ØlfáÚ�Ø«¿�1Ølfu)
k�-E, ~X, ε = 0.1 ��õê>f´1�g�
£��1Ølfu)
k�-E, Xã 5(b) ¤«;

ε ���, �^3 y ���-1||r��, 1�
�>f>l���£1ØlfNC�L§¥, É�

÷ y ���-1|�^�r, Ïd>f l1Øl
f÷ y ���ål��, üg �ØN´�1Øl
fáÚ�Ø«¿�1Ølfu)k�-E, 
I�
ÏL1Ølf�õgáÚ�^, l
¦>fzg�
£�, Åì~��1Ølf÷ y ���ål, ù�
âU$Ä�Ø«¿�1Ølfu)k�-E, ~X,

ε = 0.3 ��õê>fI�õg �âU�1Øl
fu)k�-E, Xã 5(c) Ú (f) ¤«.

ã 5 >flü>l���k�-E���$Ä;, (a) Ú (b) ©O�L ε = 0, 0.1 �>füg ���¹; (c) �L ε = 0.3

�og ���¹; (d), (e) Ú (f) �g�L ε = 0.1, 0.2, 0.3 �>füg ���¹; (a)—(f) >f�$Ä�m�g�� 0.7T ,

0.7T , 2.2T , 1.2T , 1.2T , 1.2T (T �1±Ï)

4 ( Ø

�©|^²;Xn�.ïÄ
ý� �-1
óÀ°Äe Ar �f�gSV>l. O�(Jw«,

�gSV>l�Ç�ý Çkr���6'X, ý
 Ç��, �gSV>l�Ç�$. 'é>fé"
�Äþ÷ x ��Ì�©Ù3�!n��, ÷ y ��
Ì�©Ù3�!o��. ý Ç��, Ar2+ ÷ y �
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��"�ÄþÌ�°. ,	, �ý Ç�O�, k�
-EÚü>l�m��mò´O\. ;,©Ûw«,

ù´Ï�1��>f>l���£1ØlfNC
�L§¥, É�÷ y ���-1|�^Or, O�

>f�1Ølf÷ y ���ål, üg �ØN

´$Ä�1ØlfNC¿u)k�-E, �k²L
õg �, duÉ�1Ølf�áÚÅì~�>f
�1Ølf÷ y ���ål, �ªU
¦�£>f
�1Ølfu)k�-E. Ïd, 1Ølf�¥Õ
áÚ�^ék�-E�u)å�'���^.
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Abstract

With elliptically polarized laser pulse, the nonsequential double ionization (NSDI) of argon atoms is investigated using fully

classical ensemble. The results show that the yield of NSDI decreases with increase of the ellipticity, that the momentum spectrum

of the correlated electron from double ionization events in the final state shows a correlated behavior along the long axis of the laser

polarization plane and an anticorrelated behavior along the short axis of the laser polarization plane, and that the momentum spectrum

distribution of Ar2+ ion exhibits a single-peak structure at the zero along the short axis of the laser polarization plane, which becomes

broader with the increase of the ellipticity. Trajectory back analyses show that the happening of NSDI is still due to recollision, and

that the delay time between the collision and the single ionization increases with ellipticity increasing, which is because that the first

electron needs more trips shuttling back and forth, so that it can recollide with the parent ion under the more ellipticity.
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