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1 Ú ó

>f3-1óÀ�^e�$ÄL§Ú\�Å
n®²�2�/ïÄ [1−6], �)N\| ('X��
��DÂ�-1|) ¥>f3k�Äå�^e�
\� [7]. 4üå-1óÀ��DÂ, ¿�U\/
¤7Å, @Ï�ïÄÌ�8¥3��éØ>f�
7Å��p�^L§, 'X Kapitza-Dirac (K-D) �
A [8−10]!k�Äå�_=�A [11,12]!-17Å
|¥>f�üSÚ©l� [13−16]. �C, >f3-
17Å|¥���5Ñ�Ú\���
?�Ú�
y [17]. �éØ>f3prÝ-17Å|¥�$Ä
5ÆÚUþCz�3$rÝ|¥�A:ØÓ, k7
�?�ÚïÄ>f3�éØrÝ7Å|¥�$Ä
�¹. �©æ^�éØ Lorentz �§, ?Ø
�éØ
>flØÓ��\�!3-17Å|¥�$Ä;
,!UþCzÚ\�, ©Û
 �¡S\��>f
3-17Å|¥�Ñ��>fÐ© �!Uþ±

9-1rÝ�'X. �	
>f37Å¥��¥%
��39Ù�>f�éUþ γ0/a0 �'X, �ïÄ

Ð©·�31¶þ>f�$Ä5Æ. (JL²,

>f�7Å�^�¹��éUþ���'. éuÓ
��-1rÝ, >fÐ©Uþ�3��U
u)c
�½��Ñ���.�. 1r��, >fu)c�
Ñ��Ð©Uþ�.���. ^>f�éUþ5ï
þ, ù��.���3 1.0—1.25 ��S. ��éU
þ�LT�, >f$Ä¬l��C�c�Ñ�. Ð
©Uþ�Ó�>f, -1rÝ��, >fUu)c
�Ñ��\�7Å¡��, $U>f���ul
Å!ßL. k�Äå_=�A¿Ø´>f37Å|
S$Ä�ÊH�A, �k>f�éUþ γ0/a0 3�
½���� (1—12) Sâ�U�3>f��¥%,

±9>f��¥%�Cz, =k�Äå_=�A.

� a0 é��, �éUþ γ0/a0 ��, >f��BL
7Å, Ø�3��¥%. Ð©·�31¶þ�>f,

3¯����-1|��^e, �7Å	üm, �
3Å!NCk¢3y�. 3 �¡S\��>f3

* I[g,�ÆÄ7 (1OÒ: 11104168) ÚìÀ�g,�ÆÄ7 (1OÒ: ZR2009AQ009) ]Ï��K.

† E-mail: qjzhang@sdnu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

203401-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 203401

prÝ�7Å|¥¬u)��5Ñ�, >f�|¬
u)pUþ��, l¢y>f�\�. ù
ïÄ
kÏu
)-17Å�k�Äå, é-1Ð¼Úe
%, r-1Ë��NqÔnïÄ�Nõ�¡äk�
½�ë�¿Â, ¿é-1óÀ3�lfN¥Úå�
>f�Å\�Ånk?�Ú�@£.

2 nØ�{

b�üå3 x-y ²¡à���4z-1÷ z

¶��DÂ, 3��«�/¤7Å, 7Å/ª�

a = 2a0 exp(−ρ2/b2
0) cos z cos tx̂, (1)

ª ¥ a ´ 7 Å � ¥ ³, 3 x � � � �; a0 =

0.85 × 10−9
√

Iλ ´üåóÀ�¥³ÌÝ, Ù¥ I

´-1rÝ, λ ´-1Å�; ρ2 = x2 + y2; b0 ´-1
å�; x̂ ´ x ���ü ¥þ. óÀ´ x ���4
z, >|3 x ¶¯���. ±þ�mÔnþÚ�m
Ônþ©O^ k−1

0 Ú ω−1
0 Ãþjz, k0 Ú ω0 ©O

´-1ÅêÚªÇ. 7Å�>^|©Ù�±dã 1

L«, 3 z = nπ ?, >|rÝ��, ^|rÝ� 0,

¡�ÅJ, 3 z = (n + 1) π/2 ?, ^|rÝ��,

>|rÝ� 0, ¡�Å!.

ã 1 -17Å�>^|©Ù«¿ã

>f3>^|¥�$Ä�±^.�KF�
§ [18] Ú>f�Uþ�§£ã:

dt (p − a) = −∇a (u · a) , (2)

dtγ = u · ∂ta, (3)

Ù¥ u ´>f��Ý, p = γu ´>f�Uþ, §�
©O¦^ c, mc2/e, mc 8�z
. γ =

(
1 − u2

)−1/2

´�éØÏf, �´^ mc2 8�z�>f�Uþ,

�§ (2) ¥� ∇a ��^u a þ.

ò (1) ª�\�§ (2) Ú (3), ��e¡��§
|:

γdtux =
(
1 − u2

x

)
∂ta + uy∂yax

+ uz∂zax, (4)

γdtuy = −ux∂ya − uxuy∂ta, (5)

γdtuz = −ux∂za − uxuz∂ta, (6)

dtγ = ux∂ta, (7)

Ù¥ ux, uy, uz ©O´>f3 x, y, z ��þ��Ý
©þ. ÏL¦)þ¡��§|, Ò�±��>f�
$Ä;,ÚUþ��m�Cz.

3 (J�?Ø

3.1 >>>fff333---111777ÅÅÅ|||¥¥¥���ÑÑÑ���©©©ÛÛÛ

>f±²1>| (x ¶) ���37ÅÅ!?
\�, y ¶�I��� 0, >f3 x-z ²¡þ$Ä,

x-z ²¡;,ãv±L«>fý¢$Ä�¹.

-1rÝ�L·b�ª��.� a0 = 1.978

�, >f��5Ñ��·b�ªk' [19]. �-1r
Ý3�éØ��, �´¿Øv±-u>f$Ä�·
bG��, >f�7ÅÑ���¹�ûu>f�Ð
©Uþ. >fÐ©Uþ�3��u)c�½��Ñ
���.�. -1rÝ��, >f²L7Åu)c
�Ñ��Ð©Uþ�.���. ã 2 L²� a0 =

1.3 �, >fÐ©Uþ$��ÿ, 3��7Å¥%�
cÒ�Ñ�£�, Ð©Uþp��ÿ, U
BL7
Å, O��ÑÙÐ©Uþ�.�´ γ0 = 1.6. ?�Ú
�O�uy, � a0 = 1.978 �, >fu)c�Ñ�
�Ð©Uþ�.�´ γ0 = 2.32. ùL², >f3Å
!\��, -1rÝ��, >fu)c�Ñ��Ð
©Uþ�.���. ^>f�éUþ5ïþ, ù�
�.���3 1.0—1.25 ��S. ��éUþ�L
T�, >f$Ä¬l��C�c�Ñ�.

3 a0 v 
 � ! � é U þ � �, > f 3 7
Å ? ¿ ¡ \ � Ñ U u ) c � Ñ �, B L 7 Å.

a0 v
�!�éUþ��, >f3��7Å¥
% � c Ò u ) � � Ñ �, � 7 Å � � £ �. 
� � é U þ � ¥ m « � � � �, > f l 7 Å �
, 
 ¡ \ � U 
 B L 7 Å,  l , � 
 ¡ \ �
¬�7ÅÑ�£�. ± b0 = 5λ!>fÐ©Uþ
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γ0 = 1.2 �~, ã 3 ©O´ a0 = 1.0 �>f37Å
?¿¡\�����Ñ� (ã 3(a)) ±9c�Ñ
� (ã 3(b)). ¿©�O�L², U
E¤��Ñ
� � \ � ¡ � � 3 z0 = 0 − π/6 (� C Å J),

�)c�Ñ��>f\�¡�� z0 = π/5 −
π/2 (�CÅ!).

� a0 = 1.5 �, 3 z0 = 0 − π/4 \�¡\�
�>fu)��Ñ�, 3 z0 = π/3 − π/2 \�¡
\��>fu)c�Ñ�, BL7Å. ã 4 �Ñ

ü«�¹e�\�¡«¿, �X-1rÝ�O�,

u)��Ñ��>f\�¡O�, c�Ñ��\�
¡~�.

ã 2 ØÓ γ0 ��>f3Å!\��$Ä;,, Ù¥ a0 = 1.3, b0 = 5λ, z0 = π/2 (a) γ0 = 1.5; (b) γ0 = 1.8

ã 3 >f3ØÓ z0 ?\��$Ä;,, Ù¥ a0 = 1.0, γ0 = 1.2, b0 = 5λ (a) z0 = π/6; (b) z0 = π/5

ã 4 ØÓ a0 ��>fu)ØÓÑ��\�¡ (a) a0 = 1.0; (b) a0 = 1.5
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ã 5 >f3ØÓ z0 ?\��$Ä;,, Ù¥ a0 = 1.5, γ0 = 1.2, b0 = 5λ (a) z0 = π/3; (b) z0 = π/5

O�L², Å!?�N´ßL>f, ¤±$U
>f���ulÅ!ßL, Xã 5 ¤«. ã 5(a)

L², 3 z0 = π/3 \��>flÅ! z = π/2

ßL, ã 5(b) L², 3 z0 = π/5 \��>flÅ
! z = 7/2π ßL.

3.2 >>> fff ��� ééé UUU þþþ ééé >>> fff ��� 777 ÅÅÅ ��� ^̂̂
���KKK���

�>fl z = π/4 ?\�, ã 6 � a0 = 0.2, >
fÐ©Uþ γ0 = 1.2 ���¹. >f?\7Å|

�×�$Ä� z = π/2 NC�k5Æ�¯���,

Xã 6(a) ¤«, >f���¥%:´ z = π/2, =
Å!?. >fÐ©Uþ γ0 = 2.0 �, ��½¥
%:´ z0 = 0, =ÅJ?, Xã 6(b) ¤«. O�L
², T�¹eÑy��¥%Cz�Ð©Uþ�.�
´ γ0 = 1.4, ��¥%�Cz�±^k�Äå�_
=�A5)º [11,12].

� a0 é��, ~X a0 = 0.05, >f�úBL7
Å, >f3BL7Å|�L§¥¿vk��¥%,

Xã 7 ¤«.

ã 6 ØÓ γ0 ��>f3 z0 = π/4 ?\��$Ä;,, Ù¥ a0 = 0.2, b0 = 5λ (a) γ0 = 1.2; (b) γ0 = 2.0

� a0 �����, 3C���|·b�c�
c�|$Ä¥, >f�¬k��¥%Ñy, �´�
3ÅJ?½��, ��¥%:¿Øu)_=, X
ã 8 ¤«. �Ò´ù���Sk�Äå_=�A¿
vkÑy.

O�L², >f�7Å��^�>fÐ©��

éUþ γ0/a0 ���', �k>f�éUþ γ0/a0

3�½����Sâ�U�3>f��¥%Úk
�Äå_=�A. Xã 9, 3 z0 = π/4 ?\��>
f, ÙÐ©�éUþ�Ó γ0/a0 = 6, >f3ü«�
¹eÑäk��¥%�37ÅÅ! z = 0 ?. ?�
Ú�O�L², �éUþ γ0/a0 ��3 1—12 ��
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��S�3½��¥%, γ0/a0 ��, >f×�B
L7Å¥%.

3.3 777ÅÅÅ|||éééÐÐÐ©©©···���>>>fff���\\\���

�ÄÐ©·�u7Å1¶þ�>f, Å!?v
k>|, �k^|, ·�3Å!?�>fØÉ	å
��^, vk$Ä; Ð©·�3ÅJ?�>f, ×�
3 x ��þ�7Å	üm, ¿¼��½�Uþ.

 u7ÅÙ¦ ��>f, 3¯����-1
|�^e, ÷ x ���7Å	üm�Ó�, 3 z �
�k¤£, ¿¼�UþOÃ, Xã 10 ¤«. ù�:
lü>f��Ýé�éDÂ-1óÀ3�lfN
¥é�lfN�\��Ñ
)º. duÅ!?�k

^|, >f3üm�$Ä¥, 3Å!?*	�
¢
3y�.

3.4 777ÅÅÅ|||ééé   ���¡¡¡SSS\\\���>>>fff���\\\���

>f3 �¡S\��Ù¦�¹ (X>f3R
�>|��kÐ©Äþ©þ�) �²1>|\��
�¹aq, >f��±¼�pUþOÃ, Xã 11 ¤
«. prÝ-1|¥>f���5Ñ��·b�ª
k', >f�;à�áÅ-1|�3pUþ��,

l¦�>f�±¼����UþOÃ. ØL, d
uÐ©Uþd x ��Ú z ��Ó�Jø, >f��
u>|��\��BL7Å�Ð©Uþ�.��
é²1u>|\��'��.

ã 7 ØÓ γ0 ��>f3 z0 = π/4 ?\��$Ä;,, Ù¥ a0 = 0.05, b0 = 5λ (a) γ0 = 1.2; (b) γ0 = 2.0

ã 8 ØÓ γ0 ��>f3 z0 = π/4 ?\��$Ä;,, Ù¥ a0 = 2.0, b0 = 5λ (a) γ0 = 2.0; (b) γ0 = 2.3
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ã 9 ØÓ γ0 Ú a0 ��>f3 z0 = π/4 ?\��$Ä;, (a) γ0 = 6.0, a0 = 1.0; (b) γ0 = 18, a0 = 3.0

ã 10 ·�3 x0 = 0, z0 = π/6 �>f37Å|¥� (a) ÀUþOÃ; (b) $Ä;,; (c) x ��>f�Ý; (d) z ��>f�Ý
CzL§ (a0 = 1.0, b0 = 5λ, γ0 = 1)

ã 11 >f3 z0 = π/4 ?\�� (a) ÀUþOÃ; (b) $Ä;,ã (a0 = 10, b0 = λ, γ0 = 5, uz0 = 0.3)
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4 ( Ø

�©ïÄ
>fÚ�4z-17Å|��p
�^, æ^�éØ Lorentz �§, ?Ø
�éØ>f
lØÓ��\�!3-17Å|¥�$Ä;,!
UþCzÚ\�. (JL², >f�7Å�^�¹
��éUþ���'. éuÓ��-1rÝ, >f
Ð©Uþ�3��U
u)c�½��Ñ���
.�. 1r��, >fu)c�Ñ��Ð©Uþ�
.���. ^>f�éUþ5ïþ, ù��.��
�3 1.0—1.25 ��S. ��éUþ�LT�, >f

$Ä¬l��C�c�Ñ�. Ð©Uþ�Ó�>f,

-1rÝ��, >fUu)c�Ñ��\�7Å¡
��, $U>f���ulÅ!ßL. �k>f
�éUþ γ0/a0 3�½���� (1—12) Sâ�U
�3>f��¥%Úk�Äå_=�A. � a0 é
��, �éUþ γ0/a0 ��, >f��BL7Å, Ø
�3��¥%, ¿3Å!NCk¢3y�. 3 �
¡S\��>f3prÝ7Å|¥¬u)��5
Ñ�, >f�|¬u)Uþ��, l�)���
>fUþOÃ. >f�Ð©Uþ�L-1rÝéA
�.��, $Ä5Æ�3f|�^e�aq.
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high-intensity laser standing waves∗
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Abstract

We investigate the motion of electrons in linear polarization relativistic laser standing wave field. The dependences of scattering

electron incident in laser polarization plane on the electron initial position, energy and the laser intensity are analyzed. The results

indicate that the interaction between electron scattering and sanding wave has a close relationship with the electron relative energy

γ0/a0. The initial energy of electron has a critical value by which the forward and backward scattering can be distinguished from

each other. The critical energy needed for electron forward scattering increases by the laser intensity. Measured by electronic relative

energy, the critical value is in a about 1.0–1.25 range. For the same initial energy, the extent of electron incident plane leading to the

forward scattering reduces when the laser intensity becomes higher. Moreover, electrons with low energy easily tend to pass through

the standing wave from node planes. Electron oscillation-center and ponderomotive force reversal effect exist merely when the electron

relative energy is in a certain range. The electron initially rest on optical axis. The inelastic scattering in which the energy can be

exchanged between the electron and the field is also discussed.

Keywords: electron scattering, the relativistic laser standing wave, electron relative energy, ponderomotive force
reversal effect
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