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q�þÝÚ�Ý©Ùé�) X ���UÌ!Uþ=��Ç�K�. ê��[uy��)p
U>f��
q�þÝ d ��)� X ���Å� λ/4γ2
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1 Ú ó

X ��
 (cÙ´�Z� X ��) 3Nõ+�
ÑkA^ [1], ù
+��) X ��1ÌÆ!w�
ºÆ!X ���K!)Ô�Æ¤�!�¯L§©
ÛÚ X ���Eì�� [2]. �á X ����)k
éõ«�{ [3], Ù¥�«´-1��éØ>få
�^u) Thomson Ñ�. Thomson Ñ�©��Z
Ú��Zü«, � λ3

R ��S�>fåäkÓ�Ä
þ, ¿�ê8 N é��, u)�ZÑ�, Ù¥ λR ´
-13>få�IX¥�Å�. �ZÚ��ZÑ
��«OÌ�Ly3ü��¡: �´�ZÑ��r
Ý ∝ N2, 
��ZÑ��rÝ ∝ N ; �´�ZÑ
�� Doppler ª£ ∝ γ2

x, Ñ�1�\�1�ªÇ�
' ω/ωL = (1 + βx)/(1 − βx) ≈ 4γ

2[4]
x , 
��Z

Ñ�� Doppler ª£ ∝ γ2[5], Ù¥ γ ´>f��é
ØÏf, γx ´>f3���p�^�\�1��
��éØÏf. ÄuDÚ\�ìEâ�>fådu
3 λ3

R ��S�>fêþk�, 8c¢�����
õ´��Z�Ñ�.

�CÉ¦S� [1] JÑ
��|^�á-1ó
À�)�p�Ý>f�5�)�Z X ����Y,
�±¡��Z Thomson Ñ�. 3T�Y¥^��r
-1óÀ�1����q (e¡Ñ¡��
q) �
^, òq¥�>f�NíÑ, )¤p�Ý��éØ
>f�, ùÜ©�äN?Ø�©z [6]. 3°Ä1|
��^e, 
q¥��Ñ�>f�¥>f�î�Ä
þ py 6= 0, ù� γx = γ/

√
1 + p2

⊥ ¿ γ[5], ����
�1ÌªÇ'��. É¦S�JÑ3>f��Uþ
����� ��\,	���þ���q (e¡
Ñ¡����q), ^u��Bß
q�-1óÀ,

#N>f�BLTq. >f�3ßL��qc,
duÉ���1��^, Ùî�Äþ��, �Ùp
�Äþ¼�Jp, ¿��éØÏf γx ≈ γ. ù�>
f������DÂ�&Ò1�^U
�)pª
�Z X ��.

þã�Y�)� X ��rÝÚ1Ìò4�
/�6u¤æ^��q�þÝ. du3¢�¥-
1óÀo´�3�½�ýóÀ, TýóÀ¬3�
�q±��)ý�lfN. �©æ^��âf�
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[ (particle-in-cell, PIC) �[ïÄ
&Ò13>f
�þ������1Ì�
qþÝ!��qþÝ
�'X, ¿�ïÄ
ý�lfN��3é��1Ì
�K�.

2 ê��[Ú©Û

ùpæ^��� PIC �[§S KLAP-1D ´
��éØ� [7], §�¹���I�mÚn��Ý
�m. Äk�Ä�k
q��¹, �[�m�o
º�´ 10λ, �m©EÇ´z�Å� 5000 ��
�, z���S���>fê� 100. l�ý\
��°ÄóÀ´ a0sin2(πt/τ) /ª�ü±ÏóÀ,
= τ = 1.0λ/c, óÀrÝ IL = 7.78 × 1019 W/cm2,

Å� λ = 800 nm, éA8�z�Ãþj�Ì a0 =
6.0, °ÄóÀ´ p  ��, �Ä��÷ y ¶. 

q�3 x = 1.0λ ?, ÙþÝ´ d = 0.001λ, �
Ý n e = 5.0nc. 3�[¥du�9��m��
ulf$Ä�A��m, b�lf´�½ØÄ�.
lmý\��&Ò1�´ assin2(πt/τs) /G�, Ù
¥ as = 0.1, τs = 15.0λ/c. �
«Ou°ÄóÀ, &
Ò1ÀJ s  ��, �Ä��÷ z ¶. ùpæ^�
&Ò1rÝ�é�f, ±�y&Ò1Øé>f��
\�E¤K�. °ÄóÀ�éu&ÒóÀ��mò
´� 8.0λ/c, �y
ü�óÀU
Ó��^�qþ
¡, ù�&Ò1���1ÌU
���N>f�3
°ÄóÀ�^e�$Ä�¹ [1].

ã 1 (a)  u
qmý¡�>f�p�Äþ px Úî�Äþ py ; (b) >f� γ Ú γx ��m�Cz; (c) &Ò1l>f����
1|; (d) ��1|éA�ªÌ

ã 1(a), (b), (c) Ú (d) ©O´>f��mý>
f�Äþ!Uþ!&Ò1���1|9ÙéA�
1Ì. �±wÑ, �k
q��¹e py 6= 0, γx ¿ γ,
&Ò1���1|��ªÇkC�2C��ª³
� γx �Czª³��, γx,max ≈ 3.0, éA��1Ì
3 ω/ωL ≈ 4γ2

x ≈ 36.0 ?�¸. >f�é&Ò1�
��Ç α = E2

scτsc/E2
inτin, Ù¥ Ein, Esc ©O´&

ÒóÀ�\�Ú��1|, τin, τsc ©O´\�1Ú

��1�ó° [5], �âã 1(c) �±O�Ñù«�¹
e>f�é&Ò1���Ç�� 4.56 × 10−5.

XJ3>f�$Ä���\\���°Äó
ÀrÝ��! ���Ó�óÀ, 3��óÀ��
^e, U
¢y py = 0, γx ≈ γ[8,9]. �
��ù
�8�, 3
q��¡·� �\\��p�Ý
���q. °ÄóÀBL
q±�����qþ,
A��Ü���q��. 3ù���óÀ��^
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e, >f��î��Ý�-�. ��¦>f�3ß
L��q±� γx �±��, ��qAT�3>f
�� γx ������ �. lã 1(b) �±wÑ>
f γx �3 tc/λ = 12 ������, d�>f�$
Ä� x/λ = 3.5 ?, ¤±r��q�3 x/λ = 3.5
?. ��q�þÝ dR = 0.2λ, �Ý nR = 100.0nc.

�[�m�º�O\� 15λ, �m©EÇJp�z
�Å� 8000 ���, ±BU
©EþZ��ªÇ
þ=�. ù��[¥ò°ÄóÀ�éu&ÒóÀ�
�mò´U� 6.0λ/c, ¦&Ò13>f�BL��
q±��^�>f�þ, ¿�U
�y&Ò13>
f�þÚ3��qþ���13�mþ«©m.

ã 2 (a)  u
qmý¡�>f�p�Äþ px Úî�Äþ py ; (b) >f� γ Ú γx ��m�Cz; (c) &Ò1l>f����
1|; (d) ��1|éA�ªÌ

Xã 2 ¤«, \\��q�, >f�¥>f�
î�Äþ py 3²L��q���� 0, γx ��é
u\��qc��O\, 
3°ÄóÀ���1�
^e, >f� γ ��´Ñk~�, � γx ≈ γ ≈ 17.7,
¤ ± & Ò ó � > f � � � ± �, C � é Ä, ¿
�A�´þ!���, ��1Ì¥��pªÇ
� ω/ωL ≈ 4γ2

x ≈ 1250.0. d�1f�Uþ�
� keV þ?, óÀ�°Ý�k 30 C¦�m, 
�
´OüÚ�. ù«�¹e>f�é&Ò1���
Ç�� 2.47 × 10−6. òT�Y�-1Ú�Nq�
^�)pg�Å�', �ö�)�pg�Å��p
�ê�� a3

0 = 216, 
�Ç��Å�ê� −8/3 g
� [10], = 6.0× 10−7. ¤±, ÃØlªÇþ=���
êÚ=��Ç5w, ù«-1lp�Ý>f���
��Z Thomson Ñ��Yäké��`³.

�
`²
qþÝ�UCé(JE¤�K

�, ò
q�þÝd 0.001λ ©OO�� 0.005λ

Ú 0.01λ. 3�k
q��¹e, >f� γx ��
����>f�¤3� �©O� 3.2λ Ú 3.0λ,
¤±éuVq��¹, ��qAT©O�3 3.2λ

Ú 3.0λ ?, �[���&Ò13>f�þ���1
|9ÙéA�1ÌXã 3.

lã 3 �±wÑ, 
q�þÝ��, ��1�
ªÌÐ°�²w, ªÇ�����, $ªÜ©Ó�
'~��, ��1Ì¥�ªÇ¸�õ. 3BL��
q�$Ä�L§¥, >f�¥�¤k>f��Ý
¿Ø´�����, mý�>f�Ý��, ��Ì
¥���ªÇéA&Ò13>f��mýÜ©�
��. 
q�þ, °ÄóÀ��
q�mý��U
þ���î­ [9], �mý>f��ÝÒ��, ù�
&Ò13>f�mý�����1ÌªÇ���
��. 
q�þ, >f�¥�>fê8�õ, >f
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�g)� Coulomb |�r, 3°ÄóÀ�rÝØ
C��¹e, >f�3²L��q±�DÂ�L§
¥uÑy��²w, &ÒóÀ3>f�ØÓ�Ý�
��gêÒ�õ, ¤±�����1Ì¥�¸Ò�
õ. ù�y���±ÏLã 4 ¥�>fUÌ©Ù
5)º. ã 4 (a) Ú 4 (b) ©O�
qþÝ� 0.001λ

Ú 0.005λ �¹eê��[�Ñ�ØÓ��>få
�UÌ©Ù. �±wÑ, 3
qé��, >f�üU

5'�Ð, ù�&Ò13>f�þ��±����
��1�üÚ5ÒÐ. 

qþÝO�±�, >f
�UÌ×�Ð°, ù�&ÒóÀ3ØÓUþ�>
f�þ�������1ªÇÒØÓ. ,	, ùü
«�¹éA�>f����Ç©O� 2.94 × 10−6

Ú 1.76 × 10−5, ¤±, 
q�þ, >f�é&Ò1�
��Ç��.

ã 3 (a) 
q�þÝ� 0.005λ �&Ò13>f�þ���1|; (b) �ã (a) éA�ªÌ; (c) 
q�þÝ� 0.01λ �&Ò13
>f�þ���1|; (d) �ã (c) éA�ªÌ

ã 4 (a) 
q�þÝ� 0.001λ Ú (b) 
q�þÝ� 0.005λ ��¹e, &ÒóÀ�>f��^�L§¥ØÓ��>f�UÌ
©Ù
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��qþÝ�UCé(JK�¿Ø�, ù´Ï
���q3��L§¥��^´^5��°Äó
À, é>f��$Ä¿Ø�)²w�K�. �´�
�q�þÝØU�u°ÄóÀ�ªÇ�Ý, Ï�d
�°ÄóÀU
ßL��q, ØU����>f
��î�Äþ�8�. ,	, 3¢�L§¥, Ï�
ýóÀ��3, 3ÌóÀ�^�
q�c, ¬ký
�lfN/¤, ¤±ý�lfN�´O�L§¥
AT�Ä���Ï�, �Ä
qþÝ� 0.001λ, �
�qþÝ� 0.2λ ��¹, üq��Ý©O� 5.0nc

Ú 100.0nc, b�ý�lfN�º�©O� 0.01λ

Ú 0.03λ, Ù�Ýl 0 4O�
q��Ý 5.0nc.
ã 5(a) Ú (b) ´ý�lfN�º�� 0.01λ �

&Ò1���1|ÚéA�1Ì, (c) Ú (d) ´ý�
lfN�º�� 0.03λ �&Ò1���1|Úé
A�1Ì. �±wÑ, �Xý�lfNº��O\,
��1Ì¥�ªÇ���~�, ªÇ¸��êO\.
¤±�Äý�lfN±�, &Ò1���1Ì�þ
eü, 
�ý�lfN�º���, ��1Ì��
þ��.

ã 5 (a) ý�lfN�º�� 0.01λ �&Ò1���1|; (b) ´ (a) éA�ªÌ; (c) ý�lfN�º�� 0.03λ �&Ò1�
��1|; (d) ´ (c) éA�ªÌ

3 ( Ø

$^âf�[��{é-1Úd,�år-
1°Ä��q�)��éØ>f��p�^, ±9
dd�)�Z X ���L§?1
�[ïÄ. 3�
á�r°ÄóÀ��^e, 
q¥�>f���N
�Ñ, ���éDÂ�rÝ�é�f�&Ò1�^
�>f�þ, ¬k�Ü©�p�Ý>f���, d
u Doppler �A, �)pª���1. Doppler ª£
Ïf ω/ωL ≈ 4γ2

x, 3�k
q��¹e, >f�î
�Äþ py Ø� 0, γx ��é�, ¤±��1�ªÇ
�é�. 3>f��Uþ����� �\\��

��q, 3Ù���°ÄóÀ��^e, >f�ß
L��q�î�Äþ��, γx ≈ γ, ù���1�
ªÇO�éõ, ��pª� X ��. �X, æ^1r
Ø� 1020 W/cm2 -1óÀ, �±�) keV Åã�
�Z X ��. �X
qþÝ�O\, ��1�ªÇ
~�, $ªÜ©Ó�'~O�. Ï�ý�lfN�
�3´Ø�;��, ¤±·�3�[¥­:�Ä

ØÓºÝý�lfN��3. �Äý�lfN±�
�����1Ì�þ�éuvký�lfN��
¹k²weü, �ý�lfNº���, ��1Ì
��þ��. ù
(JL², 3¢�¥7L��ý
�lfN�ºÝ. Ï���q��^´��°Äó
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À�Ó�¦>f���ßL, Øé>f��$ÄE
¤K�, ¤±��q�þÝ3�½��S�UCé
(JK�¿Ø²w.
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the interaction of ultra-short intense
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Abstract

The scheme of x ray generation by the interaction of ultra-short intense laser puls with two thin solid foils is re-investigated by

one-dimensional numerical simulation. Attention is paid particularly to the effects of the thickness and the density distribution of the

source target on the frequency spectrum and the conversion efficiency of the produced x ray emission, where the source target provides

a relativistic electron layer. When the thickness of the source target is comparable to or smaller than the wavelength of x ray λ/4γ2
x

(λ is the wavelength of the incident laser), quasi-monochromatic x ray spectrum can be generated. Otherwise the spectrum will be

broadened significantly and the maximum frequency will decrease rapidly. In addition, the presence of inhomogeneous preplasma in

front of the foil will induce a similar change of the spectrum.
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