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�©Ì�ïÄ
�r�á-1� Ar ìq�p�^L§¥ X ��UÌ!K ��1f��!Uþ=��Ç
±9-1é'Ýé X ��1f���K�. ¢�¥�� K ���1f���� 1 × 1011/u, Uþ=��Ç�
� 2.8× 10−5. Ó�*ÿ��rýóÀlzìq¬��ý>l, �))ä�lfN, ,ÌóÀ�)ä��lfN�
p�^�rÝ��)ä�ü$
, l�� K ��1f��ü$, ¦^pé'Ý�-1UO\ X ��1f��.

'�c: �r�á-1, Ar ìq, X ��

PACS: 52.38.Ph, 36.40.Gk, 52.50.Jm, 52.70.La

1 Ú ó

�r�á-1�uÐÿ°
-1��lfN
�p�^�ïÄ��, r?
-1��«Ô��p
�^�)âfÚ X ��Ë��ïÄ, Ù¥-1
�ìq�^�ïÄ�5�É��[�'5, �)9
>f��) [1]!pUlf��) [2] Ú X ���-
u [3,4] �. �,r-1�íNq�p�^�éu�
Nqóvk���), �ÏíN�Ý�$, é\
�-1UþáÂ�f (5%�m), ��
 X ���
Uþ=��Ç. ,�fìq�Ý��uíN�Ý,
-EL§¥UOré-1Uþ�áÂ, Jp�^L
§¥ X ���Uþ=��Ç, ¿�Ã���) [5],
Ïdr-1�ìq�p�^´¼�pUþ=��
Ç!Ã���ª X ���k��ª. -1°Ä�
M X ��3)ÔÚ�Æ¤� [6]!�.1��N
õïÄ+�¥Ñäkd3�A^d�. äkp�Ý,
áó°�M X ��´��n� X ��)ÔN¤�

�7�^� [7].
� © Ì � ï Ä 
 � r � ¦ - 1 � Ar ì q

� p � ^ L § ¥ X � � U Ì !K � � 1 f �
� ! U þ = � � Ç ± 9 - 1 é ' Ý é K � �
1f���K�. ¢�¥��o� K ��1f
���� 1 × 1011/u, éAü Uþ�1fê�
� 6 × 1010/J, Uþ=��Ç�� 2.8 × 10−5. �-
1é'Ý���, ��Uþ�-1óÀ�)� K

��1f���$, ùÌ�´Ï��r�ýóÀ¬
lzìq, ü$ÌóÀÚ)ä��lfN�p�^
�rÝ, Ïd�¼��p�1f��Ò7L�±p
�Ý��lfN�-1�p�^.

1.1 ¢¢¢���CCC���

¢ � ¥ ¦ ^ � � á - 1 ó À ´ d ¥ I �
Æ � Ô n ï Ä ¤ 1 Ô n ¢ � ¿ “4 1-III” C �
� ) �. “4 1 -III” � v 7 � � - 1 X Ú æ
^ 
 } ò ó À � � E â, - 1 ó À ¥ % Å �

* I[g,�ÆÄ7 (1OÒµ60878014, 10974249, 10735050, 10925421, 10734130, 10874242), I[:Ä:ïÄuÐOy (973)(1O
Òµ2007CB815100) ÚI[pEâïÄuÐOy]Ï��K.

† E-mail: lmchen@aphy.iphy.ac.cn
‡ E-mail: lyj@aphy.iphy.ac.cn

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

075206-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 7 (2012) 075206

� 800 nm, Ø �üóÀUþ�p�� 32 J, �
� ¸ � õ Ç � u 1 PW,  E ª Ç � 20 min/u.
¢ � ¥ ¦ ^ n � g � ' ¤ 5 ÿ þ - 1 é ' Ý,

� g ¢ � ¥ � � q ¡ � - 1 U þ � 0.5—2.5 J,
-1óÀ��¦?é'Ý�Ä���3 105—109

�S�N.

ã 1 -1� Ar ìq�p�^�) X ���¢�ÙÛ, X �� CCD ��3-1c�
5&ÿ X ��1f��Ú1fUþ

¢�ÙÛXã 1 ¤«. -1óÀ²LØ �,
^ F/10 �l¶�Ô¡º (OAP) òÙà��q¿¥
m����þ� 2mm ?, d���-1���º
�� 41 µm × 91 µm, Xã 1 ¤«. -13à�«
��²þõÇ�Ý� 1017—1018 W/cm2. 3-1D
Â��þ¦^ Roper Scientific úi)�� 16 bit ü
1fOê X �� CCD[8] ?1 X ��1f��Ú
UÌ�ÿþ. ¢�¥¦^� 8000 G (1 G = 10−4 T)
�[^c¦pU>f3^|�^eu) =, ù
�;�
÷-1c�u��>fé�.�K�. ¢
�¥æ^
�Ñ���{�)íNìq, ��XÚ
�)¯�A�>^z���ì. ë� Semushin �
< [9] �Ñ�`z���?1ëê�O, �¢�¥¦
^��� [10] Ñ��»� 3 mm, úÜ�»� 1 mm,
�Ý� 7 mm, Ñ��Ü� 8.1◦. �â Hagena �²
�úª [11] Ú���äNëê�±O�ìq�º

�: Äkdúª Γ ∗ = k
(d/tanα)0.85P0

T 2.29
0

��Ãþj

� Hagena ëê Γ ∗, Ù¥ k ´��fk'�~ê (é
�í k = 1650), d ���úÜ��» (ü � µm),
α �����Ü�, P0 Ú T0 ©O�íN)äc�
Ð©�Ø (ü � mbar, 1 bar = 105 Pa) ÚÐ©§

Ý (ü � K), ,�dúª [12] N = 100
( Γ ∗

1000

)1.8

�O�Ñ²þz�ìq¥��f�ê N , �¢�
¥ N �� 2.3 × 106.

q¿ºÜ��1Æ CCD *	 Thomson Ñ�,
ÏL*	�lfNÏ���ÝÚ�Ý½5��ä
-1Úìq�p�^�rÝ. ¢�L§¥, �lf
NÏ�ëê�±��N�Ù¦¢�ëê (X-1U

þ, íN�Ø�) ���â.

2 ¢�(J�?Ø

¢�¥ X �� CCD[8] æ8��©ãXã 2 ¤
«, ã 2(a) ����¡�ã�, (b) ����ü��
��ã�. X �� CCD z����ÑÑrÝ�\
�1f�È���þ�Uþ¥�5'X, XJ�õ
�k��1f\��Ó���þ, KÑÑ�rÝ�
T\�1fUþ¤�'. XJkõ�1fÓ�\�
�Ó����þ, @oÑÑ�rÝ�\�1f�U
þoÚ¤�'. ÚO¤k1f�UþÒ�±�� X
���UÌ. ã 3 ´é�©ã¥êâ?1ÎGãÚ
O��� X ��UÌã. ã¥1fUþ� 3 keV �
¸´�� Kα A�¸, Uþ$u 3 keV �1fd$
>l�Ú�9>f�>�Ë��). Ó�, 3ã¥
� 6 keV, 9 keV � ��k����¸, ù´Ï¢
�¥ K ��1f���p, È¡U
	4�\
�1fê8k� (¦^�È¡´ 330 µm þ���,
dþÝé� K ��1f�ßLÇ� 26.66%) , ��
ü�½n�1fÓ�\��Ó����þ, ù�
A½���¬gÄr¤k\�1f�UþU\, d
u X �� CCD z����ÑÑrÝ�\�1f�
oUþ¤�', ¤±3 6 keV, 9 keV  �Ñy�¸
©OéA�´ü�Ún� K ��1f�U\. b
�1f¥ 4πáN�þ!©Ù, �ìù«ÚO(J
���o K ��1f���� 1× 1011/u, éAü
 Uþ�1fê�� 6× 1010/J, 1fUþ=��Ç
�� 2.8 × 10−5.
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ã 2 X �� CCD æ8���©ã (a) ����¡�ã�; (b) ����ü����ã�

|^>¤�Eâ, �±ÿþ X ���
º �. Ä k 3  Ú X � � CCD � m � �  >,
^ X �� CCD æ8>�, é>��A>*
Ð¼ê�¤�¼ê[Ü, ¤�¼ê�êÆL�ª
� F (x) = a +

b

e(x−c)/d + 1
, Ù¥ a, b, c, d �~ê.

,�é¤�¼ê F (x) ��©���>���*
Ð¼ê. ��é�*Ð¼ê�pd[Ü��� X �
���p�° [13], �â¢�êâO�Ñ X ��
�º��� 180 µm. ��º�� X ���-
1ëêÚ1ÆXÚà�Uåk', ¢�¥�kÜ©
-1Uþ�à��k���º�S, ,	�-1U
þ©Ùu�����	�«�, 3	�«��)
��9>fE�-u X ��1f, l/¤
��
º�� X ��.

ã 3 -1� Ar ìq�p�^L§¥��� X ��UÌã

¢�¥ K ���1f���-1é'Ý�
p$ké�'X. �g¢�-1é'Ý3 105—
109 m � N. � - 1 é ' Ý � 105, � � q ¡ Ì
ó À U þ � 0.5—1.4 J �, - 1 ² þ õ Ç � Ý

� 1017—1018 W/cm2, éA�ýóÀ�-1rÝ
�� 1013 W/cm2, ù�rÝÑ$u��f�1|l
zK� [14], d�ýóÀÄ�vklzìq, �y

ÌóÀU¿©�� Ar ìq�p�^. �-1Uþ
O\�-1rÝ��O\, �p�^rÝ�O\,
d�1f��¬�-1UþO\O\. Xã 4 ¤
«, K ���1f���X-1UþO\¥þ,
ª³, Ó�¢�¥æ8
ºÜ� Thomson Ñ�, X
ã 5 ¤«. lã¥�wÑ-1Ú Ar ìq�p�^
�)��lfÏ���, ù�`²-1�ìq�p
^�rÝ��. �XUþO\� 1.5—2 J, ýóÀ�
rÝm©�C 1014 W/cm2, ¿m©lzìq, Ó�
�lfNm©)ä, ÌóÀ���, �lfN��
Ý®²k¤eü, ù�-1ÌóÀTÐ�)ä�$
�Ý�lfN�p�^, 4�/ü$
-1Ú�l
fN�

ã 4 -1é'Ý� 105 Uþ� 0.5—2 J, K ��1f���-
1Uþ�Cz

p�^�rÝ. lã 4 ¥1f���ª³[Ü��
�±wÑ-1UþUYO\, K ��1f��m©
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eü. dã��±wÑ, 3-1é'Ý� 105 �, ü
u K �� X ��1f��3 1.3× 109—1.4× 1010

�mCz.

ã 5 -1Ú Ar ìq�p�^�ºÜ Thomson Ñ�ã�

-1é'ÝJp� 109, ��q¡ÌóÀUþ
� 0.7—2 J �, -1¸�õÇ�� 1018 W/cm2, -
1ýóÀ�rÝØv±lzìq, ÏÌóÀU
�p�Ý� Ar ìq�p�^. d�, ��5��
ò¤�Ì��UþáÂÅn [15], 4�/Jp>
f\9�Ç. K ��1f���UþO\¥yþ
,�ª³, üu�)� K �� X ��1f��
3 1.92 × 1010—1 × 1011 �mCz, AO���q
¡Uþ� 1.67 J, -1õÇ�Ý�� 1018 W/cm2 �,
��1f���� 1011, ¿k�Úª³, Xã 6 ¤
«.

ã 6 -1é'Ý� 109 Uþ� 0.7—2 J, K ��1f���-
1Uþ�Czª³

ã 7 �Ñ
-1é'Ý� 109 �ü Uþ

� K ��1fê��� £þ�Cz'X, À�
-1à�:��I�:, �-1DÂ������.
ã¥�±wÑ�� £þl −8 � 6 mm CzL§
¥1f��kO\�~�, UY£Ä��1f��
qUYO\. �oNþw, 3K £��þ, 1f�
�3��'�����SCz, ùA�¢�L§¥
���-1��±9E,��p�^�¹k', `
²ê�uû�4����3-1��þc�£Ä
�é-1rÝ�K���, ��L§¥-1Úìq
�p�^�rÝCzØ�.

ã 7 -1é'Ý� 109 ü Uþ� K ��1fê��� £
þ�Cz'X

3 ( Ø

¢�þ*ÿ��r�á-1� Ar ìq�p�
^L§¥�)� K ��1f���� 1 × 1011/u,
éAü Uþ�1fê�� 6× 1010/J, 1f�Uþ
=��Ç�� 2.8 × 10−5. ù¿�X3 5 × 10−5 sr
áN�S (= 1 cm2 �¤�¡ u 20 cm ?�) ¤
�Â�1fêv
?1üu¤�. ¢�*ÿ��r
ýóÀlzìq¬��ý>l, �))ä�lf
N, ,ÌóÀ�)ä��lfN�p�^�rÝ
��)ä�ü$
, lü$ K ��1f��, 
pé'Ý-1�ÌóÀÚp�Ý�lfN�^Ò
U���p�1f��. ·�òO�UY`z “4
1 -III” �à�G¹±?�ÚJp K ��1f��,
¿|^p�fSê�ìq�)äk�Æd�� X
��.
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Abstract
Bright K-shell X-ray emissions are generated through the interaction between intense femtosecond laser pulses and Ar clusters.

The total yield of K-shell X-ray photons reaches 1 × 1011 photons/shot with a conversion efficiency of 2.8 × 10−5 in 4π. When Ar
clusters are irradiated by a laser pulse with intense prepulse, the yield of K-shell X-ray photos will decrease due to prepulse ionization.
Keeping high-density plasmas interacting with the main pulse is essential for obtaining the highest X-ray yield.
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