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�
|^ X � �)�:1���11éj
 Z � S�@Ï�K1SÜ(�?1�1ì�, 3 “�” \
�ì (>6¸�� 500—800 kA, þ,�m� 80 ns) þmÐ
vj (j���Ý� 60◦) X � 1Ë�A5�ÐÚ
¢�ïÄ. ÏL X ���4+&ÿì!ß�1»Ì¤!¬NÌ¤Úd¿�Å��ä��¼�
� :1�Ë�
õÇ�� 1.5 GW �m, Ë�Uþ�� 1 J, 1fUþ� keV þ?�Ë�UÌ��Ì�8¥3 1—4 keV Uã, :1
º��u 15 µm, Ù�mºÝ (Ë�óÀ�p°) ��
 200 ps. é1A�&E?1
ÐÚ©Û, Ó�Ýº
k�¼
�vj X � üóÀ:1��{.

'�c: X � , X ���1ì�, X ��, Z � 

PACS: 52.58.Lq, 52.59.−f, 52.59.Qy, 52.77.−j

1 Ú ó

X � ´ Z � ���AÏ(�, §¦^ü�
½õ�7áj (;.�»� 5—50 µm) �p��3
Ó��:þ, /¤ X /G. �����>6óÀu
)ì�K1, 7áju)>�¿¿3j��?�)
�� 102 µm ?ºÝ�� Z � , /¤���º�
� (µm þ?)!áÆ·� (æ ns þ?)!p�Ý� X
��:1, ¿�l>6m©�� ��mäk�
r��E5 [1,2].

X � �1ì�Eâ´�«#.�ã��ä
Eâ [3,4]. |^ X � �)�r X ��1���
1:1, �±é7áj>�¿Ú7áj
 Z � 
S�ÄåÆ [5,6] L§?1k��ã��ä [7−9], X
j��lfN��Ý©Ù!j��lfN�þÓ
Ð©j�þ�°�ÓóÀ>6þ,÷Ú>6¸�
�'X!j
S�ÐÏ7áj�lfN�/¤L
§!�lfN�þ©Ù�þ!5!k°�lfN
�/¤L§!a| - �V (RT) Ø½5�6Ä
�. d	 X � �)� X ����^u X ��
w�¤�EâïÄ.

3I	, {IxG��Æ!=I2Inó�Æ
�Ü©ïÄÅ�é X � �S�L§!Ë�A5
�SN?1
���[�ïÄ¿¼�
�n��
�1:1, ÙUÌ��Ì�©Ù3 1—10 keV ¿
�K1á��ØÓk�É, :1�mº��
u 10 µm, 1u1�mºÝ� 102 ps þ?, k�
$���
 10 ps þ?. Ó�, |^�)�1é�
�)Ô?1
�1ì�¿��
Ø���1ã�.
�´, 3|^ X � éj
 Z � ?1�1ì��
ïÄ¥, du¢�¥°Ä>6�©�¯K!>6�
K1���±9� ÓÚ�¯K�5�(J, ¦�
ù�¡�(J%��ÃA. IS, ¥Ió§Ônï
Ä�!Ü�ØEâïÄ¤±9�u�ÆÑé X �
 Eâ?1
ÐÚ�ïÄ, Ù¥�u�Æ�¼�

Ø����)Ô�1ã� [10,11].

�©0�
3 “�” \�ìþmÐ�vj X �
 :1Ë�A5¢�ïÄ�ÐÚ(J, TïÄ�
8I´� X � �1ì�Eâ3j
 Z � ¥�
A^C½Ä:. ¢�æ^�jK1\©6j��
{¼�
�n��vj X � üóÀ:1, 1
�Ë�õÇ�� 1.5 GW �m, Uþ�� 1 J, 1
fUþ� keV þ?� X ���UÌ��Ì�8¥
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3 1—4 keV, 1��mºÝ (Ë�óÀ�p°) �
�
 200 ps, Ù�mº��u 15 µm.

2 ¢���Ú�{

2.1 ¢¢¢���CCC���

vj X � ¢�´3¥Ió§ÔnïÄ�
6NÔnïÄ¤� “�” \�ìþmÐ�. “�”
\ � ì ´ � � TW þ ? � ó À õ Ç C �, � �
� 17.5 m, ��?�»� 4.5 m, Ì�d Marx u
)ì!Blumlein óÀ/¤�!Ìm'!C{|Y
0�DÑ�!ý�^ý�DÑ�ÚK1|¤. 3v
j X � ¢�¥, \�ì¢S¿>>Ø� 60 kV, °
Ä>6¸�3 500—800 kA �m, þ,c÷ (10%—
90%) �� 80 ns.

2.2 ���äää������

^uvj X � 1Ë��ä�¤ì��Ì
�k X ���4+ (XRD) &ÿì [12]!ß�1»
Ì¤ [13]!¬NÌ¤ [14] Úd¿�Å.

XRD &ÿì^uÿþ X ��Ë�ýérÝ,
Ùc�È¡d 1 µm %�\ 8 µm Mylar �|¤, #
N1fUþ�u 1 keV � X ��BL, &Òd��
ª�°Ý� 6 GHz!æ�Ç� 25 GS/s �êi«Å
ìP¹. ß�1»Ì¤^u(½� 1Ë��
UÌ��, 1»±Ï� 300 nm, 1»c\ 8 µm þ
� Mylar �^uáÂ1fUþ�u 1 keV � X �
�, 3 u1»c;b1»?����»� 50 µm
���^��1, ¿¦Ùÿþ�1Ìã�31»»
���Ï��¤�äk���m©E, Ì¤æ^
>ÖÍÜC� (CCD �Å) P¹û�ã�. ¬NÌ
¤Ì�^5ÿþ� �lfN��ÌË�, æ^�
¬N��1, &ÿ��� 2—6 keV, ÙUÌ©EU
å λ/∆λ > 200. ,	, ��p©Ed¿È©�Å^
5é� 1�º�?1ÿþ, d¿º�� 10 µm,
d¿å1 150 mm, �Å���Ç� 3.66 �. ¬
NÌ¤Úd¿�ÅÑæ^��úi)�� BioMax
MS .�¡P¹ã�.

3 ¢�(J9©Û

¢�¦^�K1�ü��» 50 µm �vj, j

���Ý� 60◦, >4må� 14 mm.
3¢�¥uy, K1� 2×50 µm vj X � 

�)� X ��Ë��Ü�õóÀ(�, óÀu��
mCX
l>6þ,÷A� ns m©�>6¸��
���m��. ©Û@�, duK1�þ��, X �
 S�u)3>6�å©�ã, S�L§(å�,
°Ä>6UY6L�{��lfN, ¦§�3>^
å��^e�K1¶%?$Ä¿3õ?2gu)
� , ù´�)õ¸�Ì��Ï. �éþã�Ï, 3
¢�¥O\
K17áj��ê, �(J¿vk²
wUõ. ©Û@�, duK1�þ�Ý�°Ä>6
Ø��, ±9K17áj�ê�O\���j��
:�(��\E,, lK�
� ��þ.

�
¦K1��þ�Ý�°Ä>6��, ¢�
æ^
3K1>4�m\��7áj, ÏLé>6
©6��{5~�ÏL�j�>6. ¢�¥uy,
ÏLd�{~�6L�jK1�>6�, � �
) X ��óÀ�êþ²w~�, ¢�¥�u�u 2
�óÀ�ÑyVÇ�L
 90%, (J�E5�Ð.
,	, ü� X ��óÀ�±Y�m�?�Ú á.
ã 1 ´ XRD &ÿì¼��;.� 2 × 50 µm vj
\©6j X � � X ��Ë�õÇÅ/, ©6j
æ^���»� 300 µm �Ôj. ¢�¥ XRD ÿ
þ�
��1fUþ�u 1 keV � X ��üóÀ,
óÀu���3>6å:� 73.9 ns, Ù¸�õÇ�
� 1.5 GW, éõÇÅ/?1�mÈ©=�¼�dü
óÀ X ��Uþ� 1.14 J. lã 1 �S�ã�±ÿ
þüóÀ��p° (FWHM) �� 200 ps. XRD &
ÿìc�È¡� 1 µm %\ 8 µm Mylar �, #N1
fUþ�u 1 keV � X ��ßL.

ã 1 ;.°Ä>6Å/Úvj X �  X ��Ë�Å/,
S�ã�óÀ�ÛÜ��ã
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ã 2 vj X � �ß�1»Ì¤ÿþ(J (a) 1Ìû�ã�; (b) 9:���ã�; (c) 9:«�ã�rÝ�Cz�; (d) û�
ã�rÝ÷R�ÚÑ���Cz�; (e) dã 2(a) ¥xÚJ�Ý/��«��ã�rÝO�Ñ�9:�1ÌË�rÝ

ã 2 �Ñ
�ã 1 éAug���ªß�1
»Ì¤�ÿþ(J, 1»c\ 8 µm þ� Mylar �.
Ù¥ã 2(a) ´1Ìû�ã�, ã 2(b) ´9:��
�ã�, ã 2(c) ´9:«�ã�rÝ�Cz�,
ã 2(d) ´û�ã�rÝ÷R�ÚÑ���Cz
�, ©OéAã 2(a) ¥ 1#—4#xÚ¢�� �.

�âã 2(a) ¥� 0 �û�ã��(½Tu
¢�=�)
�� keV þ?�9:1. ã 2(b)
¥ A, B ���rÝ©Ùdã 2(c) �Ñ, dd�(
½9:º��� 200 µm. l 1 �û�ã��wÑ
T9:3 0.33—1.3 nm ÌãSkëYÌË��Ñ.
�1fUþ?�ÚO\�, û�&ÒC��~f,
=3 0.26 nm NCU
*	��f�v�lfN
� K ��Ë�. �

)Ë�º��1fUþ
�Cz, ã 2(d) �Ñ
û�&Ò÷ã 2(a) ¥ 4 ^x
Ú¢��©Ùã, §�©O�1fUþ hν = 1, 2,
3, 4 keV �éA. du 1 �û��K�, Ì¤é 1—
4 keV X ����m©EÇ3 102—120 µm �m,
Ïdã 2(d) ¥ÿþ� 4 ^���p° (1º
�) �� 100 µm ¿Ø´AO°(, �´EU
wÑ

3 1—4 keV Uã��Sº�Ø�L 100 µm. Ó
�, X ��Å/��p°d 1 keV ��� 46 µm ~
�� 4 keV ��� 19 µm, L²9:º��X1f
Uþ�,p3×�~�.

ã 2(e) �Ñ
dã 2(a) ¥xÚJ�Ý/��
«��ã�rÝO�Ñ�9:�1ÌË�rÝ.
¢��)�ù� keV þ?9:�1ÌrÝd 1
keV ��� 1011 eV−1·sr−1 ×�~�� 4 keV �
� 108 eV−1·sr−1. 3 4.7 keV NCkéAv K ��
Ë���¸.

ã 3(a) ´K1� 2×50 µm vj X � �à
�Î¬NÌ¤�ÿþã�, ã 3(b) ´ã����
Ý�. �±wÑ, �âÑ�´ 2.62 Å �a± α�
Ì, �Ñy
rÝ�é�f�a��Ì, a��
Ì�´�r��. dÌ�rÝ(J��, 3 Ti j X
� 9:�lfN¥, �Ü©�>âf�>l�
��e 2 �>f�a±vlf, �e 3 �>f
�a�vlf�é��, ù´dua�vlf�
>lU� 1.4 keV, a±vlf�>lUK�[
� 6.2 keV, �3²w�>l´¶; Ó��±`², 9
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 �
 


� � 
� � � � � ��� � � �� � �� � � � � ��� � � �� � � � � � � �� � �� ��� �� !" # � $ �

ã 3 à�Î¬NÌ¤�;.(J

:?�lfN�>f§ÝÌ�©Ù3 1 keV �m
½�p. a��Ì�~f�y²
�lfN¥�
�Ü©a±vlf�>fØv±{ø 6.2 keV �
åPUC�a�lf, =9:�lfN�§Ý
' 6.2 keV $éõ, 3 Ti jË�Ì��Åã, �r
�°��Ì (Ù1fÅ�éA� 2.74 Å) � Ti �a
C�Ì, �U´9:	��§Ý�é�$�e�l
fNu�¤�.

¦^d¿�Åévj X � �:1º�?
1
ÿþ. �Åæ^
 10 µm �d¿, d¿R�u
K1¶���, ã����Ç� 3.66, 3P¹�¡
ck�|dØÓþÝ� Al È¡|¤��Fê^5
{	ØÓÅã� X ��, ã 4(a) ´d¿�Åû��
�K1� 4 × 50 µm vj + ©6Ôj X � � X
�� � � � � � � � � � � � 	 � � � 
 � � �� � 
 � � �

� �  � 
  ��  ��  ��  ��  ��  �
� �  � 
  �	�� 
� �
 � � �  � 
  �� �
 �� �	 �� � � � 	 � � � � � � �� � � � � � � � �

� ��
� � � � � � � � �� ����  
�  	�  ��  ��  ��  
�  	�  ��  �
  �

� �� !"#$% & � �� !"#$% & � �� !"#$% &
ã 4 vj X � �d¿È©�Åÿþ(J (a) K1� 4×50 µm vj + ©6Ôj X � � X ��d¿È©ã�;
(b)—(d) ©OéA 1#—3#^/«����Ý�
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�d¿È©ã�±9 Al �Fê�ëê. Ù¥ y ¶
����jK1¶���, =é:1¢y
��
��m©E, I£�º�´U�Å���êO��
Ñ. ã�3 x ¶��þ|^ØÓþÝÈ¡|Ü��
Fêé1u�� X ��?1
ØÓ1fUþþ
�Ðm. ã 4(b), (c), (d) ´éA 1#—3#^/«��
��Ý�. �±w�, 31fUþ�u 3 Ú 4 keV
�Uã, � �)
ü�9:, ù� XRD &ÿìÿ
þ� X ��Ë�Å/�ÎÜ. 9:�º��1fU
þ�O\~�, 31fUþ�u 6 keV �Uã, Ù
¥��9:��, ,	��9:�º�?�Ú~
�. �1fUþ�u 8 keV �, 9:��.

� Ä � 1 f � û � � Ç, 1 f U þ � u 6
keV �d¿�Å�©EÇ� 14.9 µm, ã 4(b)
ÿ��9:º� (���Ý×£���p°)
� 12.7 µm, ®²�L
d¿�Å�©EÇ. ¤±�
±�½�´, 31fUþ�u 6 keV �, 9:�º�
�u�Å�©EÇ 14.9 µm. X � S�(å�, d
u7áj�� ��lfN�Ñ��d«�Ò�
4�m>ØO�, lk�U�)>4�m�>f
åu�y�, ·�@�ù«�¹e�)�>få 
�å��:��!º���¿�UþØp, >få

�UÌ��� keV þ?, ùq�lã 4(d) ¥�±�
��y.

4 ( Ø

�©�w
3 “�” \�ìþmÐ�vj X �
 1Ë�A5¢�ïÄ�ÐÚ(J. �é “�” \
�ì°Ä>6�K1��þ�ÝØ�� (°Ä>6
L�) ��¹e, æ^�jK1\©6Ôj��{
¼�
^umÐ�1ì�� X � üóÀ:1.
¢�æ^ XRD &ÿì!ß�1»Ì¤!¬NÌ¤
Úd¿�Å��ä��¼�
vj X � :1
�Ë�Uþ!UÌ��!9:��mÚ�mºÝ
�A�ëþ, 3(@�)�:1�^u�1ì�
�Ó�\�
é X � Eâ9Ù1Ë�A5�
@£, Ýº
3 “�” \�ì�°Ä>6^�e^
u�1ì��üóÀ:1�¼��{, �e�Ú
mÐ�1ì�C½
EâÄ:.

a�¥Ió§ÔnïÄ�6NÔnïÄ¤ 108 ¿KI

$1 “�” \�ì��NÓ�3¢�¥Jø��Ï.

[1] Pikuz S A, Shelkovenko T A, Sinars D B, Hammer D A, Lebedev
S V, Bland S N, Skobelev Y, Abdallah J, Fontes C J, Zhang H L
2001 J. Quant. Spectrosc. Ra. Trans. 71 581

[2] Sinars D B, Pikuz S A, Shelkovenko T A, Chandler K M, Hammer
D A, Apruzese J P 2003 J. Quant. Spectrosc. Ra. Trans. 78 61

[3] Liu R, Wang X X, Zou X B, Zeng N G, He L Y 2008 Euro. Phys.
Lett. 83 25002

[4] Liu R, Zou X B, Wang X X, Zeng N G, He L Y 2008 Laser Part.
Beams 26 455

[5] Ding N, Yang Z H, Ning C 2004 Acta Phys. Sin. 53 808 (in Chi-
nese) [¶w, �u, w¤ 2004 ÔnÆ� 53 808]

[6] Qiu A C, Kuai B, Zeng Z Z, Wang W S, Qiu M T, Wang L P, Cong
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Experimental investigation of radiation charactristics
of Ti wire X-pinch X-ray source on Yang accelerator∗
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Abstract

The X-ray radiation properties of titanium wire X-pinch are investigated on the Yang accelerator at 500–800 kA peak current with

a rise time of about 80 ns. The radiation power, spectrum and source size of the X-pinch X-ray source are measured and analyzed using

X-ray diodes, a transmission grating spectrometer, a crystal spectrometer and a slit camera. The hot dense spot smaller than 15 µm

emits 1 J of X-ray with an FWHM of 200 ps and a peak power of 1.5 GW distributed in the range of 1–4 keV. A method to efficiently

generate a single X-ray pulse during the X-pinch implosion is demonstrated. The X-pinch presented here is useful for imaging the early

stage interior structure of Z pinch as a backlight source.

Keywords: X-pinch, X-ray backlighting, X-ray, Z-pinch
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