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Á� |^�®ÓÚË�3B3¥Uå�, 3ISÄg¢y
XRD X��&ÿì(¯Ý32—6keVU«

�I½, (¯Ý�Ø(½Ý�u7%. ,	¥Uå��A^�4�/Jp
È¡þÝ�I½°Ý, Ùþ

Ý�Ø(½Ý�u3.6%.

'�c ¥UX1 ÓÚË� XRD&ÿì È¡

1 Úó

3 ICF¢�ïÄ¥, -1�lfN�)�X1´

����ÔnþÚïÄé�, ½þÿþX1u�

��mL§!oþÚUþ���±� ICF�ïÄJ

ø��Ôn&E
[1—7]

, X1�ÿþ�{kõ«, Ù

¥ÃIX-ray�4+ (XRD)
[1]

´�«5U�n�, �

m�A¯�X1&ÿì. L�, Q²3�®ÓÚË�

C��3W1Bå�þéXRD&ÿì�Uþ�A?1

I½, �´, duTå�Uþ�����, �¢y


50—1500eVU«�I½
[2]

, �â ICF¢��I�, ÿ

þU«�50—6000eV, ¤±, 1500—6000eVU«�I

½�´�~��. È1¡3^X1UÌ¤¥´'�

�����
[1]

, ¤±§éuX1ÚX1Ì�ÿþ´�

~��, L�(½È1¡�þÝkü«�{, 1�

«�{´�â¡��{5(½È¡�þÝ; ,�«

�{´ÏLÿþX1�ßLÇ5(½È¡�þÝ, 1

�«�{Ø���, 1�«�{é1��¦�p,

�¦1äk�p�Uþ©EÚrÝ, ���pg�

Å, ÿþ&ÿìäk����5Ä���. ¥Uå�

�ïá, �(½È¡�þÝJø
��^�.

2 10�

1�(�

�®ÓÚË�3B3¥Uå�´¥��pU¤�

¥Ô�-1àCïÄ¥%�ÓÝ], d¥��pU¤

ÓÚË�¢�¿«ï����.¢�C�, T�8�

)1å�cà«!1å� (c�º!à�º!°�d

¿!1å �iÿì!V¬üÚì!ý��©XÚÚ

��XÚ�). ´·IïE�11^ÓÚË�¥UX�

�1å�, ^u1.5—6.0keVU«���'&ÿì�Ì

�A9(¯ÝI½, ±9TU«ÌÆ�¡�ïÄ, ä

k��I��ÆïÄ¿ÂÚÄ:�ÆïÄ¿Â.

ã 1 1�rÝÌã

Tå�|^c�º?1Uþ��!Ø�Î¡º¢

yV�à�!üé²¡©1¬NCX�ÜUþ��,

¿æ^k��{³�pg�Å. l¼��1�E

â�IXe:

Uþ��: 1.5—6.0keV;

1ÌrÝ: 1010—1011 (phs/s);
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Uþ©E: 1000—3000;

pg�Å: �u1%(2.1—6.0keV).

|^AXUV-100G71�4+, �Ñ
1�r

ÝÌXã1¤«. |^Ô��áÂA5, �Ñ
1�

Uþ©E, Xã2¤«.

ã 2 1�Uþ©Eÿþ(J

3 1rÝÿþ

1�rÝæ^®²I½�AXUV-100G71�

4+�IO?1½þÿþ, AXUV-100G71�4+

|^>l¿IO&ÿì
[4]

?1I½. ¢�(JXã3

¤«, >l¿IO&ÿì´d·�g1ï��, Ù1

rÝÿþ�Ø(½Ý�u5%. �
JpIO&ÿ

ì�I½°Ý, ü$Ø(½Ý, æ^
±eA«�{:

ã 3 AXUV-100G71�4+IO&ÿì�Uþ�A

1) 3>l¿>6IC1, IC2, Id, INi �ÿþ¥À^{

I?��f>6O6517A, �æ^Ó��>6OÓ

�éþã>6?1ÿþ, �
Jp>6ÿþ���5,

31´¥��Ni�&ÿì, ��iÿ1r�Cz, ¿

�, ÿþ�>6ÿþ�10g²þ, ÿþØ(½Ý�u

1.5%.

2) �
ü$íNØrFÝé¢�(J�K�, æ

^Äkò>l¿Ä�pý�——3×10−4Pa, ,��í

�W3g, Öí�¤IØr, '4?íüíz�, �µ

5min�m©�ê.

3) �
ü$íN,��K�, À^�ó�íNÑ

´pXÝ�íN, XÝ��99.99%.

4) �
ü$§Ý�K�, �
;��¢�, ¢�

y², §ÝCz�K1◦, 3�éAU:�¢�êâÏ

mSÙé�éØ(½Ý��z�u0.2%.

5) �
ü$1½5�K�, é1�Uþ©

EÚpg�Å?1ÿþ, ¢�(Jy², pg�Å�

±�Ñ, U: £�§�u1eV, Uþ©EÐu1000.

31´¥O\2µm�CÈ¡, k�/�Ø
,Ñ1.

ÏLþ¡��{Ú©Û, �±�ÑIO&ÿì1

rÝÿþ�Ø(½Ý�u5%.

4 XRD&ÿì�I½

4.1 XRD&ÿì�I½�{

33B3¥Uå�þ, |^#�I½C�, 1�

rÝdIO&ÿì�Ñ, &ÿì�ÑÑ&Ò^6517>

6OP¹, éu,�U:, bXIO&ÿì�ÑÑ>

6 Ia, &ÿì�V>6 Ic, IO&ÿì�Uþ�A�

Sa, �I½�&ÿì�ÑÑ>6 Ib, @o, �I½�&

ÿì�(¯Ý�

Sb = Sa(Ib−Ic)/(Ia−Ic).

�
�y&ÿìÿ��1r�IO&ÿìÿ��

1r´���. 31´¥¦^φ5�1<, du{I?

��AXUV-100G71�4+IO&ÿì�1Ò4�

10mm×10mm, XRD&ÿì�1Ò4�φ10, 1�

����φ5, ��1�Ñ3ÿþ��S. ¤±&ÿì

ÿ��1r�IO&ÿìÿ��1r´���.

XRD&ÿì� Ø´�â2002c3�®ÓÚË

�þ�¢�(Jû½�, À^� Ø´100V,  Ø

�100V�, &ÿì�ÑÑ®²�Ú. ¤±, &ÿì�

 Øvk7�À�p, ,	 Ø�p, V>6�p, ¬

ü$ÿþ�&D'. ¤±, À^100V� Ø, =¦&

ÿìó�3�ÚG�, Ó��¼�
�p�&D',

3ùg¢�¥, V>6�u5×10−15A. &D'�u

100.

4.2 XRD&ÿì�I½(J

¢�éAuÒ4�XRD&ÿìÚAlÒ4�XRD

&ÿì©O?1
I½, ¢�(JXã4¤«, Ù¥ã

4(a)´AlÒ4XRD&ÿì30.1—6keVU«�I½
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(J, ã4(b)´AuÒ4XRD&ÿì32.1—6keVU

«�I½(J. 32.1—6keVU«, du&ÿì&D'

�p, 1�Uþ©E�p, pg�Å��, V>6�

$, ¢�(J�~n�. lã4(a)¥�±wÑ, ·��

¢�(J�{ILLNL�¢�(J��, cÙAuÒ4

�XRD&ÿì�I½, *	�
NõáÂ>. éõ�

AlÒ4�XRD&ÿì©O?1
I½, uy§��

(¯Ý¿Ø����, `²z�XRD&ÿìÑk§�

�AÏ5, ¤±, �
¼�O(�¢�êâ, z��&

ÿìÑAT?1I½.

ã 4 XRD&ÿì(¯ÝI½�

(a) AlÒ4�XRD&ÿì(¯Ý; (b) AuÒ4�

XRD&ÿì(¯Ý.

4.3 XRD&ÿìI½�Ø(½Ý©Û

�â13!�©Û, IO&ÿìÿþ��Ø(½

Ý�u5%. &ÿì�ÑÑ&Òd6517Af>6O�

Ñ, ÙÿþØ(½Ý�u1%. &ÿì�V>6��

5×10−15A, &Ò>6�5×10−12—5×10−11A, &ÿì

�&D'�u100, ¤±, &Òÿþ�Ø(½Ý�u

1%. 1�Uþ©EÐu1000, 1fUþ�Ø(½Ý

�u0.1%. pg�Å�u1%, ¤±, dupg�ÅÚ

å�ÿþØ(½Ý�u1%. �âØ(½ÝÜ¤5K,

XRD&ÿìI½�Ø(½ÝÐu7%.

5 È¡�þÝI½

5.1 È¡�þÝI½�{

È¡þÝ�I½æ^ÿþÈ¡éüU1f�ß

LÇ5I½. 33B3¥Uå�þ, |^#�I½C�,

1�rÝdIO&ÿì�Ñ, &ÿì�ÑÑ&Ò^

6517Af>6OP¹, éu,�U:Ei, 3vkÈ¡

��ÿ, IO&ÿì�ÑÑ>6 I0i , �rÈ¡£�1

´¥, &ÿì�ÑÑ>6 Ii , @o, �I½È¡�ßL

Ç�

T (Ei) = Ii/I0i

��ØÓ�U:, �±¼��X�ØÓU:e�È¡

�ßLÇ, �âÈ¡�ßLÇúª:

T = e−µd,

ª¥µ´á��áÂXê, d´È¡�¡�Ý, ü ´

µg/cm2. òþªCz�e, k

d =− lnT/µ,

éuØÓ�U:k

di =− lnT (Ei)/µ(Ei).

ÏLeZU:�¢�(J¦²þ, �±�ÑÈ¡�þ

Ý:

di =

∑
di

i
=−

1

i

∑ lnT (Ei)

µ(Ei)
.

5.2 È¡þÝ�I½(J9©Û?Ø

¢�¥éõ«È¡?1
I½, Ù;.(JXã

5¤«, e¡ÒNiÈ¡�I½(J?1©Û?Ø. æ

^ù«�{I½È¡�þÝ, é1��¦�p, �

¦1äk�p�Uþ©EÚrÝ, ���pg�Å,

ÿþ&ÿìäk����5Ä���. 3I½¢�¥,

|^3B3¥UX1å�I½È¡�þÝ, 1äk�

p�Uþ©E (�u1000)ÚrÝ (�u1010 1f/s),

���pg�Å (�u1%), ù
Ñ�(½È¡�þ

ÝJø
��^�. L�, 33W1B$UX1å�

þ, I½(J��Øn�, Ò´Ï�15UØÐ.

lêâ?nL§, �±w�, XJ1�Uþ©E�

�, Uþ�IØ(½Ý��, XJpg�Åî, ßL

Çÿþ(JØ(½ÝC�, XJ1rÝf, &D'

ã 5 NiÈ¡�ßLÇÿþ(J�nØ(J�'�
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Ò$, &ÒÿþØ�Ò�. ¤±1äk�p�Uþ

©EÚrÝ, ���pg�Å´�ÐÈ¡I½��

^�. l¢�(J5w, nØO��¢��I½(J

��5�Ð.

5.3 È¡þÝI½�Ø(½Ý©Û

ÏLØÓ�U:5½ÂÈ¡�þÝ, ØÓU:ß

LÇ� ��uL1, lØÓU:ßLÇ� �5w,

ÿþ(J´�&�. ÏLO�, ßLÇ� ��u1%.

¤±, ·�ÐÚ�±�ÑÈ¡þÝ�Ø(½Ý�u

3.6%.

�öa�3B3¥UX1å���Nó�<
, ¦

��ù�ó��Ñ
�~���z.

L 1 ØÓU:ßLÇ� �

U:/eV nØ� ¢��  �

2100 0.63791 0.64762 0.0097

2200 0.67152 0.68182 0.0103

2300 0.70135 0.7081 0.00675

2400 0.72804 0.73499 0.00694

2500 0.75178 0.7541 0.00232

2600 0.77296 0.77234 0.00062

2700 0.79192 0.79033 0.00159

2800 0.8089 0.807 0.0019

2900 0.82414 0.81749 0.00665

3000 0.83787 0.83179 0.00608

3100 0.85046 0.84298 0.00748

²þ � 0.0054
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Calibration of XRD Detector and Filter on the 3B3 Medium

Energy X-Ray Beam in BSRF

CUI Yan-Li1 YI Rong-Qing1 DU Hua-Bing1 ZHAO Yi-Dong2 CUI Ming-Qi2 ZHENG Lei2

1 (Laser Fusion Research Center, CAEP, Mianyang 621900, China)

2 (Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract The sensitivity of XRD detector in 2.1—6.0keV energy range has been calibrated on the 3B3 medium

energy X-ray beam at the BSRF for the first time in our country, and the uncertainty is less than 7%. In addition,

the calibration precision of filter thickness has been improved by using the 3B3 medium energy X-ray beam, and the

uncertainty of the filter thickness is less than 3.6%.
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