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�©|^�®ÓÚË�1 (BSRF), JÑ
é^«�Å Au Ú CsI ß�Ò4Ì�A(¯Ý?1ýéI½��
Y, �Ñ
3 60—5500 eV U«�ýéÌ�A(¯Ý, I½Ø(½ÝÐu 10%. Ó�, Äu Henke �<�O��.,

�Ñ
ß�Ò4��éÌ�A(¯Ý, ¿�?1
 CH | �. X ��ßLÇ�?�. (JL²I½��nØ�Î
Ü�Ð.

'�c: X ��^«�Å, 1Ò4, ÓÚË�

PACS: 52.70.−m, 85.60.Ha, 41.50.+h

1 Ú ó

m�°Ä.5�åàC¢� (ICF) ¥, -1Ï
LÎn\�\��n9þ�)�lfN, -1��
lfN�p�^L§¥� 90%�Uþ=z� X �
�Ë�, Ù¥^ X �� (0.1—10 keV) ÓË�Uþ
�ý�Ü©. ½þÿþ^ X ���UÌ�±�Ð�
ïÄ-1å��lfN�p�^L§¥¤u)�
ÔnL§ [1−3]. äk�m©EUå�^ X ��^
«�Å´?1^ X ��A5ïÄ�Ì��ä��,

�Uþ©E��Xß�1»!¬NÚõ�º��
Ü, �±ÿþË�UÌ��müz1� [4−6]. �u
^«�Åcà�ß�ª1Ò4?11>=�, ´�
Å�Uþ�A��. éu�ÓrÝ!ØÓUþ�\
�1, 1Ò4�)�>&ÒrÝ´ØÓ�. Ïd, �
�½þ��äÃã, ék7�éÒ4�Uþ�A?
1ýéI½.

Henke[7−9], Fraser[10] �<Qé^ X ��ß�
ª1Ò4�
Rk¤��ó�. ¦�l X ��1f
��N�^Ån\Ã, ïÄ
1>f�u�L§,

¿�JÑ
7áÚ�7áéA�1>fu��Ç
�.. Henke �|^�1, ÿþ
 Au, CsI �(¯
Ý [8], �Ñ
�õê���1>�¡êâ [9]. �©
l Henke �1Ò4�.\Ã, (Ü¢S�¹, �Ä
| �é X ���áÂ, ?1
¢S1Ò4��é
(¯Ý�O�, ¿�I½(J?1
é'.

É��ó²!�¸Ï��K�, 1Ò4nØ�
.¿ØUO(��Ñ¢S�(¯Ý�. Ïdéu
p°Ý� ICF �ä¢�, A�Ì “I½�2¦^”

��K. ´J��<3ÓÚË�1þ�NI½

^ X ��^«�Å�Uþ�A [11]. (JØ(½
Ý� 23%. �©|^�®ÓÚË�1, é1Ò4
?1I½, ¿�JÑ
�@���I½�{, ��

ß� Au Ú CsI Ò4�(¯Ý�, Ø(½ÝÐ
u 10%. ��Y� ICF ¢�Jø
��ë�êâ.
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2 ^ X ��^«�Å

^ X ��^«�ÅÌ�dc�1Ò4!×£
C�+ (�)\�>4!à�>4! =>4ÚF
1¶)! �Orì!ã�?nXÚ±9>fÆ��
�´|¤ [11]. Xã 1 ¤«, 1Ò4�d¿�½3�
å, \�1²Lc�d¿��1Ò4þ, �Ò4�
^3�¡u�1>f; 1>f²L\�!à�, ,

�3�·>Ø�^eU�m^S?1ØÓ§Ý�
 =; 2²L�Orì�Or�^, ���ã�?
nXÚ¤�Â���m��Ú�m��×£ã�.

>fã�3×£���°Ýé�Å��m©EU
åk�K�, �
�y^«�Å��m©EUå,

7L^c�d¿��k�Ò4�°Ý, �´ù��
1Ò4�Ì�A(¯ÝI½E¤
����(J,

Ny3&Òf!Jé1��¡.

ã 1 ^«�Åó��.

3 1Ò4Ì�A(¯ÝÚ1>fu�
�.

Ì�A(¯Ý R(E) ´1Ò4�����
A5, Xeª½Â�u�1>6�üÚ\�1r�
'�, ü  A/W, Ù¥ E �L\�1f�Uþ, ü
  eV, n e(E) Ú np(E) ©O�Lü �mSu�
�>fê�\��1fê. Ì�A(¯Ý��L�

1Ò4�Uþ�AA5.

R(E) =
n e(E)

np(E)E
. (1)

Henke �<ïÄ
 Au Ú CsI �Ò4á�, 3Ì
�A(¯Ý�¡�
Rk¤��ó�, ïá
ß�
ª1Ò4�>fu� “nÚª” �. [7,8].

1�Ú rÝ I0!Uþ E � X ���\��
1Ò4, Ò4þÝ t ?���þÝ dt �áÂ1fU
þ� I0Eρµ(E) exp(−ρµ(E)t)dt, Ù¥ ρ L«á�
�Ý, µ(E) �á�éUþ E � X ����þáÂ
Xê.

1�Ú �-u��fÏL��>fu�½F
1ò-�UþÄ�, ��-u�1>fÚ���

��>fUþ�p, ¡�Ð?>f. �ké��Ü
©Ð?>f��lá�L¡ºÑ, �õêÐ?>f
3á�SÜÏL-E��^?1Uþ=£, �)U
þé$��g>f. X ��Uþ��S�1>=
�, Ì�´|^�g>f. ¢�L² [8], <ºÑ�
�g>fUþ©Ù�\�1fUþÃ', Ù²þU
þ Eka ��á�k'X. 3ù�Ú�)��g>f
ê8�

dNsec = I0Eρµ(E) exp(−ρµ(E)t)dt/Eka. (2)

1nÚ ù
>f3á�SÜ�>f½ö(f
-E, �ª�Ü©£Ä�á��L¡, ¿�ÑÒ4
á��L¡³^, lL¡ºÑ. b�²Lõg-E
��g>f��Ò4�L¡�VÇ� P , Ó��Ñ
L¡³^ºÑL¡�VÇ� K, ��ºÑ��g>
fê8�

dN = KPI0Eρµ(E) exp(−ρµ(E)t)dt/Eka. (3)

½Â�g>f3á�¥�k�<º�Ý λs, é
uß�ª�1Ò4, �k3�L¡NCþÝ� λs

�NÈS�)��g>fâUu�Ñ5. éª (3)

3þÝ�� (t − λs, t) SÈ©��Ò4�L¡Ñ�
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�>fê

N = KPI0Eρµ(E)λs exp(−ρµ(E)t)/Eka, (4)

éu Au á�, �g>fÑ$�, >f - >fÑ
�åÌ��^. �g>fÑ$��L¡�VÇ P

� (1 − exp(−t/λs))[7,12]. L¡ºÑVÇ K �\�
1UþÃ', �´´É�á�!��ó²!L¡G
�$����m [13] �¢SÏ��K�. (Ü (4)

ª���éÌ�A(¯ÝO�úª�

R(E) ∝ρµ(E)λs exp(−ρµ(E)t)

× (1 − exp(−t/λs)). (5)

é u � 7 á CsI, � g > f Ñ $ � � Ì
� L § ´ > f - ( f Ñ �. Ó � �, V Ç P

� tanh(t/λs)[7,12]. �éÌ�A(¯ÝO�úª�

R(E) ∝ ρµ(E)λs exp(−ρµ(E)t) tanh(t/2λs). (6)

Au Ú CsI �k�<º�Ý λs ©O� 4 nm

Ú 25 nm[7,8,12]. ,	, �©¤I½�1Ò4æ^
þÝ� 30 nm � Au Ú 100 nm � CsI. 3dþÝ
^�eÒ4�Ã{¢yg| , 4´»�, Ïdæ
^Å�5UûÐ!é X ��áÂ�� CH ���
�., þÝ3Az� nm �m, Xã 3 ¤«. CH �
3 280 eV NCk²w� C-K áÂ>, nØO�
�AT�Ä CH é X ���P~K�. �©I½
� Au Ò4 CH �þÝ� 200 nm, CsI Ò4 CH �þ
Ý� 1000 nm.

ã 2 � CH �.�1Ò4u��.

|^ (5), (6) ªO�Ñ 30 nm � Au Ú 100 nm

� CsI ��é(¯Ý, Ó��Ä CH �é X ��
�P~�^, nØO�(JXã 3 ¤«. ã¥¢�

L«=k Au Ú CsI ���é(¯Ý�, J�L
«�Ä CH �K�����é(¯Ý�. �±
wÑ, 3$Uà (< 1000 eV), cÙ´3 C-K áÂ
> (280 eV) NC, CH ��é(¯Ý�K��©w
Í. CH �épU X ���ßLÇép, Ï3pU
àé(¯ÝK�$�.

þãO��´ Au Ú CsI 1Ò4��éÌ�A
(¯Ý. I½�1Ò4�ýé(¯Ý�, �N��
é(¯Ý�'~Xê, �¢S�(¯Ý�é',

�	I½êâ.

ã 3 (a) Au 1Ò4O�� (Au �þÝ 30 nm, CH �þ
Ý 200 nm)¶(b) CsI 1Ò4O�� (CsI �þÝ 100 nm,

CH �þÝ 1000 nm)

4 I½�{Ú¢�Sü

1Ò4Ì�A(¯ÝI½3�®ÓÚË�
1 (BSRF) þ?1. ÓÚË�1äküÚ5
Ð!rÝp!U«°!ëY�N�`:, ´n�
�I½1 [14]. �®ÓÚË�1 (BSRF) Jø

$U (60—1600 eV) Ú¥U (2200—5500 eV) ü
^å�, CX ICF ¤'%�^ X ��U« (50—

4000 eV), Ó�, ¢�æ^ AUX-100 . Si &ÿì�
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�IO&ÿì, ÿþI½�ýérÝ.

�©��é1Ò4?1I½. �ÿ1Ò4d�
e�Æ1>fÆïÄ¤��Jø. Xã 4(a) ¤«,

�d¿��ÿ1Ò4SC3àoÍ¯L�Î|e
þ, c�d¿º�� 1 mm× 30 mm, �>Y²��.

^àoÍ¯L=��mÒ4��¡�ÔÂ8�, 1
Ò4�ÔÂ8�ål� 2 mm. 1Ò4\þK Ø,

|^Ô�Â81>6. ã 4(b) �1Ò4>6ÿþ>
´ã. éu�©I½�1Ò4, O��� X ��ß
LÇ3 50%—90%$��p, �BL� X ��ì
��ÔÂ8�þ, ÙL¡¬ºÑUþ�p�Ð?>
f, �)��>6K�1Ò4>6�ÿþ. Ïd, 3
ÔÂ8�¥mm
���1Ò4d¿éà�d¿,

;��B1�K�, Ó�¤\� Ø�U�y1>
fU
Â8��. éþã� Au 1Ò4C�?1

ØÓ\�1Uþe� ØÿÁ, ã 5 �L²,  
Ø\� −100 V �1>f�±�Â8��.

3 BSRF þ�¢�ÙÛXã 6 ¤«. 1<!
1Ò4±9IO Si &ÿìS�u�å����ý
�n¿S, nö¥%þ u1´þ. ÓÚË�x1
²LüÚì, ÏLN�1»�Ý�±3Ó�Ñ�
��þ��ØÓUþ�üÚ1å. c�1<ç�
° 0.5 mm, |^-1Y²¤N�c�1<�Ò4d
¿, ¦�üö�>þY². 1åßL1<, ���1
����� 0.5mm × 5 mm. 1Ò4�±ç�þe
£Ä. |^>6Oÿþ1>6, N�1Ò4ç��
�� �, l¦�11��Üá3Ò4k�«
�S. IO Si &ÿìk�¡È� 10mm × 10 mm,

�y�Ü�Â²L1<�\�11�. �±@�,

Ò4�IO&ÿì�g�Â�1r����. �©
ò1<�u1�:NC, �y
1�rÝ, J
p
&D'.

ã 4 (a) 1Ò4I½C�(�; (b) 1>6ÿþ>´ã

ã 5 Au 1Ò4 Ø�

ã 6 I½¢�ÙÛ«¿ã
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1Ò4>6�IO&ÿì>6dÓ��3�
| 6517A f>6O�ØÓÏ�?1ÿþ, Ó�>6
O>ØÑÑÏ�ø1Ò4 −100 V >Ø. 1Ò4�
�,åØ31´¥�, IO&ÿìÿ�>6 I0, 1
Ò4ü\éO31´¥�, ÿ�1Ò4>6 I1. I
O&ÿì(¯Ý Rsta ®d{I NIST(National In-

stitute of Standards and Technology) �Ñ. �ÿ1Ò
4�(¯Ý�±O��Ñ

R(E) =
I1(E)Rsta(E)

I0(E)
. (7)

5 I½(J�©Û

ã 7 ¤«� Au Ò4Ú CsI Ò4I½(J�n
Ø��'�. ¢��?���nØO��, n�
/êâ:�¢�ÿþêâ. ��nØ�I½�ÎÜ
éÐ, `²¢�êâ���5. C-K(∼280 eV) áÂ
>�~²w, NC>6&Òéf, &D'�, Ïd
?I½êâÎÜ�ØÐ. 3¥U« CH �é X ��
ßLÇp (95%±þ), vkáÂ>�K�, éÒ4�
AK�$�.

éu Au Ò4, 3¥U«�±�Ù�E@Ñ Au-

M �¥ 2300 eV, 2700 eV, 3150 eV Ú 3400 eV o^
A�áÂ>. éu CsI Ò4, 3¥U«�±�Ù�
E@Ñ I-L � 4550 eV, 4850 eV Ú 5190 eV áÂ>
±9 Cs-L � 5010 eV Ú 5350 eV áÂ>. �±w�
3 CsI áÂ>��I½�Ñ$unØ�, ß��Ï
´d?áÂ>õ, nØO�¤æ^��¡êâ°Ý
Øp¶,	du CsI 3�í¥4´�), 3I½�
�AAO5¿. �±wÑ, �©¤I½� CsI Ò4
(¯Ý' Au Ò4p 2—10 �. L 1 �Ñ
dg¢
�¤ÿþ�����áÂ>.

´J��< [11] æ^¡È'~��{5?
1 I ½, = 1 Ò 4 (¿ ° � u 1 mm) � � � 1
� (5 mm × 7 mm) �Ü©, IO&ÿì�Â

�Ü1�, Ùÿ��&ÒI�¦±¡È'~Xê.

d«�{¥1��Øþ!5¬�5é��Ø�. �
gI½æ^�´�1��ÜáÂÿþ�{, ;�

1�Øþ!5, Ó�Jp
&Ò�rÝ. Ò4>
6D(Ä��±3 5 × 10−14 A, ÿþ&ÒrÝ�
ê��S�BS, Ò4>6ÿþØ(½Ý�u 1%.

IO&ÿì(¯ÝêâØ(½Ý�u 5%, Ù>6
ÿþØ(½Ý�u 1%. ¢�¥vk¦^�ÅºÈ

K�Å, 1�Å±91åËÄ�5�Ø(½Ý�
u 5%. Ó�¢��SC°Ý� 5%. Ïd@�dg
I½�Ø(½ÝÐu 10%.

ã 7 (a) 1Ò4(¯ÝI½��nØO�'� (Au �þ
Ý 30 nm, CH �þÝ 200 nm); (b) CsI Ò4(¯ÝI½�
�nØO�'� (CsI �þÝ 100 nm, CH �þÝ 1000 nm)

L 1 ¢�ÿ�����áÂ>

�� U? Uþ/eV

C K 1 s 284

Au

M4 3d3/2 2300(2200)

(M53d5/2)

M3 3p3/2 2700

M2 3p1/2 3150

M1 3s 3400

Cs
L3 2p3/2 5010

L2 2p1/2 5350

L3 2p3/2 4550

I
L2 2p1/2 4850

L1 2s 5190
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L 2 ¢�Ø�©Û

Ø�5 Ø(½Ý /%

f>6O 1Ò4>6 1

IO&ÿì 1

IO&ÿì(¯Ý 5

�Å�1åËÄ 5

SC°Ý 5

6 ( Ø

�©Äu Henke �<�1Ò4>fu��.,

©OO�
^ X ��^«�Å� Au Ú CsI 1Ò
4��éÌ�A(¯Ý�, ¿�I½
1Ò4�

ýéÌ�A(¯Ý�. I½æ^�1��ÜáÂ
ÿþ�{, ;��¡È1�Øþ!5�5�pØ(
½Ý. Ó�&D'p, A�áÂ>�ß�E, Uþ©
EÇÐ. I½�Ø�Ì�5g1!IO&ÿì(
¯Ý±9SC°Ý. nØO��¢ÿêâÎÜ�é
Ð, �´EkÜ©êâ�3²w�É, X C áÂ>
±9 CsI áÂ>NC.

ÏLþãïÄ, ¼�
^ X ��^«�Åß
� Au Ú CsI Ò4�Ì�A(¯Ý�, ¿�ïá

���Ò4(¯ÝI½�{, �½þzÿþ X �
�UÌ�e
Ä:. ?�Ú�ó�´`zI½�Y,

~����!�Ø�, JpI½°Ý.

�e�Æ1>fÆïÄ¤�N���Jø
^«�
Å�ß� Au, CsI 1Ò4, 3dL«a�.
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Abstract

A method is described of measuring absolute spectral response for Au and CsI transmission photocathodes in soft X-ray streak

camera, which is of great importance for the inertial confinement fusion (ICF) diagnostics. Transmission photocathode is conventionally

employed as photo-to-electron conversion accessories. To derive quantity information of X-ray spectra, the absolute response of

photocathode must be calibrated in a range of interest. Here Au and CsI transmission photocathodes with slits are calibrated respectively

on Beijing Synchrotron Radiation Facility (BSRF), in a photon energy range of 60 eV—5500 eV. This method has an uncertainty less

than 10% and good feasibility. Calibration results are in good agreement with the calculation results obtained from the Henke’s photon

emission model, with CH substrate effect revised.

Keywords: X-ray streak camera, photocathode, BSRF
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