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Á� ��ï��n?íN>f�Oì (Triple-GEM)�5U9õ´¤��ïÄ(J. ¢�ÿ�n

?GEMé 55Fe 5.9keV X���U1>¸��ZUþ©EÇ�20.2%; k�OÃ> 104. |^96´

8mm×8mm�pad9>fêiXÚ¤õ¢yõ´¤�.

'�c íN>f�Oì Uþ©EÇ k�OÃ õ´¤�

1 Úó

í N > f � O ì GEM
[1]

(Gas Electron Multi-

plier)´�«#.íN&ÿì, ÙÄ�Ü�´3ü

¡ÆÔ�3Ùþ¡�Ñ�þ���àzæX (kapton)

�, ¿3üýÔ¡þ\p>Ø. >f3�SÈ�, é�

Ð>l?1��. duGEMk�X�`:, XpOê

Ç!|Ë�!�þ�!p�m9�m©E!ÖÑ�

B, �ØÓ=�Në^�&ÿØÓ���, Ïdkõ

�¡�A^cµ.

2 n?GEM�(�Ú¢�C�

2.1 n?GEM�(�

ã1�n?GEM�(�«¿. GEM�´3þ

50µm�àzæX (kapton)��þ!eL¡�Æþ

5µm�Ô�, ¿3Ùþ¡��»�70µm, ÙÛ¥n

�/, ��¥%å�140µm����«EÜ�. ��

SÜ/G�V�I/ (ã1(a)), GEM�k�¡È�

100mm×100mm. 33�GEM�þ¡k��Ò4, 3

Ùþ\pØ, �11?GEM�þL¡�pØ/¤¤£

>|ED ¦��Ð>f��GEM���«. 3�GEM

�>Ø�©O�∆VG1, ∆VG2, ∆VG3 (dþ�e). zü

���m�DÑ«>|ET1, ET2 ¦�lþ��GEM

��Ñ5�>f��e��GEM��«. Â8>|

EI, ��ÚÂ8GEM�O�>f (ã1(b)). &Ò©

Od100mm×100mm pad�´ÖÑ (5UïÄ�)Ú

96´8mm×8mm padõ´ÖÑ (¤�ïÄ�). CAEN

SY-127õ´pØ>
ø�pØ. Ò4!3�GEM�

9padÖÑ��µ31�¿N¥, ¿N¿±ó�íN

(Ar/CO2(70:30)), æ^1��íØ6íªøí.

ã 1 (a) GEM��5�; (b) n?GEM(�ã

2.2 ÿþn?GEMÄ�5U�¢�C�

3 ÿ þ n ? GEM � Ä � 5 U �, & Ò = d
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�´100mm×100mm padÖÑ. 55Fe 5.9keV X��

(2.3×107Bq)ÖÑ&Ò²L>Ö(¯c���ì (�

®Ø¤ì�86-01)!�5��ì (FH1003A)Ñ\�õ

�©Ûì (ORTEC918A)¥, ©ÛÌ/.

2.3 �º�padÖÑ�õ´¤��¢�C�

� º � pad Ö Ñ � õ ´ ¤ � ï Ä d 96 ´

8mm×8mm pad (� ) m Y, Ù ¥ m Y � �0.5mm)

ÖÑ. z´padÏL��Ú��ªë���c��

�ì (FBPANIK>6(¯c���ì)Ñ\à. ²d

�ALEPH�cà>fÆ� (SGS card)!&Ò©�Ý

(spliter board)!g1�O�=��Ú��CAMAC

�Sêi¼�XÚ�� (C187)¢yêâ¼�, Xã2

¤«, ��©z [2], y{ãXe.

ã 2 êâ¼�(�ã

SGS cardSÜ�¡8¤
þOì±9£ M�

ì, Ó��±�ÑÑ\&Ò�digital or&Ò, �|^

d&Ò�XÚ>u. z¬SGS cardKIæ832´c

���ì�&Ò, ÏLþOì=�¤êióÀ&Ò

x\£ M�ì, ��>u&Òdigital orÀÏ. óÀ

&Òd£ M�ìG1ÑÑ�&Ò©�Ý (splitter

board), 2òêâÏL�©&ÒDÑ�CAMAC��

Ö\C187. Ù¥, ��&Ò, gu (test), �¨ (clock),

\1 (load)�&ÒdC187Dx=��, ,�²&Ò©

�Ý©��SGS card¥�êâó. K�>Ø�²&

Ò©�Ý\�SGS cardþ��´Ñ\à. load&Ò�

1.2µs, �¨&Ò�200ns.

^�XÚÄuC++ ÚROOT^��?�.

3 ¢�(J

3.1 n?GEM�Ä�5U

3.1.1 n?GEMk�OÃ�DÑ|ET1, ET2 �Cz

ÿ þ n ? GEM k � O Ã � D Ñ | ET1, ET2

� C z �, � ½ 3 � GEM � > Ø � ∆VG1, ∆VG2,

∆VG3 Ñ�400V; ¤£|ED �1.2kV/cm; Â8|EI

�2.5kV/cm. ÿþ¤�Cz­�Xã3(a)¤«. dã

��, n?GEMk�OÃ�DÑ|ET1 , ET2 Ó�U

C
�5O\.

3.1.2 n?GEMk�OÃ�Â8|EI �Cz

� d ÿ þ �, � ½ 3 � GEM � > Ø � ∆VG1,

∆VG2, ∆VG3 Ñ�400V; ¤£|ED �1.2kV/cm; ü

?DÑ|ET1, ET2 þ�2kV/cm. ÿþ¤�Cz­�

Xã3(b)¤«. �±w�, n?GEMk�OÃ�Â8

|EI k´�5O\, �EI > 4.5kV/cm�ªu�Ú.

ã 3 (a) n?GEMk�OÃ�ü?DÑ|>ØÓ

�UC��Cz­�; (b) n?GEMk�OÃ�

Â8|Cz­�

3.1.3 n?GEMk�OÃ�∆VG1, ∆VG2, ∆VG3 Ó

�UC�Cz

� ¤ £ « ! D Ñ « Ú Â 8 « > | (ED =

0.8kV/cm, ET1 = ET2 = EI = 2kV/cm)(½, n?

GEM�k�OÃ�∆VG1, ∆VG2, ∆VG3 Ó�\�
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O\. �∆VG1 = ∆VG2 = ∆VG3 = 420V�, n?GEM

�k�OÃ��1.2×104 (ã4).

ã 4 n?GEMk�OÃ�∆VG1, ∆VG2, ∆VG3

Ó�UC�Cz­�

3.1.4 n?GEMUþ©EÇ�ET2 ÚED �Cz

Uþ©EÇ~^ 55Fe�U1>¸5ÿþ, ¿dU

Ì¥��U1>¸ �<º¸ �'5ïþ>fÆX

Ú��5. ã5�n?GEM�>fÆXÚÿþ¤�

55Fe�UÌã. Ù¥, ED=2kV/cm, ET1=2.5kV/cm,

ET2=2.3kV/cm, EI=2kV/cm, ∆VG1=∆VG2=∆VG3=

400V. d ã � � � U ¸   � 631.6�, Ù � p °

(FWHM)�127.5�, <º¸ �323.7�, üö�'

�1.95, L²XÚ��5éÐ. ^FWHMO��Uþ

©EÇ�20.2%.

ã 5 n?GEMÿþ¤� 55FeUÌã

Ù ¥ ED = 2kV/cm, ET1 = 2.5kV/cm, ET2 =

2.3kV/cm, EI = 2kV/cm, ∆VG1 = ∆VG2 =

∆VG3 =400V.

5¿�DÑ«>|Ú¤£«>|éÌ°k­�

K�.

(1) Uþ©EÇ�1�?DÑ«>|ET2 �Cz

DÑ«>|ET2l1.67kV/cm,p�2.17kV/cm,

Uþ©EÇ�l36.5%UC�29.0%(ã6(a));

(2) Uþ©EÇ�¤£«>|ED �Cz

¤£«>|ED l0.4kV/cm,p�2.0kV/cm, U

þ©EÇ�l29.0%U?�20.2%(ã6(b)); �ZUþ

©EÇ (^FWHMO�)�20.2%.

ã 6 (a) n?GEMUþ©EÇ�1�?DÑ|C

z; (b) n?GEMUþ©EÇ�¤£|Cz

3.1.5 c���ìÑÑ�padº��'X

3ïÄc���ìÑÑ�padº��'X�,

U C pad º � � � { ´ Ï L pad g 1 Ú � � ª.

= � ´ pad � 8mm×8mm, z ´ pad Ú Ñ � ´ = �

� º � � 8mm×8mm � pad; ò 4 ´ ¿ é Ú Ñ � ¤

16mm×16mm�pad (5: 16mm×16mm pad¡È´

d4��pad|¤). l©O¦^ü«>6(¯c��

�ì (XFBPANIK>6(¯c���ì1)
! BES0

MDC>6(¯c���ì2)) Ú3«>Ö(¯c�

��ì (X©z [3]�>Ö(¯c���ì!�®Ø

¤ì�)��86-01.>Ö(¯c���ì!BES0

EMC>Ö(¯c���ì3)) ��¹5w, padº�

�16mm×16mm�, ¦ü«>6(¯c���ì�Ñ

Ñ&ÒÌÝÑ²wC�. ��>Ö(¯c���ìé

uùü«º��pad, &ÒÌÝÃ²w�O. �O´d

uTc���ì�m�OÃé�, n?GEM9Ñ\

Ú���	Ü>N�±�Ñ¤�
[4]

.

>6(¯c���ìÑÑ�Å/þ,!eü�m

'�¯ (©O��100ns), ù«¯&Ò�AA:k|u

1)ETH-ZUERICH Institut fuer Hochenergiephysik Switzerland Note (1997.09.03)

2)¥I�Æ�pUÔnïÄ¤BESIIIMDC>fÆ�ÅXÚï��w

3)¥I�Æ�pUÔnïÄ¤g��^uBES0 þUìþ�>Ö(¯c���ì, ��û��O.
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u�GEMäkpOêÇ�A:(ÏT&ÿì�óÀ&

Ò��d>fÞ��z), ü«>6(¯c���ìé

uü«padº��&D'Ñ�u10:1.

3¶-^��Ó��¹e,ü«>6(¯c�

��ìÚ3«>Ö(¯c���ì�ÑÑ ?1 '

�, >Ö(¯c���ì�&D'��; �º�pad

(100mm×100mm)é>6(¯c���ì�&Ò�A

4�.

3.2 õ´¤�

� õ ´ ¤ � ï Ä �, n ? GEM > Ø � � ©

O � ∆VG1=370V, ∆VG2=350V, ∆VG3=340V, ED=

1kV/cm, ET1 = ET2 = EI = 2kV/cm. ^ 55Fe(2.3×

107Bq)��
Ëì. �âêâ¼�XÚ�²þD(�

40mV, þOK��½�100mV. zgÿþ�m�60s,

ò��
²LþÝ�5mm!�»�2mm�¾O��,

�uGEM&ÿìI��?, ��&Ò.

ã 7 (a) �´pad&Ò�¹; (b) ¤�

ã7(a)��gÿþ�(J. duO��»���,

�²ww�=k��padþk²wpuÙNC1—4

�padþ�Oê. k��Oêpadþ�&Ò´du&

ÒaA½ö´��padm�>NÍÜ�A. Ù{pad

du&ÒÑ3���e
vkOê.

ò��
3ØÓ� �£Ä, Ò¬3ØÓ�pad

þ��&Ò, ÷X‘BES’ù��;,£Ä, ��
é

AuØÓ�padþ�Î.ã, z?���ã/ÑÚã

7(a)aq. òã7(a)©OÝK�X , Y ������

ã/, ,�©OéÙ?1pd[Ü, ^pd[Ü�¥

%��LTg¢��X , Y �. òz�padþ�êâ?

1þã?n�, ò¤k (X,Y ) �&E3X , Y �I

¶þ�Üw«, ¿Ó�w«éA�¯~'~, ��


BESã�. Xã7(b)¤«, Ù¥X , Y ��=�pad�

X , Y ��, Z ���òo¯~Oê��8�zXê

�'~. dd��, |^n?GEM�±k�¢yõ´

¤�.

4 ?ØÚ(Ø

(1) n?GEMíN&ÿì3·��>ØÚ>|

e, k�OÃ> 104. ¤£«ÚDÑ«>|�Or¬¦

>f¤£�Ý\¯, ¦�Uþ©EÇUõ. ¤ÿ�Z

Uþ©EÇ (^FWHMO�)�20.2%.

(2) �padº�C�, �±^>6(¯c���ì

·^uGEM�¯�mA5. Ïd, �
u�GEM�

¯�mA59´ê4õ��Ä����[þ�ÖÑ,

mÐ8¤Ýp�>6(¯c���ì�ASIC>´�

ó�´­��.

(3) >Ö(¯c���ìéuÑ\>Nvk²w

�65, &D'�é�Ð. Ïd, mÐ8¤Ýp�¯>

Ö(¯c���ì�ASIC>´�ó���­�.

(4) æ^õ´Ú�ÖÑ, ¿vk*	�ýO�U

u)�G6¯K, dêâ¼�XÚ�±^uGEM. �

¢�C�CÏò38keV�X1Å!1GeV�óÀª�

>få!9¥fåþ�?�Ú¢�. �ó�æ^�

padº� �, �
¦¤��J��n�, 8c�3Ê

y|^��º��padÖÑ±9õ´�[þÖÑ�.

AOa�F.Sauli�Ç!G.Bencivenni�Ç!�

uÂ�Ç!B�S�Ç!��û�Çé�ó���å

|±9kÃ�?Ø. a�±sÚ�â�3á�Úó²

�¡��Ï.
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Experimental Study of Triple-GEM’ Performance and

a Multi-channel Image

DONG Jing1,2;1) XIE Yi-Gang2 CHEN Yuan-Bo2;2) LIU Qian2

OUYANG Qun2 XIE Wan2 WEI Wei2

1 (Lanzhou University, School of Nuclear Science and Technology, Lanzhou 730000, China)

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

Abstract Experimental study of the performance of triple-GEM and a multi-channel image was reported. The

measured experimentally best energy resolution of 55Fe 5.9keV X-ray full energy photo electron peak is 20.2%, effective

gain > 104. Image was obtained by using 96 channels digital DAQ system which was composed of 96 8mm×8mm pads

and 96 electronics channels.

Key words Gas Electron Multiplier, energy resolution, effective gain, multi-channel image
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