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�©0�
 micromegas &ÿì�Ì�ó² —-micro-bulk ó². ¿¦^ 55Fe ��
é���¤� micro-bulk ó
²�n&ÿì?1
ÿÁ, é'
�ý�jó²�n&ÿìUþ©EÇ��O, ¿?�ÚïÄ
 micro-bulk ó²&
ÿì>fßLÇ�5UÿÁ�(J.

'�c: micromegas micro-bulk Uþ©EÇ

PACS: 29.40.Cs

1 Ú ó

DÚéEÅÔn¥»,&ÿìÌ�díN
j¿«ú, Ù�.� 1968 cd Charpak � [1] u
² � õ j � ' ¿. � d u � m > Ö � A � K
�, ù « & ÿ ì � O ê Ç 3 104/s ± S, 4 � �
� � 
 í N j ¿ & ÿ ì 3 p � Ý é E Å ¥ �
A ^. � 
 )û ù � ¯ K, 20 ­ V 90 c �, �
a#.�(�íN&ÿì (micro pattern gaseous
detector) u Ð å 5, ù a & ÿ ì ä k � m � A
¯, OêÇp, �m©EÐ�A:. ;.��(
� & ÿ ì k micromegas(MICRO-MEsh-GASeous-
structure)[2], GEM(gas electron multiplier)[3] �.

1996 c micromegas &ÿìu²u{I Saclay
¢�¿, 3 Giomataris �< [2] �[`²
T&ÿ
ì�ó��nÚ���ª. �X��ó²�?�
ÚuÐ, �¡È micromegas &ÿì2��A^u
�«Ôn¢�¥, Xî³Øf¥%� COMPASS ¢
� [4], F�� T2K ¢� [5] �. 3 COMPASS ¢�
¥, å6¯~Çp� 450 kHz/cm2, 3ù«OêÇ
e� micromegas &ÿ�Ç�C 100%, �m©EÇ
�� 90 µm, �m©E�� 9.3 ns. 3 T2K ¢�¥,
micromegas &ÿì�� TPC ÖÑ, ��¡È��


 0.7 m×2 m.
;.� micromegas &ÿì©�¤£«ÚÈ�

«üÜ©, ��Xã 1 ¤«.

ã 1 micromegas &ÿì(�«¿ã

ù«�é¡(�&ÿìC���äkn�>
4, HV1 ¤£>4!HV2 È�>4ÚÖÑ>4. ¤
£«>|���±3 100 V/cm, È�«>|�±
3 40000 V/cm �m.  u HV1 Ú HV2 m�íNÌ
���&ÿ0�, �)�Ð>l, �Ð>l>f3
¤£>|�^e� HV2 >4¤£. HV2 È�>4
d7á���¤, du�ú��3, �±¦>fB
LÈ�>4, ?\e¡�È�«. ?\È�«�>
f3r>|�^e�O, �O&Ò3 HV2 � PCB
ÖÑ>4þaAÑ���Ó�����&Ò. 3¢
SA^¥, ¤£«����3 3 mm � 1 cm �m,
È�«pÝ��3 50—150 µm ��S.
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�©ò�[0��«�~�� micromegas &
ÿì���ó² —-micro-bulk ó², Ó��DÚ�
ý�jó²?1
Uþ©E!>fßLÇ�5U
ÿÁ�é', ¿é(J?1
`².

2 &ÿì���

micromegas ���'�Eâ3uÈ�«�þ
Ý��, éÙþ!5kép��¦. DÚ���ó
²�¦^ 100 µm �m�»�ý�j���lÔ,
�{Xe.

Äk, �' PCB �, ò 100 µm �Z9jþ!
�73 PCB �þ, m� 2 mm �m; ÙgòZ9j
¦^�Y½���½, ¿¦��±�½�.å. d
u���Z9j3.åe¬u)/C, ¤±ùpæ
^�´ 0.1 mm �»����ý�j; ,�ò 400
8ØCg?��¦^ 3 kg/cm �.å.�, ¿Åb
3 PCB ÖÑ>´�þ, �±ÉØåþ!. ¢�ãX
ã 2 ¤«.

ã 2 Z9j��| � micromegas (a) ��7ÐZ9j
� PCB �; (b) �ÅbÐ7á�>4� micormegas

ù«�{{üBuö�, �duj�=�.å
�½uý�jþ, E¤þÝ�þ!5��Ø|u�
¡È��, Ó�Z9j�k«��, &ÿ�Ç�$.
�
Uõ¿Jp micromegas ���Y², #CuÐ

Ñ
 bulk ó² [6] Ú micro-bulk[7] ó². ùü«ó
²4��Jp
È�«þÝ�þ!5, Ó�Bu�
¡È��. Ù¥ bulk micromegas &ÿì®²��Ì
���ó²� T2K[5] ¢�±9 ATLAS[8] ,?�Y
¤�É, ��
2��A^.

micro-bulk ó²´ 2001 cuÐ� micromegas
��ó², ÙÄ�g�´ÄuV¡�¡Eâ, ÏL
�¡V¡CÔ� Kapton �, ��Ñ micromegas &
ÿì���>4±9| Îf. î8��, ù«ó
²�¤� micromegas &ÿì��
 micromegas &
ÿì�Ð�Uþ©E [7], Ó�­.Ù¦¢�¿�3
È4íÄù«ó²��.z.

micro-bulk ¦^V¡CÔ� 50 µm þ Kapton
�?1zÆ�¡, ��ó²6§Xã 3. Äkòþ
eü¡Ô�Cþ1�Z� (ã 3(a)), ¦^ØÓ��
ì�¦�þ�1�Z�¤.���(�, e�1�
Z�¤.�| Î(� (ã 3(b)). 2¦^@¡�ò
þe�Ô��¡ÑÔ�9Îf(� (ã 3(c)), ��
òe�Ô�����¦^@¡�ò Kapton �¡Ñ
Îf�/G (ã 3(d)). �¡�� Kapton ���| 
Î, �±òÖÑ PCB �þ�Ô��lÑ 50 µmmå.

ã 3 micro-bulk ó²6§

¢�¥·�òÔ�@¡Ñ�må� 140 µm, �
» 50 µm ����, ��È�>4�/ª (ã 4(a)).
�¡��� Kapton Îfm� 2 mm �» 300 µm,
Xã 4.

ò�¡Ð�Ô�.², bÆu PCB þ/¤È�
«. Ó�, ò 400 8?�����¤£4ÏLZ9
Î�½3È�«þ� 3 mm ?. ��, ò|CÐ�&
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ÿì�\í�Ý¥, ��&ÿì���.. ���
¤�&ÿì(¯«¡È� 2.5 cm×2.5 cm, PCB æ
^ü PAD ÖÑ.

ã 4 micro-bulk ó²�¡�9¤¬&ÿì

3 ¢���9(J

¢�ÿÁ
ý�jó²Ú micro-bulk ó²�ü
«�n&ÿì�Uþ©E5U, ¦^�ó�íN©
O� 95%Ar+5%isobutane Ú 90%Ar+10%isobutane
·ÜíN, æ^6íªó��ª. 55Fe ��
3¤
£«�)�Ð>l¿3È�«?�Ú��. ��&
ÒÏL HV2 7á�>4ÖÑ, ?\ ORTEC 142IH
>Ö(¯c���ìÚ 572A Ì��ì?1&Ò¤
.��. ��?\ ORTEC ASPEC 927 õ�©Ûì
?1¼�.

ý�jó²�n&ÿì¦^��UÌXã 5.

lã 5 ¥�±�� 55Fe 5.9 keV ��U¸U
þ©EÇ� 40%. micro-bulk ó²��n&ÿì�
� 55Fe UÌXã 6.

ÿÁ��� 55Fe UÌUþ©EÇ� 28%, �Ð
uZ9jó²e�Uþ©EÇ. ù`² micro-bulk
ó²eÈ�>|�þ!5�'ý�jó²k
�
��Jp.

ã 5 Z9jó² micromegas &ÿìÿÁ 55Fe ��
UÌ

ã 6 micro-bulk micromegas &ÿì 55Fe UÌ�A

ã 7 ¤£>|é&ÿìOÃ�K� (î�I�¤£>|Ú�
�>|'�, p�I�OÃ)

3 micro-bulk ó²&ÿì�ÿÁ¥·�5¿
�, �Ð>l>fl¤£«?\È�«�L§¥,
BLÔ���Ç´K� micromegas &ÿì5U�
­��I. N�þe>|'X�±K�>f�BL
Ç, ?
K���&ÿì�OÃ.

?�Ú�ÿþ¥, ÏL�½È�«>|, U
C 3 mm ¤£«>|��
&ÿì�OÃ­�Cz
Xã 7 ¤«.

�±wÑ&ÿìOÃ�Ð�¤£>|�È�
>|'�O�
O�, 3'�� 0.07 �m����
���Åì~�. ù´du¤£«>|L��, �
Ð>l>f3¤£«*ÑL�, ���Ð>l>f
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�¤£>4½¿N�Ü©áÂ; �X¤£>|�O
\, >f�õ���È�«; ¤£>|L�¬E¤
>f�ÝL�, ü$?\È�>4�S�VÇ, l

ü$OÃ. ÏLÜn�N!üö�'��±��
&ÿì����pOÃ� 1700 �.

4 ( Ø

3 Kapton �¡Eâ®²Fª¤Ù��µe,
·��¤
 micro-bulk ó² micromegas &ÿì�

ÐÚï�. ��
&ÿì�Ö/, ¿�8���õ
��
�B�²�. micro-bulk ó²�Ñ
ÊÏ mi-
cromegas ��¥?���Øþ!5, Ó��æ
�
lÎf�þ!pÝ, 4��Jp&ÿì�Uþ©
EÇ, ·Ü?1�¡È��. 38� micromegas �
uÐ¥, ù«��)¤���(��±�Ð�(
Ü{5��Ù¦&ÿìÖÑ�ª. micro-bulk ó²
� micromegas �ò�X&ÿì���ØäA^�
��Ð�Å�.
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Abstract

The fabrication process of micro-bulk micromegas is introduced. The energy resolution of the 55Fe X-ray is compared with the

result of nylon line micromegas. Furthermore, the detailed effect of electric field is discussed.
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