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ĳɴĮjcf��S(�[1-5]�ȓțEɔ�!ɡſ,>@Ⱦ

ǌŰȰ-ƅȣ)ɵǥEɢ9A�)(ÓɠăǻĤ)�-ùɚ

ʍĐ,ɏǕ�A�)EǪǧ,�'�6�� 

Ɯƈȅ(. 2014ňō- Open-ItǂÖēøE�6��2Ȋ(

ǂÖÄ«-ēøEȯ�ʓŴŔ ÆǞʕOpen-It �ɂ�¤ʔʕ3

Ȋ) 4 Ȋ(ɡſɵǥr�[KSfE�%ȑ��6���%

Ǫ.ǈ«G�X�ƧÉă,ɷ�Aȑ�ʓŴŔ Č�ʔʕ�%
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2.1� ;T<Q 
� ¡�->
+ŰȰƅȣǂÖEȯ$'�6�� 

1 ÀȆL�Sf�iS\ DAQ ^yh�ʙĒǵŰȰȞŜ

-!9-Ɋȝ 

2 ASICf��i�TW�\ʙApplication Specific Inte-

grated Circuit (ASIC)ŰȰEȞŜ�A!9-īȞ 

3 FPGAf��i�TW�\ʙField Programmable Gate 

Array (FPGA)ŰȰEȞŜ�A!9-īȞ 

4 DAQ-MW f��i�TW�\ʙDAQ-Middleware 

(DAQ-MW)[6,7]ŰȰEȞŜ�A!9-īȞ 

5 ɵǥr�[KSfʙīʐ,®ǝ�AȳȜ-ɵǥEĳɴ

Į-ŰȰƁŽEé�+�?ɢ9Aīɖǧƅȣ 

ɵǥr�[KSf,%�'.ƳȊ(ēø�6�-(ʕƜ

Ȋ(.ÀȆL�Sf�iS\ DAQ ^yh�)ñf��i

�TW�\,%�'ēø�6�� 

ƅȣr�T�zʖ�?ʘ-Ő3éɊȠȾ. 983 ô)+@

6�!�ć 1 . Open-It ƅȣr�T�zéɊȠƇ-ňɩǼ

(��Ɯňō.ÀȆL�Sf�iS\ DAQ ^yh�äÓ

ȠƇ�Ïňƹ( 58 ôǊķ�!�)-Ŗʉ,>@Ä«( 31

ôǊķ� 221ô)+@6�!� 

 
ć 1� ƅȣr�T�zéɊȠƇɩǼ� 

ÀȆL�Sf�iS\ DAQ ^yh�EƜňō�?Șǲ

Ĝ)òóɵ½)�!�)EƲ¤,ɊȝÆįE¡Ï>@:Ŋ

�ȋĆ,ĘƗ�6�!��-�)�äÓȠƇEǊķ��!

>
(��2013ňō6(.L�Sf�iS\ŰȰ�Š-Ɋ

ȝ"$!-(¬EĤ1�)�(�A�Əǳ(�!�ʕɊȝ

ÆįEŊȋĆ,�A!9,ƜňōŸǝ�!Nzim\ŕő

-Ɋȝ(.�Əǳ"$!>
(��Ɯ^yh�.�¼ǯɌ

�+�ĤǛE�+ĲɎ)�'�6��ʕĤǛ-ȺǏ�?N

zim\ŕő-ɊȝÆįEȸ!ĔòʕɊȝÆį-ǐǏ�5

;�ʒÒEŨ�+�$!-(.)źı�'�6��ĤǛƇ

�Ǌ$!�).æǭ�3�Ǐ(�-(ƞňō.L�Sf�

iS\ŰȰE�Š)�!ɊȝÆį2ĘƗ�ɊȝÆįEƏǳ

Ù�6�� 

ñf��i�TW�\äÓȠƇ.ħĪ�!)Ũ�6��

ASIC,%�'.ňɶ 20ôǽōʕFPGA,%�'. 100ô

ǽōʕDAQ-MW,%�'. 10ôǽō(���A¤Ĕ(.

Ǡ�ɛ7ɵġ�?ʗƌɶ(Øɾ�Ƈ,ɦ�AĔò:�@6
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�!��-éɊȠƇ.Ɯr�T�z-šȷŤEǶ�'�6

�-(�Ś:ŰȰ-ɢƵ,òD�!Æį,·ƴ�+�?Ȗ

ȗ�A�Ī(�� 

ŁĤȎ;ǛǑȎÊɱ�?-äÓȠƇ�ĖÓ�!�)�â

Ɏǧ(�!��B.ÓɠăǻĤÊɱ(đ$!ȾǌŰȰ�Ŧ

ĪȋĆEɔ�!Êɱ,Ĳ�':ɏǕ(�A�)EǶÿ�'

�A-(.+�(�=
���Ś.ǣÊɱɶɡſ;�ǃ2

ǥĺ�A�)Eƛř�6�� 

 

2.2� \K 
� ǲȂȠ�ɡſ�'ÀȆŰȰɵǥEɢ9AɟŅ-ŧú(-

ɵǥ)ȬŮ-ŰȰƅȣEǪǧ)�Aɵǥ- 2 Ǿʏ-ǂÖE

ɢ9'�6��ǘĊ.�,ŚȠ-ƅȣ)�'-ɵǥ�ȯD

B'�6��ʕɡſ,>AÀȆŰȰɵǥ:ġ6$'�6��

��(.ʕƅȣǪǧ-ɵǥ,%�'ēø�6�� 

� ƅȣǪǧ-ɵǥ(.OJT(On the job training))û/BA

ƊƿEǝ�'ƅȣ)ɵǥEóƒ,ɢ9'�6��ƅȣĲɎ

)+A·ėɇǽĤǛ+*-ȬŮ�ĳɴĮ�?ŰȰǧƁŽE

é�+�?īɽ,īʐ(®ǝ�AȳȜEɵǥ�6��ɵǥ

ɥǽ(ɨɣ�AĀʎEĳɴĮ)Å,Ƚƽ�ȳȜEĨŪ��

A�)(īɖǧŰȰEȞŜ�6���6(64-ɵǥr�[K

Sf�ɢ9?Bʕ�-
# 34-r�[KSf�Ȓ��6�

!�Ƹň 5 %ǽō-Ɖȹr�[KSf�ŻƦ�BǂÖE.

�9ʕ45óƇ-r�[KSf�Ȓ��'�6��ñr�

[KSf-ɵǥɥǽ(Ñ?B!ȿȾɒǜ.�ɬ-¯ĚEɻ

�' Open-It {�m�ɶ(Åƚ�Bȥǟ,ǂǝ(�6��

�-ÅƚÙ�ƅȣEÕơǧ,ɢ9A�),Ĝ��ɏǕ�'

�6�� 

 

�  
ć 2� ǑǙĤ¤(-ǥȱ¢Ƈ� 

ć 2 ,ǑǙĤ¤(-ǥȱƇɩǼEǶ�6��ĝƈĤ¤+

*4�-Ĥ¤(: Open-It ɷɡ-ǥȱ�ȯDB'�6��

ƜT�p,.ö6B'�6�F�Ǻ)Ɛ,Ê�'ǥȱƇɩ

ǼEȸA)ĖÓ¾õ(�A�)�Ê�@6���B.ʕ

Open-Itr�[KSf(ɵǥ�!ȳȜɵǥ-Ūơ�ň��Ǝ

�'�A)Ƚɮ(�6��ǳī,ƜǂÖ�ÓɠăǻĤ)�

-ùɚʍĐ,ɏǕ�'�A�)�Ê�@6�� 

 

2.3� �F 
ȻǌĲɎ�ǣ+AȾǌȳȜ-�ɬ�ó�(�A�).Ǘ

���@6�F�!)�/ʕƧÉă�ǣ+$'�':e[

`�ÈǙ�ʆŅ,§'�AĔò+*(���->
+ʏ§

-ȳȜEɵǥ�'�AɵǥȠ-�ǃ-Ĕ)�'ȳȜɵǥ,

ǐǏEòD�!	ȬŮ-¤ǲȂ¤
)	ȾǌZ\dzǲȂ

¤
EƸňɵ½�'�6�� 

ȬŮ-¤ǲȂ¤[8-10].Open-ItȬŮ-¤��½�AȬŮ

EĲɎ,�!ǲȂ¤(��ȬŮ-¤).ȬŮɶ-ɡſœÙ

EǪǧ,ȿȄ�BʕOpen-ItǂÖ-ĒǩEœÙ�Aɰȷ+ŗ

ǪEŴ$'�6��ȬŮ-7(ɤĂ�B'�6�-(ȬŮ

óė�ƻƪ,ťē�ż;ɍɉEȯ�;��ʁĆƻ�­?B

'�6���-�)(īɽ,ɵǥEŴŔ�AȬŮ-ŰȰÒ

õ��´ɢ�B'�6�� 

ȾǌZ\dzǲȂ¤.ȾǌZ\dz,ǐǏEòD�!ǲ

Ȃ¤(��Ɯňō. KEKƟǇQ}�n\( 75ô-äÓȠ

Eɜ�'ɵ½�B6�![11]�ǣÊɱɶ-ɵǥťēEǯA�

)�(�AƇķ+�ǲȂ¤)+$'�@Ƹąȏ 50ôǽō-

äÓȠƇ)+$'�6��ĤǛʕǲȂȠʕŰȰȎȢþ,Ó

�£ƨ-ŰȰȠ)ņŊ����äÓ�'�6��ƞňō.

ĜɸĜĤƤǑǙǲȂ^�`�(RCNP)-ƁŽEé�'ę,

RCNP(ɵ½�A�Ī(�� 

 

2.4� 
�� 
� Open-It�ɵ½�A^yh�ʕf��i�TʕǲȂ¤+*

Eñċ(Īƛǧ,ɵ½�A�)(ʕŔË KEK ,ɾ��'

�!ŰȰ�ñƲɷ- Open-It {�m�,Ȗů�Bǥĺ�'

�6���-Õơ- ȱ)�'ʕƟÚĜĤ(.ƅȣr�T

�z-ɊńEȥ?×9'ǔȥɵ½�'�@�->
+ǂÖ

.�ŚŊ�A)ţDB6��6!ʕôëĹĜĤ) KEK ɶ

(. ASIC ŰȰ,ɷ�AŰȰȢþ�ǃ+*�ġ6$'�6

��ASICŰȰEȞŜ�A)!9,.ƒɶ���@6�-(

ȓțEɔ�!Ȣþɶ(ĒƜŰȰEÅƚ�Ȗů�A�).ɰ

ȷ(���->
+�ǃ:ƁŽ�'��6�� 

� ƅȣǂÖ;ȳȜɵǥ+*.ǰƒɶ(ŪơEÉ��)�ʀ

��ǂÖ(��Open-It-ǂÖ.<$�@(��ǳī,Ūơ

�ǘB'�A)ȟ�6���Ś:ȓțEɔ�!ɡſ,>@

ÓɠăǻĤ)�-ùɚʍĐ,ɏǕ�A�)EǪǧ,ǂÖE

ɢ96��ƞňō.ȿȾɒǜ-ÅƚÙEœÙ�A!9,ě

Ʋɷɶ(-Åór�[KSfEȄ#��ȿȾɒǜEe�`

s�\Ù�A�)(Í²ŤEõ���A�Ī(��Ȩú�

�AƊ.ƑʆäÓ�'�"���Open-It,ɷ�AǂÖ,%

�'W{�f;�ŧȸ+*�@6�!?Ƒʆ�ȡ���"

���Open-It Webt�[-W{�fŲȀƲȤ;{��+

*(ÆǞ6(ɡȕ�'�!"�A)ŉ�(�� 
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� ƘŚ, Open-It -ǂÖEǙȽ�'ƁŽ�'�!"�'�

AƊ�,Ũɋ�6��ǒ,ɵǥr�[KSf(ȁƩǧ,ɢ

9'�AȬŮ-Ɗ�ʕƅȣr�T�z,äÓ�!ȬŮ-Ɗ�ʕ

Open-It{�m�;ñÊɱ-Ǩƭ,ǉ�Ũɋ�!�6���

-ǂÖ.ÓɠǻĤȘòƁŽ�ƨ-ȵÔEé�'�6��ʑ

Lj�R�ÓɠăǲȂƲƬ-ƲƬɳE.�9)�A\`c

p-Ǩƭ,ǉ�Ũɋ�!�6��ASICɵǥƅȣǂÖ.Ɵ�

ĜĤĜȹƯɾȁZ\dzȿȾƅȣǲȂ^�`�Eɟ�ƌƜ

UIe�\ƣő¤ǷʕZkrZ\ƣő¤Ƿ-àÒEŜ'ȯ

DB'�6�� 

 

Open-It�W " 
Open-It�ɂ�¤.ǂÖ,ɓó�'�AƚŢ-Ɗ�,>@Ƭ

Ū�B'�6��ǂÖÆį;ƊõŤ+*,%�'-ɍɉE

ȯ$'�6��ƬŪþ.¡�-Ɗ�(�ʓ�ÝʈʌʔʙúƝ

ùŇʓɸĜʔʕɹɬÍŞʓǙǲƀǴʔʕǱşǦƓƾʓƟÚĜʔʕ

ÆǞƖ�ʓKEKʔʕȃǹÍʓ�ĜʔʕĶŀºÂ(KEK)ʕƟď

ʌƾʓ�ĜʔʕūƜɅʓôĜʔʕɳČŏíʓŊŁĜʔʕȫĎü

ÎʓɸĜʔʕƍūȪŪʓƟĜʔʕŬħɐŒʓªɑĜʔʕĭãƴ

�ʓƟŁĜʔʕ�əǆð(ƟÚĜ) 

 

3� ������N!bLArTPC 
_KEKaB.0a6:0a*7A^5` 

3.1� 	��� 
� LArTPC ǌĪă.ʕʑ�ȍĢɌÌȤÒ)Lj�R�žĠ

ǌĪȤÒEŵ#ʕ�-ŤȤ-ʑ��?Ƴ� i~�f�k

ŷÖīʐ-ŚȜƧÉă)�'ȟ�?B'�6��ǘĊʕ20

Q�f�¡�-ĜčÙīǘ,8�!ɵǥǲȂ��ǡñċ(

ȯDB'�6�� 

� KEK (.ĈÆĜĤ)-ÅóǲȂ( LArTPC ǌĪă-Ĝ

čÙ,8�!ĒǵŰȰ-ɵǥǲȂEȯ$'�6���-ɵ

ǥʋǪ-ʖ%�ʕƜȅ(ȑ��AŝĶ¶ïEʑVI�¨k

I](Ɇ7É�!9-L�Sf�iS\ɵǥ(��6!ʕ

ĵƞ-ĜčÙ,8�'¨W\fÙ:ǪŶ�'�6�� 

� LArTPC -¶ïEɆ7É�Ɗƿ.ʕǈ«G�X��,Ɇ

7É�ʇEȿȜ�'ʂɿʂĢEɆ7É�	1 ǬɆ7É�


)ʕɆ7É�ʇEǈʇ�ɬ-G�X�P\�,ȿȜ�'P

\ĖņEÍǝ�A	2ǬɆ7É�
Ɗƿ��@6��ǘĊʕ

DBDB-T��r(.1ǬɆ7É�ƊƿEǝ�!LArTPC

ǌĪă-ɵǥEɢ9'�6��ƘĶʂɿžĠȍĢ�­A¶

ï-Ĝ��. 4mm ocb-Ɇ7É�(b}�j�ɚ@Ƈ

fC)Ķ��ʕ�->
+ŝĶ¶ïEɆ7É�!9,.kI

]EƩÒĶ��ű�Ašȷ��@6���ą-ɵǥ6(.ʕ

LArTPC ǌĪă)Ɇ7É�L�Sf�iS\(r�G�r

+ADC)EƇ{�f�-¶ïU�q�(Źȗ�'�6�!�

�B.ʕƋģ-Ɇ7É�L�Sf�iS\� 19I�bņ-

S��f,lJ[�T�A`Ir"$!!9(��kI]

Eű�A!9,.ʕr�G�r6(-U�q�Eǰ��'

ʅʂįɲEǊ?�šȷ��@6����(ʕL�Sf�i

S\EǌĪă,(�A"�ɝ&�'ȿȜ(�A>
,W�

nSf+L�Sf�iS\-ɵǥEǪŶ�6�!�ƘȒǧ

,.ʕƩ¨ǋ�(Ö­�AL�QEɵǥ�' TPCɆ7É�

ʇɝ�,ȿȜ�A�)EǪŶ�'�6��  

� ɵǥ.ʕOpen-It -r�[KSf[1])�'ʕĜĤɺǛ�

�Š)+@ʕ6! KEK L�Sf�iS\Z\dzT��

r-ĳɴĮ-Ɗ��?GgmI\Eʊ�+�?ɢ96�!� 

 

3.2� X�$����������\K 
� 6�ʕ¨ǋǚĕ�(-Ö­EǪŶ�!ʕ¨kI]ʑVI

�(ěb}�j�\f�crɆ7É�-!9-r�G�r

Eīȳ�! ASIC -ɵǥEȯ�6�!��- ASIC .ʕǌ

Īăįɲ 100pF¡�EŦĪ�'ʕƘĶ¶ï 4fC,Ĳ�'¶

ï-kI]ƹ10¡�EǍ!�>
,ȿȾEȯ�6�!�ASIC

ȶ­Ś.ʕ1bcr"�ɘ�!d\fv�g( ASIC-ŤȤ

Eɀ±�6���ą.Ņǋ(-ŤȤɀ±Eȯ�ʕÃÒʂȭ

,Ĳ�AÉÒǀʑ-ɷ³ʕr�G�rVI�ʕaIhyc

S��[ʕI�f��[cSkI]-ǌĪăįɲ°ģŤ+

*�ȿȾ¹)45�ȧ�'�A�)EǳɄ�6�!� 

� Ƴ,īɽ-LArTPCǌĪă�?-¶ïEɆ7É�!9,

32ch -Ɇ7É�v�gEɵǥ�6�!��-)�ʕĵƞ

ASICE¨ǋǚĕÙ,ȿȜ�A�):ȸɛ7ʕǌĪă�?-

¶ïE ASIC (ÈǙ�A�Gh�Tv�g�) ASIC �?

-ÉÒEe[`�Ù�'e�`Eçɾ�A!9-�e[`

�v�g�EÊ�'ɵǥ�6�!�Gh�Tv�g,%�

': ASIC ŤȤɀ±)óƭ-ɀ±Eȯ�ʕI�f��[c

SkI],ɷ�'. 100pF -ǌĪăįɲ,Ĳ�'ȏ 1100

ʂĢƇ)�
¨kI]ŤȤEǳɄ�6�!�6!ʕe[`

�v�g(.ʕGh�Tv�g�?-¶ïE2.5Msps-12bit 

ADC(Ęż�'e�`EFPGA(Artix7)(çɾ�6��e�

`. SiTCP ŰȰ[12]Eǝ�'jcf��SɆ7É��B6

�� 

� Ɇ7É�_pfJKG.ʕDAQ-Middleware[6]Eǝ�'

ƬȌ�6�!� 

 

3.3� 12OV] 
� ć3.ʕƬȌ�!Ɇ7É�L�Sf�iS\-ÇǮ(��

6!ć4.�-L�Sf�iS\ER&Dǝ-ĶčLArTPC

ǌĪă,è@��!ÇǮ(��v�g.Ä«(ȏ 9cm� 

30cm)W�nSf,(�ʕǌĪăįă,ǫŹè@��A�

)�(�'�6���-ǌĪă.5.5cm-g�pfɳʕ6.4cm

ĄƊ-Ɇ7É�ʇE:%ǌĪă(ʕ�-ǌĪă)�ąɵǥ

�!L�Sf�iS\Eǝ�'ĦĩșɁʐEȯ�6�!�

6�ʕǌĪă,Ț�"Ǔũ(kI]ɀ±E�6�!�kI

].ǀŕɆ7É�-s�\�I�-0?%�(ɀ±�'ʕ
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Ȉ±ʂĢƇ(ȏ 1200ʂĢƇ)45�Ŧ)�ȧ�ʕīɽ-ǚ

ĕ(:¨kI]ŤȤ�ǳɄ(�6�!� 

 
ć 3� ɵǥ�!Ɖ��Ɇ7É�Z\dz-ÇǮ� 

 
ć 4� Ķč LArTPCǌĪă,è@��!Ɖ��Ɇ7É�Z\dz

-ÇǮ� 

 
ć5� Ɖ��Ɇ7É�L�Sf�iS\(ǌĪ�!Ħĩșf�cS

-Is�feH\r�I� 

ć 5 .Ŝ?B!Ħĩș-f�cS(��ȏ 2 ƌɶ-Ħĩ

șçɾEȯ�ȽƠ�!ȔơʕLArTPC ǌĪă�?-Ɇ7É

�¶ïYI]:ƘĶʂɿžĠȍĢ�­A¶ï-Ĝ��(ȏ

13000ʂĢƇ))�ȧ�6�!��AǒĪ 1chEɀ±�!Ȕ

ơʕīɽ- LArTPC ǌĪă�?-¶ï,Ĳ�':¶ï-k

I]ƹ 10¡�EǳɄ�6�![13]� 

 
3.4� C����� 
� ĜčǌĪă(.ǌĪăįɲ� 100pF¡�,+AìȤŤ�
�@6���Ś.ĜčǌĪă(-®ǝ,8�!Ɇ7É�L

�Sf�iS\-ƘɧÙ;ʕASIC ¨ǋǚĕ�(-Ö­-
ǳȄ+*ƶ$'�Aɇʎ,%�'ɵǥEȗ�'���Ī(

�� 
 

4� ������N!b���
�@$-_�
I`�\K_?0aS0a'[0` 

4.1� LMR> 
� 2011ň 3ƙ-ƟƌƜĜʃǎ,¥�Ǹľȇ�ãǥ-�Ƅ�

��@Ŋ�ċĐ�ƃĴȤƼƢ�B!�Ƈ�Sv/hEɔ�Aċ

Đʕ�A�.ßŘ 20km ¡Æ.ɪʀÛĐ)+$!����

+�?�BE�ąAċĐ.�3'ĸ©ÛĐ-66(�A�

�B?-ċĐ-ɻƢǂÖEÕǖÙ�ʕ©ƺ-Ȳ/�E(�

A"�¨Ǌ�3�ʕ¨ƃĴȤʓ0.23-3�Sv/hʔ,��':

ǿ¿�AʑŨōP�xșO{�ʓȼōÊȽȤ. 3.5 ōʔE

ɵǥ�!��?,Ɣå-!9¨±ƥÙE9��!� 

 

4.2� @$-�(I  
� P�xGI.W�rf�Ɔ�EÍǝ�!W�rf�O{

�(�A[14]�ƧÉă. 2Ļ,+$'�@ʕ1ĻǪ,'W�

rf�Ɔ�ʕ2 ĻǪ,'Áʂ÷ç�!P�xșIs�fE

ɞŲŖƿ)û/BAŮƿ,>@I{�[Ù�'�AʓCT\

Q}�)ó�ãǙʔ[15,16]�Ɔ�«)�'CsI(Tl)Z�b��

`E®ǝ�'�A!9ʕƧÉÕǖ�4�)ƹ3'ƥƷ,ʑ

��ȼōÊȽȤE��A!9-Łğ:+�B'�A�o�

u��O{�)ǣ+@ʕZ��gʕx\S��šȷ+!9
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4.4� G3� 1#  
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