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֓ ཁ

2016 2݄ʹଧ্ͪ͛༧ఆͷ XઢఱจӴ ASTRO-HʹɺXઢϚΠΫϩΧϩϦϝʔλ
ʮSoft X-ray Spectrometer (SXS)ʯ͕͞ࡌΕΔɻSXSडޫ෦Ͱ͋ΔޫిٵऩମΛ 50 mK
Ͱಈͤ͞࡞Δ͜ͱͰɺXઢޫࢠͷΤωϧΪʔΛٵऩମͷԹ্ঢͱͯ͠ଌఆ͢Δݕग़ثͰ͋
ΔɻԹ্ঢΛЖKͷਫ਼Ͱଌఆ͢Δ͜ͱͰɺ0.3-12.0 keVͷଳҬͷೖࣹޫࢠͷΤωϧΪʔ
ʹର͠ɺ5 eVͷߴΤωϧΪʔղΛ࣮͢ݱΔɻ͜Εࠓ·Ͱ༻͞Ε͖ͯͨ Xઢ CCD
ൺྫܭͷղΛेഒ্ճΔਫ਼Ͱ͋Δɻडޫ෦Ͱܭଌ͞ΕͨԹ্ঢిѹ৴߸ʹม
ʹΕɺ͞Β͞ 80Жඵ͝ͱʹαϯϓϦϯά͞Εͨσδλϧܗใͱͯ͠σδλϧ৴߸ॲཧ
ஔ (Pulse Shape Processor: PSP)͞ΕΔɻPSPॏύϧεͷݕग़ܗͷτϦΨ࣌
ִؒؒͰྨΛ͋ͨͬߦͱɺςϯϓϨʔτͱͷ૬ؔΛͱΔ࠷దϑΟϧλॲཧʹΑͬͯޫࢠܗ
ͷߴͱܗͷ্ཱ͕ͪΓࠁ࣌Λࢉग़͍ͯ͠ΔɻαϯϓϦϯά PSPʹ͞ࡌΕ͍ͯΔਫথ
ൃৼ͔ࢠΒͷΫϩοΫ৴߸Λͱʹ͓ͯͬߦΓɺޫࢠΠϕϯτ౸དྷࠁ࣌αϯϓϧͱͯ͠ه
͞ΕΔɻΫϩοΫ৴߸ɺGPSӴ͔Βͷ৴߸ΛͱʹӴதԝ͔ػࢉܭΒ৴͞ΕΔӴ
ࠁ࣌ (Time Indicator: TI)৴߸ͱ PSP෦Ͱରর͞Εɺରরද͕ϧοΫΞοϓςʔϒϧͱ͠
ͯอଘ͞ΕΔɻϧοΫΞοϓςʔϒϧఆظతʹಡΈͩ͞Εɺޫࢠσʔλͱͱʹ্ʹૹ৴
͞ΕΔɻ্ॲཧͰςʔϒϧΛͱʹαϯϓϧΧϯτͱͷࠁ࣌ͷରরΛ͜͏ߦͱͰɺޫࢠ౸
དྷࠁ࣌ΛUTͰهͰ͖ΔΑ͏ʹͳ͍ͬͯΔɻຊจͰɺӴʹ͞ࡌΕͨXઢൃੜஔ͔
Βͷपظύϧε XઢরࣹݧࢼͷσʔλΛ༻͍ͯɺPSPͷࠁ͚࣌ͷਫ਼Λͨ͠ূݕɻ
ɹূݕʢ̍ʣܾࠁ࣌ఆਫ਼ͱɺʢ̎ʣೖࣹޫࢠΤωϧΪʔʹର͢Δ૬ରతͳͣΕͷ̎ʹͭ
ଌ͞Εͨ؍ɻʢ̍ʣʹ͍ͭͯɺͨͬߦ͍ͯ Xઢʹ͍ͭͯ χ2 ୳ࠪΛظఆʹΑΔύϧεͷपݕ
ઢΛௐۂΜͩޫࠐΑͬͯΈʹظΒΕΔ͜ͱΛ֬ೝͨ͠͏͑Ͱɺपݟ͕ظఆͨ͠पࢦɺ͍ߦ
ͨɻޫۂઢʹݟΒΕΔύϧεͷҐ૬ͱরࣹࠁ࣌Λൺֱ͠ɺӴͷࠁ࣌৴γεςϜͱ PSP
ͷܾࠁ࣌ఆਫ਼Λͨ͠ূݕɻͦͷ݁ՌɺӴͷࠁ࣌৴ܦ࿏ʹΑΔΕͱɺύϧεൃੜίϚϯ
υ͔Βύϧε͕ൃੜ͢Δ·Ͱͷ͕ࠩؒ࣌ɺͯ͢ઃܭ௨ΓͰ͋Δ͜ͱɺ·ͨɺPSPͷܾࠁ࣌
ఆਫ਼͕ཁٻͰ͋Δ 80ЖඵҎԼͰ͋Δ͜ͱΛͨ͠ূݕɻ͞Βʹʢ̎ʣʹ͍ͭͯɺPSPͰ
༻͍͍ͯΔඍܗʹΑΔΠϕϯττϦΨΛىͱͯ͠࠷దϑΟϧλॲཧΛ͜͏ߦͱͰɺೖࣹ
౷తͳҧ͍͕Α͘ิঈ͞ܥͨΒ͢ʹࠁ࣌ͷҧ͍͕ΠϕϯττϦΨܗΤωϧΪʔʹΑΔࢠޫ
Εɺཁٻʹ͑ΒΕ͍ͯΔ͜ͱΛূݕͰ͖ͨɻ
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1 XઢఱจֶͱASTRO-HӴ

1.1 XઢఱจֶͱXઢఱจӴ

Ε͍ͯΔɻݺઢɺXઢɺΨϯϚઢͱ֎ࢵɺޫࢹͷ͍ํ͔Βిɺ֎ઢɺՄ࣓ి
ɹӉ͔ΒXઢؚΊɺ༷ʑͳྖҬͷి࣓͕߱Γ͍Ͱ͍Δɻ͔͠͠ɺٿͷେٵʹؾऩ͞
Εͯ͠·͏ͷ͋ΓɺՄޫࢹͱҰ෦ͷ֎ઢɺిͷओʹ 3ͭͷଳҬ্͕ʹ౸ୡͰ͖Δɻ(ਤ
1.1)

ਤ 1.1: ͱͷؔߴͷ౸ୡ࣓ి

ɹXઢ͕͓Αͦ 10−10 mͷྖҬͷి࣓Ͱ͋ΔɻҰൠʹɺޫͷͱɺͦΕΛ์ࣹ͢Δ
ମͷԹൺྫͷؔʹ͋ΔͨΊɺՄޫࢹͷ 1ສͷ 1΄Ͳͷ͔͠ͳ͍Xઢɺࠇମ์ࣹ
Թʹ͢ΔͱɺՄޫࢹఱମͰ͋Δଠཅͷ 1ສഒͷԹɺ͢ͳΘͪ 1ઍສͷମ͔ΒൃͤΒΕΔͱ
ଌ؍ଌʹXઢ؍ΤωϧΪʔΛͬͨఱମͷ͍ߴͳ͍͑͠ݱΒΕΔɻ͜ͷΑ͏ͳ্Ͱ࣮͑ߟ
ඇৗʹద͓ͯ͠ΓɺதੑࢠύϧαʔϒϥοΫϗʔϧͷ࣭ྔ߱ணݱͱ͍ͬͨߴΤωϧΪʔ
ఱମͷ؍ଌʹ͔ܽͤͳ͍ɻ
ɹXઢఱจֶͷݯىɺ1962ͷϦΧϧυδϟίʔχΒʹΑΔϩέοτ࣮ݧʹ͔͞ͷ΅Δɻ൴Β
ϩέοτͷઌʹΨΠΨʔܭΛͯ͠ࡌଧ্ͪ͛ɺͦ͞Γ࠲ͷํ͔֯Βͬͯ͘ΔXઢͷ
༩دʹͷఱจֶͷൃలޙଌ͜Ε͕ॳΊͯͰɺͦͷ؍ͷఱମͷXઢͷ֎ܥଌʹޭͨ͠ɻଠཅ؍
ͨ͠൴ 2002ʹϊʔϕϧཧֶΛडͨ͠ɻࡏݱϩέοτͷΑ͏ͳؒ࣌ͷ؍ଌͰͳ͘ɺ
ਓӴΛ༻͍ͨ୯ҐͰͷ؍ଌ͕ओͱͳ͍ͬͯΔɻ
ɹຊ͜Ε·Ͱʹ 5ͭͷXઢఱจӴΛଧ্ͪ͛ɺ͞Βʹࠓ৽ͨͳӴΛଧ্ͪ͛Δ༧ఆͰ
͋ΔɻͦͷӴ͕࣍ʹઆ໌͢ΔASTRO-HͰ͋Δɻ
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1.2 XઢఱจӴੈ࣍ ASTRO-H

1.2.1 ֓ཁ

ASTRO-H 2016 2݄ʹଧ্ͪ͛༧ఆͷ̭ઢఱจӴͰɺJAXAΛத৺ʹࠃ֎ͷଟ͘ͷ
େֶɺ͕ؔػڀݚ։ൃ͍ͯ͠Δɻશ͓Αͦ 14 mɺॏྔ 2.5 tͱ͜Ε·ͰͰ࠷େنͰɺੈ
քͰॳΊͯͱͳΔ XઢϚΠΫϩΧϩϦϝʔλΛ༻͍ͨ؍ଌΛ͜͏ߦͱ͕Ͱ͖Δɻ͜ΕʹΑΓɺX

ઢ͔ΒΨϯϚઢͱ͍͏͍ଳҬͰɺۜՏஂதͷઍສͷߴԹΨεͷಈ͖ɺੜޙͷۜՏ
த৺ͷڊେϒϥοΫϗʔϧͷ༷ࢠͳͲΛɺ͜Ε·Ͱʹͳ͍΄Ͳͷײ͍ߴͰ؍ଌ͠ɺӉ͕Ͳͷ
Α͏ʹਐԽ͠ࢸʹࠓΔͷ͔Λৄ͘͠୳Δ͜ͱ͕Ͱ͖Δɻ

1.2.2 ثػࡌ

ASTRO-Hʹ͢ࡌΔ֤ثػʹ͍ͭͯઆ໌͢Δɻ

ೈ̭ઢޫݕ૾ࡱग़ثʢSXSʣ
ɹ SXSೈXઢԕڸ (SXT-S)ͱXઢϚΠΫϩΧϩϦϝʔλ͔ΒͳΔݕग़ثͰ͋ΔɻXઢϚΠ
ΫϩΧϩϦϝʔλ͘͢͟Ӵʹ͞ࡌΕ͍͕ͯͨɺଧ্ͪ͛ޙʹӷମϔϦϜ͕ফࣦ͢Δނࣄ
͕͋Γɺ؍ଌʹ༻Ͱ͖ͳ͔ͬͨɻͦͷͨΊࠓճޭ͢Ε SXS͕ੈքͰॳΊͯͷ؍ଌͱͳΔɻ
SXSͷ֓ཁୈೋষͰɺ෦ͷσδλϧ৴߸ॲཧஔ PSPʹ͍ͭͯୈࡾষɺࠁ͚࣌ͷόοΫ
ϘʔϯͱͳΔӴͷ௨৴γεςϜ SpaceWireʹ͍ͭͯୈ࢛ষͰৄ͘͠આ໌͢Δɻ

ೈXઢݕ૾ࡱग़ثʢSXIʣ
ɹ SXI SXT-Iͱ͍͏ɺSXT-SͱಉͷԕڸΛͪɺ0..4ʕ12.0 keVͷ XઢΛ͢૾ࡱΔ Xઢ
CCDݕग़ثͰ͋Δɻେ໘ੵͷCCDʹΑΓɺ38 ʷ 38֯ͷࢹͰͷ؍ଌΛՄʹ͢ΔɻCCD

νοϓʹഎ໘রࣹܕͷͷ༻͍ɺΤωϧΪʔଆͰͷײΛ্͍͛ͯΔ΄͔ɺۭΛ 200µmͱ
ް͘͢Δ͜ͱͰߴΤωϧΪʔଆͷײ্͍ͯͤ͞Δɻ·ͨɺݕग़ثΛ −120ˆʹྫྷ٫ͯ͠ӡ
༻͢Δ͜ͱͰɺʹΑΔϊΠζΛ͍ܰͯͤ͞ݮΔɻSXIͰ͘͢͟Ӵʹ͞ࡌΕͨXISΛ্ճ
Δ؍ଌ͕࣮ݱͰ͖Δͱظ͞Ε͍ͯΔɻ

ʢHXIʣثग़ݕ૾ࡱXઢߗ
ɹ HXT 5-80 keVͷଳҬͷ XઢΛ͢૾ࡱΔݕग़ثͰɺಉͷͷ͕ 2ͭ͞ࡌΕΔɻHXT
ɺ5-80ͪ࣋ʢHXIʣΛڸXઢԕߗ keVͷଳҬͷXઢͷޫͱ૾ࡱΛ͓ͯͬߦΓɺߗXઢͷूޫ
ثग़ݕΔɻ͢ݱଌΛ࣮؍૾ࡱ Siಋମ 4ͱ CdTeಋମ 1͔Βߏ͞ΕͨίϯϓτϯΧϝ
ϥͰ͋Δɻ·ͨόοΫάϥϯυͷܰݮͷͨΊɺ͘͢͟Ͱ͞ࡌΕͨBGOγϯνϨʔλʹ
ΑΔΞΫςΟϒγʔϧυ͕ݕग़ثͷपғΛғΉΑ͏ʹઃஔ͞ΕΔɻ

ೈΨϯϚઢݕग़ثʢSGDʣ
ɹ SGD 10-600 keV·Ͱͷ͍ΤωϧΪʔൣғͰɺੈքײߴ࠷ͷೈΨϯϚઢ؍ଌΛ͏ߦɻಉ
ͷͷ͕ 2ͭ͞ࡌΕɺݕग़ث 32ͷ Siݕग़ثɺ8ͷCdTeݕग़͕ثઃஔ͞Ε͍ͯΔɻޫ
ऩϞʔυٵࢠଌϞʔυ͕͋Γɺޫ؍ऩϞʔυͱίϯϓτϯϞʔυͷೋͭͷٵࢠ 60 keVҎԼͷޫ
͍ͯͭʹࢠ SiͰޫిٵऩ͠ɺίϯϓτϯϞʔυ 60 keVҎ্ͷޫࢠʹ͍ͭͯ SiͰίϯϓτ
ϯࢄཚͤͨ͞ޫࢠΛCdTeͰݕग़͢ΔɻSGDHXIͱಉ༷ʹBGOγϯνϨʔλʹΑΔΞΫςΟ
ϒγʔϧυͰɺՙిཻࢠͷόοΫάϥϯυΛ্ػͰআ͢ڈΔɻ
ɹਤ 1.2 ASTRO-Hͷيಓ্ͰͷΠϝʔδͱɺ֤ݕग़ثͷஔΛ͍ࣔͯ͠ΔɻҐஔͱ໊শҎ
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Լͷͱ͓ΓͰ͋Δɻ
ɹ 1ɿSXTɹ 2ɿHXTɹ 3ɿSXIɹ 4ɿHXIɹ 5ɿSXSɹ 6ɿSGD

ɹ࣍ͷষͰ SXSʹ͍ͭͯৄ͘͠આ໌͢Δɻ

ਤ 1.2: ASTRO-Hͷيٿಓ্ͰͷΠϝʔδɹ (C) JAXA

2 ೈXઢޫݕ૾ࡱग़ث SXS

SXS JAXAɺटେֶ౦ژɺۚେֶɺཱڭେֶɺஜେֶɺ࡛ۄେֶɺΟείϯγϯେ
ֶɺΤʔϧେֶɺδϡωʔϒେֶɺཧԽֶڀݚॴɺ࣭ࡐྉߏػڀݚɺNASA/GSFCɺSRONͷ
Ͱ։ൃ͞Ε͍ͯΔɻSXSͷશମਤΛਤྗڠ 2.3ʹࣔ͢ɻ͜ͷষͰ෦Ͱݕग़ثͱͯ͠ಇ͘Xઢ
ϚΠΫϩΧϩϦϝʔλͱ SXSશମͷߏʹ͍ͭͯड़Δɻ

2.1 XઢϚΠΫϩΧϩϦϝʔλ

XઢϚΠΫϩΧϩϦϝʔλೖࣹޫࢠͷΤωϧΪʔΛٵऩମͷԹมԽͱͯ͠ݕग़͢Δݕग़ث
Ͱ͋ΔɻٵऩମͷԹ্ঢΛਖ਼֬ʹଌఆ͢ΔͨΊɺSXSͰݕग़ثΛ 50 mKͱ͍͏Թʹ͠ɺ
༰ྔͱࡶԻΛྗۃԼ͛ͨঢ়ଶͰ༻͢Δɻ
ɹ͜Ε·ͰӴʹ༻͞Ε͍ͯͨൺྫܭ Xઢ CCDݕग़ثɺੜΤωϧΪʔ͕Ұͭʹͭ
͖ 20 eVͰ͋ΔిిࢠΛΩϟϦΞͱ͍ͯͨ͠ɻ͔͠͠XઢϚΠΫϩΧϩϦϝʔλͰൃੜ͢Δ
ΩϟϦΞͰ͋ΔϑΥϊϯੜΤωϧΪʔ͕ 10−6 eVͱඇৗʹ͍ͨΊɺಉ͡ΤωϧΪʔΛͭ࣋
༳Β͕͗ܭͷํ͕֨ஈʹଟ͘ͳΔɻ͜ΕʹΑͬͯ౷ऀޙͷೖࣹʹର͠ɺൃੜ͢ΔΩϟϦΞࢠޫ
͑ΒΕɺ݁Ռ SXSͰ 6 keVͷޫࢠʹରͯ͠ 5 eVͱ͍͏͍ߴΤωϧΪʔղΛൃشͰ͖Δɻ
͜ͷΑ͏ͳΤωϧΪʔղΛݕͭ࣋ग़ثʹଞʹճં֨ࢠΛ༻͍ͨࢄޫ͕͋ثΔ͕ɺΤω
ϧΪʔͷྖ͍ߴҬʹ͓͍ͯղ͕Լͯ͠͠·͏ͱ͍͏͕ܽ͋ΔɻҰํɺXઢϚΠΫϩΧ
ϩϦϝʔλߴΤωϧΪʔଳҬͰґવͱ͍ͯ͠ߴΤωϧΪʔղΛ͍ͯͬ࣋ΔͨΊɺӉͷ
ΤωϧΪʔఱମͷਫ਼ີޫʹద͍ͯ͠Δɻߴ
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2.1.1 ߏ

XઢϚΠΫϩΧϩϦϝʔλͷݪཧΛਤ 2.1ʹࣔ͢ɻXઢϚΠΫϩΧϩϦϝʔλɺཋͱԹܭ
ʹͭͳ͕Εͨٵऩମͱ͕͍ࡉϦϯΫͰͭͳ͕ͬͨܗΛ͍ͯ͠Δɻ

ਤ 2.1: XઢϚΠΫϩΧϩϦϝʔλͷߏ

2.1.2 ཧݪ

XઢϚΠΫϩΧϩϦϝʔλͷٵऩମͷԹมԽͷ༷ࢠΛਤ 2.2ʹࣔ͢ɻXઢͷΤωϧΪʔΛEɺ
ऩମͷ༰ྔΛٵ C ͱ͢ΔͱɺٵऩମʹXઢ͕ೖࣹͨ͠ͱ͖ͷԹมԽ∆T 

∆T =
E

C
(1)

ͱͳΔɻ͜ͷԹมԽ͕ԹܭͰଌఆ͞Εͨͷͪɺੜͨ͡ϦϯΫΛ௨ͯ͠ཋͱΏͬ͘
Γಀ͍͖͛ͯɺݩͷঢ়ଶͱΔɻ͜ͷͱ͖ɺ࣍ͷ͕ࣜΓཱͭɻ

C
d∆T

dt
= −G∆T (2)

͜ΕΛղ͘ͱ T ࢦؔͰද͞Εɺݮਰͷ࣌ఆ τ0 

τ0 =
C

G
(3)

ͱఆͰද͞ΕΔɻXઢϚΠΫϩΧϩϦϝʔλͷ࣌ఆɺҰൠతʹ͓Αͦ 1 msͷେ͖͞ͱͳ
Δɻ
ɹ͜ΕΑΓɺXઢϚΠΫϩΧϩϦϝʔλͷԹͷؒ࣌มԽೖࣹޫࢠͷΤωϧΪʔʹΑΒͣɺτ0
Λ࣌ఆͱͯ͠ࢦؔతʹݮਰ͢Δ͜ͱ͕Θ͔Δɻ

2.1.3 ΤωϧΪʔղ

XઢͷೖࣹʹΑͬͯੜ͞ΕΔϑΥϊϯ 1ͭ͋ͨΓͷฏۉΤωϧΪʔɺkB ΛϘϧπϚϯఆ
ɺT ΛXઢϚΠΫϩΧϩϦϝʔλͷԹͱ͢Δͱ

ϵ = kBT (4)
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ਤ 2.2: ΑΔԹมԽʹؒ࣌ऩମͷٵ

Ͱ͋ΔɻXઢϚΠΫϩΧϩϦϝʔλͷ༰ྔΛ C ͱ͢Δͱͦͷ෦ΤωϧΪʔ U 

U = CT (5)

ͱͳΔͷͰɺฏۉϑΥϊϯN 

N =
U

ϵ
=

C

kB
(6)

ͱදͤΔɻ͜ͷϙΞιϯʹै͍
√
N Ͱ༳Β͍Ͱ͍ΔɻͦͷͨΊɺ෦ΤωϧΪʔͷ༳Β

͗ϑΥϊϯͷฏۉΤωϧΪʔʹ
√
N Λ͔͚Δͱٻ·Γ

∆U = ϵ
√
N =

√
kBT 2C (7)

ͱͳΔɻԹܭͷঢ়ଶϊΠζʹΑܾͬͯ·Δύϥϝʔλ ξ(ʙ1)Λ༻͍ΔͱΤωϧΪʔղ
FWHMͰ

∆E = −2.35ξ
√
kBT 2C (8)

ͱͳΓɺΤωϧΪʔղΛߴΊΔʹ༰ྔC͔Թ T ΛԼ͛Εྑ͍͜ͱ͕͔Δɻݻମ
ཧֶʹΑΔͱԹݶۃͰͷ C  T 3 ʹൺྫ͢ΔͷͰࣜ 8

∆E ˿ T
5
2 (9)

ͱͳΓɺ࠷ऴతʹԹΛԼ͛Δ͜ͱͰΤωϧΪʔղΛେ্͖ͤ͘͞Δ͜ͱ͕Ͱ͖Δɻ

2.2 SXSͷߏ

SXSͷ৴߸ॲཧܥपลͷߏΛਤ 2.3ʹࣔ͢ɻຊ߲Ͱ SXSͷϑΟϧλʔϗΠʔϧˍMXSɺݕ
ग़ܥثɺྫྷౚܥػɺ৴߸ॲཧܥʹ͍ͭͯઆ໌͢ΔɻԕڸͰͱΒ͑ΒΕͨޫࢠݕग़ثͰݕग़͞
ΕɺԹܭͰԹมԽͱͯ͠ಡΈऔΒΕΔɻ͜ͷݕग़ثଟߏͷྫྷౚػʹΑͬͯ 50 mKͷۃ
ԹʹอͨΕ͍ͯΔɻݕग़ثͰಡΈͩ͞ΕͨσʔλX-ray amplifier boxʢXBoxʣͰओʹ૿෯ɺ
A/Dม͞Εͨͷͪ Pulse Shape ProcessorʢPSPʣͱૹΒΕΔɻPSPͰܗͷݕग़͔Β
ΘΕΔɻߦσʔλॲཧ͕ࢠղੳ·ͰҰ࿈ͷޫߴ
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ਤ 2.3: SXSͷ৴߸ॲཧͷྲྀΕ

2.2.1 ϑΟϧλʔϗΠʔϧˍMXS

SXSͷ XઢϚΠΫϩΧϩϦϝʔλͷ࣌ఆ 10 msఔͱ͍ɻͦͷͨΊɺ؍ଌ͢Δఱମʹ
Αͬͯޫ͕ྔࢠଟ͘ɺ͕ܗॏ͠࠷దϑΟϧλॲཧͰ͖ͳ͘ͳͬͯ͠·͏ɻ͜ΕΛ͙ͨΊɺ
SXSͷԕ͔ڸΒݕग़ث·ͰͷؒʹϑΟϧλʔϗΠʔϧͱ͍͏ͷ͕ஔ͔Ε͍ͯΔɻ͜Εೖࣹ
͢ΔXઢͷΧϯτϨʔτΛௐઅ͢ΔׂΛՌ͍ͨͯ͠ΔɻϑΟϧλʔ 6छྨ͋ΓɺఱମʹΑͬ
దͳͷΛબΔΑ͏ʹͳ͍ͬͯΔɻ࠷ͯ
ɹ·ͨXઢύϧεൃੜஔ (Modulated X-ray Source:MXSʣ͕ϑΟϧλʔϗΠʔϧपลʹઃஔ͞
Ε͍ͯΔɻ͜Εࢵ֎ઢ LEDͰൃੜͤͨ͞ޫిࢠΛՃͤ͞ɺλʔήοτʹͯΔ͜ͱͰًઢΛ
์ग़ͤ͞ΔஔͰ͋ΔɻLEDΛपظతʹ໓ͤ͞Δ͜ͱͰ XઢΛपظతʹরࣹ͢Δ͜ͱ͕Ͱ͖
ΔɻຊͷղੳͰλʔήοτΛ Cuͱͯ͠XઢύϧεΛরࣹͨ͠σʔλΛ༻͍ͯ͠Δɻ

2.2.2 ܥثग़ݕ

XઢϚΠΫϩΧϩϦϝʔλ
ɹXઢϚΠΫϩΧϩϦϝʔλNASA/ΰμʔυӉඈߦηϯλʔʢGSFCʣ͕த৺ͱͳͬͯ։ൃ
͍ͯ͠ΔɻSXSͰٵऩମʹHgTeʹCdΛυʔϓͨ͠߹ۚΛ༻͓ͯ͠Γɺ͘͢͟ʹ͞ࡌΕͨ
HgTeͷ 1/4ͷൺΛ͍ͯͬ࣋ΔͨΊԹมԽ͕େ͖͘ɺݕग़ੑ͕֨ஈʹ্ঢͨ͠ͷͱͳͬͯ
͍ΔɻSXSͷXઢϚΠΫϩΧϩϦϝʔλҰล͕ 814 µmͷਖ਼ํܗঢ়ͷٵऩମ͕ 6 ʷ 6ͷ 36ϐΫ
ηϧଘ͠ࡏɺͦΕͧΕ͕ಠཱʹޫࢠΛݕग़Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔɻ36ݸҰล͕ 5 mmͷਖ਼
Ҭʹஔ͞ΕΔ͕ɺ͏ͪҰͭྖܗํ (ਤ 2.5 No.12)֎ଆʹஔ͞Ε͓ͯΓɺ55FeΛ༻ֱ͍ͨ
ਖ਼ઢ͕ݯরࣹ͞Ε͍ͯΔɻݕग़ثͷߏΛਤ 2.4ʹɺϐΫηϧͷஔΛਤ 2.5ʹɺϐΫηϧͱཋ
ͱͷ࿈݁෦ʢ͘͢͟Ͱ༻͞ΕͨͷʣΛਤ 2.6ʹࣔ͢ɻ

ಉܭ࣌ݕग़ث
ɹ XઢϚΠΫϩΧϩϦϝʔλͷԼʹಉܭ࣌ݕग़ث (anti-coincidence)͕ଘ͢ࡏΔɻanti-co
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ਤ 2.4: ߏʣͷػʢੑ࣮ূثग़ݕ

ਤ 2.5: ϐΫηϧͷஔͱ൪߸
ਤ 2.6: ϐΫηϧͱཋͱͷͭͳ͕Γʢ͘͢͟ʣ
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ಉ࣌ʹΑͬͯݕग़ثΛ؏͘ՙిཻࢠόοΫάϥϯυΛআ͢ڈΔׂΛՌ͍ͨͯ͠Δɻେ
͖͞Ұล͕ 10 mmͷਖ਼ํܗͷܗΛ͓ͯ͠Γɺް͕͞ 500 µmͰ͋ΔɻXઢϚΠΫϩΧϩϦϝʔ
λͱ anti-coͷஔͷ༷ࢠΛਤ 2.7ʹࣔ͢ɻ

ਤ 2.7: anti-coपลͷࣜਤ

2.2.3 ྫྷౚܥػ

SXSͰݕग़ثͷྫྷ٫ͷͨΊɺDewerͱྫྷౚػΛ͍ͯ͠ࡌΔɻDewer͓͕͞ߴΑͦ 1.3 mɺ
͓͕ܘΑͦ 1 mͷେ͖͞Ͱɺ6ߏͷਂ࠷෦ʹݕग़͕ثઃஔ͞Ε͍ͯΔɻDewerͷԹ֎
ଆͷ͔Β 140 Kɺ100 Kɺ30 Kɺ4.5 Kɺ1.2 Kɺ50 mKͱঃʑʹԹʹͳ͓ͬͯΓɺ֤ʹ
ͦΕͧΕͷԹʹదͨ͠ྫྷౚ͕ػඋ͑ΒΕ͍ͯΔɻ
ɹASTRO-HͷΑ͏ͳيٿಓӴͷ෦͓Αͦ 290 KʹͳΔɻDewerͷ 30 Kͷ·Ͱ
2ஈελʔϦϯάྫྷౚػʢ2STʣΛ 2٫͞ྫྷͯ͠༺ΕΔɻ2ͦΕͧΕ 50ˋͰӡస͞Εͯ
͍ͯɺ1͕ఀͨ͠ࢭ߹͏ยํ͕ 100ˋͰӡస͞ΕΔܥΛͳ͍ͯ͠Δɻ4.5 KͷͰ
2ST2ʹՃ͑ɺ4ϔϦϜδϡʔϧτϜιϯྫྷౚػʢ4HeJTʣΛ 1༻͠ɺ1.2 KͷͰ
ྲྀಈϔϦϜʢLHeʣʹΑͬͯྫྷߦ٫͕ΘΕΔɻ͜ͷϔϦϜλϯΫͱ 4HeJTͷؒʹஅফ
͕ػౚྫྷ࣓ 1͋ΓɺϔϦϜ͕ͳ͘ͳͬͨޙΘΓʹ͜ͷྫྷౚ͕ػՔಈͯ͠ԹΛอͭΑ͏
ʹͳΔɻਂ࠷෦ͷͰஅফྫྷ࣓ౚ͕ػ 2ઃஔ͞Ε͍ͯͯɺ࠷ऴతʹݕग़ثΛ 50 mK·Ͱྫྷ
٫͢ΔɻDewerͷશମͷߏΛਤ 2.8ʹɺྫྷ٫γεςϜΛਤ 2.9ʹࣔ͢ɻ

2.2.4 ৴߸ॲཧܥ

X-ray amplifier Box (XBox)

ɹXBoxNASA/GSFC͕த৺ʹ։ൃΛਐΊ͍ͯΔΞφϩά৴߸ॲཧஔͰ͋Δɻݕग़ثಉ
ޙͨ͠ͷ৴߸ΛಡΈऔΓɺϑΟϧλϦϯάσδλϧมثग़ݕܭ࣌ PSPૹ৴͢ΔׂΛՌ
͍ͨͯ͠Δɻͦͷଞɺ৴߸ͷ૿෯ಉܭ࣌ݕग़ثͷిྗڅڙɺ૿෯ثͷ੍ޚɺͦΕΒͷϞ
χλϦϯάΛ͍ͯͬߦΔɻXBoxిؾతʹಉͳ XBox-Aͱ XBox-BͷͦΕͧΕͰΧϩϦϝʔ
λͷ 18ϐΫηϧͣͭσʔλͷॲཧΛ͏ߦɻ

Pulse Shape Processor (PSP)

ɹ PSP ISAS/JAXAɺࡾඛॏࣜגۀձࣾɺटେֶ౦ژɺ࡛ۄେֶɺཱڭେֶͳͲຊͷଟ
͘ͷ͕ؔػ࿈ͯ͠ܞ։ൃ͍ͯ͠ΔɺSXSͷσδλϧ৴߸ॲཧஔͰ͋ΔɻXBox͔Βσδλϧσʔ
λΛड৴͠ɺඍܗΛ༻͍ͨΠϕϯτݕग़ɺ࠷దϑΟϧλॲཧΛ༻͍ͨߴղੳΛ͍ߦɺޫ
ใͷ৴ࠁ࣌ͷͨΊɺXBoxظಉࠁ࣌Ͱͷثػ྆ͨ·Δɻ͍ͯ͠ࢉܭਫ਼ͰߴͷΤωϧΪʔΛࢠ
߸Λૹ৴͍ͯ͠ΔɻXઢϚΠΫϩΧϩϦϝʔλͷߴղΛੜ͔ͨ͢Ίɺ৴߸ॲཧʹ͕࣭͍ߴ
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ਤ 2.8: Dewer෦

ਤ 2.9: Dewerͷྫྷ٫γεςϜ

͏ߦղੳΛߴΊΒΕΔɻͦͷͨΊٻ PSP৴߸ॲཧʹ͓͍ͯಛʹॏཁͳ෦ͱͳ͍ͬͯΔɻ
PSPʹ͍ͭͯ࣍ͷষͰΑΓৄ͘͠આ໌͢Δɻ

2.3 SXSͷੑཁٻ

SXSͷੑཁٻΛද 2.1ʹࣔ͢ɻSXS͜ͷཁٻΛຬ͍ͨͯ͠Δඞཁ͕͋Δɻ

3 σδλϧ৴߸ॲཧஔ PSP

3.1 PSPͷੑཁٻ

SXSͷཁٻͷ΄͔ʹɺPSPʹରͯ͠ੑཁ͕ٻଘ͢ࡏΔɻ͜ΕΛද 3.1ʹ·ͱΊͨɻ·ͨɺද
3.2ʹɺSXSͷཁٻͱ PSPͷཁٻͷؒͷରԠΛ·ͱΊͨɻ

3.2 PSPͷߏ

ਤ 3.1ʹ PSPͷ෦ߏΛࣔ͢ɻPSPେ͖͕͞ 250×350×91.3 mmɺ࣭ྔ͕ 4.011 kgͷํ
ମܕͷσδλϧ৴߸ॲཧஔͰɺXBoxͱಉ༷ʹܥͷͨΊɺిؾతʹಉͳPSP-AͱPSP-B

ͷೋ͕ͭ͞ࡌΕΔɻ৴߸ॲཧͦͷதͷMIOϘʔυ×1ɺSpaceCardϘʔυ×2͕୲͍ͬͯΔɻ
XઢϚΠΫϩΧϩϦϝʔλͷ 36ϐΫηϧͷ͏ͪ No.0-17Λ PSP-A͕ɺNo.18-35Λ PSP-B͕ॲ
ཧ͍ͯ͠Δɻ

1ύϧεͳ͍ՕॴͰͷ ADC sampleͷೋฏۉฏํࠜ
2ύϧεϨίʔυͰύϧεαʔν͠ͳ͍ؒ࣌
3Ӵ͔Βड৴͢Δ Time Code
4ϐΫηϧͷޫݕࢠग़ࠁ࣌ͷࠩ
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ද 2.1: SXSͷੑཁٻɹ PSP Description Document͔ΒҾ༻

൪߸ ߲ ཁٻ ඪ

SSR-01 Energy resolution in FWHM (eV) 7 4

SSR-02 Energy range (keV) 0.3-12.0 0.1-16.0

SSR-03 Residual background (s−1 keV−1) 1.5× 10−3 1.5× 10−3

SSR-04 Field of view (arcmin2) 2.9× 2.9 2.9× 2.9

SSR-05 Detector array 6× 6 6× 6

SSR-06 Angular resolution in HPD (arcmin) 1.7 1.3

SSR-07 Effective area at 1 keV (cm2) 160 160

Effective area at 6 keV (cm2) 210 210

SSR-08 Lifetime (yr) 3 5

SSR-09 Energy scale accuracy (eV) 2 1

Energy resolution accuracy (eV) 2 1

SSR-10 Count rate par array (s−1) >150 >150

Count rate per pixel (s−1) >20 >20

SSR-11 Absolute time-assignment accuracy (ms) 10 0.08

Time-assignment resolution (ms) 0.08 0.08

3.2.1 MIOϘʔυ

ਤ 3.2ʹMIOϘʔυͷߏΛࣔ͢ɻ͜ͷதʹUser-FPGAͱ SpW-FPGAɺਫথൃৼࢠɺσʔ
λอଘʹΘΕΔ SDRAM (64MB)͕Ұͭͣͭ͞ࡌΕ͍ͯΔɻMIOͰ 20 MH͉ͷਫথൃৼ
Β͔ࢠ 2ͭͷΫϩοΫ Base clock(5MHz), Sampling clock(15.625kHz)Λੜ͍ͯ͠Δɻยํͷ
MIOϘʔυʹͱͳΔΫϩοΫ͕͋Γɺ͏ยํͷMIOͷΫϩοΫͱఆظతʹಉ͞ظΕΔɻ
MIOϘʔυ XBox͔ΒͷαΠΤϯεσʔλΛड৴͠ɺҰ࣍ॲཧΛͨ͠ͷͪ SpW-FPGA͔Β
SpaceCardϘʔυͷ CPUͱσʔλΛૹΔଞɺPSPͷࠁ͚࣌ใΛ XBoxͱಉͤ͞ظΔ৴߸
 CPU͔ΒͷίϚϯυΛૹΔ͜ͱ͍ͯͬߦΔɻ

3.2.2 SpaceCardϘʔυ

ਤ 3.3ʹ SpaceCardϘʔυͷߏΛࣔ͢ɻSpaceCardϘʔυʹ CPUͱ SpW-FPGAɺਫথ
ൃৼࢠɺSDRAMɺSRAMɺEEPROM͕Ұͭͣͭ͞ࡌΕ͓ͯΓɺLVDSʹΑͬͯσʔλΛ྆ํ
ͷMIOϘʔυ SpaceWire Rooterͱૹड৴Ͱ͖ΔɻSRAM (4MB)ϝΠϯϓϩάϥϜಈ࡞༻ɺ
EEPROM (2MB)ϝΠϯϓϩάϥϜอଘ༻ͱͯ͠ΘΕΔɻSpaceCardϘʔυ 1ͭͷMIO

Ϙʔυʹରͯ͠ 2ͭ͋ΓɺMIOͰॲཧ͞Εͨ 18ϐΫηϧͷσʔλΛ͞Βʹʹ͚ɺͦΕͧ
Ε 9ϐΫηϧͣͭॲཧΛड͚͍ͯͬ࣋ΔɻΩϟϦϒϨʔγϣϯ༻ͷ pixel12 SpaceCard-A1͕୲
͍ͯ͠Δɻ
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ද 3.1: PSPͷੑཁٻɹ PSP Description Document͔ΒҾ༻
൪߸ ཁٻ

ΤωϧΪʔϨϯδ
CR-P01 0.3-12.0 keVͷΤωϧΪʔϨϯδͰΠϕϯτΛݕग़͢Δ
CR-P02 12.0 keV ·ͰΛΧόʔ͢ΔμΠφϛοΫϨϯδΛͭ࣋ (ඪ

16.0 keV)

ύϧεݕग़ͱάϨʔυ͚
CR-P03 ϐʔΫͷ͕͞ߴ 5×(rms noise1 )Ҏ্ͷύϧεΛݕग़͢Δ
CR-P04 5 msΛ͑ΔִؒΛͭ࣋ෳͷύϧεΛશͯݕग़͢Δ
CR-P05 2 msΛ͑ΔִؒͰɺྡͨ͠ܗͱͷߴͷൺ͕ 30ະຬͰ͋

ΔύϧεΛશͯݕग़͢Δ
CR-P06 શΠϕϯτʹ High-Resolution (HR), Medium-Resolution (MR),

Low-Resolution (LR)ͱ primary, secondaryΛΈ߹ΘͤͨάϨʔ
υΛ͚ͭΔ

ϊΠζόδΣοτ
CR-P07 HRΠϕϯτॲཧͰͷεϖΫτϧղͷྼԽΛ 0.5 eVҎԼʹ͢

Δ
CR-P08 MRΠϕϯτॲཧͰͷεϖΫτϧղͷྼԽΛɺHRղΑΓ

1 eV (FWHM)ҎԼʹ͢Δ
CR-P09 LRΠϕϯτॲཧͰͷεϖΫτϧղͷྼԽΛHRղΑΓ 10

ഒҎԼʹ͢Δ

େΧϯτϨʔτ࠷
CR-P10 150 s−1array−1 ͷΠϕϯτϨʔτΛॲཧ͢Δ
CR-P11 20 s−1pixel−1 ͷΠϕϯτϨʔτΛॲཧ͢Δ

ϥΠϒλΠϜ
CR-P12 શΠϕϯτΛ 2ˋະຬͷ dead time2 Ͱݕग़͢Δ
CR-P13 1ˋະຬͷਫ਼ͰϥΠϒλΠϜΛܾఆ͢Δ

ͦͷଞ
CR-P15 શͯͷΠϕϯτ 1 msະຬͷઈରࠁ࣌ 3 ਫ਼Ͱࠁ͚࣌͞ΕΔ
CR-P16 શͯͷΠϕϯτ 80 µsະຬͷ૬ରࠁ࣌ 4 ਫ਼Ͱࠁ͚࣌͞ΕΔ
CR-P17 XBox-Aͱ XBox-BؒͷαϯϓϦϯάΫϩοΫͷͣΕΛ 1 µsະຬ

ͱ͢Δ
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ද 3.2: SXSͷੑཁٻͱ PSPͷੑཁٻͱͷؔΘΓ (xҹ SSRͱCR͕ରԠ͢Δ͜ͱΛද͢)

CR Description Sub-system requirements (SSR)

01 02 03 04 05 06 07 08 09 10 11

P-01 Energy range x

P-02 Dynamic range x x

P-03 Detection threshold x x x x

P-04 Duplicated pulse (5 ms) x x x

P-05 Duplicated pulse (2ms) x x x

P-06 Grading x

P-07 HR resolution x x

P-08 MR resolution x x

P-09 LR resolution

P-10 Array max rate x

P-11 Pixel max rate x

P-12 Pixel dead time x x

P-13 Live time-accuracy

P-14 Anti-co dead time x

P-15 Absolute timing x

P-16 Relative timing x

P-17 Clock sync

19



ਤ 3.1: PSPͷ෦ߏ

ਤ 3.2: MIOϘʔυͷߏਤ

3.2.3 ௨৴γεςϜ

ASTRO-HͰثػ෦Ͱͷ৴߸ͷΓऔΓɺPSPͱ XBoxɺϧʔλʔͱ͍ͬͨثػಉ࢜ͷ
σʔλͷૹड৴ʹ Low Voltage Differential Signaling (LVDS)ͱݺΕΔ௨৴खஈΛ࠾༻͍ͯ͠
ΔɻLVDSਤ 3.4ͷΑ͏ʹɺిѹৼ෯͕খ͍͞৴߸Λɺ2ຊͷ৴߸ઢΛ༻͍ͯసૹ͢Δ௨৴ٕज़
Ͱ͋Δɻ0.3 VͷిѹΛѻ͍ͬͯΔͨΊɺભҠʹཁ͢Δ͕͍ؒ࣌ͱ͍͏རΛ͍ͯͬ࣋Δɻ͞
Βʹ LVDSɺ2ຊͷ৴߸ઢʹಉٯʹ࣌Ґ૬ͷ৴߸ΛૹΔࠩಈૹํࣜͱ͍͏ํ๏Λͱ͍ͬͯΔɻ
৴߸ʹ֎དྷϊΠζ͕ೖͬͨ߹Ͱɺड৴ऀ 2ຊͷXORΛͱΔ͜ͱͰϊΠζ͚ͩΛআ͢ڈ
Δ͜ͱ͕Ͱ͖ΔͷͰ͋Δɻ͜ΕʹΑͬͯɺిѹৼ෯͕খ͍͜͞ͱʹىҼ͢ΔϊΠζͷӨڹΛܰݮ
ͤ͞Δ͜ͱ͕Ͱ͖ɺਫ਼ͷ͍ߴσʔλΛΑΓ͘ɺԕ͘సૹ͢Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɻ·
ͨɺٯҐ૬ͷిྲྀ͕ۙ͢ΔͨΊɺసૹʹΑΔपลثػͷి࣓์ࣹͷӨڹܰͤ͞ݮΔ͜ͱ
͕Ͱ͖Δɻ
ɹ͜ͷ LVDSΛ༻͍ͨӴͷ௨৴ϓϩτίϧʹ SpaceWireͱ͍͏ͷ͕͋ΔɻSpaceWireʹͭ
͍ͯ࣍ষͰઆ໌͢Δɻ
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ਤ 3.3: SpaceCardϘʔυͷߏਤ

ਤ 3.4: LVDS

3.2.4 ΫϩοΫ

MIOϘʔυʹ 20 MHzͷਫথൃৼ͕͋ࢠΓɺΫϩοΫυϥΠόʹΑͬͯΫϩοΫ৴߸͕ੜ
͞ΕΔɻΫϩοΫ PSPͷج४ͱͳΔ 5 MHzͷ Base clockɺαϯϓϧͷ͞ΛܾΊΔ 12.5

kHz(15.625 kHz)ͷ Sampling clockͷೋ͕ͭ͋ΔɻSampling clockBase clockΛݩʹੜ͞Εɺ
σϑΥϧτͰ 12.5 kHzͰ͋Δɻʢਤ 3.5ʣ

ਤ 3.5: PSPͷΫϩοΫ৴߸

21



3.2.5 ৴߸

ਤ 3.6ʹXBoxͱMIOؒͷଓΛࣔ͢ɻද 3.3ʹͦͷؒͰΓͱΓ͞ΕΔ৴߸Λ·ͱΊΔɻPSP

͕XBox͔Βड͚औΔ৴߸αΠΤϯεσʔλͷ΄͔ɺఆظతʹ PSPͱࠁ࣌ͷಉظΛهͨͬߦ
Ͱ͋ΔϋεΩʔϐϯάσʔλʢHK)σʔλ͕͋ΔɻPSPXBoxʹɺಉظͷͨΊͷΫϩοΫ৴
߸ͱɺSpaceCard͔ΒಘͨίϚϯυΛXBoxͱૹ৴͍ͯ͠ΔɻMIOಉ࢜ͰΫϩοΫΛಉ͞ظ
ͤΔ৴߸͕ΓऔΓ͞Ε͍ͯΔɻ

ਤ 3.6: XBoxͱMIOؒͷଓ

ද 3.3: XBox-PSPͷ৴߸ɹ PSP Description Document͔ΒҾ༻

XBox͔Β PSPͷ৴߸

TLM CLK ɹXBox͔Βಘͨ৴߸ͷج४ͱͳΔΫϩοΫ

SCI ENA ɹ SCI DATͷൣғΛܾΊΔ

SCI DAT ɹαΠΤϯεσʔλ

HK ENA ɹHK DATͷൣғΛܾΊΔ

HK DAT ɹϋεΩʔϐϯάσʔλ

PSP͔ΒXBoxͷ৴߸

BASE CLK MIOͷ Base clock

SMP CLK MIOͷ Sampling clock

CMD ENA CMD DATͷൣғΛܾΊΔ

CMD DAT XBoxͷૹ৴ίϚϯυ

MIO-AͱMIO-Bؒͷ৴߸

SYNC BASE A2B(B2A) MIOಉ࢜ͷ Base clockಉظ

SYNC SMP A2B(B2A) MIOಉ࢜ͷ Sampling clockಉظ
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3.3 σʔλॲཧ

3.3.1 MIOϘʔυ

MIOϘʔυͰࢉܭΛ͏ߦͷUser-FPGAͰ͋ΔɻMIOϘʔυ SpaceCardϘʔυͱൺɺ୯
७ࢉܭΛ͘͜͏ߦͱ͕Ͱ͖Δͱ͍͏ಛ͕͋ΔɻͦͷͨΊ֤PSPʹ 1ͭ͋Γɺ2ͭͷ SpaceCard

Ϙʔυ̍࣍ॲཧͨ͠σʔλ͕͞ΕΔɻ

ड৴ɾΤϥʔνΣοΫ
ɹMIOɺXBoxʹൖૹΫϩοΫͱͳΔBASE CLK৴߸ΛૹΓɺಉ࣌ʹܗαϯϓϦϯάλΠϛ
ϯάΛ SMP CLKͰ༩͑ΔɻXBoxɺBase ClockΛંΓฦ͢ͱಉ࣌ʹɺXBox͔ΒTLM CLK,

SCI ENA, SCI DATΛૹ৴͢Δɻσʔλ sampleͷͭͳ͕Γͱͯ͠MIOϘʔυʹૹ৴͞Ε͍ͯ
Δɻsampleͱ͋Δؒ࣌ʹ͓͚ΔશϐΫηϧͱ anti-coͷσʔλͷ·ͱ·ΓΛද͍ͯ͠Δɻσʔ
λαϯϓϦϯάΫϩοΫͷ্ཱ͕ͪΓʹΑͬͯ 400 bitͣͭ۠ΒΕΔɻ࣮࣭తͳσʔλͦͷ
͏ͪͷ 312bitͰɺSCI ENAͷཱͪԼ͕Γͱ্ཱ͕ͪΓʹΑͬͯ sampleͷ։࢝ͱऴ͕ྃஅ͞Ε
ׂ͞ΕΔɻsampleͷ 312 bitɺΧϩϦϝʔλͷ 18νϟϯωϧ (֤ 16 bit)ɺanti-coͷ 1νϟϯ
ωϧ (16 bit)ɺsampleຖʹΧϯτΛ૿Ճͤ͞Δ sciRecvCnt(8 bit)ͷ 3छྨ͔Βߏ͞Ε͍ͯ
ΔɻΓͷ 88 bitৗʹ͕ 0ͷ spare bitͰɺσʔλͱͯ͠༻͞Εͳ͍ɻsampleͷ༁Λ
ਤ 3.7ʹࣔ͢ɻ
ɹղ͕ऴྃͨ͠Βɺ֤ sampleຖʹԼهͷΤϥʔ݅ͱরΒ͠߹Θͤͯ sampleʹϑϥά͚͕
ΘΕΔɻߦ

ɹɹɹɾsciLenErrCntɹɹɹ sampleͷ͕͞ 312bitͰͳ͍
ɹɹɹɾsciCntErrCntɹɹɹ sciRecvCntͷ૿Ճ͕+1ʹͳ͍ͬͯͳ͍

͜ͷ͍ͣΕ͔͕ݕ͞Εͨͱ͖ɺରԠ͢ΔΤϥʔΧϯτ͕૿Ճ͠ɺsampleErr 1ͱͳΔɻ
ɹ͜ͷΤϥʔνΣοΫͷޙʹɺsampleϐΫηϧ anti-co͝ͱʹׂ͞ΕΔɻ֤νϟϯωϧ
16 bitͷ͞Λ͕ͭ࣋ɺߴσʔλઌ಄ͷ 14 bitͰɺ15 bit spare bitɺ16 bit
ϏοτԽ͚ͷݕग़༻ͷ odd parityʹͳ͍ͬͯΔɻ͜ͷઌ಄ 14 bitͷσʔλΛ ADC sampleͱݺ
Ϳɻspare bit͕ 0Ͱ͋Γɺodd parityͷɺADC sampleʹ ܾʹΕΔΑ͏ݱݸح1͕
·Δɻodd parityʹΑͬͯͦΕҎ߱ϏοτԽ͚͕͔͖ͨىͲ͏͔ΛௐΔ͜ͱ͕Ͱ͖Δɻ͜ͷϐ
Ϋηϧɺanti-coຖͷׂॲཧΛ demultiplexͱ͍͏ɻ
ɹ demultiplex͕ऴྃͨ͠ޙɺσʔλ͕ΫϦοϓ͞Ε͍ͯΔ͔Λ͔֬ΊΔɻΫϦοϓͱɺADC

ਤ 3.7: sample 1ͭͷߏɹ PSP Description Document͔ΒҾ༻

sample͕-8192ɺ͋Δ͍ 8191Ͱ͋Δ࣌ʹͭ͘ϑϥάͰɺ͜ͷσʔλ͕ 14 bitͰද͖͠ݱΕͳ͍
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͜ͱΛද͍ͯ͠ΔɻΫϦοϓ͞Εͨσʔλʹ pxClipCnt͕Χϯτ͞ΕΔɻ
ɹ࣍ʹɺ֤σʔλͰ cannel errorͷνΣοΫΛ͏ߦɻ͍ͣΕ͔ͷνϟϯωϧͰԼͷΤϥʔ͕ൃ͞ݟ
Εͨ߹ɺͦͷΤϥʔΧϯτ͕૿Ճ͠ɺchannelErr 1ͱͳΔɻ

ɹɹɹɾparityErrCntɹɹɹ 18pixelͱ 1anti-coͷͲΕ͔ʹ parityΤϥʔ͕͋Δ

ɹ͜ͷॲཧ͕ऴྃ͢ΔͱɺϐΫηϧσʔλ pxAcdSampleͱ͍͏໊લͰ pxDelayBufʹɺanti-co

σʔλ acDelayBufͱ͍͏όοϑΝʹͦΕͧΕอଘ͞ΕΔɻͲͪΒ 1536 bitͷαΠζΛͭ࣋ɻ

derivativeࢉܭ
ɹ࣍ʹɺADC sampleΛؒ࣌Ͱඍͨ͠ derivativeͱ͍͏Λ͢ࢉܭΔɻSXSͷܗͷ࣌ఆ
͓Αͦ 1 ms΄ͲͰ͋ΔͨΊɺੜσʔλΑΓ derivativeΛ༻͍Ε্ཱ͕ͪΓ͕ૣ͘ͳΓɺݕग़
͘͢͠ͳΔɻඍͷࣜࢉܭҎԼͷΑ͏ʹͳΔɻ

derivLong(i) =
derivHalfLen−1∑

i′=0

pxAdcSample(i+ i′)

−
−1∑

i′=−derivHalfLen

pxAdcSample(i+ i′)

= derivLong(i− 1) + pxAdcSample(i+ derivHalfLen− 1)

−2pxAdcSample(i− 1) + pxAdcSample(i− derivHalfLen− 1) (10)

derivative(i) =
derivLong(i) + 2derivShift−1

2derivShift
(11)

ɹ͜͜Ͱ derivHalfLen derivativeࢉܭͷ͞Λܾఆ͢ΔύϥϝʔλͰɺ0͔Β 31·ͰͷΛ
ͱΔ (σϑΥϧτ 8)ɻderivHalfLen=0 ͷͱ͖ derivHalfLen=32 ͱͯ͑͠ߟΔɻderivLong 
pxAdcSample(i) Λىͱͯ͠ɺͦΕΑΓલͷ (derivHalfLen-1) ͷσʔλʹ+1ݸ Λɺޙͷ de-

rivHalfLenݸͷσʔλʹ-1Λ͔͚ͯɺͦΕΒͷࠩΛͱΔ͜ͱʹΑΓ͞ࢉܭΕΔɻ͜ͷ derivLong

 20 bitͰ͞ࢉܭΕͨɺderivativeͷશΛද͍ͯͯ͠ɺderivative derivLongΛ 2derivShift−1Ͱ
ׂͬͨ 16 bitͰද͞ΕΔɻderivShiftϏοτγϑτͷͰɺderivHalfLenͷʹΑͬͯද 3.4͔
Βܾ·Δɻ
ɹࢉܭͷޙɺpxAdcSample(i)ͱ derivativeWave Form Ring Buffer (WFRB)ʹอଘ͞ΕΔɻ
͜ͷόοϑΝ 1 MBͷ༰ྔΛͭɻ

ύϧεݕग़
ɹWFRBʹอଘ͞Ε͍ͯΔ derivativeͷσʔλΛ༻͍ͯɺUser-FPGAͷεςʔτϚγϯͰݕग़͕
ΘΕΔɻ͜ͷεςʔτϚγϯʹঢ়ଶ͕ߦ 6ͭ͋ΓɺͦΕͧΕ INIT, STDBY, READY, ARMED,

FALL, PEAKFINDͱ͍͏໊લ͕͍͍ͭͯΔɻݕग़ͷݱʹࡍΕΔεςʔτͱɺͦͷྲྀΕΛਤ 3.8ʹ
ࣔ͢ɻ

INIT, STDBY:ɹి͕ݯೖΔͱ·ͣ INITঢ়ଶʹೖΔɻINITͱ STDBYͰϞδϡʔϧͷॳظԽ
ΘΕΔɻߦ͕
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ද 3.4: derivShiftͱ derivHalfLenͷؔɹ PSP Description Document͔ΒҾ༻
derivShift derivHalfLen

0 1 ≤ derivHalfLen ≤ 2

1 3 ≤ derivHalfLen ≤ 4

2 5 ≤ derivHalfLen ≤ 8

3 9 ≤ derivHalfLen ≤ 16

4 17 ≤ derivHalfLen ≤ 32

READY:ɹॳظԽ͕ऴΘΔͱ͜ͷεςʔτʹҠΔɻ͜͜Ͱ derivativeͷ͕ᮢ pxPulseThres

Λ͑ͨͱ͖ʹύϧε͕τϦΨ͞Εɺ࣍ͷεςʔτભҠ͢Δ (ࣜ 12)ɻ·ͨɺτϦΨ͞Εͨͱಉ
ʹ࣌ LO RES PHΛٻΊΔج४ͱͳΔϕʔεϥΠϯ loResBaseͷࢉܭ͍ߦɺTRIG LP͕ه
͞ΕΔɻ

derivative ≥ pxPulseThres (12)

ARMED:ɹ͜͜READYͰύϧε͕ݕग़͞Εͨͱ͖͔Β࢝·Γɺderivative͕ݮগʹస͡Δɺ
͢ͳΘͪੜσʔλͰมۂΛܴ͑Δ·Ͱଓ͘εςʔτͰ͋Δ (ࣜ 13)ɻderivPre͋ΔͷҰͭલ
ͷ derivativeͷΛද͍ͯ͠Δɻ͜͜Ͱ pxAdcSampleͱ derivativeͷ࠷େ͕୳͞ΕɺͦΕͧ
Ε pxAdcSampleMaxͱ derivativeMaxอଘ͞ΕΔɻ͜͠ͷεςʔτͰผͷΠϕϯτ͕ೖͬͯ
͖ͨͱ͖ɺσʔλഁ͞غΕΔɻ

derivative < derivPre (13)

FALL:ɹ͜ͷεςʔτ derivativeͷϐʔΫ͔Βऴྃͷᮢ pxFallEndThresΛԼճΔ·Ͱଓ͘
(ࣜ 14)ɻ͜͜ͰҾ͖ଓ͖ pxAdcSampleMaxͱ derivativeMaxͷ࠷େ͕୳͞ΕΔɻ

derivative < pxFallEndThres (14)

ɹ derivativeϐʔΫΛܴ͑ͯҎ߱୯ௐʹݮগ͢Δ͕ɺݮগͷ్தͰଞͷΠϕϯτ͕ೖͬͨ߹
࠶૿Ճ͢Δɻೖ͖ͬͯͨ͏ҰͭͷΠϕϯτΛ quick doubleͱݺͼɺ૿Ճྔ͕ᮢ pxQuick-

DoubleThresΛ͑ͨͱ͖ quickDoubleϑϥά͕Χϯτ͞ΕΔ (ࣜ 15)ɻ

derivative− derivPre ≤ pxQuickDoubleThres (15)

PEAKFIND:ɹࣜ 14Λຬͨͨ͠ޙ͜ͷεςʔτʹೖΓɺpxAdcSampleMaxͷ୳ࠪͷΈߦΘΕ
ΔɻderivativeMaxͷ୳ࠪʹ͍ͭͯߦΘΕͳ͍ɻεςʔτҎԼͷೋͭͷͲͪΒ͔Λຬͨ͢·Ͱ
ଓ͖ɺͦͷ͍݅ͣΕࣜ 16Ͱද͞ΕΔɻɻ

ɾPEAKFINDεςʔτ͕։͔ͯ࢝͠Βͷ sample͕͋ΔҰఆͷ͞Λ͑ͨͱ͖
ɾpxAdcSampleMax͕ߋ৽͞Εͨͱ͖͔Βͷ sample͕͋ΔҰఆͷ͞Λ͑ͨͱ͖

pxPFStateCnt ≥ pxPFStateCntMax (16)
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ਤ 3.8: ύϧεݕग़ʹ͓͚Δঢ়ଶભҠਤ

ɹPEAKFIND͕ऴྃͨ͠Β LO RES PH͕͞ࢉܭΕΔɻ͜ΕREADYεςʔτͰ͞ࢉܭΕͨ
ϕʔεϥΠϯ loResBaseͱ derivativeMaxͱͷࠩʹΑͬͯٻ·Δ (ࣜ 17)ɻ

LO RES PH = derivMax− loResBase (17)

݁Ռ͕ෛʹͳͬͨ߹ɺLO RES PHʹ 0͕֨ೲ͞ΕΔɻ࠷ऴతʹderivativeMax(16 bit), quick-

Double(1 bit), LO RES PH(14 bit), TRIG LP(24 bit)͕ SDRAMʹอଘ͞ΕΔɻ
ɹ͜ͷޙREADYεςʔτʹΓɺ࠶Πϕϯτݕग़͞ΕΔ·Ͱ͢ػΔɻ

3.3.2 SpaceCardϘʔυ

SpaceCardϘʔυͰCPU͕ԋࢉΛ͏ߦɻSpaceCardϘʔυMIOϘʔυΑΓෳࡶͳࢉܭΛ
ͱ͕Ͱ͖Δɻ͜͏ߦ

ηΧϯυύϧεݕग़
ɹUser-FPGAͰϑΝʔετύϧεͷΈݕग़͍͕ͯͨ͠ɺCPUͰ͞ΒʹηΧϯυύϧεͷ୳
ΘΕΔɻηΧϯυύϧεADCߦ͕ࠪ sample derivativeɺੜσʔλ͔ΒฏۉܗΛҾ͍ͨ
ࠩΛͯͬ୳ࠪ͞ΕΔɻҎԼʹͦͷࣜࢉܭΛࣔ͢ɻ

adcSamplesub(i) = adcSample(i)−
N∑

n=1

lowResPHn

lowResPHavg
adcSampleavg(i−∆in) (18)

derivativesub(i) = derivative(i)−
N∑

n=1

derivMaxn
derivMaxavg

derivativeavg(i−∆in) (19)

26



͜͜Ͱɺnܗͷ൪߸Λද͠ɺiܗͷதͷσʔλͷ൪߸Λද͢ɻsub ͷԼ͖จࣈࠩΛɺ

avg ฏۉܗͷΛද͍ͯ͠Δɻ∆in  n൪ͷܗͷ time shiftͰ͋Δɻtime shiftɺੜ
ͱͷؒͰܗۉͱฏܗ derivMaxͷҐஔΛ߹ΘͤΔͨΊͷύϥϝʔλͰ͋ΔɻηΧϯυύϧε
derivativesub(i)͕ᮢ pxPulseThresΛ͑ͨͱ͖ʹτϦΨ͞ΕΔ (ࣜ 20)ɻ

derivativesub > pxPulseThres (20)

ਤ 3.9: derivativeͷΠϝʔδ ਤ 3.10: ηΧϯυύϧε෦ͷ֦େਤͱࠩ

άϨʔυ͚
ɹ࣍ʹɺCPUΠϕϯτ͝ͱʹάϨʔυ͚ͱ͍͏ॲཧΛ͏ߦɻάϨʔυ͚ͱɺ͋ΔΠϕϯ
τʹରͦ͠ͷΠϕϯτͷτϦΨࠁ࣌ͱɺલޙͷΠϕϯτͷτϦΨࠁ࣌ͱͷִؒʹΑͬͯɺͦͷΠ
ϕϯτΛྨ͢Δॲཧͷ͜ͱΛ͍͏ɻ
ɹάϨʔυ͚ʹ 2ͭͷྨํ๏͕͋Γɺ·ִͣ̍ͭؒؒ࣌ʹΑܾͬͯ·ΔHigh Resolution

ʢHR), Meddium ResolutionʢMR), Low ResolutionʢLR)ͷ 3छྨͰ͋ΔɻHRɺτϦΨࠁ࣌
͔Βલޙ 874ADC sampleͷִؒʹଞͷΠϕϯτ͕τϦΨ͞Ε͍ͯͳ͍ΠϕϯτΛද͢ɻಉ༷ʹ
MRલޙ 219ADC sampleʹτϦΨ͕ͳ͍ΠϕϯτΛද͠ɺLRͷ߹͜ΕΒʹͯ·Βͳ
͍ͷ͕ྨ͞ΕΔɻ
ɹ 2ͭܗͷલؔޙʹΑܾͬͯ·ΔྨͰɺલͷΠϕϯτΛ primary(p)ɺޙΖͷΠϕϯτ
Λ secondary(s)ͱͯ͠ 2छྨʹ͚͍ͯΔɻάϨʔυ͚࠷ऴతʹ͜ͷ 2ͭͷྨΛΈ߹Θ
͚ͤͯΒΕɺHp, Mp, Ms, Lp, Lsͷ 5छྨͰ͚͍ͯΔɻ͜ͷଞʹɺϊΠζܗͷ࡞ʹ༻
͢ΔBase Line(BL)ͱ͍͏άϨʔυଘ͢ࡏΔɻ͜ΕΠϕϯτ͕ͳ͍࣌ͷσʔλΛද͍ͯ͠Δɻ
ɹΠϕϯτͷΤωϧΪʔղɺଞͷΠϕϯτʹΑΔॏͳΓ͕গͳ͍ͷ΄Ͳྑ͘ͳΔɻͦͷ
ͨΊΤωϧΪʔղɺִؒؒ࣌ʹΑΔྨͰHigh > Meddium > LowͱͳΓɺ·ͨલؔޙ
Ͱ primary > secondaryͱͳΔɻHighͱMeddiumͷΠϕϯτʹ͍ͭͯɺҎ߱ͷ࠷దϑΟ
ϧλॲཧͰΑΓৄࡉͳߴղੳ͕ߦΘΕΔɻҰํ Lowʹྨ͞ΕͨΠϕϯτ͜ͷॲཧ͞Ε
ͣɺUser-FPGAͰ͞ࢉܭΕͨ LO RES PHͷ͕ߴͱͯ͠࠾༻͞ΕΔɻάϨʔυͷఆٛΛਤ
3.11ʹࣔ͢ɻ

ߴղੳ
ɹߴςϯϓϨʔτܗΛ༻͍ͨ࠷దϑΟϧλॲཧʹΑͬͯΑΓਖ਼֬ʹ͞ࢉܭΕΔɻϊΠζ
ͷͳ͍৴߸ͷύϫʔεϖΫτϧΛ S(ω)ɺϊΠζͷύϫʔεϖΫτϧΛN(ω)Ͱද͢ɻS(ω)֨ن
Խ͞Ε͍ͯΔͱ͢ΔͱσʔλͷύϫʔεϖΫτϧD(ω)ߴH Λ༻͍ͯ

D(ω) = HS(ω) +N(ω) (21)
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ਤ 3.11: άϨʔυͷఆٛɹ (C) JAXA

ͷΑ͏ͳܗͰ͚Δ͜ͱ͕Ͱ͖ΔɻHΛٻΊΔͨΊʹɺҎԼͷχ2͕࠷খʹͳΔΑ͏ܾΊΒΕΔɻ

χ2 ≡
∑

ω

|D(ω)−HS(ω)|2

|N(ω)|2 (22)

H  χ2 = 0͔ΒɺH ҎԼͷࣜͰ༩͑ΒΕΔɻ

H =

∑
ω

D(ω)S∗(ω)+D∗(ω)S(ω)
2|N(ω)|2

∑
ω

∣∣∣ S(ω)N(ω)

∣∣∣
2 (23)

∗ෳૉڞΛද͍ͯ͠ΔɻD(ω), S(ω)࣮ؔͷϑʔϦΤมͳͷͰD(−ω) = D∗(ω), S(−ω) =

S∗(ω)ͱͳΓ
D(ω)S∗(ω) = D(−ω)S∗(−ω) = D∗(ω)S(ω) (24)
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Ώ͑ʹ

H =

∑
ω

D(ω)S∗(ω)
|N(ω)|2

∑
ω

∣∣∣ S(ω)N(ω)

∣∣∣
2

=

∑
ω

D(ω)
S(ω)

∣∣∣ S(ω)N(ω)

∣∣∣
2

∑
ω

∣∣∣ S(ω)N(ω)

∣∣∣
2 (25)

ࣜ 25H ͕
∣∣∣ S(ω)N(ω)

∣∣∣ΛॏΈͱͨ͠ͱ͖ͷ D(ω)
S(ω) ͷฏۉΛද͍ͯ͠Δɻ͜͜ͰɺF (ω)Λ

F (t) ≡ ɹ
S(ω)

|N(ω)|2
1

∑
ω

∣∣∣ S(ω)N(ω)

∣∣∣
2 (26)

ͱఆٛ͢ΔɻF (ω)Λ࠷దϑΟϧλͷςϯϓϨʔτͱݺͿɻ͜ΕΛٯϑʔϦΤมۭؒؒ࣌ͯ͠ʹ
ͯ͠ΔͱH Δɻ·ٻ͕

H =
∑

t

D(t)F (t) (27)

ɹ࣮ࡍͷॲཧͰςϯϓϨʔτܗΛݻఆ͠ɺੜσʔλͷ ADC sampleΛ −8 ≤ j ≤ 7ͷൣғͰ
ฏߦҠಈͤ͞ɺҎԼͷ PHAʢ̹ʣ͕ େͱͳΔ࠷ j͕୳͞ΕΔɻςϯϓϨʔτͷൣғͰͱΔɻ

PHA(j) =
∑

i

template(i)× adcSample(i+ j) (28)

j͕ܾ·ͬͨΒɺ্࣍Ґ 3ʹରͯ͠ૠ๏Λ༻͍ͯαϯϓϦϯάΫϩοΫͷ 1/16ͷղͰ
PHApeak ͱ time vernier͕͞ࢉܭΕΔɻ

PHApeak = PHA(j) +
1

8

(
{PHA(j + 1)− PHA(j − 1)}2

2PHA(j)− PHA(j + 1)− PHA(j − 1)

)

(29)

time vernier =
1

2

(
PHA(j + 1)− PHA(j − 1)

2PHA(j)− PHA(j + 1)− PHA(j − 1)

)
(30)

ςϯϓϨʔτࢉܭ
ɹ SpaceCardͰߴղੳͱฒͯ͠ߦςϯϓϨʔτͷߦ͕ࢉܭΘΕ͍ͯΔɻςϯϓϨʔτܗ
 SͱN ͷೋ͔ͭΒ࡞ΒΕΔɻS୯ҰύϧεͰߏ͞ΕͨඦݸͷܗΛฏ࡞ͯ͠ۉΔ͜ͱ͕
Ͱ͖ɺ͜ΕΛฏۉܗͱݺΜͰ͍ΔɻҰํN όοΫάϥϯυΛඦݸฏ࡞ͯ͠ۉΒΕΔɻ
ͦΕͧΕͷܗΛਤ 3.12ʙ3.17ʹࣔ͢ɻ
ɹਤ 3.15ͱਤ 3.17ΛݟΔͱɺϊΠζͷӨ͕ڹେ͖͍पଳҬͰςϯϓϨʔτͷد༩͕͑Β
Ε͍ͯΔ͜ͱ͕͔Δɻ

4 ৴ࠁ࣌

4.1 SpaceWire

SpaceWireASTRO-HͰ࠾༻͞Ε͍ͯΔɺLVDSʹΑΔਓӴ༻ͷ௨৴֨نͰ͋ΔɻӴ
ؒظఆ։ൃࡦͷ֨نʹΕΔ௨৴γεςϜ͜Ε·Ͱ༷ʑͳͷ͕༻͍ΒΕɺͦͷͨͼ͞༺ʹ
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ਤ 3.12: ܗۉͷฏۭؒؒ࣌ ਤ 3.13: पۭؒͷฏۉܗ

ਤ 3.14: ܗͷϊΠζۭؒؒ࣌ ਤ 3.15: पۭؒͷϊΠζܗ

ਤ 3.16: ܗͷςϯϓϨʔτۭؒؒ࣌ ਤ 3.17: पۭؒͷςϯϓϨʔτܗ
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Λඞཁͱ͍ͯͨ͠ɻSpaceWire͜͏͍ͬͨΛվળ͢ΔͨΊʹઃ͚ΒΕͨඪ४ωοτϫʔΫن
֨Ͱ͋Δɻ2009ʹଧ্ͪ͛ΒΕ͍ͨͿ͖ӴͰيಓ্ͷ௨৴ʹॳΊͯޭͨ͠ɻैདྷͷωοτ
ϫʔΫͱ SpaceWireͷωοτϫʔΫΛਤ 4.1ʹࣔ͢ɻSpaceWireਤͷΑ͏ʹϧʔλʔΛෳ༻
͍༷ͯʑͳ௨৴ܦ࿏Λબ͢Δ͜ͱ͕Ͱ͖ΔͨΊɺैདྷͷγεςϜͱൺ͕ܥΈ͘͢ɺ৴
པੑ͕େ্͖͍ͯ͘͠Δɻ·ͨɺSpaceWireΛඪ४֨نͱͯ͠౷Ұ͢Δ͜ͱʹΑΓɺ͍͢
͘ɺอक͍͢͠ͱ͍͏ߋͳΔϝϦοτ͕ੜ·ΕΔɻ

ਤ 4.1: ैདྷͷωοτϫʔΫͱ SpaceWire

4.2 ͚γεςϜࠁ࣌

ASTRO-HͰGPSӴ͔Βͷࠁ࣌ใGPS Reciever(GPSR)͕ड৴͠ɺதԝ੍ޚίϯϐϡʔ
λͰ͋Δ Satellite Management Unit(SMU)ૹΒΕΔɻSMUͰ Time Indicator(TI)ͱ͍͏ɺ
ӴͰ༻͞ΕΔࠁ࣌ͱͯ͠ SpaceWire Rooter(SWR)Λ௨֤͡ݕग़ثʹ৴͍ͯ͠ΔɻGPSR

͔Β֤ݕग़ࢸʹثΔ·Ͱͷܦ࿏Λ 4.2ʹࣔ͢ɻ

4.2.1 Time Indicator: TI

ɹSMUTIΛ࡞ɺ֤ݕग़ثʹ৴͍ͯ͠ΔɻTI 38bit͔ΒͳΔ 64Hzͷ৴߸Ͱɺ1ඵҎԼΛ
ද͢ԼҐ 6bitΛTime CodeͱݺΜͰ͍Δɻ্Ґ 32bitඵҎ্Λද͠ɺUppeer 32bit TIʢU32TIʣ
ͱݺΕΔɻ
ɹ
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ਤ 4.2: ASTRO-HͷωοτϫʔΫ

4.2.2 Local Time

ɹ TIͷؒ࣌ղ 1/64s=15.625msͰ͋ΔͨΊɺࠁ͚࣌ͷཁٻΛຬͨ͢͜ͱ͕Ͱ͖ͳ͍ɻ
͔͠͠ɺ֤ݕग़ثʹTIΑΓؒ࣌ղͷΑ͍Χϯλ͕ͦΕͧΕ͞ࡌΕ͓ͯΓɺࣗͰࠁ࣌
ใΛه͢Δ͜ͱ͕Ͱ͖ΔɻLocal TImeಠཱʹΧϯτ͞ΕΔͨΊɺTIͱϥον͠ͳ͚Ε
ͳΒͳ͍ɻఆظతʹϥον͞ΕΔͷΛϋεΩʔϐϯά (HK)σʔλɺΠϕϯτ͕౸དྷͨ͠ͱ
͖ʹϥον͞ΕΔͷΛΠϕϯτσʔλͱݺͼ۠ผ͍ͯ͠ΔɻLocalTimeͷؒ࣌ղͱ bi̓
Λද 4.1ʹࣔ͢ɻPSPͰ͜ͷর߹σʔλΛ look up tableͱͯ͠ه͓ͯ͠ΓɺςϨϝτϦͱ͠
ͯ SMUΛ௨্͡ͱૹ৴͍ͯ͠Δɻ

ද 4.1: SXSͷ LocalTime
छྨ ղؒ࣌ bit

HK 80 µs 32

Event 20 µs 16

4.3 Ԇ

৴߸ͷૹड৴ʹέʔϒϧͷૹੑϊʔυ͝ͱͷॲཧؒ࣌ͳͲʹΑͬͯԆ͕ੜ͡Δɻ͜
ͷԆʹ 2छྨ͋ΓɺҰͭݻఆԆɺ͏ҰͭΛδολʔݺͿɻݻఆԆϊʔυέʔϒ
ϧͷཧతੑʹىҼ͢ΔԆͷ͜ͱͰɺܥ౷తͳͷͱͯ͠ධՁͰ͖ΔͨΊɺ্Ͱֱਖ਼͢Δ
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͜ͱͰӨڹΛܰݮͰ͖ΔɻҰํδολʔͱɺTimeCodeͷసૹʹ͔͔Δؒ࣌ػͷ͜ͱΛද͠
͍ͯΔɻTimeCode΄͔ͷ৴߸ʹׂΓࠐΜͰ৴Ͱ͖Δ࠷༏ઌίʔυͰ͋Δ͕ɺσʔλ৴ޙ
ʹૠೖ͠ͳ͚ΕͳΒͳ͍ͨΊɺ࠷େ 10bitͷൃ͕ؒ࣌ػੜ͢Δɻδολʔ͜ͷϥϯμϜʹൃ
ੜ͢Δؒ࣌ػʹΑͬͯൃੜ͢ΔͨΊֱਖ਼Ͱ͖ͣɺࠁ࣌ਫ਼ѱԽͷཁҼͱͳ͍ͬͯΔɻ

5 ૬ରࠁ࣌ਫ਼ͷূݕ

5.1 త

PSPද 3.1ͷ CR-P16ΑΓɺ૬ରࠁ࣌ਫ਼͕ 80 µsҎͰͳ͚ΕͳΒͳ͍ɻ૬ରࠁ࣌ͱ
ಉҰϐΫηϧͰͷXઢݕग़ࠁ࣌ͷ͜ͱͰ͋Δɻ૬ରࠁ࣌ਫ਼͕ཁٻΛԼճΔ͔Λ͔֬ΊΔɻ

5.2 ํ๏

૬ରࠁ࣌ਫ਼ΛௐΔͨΊɺMXSʹΑΔपظతͳXઢরࣹσʔλΛ༻͢ΔɻLED͕౮͠
͔ͯΒ࠷ॳͷޫݕ͕ࢠग़͞ΕΔ·Ͱͷؒ࣌ɺLEDͷԠؒ࣌ɺݕग़͔ثΒ PSP·Ͱͷࠁ࣌
৴ʹ͔͔ΔԆɺPSPͷࠁ͚࣌ਫ਼ͷ 3ͭʹΑͬͯΏΒ͙ͱ͞Ε͍ͯΔɻͦ͜ͰɺLED౮࣌
ҰࢠΔɻޫ࡞ͱʹ۠ΓɺॏͶ߹ΘͤͯɺҰͭͷେ͖ͳύϧεΛ͝ظͱͯ͠σʔλΛपىΛࠁ
ͭҰͭͷ౸དྷࠁ࣌ͷ༳Β͗ɺ͜ͷॏͶ߹Θͤͨύϧε্ཱ͕͕ͪΔ·Ͱʹཁ͢Δ͕ؒ࣌ө͠
͍ͯΔɻʢਤ 5.1ʣ্ཱ͕ͪΓͷ͔ؒ࣌ΒɺPSPͷࠁ͚࣌ਫ਼ΛٻΊɺཁٻͱൺֱ͢Δɻղੳ

ਤ 5.1: ౸དྷࠁ࣌༳Β͗ͱΈࠐΈܗͷ্ཱ͕ͪΓ

ͷखॱΛ·ͱΊΔͱҎԼͷೋͭͱͳΔɻ
ɹ
1. पظ୳ࠪ
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ɹΈࠐΈޫۂઢͷ࡞ͷͨΊɺ·ͣύϧεൃੜஔͱɺ࣮ࡍʹಘΒΕͨσʔλͱͷपظΛൺ
ֱ͠ɺΈࠐΉपظΛܾఆ͢Δɻ͜ͷ୳ࠪ χ2 ΘΕΔɻߦ͍ͯ༺ఆΛݕ

2. ΈࠐΈ
ɹपܾ͕ظఆͨ͠ޙɺরࣹࠁ࣌Λ࢝ͱͯ͠σʔλͷޫۂઢΛ͜ͷपظͰΈࠐΈɺύϧεͷ
্ཱ͕ͪΓؒ࣌Λ fittingͯ͠ௐΔɻ࣍ʹɺ͜ͷؒ࣌ͱӴͷࠁ࣌৴ਫ਼ LEDͷԠؒ࣌
͔Β PSPࠁ͚࣌ਫ਼Λ͠ࢉܭɺཁ͞ٻΕΔΕͱൺֱ͢Δɻ

5.3 ηοτΞοϓ

σʔλදͨ͠༺ 5.1ͷͱ͓ΓͰ͋Δɻ

ද 5.1: σʔλ͍ͨ༺ʹূݕ
໊ݧࢼ ݧࢼ ύϧεपظ [ms] ύϧε෯ [ms]

SXS૯߹ݧࢼ 2015 5݄ 19 78.125 15.875

ݧࢼػࡉৄ 2015 5݄ 22 78.125 15.875

ਅۭݧࢼ 2015 6݄ 26 62.5 5

5.4 ݁Ռ

5.4.1 पظ୳ࠪ

पظ୳ࠪ χ2ݕఆΛߦͯ͠༺ΘΕΔɻσʔλͷޫۂઢΛ༷ʑͳपظͰΈࠐΈɺͦͷܗ
ΛઢͰϑΟοςΟϯά͢Δɻ͠प͕ظҰகͨ͠߹ɺΈࠐΜͩޫۂઢ͍ڧϐʔΫΛܗ
͢ΔͨΊɺઢͰϑΟοςΟϯά͢Δͱ χ2 ͷେ͖͘ͳΔɻ͔͠͠ɺप͕ظଥͰͳ͔ͬͨ
߹ɺΈࠐΜͩޫۂઢฏୱͳܗΛ࡞ΔͨΊɺχ2 ͷখ͘͞ͳΔɻ͜ΕΛར༻ͯ͠࠷దͳप
Λ୳ࠪ͠ɺύϧεൃੜஔͷઃఆͱൺֱ͢Δɻظ
ɹਤ??ʙ5.4୳ࠪͰಘΒΕͨ݁ՌΛද͢άϥϑͰ͋Δɻԣ͕࣠OffsetͱͷͣΕɺॎ͕࣠ χ2 ͷ
Λද͍ͯ͠Δɻχ2 ͕ظͱ͖ͷप͍ߴ࠷͕ Best PeriodͰɺ͜ͷͱύϧεൃੜஔͷपظͷઃ
ఆͱ͕Ұக͢Δ͔ΛղΛ 1µsͱͯ͠ௐͨɻ݁Ռ͕ද 5.2Ͱ͋Δɻ࠷ χ2 ͷ͕େ͖͍प
Δɻ͢༺Έʹ͜ͷઃఆΛࠐͰΈ࡞ઢۂ͍ͣΕઃఆͱҰகͨ͠ɻޫظ

ද 5.2: पظ୳ࠪ݁Ռ
໊ݧࢼ χ2

peak

SXS૯߹ݧࢼ 2.6× 105

ݧࢼػࡉৄ 1.2× 105

ਅۭݧࢼ 2.7× 106
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ਤ 5.2: SXS૯߹ݧࢼͷपظ୳ࠪ ਤ 5.3: ୳ࠪظͷपݧࢼػࡉৄ

ਤ 5.4: ਅۭݧࢼͷपظ୳ࠪ
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5.4.2 ΈࠐΈ

ͰɺظΒͷप͔ࠁ࣌࢝ͷΠϕϯτ౸དྷΛද͢άϥϑΛਤ??ʙਤ??ʹࣔ͢ɻԣ࣠রࣹ։ݧࢼ֤
ਤͰ 3पظΛද͍ࣔͤͯ͞Δɻॎ࣠ΧϯτͰɺޫ͕ࢠ౸དྷͨ͠ࠁ࣌ʹ 1ʹͳΔɻXઢ
पظతʹরࣹ͞Ε͍ͯΔͷͰɺҰఆִؒͰ count = 1ʹ͕ग़͢ݱΔɻΈࠐΈޫۂઢ͜Ε
ΛपظͰׂ͠ॏͶ߹ΘͤΔ͜ͱͰ࡞Δ͜ͱ͕Ͱ͖ΔɻΈࠐΈޫۂઢͱ্ཱ͕ͪΓͷΨγ
ΞϯϑΟοςΟϯά݁ՌͷҰ෦Λਤ 5.8ʙ5.13ʹࣔ͢ʢଞΛࢀরʣɻԣ࣠पظͰɺਤͰ 2

पظΛද͍ࣔͤͯ͞Δɻॎ࣠ 1bin͋ͨΓͷΧϯτΛද͍ͯ͠Δɻ্ཱ͕ͪΓؒ࣌ͷࢉܭ
ʹϑΟοςΟϯάͨ͠ΨγΞϯͷ 1σͷΛ༻ͨ͠ɻද 5.4্ཱ͕ͪΓؒ࣌ͷϐΫηϧฏ
Λͱͬͨ݁ՌͰ͋Δɻۉ

ਤ 5.5: SXS૯߹ݧࢼͷΠϕϯτ౸དྷͷ༷ࢠ

ਤ 5.6: ࢠͷΠϕϯτ౸དྷͷ༷ݧࢼػࡉৄ

5.5 ߟ

ද 5.4Ͱͨ͠ࢉܭύϧεͷ্ཱ͕ͪΓؒ࣌Λ σrise ͱ͢ΔͱҎԼͷࣜΛຬͨ͢ɻ

σ2
rise = σ2

PSP + σ2
LED + σ2

SpW (31)
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ਤ 5.7: ਅۭݧࢼͷΠϕϯτ౸དྷͷ༷ࢠ

ਤ 5.8: SXS ૯߹ݧࢼͷΈࠐΈޫۂઢ
(pixel=30)

ਤ 5.9: SXS૯߹ݧࢼͷ্ཱ͕ͪΓϑΟοςΟϯά

ਤ 5.10: ઢۂΈޫࠐͷΈݧࢼػࡉৄ
(pixel=30)

ਤ 5.11: ͷ্ཱ͕ͪΓϑΟοςΟϯάݧࢼػࡉৄ
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ਤ 5.12: ਅۭݧࢼͷΈࠐΈޫۂઢ
(pixel=22)

ਤ 5.13: ਅۭݧࢼͷ্ཱ͕ͪΓϑΟοςΟϯά

ද 5.3: ্ཱ͕ͪΓؒ࣌ͷͣΕͷϐΫηϧฏۉ [µs]

SXS૯߹ݧࢼ ݧࢼػࡉৄ ਅۭݧࢼ

124.2 104.0 111.4

σPSP: PSPͷࠁ͚࣌ਫ਼ɹ σLED: LEDͷԠؒ࣌ɹ σSpW: SpWͷࠁ͚࣌ਫ਼
͜͜ͰɺݧࢼͰ σLEDʙ100 µsͷύϧεൃੜஔΛ༻͍ͯ͠Δɻ·ͨ σSpW ݧࢼͰύϧε
ൃੜஔͱ PSPͰಉ͡ Time CodeΛ༻͓ͯ͠Γɺ࣮͔ݧΒ < 2µsͱখ͍ͨ͞ΊແࢹͰ͖Δ
ʢத୩म 2016Λࢀর)ɻΑͬͯ σPSP ࣍ͷΑ͏ʹͳΔɻ

σPSP =
√
σ2
rise − σ2

LED (32)

σLED = 100µsͱԾఆ͢Δͱද 5.4ͱͳΓɺσPSP ͍ͣΕͷݧࢼͰ PSPͷཁٻ 80µsΛԼճ
Δ݁Ռͱͳͬͨɻ

ද 5.4: ͱͷ͝ݧࢼ σPSP [µs]

SXS૯߹ݧࢼ ݧࢼػࡉৄ ਅۭݧࢼ

59.5 28.6 49.0

5.6 ·ͱΊ

Xઢൃੜஔͷઃఆͱಉ͜͡ͱΛ͕ظɺಘΒΕͨप͍ߦ୳ࠪΛظͷσʔλʹ͍ͭͯपݧࢼ֤
֬ೝͨ͠ɻͦͷޙΠϕϯτσʔλΛपظͰΈࠐΜͩޫۂઢΛ࡞͠ɺϐΫηϧͰXઢݕग़
ͷͣΕࠁ࣌ग़ݕɻ݁Ռɺ͜ͷূݕΕΛͣࠁ࣌ͷࠁ࣌ PSPͷ૬ରࠁ࣌ਫ਼Ͱ͋Δ 80µsͷൣғ
ʹऩ·͍ͬͯΔ͜ͱ͕͔֬ΊΒΕͨɻΑͬͯɺࠁ͚࣌ཁٻͷൣғͰਖ਼͘͠ߦΘΕ͍ͯΔ͜ͱ
͕Θ͔ͬͨɻ
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6 τϦΨλΠϛϯάͷΤωϧΪʔґଘੑͷূݕ

6.1 త

XઢϚΠΫϩΧϩϦϝʔλͷߏ͔ΒɺΠϕϯτܗ࣌ఆ͕ҰఆͷࢦؔΛඳ͘ɻͨ͠
͕ͬͯɺܗΤωϧΪʔʹରͯ͠૬ࣅͰ͋Δ͜ͱ͕Θ͔ΔɻͦͷͨΊɺ͋Β͔͡ΊςϯϓϨʔ
τʹର͠ɺߴͷҰఆׂ߹ͷͰτϦΨࠁ࣌ઃఆ͓͚ͯ͠ɺ࠷దϑΟϧλॲཧલޙͰͦͷ
ΤωϧΪʔґଘੑͳ͍ͱ͍͏͜ͱͰ͋Δɻʹࠁ࣌มԽ͢Δ͜ͱ͕ͳ͍ɻ͢ͳΘͪɺτϦΨ͕ࠁ࣌
ਤ 6.1͜ͷݪཧͷΠϝʔδͰ͋ΔɻPSPͰ͜ͷํ๏Ͱܾࠁ࣌ఆ͞Ε͍ͯΔͨΊɺΤωϧΪʔ
ґଘੑΛௐɺ૬ରࠁ࣌ਫ਼ཁٻͱൺֱ͢Δ͜ͱͰ༗ҙͳ͕ࠩݱΕͳ͍͜ͱΛ֬ೝ͢Δɻ

ਤ 6.1: τϦΨࠁ࣌ͷΤωϧΪʔඇґଘੑ

6.2 ํ๏

ҎԼͷखॱͰ͏ߦɻ

1. ΤωϧΪʔώετάϥϜ࡞
ɹ·ͣΠϕϯτΛ derivativeͷ࠷େ derivmaxͰώετάϥϜΛ࡞ΔɻderivmaxΤωϧΪʔ
ͱରԠ͍ͯ͠ΔͨΊ͜ΕΤωϧΪʔεϖΫτϧͱͳΔɻ͜ͷΛௐɺͲͷൣғ͝ͱʹଳҬ
Λ۠Δ͔Λܾఆ͢ΔɻਅۭݧࢼͰরࣹઢݯʹCuΛ༻͓ͯ͠ΓɺΤωϧΪʔͦͷϐʔΫ
ͷपғʹ͕ͨͬΛͱΔ͜ͱ͕༧͞ΕΔɻ

2. ΈࠐΈޫۂઢ࡞
ɹ࣍ʹׂͨ͠ΤωϧΪʔଳҬ͝ͱͰޫۂઢΛΈࠐΉɻ͜ͷࡍɺ֤ଳҬͰΈࠐΈͷ։࣌࢝
ύϧεൃੜஔͷࠁ࣌࢝Λ౷Ұ͓ͯ͘͠ඞཁ͕͋Δɻ։ࠁ LED-onͷ৴߸͕ૹΒΕͨؒ࣌ͱ͠ɺ
binΛ 62500ͱͨ͠ɻ

3. delayࢉܭ
ɹΈࠐΈޫۂઢͷ্ཱ͕ͪΓࠁ࣌ΛͦΕͧΕͷଳҬͰଌఆ͠ɺࠁ࣌ͷͣΕΛௐཁٻͱൺ
ֱ͢Δɻ
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ਤ 6.2: ਅۭݧࢼͷΤωϧΪʔ

6.3 ηοτΞοϓ

σʔλਤ 6.1ͷ௨ΓɺલষͷਅۭݧࢼͷσʔλΛ༻͢ΔɻϐΫηϧ 12ֱਖ਼༻ͷమ 55ઢ
ͳ͍ͨΊআ͍ͨɻ͕ੑظরࣹ͞Ε͓ͯΓɺप࣌ৗ͕ݯ

ද 6.1: σʔλ͍ͨ༺ʹূݕ
໊ݧࢼ ݧࢼ ύϧεपظ [ms] ύϧε෯ [ms] pixel

ਅۭݧࢼ 2015 6݄ 26 62.5 5 not12

6.4 ݁Ռ

6.4.1 ΤωϧΪʔώετάϥϜ

SXS૯߹ݧࢼͷσʔλͷΤωϧΪʔਤ 6.2ͷΑ͏ʹͳͬͨɻΤωϧΪʔଳҬΛද 6.2ͷΑ
͏ʹ۠ͨ͠ɻ

ද 6.2: σʔλ͍ͨ༺ʹূݕ
derivmax

2000 < derivmax< 3500

3500 < derivmax< 5000

5000 < derivmax< 8000
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6.4.2 ্ཱ͕ͪΓࠁ࣌ͷଌఆ

্ཱ͕ͪΓࠁ࣌ΛϐʔΫͷ binͷΧϯτͷ 50ˋͱఆٛͨ͠ɻ3ͭͷ݁Ռ͕ਤ 6.3ʙ6.5ͱද
6.3Ͱ͋Δɻ

ਤ 6.3: 2000 < derivmax < 3500 ਤ 6.4: 3500 < derivmax < 5000

ਤ 6.5: 5000 < derivmax < 8000

ɹ݁Ռɺ1µsͷؒ࣌ղͰͣΕ͕ݟΒΕͣɺσ = 0ͩͬͨɻ͜Εཁٻ 80µsΛຬ͓ͨͯ͠
ΓɺΤωϧΪʔґଘੑͳ͍͜ͱ͕͔֬ΊΒΕͨɻ

6.5 ·ͱΊ

ਅۭݧࢼͷσʔλʹ͍ͭͯɺΤωϧΪʔεϖΫτϧ͔Β 3ͭͷଳҬʹׂ͠ɺͦΕͧΕͰ։࢝
ɻύϧεͷ্ཱ͕ͪΓΛϐʔΫͷͨͬ࡞ઢΛۂΈޫࠐΛͦΖ͑ɺΈࠁ࣌ 50ˋͱઃఆ͠ɺরࣹ
։͔ࠁ࣌࢝ΒͷΕΛ֤ଳҬͰଌఆɺτϦΨࠁ࣌ͱΤωϧΪʔͷඇґଘੑΛ͔֬Ίͨɻ݁Ռɺ1µs

Λ্ճΔͣΕ֬ೝ͞Εͳ͔ͬͨɻ͜Ε PSPͷࠁ࣌ਫ਼ 80µsΛԼճΔͷͰɺτϦΨࠁ࣌Τ
ωϧΪʔʹґଘ͍ͯ͠ͳ͍͜ͱ͕Θ͔ͬͨɻ
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ද 6.3: ֤ଳҬͷ্ཱ͕ͪΓࠁ࣌
্ཱ͕ͪΓࠁ࣌ [µs]

16.0992

16.0992

19.0992

7 

ΈࠐΈޫۂઢͱ fittingͷ݁ՌͷਤΛҎԼʹ·ͱΊΔɻSXS૯߹ݧࢼͱৄػࡉݧࢼϐΫ
ηϧ 1,3,5,6,27,29,30,31,32

ਅۭݧࢼϐΫηϧ 9,11,14,19,20,21,22,23,24Ͱ͋Δɻ

ਤ 7.1: SXS૯߹ݧࢼ pixel1
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ਤ 7.2: SXS૯߹ݧࢼ pixel3

ਤ 7.3: SXS૯߹ݧࢼ pixel1

ਤ 7.4: SXS૯߹ݧࢼ pixel6
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ਤ 7.5: SXS૯߹ݧࢼ pixel27

ਤ 7.6: SXS૯߹ݧࢼ pixel29

ਤ 7.7: SXS૯߹ݧࢼ pixel30

44



ਤ 7.8: SXS૯߹ݧࢼ pixel31

ਤ 7.9: SXS૯߹ݧࢼ pixel32
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ਤ 7.10: ݧࢼػࡉৄ pixel1

ਤ 7.11: ݧࢼػࡉৄ pixel3
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ਤ 7.12: ݧࢼػࡉৄ pixel5

ਤ 7.13: ݧࢼػࡉৄ pixel6

ਤ 7.14: ݧࢼػࡉৄ pixel27
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ਤ 7.15: ݧࢼػࡉৄ pixel29

ਤ 7.16: ݧࢼػࡉৄ pixel30

ਤ 7.17: ݧࢼػࡉৄ pixel31
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ਤ 7.18: ݧࢼػࡉৄ pixel32

ਤ 7.19: ਅۭݧࢼ pixel9
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ਤ 7.20: ਅۭݧࢼ pixel11

ਤ 7.21: ਅۭݧࢼ pixel14

ਤ 7.22: ਅۭݧࢼ pixel19
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ਤ 7.23: ਅۭݧࢼ pixel20

ਤ 7.24: ਅۭݧࢼ pixel21

ਤ 7.25: ਅۭݧࢼ pixel22
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ਤ 7.26: ਅۭݧࢼ pixel23

ਤ 7.27: ਅۭݧࢼ pixel24
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