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3A03 㞷ị୰ࢺࢫࢲࡢ⢏Ꮚࡿࢀࡲྵ࡟ேⅭ㉳※≀㉁ẚࡢ᥎ᐃ�

�ᮾ኱㝔⥲ྜ ཎᏊຊᶵᵓࠊ� ᑠ㇋ᕝ຾ぢۑ�� ᯇᑿᇶஅࠊ� ⃈┿኱ᓥࠊ1 ࠊ2 ⸨ᬸ㍜ ࠊ2

ᮌᮧᩔ ⏕ᑠἨගࠊ2 2�

�

[࡟ࡵࡌࡣ] ᮏ◊✲࡛ࡣ㝆㞷⎔ቃࡿ࡞␗ࡢᅜෆࡢᩘ「ࡢᆅⅬ࡚࠸࠾࡟෤ᮇ࡟✚㞷ࡓࡋ㞷ịヨᩱࢆ᥇
ࡢ⢒኱⢏Ꮚࡢ୰(ࢺࢫࢲ)኱Ẽ⢊ሻࡿࢀࡲྵ࡟୰ࡢࡑࠊࡋྲྀ Enrichment Factor(EF)࡟࡜ࡇࡿࡍ┠╔࡟
ࢫࢲࡢ㞷ị୰ࠋࡓࡗ⾜ࢆウ᳨ࡢேⅭ㉳※≀㉁ẚࡢඖ⣲ྛࡓࢀࡉ㢼㏦࡚ࡗࡼ࡟෤ᮇᏘ⠇㢼ࠊ࡚ࡗࡼ
㧗ឤᗘࡃపࡀࢻࣥ࢘ࣛࢢࢡࢵࣂࡣ࡟ᐃᛶ㺃ᐃ㔞ࡢࡑࠊࡾ࠶࡛ࢫࢡࣜࢺ㧗࣐ࡘ࠿ᕼ࡚ⷧࡵᴟࡣᗘ⃰ࢺ
ከ㔜༶Ⓨ࣐࢞ࣥ⥺ศࠊ࠼ຍ࡟ᶵჾ୰ᛶᏊᨺᑕ໬ศᯒ(INAA)ἲࡢᚑ᮶ࡵࡓࡿࢀࡉᮇᚅࡀศᯒᡭἲ࡞
ᯒ(MPGA)ἲࡿࡼ࡟ ᐃࠊ࠸⾜ࡶᕼⷧヨᩱࡿࡅ࠾࡟ ᐃ᮲௳᭱ࡢ㐺໬ࢆヨࠋࡓࡳ
[ᐇ㦂] ศᯒ࡟౪ࡓࡋヨᩱࡣ 07-08 -㔠⢭ᓘ(⩌㤿ࠊᒣ㐃ᓠ(ᐩᒣ-㛗㔝┴ቃ)❧ࠊ୸ᒣ(᪂₲)࡟ࣥࢬ࣮ࢩ
ᰣᮌ┴ቃ)࡛᥇ྲྀࡓࢀࡉ✚㞷࡛ࠋࡿ࠶᥇ྲྀᆅⅬ࿘㎶࡛ࡣ⼥㞷ࡿࡼ࡟ run-off ࡜࠸ప࡚ࡵᴟࡣᛶ⬟ྍࡢ
ቃୗ࡛⎔࡞Ύίࠊゎᚋ⼥↛⮬ࡣヨᩱࡓࡋ᥇ྲྀࠋࡓ࠼⪄࡜࠸࡞ࡣ※⤥౪ࢺࢫࢲࡢ㝆㞷௨እࠊࡋุ᩿
Ꮝᚄ 0.45ȝm ࠊ࣏ࡋษ᩿࡟ࢬ࢖ࢧ࡞㐺ษࡣℐ⣬ࠋࡓࡋᐃ㔞ℐ㐣୍࡛࣮ࢱࣝ࢕ࣇࣥࣛࣈ࣓ࣥࡢ ࢳ࢚ࣜ
ࡧࡼ࠾ࣥࣞ FEP STELLAࠋࡓࡋ࣮ࣝࢩ࡛࣒ࣝ࢕ࣇ ࡿࡼ࡟ MPGA  ᐃ࡛ࡣ 24 ࡢྎ Ge ᳨ฟჾ(BGO
࡚࠸⏝ࢆ(ࡴྵ Ǆ-Ǆ ᐃࠊ࠸⾜ࢆヨᩱẖ࡟ 1 ᫬㛫ࡢ ᐃࢆ 5 ᅇ⧞ࡾ㏉࣮ࢯࢆࢱ࣮ࢹࢺࢫࣜྛࠋࡓࡋ
ࡋࢢࣥ࢕ࢸ 2 ḟඖ࣐ྠࢫࢡࣜࢺኈ1ࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍ⟭₇ࢆ ᫬㛫ࡽ࠿ 5 ᫬㛫ࡢ࡛ࡲ⣼✚ ᐃ᫬
㛫ࡢ⤖ᯝࢆᚓࢡࣥࣛࣈࡓࡲࠋࡓ(ℐ⣬)ୖࡶࢺࢵࢭࣇ࢜ࡢグࡢᡭἲࡾࡼ࡟⪃៖࠾࡞ࠋࡓࡋℐ⣬ୖ࠶࡟
ࢀࡽᚓࡽ࠿ẚ㍑ࡢ࡜ᶆ‽ཧ↷ヨᩱࠊࡵࡓࡿ࠶ᅔ㞴࡛ࡀ࡜ࡇࡿࡍᐃ ࡣ㔜㔞ࡢṇ࿡ࡢヨᩱࢺࢫࢲࡿ
ࡽ࠿㔜㔞್ࡿ EF ࡓࡲࠋࡓࡵồࢆ S ຍ㏿ჾ◊✲ᶵᵓ࣮ࢠࣝࢿ㧗࢚ࡣ࡚࠸ࡘ࡟ Photon Factroy ࠸࠾࡟
࡚ X ⥺྾཰ᚤ⣽ᵓ㐀(XAFS)ἲྠࢆヨᩱ࡟㐺⏝ࠋࡓࡋ
[⤖ᯝ࡜⪃ᐹ] ࡢヨᩱࡓࢀࡽᐊᇽ(❧ᒣ㐃ᓠ㺃すഃ)ᆅⅬ࡛ᚓࡧࡼ࠾୸ᒣ࡟⾲ V ࡧࡼ࠾ Zn ࡢ EF ᣲࢆ
MPGAࠋࡓࡆ ࡿࡼ࡟ 1 ᫬㛫 ᐃࡣㄗᕪࡀ኱ࡃࡁ༑ศ࡞⢭ᗘࡀᚓࡎࢀࡽᮏヨᩱࡢ ᐃ᫬㛫࡚᫂ࡋ࡜
ࡑࡼ࠾࠾ࡣ࡛ࣉࢵ࢔ࢺࢵࢭࡢᐃ᫬ ࠊࡾ࠶୙㐺࡛࡟࠿ࡽ 3 ᫬㛫⛬ᗘࡢ ᐃ᫬㛫ࡀᚲせ࡛࡜ࡇࡿ࠶
ࡓࡲࠋࡿ࠿ศࡀ Zn ࡣ MPGA  ᐃ࡛㠀ᖖ࡟ឤᗘࡀᝏ࡜࠸ሗ࿌ࡿ࠸࡚ࢀࡉ 1 ࡟ࡶ࡜࡜ᐃ᫬㛫 ࠊࡀ
ㄗᕪࡀᨵၿࡿࢀࡉഴྥࡀぢࠊࢀࡽᐊᇽヨᩱ࡛ࡣ 3 ᫬㛫௨ୖࡢ ᐃࠊ࡚ࡗࡼ࡟INAA ㄪ࿴࡜ᯝ⤖ࡢ
ⓗࢺࢫࢲࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࡞࡟୰ࡢ V ࡧࡼ࠾ Zn ࠊࡀࡿࡍ᮶⏤࡟↝⇞Ἔ⇞ᩱ▼ࢀࡒࢀࡑࡣ
Zn 40)್࠸㧗࡟≉ᐊᇽ࡛ࡣ ⛬ᗘ)ࠊࡋ♧ࢆ෤ᮇࡢ࡚࠸࠾࡟ேⅭ㉳※≀㉁ࡢ㈇Ⲵࡀ኱ࡀ࡜ࡇ࠸ࡁ♧၀
Vࠋࡿࢀࡉ Ỉ⁐ᛶ࡛࡜ࡇࡿࡍᚤᑡ⢏Ꮚ໬ࡋ⦰จ࡟᥹Ⓨᚋࠊࡀࡿࢀࡉ᥎ᐃ࡜ࡿ࠶࡛※⏕Ⓨࡢᵝྠࡶ
ࡀࢀࡇࠊࡾ࠶ࡀᚩ≉࠸㧗ࡀ EF<1 ᨺ࡟኱Ẽࡣ⢒኱⢏Ꮚࡓ࠸⏝࡛✲◊ᮏࠋࡿࢀࡽ࠼⪄࡜⏤⌮ࡿ࡞࡟
ฟᚋ㏿࡟࠿ࡸ஝ᛶỿ╔࡚ࡗࡼ࡟኱Ẽ୰ࡽ࠿㝖ཤࠊࡵࡓࡿࢀࡉⓎ⏕※ࡢࡽ࠿⛣ື㊥㞳᭱ࡣ኱࡛ᩘࡶ
10km ࡿࢀࡉ࡜ ࢮ࣮࢕ࢹࡿࡼ࡟㝖㞷㌴ࡧࡼ࠾ࢺࢫࢲࡆୖࡁᕳࡢࡽ࠿㐨㊰ࡣᐊᇽ௜㏆࡛ࡓࡋ᥇ྲྀࠋ2
ࣝ᤼↮ࡿࡼ࡟ởᰁࡀ┠ど࡛ࠊࡢࡢࡶࡓࡁ୸ᒣࡣ࿘㎶࡞☜᫂ࡣ࡟ேⅭ㉳※ࡢ౪⤥※ࡣぢ࠿࡞ࡽࡓ࠶
ࡶ࡜ࡇࡓࡗ EF ࡓࡲࠋࡿ࠶ㄪ࿴ⓗ࡛࡜ XAFS ἲࡿࢀࡲྵ࡟ࢺࢫࢲࡾࡼ࡟◲໬≀ࡧࡼ࠾◲㓟ሷࡢศ
㞳ࠊ࠸⾜ࢆ⯆࿡῝࠸▱ぢࡀᚓ࡚ࡏే࡛ࡢࡓࢀࡽሗ࿌ࠋࡿࡍ
[ཧ⪃ᩥ⊩]
1)� ᮌᮧࠊ኱ᓥࠊ㕲࡜㗰(2004) 1004 ,(12)90ࠊ 
2)� Wilson W.E., Suh H.H. J. Air & Waste Manage. Assoc. 47, 1238 (1997) 

Table. Enrichment factors (EF) measured by MPGA and INAA at sampling points. The values in 
parentheses indicate errors which arise in each measurement 

EF (n=3)
MPGAZ Stations

INAA
3600s 7200s 10800s 14400s 18000s

Maruyama 7.50(0.7) 2.62(1.0) 3.52(0.8) 3.35(1.8) 3.78(0.8) 3.15(1.0)Zn 65,67 
Murodo 41.4(4.0) n.d(-) 74.8(68) 39.6(21.3) 41.3(21.0) 35.3(20.7)

Maruyama 0.20(0.1) 0.08(0.0) 0.148(0.0) 0.142(0.0) 0.145(0.0) 0.141(0.0)V 52
Murodo 1.80(0.2) n.d(-) 2.83(1.0) 1.46(0.3) 1.58(0.3) 1.26(0.3)

Estimation of the anthropogenic matter ratio of dust particles trapped in snow core 
SHOZUGAWA, K., MATSUO, M., OSHIMA, M., TOH, Y., KIMURA, A., KOIZUMI, M. 
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Application of multiple prompt gamma ray analysis (MPGA) to geochemical and cosmochemical 
samples
WATANABE, R., OURA, Y., EBIHARA, M., OSHIMA, M., TOH, Y., KIMURA, A., KOIZUMI, M., 
FURUTAKA, K., MURAKAMI, Y. 

ᄙ㊀හ⊒ࠟࡑࡦ✢ಽᨆᴺߩቝቮ࿾⃿ൻቇ⊛⹜ᢱ߳ߩㆡ↪�


㚂ㇺᄢ㒮ℂᎿ 1㧘ේሶജᯏ᭴ 2�٤ᷰㇱ⦟ 1㧘ᄢᶆᵏ༹ 1㧘ᶏ⠧ේల 1㧘�

ᄢፉ⌀Ẵ 2㧘⮮ᥰテ 2㧘ᧁ᧛ᢕ 2㧘ዊᴰశ↢ 2㧘ฎ㜞๺⑓ 2㧘᧛਄ᐘᒄ 2�

㧘ฦర߇ࠆ޽ߢ㕖⎕უᄙర⚛หᤨቯ㊂ᴺߥ㜞ᗵᐲߪಽᨆ㧔PGA㧕✢ࡑࡦࠟ⊑හޤߦ߼ߓߪޣ

ߪ⚛ᓸ㊂ర޿ߐዊ߇ᒝᐲ✢ࡑࡦࠟࠆߔ㧘᡼಴߼ߚ޿ᄙ߇ᢙߩ✢ࡑࡦࠟ⊑හࠆࠇߐ᡼಴ࠄ߆⚛

ਥⷐర⚛ߩ✢ࡑࡦࠟߩᅹኂࠅࠃߦᬌ಴߇࿎㔍߇ߣߎࠆߥߦᄙޕ޿ᄙ㊀ࠟࡑࡦ✢ᬌ಴ᴺࠍ೑↪

ߚߒ PGA ߦหᤨ⸘ᢙߩ✢ࡑࡦࠟ⊑හ࠼࡯ࠤࠬࠞߪߢಽᨆ㧔MPGA㧕✢ࡑࡦࠟ⊑ᄙ㊀හࠆ޽ߢ

㧘MPGAߡߞࠃޕࠆߔะ਄߇ಽ⸃⢻ߩࠢ࡯ࡇ㧘ࠅࠃ ᧪ᓥ߼ߚࠆߔዋᷫ߇⇥㊀ߩ✢ࡑࡦࠟߪߢ

ߩ PGA �ޕࠆࠇߐᦼᓙ߇ᐲะ਄⏕ߩቯ㊂୯߿ቯ㊂ߩ⚛ᓸ㊂రߥቯ࿎㔍᷹ߢ

� ᧄ⎇ⓥߪߢ MPGA ⃻ᕈ㧘 S/Nౣߦ߼ߚࠆߔቯ㊂ߦ⏕ᱜࠍቝቮ࿾⃿ൻቇ⊛⹜ᢱߢ Ყ㧘⹜ᢱ㊀

㊂ߡ޿ߟߦߤߥᬌ⸛ࠍⴕޕߚߞ�

ߩᣣᧄේሶജ⎇ⓥ㐿⊒ᯏ᭴ߪቯ᷹ߣᾖ኿ޤታ㛎ޣ JRR-3M ಄ਛᕈሶࠇߐ⟎⸳ߦࡦࠗ࡜ࡓ࡯ࡆ

ߚ MPGA ⵝ⟎ߢⴕޕߚߞFEP ࠍᢱ⹜ߚߒኽ౉ߦࡓ࡞ࠖࡈ CO2㔓࿐᳇ਅߢ 2×3 cm2ߩ಄ਛᕈሶ

ဳ࡯ࡃ࡯ࡠ㧘ࠢࠄ߇ߥߒᾖ኿ߢ Ge ᬌ಴ེ 8 บߣ BGO ᬌ಴ེࠪࠬߚࠇߐ᭴ᚑߢ࠲࡯࡟࠴ࡦࠪ

㧘᷹ቯ⚳ੌᓟ㧘sortingߒ㍳⸤ߦߣߏ࠻ࡦࡌࠗߪ࠲࡯࠺ቯ᷹ޕߚߒቯ᷹ࠍ✢ࡑࡦࠟ⊑හߢࡓ࠹
ࠅࠃߦ 2 ᰴరࠬࠍ࡞࠻ࠢࡍ૞ޕߚߞਇᗵᤨ㑆ࠍ⵬ᱜߦ߼ߚࠆߔ 133Ba ᮡḰ✢ḮࠍᏱߦหᤨ᷹ߦ

ቯޕߚߒ

�ޤᨐ⚿ޣ ࠆߥ⇣ sortingᴺߢᓧߩࠢ࡯ࡇߚࠇࠄ S/NᲧࠍᲧセޕߚߒnormalᴺߦᲧߡߴ㧘add-back
ߣ anticoincidence ᴺߪߢ⚂ 2 ୚ S/N Ყ߇ะ਄ޕߚߒadd-back ᴺߪห৻ࠢ࡯ࡃ࡯ࡠᬌ಴ེౝߩ

Ge ᬌ಴ེߢหᤨߦᬌ಴ߒ⿷ࠍ࡯ࠡ࡞ࡀࠛ✢ࡑࡦࠟߚߒ㧘1 ࠟߚߞ߆ߥߒᢔੂࡦ࠻ࡊࡦࠦߩߟ

޿ૐߩน⢻ᕈ߻฽ࠍ࠻ࡦࡌࠗߩ㧘னߡߞࠃޕࠆߔಣℂߡߒߣ✢ࡑࡦ anticoincidence ᴺࠍណ↪

ޕߚߒߦߣߎࠆߔ

� MPGA ࠆߥ⇣ߩߐ㊀ߦ߼ߚࠆߔ⸛ᬌࠍᢱ㊂⹜ߚߒㆡߦ JB-1a㧔9.59 mg㧘48.2 mg㧘144 mg㧕
ߣ JB-1㧔206 mg㧕ࠍᾖ኿ߒ㧘Fe㧘Ti㧘Si ߩࠢ࡯ࡇ✢ࡑࡦࠟߩࠄ߆ S/N Ყߣ⸘ᢙ₸ࠍᲧセߚߒ

㧔Fig. 1㧕ޕS/N Ყߪ⹜ᢱ㊂Ⴧടߣ౒ߦ 150 mg 㧘ߚ߹ޕߚߞߥߣᓟ߶߷৻ቯߩߘ㧘ߒჇടߪߢ߹

⸘ᢙ₸߽ਇᗵᤨ㑆߼ߚߩ⹜ᢱ㊂ߦᲧ଀ߕߖ㧘150 mg ₸ᢙ⸘ߚߞ⷗วߦᢱ㊂Ⴧട⹜ߣࠆ߃⿥ࠍ

㧘150 mg㨪200 mg߼ߚߩߘޕ޿ߥ߼⷗ㄟߤࠎߣ߶ߪะ਄ߩ ⒟ᐲߩ⹜ᢱ㊂᷹߇ቯߦㆡࠆ޿ߡߒ

ޕߚߒᢿ್ߣ

� ਄⸥ߩᬌ⸛⚿ᨐࠅࠃ JB-1㧔206 mg㧕ࠍᲧセᮡḰ⹜

ᢱߡߒߣ Allende 㓓⍹㧔233 mg㧕ߣ Gold Basin 㓓⍹

㧔153 mg㧕ࠍಽᨆޕߚߒSi㧘Fe㧘Ti㧘K㧘Ca㧘Mn㧘
Co 133Baޕߚ߈ߢ⹺⏕ࠍࠢ࡯ࡇߩ ߡ޿↪ࠍ₸ᢙ⸘ߩ

ਇᗵᤨ㑆ߩ⵬ᱜࠍⴕ޿㧘Si㧘Fe㧘Ti ߚߺ⹜ࠍቯ㊂ߩ

⚿ᨐ㧘Fe㧘Si 㧘ߒ⥌৻ߊࠃߢ3㧑એౝ ±ߣᢥ₂୯ߪ

Ti ߦ⊛⛔♽ߪ 15㧑⒟ૐޕߚߞ߆⃻࿷㧘߶ߤࠎߣਥ

ⷐర⚛߆ߒ✢ࡑࡦࠟߩࠄ߆⏕⹺߇޿ߥ޿ߡߒ㧘੹ᓟ㧘

ᓸ㊂ర⚛ߩቯ㊂ᕈ߽ߡ޿ߟߦᬌ⸛੍ࠆߔቯޕࠆ޽ߢ
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Activity ratio of 230Th/232Th in the products from Asama volcano, Japan
KURIHARA, Y., TAKAHASHI, M., SATO, J.

�Ì�w�1%lb�$��3 230Th/232Th �v¸��

(�qª®Ù¨Ã�£��Ö	ÑdWª×	�qØ)��gÏSÖ	Ô�Äº×	̂ ¼�³Ø�

�&�.$
�,Æ,{%�w�1lb�3H<H&	�,Æ-FNRD�1�b�43 H2O 5X
_"�3�_�HPDM)Ze�3�"$0� ¥¡�3"·�14 �3
8KP&DL8I$�

* H2O 5X_"�3�_$0� ­f����.	�,Æ,{%�w%U!¥¡��'�2%H
<H!&	

238U-230Th Ì�	230Th $�* 238U �p� 230Th/238U < 1 %�vÒ|½$#3"·�1
43
�4+!$	[Â~%�wlb�!&	

230Th/238U < 1 %�vÒ|½!�3�"�ok�4 �
3 �����
+�	(230Th/232Th)-(238U/232Th) �v¸�@76<KI$��3FOAD%cy�1	[Â�H
L6E~%U%HPDM$��3 U/Th �&	0.3 (238U/232Th �v¸�!² 1) 02/Ô�a!�3�
"�ok�4 �3 �����
��&	�Ì�w�1%lb�$��3

238U-230Th Ì%�v|½QÒ|½
5¿��	�Ì�w%U%HPDM$��3 U/Th �$�� ·u��

�Á�QtÓ
Á�$&	�Ì�w% 4 V±$lb��U%»i�x��0( 1108 }%Çc�«�Q
T%»i�x�	1783 }%r�ÍUÅ©QËg�«�QÕ�b��x�5¢��
Á�W% U " Th
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Fig. 1 (230Th/232Th)-(238U/232Th) activity ratio diagram
for the products from Asama volcano. Solid circles
represent data sets for Izu-Mriana arc volcanoes1)-4).
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ේሶജᯏ᭴�٤ችᧄ�࡙ޔࠞ࠲቟↰�ஜ৻㇢ޔ㑆ᨩ�ᱜ᣿ޔᧁ᧛�⾆ᶏ�

ᄢ᳇ޔ‛㓓⍹㋶߿ጤ⍹ߪห૏૕⚵ᚑ߿ర⚛ሽ࿷ᐲߩ࠼ࠗࡁ࠲ࡦ࡜ޔPbޔTh߿Uޤߦ߼ߓߪޣ

ᶋㆆߩ╬ࠎߓⅣႺ⹜ᢱߩᚑ࿃߿⿠Ḯࠅߥߦࡉ࡯ࡠࡊࠆߴ⺞ࠍߤߥᓧࡉࠨޕࠆng࡞ࡌ࡟㊂ߎߩ

ࠆߔ┙⏕ࠍൻቇಽ㔌ᴺߥଢ◲ߪߦ߼ߚࠆߔห૏૕Ყಽᨆ࡮ቯ㊂ߦ⏕ᱜߢICP-MSࠍ⚛రߩࠄࠇ

ൻቇಽ㔌ߥ⚐නࠆࠃߦṁ㔌ᶧࠆᚑࠄ߆⮎⹜ߥኈᤃ߇ᚑ↢ߪ޿ࠆ޽㜞⚐ᐲޕࠆ޽ߢᔅⷐ߇ߣߎ

ᴺࠍᬌ⸛ߚ߈ߡߒ⚿ᨐޔ㈶㉄ࠍ࡞࡯ࡁ࠲ࡔ߿ਥᚑಽࠆߔߣṁ㔌ᶧߢߣߎࠆ޿↪ࠍㅙᰴಽ㔌߇

น⢻ޔߒ߆ߒޕߚߞߥߣThߩṁ಴߇✭ᘟ߼ߚࠆ޽ߢPbߩಽ↹ߦThߩ৻ㇱᷙ߇౉ࠆߔ໧㗴߇ᱷ

⹜ⅣႺޔ߈ߢ㆐ᚑ߇Thಽ㔌ߥቢోߢߣߎࠆ޿↪ࠍ㈶㉄㧗Ⴎ㉄ᷙวṁᇦޔ੹࿁ޕ(1)ߚ޿ߡࠇߐ

ᢱ߳ߩᔕ↪߇น⢻ߢߩߚߞߥߣႎ๔ޕࠆߔ

ኈⓍࡓ࡜ࠞ] mmI�42 mm 5.5)ࡓ࡜⵾ࠞࡦ࡟࠴ࠛ࡝ࡐޤታ㛎ᣇᴺޣ 1 ml])ߦ⹣ߚ߼㒶ࠗࠝࡦ੤

឵᮸⢽(ࠢ࠶ࡑࡠࡓ 1x8ޔCl ᒻ200-100ޔ mesh)ࡦࠝࠗࠍ੤឵ಽ㔌ޕߚ޿↪ߦICP-MS ᩞᱜṁᶧ

ߚߒ⵾⺞ࠄ߆ U, Th, Pb, ߩ╬࠼ࠗࡁ࠲ࡦ࡜ర⚛ࠍ฽߻⹜ᢱṁᶧ 500µl(ฦర⚛㊂ 50 ng)࡜ࠞࠍ

ml 4ޕ(.ᵹㅦ㧦0.1㨪0.4 ml/min)ߚߒಽ㔌ߢṁ㔌ᶧޔᓟߚߖߐ⌕ๆߦࡓ Ფߦࡦࡆࡦࡠࡈ࠹ߦ㓸߼

ࠍṁ಴ᶧࡓ࡜ࠞߚ 2㧑⎣㉄ṁᶧ 2 ml ࠍṁ಴㊂ߩ⚛రޔߒᢛ⺞ߦ ICP-MS ޕߚߒቯ㊂ߢ

ࠇߙࠇߘࠍỚᐲߩႮ㉄߮ࠃ߅㈶㉄ޤ⠨ኤߣᨐ⚿ޣ 60㨪80%0.2ޔM㨪1M ㈶㉄㧗Ⴎ㉄ߚ߃ᄌߣ

ᷙวṁᇦߢಽ㔌ߒ Th ࠍႮ㉄Ớᐲߡߒߘޔߤ߶ࠆߔߊૐࠍ㈶㉄Ớᐲޔᨐ⚿ߚߴ⺞ࠍṁ಴᜼േߩ

㜞ߤ߶ࠆߔߊ Th ࠍ㈶㉄Ớᐲߚ߹ޕߚߞ߆ಽ߇ߣߎࠆߔṁ㔌ߊᣧ߇ ߣࠆߔߦ60% Pb ߪ Th ߣ

Thޕߚߒṁ಴ߦ߽ߣ ಽ㔌ߦᦨㆡߥṁ㔌ᶧߩ⚵ᚑߪ 70㧑㈶㉄㧗1M Ⴎ㉄ޔᶧ㊂ߪ 22 ml ߞ޽ߢ

ߦᦝޕߚ 0.005M Thޔߣࠆߔടᷝߦṁ㔌ᶧߩߎࠍൻ᳓⚛㉄࠶ࡈߩ ࠅߥߊ㍈߇ࠢ࡯ࡇṁ㔌ߩ Th
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Uޕࠆࠇࠄ߃ ߦห᭽߽ߢ 0.5M Ⴎ㉄㧗0.005M ߥߊ㍈߇ࠢ࡯ࡇṁ㔌ߣࠆߔṁ㔌ߢൻ᳓⚛㉄࠶ࡈ

࿑ࠍ଀ߩ✢ṁ㔌ᦛߚߒㅙᰴಽ㔌ࠍ⚛ర⊛⋠ߡߞ૶ࠍṁ㔌ᶧߩࠄࠇߎޕߚߞߥߊߔ߿ߒṁ಴ࠅ

1 ࠆ޽ߢ⊛⋠ಽ㔌ޕߔ␜ߦ U, Th, Pb,࠼ࠗࡁ࠲ࡦ࡜(La, Lu ࠻ࡑߦ㓙ߩห૏૕ಽᨆߦઁߩ(ઍ⴫ߢ

㊄ዻ(Rb࡝ࠞ࡞ࠕࠆ߃ਈࠍᏅ⺋⊛⛔♽ࠆࠃߦലᨐࠬࠢ࠶࡝ ࿯㘃㊄ዻ(Sr࡝ࠞ࡞ࠕ߿(ઍ⴫ߢ ߢ

ઍ⴫)ޔFe ߡ޿ߟߦ

Srޕߚߒ␜߽ ߿ Fe
ࠇߙࠇߘ߇ㇱ৻ߩ

߿࠼ࠗࡁ࠲ࡦ࡜ U
ࠆߔ౉ᷙߦ↹ಽߩ

㒰ߪ⚛ర⊛⋠ޔ߇

ᨴଥᢙ 100 એ਄ߢ

ㅙᰴಽ㔌ߣߎࠆߔ

ㅙߩߎޕߚ᧪಴߇

ᰴಽ㔌ᴺࠍᮡḰጤ

⍹⹜ᢱߦᔕ↪ߚߒ

⚿ᨐ߽ߡ޿ߟߦႎ

๔ޕࠆߔ

Fig. 1: Chromatogram of Rb, Sr, La, Lu, Th, Pb, Fe and U with the mixtures of 
CH3COOH, HCl and HNO3.
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Sequential ion-exchange separation and analysis of trace uranium, thorium, lead and lanthanides in 
environmental samples 
MIYAMOTO, Y., YASUDA, K., MAGARA, M., KIMURA, T. 

(1) ችᧄઁޔ╙ 52 ࿁᡼኿ൻቇ⸛⺰ળⷐᣦ㓸 (J.Ncul.Radiochem.Sci., suppl. 9) p.27 (2008). 
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3A10 ᮾ㒊ኴᖹὒ (2003 ᖺ)ࡿࡅ࠾࡟ Am-241 �ᾏỈ୰⃰ᗘศᕸࡢ

�㔠ἑ኱㝔࣭⮬↛⛉Ꮫࠊ�⟃Ἴ኱࣭ᛂ⏝ຍ㏿ჾࠊ�㔠ἑ኱࣭⌮ᕤ���

Ọᒸۑ �㝮ࠊ�ె⨾ ㈗ᘯࠊ�ᮌୗဴ୍ࠊ�ᶓᒣ ᫂ᙪࠊ�୰す Ꮥ�

��኱Ẽᅪෆ᰾ᐇ㦂㸦ࠚ࡟ࡵࡌࡣ࠙������� ᖺ㸧ࡢࠎ✀ࡾࡼ࡟ேᕤᨺᑕᛶ᰾✀(᰾ศ⿣⏕ᡂ≀

⣙ࡢ✚㸪ᆅ⌫⾲㠃ࢀࡉᨺฟ࡟ቃ୰⎔ࡀ(✀㉸࢘ࣛࣥ᰾ࡸ ࠋࡓࢀࡉởᰁ࡟୺ࡀᾏὒࡿࡵ༨ࢆ% ��
241Puࡽ࠿⏕ᡂ241ࡓࡋAmࡶ᰾ᐇ㦂࡟⏤᮶ࡿࡍ⎔ቃởᰁ᰾✀࡛241ࠋࡿ࠶AmࡣȘᨺᑕయ࡛ࡾ࠶㸪

ᾏ⏘≀ࢆ㏻࡚ࡋయෆ࡬ᦤྲྀ࡜ࡿࢀࡉෆ㒊⿕ࡢࡃࡤཎᅉ࡛ࡢࡿ࡞࡜㸪ᾏὒ࡛ࡢAmྠ఩యࡢศᕸ

ᾏὒ⎔ቃ୰࡛㉳ࡣ✀ᨺᑕᛶ᰾࡚࠸࠾࡟ᾏὒࡓࡲࠋࡿ࠶ࡀᚲせࡃ࠾ᚓ࡚ࢆぢ▱ࡿࡍ㛵࡟ᣲືࡸ

ࡢ㸪Amࢀࡉ࡜ࡿ࠶Ꮡⓗ࡛⁐ࡣ⢏Ꮚぶ࿴ⓗ㸪Puࡣ㸪Amࢀࡲ㎸ࡳ⤌࡟⛬ᆅ⌫໬Ꮫⓗ㐣≀⏕ࡿࡇ

᪉ࡀᾏᗏ᪉ྥ࡟࠿ࡸ㏿࡬㝖ཤࡔࡲࡋ࠿ࡋࠋࡿࢀࡽ࠼⪄࡜ࡿࢀࡉ㸪ᾏὒࡣࢱ࣮ࢹࡢ༑ศ࡛࡞ࡣ

ࠋࡿ࠸࡚ࢀࢃ⾜ࡀ✲◊ࡢAmࡢ≀✚ᾏᗏሁ࡜ᾏᇦ࡛ᾏỈ࡞ࠎ㸪ᵝࡵࡓ࠸

࠙ᐇ㦂ࠚᮾ኱ᾏὒ◊�ⓑ㬅୸KH-����㸦HY㸧 ◊

✲⯟ᾏࡢ㝿࡟㸪ᮾ㒊ኴᖹὒ㸦�� Ⅼ㸧࡛῝ᗘู

ᾏỈࡀ⣙��� Lࡘࡎ᥇ྲྀࡓࢀࡉ㸦Fig.㸯㸧ࠋᾏỈ

ヨᩱࡣ⯪ୖ࡛ሷ㓟㓟ᛶࡋ࡜㸪᪤▱㔞ࡢ཰⋡ࣞࢺ

ࠋࡓࢀࢃ⾜ࡀ㕲ඹỿࢀࡉῧຍࡀFe3+ᢸయ࡜ࢧ࣮

㝣ୖ࡟ᣢࡕᖐࡓࢀࡽỈ㓟໬≀ỿẊࡽ࠿㸪㝜࢜࢖

ࣥ஺᥮ᶞ⬡࣒࢝ࣛἲ࡚ࡗࡼ࡟Amࢆ⢒ศ㞳ࡋ㸪

࣌ࢫ⥺Ș࡚ࡋㄪ〇ࢆ※⥺╔ᚋ㸪㟁ࡢ⢭〇࡟ࡽࡉ

ࠋࡓࡋᐃ㔞ࢆ241Amࡾࡼ࡟ࣜࢺ࣓ࣟࢺࢡ Fig. 1 Location of sampling stations 

Distribution of 241Am concentration in water column of eastern Pacific in 2003. 
NAGAOKA, M., SUMI, T., KINOSHITA, N., YOKOYAMA, A., NAKANISHI, T. 
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⬟ẚ୍ࡢ౛ࢆFig.㸰ࡢࡇࠋࡍ♧࡟ Ⅼ࡛ࡢ
241Amࡢ῝ᗘศᕸࡑࡼ࠾࠾ࡣ࣮ࣥࢱࣃ
239,240Pu࡟ఝ࡚ࡋ࠿ࡋࠋࡿ࠸㸪ᾏᗏ௜㏆࡛

ぢࡀቑຍࡢᗘ⃰ࡿࢀࡽࡳ࡜෌⁐ゎࡢPuࡣ

ࠋࡿ࠶㏫࡛ࡣ㸪Am࡛ࡋᑐ࡟ࡢࡿࢀࡽ
241Am/239,240Puᨺᑕ⬟ẚ࡚࠸࠾࡟㸪⾲ᒙ࡜

ᾏᗏ௜㏆࡛పࡀ್࠸ほ ࡣࢀࡇࠋࡓࢀࡉ㸪

⾲ᒙࡽ࠿୰ᒙ࡚ࡅ࠿࡟Amࡢỿ㝆ࡸ㏿ࡀ

࡜Amࡶᾏᗏ௜㏆࡛ࡓࡲ㸪࡜ࡇࡿ࠶࡛࠿

(a) (b)

Global fallout

Fig. 2  (a) Depth profiles of 241Am and 239,240Pu and 
(b) 241Am / 239,240Pu activity ratio at HY-3 station 

Puࡢỿ㝆ᣲື࡟ᕪࡀ࡜ࡇࡿ࠶ࡀศࠋࡓࡗ࠿
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Determination of 
226

Ra by liquid scintillation spectrometry using 
223

Ra as yield tracer

UESUGI, M., HINAMI, S., YOKOYAMA, A., NAKANISHI, T. 

223
Ra ߚ޿↪ߦࠨ࡯࡟࠻₸෼ࠍ 226

Ra ቯ᷹ࡦ࡚ࠪ࡯࡟࠴ࡦᶧ૕ࠪߩ

(㊄ᴛᄢ㒮⥄ὼ 1㧘㊄ᴛᄢℂᎿ 2)
٤਄᧖ᱜ᮸ 1㧘ᣣධቬ৻㇢ 1㧘ᮮጊ᣿ᒾ 2㧘ਛ⷏� ቁ 2

�ޤߦ߼ߓߪޣ 㘶ᢱ᳓߿࿾ਅ᳓ߦ฽߹ࠆࠇ 226Ra ࡝࠻ࡔࡠ࠻ࠢࡍࠬ✢㧘ǫࠅ޽ߢᓸ㊂ᭂߪ

ߪߢಽᨆࠆࠃߦ࡯ 100 L ⒟ᐲߩ⹜ᢱߩࠄ߆ Ra Ớ㓸߇ᔅⷐߢ㧘BaSO4 ౒ᴉᴺ߇ᐢߊⴕߡࠇࠊ

࿁෼ߪߢಽᨆࠆࠃߦ࡯࡝࠻ࡔࡠ࠻ࠢࡍࠬ✢ǩ߿㧕ᴺࡦ㧔ᶧࠪࡦ࡚ࠪ࡯࡟࠴ࡦᶧ૕ࠪޕࠆ޿

₸᷹ቯ↪ߩ Ba Ꮏ᡼኿ᕈᩭੱߦࠨ࡯࡟࠻↪࿁෼₸⵬ᱜߩࡓ࠙ࠫ࡜ޕࠆ޽߇⚂೙ߦ૶↪㊂ߩ

⒳ 133Ba㧔T1/2=10.5y㧕ࠍ૶↪ࠆߔ႐ว߽߇ࠆ޽㧘ǫ✢᷹ቯ߿ᶧ᷹ࠪࡦቯߪߢ૶ޕ޿ߥ߃৻

ᣇ㧘223Ra㧔T1/2=11.4d㧕ߥ࡯࠽ࠗࡑߪᄤὼ᡼኿ᕈᩭ⒳ࠅ޽ߢ㧘154keV ߣ 269keV ਥ߇✢ǫߩ

ⷐߥǫ✢ߚ߹ޕࠆ޽ߢ 223Ra ߼᳞ࠍ₸࿁෼ߢ㧘ǫ✢᷹ቯߕߖሽ࿷ߪሶቊᩭ⒳ߩ㐳ኼ๮ߪߦ

㧘223RaߢߎߘޕࠆߔᶖṌ߫ࠇߔ⟎ᓟ㧘᡼ߚ ߦࠨ࡯࡟࠻ߩቯ᷹ࡦỚ㓸෸߮ᶧࠪߩࡓ࠙ࠫ࡜ࠍ

ߦࠄߐޕߚ߃⠨ࠍߣߎࠆ࿑ࠍ೥ᷫߩଏ⹜㊂ߡ޿↪ Ra Ớ㓸ᴺߪߡ޿ߟߦ㧘Ba2+ᜂ૕ࠍ૶↪ߒ

㧘ᶧߚ߹ޕߚߒ⸛ᬌࠍ↪ㆡߩ౒ᴉᴺ[HAp㧦Ca10(PO4)6(OH)2]࠻ࠗ࠲ࡄࠕ᳓㉄ߡߒߣᣇᴺ޿ߥ

ޕߚߒ⸛ᬌߡ޿ߟߦᓇ㗀ߩᢙ߳⸘ߩ✢⒖േ㧘ǫߩࡦ࠼࡜ߩቯኈེਛ᷹ߪߢቯ᷹ࡦࠪ

�ታޣ 㛎ޤ� Ԙ 223Ra ੤឵᮸⢽ࠞࡦ㓁ࠗࠝߚߒ⌕ᷝࠍ⵾㧦227Ac㧔T1/2=21.8y㧕⺞ߩࠨ࡯࡟࠻

㧘3M HNO3ࠄ߆ࡓ࡜ ޕߚߒṁ㔌ߢ

ԙ ᳓㉄࠻ࠗ࠲ࡄࠕ౒ᴉᴺࠆࠃߦ Ra Ớ㓸ߩᬌ⸛㧦Ra Ớ㓸ߣ㧘Ca2+ᜂ૕㊂ߡ޿߅ߦỚ㓸ߩ

ߦᢱ᳓⹜ޕߚߴ⺞ࠍ㑐ଥߩ₸ 223Ra (10 Bq)㧘Ca2+ᜂ૕㧔10㨪70 mg/L 㧢Ბ㓏㧕෸߮ߢ࿐▸ߩ

ߢ᳓ࠕ࠾ࡕࡦࠕ㧘߃ടࠍࡓ࠙࠾ࡕࡦࠕ㉄ࡦ࡝ pH ࠍ 9 ޕߚߖߐᚑ↢ࠍ࠻ࠗ࠲ࡄࠕ᳓㉄ߡߒߣ

ᴉᲚࠍ㆙ᔃಽ㔌ߒ㧘⎣㉄ߢṁ⸃ߚߒᓟ㧘᷹ቯኈེߡߒ⒖ߦǫ✢᷹ቯࠍⴕޕߚߞ

Ԛ ♖⵾ಽ㔌᷹ߣቯ㧦ࠞߦࡓ࡜㓁ࠗࠝࡦ੤឵᮸⢽ 1㨓ࠍ⹣ࡦࠝࠗߡ߼੤឵᮸⢽ࠞࠍࡓ࡜⺞

⵾ߒ㧘ԙߢᓧߚ⎣㉄ṁᶧࡦࠛࠢߦ㉄ᷝࠍࡓ࠙࠾ࡕࡦࠕടߒ㧘pH ࠍ 3 ࡦᓟ㧘ࠗࠝߚߒᢛ⺞ߦ

੤឵᮸⢽ࠞߦࡓ࡜ᵹޕߚߒㅢᶧᓟࡦࠝࠗߩ੤឵᮸⢽ࠍ 25 mL ࠪࡦࠛ࡞࠻㧘ߒ⒖ߦ࡞ࠕࠗࡃ

࠲࡯࡟࠴ࡦ 10 mL 㧘223Raߒቯ᷹ࠍ✢ǫߦߜ⋤ޕߚߒࠍኒᩖߡ߃ടࠍ ⸘ᢙ₸ࠄ߆ Ra ࿁෼ߩ

1ޕߚ߼᳞ࠍ₸ ߢᴺࡦ᦬ᓟ㧘ᶧࠪࡩ 226Ra 㧘223Raߪߢᴺࡦᶧࠪߩߎޕߚߒቯ᷹ࠍ ෸߮ሶቊ

ᩭ⒳߇᡼಴ࠆߔǫ✢ߩ⸘ᢙ₸ነਈࠍ⷗Ⓧ߽ߚ߹ޕߚߞ 226Ra 0.3Bq ߻฽ࠍ 3 ⹜ᢱ㧔᳓ṁᶧ㧘

㓁ࠗࠝࡦ੤឵᮸⢽㧘⎫㉄ࡓ࠙࡝ࡃ㧕ࠍ᳓ጀߦ౉ࠇ㧘ࠪ࠲࡯࡟࠴ࡦ 10 mL 㑆ᤨࠄ߆ߡ߃ടࠍ

ޕߚߒኤⷰࠍ⒖േߩࡦ࠼࡜ࠄ߆ᄌൻߩ₸㧘⸘ᢙ޿ⴕࠍቯ᷹ࡦ࡚ࠪ࡯࡟࠴ࡦࠪߡߞㅊࠍ

�ޤ⠨ኤߣᨐ⚿ޣ 㧝㧚᳓㉄࠻ࠗ࠲ࡄࠕ౒ᴉᴺߢ Ca2+ᜂ૕ 30 mg/L એ਄ߩࡓ࠙ࠫ࡜ߢ 95㧑એ

਄߇࿁෼ޕߚ߈ߢ

㧞㧚㓁ࠗࠝࡦ੤឵᮸⢽ࠞࠆࠃߦࡓ࡜♖⵾ߡ޿߅ߦ㧘ᜂ૕ߩ Ca2+ࡦࠛࠢߪ㉄ᷝടࠅࠃߦ Ra
ޕ㧕ࠆࠇߐ᝝㓸ߦࡓ࡜ࠞ߇+㧘Ra2ߒㅢㆊࠍࡓ࡜ࠞ߇+㧔Ca2ߚࠇߐಽ㔌ࠄ߆

㧟㧚᷹߇ࡦ࠼࡜ቯ࡞ࠕࠗࡃਛࡦࠝࠗߢ੤឵᮸⢽ࠄ߆᳓߳㧘⒖ߣ߳࠲࡯࡟࠴ࡦࠪߦࠄߐേ

ߣ㓙㧘222Rn㧔T1/2=3.8d㧕[φ226Ra]ࠆߔ 219Rn㧔T1/2=4s㧕[φ223Ra]ߩኼ๮ߩᏅࠅࠃߦ 222Rn
ߣ 219Rn 㧘222Rnࠇߐಽ㔌߇ ޕߚߒ⹺⏕ࠍߣߎࠆࠇߐᢙ⸘߇ߺߩ

㧠㧚ᶧ૕ࠪߩ࡞࠻ࠢࡍࠬࡦ࡚ࠪ࡯࡟࠴ࡦ 223Ra ࡄ࡯ࠡ࡞ࡀૐࠛߪነਈߩ✢ǫࠆߔ⿠࿃ߦ

ޕࠆࠇߐ೥ᷫߢߡಾᝥߩࠬ࡞

એ਄ࠅࠃߦ㧘226Ra ߦቯ㊂ߩ 223Ra ޕߚߞ߆ಽ߇ߣߎࠆ޽ߢ᦭ല߇ࠨ࡯࡟࠻
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210Pb deposition in the far east Asia
HIROSE, K., KIKAWADA, K., DOI, T., SU, C.-C., YAMAMOYO, M.
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Production of Radioisotopes for Nuclear medicine using fast neutron reactions HATSUKAWA, Y., 
HASHIMOTO, M., NAGAI, Y., KIN, T., SEGAWA, M., HARADA, H., KONNO, C., OCHIAI, K., 
TAKAKURA, K., IWAMOTO, N., IWAMOTO, O. 

㧗㏿୰ᛶᏊࡓ࠸⏝ࢆ་⒪⏝ 5, �✲◊〇㐀ࡢ

�ཎᏊຊᶵᵓ�ึۑᕝ㞝୍ࠊᶫᮏ㞞ྐࠊỌ஭Ὀᶞࠊ㔠ᨻᾈࠊ℩ᕝ㯞㔛Ꮚࠊ�

ཎ⏣⚽㑻ࠊ௒㔝ຊࠊⴠྜㅬኴ㑻ࠊ㧗಴⪔♸ࠊᒾᮏಙஅࠊᒾᮏಟ�

࡟ࡵࡌࡣ࠙ �ࠚ 99Mo/99mTc ศ㔝࡛฼ࡢ་⒪ࡃᖜᗈࡣᨺᑕᛶྠ఩య࡚ࡋ࡜ࡵึࢆ࣮ࢱ࣮ࣞࢿ࢙ࢪ

ࡢࡃከࠊࡀࡿ࠸࡚ࢀࡉ⏝ RI ࡤ࠼౛ࠋࡿ࠶࡛≦⌧ࡀࡢࡿ࠸࡚ࡗ㢗࡟ධ㍺ࡣ 99Mo/99mTc ࣞࢿ࢙ࢪ

ࡾࡼ≀᰾ศ⿣⏕ᡂࡢࡑࡋᑕ↷ࢆࣥࣛ࢘⦰ཎᏊ⅔࡛㧗⃰ࡢᾏእࡣ࣮ࢱ࣮ 99Mo 〇㐀࡚ࡋศ㞳ࢆ

ࡀၥ㢟࡟➼⏝฼ࡢࣥࣛ࢘⦰㧗⃰ࡸᮙ໬⪂ࡢ⅔ཎᏊࡿ࠸࡚ࢀࡽ࠸⏝࡟〇㐀ࠊࡋ࠿ࡋࠋࡿ࠸࡚ࡋ

⏝་⒪࡞ࡓ᪂࡛ࡇࡑ㸦1㸧ࠋࡿ࠸࡚ࢀࡉ␲ၥどࡀ⤥౪࡞Ᏻᐃ࡟ᑗ᮶ⓗࠊࡾ࠶ 5, ࡀ㛤Ⓨࡢ〇㐀ἲࡢ

ᮇᚅࠊࡾ࠾࡚ࢀࡉ⌧ᅾཎᏊ⅔୰ᛶᏊࡓ࠸⏝ࢆ
98Mo(nth,J)99Mo ཯ᛂࡿࡼ࡟〇㐀◊✲ࡶ㐍࠸࡚ࢀࡽࡵ

ࡣࡽ⪅⾲㸦2㸧Ⓨࠋࡿ 99Mo/99mTc 〇㐀ࡢ࣮ࢱ࣮ࣞࢿ࢙ࢪ

ࡓ࠸⏝ࢆຍ㏿ჾ୰ᛶᏊࡿࡅ࠾࡟ 100Mo(n,�n)99Mo ཯ᛂ

ᇶ࡟✲◊ࡢ㸦3㸧ᚑ᮶ࠋࡓࡁ࡚ࡋᣦ᦬࡚࠸ࡘ࡟᭷⏝ᛶࡢ

࡜ࡿࡍẚ㍑ࢆ✚཯ᛂ᩿㠃ࡢࡘ㸰ࡢグୖࡁ࡙
98Mo(nth,J)99Mo ཯ᛂࡀ 140mb ࡚ࡋᑐ࡟ࡢࡿ࠶࡛
100Mo(n,�n)99Mo཯ᛂ࡛10ࡣMeV௨ୖࡢ୰ᛶᏊ࡟ᑐࡋ

࡚ 1~1.5b 㸦ᅗ-1㸧ࠋࡿ࠸࡚ࡗ࡞࡟✚㠃᩿࠸㧗ࡢ࡝࡯
ᮏ◊✲࡛ࡣຍ㏿ჾࡾࡼ࡟Ⓨ⏕ࡿࡍ㧗㏿୰ᛶᏊࢆ

ࡼ࡟㧗㏿୰ᛶᏊࡋ࡜ⓗ┠ࢆ࡜ࡇࡿࡍ㛤Ⓨࢆ〇㐀᪉ἲࡢᨺᑕᛶྠ఩య࠸ࡋ᪂ࡾࡼ࡟࡜ࡇࡿ࠸⏝

�ࠋࡿ࠶࡛ࡢࡶࡿࡵ࠿☜࡟ᐇ㦂ⓗ࡚࠸ࡘ࡟᭷ពᛶࡢ་⒪⏝5,〇㐀ࡿ

࠙ᐇ㦂ࠚ ᐇ㦂ࡣཎᏊຊᶵᵓࡢ᰾⼥ྜ୰ᛶᏊᕤᏛ⏝୰ᛶᏊ※᪋タ㸦Fusion Neutronics Source㸹
FNS㸧ࠊ࠸⾜࡚࡟D-T ୰ᛶᏊ᰾⼥ྜ཯ᛂࡾࡼ࡟⏕ᡂࡿࡍ 14MeV FNSࠋࡓ࠸⏝ࢆຍ㏿ჾ୰ᛶᏊࡢ
ࡣ 400 keV 㔜㝧Ꮚຍ㏿ჾ࡛ ࡜0° ࡢ80° 2 ࡣ࡛ࣥ࢖࣒࣮ࣛࣅ0°ࠋࡿࡍ᭷ࢆࣥ࢖࣒࣮ࣛࣅࡢࡘ 20
mA 㔜㝧Ꮚ࡛࣒࣮ࣅ 4�1012 n/s ࡣ࡛ࣥ࢖࣒࣮ࣛࣅ80° ,ࡋ⏕Ⓨࡀ୰ᛶᏊࡢ 2 mA ࡛ 2�1011 n/s
ࡣ࡛✲◊ᮏࠋࡿฟ᮶ࡀ࡜ࡇࡿᚓࢆ୰ᛶᏊࡢ ࡽ࠿⨨୰ᛶᏊ⥺※఩࠸౑ࢆࣥ࢖࣒࣮ࣛࣅ80° 10cm
࡟㊥㞳ࡢ Mo ࡸ TiࠊCs ࡋ⨨タ࡚ࡋ࡜ࢺࢵࢤ࣮ࢱࢆ࡝࡞ 6 ᫬㛫ࡽ࠿ 24 ᫬㛫ࡢ㧗㏿୰ᛶᏊ↷ᑕ

ᚋࡢ෭༷ᮇ㛫࡞㐺ᙜࠊ࠸⾜ࢆ Ge ༙ᑟయ᳨ฟჾ࡛࣐࢞ࣥ⥺ ᐃࡒࢀࡑࡣࢺࢵࢤ࣮ࢱࠋࡓࡗ⾜ࢆ

ࢀ Nb ࡋ⨨タ࡟ୗὶഃࠊὶഃୖࢆࣝ࢖࢛ࣇ 93Nb(n,�n)92mNb ཯ᛂࡢ཯ᛂ⋡ࡽ࠿୰ᛶᏊࢡࢵࣛࣇ

ࠋࡓࡵồࢆ✚཯ᛂ᩿㠃ࡽ࠿ᙉᗘ⥺࣐ࣥ࢞ࡓࢀࡽᚓࠊࡋฟ⟭ࢆࢫ

ࡵ࡜ࡲ࠙ �ࠚ 100Mo(n,�n)99Mo ཯ᛂ࡟ຍࠊ࡚࠼Ti, Cs ,㸦n,p㸧ࡢ࡜㧗㏿୰ᛶᏊࡿࡍ࡜ࢺࢵࢤ࣮ࢱࢆ
㸦n,D㸧཯ᛂࡢ཯ᛂ᩿㠃✚ࢆᚓࡀ࡜ࡇࡿฟ᮶ࠋࡓᚓࡓࢀࡽ཯ᛂ᩿㠃✚ࡽ࠿ᐇ㝿ࡢ⏕ᡂ㔞ࡢぢ✚

⏝་⒪࡞ࡓ᪂࠸⾜ࢆࡾࡶ RI 〇㐀ἲྍ࡚ࡋ࡜⬟ᛶࢆㄽࠋࡿࡌ

ᩥ⊩

1)͇ᥦゝ-ᡃࡀᅜࡿࡅ࠾࡟ᨺᑕᛶྠ఩ඖ⣲ࡢᏳᐃ౪⤥͇࡚࠸ࡘ࡟᪥ᮏᏛ⾡఍㆟ 2008 ᖺ 7 ᭶ 24 ᪥

2)ᒣᯘᑦ㐨ࠊ➨ 46 ᅇ࣭ࣉ࣮ࢺࢯ࢖࢔ᨺᑕ⥺◊✲Ⓨ⾲఍ண✏㞟㸦2009 ᖺ 7 ᭶㸧

3)Y. Nagai and Y. Hatsukawa, J. Phys. Soc. Jpn., 78, 033201 (2009) 
4)P. Reimer, et al., Phys. Rev. C71, 044617 (2005) 

3B01

ᅗ-1� 㧗㏿୰ᛶᏊࡿࡼ࡟㸦n,2n㸧཯ᛂࡢບ㉳㛵ᩘ 㸦4㸧

Reimer-IRMM(2005)

Reimer-KRI(2005)
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3B03 ࡿࡼ࡟ἲࢡࢵࣛࢺ࣭ࣥࣙࢩࢵ࢕ࣇ 3D���� ග᰾ศ⿣཯ᛂ᩿㠃✚ࡢ ᐃ�

�㔠ἑ኱㝔⮬↛ࠊ�ᮾ໭኱᰾⌮◊ࠊ�㔠ἑ኱⌮ᕤ���

�すᕝۑ ᜨࠊ�኱ᵳ� ໅ࠊ�ᘅ℩೺ኴ㑻ࠊ�బ⸨� �୰すࠊ�ᶓᒣ᫂ᙪࠊ�΅ Ꮥ�

�

ࡣࡓࡲᏳᐃ࡞ᅔ㞴ࡣࡋ࠸࡞⬟୙ྍࡀᨺᑕ⬟ ᐃࠊࡣἲࢡࢵࣛࢺ࣭ࣥࣙࢩࢵ࢕ࣇࠚ࡟ࡵࡌࡣ࠙

㉸㛗༙ῶᮇ᰾ศ⿣∦ࡸ㉸▷༙ῶᮇ᰾ศ⿣∦᳨ࡢฟࠊࡾ࠶࡛⬟ྍࡶᑠ࠸ࡉ᰾ศ⿣཯ᛂ᩿㠃✚ࡢ

 ᐃࡶ࡟㐺ࡢࡽࢀࡇࠋࡿ࠸࡚ࡋ฼Ⅼࠊ࡚ࡋ࠿⏕ࢆᮏ◊✲࡛ࢡࢵࣛࢺ࣭ࣥࣙࢩࢵ࢕ࣇࡣἲࡼ࡟

231Pa㸦༙ῶᮇࡣ✀᰾ࡓࡋ࡟㇟ᮏ◊✲࡛ ᐃᑐࠋࡓࡳヨࢆᐃ ࡢ✚ග᰾ศ⿣཯ᛂ᩿㠃ࡿ 3.276�
104ᖺࠊȘᨺᑕయ㸧࡛231ࠋࡿ࠶Pa࡟✲◊ࠊࡣᚲせ࡞㔞ࢆ☜ಖࡀࡢࡿࡍ㞴࠸ࡋ᰾✀࡛ࡾ࠿ࡤࡿ࠶

ྲྀࡢࢱ࣮ࢹ ᐇࡿࡍ㛵࡟᰾཯ᛂࡵࡓࡢࡑࠋࡿ࠶࡛✀᰾࡞ᅔ㞴ࡶㄆ☜ࡢ⣧ᗘࡧࡼ࠾⢭〇ࡃ࡞࡛

ᚓࡣ㐜࡛ࡇࡑࠋࡿ࠸࡚ࢀᮏ◊✲࡛ࠊࡣ᰾཯ᛂࡢࢱ࣮ࢹᐇ ⓗྲྀᚓࡀᑡ231࠸࡞Paࡢග᰾ศ⿣཯

ᛂ᩿㠃✚ࠊ࡚࠸ࡘ࡟ኳ↛࢘ࣛࣥ㸦௨ୗnU࡜グࡍ㸧232࡜Thࢆẚ㍑ᑐ㇟࣭ࣥࣙࢩࢵ࢕ࣇ͂ࡿࡍ࡜

ࠋࡓࡋ࡜࡜ࡇࡿࡵጞࢆ✲◊ࡽ࠿ホ౯࡞ᑐⓗ┦ࡢཎᏊᩘ̓ࢺࢵࢤ࣮ࢱ�ᩘࢡࢵࣛࢺ

࠙ᐇ� 㦂ࠚᮏ◊✲᳨࡛ࢡࢵࣛࢺࡎࡲࠊࡣฟᮦࡢ✀㢮᭱࡜㐺࢚ࢢࣥࢳࢵ᮲௳᳨ࢆウࠊ࡟ࡵࡓࡿࡍ

ྜᡂ▼ⱥᯈ࡜ⓑ㞼ẕᯈ᳨ࢆฟᮦࡿࡍ࡜ᐇ㦂ࢺࢵࢤ࣮ࢱࠋࡓࡗ⾜ࢆ᰾✀㸦231PaࠊnU232ࠊTh㸧ࡢ

⃰ᗘ᪤▱⁐ᾮࡢ᪤▱㔞ࢀࡒࢀࡑࢆ㧗⣧ᗘ▼ⱥᯈ㸦1cm�1cm�1mm㸧ୖ࡟⵨Ⓨ஝ᅛࢀࡇࠊࡏࡉ

ࢻࣥ࢖ⓑ㞼ẕᯈ㸦ࡓࡋ᪋ࢆ㓟↻ἛὙί◪⃰࡜⌮ฎࢢ࣮ࣥࣜࢽ࢔⇕࡟ 1cm�1cmࠊ⏘ᕞ࣮ࣝࣁࣅ
࡜ᑕヨᩱ↷ྛࡢThࠊUࠊPaࠋࡓࡋ࡜ᑕヨᩱ↷ࠊࡳໟ࡛⟨࣒࢘ࢽ࣑ࣝ࢔࡚ࡏࡉ╔ᐦࢆ㸧∦ⷧࡢ

◊ᮾ໭኱ᏛཎᏊ᰾⌮Ꮫࠊ࡚ࡋ࡜ࢺࢵࢭ㸯ࢆ⟨Co⏝࣮ࢱࢽ࣒࣮ࣔࣅࠊヨᩱ⏝ࢻࣥ࢘ࣛࢢࢡࢵࣂ

✲᪋タ࡛᭱኱࢚20࣮ࢠࣝࢿ MeVࡢไືᨺᑕ⥺㸦㟁Ꮚ⥺ᙧຍ㏿ჾࡢࡽ࠿㟁Ꮚࢆ࣒࣮ࣅⓑ㔠ᯈ࡛

ไືᨺᑕ⥺࡟㌿᥮ࠊ㟁Ꮚ⥺᳨ࢡࢵࣛࢺࡿࡼ࡟ฟᮦࡢຍ⇕ࢆ㑊ࢺࢵࢿࢢ࣐ࣉ࣮࢖ࢫ࡟ࡵࡓࡿࡅ

࡛ᮍ㌿᥮㟁Ꮚࢆ㝖ཤ㸧ࢆ↷ᑕࠋࡓࡋ↷ᑕᚋࠊ▼ⱥ࡜㞼ẕࠊࡋࢢࣥࢳࢵ࢚ࢆὙί࣭஝⇱ࡗ⾜ࢆ

ࠋࡓࡗ⾜ࢆィᩘ࡜ほᐹࡢࢡࢵࣛࢺ࡚࠸⏝ࢆࣉ࣮ࢥࢫࣝࢱࢪࢹࠊࡽ࠿࡚

࠙⤖ᯝ࡜⪃ᐹ ࢡࢵࣛࢺࠊࡃ࡞ᑡࡀࢀởࡸയ࡟㠃⾲ࡣⱥᯈ▼ࠚ

ࠊ㠃᳨༙ࡿ࠶ᐜ࡛᫆ࡀィᩘࡢ ฟᮦࢢࣥࢳࢵ࢚ࡢࡢࡶࡢࡑ๣࡟

௳᮲ࢢࣥࢳࢵ࢚ࠊࡃ㏿ࡀ㸧㏿ᗘࢢࣥࢳࢵ࢚ࢡࣝࣂ㣗㸦⭉ࡿࡼ

ࠋ᳨ࡿ࠶ࡀḞⅬ࠺࠸࡜࠸ࡋ㞴ࡀ࣮ࣝࣟࢺࣥࢥࡢ ウࡢ⤖ᯝࠊ▼

ⱥᯈࡣ࡚࠸ࡘ࡟ ࢵ࢚ࢆỈ⁐ᾮ࣒࢘ࢽࣔࣥ࢔໬Ỉ⣲ࢵࣇ28%

ࡽࡀ࡞ࡋ༳ຍࢆ㉸㡢Ἴࠊ࠸⏝࡟๣ࢢࣥࢳ 15 ศ㛫࢚ࢢࣥࢳࢵ

ࣝࣂࠊࡣ㞼ẕࠋ㸦ྑᅗୖ㸧ࡓࡗ࠿ศ࡜ࡿ࠶㐺ᙜ࡛ࡀࡢ࠺⾜ࢆ

࠸Ⰻࡀ⋠ฟຠ᳨ࢡࢵࣛࢺࡵࡓ࠸↓࡝ࢇ࡜࡯ࡀࢢࣥࢳࢵ࢚ࢡ

ࣥࣛ࢘↛ኳࠊ࡜ࡇ࠸ከࡀࢀởࡸയ࡟㠃⾲ࠊࡀࡿ࠸࡚ࢀࢃゝ࡜

ࠊ࢚࡜ࡇࡿ࡞࡜ࢻࣥ࢘ࣛࢢࢡࢵࣂࡀࢡࢵࣛࢺࡿࡼ࡟ ࢢࣥࢳࢵ

୰ࡢ๤㞳ࡀࢡࢵࣛࢺ࡚ࡗࡼ࡟ኻࡢ࡝࡞ࡿࢀࢃḞⅬࠋ᳨ࡘࡶࢆ

ウࡢ⤖ᯝࠊ㞼ẕࡣ࡚࠸ࡘ࡟ ㉸㡢Ἴࠊ࠸⏝ࢆ໬Ỉ⣲㓟ࢵࣇ48%

࡛ࡋ࡞ 40 ศ㛫࢚ࡀࡢ࠺⾜ࢆࢢࣥࢳࢵ㐺ᙜ࡛ࡀ࡜ࡇࡿ࠶ศ࠿

ࠋ㸦ྑᅗୗ㸧ࡓࡗ 50µm

▼ⱥ

㞼ẕ

ほᐹ࣭ࣥࣙࢩࢵ࢕ࣇࡓࢀࡉ
ࢡࢵࣛࢺ

� Ⓨ⾲࡛ྠࠊࡣ᫬࡟↷ᑕ231ࡓࡋPaࠊnU232ࠊThࠊ࡚͂࠸ࡘ࡟ ග

᰾ศ⿣ࢺࢵࢤ࣮ࢱ�ᩘࢡࢵࣛࢺཎᏊᩘ 㸦̓㹒㸧ࢆ㹒�231Pa��㹒
�nU�ࠊ㹒(231Pa)/㹒�232Th)࡚ࡋ࡜ẚ㍑ࡓࡋ⤖ᯝࢆሗ࿌ࠋࡿࡍ

Measurement of Pa-231 photofission cross-section by fission track method 
NISHIKAWA, M., OHTUKI, T., HIROSE, K., SATO, W., YOKOYAMA, A., NAKANISHI, T. 
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Cross section measurements of neutron-induced reactions for Cu and Nb in the intermediately energy 
region (II) 
OMOTO, T., NINOMIYA, K., NAKAGAKI, R., TAKAHASHI, N., SEKIMOTO, S., UTSUNOMIYA, T., 
YASHIMA, H., SHIBATA, S., SHIMA, T., KINOSHITA, N., MATSUMURA, H., HAGIWARA, M., 
IWAMOTO, Y., SATOH, D., M. W. CAFFEE, IMAMURA. M., NISHIIZUMI, K., SHINOHARA, A. 

ਛ㑆ࠛ࡯ࠡ࡞ࡀ㗔ၞߩ CuޔNb ਛᕈሶᩭ෻ᔕᢿ㕙Ⓧ᷹ቯ(II)�

(㒋ᄢ㒮ℂ ේሶജᯏ᭴ޔ1 ੩ᄢේሶἹޔ2 㒋ᄢޔ3 RCNP4ޔ㜞ࠛࡀ⎇ ࡯ࡘ࠺ࡄޔ5

ᄢ ࿖┙ᱧผ᳃ଶඳ‛㙚ޔ6 ᄢࠕ࠾࡞ࠜࡈ࡝ࠞޔ7 8)٤የᧄ㓉ᔒ ች๺ᒾੑޔ1 ޔ2 ,1

ਛ၂㤀ሶ 㜞ᯅᚑੱޔ1 㑐ᧄବޔ1 ቝㇺችᢘޔ3 ౎ፉᶈޔ3 ৻⺈↰ᩊޔ3 ㆐ᔒ᎑ޔ3 ޔ4

ᧁਅື৻ ᧛ብ᧻ޔ5 ේ㓷ਯ⪤ޔ5 ጤరᵗ੺ޔ5 ૒⮮ᄢ᮸ޔ2 ޔM. W. Caffee6ޔ2

੹᧛ፃ㓶 ⷏ᴰ㇌ᒾޔ7 ේෘ◉ޔ8 1

㔚⩄ߩ߳࠻࠶ࠥ࡯࠲㊀㊄ዻ߿ේሶἹޔߪታ㛎ߩਛᕈሶᩭ෻ᔕߚ߈ߡࠇࠊⴕߢ߹ࠇߎޤ⺰ᐨޣ

☸ሶ౉኿ߢᓧߚ⊕⦡ਛᕈሶࠍ೑↪ࠆߔ႐วޔࠅ޽ߢߤࠎߣ߶߇ૐࠛ࡯ࠡ࡞ࡀ㗔ၞ(㧨10MeV)
⦡නߦ․ޔ࠲࡯࠺ߩ㗔ၞ㧔㧪50MeV㧕࡯ࠡ࡞ࡀਛ㜞ࠛޔ߇ࠆߔሽ࿷ߦን⼾ߪ࠲࡯࠺ታ㛎ߩߢ

ᩭߩߢ࡯ࠡ࡞ࡀૐࠛޔ߼ߚ޿ߥߚᜬࠍ⩄㔚ߪਛᕈሶޕ޿ߥߤࠎߣ߶ߪታ㛎ߚ޿↪ࠍਛᕈሶߩ

෻ᔕߥࠢ࡯࠾࡙ߪ᜼േߦߩߔ␜ࠍኻޔߒ㜞ࠛߪߢ࡯ࠡ࡞ࡀ㔚⩄ߩᓇ㗀߇⋧ኻ⊛ߦዊޔࠅߥߊߐ

หࠆ޽ߢࡦࡠ࠼ࡂߓ㓁ሶߥ߁ࠃߩߎޕࠆ޿ߡࠇߐ੍᷹ߣࠆ޿ߡૃߣᏅ⇣ߩߤ߇⒟ᐲ࡞ࡀࠛߩ

ߡࠇߚᜬ߇๧⥝ߡ޿ߟߦ㆑⋦ߩᩭ෻ᔕᯏ᭴ߩ㓁ሶߣਛᕈሶߚ߹ޔ߆ߩࠆߔሽ࿷ߢ߹㗔ၞ࡯ࠡ

ޕ޿ߥߪ࠲࡯࠺ታ㛎ߩਛᕈሶᩭ෻ᔕࠆ߈ߢᲧセߣ㓁ሶߪߡ޿߅ߦ㗔ၞ࡯ࠡ࡞ࡀਛ㜞ࠛޔ߇ࠆ޿

ߩⓍ᡼኿⢻⫾ߩㆤ⭁૕ߩ⸳ടㅦེᣉޔߪ⍮⷗ߩᩭ෻ᔕࠆࠃߦਛᕈሶߩ࡯ࠡ࡞ࡀਛ㜞ࠛޔߚ߹

⹏ଔޔ߿㓓⍹߿࿾⴫㕙ߦኻࠆߔቝቮ✢ߩᾖ኿ᥲߩ⹏ଔߡ޿߅ߦၮ␆ߡߒߣ࠲࡯࠺ᔅⷐࠇߐߣ

ߚߒᤓᐕᐲႎ๔ޔߪߢᧄ⎇ⓥޕࠆ޿ߡ 368 MeV ߦߚᣂޔ߃ടߦታ㛎[1]ߚ޿↪ࠍන⦡ਛᕈሶߩ

282 MeV ޕࠆߔႎ๔ߢߩߚߞⴕࠍታ㛎ߚ޿↪ࠍන⦡ਛᕈሶߩ

N0࡯࠲ࡦ࠮ᄢ㒋ᄢቇᩭ‛ℂ⎇ⓥޔߪߢࡊ࡯࡞ᧄ⎇ⓥࠣޤታ㛎ޣ 7Li(p,n)෻ᔕޔߡ޿߅ߦࠬ࡯ࠦ

┙⏕ࠍᚻᴺࠆᓧࠍන⦡ਛᕈሶߦߚᣂޔߢߣߎࠆߔ↪೑ߢᣇะߩߟੑࠍਛᕈሶࠆߔ↢⊑ࠅࠃߦ

ߪߢᧄታ㛎ޕ[2]ߚߒ 300 MeV MeV 282࡯ࠡ࡞ࡀਛᔃࠛࠅࠃߦ౉኿ߩ㓁ሶߩ ᓧࠍන⦡ਛᕈሶߩ

ࠍࠇߎޕߚ Cu ෸߮ Nb HP-Geޔߒ㊄ዻ᧼߳ᾖ኿ߩ ᬌ಴ེ࡝࠻ࡔࡠ࠻ࠢࡍࠬ✢ࡑࡦࠟߚ޿↪ࠍ

NbޔCuޔߒቯ㊂ࠍ⚛᡼኿ᕈరߚߒᚑ↢ߦᾖ኿⹜ᢱਛޔࠅࠃߦ࡯ ߩ 282 MeV න⦡ਛᕈሶࠃߦ

ޕߚߒዉ಴ࠍᚑᢿ㕙Ⓧ↢ߩ‛ᩭ⎕⎈↢ᚑߦਥࠆ

ࠍᩭ෻ᔕᢿ㕙Ⓧߚࠇࠄᓧߢᧄታ㛎ޤ⠨ኤߣᨐ⚿ޣ 368 MeV Ყセߣታ㛎[1]ߩන⦡ਛᕈሶ౉኿ߩ

ᩭ⒳ (Cuߥߐዊߩ㊂ᢙᷫዋ⾰ߩࠄ߆ᮡ⊛ᩭޔᨐ⚿ߚߒ ਛߩ 60Co56ޔCo ᓧ߇୯ߩห⒟ᐲߪ(ߤߥ

48Vޔᩭ⒳(46Scߥ߈ᄢߩ㊂ᢙᷫዋ⾰ޔߒኻߦߩߚࠇࠄ (ߤߥ ࠄᓧ߇୯ߥߐዊ߇ᣇߩᧄታ㛎ߪߢ

߽ߣᚑᩭಽᏓ↢ߩᩭ⎕⎈෻ᔕࠆࠃߦǩ☸ሶޔ㓁ሶޔߪଐሽᕈ࡯ࠡ࡞ࡀࠛߩᚑ㊂↢ߩߎޕߚࠇ

ᩭ⎕⎈෻ᔕޔߦ߼ߚ߁ⴕࠍ⺰⼏ߥ⊛ቯ㊂ߡ޿ߟߦᩭ⎕⎈෻ᔕࠆࠃߦਛᕈሶߢߎߘޕࠆߔ⥌৻

ࠆߔ㑐ߦ Rudstam ᤓޕߚߞⴕࠍࠣࡦࠖ࠹࠶ࠖࡈߩታ㛎୯ߩᩭ෻ᔕᢿ㕙Ⓧߡ޿↪ࠍ㛎ᑼ[3]⚻ߩ

ᐕᐲ⊒⴫ࠍ࠲࡯࠺ߚߒวޔߢߣߎࠆߖࠊਛᕈሶᩭ෻ᔕࠆࠃߦᩭ⒳↢ᚑ㊂ߪ㓁ሶߣห᭽ߩ౉኿

☸ሶࠛ࡯ࠡ࡞ࡀଐሽߚ߹ޔࠅ߅ߡߒ␜ࠍ৻ᣇߢ㓁ሶߣᲧߡߴ౉኿☸ሶߩ㔚⩄ߦነਈߣࠆߔ⠨

ޕߚߞ߆ಽ߇ߣߎࠆ޽߇Ꮕߩᚑ㊂↢ࠆࠇࠄ߃

ޤෳ⠨ᢥ₂ޣ

[1] የᧄ� ઁ� ╙ 52 ࿁᡼኿ൻቇ⸛⺰ળ 3A08(2008) 
[2] ੑች� ઁ� ╙ 52 ࿁᡼኿ൻቇ⸛⺰ળ 1P17(2008) 
[3] G. Rudstam Z. Naturforschg. 21 (1966) 1027 
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Measurement of the half-life of Th-229g 
KIKUNAGA, H., MITSUGASHIRA, T., SUZUKI, T., NOMURA, M., SHINOHARA, A. 

Fig. 1. U ྠ఩యࡢȘࣝࢺࢡ࣌ࢫ

Fig. 2. Th ྠ఩యࡢȘࣝࢺࢡ࣌ࢫ

7K����J �ῶᮇ ᐃ༙ࡢ

�㜰኱㝔⌮ �㸪ᮾ໭኱ከඖ≀㉁⛉Ꮫ◊ �㸪ᮾᕤ኱ཎᏊ⅔◊ ���

Ọⱥᑑ⳥ۑ �㸪୕㢌⫄᫂ �㸪㕥ᮌ㐩ஓ �㸪㔝ᮧ㞞ኵ �㸪⠛ཎཌ ��

࡟ࡵࡌࡣ࠙ �ࠚ 229Th ⣔ิ㸦4n+1࣒࢘ࢽࢶࣉࢿࡣ ⣔ิ㸧࡟ᒓࡿࡍȘᨺฟ᰾✀࡛ࡾ࠶㸪ኳ↛࡯࡟

229Thࠋ[1]ࡿ࠸࡚ࡁ࡚ࢀࡽ࠸⏝࡚ࡋ࡜࣮ࢧ࣮ࣞࢺ࣒࢘ࣜࢺ㸪ࡵࡓ࠸࡞ࡋᏑᅾ࡝ࢇ࡜ ࡢ༓ᖺᩘࡣ

༙ῶᮇࢆᣢ࡟ࡵࡓࡘ㸪ᨺᑕ⬟ ᐃྠࡃ࡞ࡣ࡛ࡅࡔ఩యᕼ㔘㉁㔞ศᯒἲ࡛ࡢ ᐃ࠾࡚ࢀࢃ⾜ࡶ

㸪7340ࡣῶᮇ ᐃ༙ࡓࢀࢃ⾜࡛ࡲࢀࡇ㸪ࡽࡀ࡞ࡋ࠿ࡋࠋࡿ࠶್࡛࡞㔜せࡣῶᮇ༙ࡢࡑ㸪[2]ࡾ
s160 y [3]㸪7880s120 y [2]࡜ 7%⛬ᗘࡢᕪ࡛ࡇࡑࠋࡿ࠶ࡀᮏ◊✲࡛ࡣ 233U-229Th㸪232U-228Th ࡢ

2 ࡚࠸⏝ࢆቯኚ㐃㙐ࡢࡘ 229Th ࠋࡿࡍሗ࿌࡛ࡢࡓࡵồࢆῶᮇ༙ࡢ

࠙ᐇ㦂ࠚ� ㉁㔞ᩘ 233, 234, 235, 236, 238 ࢆ఩యẚྠࡢ TIMS ࡛ ᐃࡿ࠶࡚ࡋ⣙ 10 mg ࡢ U ྠ

఩యࡽ࠿㸪㝜ࣥ࢜࢖஺᥮ᶞ⬡࣒࢝ࣛ(Muromac 1�8, 200-400 mesh)࡚࠸⏝ࢆ Th ྠ఩యࡾྲྀࢆ㝖

Uࠋࡓ࠸ ྠ఩య୍ࡢ㒊ࢆศྲྀࡋ㸪Ỉ㓟໬࣒࣐࢘ࣜࢧඹỿἲ[4]࡛⥺※ࢆసᡂ࡚ࡋȘ⥺ࢺࢡ࣌ࢫ

࡛࡜ࡇ࠺⾜ࢆ࣮ࣜࢺ࣓ࣟ 232U/233U ྠ఩యẚࢆồࠋࡓࡵ

� ḟ࡟㸪⢭〇ࡓࡋ U ྠ఩యࢆ 3 ᪥ࡽ࠿ 289 ᪥ᨺ⨨࡚ࡋ㸪Th ྠ఩యࢆᡂ㛗ࡢࡇࠋࡓࡏࡉ Th ྠ

఩యࢆ㝜ࣥ࢜࢖஺᥮ᶞ⬡࣒࢝ࣛ(Muromac 1�8, 200-400 mesh)࡚࠸⏝ࢆUྠ఩యࡧࡼ࠾ፉࡢRa
ྠ఩యࡽ࠿ศ㞳㸪⢭〇࡚ࡋỈ㓟໬࣒࣐࢘ࣜࢧඹỿἲ[4]࡛⥺※ࢆసᡂ࡚ࡋȘ⥺ࢺ࣓ࣟࢺࢡ࣌ࢫ

࡛࡜ࡇ࠺⾜ࢆ࣮ࣜ 228Th/229Th ྠ఩యẚࢆồࠋࡓࡵ

࠙⤖ᯝ࡜⪃ᐹࠚ� ᚓࡓࢀࡽ U ྠ఩యࡢȘࢆࣝࢺࢡ࣌ࢫ

Fig. 1 232Uࠋࡍ♧࡟ ࡜ 233U ࡚ࢀ࠿ศ࡟☜᫂ࡣࢡ࣮ࣆȘࡢ

㸪TIMSࡾ࠾ ࡛ ᐃࡓࡋ U ྠ఩యẚࡶ⪃៖࡜ࡿࡍ㸪
232U/233U ྠ఩యẚࡣ Fig. 2ࠋࡓࡗ࠶4.62�10-7࡛ ࡽᚓ࡟

ࡓࢀ Th ྠ఩యࡢȘ228ࠋࡍ♧ࢆࣝࢺࢡ࣌ࢫTh/229Th ྠ఩

యẚࢆồࡿࡵ㝿㸪228Thࡢ 5423 keV࡟ࢡ࣮ࣆ 224Raࡢ 5449 
keV 㸪224Raࡵࡓࡿ࡞㔜ࡀࢡ࣮ࣆ ࡢ 5685 keV ⏝ࢆࢡ࣮ࣆ

232U/233Uࠋࡓࡋṇ⿵ࡾࡶ✚ぢࢆᐤ୚ࡢࡑ࡚࠸ ྠ఩యẚ㸪

Th ྠ఩యࡢᡂ㛗᫬㛫ࡧࡼ࠾ 232U (T1/2 = 68.9s0.4 y [5])㸪
233U (T1/2 = 159200s200 y [5])㸪228Th (T1/2 = 1.9116s
0.0016 y [5])༙ྛࡢῶᮇࡽ࠿ 229Th༙ࡢῶᮇࢆồࢁࡇ࡜ࡓࡵ㸪

7896s66 y༙ࡢῶᮇࡀᚓ༙ࡢࡇࠋࡓࢀࡽῶᮇࡣGoldstein
and Murrell [2]ࠋࡿ࠸࡚ࡋ⮴୍࡟್ࡢHagemann ್ࡢ[3]ࡽ

ࡃࡽࡑ࠾㸪ࡣ⏤⌮࠸࡞ࡋ⮴୍࡜ Th ྠ఩యࡽ࠿ U ྠ఩య

࡟ࡵࡓࡓࡗࡔ୙༑ศࡀศ㞳ࡢ 233Uࡢィᩘࡀ 229Thࡢィᩘ

ࠋࡿࢀࡽ࠼⪄࡜ࡓࢀࡉฟ⟭ࡃ▷ࡀ㸪༙ῶᮇࡾࢃຍ࡟

ཧ⪃ᩥ⊩
[1] M. T. Crespo, Appl. Radiat. Isot. 53, 897 (2007) 
[2] S. J. Goldstein and M. T. Murrell, Phys. Rev. C40 (1989) 2793. 
[3] F. Hagemann et al., Phys. Rev. 79 (1950) 435. 
[4] H. Kikunaga et al., Appl. Radiat. Isot. 67 (2009) 539. 
[5] R. B. Firestone and V. S. Shirley, eds., Table of Isotopes (John Wiley 
& Sons, Inc., 1996), 8th ed. 
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Nuclear deformation effect on the excitation function of heavy ion fusion reaction on rare earth 

targets with the O-16 projectile.

Asano, A., Kaiya, H., Araki, M., Nishikawa, M., Ooe, K., Kikunaga., H., Takahashi, N., Yokoyama, A. 
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ߡࠇߚᜬࠍ๧⥝߇♽޿㊀ߥ߁ࠃࠆߔวᚑࠍ⚛ర࠼࠾࠴ࠢࠕ⿥ޔߪߢ⃻࿷㊀ర⚛วᚑޤ⺰ᐨޣ

ߪߦ߼ߚࠆ⍮ࠍઙ᧦ࠆߔวᚑߊࠃ₸ലޔߊߐዊߡ߼ᭂ߇ᚑᢿ㕙Ⓧ↢ߪߢ♽ߥ߁ࠃߩߎޕࠆ޿

෻ᔕᯏ᭴ࠍℂ⸃߇ߣߎࠆߔ㊀ⷐ࠼ࠗࡁ࠴ࠢࠕޕࠆ޽ߢේሶᩭߪᄌᒻᩭߩߘޔࠅ޽ߢᄌᒻᐲߪ

ᄢޕ޿߈ᮡ⊛ᩭߥ߁ࠃߩߎߦᄌᒻᩭߚ޿↪ࠍ႐วޔ⃿ᒻᩭߚ޿↪ࠍ႐วߣᲧߴ↢ᚑ⏕₸ߦᓇ

㗀ࡦࡠ࡯ࠢޔࠇࠊࠄ޽߇㓚ო⒟ᐲߩૐࠛߡ޿߅ߦ࡯ࠡ࡞ࡀ⃿ᒻᩭߚ޿↪ࠍ႐ว߿߿߽ࠅࠃૐ

ޕࠆࠇߐᦼᓙ߇ߣߎࠆ߹ᆎ߇ᩭⲢวߢ࡯ࠡ࡞ࡀࠛ޿

ᧄ⎇ⓥߪߢᲧセ⊛ᄌᒻᐲߩᄢ޿߈ 169Tm(࿁ォᬦ౞૕ߩ࿁ォゲᣇะߩ㐳ࠍߐ aޔ࿁ォゲုߦ⋥

ᣇะߩ㐳ࠍߐ b 16Oޔ޿↪ߡߒߣ࠻࠶ࠥ࡯࠲ࠍ(a/b=0.95 ߣࠆߔߣ ෻ᔕࠆࠃߦᩭⲢว෻ᔕߩߣ

↢ᚑ‛ߩ᡼኿⢻ࠄ߆ᢿ㕙Ⓧޔ߼᳞ࠍએ೨ⴕߚߞᄌᒻᐲߩዊ޿ߐ natBa(a/b=1.01)߮ࠃ߅ޔ
natLa(a/b=1.01)ߩᢿ㕙Ⓧ߮ࠃ߅ℂ⺰⊛ߥബ⿠㑐ᢙߣᲧセޔߒᩭᄌᒻᐲ߇ബ⿠㑐ᢙߥ߁ࠃߩߤߦ

ᓇ㗀ࠍਈ߆ࠆ޿ߡ߃⠨ኤޕߚߒ

ߡߦ࡯࠲ࡦ࠮ᄢ㒋ᄢቇᩭ‛ℂ⎇ⓥߪታ㛎ޤታ㛎ޣ 16O ↢ᴺ㧔㐳ኼ๮ࠢ࠶࠲ࠬޔ޿↪ࠍࡓ࡯ࡆ

ᚑ‛᷹ቯ㧕ޔ෸߮ࠟࠬࠫ࠻࠶ࠚᴺ㧔⍴ኼ๮↢ᚑ‛᷹ቯ㧕ߩ 2 ㅢߩࠅᣇᴺߡߞࠃߦⴕࠬޕߚߞߥ

99.999
࡞ࠗࡎࡒ࡞ࠕߩ㜞⚐ᐲߪߢᴺࠢ࠶࠲㧑�ߦ㔚⌕ߚߒ Tmࠍ࠻࠶ࠥ࡯࠲ 2ᨎߒ޿ߥ 3ᨎ㊀

72MeV㨪112MeV࡯ࠡ࡞ࡀਛᔃࠛ࠻࠶ࠥ࡯࠲ޔߒߦࠢ࠶࠲ࠬߡߖࠊวߨ ߩ 16O ࠍࡦࠝࠗ 5 ಽ㨪

60 ಽ㑆ᾖ኿ޕߚߒᾖ኿ᓟฦߦ࠻࠶ࠥ࡯࠲ಽߦ࠻࡯ࠪࡦ࡟࠴ࠛ࡝ࡐߡߌኽ౉ޔߒGe ඨዉ૕ᬌ಴

ߡ޿ߟߦ࠻࠶ࠥ࡯࠲ߩห᭽ߣᴺࠢ࠶࠲ࠬߪߢᴺ࠻࠶ࠚࠫࠬࠟޕߚߞⴕࠍǫ✢᷹ቯߡ޿↪ࠍེ

ห᭽ߩ 16O ߢࡦࠝࠗ 1 ಽ㑆5ޔ ಽ㑆20ޔ ಽ㑆ߩᾖ኿ࠇߙࠇߘࠍⴕޕߚߞ෻ᔕ↢ᚑ‛ߪ↢ᚑᓟ

ߦߜ⋤ࠍ KCl Heޔߒ⌕ๆߦ࡯࠲ࠬ࡜ࠢ ߡߞࠃߦࡉ࡯ࡘ࠴࡯࡝࡜ࡇࡖࠠߦ߽ߣߣࠬࠟ 70 m 㔌

ߚࠇ RI ታ㛎ቶ߹៝ߢㅍޕ៝ߚߒ ㅍߚࠇߐ෻ᔕ↢ᚑ‛ߢ࡯࠲࡞ࠖࡈࠍ᝝㓸࡯ࠪࡦ࡟࠴ࠛ࡝ࡐߒ

ޕߚߞⴕࠍǫ✢᷹ቯߩห᭽ߒኽ౉ߦ࠻

ޘ୘ޔࠄ߆㊂᷹ቯ୯ࡓ࡯ࡆࠆࠃߦ෻ᔕ࡯࠲࠾ࡕߣ᡼኿⢻ߩ‛ᚑ↢ߚࠇߐቯ᷹ޤ⠨ኤߣᨐ⚿ޣ

Tm+Oޕߚ߼᳞ࠍ෻ᔕᢿ㕙Ⓧߩ‛ᚑ↢ߩ ߩࠄࠇߘޔߒ␜ߦ࿑ࠍᢿ㕙Ⓧߩ‛ᚑ↢ߚࠇࠄᓧࠄ߆

ᢿ㕙Ⓧࠍߩ߽ߛࠎ⚿ࠍታ✢ޔߢLa+O ߮ࠃ߅

Tm+O ߩ‛ቢోⲢว෻ᔕ⚻↱↢ᚑߚࠇࠄᓧࠄ߆

ᢿ㕙Ⓧߒ⿷ߡߴߔࠍวߚߖࠊബ⿠㑐ᢙࠍ⎕✢ߢ

࿑ߩࡈ࡜ࠣޕߚߒ␜ߦᮮゲߪฦ㊀ᔃ♽ߩ౉኿ࠛ

ߢ୯ߚ޿ᒁߒᏅࠍࠕ࡝ࡃࡦࡠ࡯ࠢࠄ߆࡯ࠡ࡞ࡀ

2ޕࠆ޽ ߣࠆߔᲧセࠍബ⿠㑐ᢙߩߟ Tm+O ᣇߩ

޿ߡߞ߇਄ߜ┙߇ബ⿠㑐ᢙࠄ߆࡯ࠡ࡞ࡀૐࠛ߇

޿߈ᄢߩᄌᒻᐲࠄ߆ߣߎߩߎޕࠆ߆ࠊ߇ߣߎࠆ

Tm ޿ߐዊߩᄌᒻᐲޔߪߢ La ࠆࠃߦᄌᒻߴᲧߦ

ᓇ㗀߇⴫ࠆ޿ߡࠇน⢻ᕈ߇⠨ޕࠆࠇࠄ߃

㪈㪅㪇㪜㪂㪇㪇

㪈㪅㪇㪜㪂㪇㪈

㪈㪅㪇㪜㪂㪇㪉

㪈㪅㪇㪜㪂㪇㪊

㪄㪊㪇 㪄㪉㪇 㪄㪈㪇 㪇 㪈㪇 㪉㪇 㪊㪇 㪋㪇

෻
ᔕ
ᢿ
㕙
Ⓧ
㪆
㫄
㪹

㪠㫉㪄㪈㪏㪉

㪠㫉㪄㪈㪏㪈

㪠㫉㪄㪈㪏㪇

La+O ోⲢวᢿ㕙Ⓧ

Tm+O ోⲢวᢿ㕙Ⓧ

Ecm㧙B / MeV 
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Study of sub-barrier fusion hindrance in 19F + 209Bi reaction 
NISHINAKA, I., KASAMATSU, Y., TANIKAWA, M., GOTO, S., ASAI, M. 

19F + 209Bi ෻ᔕ࡯ࡗ࡝ࡃࡉࠨࠆߌ߅ߦⲢว㒖ኂ�


ේሶജᯏ᭴࡮వ┵ၮ␆࠮ ࠮⑼ੳ࡮⎇ℂޔ� ℂ࡮ᄢ᧲ޔ� ࠮ಽᨆ࡮ᣂẟᄢޔ� ��

٤⷏ਛ৻ᦶ ፏ⦟᧻═ޔ� ⥋Ꮉൎ⼱ޔ� ৻⌀⮮ᓟޔ� ᵻ੗㓷ੱޔ� ��

ࠨࠆࠁࠊ޿ޔ࡯ࠡ࡞ࡀࠛ޿ૐࠅࠃⲢว㓚ოߡ޿߅ߦᩭⲢว෻ᔕࡦ㊀ࠗࠝޔㄭᐕޤߦ߼ߓߪޣ

ࠆ޿ߡࠇߐ㒖ኂߊ߈ᄢ߇ᩭⲢวޔߡߴᲧߦ੍᷹ߩ࡞࠺ࡕ⺰ℂߥ⊛ᮡḰޔߪߢ㗔ၞ࡯ࡗ࡝ࡃࡉ

ࠨ߇ࠈߎߣޕ[1]ࠆ޿ߡࠇߐ⋠ᵈߡߒߣࠬࠢ࠶ࡇ࠻ߩߢේሶᩭ෻ᔕ⎇ⓥಽ㊁ޔࠇߐ⷗⊑߇ߣߎ

Ⲣว࡯ࡗ࡝ࡃࡉࠨޕࠆࠇࠄ㒢߇ⓥ଀⎇߼ߚߥ࿎㔍ߪቯ᷹ߩᩭⲢวᢿ㕙Ⓧߩߢ㗔ၞ࡯ࡗ࡝ࡃࡉ

㒖ኂ⃻⽎19ޔ߼ߚࠆߴ⺞ࠍF + 209Bi ෻ᔕࠆߌ߅ߦᩭⲢวᢿ㕙Ⓧߩബ⿠㑐ᢙࠍ᡼኿ൻᴺޕߚ߼᳞ߢ

MeV 19F 135-83ޔߡߦࠬ࡯ടㅦེᾖ኿ࠦࡓ࠺ࡦ࠲ේሶജᯏ᭴ޤታ㛎ޣ ߢⓨ⫳⌕ᴺ⌀ࠍࡓ࡯ࡆ

↢ᚑߚߒ 150-220 Pg/cm2ෘߩ 209Bi ㊄ዻ⭯⤑ߦ࠻࠶ࠥ࡯࠲ 30 ಽࠄ߆ 8 ᤨ㑆ᾖ኿ޕߚߒᩭಽⵚ

↢ᚑ‛ࠍ᝝㓸᷹ࠍ࠻࠶ࠥ࡯࠲⤑⭯ߣ▗ࡒ࡞ࠕߚߒቯ⹜ᢱޔߒߣǫ✢ࠬࠃߦ࡯࡝࠻ࡔ࡞࠻ࠢࡍ

MeV 90ޕߚߒቯ㊂ޔߒหቯࠍᚑᩭ⒳↢ߡߞ એਅߩ౉኿ࠛߢ࡯ࠡ࡞ࡀᾖ኿ߚߒ⹜ᢱޔߪߡ޿ߟߦ

‛ᩭಽⵚ↢ᚑߡߒൻቇಽ㔌ࠍࡦ࠺ࡉ࡝ࡕ 99Mo ޔߪൻቇ෼₸㧔49-80%㧕ޕߚߒቯ㊂ࠍᚑ㊂↢ߩ

ේሶജᯏ᭴ JRR-3 ᳇ㅍ▤ߚ޿↪ࠍਛᕈሶ᡼኿ൻᴺޕߚ߼᳞ߡߞࠃߦ

99Moޤ⠨ኤߣᨐ⚿ޣ ޕߔ␜ߦ㤥྾ⷺ㧕ߣ࿑㧔㤥ਣࠍബ⿠㑐ᢙߩᩭಽⵚᢿ㕙Ⓧߣᚑᢿ㕙Ⓧ↢ߩ

ᩭಽⵚᢿ㕙Ⓧ㧔0.08-650 mb㧕99ޔߪMo ߒⷙᩰൻߢ₸ኻ෼⋦ࠆߔኻߦᩭಽⵚోࠍᚑᢿ㕙Ⓧ↢ߩ

ߪ₸ኻ෼⋦ޕߚ߼᳞ߡ 90 MeV ✢㊂෼₸ᦛ⾰ߩ‛ᩭಽⵚ↢ᚑߩߢ࡯ࠡ࡞ࡀ౉኿ࠛ޿߈ᄢࠅࠃ

ᩭಽⵚ޿ߐ㧞ᩴዊ⚂߽ࠅࠃᢥ₂୯㧔⊕ਣ㧕[2]ߚߒቯ᷹ߡ޿↪ࠍඨዉ૕ᬌ಴ེޕߚ߼ߣ߽ࠄ߆

ᢿ㕙Ⓧ߹᷹ߢቯߩߎޕߚ߈ߢ߇ߣߎࠆߔ෻ᔕ♽ߪߢⶄวᩭ߇ᩭಽⵚߦߕߖᱷ⇐ᩭࠍᒻᚑࠆߔ

ޕࠆ߈ߢ߇ߣߎߔ⷗஖ߣⲢวᢿ㕙Ⓧࠍᩭಽⵚᢿ㕙Ⓧߡߞ߇ߚߒޕ޿ߐዊߡ߼ᭂߪ₸⏕

౉኿ࠛ86࡯ࠡ࡞ࡀ MeV એਅޔߪߢⲢวᢿ㕙

Ⓧߪ৻ᰴరߩⲢว㓚ოㅘㆊࠃߦ[3]࡞࠺ࡕ

ࠍ௑ะࠆߥߊߐዊ߽ࠅࠃ୯㧔ታ✢㧕੍᷹ࠆ

㊂⾰ߩේሶᩭޔߪ࡯ࠡ࡞ࡀࠛߩߎޕߚߒ␜

౏ᑼ࠻࠶ࠥ࡯࠲ࠆࠇߐ੍᷹ࠄ߆ᩭߣ౉኿ᩭ

ࠡ࡞ࡀࠛ࡞ࡖࠪࡦ࠹ࡐߩߢ⟎㈩ߚߒធ߇ߣ

ޕߚߒ⥌৻ߊࠃߣVKNS = 86.8 MeV [4]࡯

⻠Ṷޔߪߢ⚿ว࠺ࡕߩߤߥ▚⸘࡞ࡀࡦࡖ࠴

ߩߣ࠲࡯࠺ታ㛎ߩߢ♽෻ᔕߩઁޔ߿▚⸘࡞

Ყセࠍⴕޔ޿Ⲣว㒖ኂ⃻⽎ߩᯏ᭴ߡ޿ߟߦ

⠨ኤޕࠆߔ

ෳ⠨ᢥ₂

[1] C. L. Jiang et al., Phys. Rev. Lett. 89 (2002) 052701-1-4. 
[2] A. M. Samant et al., Eur. Phys. J. A 7 (2000) 59-64. 
[3] B. B. Back et al, Phys. Rev. C 32 (1985) 195-213. 
[4] T. Ichikawa et al., Phys. Rev. C 75 (2007) 064612-1-4. 
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㞳ࡓࢀࡉ㉸㔜ඖ⣲㸦ཎᏊ␒ྕ ZӍ 㸧ࢆᾮయࡢ࡝࡞ࣇࣛࢢࢺ࣐ࣟࢡࢫ࢞ࡸࣇࣛࢢࢺ࣐ࣟࢡ໬
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Production of long-lived Fm and Es tracers using a Cf target and its application to nuclear spectroscopy
ASAI, M., TSUKADA, K., KASAMATSU, Y., SATO, T.K., TOYOSHIMA, A., NAGAME, Y. 

Cf ᶆⓗࡓ࠸⏝ࢆ㛗ᑑ࿨ Fm, Es �᰾ศග࡜〇㐀ࡢ࣮ࢧ࣮ࣞࢺ

�ཎᏊຊᶵᵓ࣭ඛ➃ᇶ♏ࢭ ࢭ⛉ோ࣭◊⌮ࠊ� �㸧ۑὸ஭㞞ே ሯ⏣࿴᫂ࠊ� ᯇⰋ➟ࠊ�

ᓫ బ⸨ဴஓࠊ��� ᔱཌྐ㇏ࠊ� Ọ┠ㅍ୍㑻ࠊ� ��

ࠚ࡟ࡵࡌࡣ࠙ 㔜ࡢࢻ࢖ࣀࢳࢡ࢔໬Ꮫⓗᛶ㉁ࢆㄪࡿ࡭㝿ࣟࢡ࣐ࠊ㔞ࡢヨᩱࢆධᡭ࡛࡜ࡇ࠸࡞ࡁ

ࠊࡀࡿࢀࢃ⾜࡚࠸⏝ࢆヨᩱࡢ㔞࣮ࢧ࣮ࣞࢺࡣᐇ㦂ࡢࡃከࡵࡓࡢࡑࠋࡿ࠶ᐇ㦂ⓗไ⣙࡛࡞ࡁ኱ࡣ

Cm Fmࠋ࠸ࡋ㞴ࡽࡍධᡭࡢ㔞࣮ࢧ࣮ࣞࢺࡣඖ⣲࡛࠸㔜ࡶࡾࡼ ㏿ຍࣥ࢜࢖㔜ࠊࡣ࣮ࢧ࣮ࣞࢺࡢ

ჾ࡛࡜ࡇࡿ࠸⏝ࢆ౛ࡤ࠼ 238U(16O,4n)250Fm ཯ᛂྜ࡚ࡗࡼ࡟ᡂྍ⬟࡛ࡋ࠿ࡋࠋࡿ࠶ 250Fm ῶ༙ࡢ

ᮇࡣ 30 ศ࡛⏕ᡂ㔞ࡶᑡࠊࡃ࡞ୟࡘȘ⥺ ᐃ࡛࠿ࡋほ ࡛࡛ࡢ࠸࡞ࡁ౑࠸຾ᡭࡣᝏࠋ࠸ᮏ◊✲

ῶᮇ༙ࠊࡣ࡛ 1 ᪥௨ୖ࡛Ț⥺ ᐃ࡚ࡗࡼ࡟ほ ྍ⬟࡞ Fm ཬࡧ Es ྠ఩యࢆ㔜ࣥ࢜࢖᰾཯ᛂ࡟

ࠋࡿࡍሗ࿌࡛ࡢࡓࡋᡂຌ࡟࡜ࡇࡿࡍᡂྜ࡟ẚ㍑ⓗ኱㔞࡚ࡗࡼ

࠙ᐇ㦂  ࠚ Fm, Es ྠ఩యࠊࡣCf ᶆⓗ࡟ 12C ᚄ┤ࠋࡓࡋᡂྜ࡚ࡋᑕ↷ࢆ࣒࣮ࣅ 1.4 mmࠊཌࡉ 420 
Pg/cm2ࡢ Cf ᶆⓗ㸦ྠ఩యẚ㸸63% 249Cf, 12% 250Cf, 25% 251Cf㸧ࢆసᡂࠊࡋཎᏊຊᶵᵓ࣒ࢹࣥࢱ

ຍ㏿ჾ࡚࠸⏝ࢆ⣙ 600 pnA 12C ࡢ ཯ࡽ࠿ᶆⓗࠋࡓࡋᑕ↷࡟ࢺࣥ࢖࣏ࣥࣆࢆ㸦71 MeV㸧࣒࣮ࣅ

㊴⬺ฟࡓࡋ⏕ᡂ᰾ࢆ He/KCl ࡓࡋ╔௜ࡢᡂ᰾⏕ࠊࡋᦙ㏦࡛ࡲᐇ㦂ᐊࡾࡼ࡟ἲࢺࢵ࢙ࢪࢫ࢞ KCl
ᚤ⢏Ꮚ࡟ୖ⭷ⷧࢆᤕ㞟ࠋࡓࡋᤕ㞟ࡓࡋ KCl ࡟ᐃ᫬㛫ẖ୍ࡣ 0.1 M ◪㓟࡚࡟⁐ゎ࣭ᅇ཰ࠊࡋィ

3 ᪥㛫ࡢ↷ᑕᚋ◪㓟࣓࣮ࣝࣀࢱ⣔ࡢ㝜ࣥ࢜࢖஺᥮ศ㞳ἲࠊࡾࡼ࡟Fm ཬࡧ Es ࢆ KCl ᰾ࡢ௚ࡸ

཯ᛂ⏕ᡂ≀ࠊ཯㊴࡚ࡗࡼ࡟㣕ࡧฟࡓࡋᶆⓗ≀㉁㸦Cf㸧ࡽ࠿ศ㞳࣒࣐࢘ࣜࢧࠊࡋඹỿἲࡾࡼ࡟

ࠋࡓࡋసᡂࢆ※⥺

࠙⤖ᯝ  ࠚ Fig. 1 ࡓࢀࡽᚓ࡚ࡋ໬Ꮫศ㞳࡟ Fm, Es Fmࠋࡍ♧ࢆࣝࢺࢡ࣌ࢫ⥺Țࡢ※⥺ ཬࡧ Es ࡢ
EC ᔂቯ࡚ࡗࡼ࡟ᨺฟࡓࢀࡉ Es ཬࡧ Cf ᛶ≉ࡢ X Xࠋࡿ࠸࡚ࢀࡉ ほࡃᙉ࡟㠀ᖖࡀ⥺ ⥺ᙉᗘࡢ

᫬㛫ῶ⾶㸦Fig. 2㸧ࠊࡽ࠿୺࡞⏕ᡂ᰾ࡣ 253Fm㸦༙ῶᮇ 3 ᪥㸧࡜ 251Es㸦༙ῶᮇ 33 ᫬㛫㸧࡛ࡿ࠶

2ࠋࡓࡗุࡀ࡜ࡇ ᫬㛫ࡢ ᐃ࡛ 1 ୓࢝࢘ࣥࢺ௨ୖࡢ Es KD1X ࡛➨ᕤኵḟࠊࡾ࠾࡚ࢀࡉ ほࡀ⥺

Fm ཬࡧ Es ࡶ࡚࠸࠾࡟Ș⥺ ᐃࠊࡓࡲࠋࡿ࠶࡛⬟ྍࡀ໬Ꮫᐇ㦂࡞ࠎᵝࡓࡋ࡟㇟ᑐࢆ 100 Bq ⛬

ᗘࡢ 252Fm㸦༙ῶᮇ 25 ᫬㛫㸧ࡸ 10 Bq ⛬ᗘࡢ 253Es㸦༙ῶᮇ 20 ᪥㸧ࡀほ ࠋࡓࢀࡉ

௒ᅇࡢ↷ᑕᐇ㦂ࠊࡣඖࡣࠎ 259Rf㸦༙ῶᮇ 3 ⛊㸧ࡢȘ-Ț᰾ศගᐇ㦂ࡀ┠ⓗ࡛ࠊࡾ࠶↷ᑕᚋࡢ

໬Ꮫศ㞳ࡶ 253Fm ᚓ࡚ࡋ࡜≀⏘๪ࡢࡑࡣᡂᯝࡢ௒ᅇࠊ࡛ࡢࡶࡓࡋ࡜ⓗ┠ࢆȘ-Ț᰾ศගᐇ㦂ࡢ

ࠋࡿࡍሗ࿌ࡶ࡚࠸ࡘ࡟ᯝ⤖ࡢ᰾ศගᐇ㦂ࡿ࠶ⓗ࡛┠ࡢࠎඖࡣㅮ₇࡛ࠋࡓࢀࡽ
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Fig. 1: Gamma-ray spectrum of the Fm and Es 
tracer measured for 2 h after 4.5-d cooling. 

Fig. 2: Decay curves of Es and Cf KD1X rays in 
the Fm and Es tracer.  
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Production and decay properties of 264,265Hs
SATO, N., KAJI, D., MORIMOTO, K., HABA, H., ICHIKAWA, T., IDEGUCHI, E., KOURA, H.,  
KUDOU, Y., OZAWA, A., OZEKI, K., SUMITA, T., YAMAGUCHI, T., YONEDA, A., YOSHIDA, A.,  
MORITA, K. 
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ߣ㝷ᴺᢙߪᢙߩਛᕈሶ߿㓁ሶߔ␜ࠍ⾰ᕈߥ቟ቯߢߣߎࠆߔᒻᚑࠍ㐽Ზ߇ේሶᩭޤߦ߼ߓߪޣ

๭߫ޔࠅ߅ߡࠇ⃻࿷ߪᦨᄢߩ㝷ᴺᢙߡߒߣ㓁ሶᢙ Z = 82ޔਛᕈሶᢙ N = 126 ޕࠆ޿ߡࠇࠄ⍮߇

ߪߦ⊛⺰ℂޔߪ㝷ᴺᢙߩᰴޔߚ߹ Z = 114120ޔ ߿╬ N = 184 ࠇߎޕࠆ޿ߡࠇߐᗐ੍ߣࠆ޽ߢ

ߩ⿥㊀ᩭ㗔ၞޔ߇ࠆ޿ߡࠇߐᗐ੍ߣ⃿ᒻߪේሶᩭߩࠄ Z = 108ޔN = 152162ޔ ߇ේሶᩭޔߪߦ

ᄌᒻߩઁޔߕࠄࠊ߆߆߽ߦࠆ޿ߡߒᩭߦᲧߡߴǩ፣უࠛ߇࡯ࠡ࡞ࡀዊ߁޿ߣ޿ߐ቟ቯߥᕈ⾰

ᄌᒻੑ㊀㝷ᴺᩭޔߦ․ޕߚߞߥߦ߆ࠄ᣿ߡߞࠃߦታ㛎ߩᦨㄭ߇ߣߎࠆߔሽ࿷߇ේሶᩭߟᜬࠍ

ߩ 270Hs㧔Z = 108ޔN = 162㧕ߩߘ߿๟࿐ߩᩭߪ⹦޿ߒᕈ⾰߇⎇ⓥޔߒ߆ߒޕ[1]ࠆ޿ߡࠇߐਛ

ᕈሶߩዋ޿ߥ Hs ห૏૕ޔߪ↢ᚑߚࠇߐ୘ᢙ߇ዋߩߘޔࠅ޽߽ߣߎ޿ߥᕈ⾰ࠅ߹޽ߪ⍮ߡࠇࠄ

ߡ޿߅ߦℂൻቇ⎇ⓥᚲޔߢߎߘޕ޿ߥ޿ 263,264,265Hs ࠍ፣უ․ᕈߩࠄࠇߘޔ޿ⴕࠍวᚑታ㛎ߩ

⎇ⓥޕߚߒ

� ᧄ⻠Ṷߪߢ 264,265Hs 263Hsޕࠆߴㅀߡ޿ߟߦ⾰ᕈߩ Ṷ⇟ภ⻠߇ടᴦ᳁ޔߪߡߒ㑐ߦ 3B11 ߡߦ

⻠Ṷ੍ቯޕ[2]ࠆ޽ߢ

ℂ⎇✢ᒻടㅦེޤታ㛎ޣ RILAC ߡ޿↪ࠍ 208Pb(58Fe, xn) [x = 1,2]෸߮ 207Pb(58Fe, n) ෻ᔕࠅࠃߦ
264,265Hs ⟎᳇૕లႯဳ෻〡ಽ㔌ⵝޔߒวᚑࠍ GARIS ޔߒ෼㓸࡮ಽ㔌ࠍ‛ᩭⲢว↢ᚑߡߞࠃߦ

GARIS ߐ᷹ⷰߢߎߘޕߚߒ࠻ࡦ࡜ࡊࡦࠗߦᬌ಴ེࡦࠦ࡝૏⟎ᬌ಴ဳࠪߚࠇߐ⟎⸳ߦὶὐ㕙ߩ

ޕߚߒⓥ⎇ࠍ፣უ․ᕈޔࠅࠃߦ࠻ࡦࡌᩭಽⵚࠗ⊑⥄߿✢ǩߚࠇ

,208Pb(58Feޤ⠨ኤ࡮ᨐ⚿ޣ n)265Hs ෻ᔕޔߪߢᢿ㕙Ⓧߩᦨᄢ୯51+46)ߡߒߣ
-29) pb ߎޕߚࠇࠄᓧ߇

ߢਛᔃߩ⊛ᮡߪ࡯ࠡ࡞ࡀ౉኿ࠛߩᤨߩ 220.5 MeV ߦ♽౉኿ޔࠅ޽ߢ Audi ߦⶄวᩭޔ[3]ࠄ Myers 
and Swiatecki ⚂ߪ࡯ࠡ࡞ࡀബ⿠ࠛߩⶄวᩭߚ߼᳞ߡߒ↪ㆡࠍ㊂౏ᑼ[4]⾰ߩ 15 MeV ޕࠆߥߦ

ߚࠇࠊⴕߢ⎇ℂߦㆊ෰ޔߪࠇߎ Pb ෸߮ Bi ᮡ⊛ߚ޿↪ࠍ⿥㊀ᩭวᚑߩ෻ᔕᢿ㕙Ⓧ߇ᦨᄢߥߣ

ᄌᒻ㝷ᴺᢙޔߚ߹ޕ[5]ࠆ޽ߢᨐ⚿ࠆߔᡰᜬࠍᕈ⛔♽ߩ࡯ࠡ࡞ࡀࠛࠆ N = 152 ࠴࡯ࡠࡊࠕߩ߳

264Hsޔߡߒߣ ޕߚ߈ߢ߇ߣߎࠆߖߐะ਄ࠍ⸘⛔ࠆߔ㑐ߦ፣უ․ᕈߩ

࿑ࠍᨐ⚿ߩߘ 1 ޕߔ␜ߦ
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Production and Decay Properties of 266Bh and its daughter nuclei 
MORIMOTO, K., MORITA, K., KAJI, D., HABA, H., OZEKI, K., KUDOU, Y., SATO, N., SUMITA, T., 

YONEDA, A., ICHIKAWA, T., FUJIMORI, Y., GOTO, S., IDEGUCHI, E., KASAMATSU, Y., 
KATORI, K., KOMORI, Y., KOURA, H., KUDO, H., OOE, K., OZAWA, A., TOKANAI, F., 
TSUKADA, K., YAMAGUCHI, T., YOSHIDA, A. 

248Cm+23Na ࠆࠃߦ 266Bh �፣უ․ᕈߣᚑ↢ߩ


ℂ⎇ੳ⑼࠮ ࠮ේሶജᯏ᭴వ┵ၮ␆⎇ⓥޔ� ⎇੩ᄢၮ␆‛ℂޔ� ጊᒻᄢቇޔ� ޔ�

ᣂẟᄢቇ ࠮ᄢේሶᩭ⑼ቇ⎇ⓥ᧲ޔ� ᄢ㒋ᄢቇޔ� ᵄᄢ╳ޔ� ၯ₹ᄢޔ� ���٤᫪ᧄ

ᐘม 1, ᫪↰ᶈ੺ 1, ടᴦᄢ຦ 1, ⠀႐ብశ 1, ᄢ㑐๺⾆ 1, Ꮏ⮮␭↢ 1, ૒⮮ᦸ 12, ૑↰

⾆ਯ 1㧘☨↰ᤩ 1, ᏒᎹ㓉ᢅ 13, ⮮᫪ᐽਯ 4, ᓟ⮮⌀৻ 5,੗ᚻญᩕᴦ 6, ═᧻⦟ፏ 1, 㣮

ข⾫ᴦ 1, ዊ᫪᦭Ꮧሶ 7, ዊᶆኡਯ 2, Ꮏ⮮ਭᤘ 5, ᄢᳯ৻ᒄ 7, ዊᴛ㗼 8, 㐷ฟ౻᮸ 4,
Ⴆ↰๺᣿ 2, ጊญ⾆ਯ 9, ศ↰ᢕ 1

޿↪ࠍℂ⎇᳇૕లႯဳ෻〡ᩭಽ㔌ⵝ⟎㧔GARIS㧕ޔߦߢ߹ࠇߎޤߦ߼ߓߪޣ 209Bi(70Zn,n)278113
෻ᔕࠆࠃߦ 2 ଀ߩᣂర⚛ 278113 ࠆ޽ߢᣢ⍮ᩭߪ፣უㅪ㎮ߩߘޕ[1,2]ࠆ޿ߡࠇߐႎ๔߇ᚑ↢ߩ
266Bh ࠆ޽ߢᆷᩭߩߘߣ 262Db 266Bhޔ߇ࠆ޿ߡߒ೔㆐ߦ 278113ޕ[3,4]޿ߒਲߪႎ๔଀ߩ ፣უߩ

ㅪ㎮ߣᣢ⍮ᩭࠅࠃࠍࠅ߇ߥߟߩߣ⏕ታޔߦ߼ߚࠆߔߦGARIS ߡ޿↪ࠍ 248Cm(23Na,5n)266Bh ෻

ᔕࠆࠃߦ 266Bh ޕߚߞⴕࠍⓥ⎇ߩ፣უ․ᕈߩߘߺ⹜ࠍᚑ↢ߩ

⎇ℂޤታ㛎ޣ RILAC ࠆࠇߐ⛎ଏࠄ߆ 126, 130 ߮ࠃ߅ 132MeV 23Na ߩ ᓘ⋤ޔࠍࡓ࡯ࡆ 10cm ߩ

࿁ォᑼ 248Cm ߒᾖ኿ߦ࠻࠶ࠥ࡯࠲ 248Cm(23Na,5n)266Bh ෻ᔕࠆࠃߦ 266Bh ↢ᚑޕߚߺ⹜ࠍ⫳⊒ᱷ

⇐ᩭࠬࠟޔߪలႯဳ෻〡ᩭಽ㔌ⵝ⟎ GARIS ▫ᬌ಴ེࡦࠦ࡝ࠪߚߒ⟎⸳ߦὶὐ㕙ޔࠇߐಽ㔌ߢ

ߪࡓ࡯ࡆޔ߼ߚ޿㜞߇₸ᢙ⸘ߪᾖ኿ਛࡓ࡯ࡆޕߚߞⴕࠍ᷹ⷰߺㄟߜᛂߦ 3 ⑽ ON ᓟߩߘ 3 ⑽

OFF ޿ૐߩ₸ᢙ⸘ޔߒ㄰ࠅ➅ࠍ OFF ᦼ㑆ਛߦ 266Bh ߦ႐วߚߞ߆߆ߦ᷹ⷰ߇፣უࠆࠇࠊᕁߣ

ࠍࡓ࡯ࡆߦࠄߐߪ 100 ⑽ OFF ޕߚߞⴕࠍ᷹ⷰߩ፣უㅪ㎮޿㜞ߩା㗬ᐲߡߒߦ

ޤ⠨ኤ࡮ᨐ⚿ޣ
248Cm+23Na ෻ᔕޔࠅࠃߦว⸘ 32 14ޔߜ߁ߩߘޕߚߒ᷹ⷰࠍ፣უㅪ㎮ߩ ፣უㅪ㎮ߪ᣿⏕ߦ 266Bh

10ޔߒ⺰⚿ߣࠆ޽ߢ፣უㅪ㎮ߩࠄ߆ ፣უㅪ㎮ࠍ 266Bh ߢㅪ㎮޿㜞߇น⢻ᕈߩ፣უㅪ㎮ߩࠄ߆

267Bhޔߪ፣უㅪ㎮ߩࠅᱷޕߚߒ⺰⚿ߣࠆ޽ ޕߚߒߣ፣უㅪ㎮ߥหቯਇ⢻߮ࠃ߅፣უㅪ㎮ߩࠄ߆

ߚࠇߐ᷹ⷰ 266Bh ߪ࡯ࠡ࡞ࡀࠛߩ✢ǩߩࠄ߆ 9.05 ࠄ߆ 9.23MeV ࠆ޽ߢᆷᩭޔࠅ߅ߡߒಽᏓߦ
262Db ߎޕ[5]ߚࠇߐ⹺⏕߇੐ࠆߔᩭಽⵚ⊑⥄߮ࠃ߅ǩ፣უߊ⍦⋫ήߣඨᷫᦼࠆ޿ߡࠇߐႎ๔ߪ
⚛ᣂరߩ೨ㅀޔߪᨐ⚿ߩࠄࠇ 278113 ࠆ޿ߡࠇߐ᷹ⷰߦ፣უㅪ㎮ਛߩ 266Bh ߮ࠃ߅ 262Db ᷹ⷰߩ

⚿ᨐࠍㅊ⹺ޕߚߞߥߣߩ߽ࠆߔ
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