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ỶἰὊἊἹὅἂἾὊἘỵὅἂểỊᾎ

• ᅇᢡ㠃䛜ᅇᢡ㠃䛜ᅇᢡ㠃䛜ᅇᢡ㠃䛜ᒅᢡ⋡ᒅᢡ⋡ᒅᢡ⋡ᒅᢡ⋡n䛾፹㉁䛻ᇙ䜒䜜䛶䛔䜛䛾፹㉁䛻ᇙ䜒䜜䛶䛔䜛䛾፹㉁䛻ᇙ䜒䜜䛶䛔䜛䛾፹㉁䛻ᇙ䜒䜜䛶䛔䜛
• ፹㉁ෆ䛷䛿፹㉁ෆ䛷䛿፹㉁ෆ䛷䛿፹㉁ෆ䛷䛿Ἴ㛗䛜Ἴ㛗䛜Ἴ㛗䛜Ἴ㛗䛜1/n䛻䛺䜛䛾䛷䝁䞁䝟䜽䝖䛺䛜䜙ග㊰ᕪ䜢䛻䛺䜛䛾䛷䝁䞁䝟䜽䝖䛺䛜䜙ග㊰ᕪ䜢䛻䛺䜛䛾䛷䝁䞁䝟䜽䝖䛺䛜䜙ග㊰ᕪ䜢䛻䛺䜛䛾䛷䝁䞁䝟䜽䝖䛺䛜䜙ග㊰ᕪ䜢
✌䛠䛣䛸✌䛠䛣䛸✌䛠䛣䛸✌䛠䛣䛸䛜䛷䛝䜛䚹䛜䛷䛝䜛䚹䛜䛷䛝䜛䚹䛜䛷䛝䜛䚹

→ ศගჾ䛾ศගჾ䛾ศගჾ䛾ศගჾ䛾䛂㧗Ἴ㛗ศゎ⬟໬䛃䛂㧗Ἴ㛗ศゎ⬟໬䛃䛂㧗Ἴ㛗ศゎ⬟໬䛃䛂㧗Ἴ㛗ศゎ⬟໬䛃䛸䛂䛸䛂䛸䛂䛸䛂䝁䞁䝟䜽䝖໬䛃䝁䞁䝟䜽䝖໬䛃䝁䞁䝟䜽䝖໬䛃䝁䞁䝟䜽䝖໬䛃



ỶἰὊἊἹὅἂἾὊἘỵὅἂỉඬᧈЎᚐᏡ

䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅

ᅇᢡᅇᢡᅇᢡᅇᢡ㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅

Rmax  
 




Rmax  
 




Φ䠖䝁䝸䝯䞊䝍䝡䞊䝮ᚄ䚸䠖䝤䝺䞊䝈ゅ
D䠖ᮃ㐲㙾䛾ཱྀᚄ䚸s䠖䝇䝸䝑䝖ᖜ



ỶἰὊἊἹὅἂἾὊἘỵὅἂỉஊဇࣱ

䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅䝅䞊䜲䞁䜾䝸䝭䝑䝖䛾ሙྜ䠄ྍど䡚㏆㉥እ䠅

Rmax  
 




• ኱ཱྀᚄ໬䛻క䛖⿦⨨䝃䜲䝈䛾㝈⏺⦆࿴኱ཱྀᚄ໬䛻క䛖⿦⨨䝃䜲䝈䛾㝈⏺⦆࿴኱ཱྀᚄ໬䛻క䛖⿦⨨䝃䜲䝈䛾㝈⏺⦆࿴኱ཱྀᚄ໬䛻క䛖⿦⨨䝃䜲䝈䛾㝈⏺⦆࿴

CRIRES/VLT䠄䠄䠄䠄Rmax=100,000䠅䠅䠅䠅䛾䛾䛾䛾 grating ~ 400mm
䛣䜜䛜䚸䛣䜜䛜䚸䛣䜜䛜䚸䛣䜜䛜䚸TMT䠄䠄䠄䠄D=30m䠅䛻䛺䜛䛸䠅䛻䛺䜛䛸䠅䛻䛺䜛䛸䠅䛻䛺䜛䛸 ~ 1500mm !!



ỶἰὊἊἹὅἂἾὊἘỵὅἂỉஊဇࣱ

ᅇᢡᅇᢡᅇᢡᅇᢡ㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅㝈⏺䛾ሙྜ䠄୰㛫㉥እ䡚䠅

Rmax  
 




• Ᏹᐂᮃ㐲㙾䛻䛚䛡䜛㧗ศᩓศගჾ䛾ᐇ⌧Ᏹᐂᮃ㐲㙾䛻䛚䛡䜛㧗ศᩓศගჾ䛾ᐇ⌧Ᏹᐂᮃ㐲㙾䛻䛚䛡䜛㧗ศᩓศගჾ䛾ᐇ⌧Ᏹᐂᮃ㐲㙾䛻䛚䛡䜛㧗ศᩓศගჾ䛾ᐇ⌧
ISO/SWS  Rmax=2,000 (FP䝰䞊䝗䛿㝖䛟䝰䞊䝗䛿㝖䛟䝰䞊䝗䛿㝖䛟䝰䞊䝗䛿㝖䛟)
MIRI/JWST  Rmax=3,000
䝇䝨䞊䝇䛷䝇䝨䞊䝇䛷䝇䝨䞊䝇䛷䝇䝨䞊䝇䛷R>20,000䛾ୡ⏺䜈䛾ୡ⏺䜈䛾ୡ⏺䜈䛾ୡ⏺䜈

200mm

SPICA/HRS
R=30,000



ỶἰὊἊἹὅἂἾὊἘỵὅἂỉ஬૰

• ᒅᢡ⋡ᒅᢡ⋡ᒅᢡ⋡ᒅᢡ⋡䛜㧗䛔䛣䛸䛜㧗䛔䛣䛸䛜㧗䛔䛣䛸䛜㧗䛔䛣䛸 䠄䠄䠄䠄n > 2䠅䠅䠅䠅
㉥እ⥺㡿ᇦ䛻䛚䛔䛶䛿ከ䛟䛾༙ᑟయᮦᩱ䛜䛒䜛㉥እ⥺㡿ᇦ䛻䛚䛔䛶䛿ከ䛟䛾༙ᑟయᮦᩱ䛜䛒䜛㉥እ⥺㡿ᇦ䛻䛚䛔䛶䛿ከ䛟䛾༙ᑟయᮦᩱ䛜䛒䜛㉥እ⥺㡿ᇦ䛻䛚䛔䛶䛿ከ䛟䛾༙ᑟయᮦᩱ䛜䛒䜛

• ㏱㐣ᛶ㏱㐣ᛶ㏱㐣ᛶ㏱㐣ᛶ䛜㧗䛔䛣䛸䛜㧗䛔䛣䛸䛜㧗䛔䛣䛸䛜㧗䛔䛣䛸 䠄䠄䠄䠄α < 1e-2 cm-1䠅䠅䠅䠅
༙ᑟయᮦᩱ䛾ከ䛟䛜㉥እ⥺䛻ᑐ䛧䛶㏱༙᫂ᑟయᮦᩱ䛾ከ䛟䛜㉥እ⥺䛻ᑐ䛧䛶㏱༙᫂ᑟయᮦᩱ䛾ከ䛟䛜㉥እ⥺䛻ᑐ䛧䛶㏱༙᫂ᑟయᮦᩱ䛾ከ䛟䛜㉥እ⥺䛻ᑐ䛧䛶㏱᫂
ຠ⋡䚸Ἴ㛗ศゎ⬟䛻ᙳ㡪ຠ⋡䚸Ἴ㛗ศゎ⬟䛻ᙳ㡪ຠ⋡䚸Ἴ㛗ศゎ⬟䛻ᙳ㡪ຠ⋡䚸Ἴ㛗ศゎ⬟䛻ᙳ㡪

• ኱ᆺ䛾䜲䞁䝂䝑䝖኱ᆺ䛾䜲䞁䝂䝑䝖኱ᆺ䛾䜲䞁䝂䝑䝖኱ᆺ䛾䜲䞁䝂䝑䝖䛜〇సྍ⬟䛺䛣䛸䛜〇సྍ⬟䛺䛣䛸䛜〇సྍ⬟䛺䛣䛸䛜〇సྍ⬟䛺䛣䛸 䠄䠄䠄䠄L > 100mm, Φ > 50mm䠅䠅䠅䠅
Ẹ⏕ရ䜈䛾ᒎ㛤䛾᭷↓Ẹ⏕ရ䜈䛾ᒎ㛤䛾᭷↓Ẹ⏕ရ䜈䛾ᒎ㛤䛾᭷↓Ẹ⏕ရ䜈䛾ᒎ㛤䛾᭷↓

• 䝩䝰䝆䝙䝔䜱䝩䝰䝆䝙䝔䜱䝩䝰䝆䝙䝔䜱䝩䝰䝆䝙䝔䜱 䠄䠄䠄䠄∆n/n < 1e-4䠅䠅䠅䠅
Ἴ㛗ศゎ⬟䚸ᩓ஘䝻䝇䛻ᙳ㡪Ἴ㛗ศゎ⬟䚸ᩓ஘䝻䝇䛻ᙳ㡪Ἴ㛗ศゎ⬟䚸ᩓ஘䝻䝇䛻ᙳ㡪Ἴ㛗ศゎ⬟䚸ᩓ஘䝻䝇䛻ᙳ㡪
୍⯡୍⯡୍⯡୍⯡䛻䛻䛻䛻䛿༢⤖ᬗᮦᩱ䛷ඃ䜜䛶䛔䜛䛿༢⤖ᬗᮦᩱ䛷ඃ䜜䛶䛔䜛䛿༢⤖ᬗᮦᩱ䛷ඃ䜜䛶䛔䜛䛿༢⤖ᬗᮦᩱ䛷ඃ䜜䛶䛔䜛



ỶἰὊἊἹὅἂἾὊἘỵὅἂỉ஬૰

㉥እ⥺ᮦᩱ䛾྾཰ಀᩘ㉥እ⥺ᮦᩱ䛾྾཰ಀᩘ㉥እ⥺ᮦᩱ䛾྾཰ಀᩘ㉥እ⥺ᮦᩱ䛾྾཰ಀᩘ
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‹⁗‒‚⁠ …†•‛

⁅⁛‒‚⁠ ‥†…‛

‵⁖⁆⁗ ⁡⁤‒‵⁌⁆‒‚⁠ ․† ‛

⁌⁠⁅⁗ ‚⁠ ․†…‛

⁌⁠⁅ ‚⁠ ․†‥‛

10 20 40µm305321

‽⁄⁅‧‒‚⁠ ․†‥‛

Ἴ㛗䠄Ἴ㛗䠄Ἴ㛗䠄Ἴ㛗䠄µm䠅䠅䠅䠅
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ỶἰὊἊἹὅἂἾὊἘỵὅἂỉʙڼỜ

• 1800ᖺ௦䠖ᖺ௦䠖ᖺ௦䠖ᖺ௦䠖 Fraunhofer䛜ゝཬ䛜ゝཬ䛜ゝཬ䛜ゝཬ…

• 1950ᖺ௦䠖ᖺ௦䠖ᖺ௦䠖ᖺ௦䠖 Hulthen & Heuhaus
䠉䠉䠉䠉 immersion grating䛾䛾䛾䛾䜰䜲䝕䜰䜰䜲䝕䜰䜰䜲䝕䜰䜰䜲䝕䜰
䠄䠄䠄䠄ZnS〇〇〇〇 immersion䠅䠅䠅䠅



ᵏᵗᵖᵎ࠰ˊ῍ᵐᵎᵎᵎ࠰᪭ίټ૨ܖồỉࣖဇὸ

• 1989ᖺ䠖ᖺ䠖ᖺ䠖ᖺ䠖 H. Dekker䠉䠉䠉䠉 ㉥እ⥺ኳᩥᏛ䜈䛾㐺⏝䛾ྍ⬟ᛶ㉥እ⥺ኳᩥᏛ䜈䛾㐺⏝䛾ྍ⬟ᛶ㉥እ⥺ኳᩥᏛ䜈䛾㐺⏝䛾ྍ⬟ᛶ㉥እ⥺ኳᩥᏛ䜈䛾㐺⏝䛾ྍ⬟ᛶ
• 1993ᖺ䠖ᖺ䠖ᖺ䠖ᖺ䠖 G. Wiedermann et al

䠉䠉䠉䠉༢⤖ᬗ༢⤖ᬗ༢⤖ᬗ༢⤖ᬗSi䚸䚸䚸䚸Ge immersion䛾䜶䝑䝏䞁䜾䛻䜘䜛〇ἲ䛾䜶䝑䝏䞁䜾䛻䜘䜛〇ἲ䛾䜶䝑䝏䞁䜾䛻䜘䜛〇ἲ䛾䜶䝑䝏䞁䜾䛻䜘䜛〇ἲ
• 1994ᖺ䠖ᖺ䠖ᖺ䠖ᖺ䠖 P. Kuzmenko et al.

2002ᖺ䠖ᖺ䠖ᖺ䠖ᖺ䠖 J. Ge et al. , D. Jaffe et al.
䠉䠉䠉䠉 Si〇〇〇〇 immersion grating䛾ᐇ㦂䚸᳨ウ䛾ᐇ㦂䚸᳨ウ䛾ᐇ㦂䚸᳨ウ䛾ᐇ㦂䚸᳨ウ

• 2003ᖺ䠖ᖺ䠖ᖺ䠖ᖺ䠖 N.Ebizuka et al. 䠉䠉䠉䠉 ◊๐䛻䜘䜛◊๐䛻䜘䜛◊๐䛻䜘䜛◊๐䛻䜘䜛Ge〇〇〇〇 immersion grating
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᧏ႆɶỉỶἰὊἊἹὅἂἾὊἘỵὅἂ
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䝻䞊䝷䞁䝗䝂䞊䝇䝖䝻䞊䝷䞁䝗䝂䞊䝇䝖䝻䞊䝷䞁䝗䝂䞊䝇䝖䝻䞊䝷䞁䝗䝂䞊䝇䝖



ᵸᶌᵱᶃᵍᵸᶌᵱ ᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵎᵌᵖ῍ᵏᵎ᷈ᶋᵇ

䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉
• CVD-ZnSe䠄䠄䠄䠄ZnS䠅䜢⏝䛔䜛䠅䜢⏝䛔䜛䠅䜢⏝䛔䜛䠅䜢⏝䛔䜛
• ᭱䜒▷Ἴ㛗ഃ䛾᭱䜒▷Ἴ㛗ഃ䛾᭱䜒▷Ἴ㛗ഃ䛾᭱䜒▷Ἴ㛗ഃ䛾immersion grating
䠄ྍどග䜈䛾㊊᥃䛛䜚䠅䠄ྍどග䜈䛾㊊᥃䛛䜚䠅䠄ྍどග䜈䛾㊊᥃䛛䜚䠅䠄ྍどග䜈䛾㊊᥃䛛䜚䠅

• WINERED/KSU䠄䠄䠄䠄2012䡚䠅䡚䠅䡚䠅䡚䠅,
HRS-S/SPICA⏝䛸䛧䛶㛤Ⓨ୰⏝䛸䛧䛶㛤Ⓨ୰⏝䛸䛧䛶㛤Ⓨ୰⏝䛸䛧䛶㛤Ⓨ୰

ZnS imersion



ᵸᶌᵱᶃᵍᵸᶌᵱ ᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵎᵌᵖ῍ᵏᵎ᷈ᶋᵇ

䠉⌧≧䠉䠉⌧≧䠉䠉⌧≧䠉䠉⌧≧䠉
• ㉸⢭ᐦ᪕┙䜢⏝䛔䛯䝣䝷䝑䜹䝑䝖ἲ䛷ຍᕤ㉸⢭ᐦ᪕┙䜢⏝䛔䛯䝣䝷䝑䜹䝑䝖ἲ䛷ຍᕤ㉸⢭ᐦ᪕┙䜢⏝䛔䛯䝣䝷䝑䜹䝑䝖ἲ䛷ຍᕤ㉸⢭ᐦ᪕┙䜢⏝䛔䛯䝣䝷䝑䜹䝑䝖ἲ䛷ຍᕤ 䠄䠄䠄䠄PERLII@LLNL䠅䠅䠅䠅
• ᖸ΅ィ䜢⏝䛔䛯ᖸ΅ィ䜢⏝䛔䛯ᖸ΅ィ䜢⏝䛔䛯ᖸ΅ィ䜢⏝䛔䛯closed-loop  ᗘไᚚ ᗘไᚚ ᗘไᚚ ᗘไᚚ∆T < 0.01K
• 䝕䜱䝇䜽䛻䜘䜛䜹䝑䝔䜱䞁䜾䛷䝕䜱䝇䜽䛻䜘䜛䜹䝑䝔䜱䞁䜾䛷䝕䜱䝇䜽䛻䜘䜛䜹䝑䝔䜱䞁䜾䛷䝕䜱䝇䜽䛻䜘䜛䜹䝑䝔䜱䞁䜾䛷1µm⏝䛾௙ᵝ䜢䜏䛯䛩⤖ᯝ⏝䛾௙ᵝ䜢䜏䛯䛩⤖ᯝ⏝䛾௙ᵝ䜢䜏䛯䛩⤖ᯝ⏝䛾௙ᵝ䜢䜏䛯䛩⤖ᯝ
• ⌧ᅾ⌧ᅾ⌧ᅾ⌧ᅾ䝥䝸䝈䝮䜾䝺䞊䝔䜱䞁䜾䝥䝸䝈䝮䜾䝺䞊䝔䜱䞁䜾䝥䝸䝈䝮䜾䝺䞊䝔䜱䞁䜾䝥䝸䝈䝮䜾䝺䞊䝔䜱䞁䜾䛾〇స୰䛾〇స୰䛾〇స୰䛾〇స୰

theoretical curve

sidelobe

measured

sidelobe

PERL II
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ᵱᶇᴾᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵏᵌᵑ῍ᵔ᷈ᶋᵇ

䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉
• ༢༢༢༢⤖ᬗ⤖ᬗ⤖ᬗ⤖ᬗSi䜢⏝䛔䜛䜢⏝䛔䜛䜢⏝䛔䜛䜢⏝䛔䜛 䠄䠄䠄䠄α ~ 1e-3 cm-1䠅䠅䠅䠅
• 䝣䜷䝖䝸䝋䛾ᢏ⾡䠄␗᪉ᛶ䜶䝑䝏䞁䜾䠅䜢䝣䜷䝖䝸䝋䛾ᢏ⾡䠄␗᪉ᛶ䜶䝑䝏䞁䜾䠅䜢䝣䜷䝖䝸䝋䛾ᢏ⾡䠄␗᪉ᛶ䜶䝑䝏䞁䜾䠅䜢䝣䜷䝖䝸䝋䛾ᢏ⾡䠄␗᪉ᛶ䜶䝑䝏䞁䜾䠅䜢
⏝䛔䛯〇ἲ⏝䛔䛯〇ἲ⏝䛔䛯〇ἲ⏝䛔䛯〇ἲ → 㡬ゅ䛜୍ព䛻Ỵ䜎䜛㡬ゅ䛜୍ព䛻Ỵ䜎䜛㡬ゅ䛜୍ព䛻Ỵ䜎䜛㡬ゅ䛜୍ព䛻Ỵ䜎䜛

• J-band௨እ䛾㏆㉥እ⥺㡿ᇦ䜢䜹䝞䞊௨እ䛾㏆㉥እ⥺㡿ᇦ䜢䜹䝞䞊௨እ䛾㏆㉥እ⥺㡿ᇦ䜢䜹䝞䞊௨እ䛾㏆㉥እ⥺㡿ᇦ䜢䜹䝞䞊



ᵱᶇᴾᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵏᵌᵑ῍ᵔ᷈ᶋᵇ

䠉⌧≧䠉䠉⌧≧䠉䠉⌧≧䠉䠉⌧≧䠉
• 䝔䜻䝃䝇኱䛾䝏䞊䝮䛜䝔䜻䝃䝇኱䛾䝏䞊䝮䛜䝔䜻䝃䝇኱䛾䝏䞊䝮䛜䝔䜻䝃䝇኱䛾䝏䞊䝮䛜ᐇ⏝໬ᐇ⏝໬ᐇ⏝໬ᐇ⏝໬䠄䠄䠄䠄Marsh et al. 2006䠅䠅䠅䠅
• iSHELL/IRTF䛻ᦚ㍕ணᐃ䛻ᦚ㍕ணᐃ䛻ᦚ㍕ணᐃ䛻ᦚ㍕ணᐃ
• ௒ᚋ䛿䜘䜚ຠ⋡䜢ྥୖ䛥䛫䜛᪉ྥ௒ᚋ䛿䜘䜚ຠ⋡䜢ྥୖ䛥䛫䜛᪉ྥ௒ᚋ䛿䜘䜚ຠ⋡䜢ྥୖ䛥䛫䜛᪉ྥ௒ᚋ䛿䜘䜚ຠ⋡䜢ྥୖ䛥䛫䜛᪉ྥ
䠄㌾䠄㌾䠄㌾䠄㌾X⥺䝸䝋䜾䝷䝣䜱䚸㟁Ꮚ䝡䞊䝮䜶䝑䝏䞁䜾䠅⥺䝸䝋䜾䝷䝣䜱䚸㟁Ꮚ䝡䞊䝮䜶䝑䝏䞁䜾䠅⥺䝸䝋䜾䝷䝣䜱䚸㟁Ꮚ䝡䞊䝮䜶䝑䝏䞁䜾䠅⥺䝸䝋䜾䝷䝣䜱䚸㟁Ꮚ䝡䞊䝮䜶䝑䝏䞁䜾䠅
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ᵥᶃ ᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵐ῍ᵏᵐ᷈ᶋᵇ

䠉ᴫせ䛸⌧≧䠉䠉ᴫせ䛸⌧≧䠉䠉ᴫせ䛸⌧≧䠉䠉ᴫせ䛸⌧≧䠉
• ༢༢༢༢⤖ᬗ⤖ᬗ⤖ᬗ⤖ᬗGe䜢⏝䛔䜛䜢⏝䛔䜛䜢⏝䛔䜛䜢⏝䛔䜛 䠄㧗ᒅᢡ⋡䠄㧗ᒅᢡ⋡䠄㧗ᒅᢡ⋡䠄㧗ᒅᢡ⋡ n ~ 4.0䠅䠅䠅䠅
• ELID◊๐䜢⏝䛔䛯᪉ἲ◊๐䜢⏝䛔䛯᪉ἲ◊๐䜢⏝䛔䛯᪉ἲ◊๐䜢⏝䛔䛯᪉ἲ in RIKEN䠄䠄䠄䠄Ebizuka et al. 2003䠅䠅䠅䠅
䝣䝷䜲䜹䝑䝖䜢⏝䛔䛯᪉ἲ䝣䝷䜲䜹䝑䝖䜢⏝䛔䛯᪉ἲ䝣䝷䜲䜹䝑䝖䜢⏝䛔䛯᪉ἲ䝣䝷䜲䜹䝑䝖䜢⏝䛔䛯᪉ἲ in LLNL 䠄䠄䠄䠄Kuzmenko et al. 2006䠅䠅䠅䠅

• LLNL Ge IG䛿㌷஦⏝㏵䛻䛿᪤䛻ᐇ⏝໬䛿㌷஦⏝㏵䛻䛿᪤䛻ᐇ⏝໬䛿㌷஦⏝㏵䛻䛿᪤䛻ᐇ⏝໬䛿㌷஦⏝㏵䛻䛿᪤䛻ᐇ⏝໬
• > 5µm䛷㏱㐣⋡䛷㏱㐣⋡䛷㏱㐣⋡䛷㏱㐣⋡α䛜኱䛝䛔䛸䛔䛖ḞⅬ䛜኱䛝䛔䛸䛔䛖ḞⅬ䛜኱䛝䛔䛸䛔䛖ḞⅬ䛜኱䛝䛔䛸䛔䛖ḞⅬ → low blaze䛷⏝䛔䜛䛷⏝䛔䜛䛷⏝䛔䜛䛷⏝䛔䜛



ᵡᶂᵲᶃᵍᵡᵸᵲᴾᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵏ῍ᵐᵑ᷈ᶋᵇ

䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉
• ༢༢༢༢⤖ᬗ⤖ᬗ⤖ᬗ⤖ᬗCdTe/CdZnTe䠄䠄䠄䠄CZT䠅䠅䠅䠅䜢⏝䛔䜛䜢⏝䛔䜛䜢⏝䛔䜛䜢⏝䛔䜛
• ㉥እ⥺䛾ᗈ䛔Ἴ㛗ᇦ䜢䜹䝞䞊䠄⌮᝿ⓗ䛺㉥እ⥺䛾ᗈ䛔Ἴ㛗ᇦ䜢䜹䝞䞊䠄⌮᝿ⓗ䛺㉥እ⥺䛾ᗈ䛔Ἴ㛗ᇦ䜢䜹䝞䞊䠄⌮᝿ⓗ䛺㉥እ⥺䛾ᗈ䛔Ἴ㛗ᇦ䜢䜹䝞䞊䠄⌮᝿ⓗ䛺 immersion grating䠛䠅䠛䠅䠛䠅䠛䠅
• 㠀ᖖ㠀ᖖ㠀ᖖ㠀ᖖ䛻䜒䜝䛟䚸䛻䜒䜝䛟䚸䛻䜒䜝䛟䚸䛻䜒䜝䛟䚸ຍᕤ䛜ᅔ㞴ຍᕤ䛜ᅔ㞴ຍᕤ䛜ᅔ㞴ຍᕤ䛜ᅔ㞴
• HRS/SPICA⏝䛸䛧䛶㛤Ⓨ୰⏝䛸䛧䛶㛤Ⓨ୰⏝䛸䛧䛶㛤Ⓨ୰⏝䛸䛧䛶㛤Ⓨ୰
䠄䠄䠄䠄Kobayashi + 2008, Sarugaku+ 2010䠅䠅䠅䠅
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Ⴘ೅͌Ⴘ೅͌Ⴘ೅͌Ⴘ೅͌ ᢋ঺͌ᢋ঺͌ᢋ঺͌ᢋ঺͌
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• 㠃⢒ᗘ䛸䝢䝑䝏⢭ᗘ䛻䛚䛔䛶㠀ᖖ䛻㠃⢒ᗘ䛸䝢䝑䝏⢭ᗘ䛻䛚䛔䛶㠀ᖖ䛻㠃⢒ᗘ䛸䝢䝑䝏⢭ᗘ䛻䛚䛔䛶㠀ᖖ䛻㠃⢒ᗘ䛸䝢䝑䝏⢭ᗘ䛻䛚䛔䛶㠀ᖖ䛻
᭷ᮃ䛺⤖ᯝ᭷ᮃ䛺⤖ᯝ᭷ᮃ䛺⤖ᯝ᭷ᮃ䛺⤖ᯝ

• ㏱㐣⋡ḟ➨䛷䛿㠀ᖖ䛻᭷ᮃ䛺ᮦᩱ㏱㐣⋡ḟ➨䛷䛿㠀ᖖ䛻᭷ᮃ䛺ᮦᩱ㏱㐣⋡ḟ➨䛷䛿㠀ᖖ䛻᭷ᮃ䛺ᮦᩱ㏱㐣⋡ḟ➨䛷䛿㠀ᖖ䛻᭷ᮃ䛺ᮦᩱ
• ⌧ᅾ䝭䝙ᅇᢡ᱁Ꮚ䜢〇స୰⌧ᅾ䝭䝙ᅇᢡ᱁Ꮚ䜢〇స୰⌧ᅾ䝭䝙ᅇᢡ᱁Ꮚ䜢〇స୰⌧ᅾ䝭䝙ᅇᢡ᱁Ꮚ䜢〇స୰
䠄䠄䠄䠄2012.04䛻ホ౯ணᐃ䠅䛻ホ౯ணᐃ䠅䛻ホ౯ணᐃ䠅䛻ホ౯ணᐃ䠅

10mm 30mm



ᵩᵰᵱᵓᴾᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵎᵌᵔ῍ᵒᵎ᷈ᶋᵇ

䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉䠉ᴫせ䠉
• ྍどྍどྍどྍど䛛䜙㉥እ⥺䜎䛷㏱㐣䛩䜛ᮦᩱ䛛䜙㉥እ⥺䜎䛷㏱㐣䛩䜛ᮦᩱ䛛䜙㉥እ⥺䜎䛷㏱㐣䛩䜛ᮦᩱ䛛䜙㉥እ⥺䜎䛷㏱㐣䛩䜛ᮦᩱ

> 10µm䛷䛿䛷䛿䛷䛿䛷䛿 α ~ 1e-3 cm-1

• 㔠ᒓྠᵝ䝹䞊䝸䞁䜾䛻䜘䜛ຍᕤ䛜ྍ⬟㔠ᒓྠᵝ䝹䞊䝸䞁䜾䛻䜘䜛ຍᕤ䛜ྍ⬟㔠ᒓྠᵝ䝹䞊䝸䞁䜾䛻䜘䜛ຍᕤ䛜ྍ⬟㔠ᒓྠᵝ䝹䞊䝸䞁䜾䛻䜘䜛ຍᕤ䛜ྍ⬟
㉥እ⥺⏝䜾䝸䝈䝮䛸䛧䛶ᐇ⦼䛒䜚䠄㉥እ⥺⏝䜾䝸䝈䝮䛸䛧䛶ᐇ⦼䛒䜚䠄㉥እ⥺⏝䜾䝸䝈䝮䛸䛧䛶ᐇ⦼䛒䜚䠄㉥እ⥺⏝䜾䝸䝈䝮䛸䛧䛶ᐇ⦼䛒䜚䠄by Carl Zeiss Jena䠅䠅䠅䠅

• 㠀ᖖ䛻ᰂ䜙䛛䛟㠀ᖖ䛻ᰂ䜙䛛䛟㠀ᖖ䛻ᰂ䜙䛛䛟㠀ᖖ䛻ᰂ䜙䛛䛟◊☻䛜ᅔ㞴◊☻䛜ᅔ㞴◊☻䛜ᅔ㞴◊☻䛜ᅔ㞴
• TlBr䛸䛸䛸䛸TlI䛾ΰ䛾ΰ䛾ΰ䛾ΰᬗ䛷䛒䜛䛯䜑䚸ᬗ䛷䛒䜛䛯䜑䚸ᬗ䛷䛒䜛䛯䜑䚸ᬗ䛷䛒䜛䛯䜑䚸䝩䝰䝆䝙䝔䜱䛜୍⯡ⓗ䛻ᝏ䛔䝩䝰䝆䝙䝔䜱䛜୍⯡ⓗ䛻ᝏ䛔䝩䝰䝆䝙䝔䜱䛜୍⯡ⓗ䛻ᝏ䛔䝩䝰䝆䝙䝔䜱䛜୍⯡ⓗ䛻ᝏ䛔



ᵩᵰᵱᵓᴾᶇᶋᶋᶃᶐᶑᶇᶍᶌᴾᶅᶐᵿᶒᶇᶌᶅᴾᵆᵎᵌᵔ῍ᵒᵎ᷈ᶋᵇ



Ⴘഏ

ᾀᵌ ỶἰὊἊἹὅἂἾὊἘỵὅἂểỊᾎ

ᾁᵌ ỶἰὊἊἹὅἂἾὊἘỵὅἂỉഭӪ

ᾂᵌ ỶἰὊἊἹὅἂἾὊἘỵὅἂỉ᧏ႆỉѣӼ

ᾃᵌ ỶἰὊἊἹὅἂἾὊἘỵὅἂỉẮủẦỤ

ᾄᵌ ộểỜ



ἅὊἘỵὅἂ২ᘐỉ᧏ႆ

• ཯ᑕ㠃䝁䞊䝔䜱䞁䜾཯ᑕ㠃䝁䞊䝔䜱䞁䜾཯ᑕ㠃䝁䞊䝔䜱䞁䜾཯ᑕ㠃䝁䞊䝔䜱䞁䜾
㉥እ⥺㡿ᇦ䛷䛿㉥እ⥺㡿ᇦ䛷䛿㉥እ⥺㡿ᇦ䛷䛿㉥እ⥺㡿ᇦ䛷䛿Au䠄䠄䠄䠄or Ag䠅䜢౑䛔䛯䛔䠅䜢౑䛔䛯䛔䠅䜢౑䛔䛯䛔䠅䜢౑䛔䛯䛔
䛭䜒䛭䜒✵Ẽ୰䛾཯ᑕ⋡䛻ẚ䜉䛶ప䛔䛭䜒䛭䜒✵Ẽ୰䛾཯ᑕ⋡䛻ẚ䜉䛶ప䛔䛭䜒䛭䜒✵Ẽ୰䛾཯ᑕ⋡䛻ẚ䜉䛶ప䛔䛭䜒䛭䜒✵Ẽ୰䛾཯ᑕ⋡䛻ẚ䜉䛶ప䛔
䛧䛛䛧䚸ከ䛟䛾ᮦᩱ䛻ᑐ䛧䛶䛧䛛䛧䚸ከ䛟䛾ᮦᩱ䛻ᑐ䛧䛶䛧䛛䛧䚸ከ䛟䛾ᮦᩱ䛻ᑐ䛧䛶䛧䛛䛧䚸ከ䛟䛾ᮦᩱ䛻ᑐ䛧䛶Au䛿ᐦ╔䛜ᝏ䛔䛿ᐦ╔䛜ᝏ䛔䛿ᐦ╔䛜ᝏ䛔䛿ᐦ╔䛜ᝏ䛔
䠄⇕䝇䝖䝺䝇ᚰ㓄䠅䠄⇕䝇䝖䝺䝇ᚰ㓄䠅䠄⇕䝇䝖䝺䝇ᚰ㓄䠅䠄⇕䝇䝖䝺䝇ᚰ㓄䠅

→ 䝇䝟䝑䝍䛻䜘䜛⵨╔䝇䝟䝑䝍䛻䜘䜛⵨╔䝇䝟䝑䝍䛻䜘䜛⵨╔䝇䝟䝑䝍䛻䜘䜛⵨╔
ᐦ╔ᒙ䠄ᐦ╔ᒙ䠄ᐦ╔ᒙ䠄ᐦ╔ᒙ䠄Cr, Ti䠅䜢౑䠅䜢౑䠅䜢౑䠅䜢౑䛖䛖䛖䛖

• ධฟᑕ㠃䛾ධฟᑕ㠃䛾ධฟᑕ㠃䛾ධฟᑕ㠃䛾AR䝁䞊䝔䜱䞁䜾䝁䞊䝔䜱䞁䜾䝁䞊䝔䜱䞁䜾䝁䞊䝔䜱䞁䜾
㒊ᮦᒅᢡ⋡䛜㧗䛔䛯䜑䛻㒊ᮦᒅᢡ⋡䛜㧗䛔䛯䜑䛻㒊ᮦᒅᢡ⋡䛜㧗䛔䛯䜑䛻㒊ᮦᒅᢡ⋡䛜㧗䛔䛯䜑䛻䝣䝺䝛䝹䝻䝇䛜኱䛝䛔䝣䝺䝛䝹䝻䝇䛜኱䛝䛔䝣䝺䝛䝹䝻䝇䛜኱䛝䛔䝣䝺䝛䝹䝻䝇䛜኱䛝䛔

→ AR䝁䞊䝔䜱䞁䜾䛜ᚲ㡲䝁䞊䝔䜱䞁䜾䛜ᚲ㡲䝁䞊䝔䜱䞁䜾䛜ᚲ㡲䝁䞊䝔䜱䞁䜾䛜ᚲ㡲
ᗈᖏᇦ໬䛜ྍ⬟䛺ᮦᩱ䠄ᗈᖏᇦ໬䛜ྍ⬟䛺ᮦᩱ䠄ᗈᖏᇦ໬䛜ྍ⬟䛺ᮦᩱ䠄ᗈᖏᇦ໬䛜ྍ⬟䛺ᮦᩱ䠄KRS5䜔䜔䜔䜔CdTe䠅䛿䠅䛿䠅䛿䠅䛿BBAR䛾㛤Ⓨ䛜ᚲせ䛾㛤Ⓨ䛜ᚲせ䛾㛤Ⓨ䛜ᚲせ䛾㛤Ⓨ䛜ᚲせ

䝣䝺䝛䝹཯ᑕ⋡䠖R   
 



ӧᙻήዴဇỶἰὊἊἹὅἂἾὊἘỵὅἂồ

• ᮦᩱ䛾ೃ⿵ᮦᩱ䛾ೃ⿵ᮦᩱ䛾ೃ⿵ᮦᩱ䛾ೃ⿵
⤖ᬗᮦ䠖⤖ᬗᮦ䠖⤖ᬗᮦ䠖⤖ᬗᮦ䠖 ZnS䠄䠄䠄䠄multispec䠅䠅䠅䠅 > 0.4µm ??

GaP > 0.5µm ??
→ ㉁䛾㧗䛔⤖ᬗ㛤Ⓨ䛜ᚲせ㉁䛾㧗䛔⤖ᬗ㛤Ⓨ䛜ᚲせ㉁䛾㧗䛔⤖ᬗ㛤Ⓨ䛜ᚲせ㉁䛾㧗䛔⤖ᬗ㛤Ⓨ䛜ᚲせ…

䜺䝷䝇䠖䜺䝷䝇䠖䜺䝷䝇䠖䜺䝷䝇䠖 L-BBH1䠄䠄䠄䠄n䡚䡚䡚䡚2.1䠅䠅䠅䠅
→ 䝤䝻䝑䜽໬䛜ㄢ㢟䝤䝻䝑䜽໬䛜ㄢ㢟䝤䝻䝑䜽໬䛜ㄢ㢟䝤䝻䝑䜽໬䛜ㄢ㢟…

䜸䝝䝷♫HP䜘䜚

䞉ຍᕤ䞉ຍᕤ䞉ຍᕤ䞉ຍᕤ
ຍᕤせồ䠄䝢䝑䝏䜶䝷䞊䚸㠃⢒䛥䠅ຍᕤせồ䠄䝢䝑䝏䜶䝷䞊䚸㠃⢒䛥䠅ຍᕤせồ䠄䝢䝑䝏䜶䝷䞊䚸㠃⢒䛥䠅ຍᕤせồ䠄䝢䝑䝏䜶䝷䞊䚸㠃⢒䛥䠅
䛿䛿䛿䛿λ2䛻ẚ౛䛧䛶ཝ䛧䛟䛺䜛䛻ẚ౛䛧䛶ཝ䛧䛟䛺䜛䛻ẚ౛䛧䛶ཝ䛧䛟䛺䜛䛻ẚ౛䛧䛶ཝ䛧䛟䛺䜛…
䠄䝃䝤䠄䝃䝤䠄䝃䝤䠄䝃䝤nm䛾⢭ᗘ䛜ᚲせ䛾⢭ᗘ䛜ᚲせ䛾⢭ᗘ䛜ᚲせ䛾⢭ᗘ䛜ᚲせ…䠅䠅䠅䠅

㐨䛾䜚䛿㐲䛔㐨䛾䜚䛿㐲䛔㐨䛾䜚䛿㐲䛔㐨䛾䜚䛿㐲䛔…



ẸờẸờỶἰὊἊἹὅầᑣẟỉẦᾎ

• 㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾

䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠
θ=70.3deg(HDS/Subaru)… tanθ=2.8
θ=82deg䛸䛩䜛䛸䛸䛩䜛䛸䛸䛩䜛䛸䛸䛩䜛䛸 … tanθ=7.1 ← R䛜䛜䛜䛜2.5ಸ䛻ಸ䛻ಸ䛻ಸ䛻!!

TEXES/Gemini䠄䠄䠄䠄θ=84.3deg䠅䠅䠅䠅䛾౛䛾౛䛾౛䛾౛
䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄θ=79deg䠅䛾౛䠅䛾౛䠅䛾౛䠅䛾౛

Rmax  
 






ẸờẸờỶἰὊἊἹὅầᑣẟỉẦᾎ

• 㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾㧗䝤䝺䞊䝈䜶䝅䜵䝹䜾䝺䞊䝔䜱䞁䜾

䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠䝤䝺䞊䝈ゅ䛷ග㊰ᕪ䜢✌䛠
θ=70.3deg(HDS/Subaru)… tanθ=2.8
θ=82deg䛸䛩䜛䛸䛸䛩䜛䛸䛸䛩䜛䛸䛸䛩䜛䛸 … tanθ=7.1 ← R䛜䛜䛜䛜2.5ಸ䛻ಸ䛻ಸ䛻ಸ䛻!!

TEXES/Gemini䠄䠄䠄䠄θ=84.3deg䠅䠅䠅䠅䛾౛䛾౛䛾౛䛾౛
䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄䜶䜻䝅䝬䝺䞊䝄䞊⏝䠄θ=79deg䠅䛾౛䠅䛾౛䠅䛾౛䠅䛾౛

Rmax  
 






ẸờẸờỶἰὊἊἹὅầᑣẟỉẦᾎ

Immersion grating High blaze grating
ḞⅬ

• ධᑕฟ㠃䛷䛾䝂䞊䝇䝖
• 䝢䞊䜽ຠ⋡䛜ప䛔
䠄ධᑕฟ㠃䚸ᅇᢡ㠃཯ᑕ⋡䚸
ෆ㒊྾཰䠅

• Ἴ㠃⢭ᗘ䛜ᝏ䛔
• ◪ᮦ䝃䜲䝈䝸䝭䝑䝖

ḞⅬ

• ▖཰ᕪ䛜኱䛝䛔
䠄ᚋẁගᏛ⣔䛜኱䛝䛟䛺䜛䠅

• 㛗Ἴ㛗ഃ䛾ຠ⋡
䠄䝅䝱䝗䞊ຠᯝ䠅

• 䝇䝨䜽䝖䝹ศᩓ䛾㠀⥺ᙧᛶ
• 䝇䝸䝑䝖ീ䛾ഴ䛝



ẸờẸờỶἰὊἊἹὅầᑣẟỉẦᾎ
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ḞⅬ
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ẸờẸờỶἰὊἊἹὅầᑣẟỉẦᾎ

Immersion grating High blaze grating
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• 㛗Ἴ㛗ഃ䛾ຠ⋡䛜ᝏ䛔
䠄䝅䝱䝗䞊ຠᯝ䠅

• 䝇䝨䜽䝖䝹ศᩓ䛾㠀⥺ᙧᛶ
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‹⁗‒‚⁠ …†•‛

⁅⁛‒‚⁠ ‥†…‛

‵⁖⁆⁗ ⁡⁤‒‵⁌⁆‒‚⁠ ․† ‛

⁌⁠⁅⁗ ‚⁠ ․†…‛

⁌⁠⁅ ‚⁠ ․†‥‛

10 20 40µm305321

‽⁄⁅‧‒‚⁠ ․†‥‛

Ἴ㛗䠄Ἴ㛗䠄Ἴ㛗䠄Ἴ㛗䠄µm䠅䠅䠅䠅

ộểỜỆ٭ảề
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ộểỜỆ٭ảề



‹⁗‒‚⁠ …†•‛

⁅⁛‒‚⁠ ‥†…‛

‵⁖⁆⁗ ⁡⁤‒‵⁌⁆‒‚⁠ ․† ‛

⁌⁠⁅⁗ ‚⁠ ․†…‛

⁌⁠⁅ ‚⁠ ․†‥‛

10 20 40µm305321

‽⁄⁅‧‒‚⁠ ․†‥‛

Ἴ㛗䠄Ἴ㛗䠄Ἴ㛗䠄Ἴ㛗䠄µm䠅䠅䠅䠅

ộểỜỆ٭ảề

྾཰ಀᩘ䝏䜵䝑䜽྾཰ಀᩘ䝏䜵䝑䜽྾཰ಀᩘ䝏䜵䝑䜽྾཰ಀᩘ䝏䜵䝑䜽

㠃㠃㠃㠃⢭ᗘ䚸࿘ᮇ䝢䝑䝏ㄗᕪ⢭ᗘ䚸࿘ᮇ䝢䝑䝏ㄗᕪ⢭ᗘ䚸࿘ᮇ䝢䝑䝏ㄗᕪ⢭ᗘ䚸࿘ᮇ䝢䝑䝏ㄗᕪ
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