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ࡿ࡞␗ࡢ᫬㛫⥆⥅ࡢࡇࠋࡓ 2 ✀㢮ࡢᨺᑕ⥺ࡢࢺࢫ࣮ࣂ㛵ಀࡣᮍゎ࡛᫂ࠊࡀࡓࡋ௒ᅇࡢほ ࡛ࡣ

࣮ࣂࢢࣥࣟࠊࡾ࠾࡚ࡋ⏕Ⓨࡀ㞾ᨺ㟁࡜ࢺࢫ࣮ࣂࢺ࣮ࣙࢩࠊ࡟᫬ྠ࡜ࡓࡋᾘኻࡀࢺࢫ࣮ࣂࢢࣥࣟ

 ࠋࡓࡋࡲࡋᣦ᦬ࢆᛶ⬟ྍࡓࡋ㐍ಁࢆ⏕Ⓨࡢࡢࡶࡢࡑ㞾ᨺ㟁ࡸࢺࢫ࣮ࣂࢺ࣮ࣙࢩࡀࢺࢫ

 ᮏ◊✲ࡣ㔠ἑ኱Ꮫ㝃ᒓ㧗➼Ꮫᰯ࣭㔠ἑἨୣ㧗➼Ꮫᰯࡵࡌࡣࢆ▼ᕝ┴ෆࡢ㧗ᰯࠊ኱Ꮫࠊ௻ᴗࠊ

⮬἞యࠊᐩᒣ┴ࡢ⮬἞యࡢ༠ຊ࡛⾜ࡓࡲࠊࢀࢃ᪥ᮏึࡢᏛ⾡⣔ࢺ࢖ࢧࢢࣥ࢕ࢹࣥ࢓ࣇࢻ࢘ࣛࢡ

academist㸦ὀ 4㸧୍࡛⯡ᕷẸࡽ࠿ເࡓࡗ◊✲㈨㔠ࠊࡽ࠿࡜ࡇࡓࢀࡉࢺ࣮࣏ࢧࡶ࡟㧗ᰯ⏕୍ࡸ⯡ᕷ

Ẹࢆᕳࡁ㎸ࠋࡍࡲ࠸࡚ࡗ࡞࡜ࢺࢡ࢙ࢪࣟࣉ✲◊ࡔࢇ 

 ㄽᩥࡣ 2019 ᖺ 6 ᭶ 26 ᪥ ༗๓ 2 ᫬ (᪥ᮏ᫬㛫)ࠊⱥᅜ Springer Nature ࢭࢡ࢔ࣥࣉ࣮࢜ࡢ♫

 ࠋࡓࡋࡲࢀࡉᥖ㍕ࣥ࢖ࣛࣥ࢜࡟ࠖ Communications Physics ࠕㄅࢫ

 

⫼ᬒ  

 㞾άືࡣᡃ࡚ࡗ࡜࡟ࠎ㌟㏆࡞Ẽ㇟⌧㇟࡛ࠋࡍ㞾ࡽ࠿ⓎࡿࢀࡽࡏᙉⅯ࡞ගࡸ㟁Ἴ༙ࠊࡣୡ⣖௨

ࡽ᫂ࡀ࡝࡞ࠊ࠿ࡢࡿ⮳࡟ⴠ㞾࡚ࡋⓎ㐩࡟࠺ࡼࡢ࡝ࡀጔ✄ࠊࡾ࠾࡚ࢀࡉ ほ࡟ヲ⣽࡚ࡗࡓࢃ࡟ୖ

࠿ࡗࡁࡢ⏕㞾Ⓨࠕࡕࢃ࡞ࡍࠊ࣒ࢬࢽ࣓࢝ࡿࢀࡲ⏕࡟ึ᭱ࡀጔ✄ࠊࡋ࠿ࡋࠋࡓࡋࡲࡁ࡚ࡗ࡞࡟࠿

 ࠋࡍࡲ࠸࡚ࡗ࡞࡜ࡘ୍ࡢᮍゎ᫂ၥ㢟࡞㔜኱ࡿࡅ࠾࡟ᆅ⌫≀⌮Ꮫࠊࡎࡽ࠾࡚ࡗ࠿ࢃࡃࡼࡣࠖࡅ

᭷ࡀぢ᪉࠺࠸࡜࠿࠸࡞ࡣ࡛ࡢࡍࡓᯝࢆᙺ๭࡞㔜せࡀ⥺ᨺᑕࡣ㏆ᖺ࡛ࠊࡋᑐ࡟ᮍゎ᫂ၥ㢟ࡢࡇ 

ຊ1994ࠋࡍࡲ࠸࡚ࡗ࡞࡜ ᖺ࣓࢝ࣜ࢔࡟⯟✵Ᏹᐂᒁ (NASA) ࡢኳᩥ⾨ᫍࠊࡀᆅୖ࡛Ⓨ⏕ࡓࡋ㞾

ᨺ㟁ྠ࡜᫬࡟ᆅ⌫ࡽ࠿Ᏹᐂ࡚ࡗ࠿ྥ࡟ᨺฟࡿࢀࡉᨺᑕ⥺ࠕᆅ⌫࣐࢞ࣥ⥺ࠖࣗࢩࢵࣛࣇ㸦ὀ 5㸧

ࡿࡍ㏿ຍ࡛ࡲࡃග㏿㏆ࢆ㟁Ꮚࠊ࡚ࡗࡼ࡟㟁ᅽ࠸㧗ࡿࡍᏑᅾ࡟㞾㞼ࡸ㞾ࡣࢀࡇࠋࡓࡋࡲࡋⓎぢࢆ

Xࠊ࡛࡜ࡇ ⥺࣭ ࠊࡾ࠾࡚ࢀࡽ࠼⪄࡜㇟⌧ࡿࢀࡉᨺฟࡀ⥺ᨺᑕࡢ࣮ࢠࣝࢿ࢚࠸㧗ࡓࡗ࠸࡜⥺࣐ࣥ࢞

ኳ↛ࡢຍ㏿ჾ࡚ࡋ࡜ୡ⏺୰࡛ὀ┠ࠋࡍࡲ࠸࡚ࢀࡉ 

 ᪥ᮏᾏἢᓊࡣ࡟෤ࡢゼ࡜ࢀඹ࡟㞾㞼ࡀᢲࡋᐤࠊࡏ⌧ᆅ࡛ࠕࡣ㞷㉳ࣜࣈࠕࠖࡋࡇ㉳࡝࡞ࠖࡋࡇ

పࡀ㞾㞼ࠊ࠸ࡍࡸࢀὶࡀ㟁ὶ࡞ࡁ኱࡚࡭ẚ࡜㞾ࡢኟ࡞ⓗ⯡୍ࡣ෤Ꮨ㞾ࡢࡇࠋࡍࡲ࠸࡚ࢀࡤ࿧࡜

ࡶ࡟ୡ⏺ⓗࡣ᪥ᮏᾏἢᓊࠊࡵࡓࡘࡶࢆᚩ≉ࡓࡗ࠸࡜ࡿࡍ㧗ᗘ࡛Ⓨ㐩࠸



2ࠊࡽࡀ࡞ࡋࡽ↷ࢆᨺᑕ⥺࡛ᆅୖࡃ࡜ࡈࡢࢺ࢖ࣛࢺࢵ࣏ࢫࡣࢺࢫ ື⛣࡟ࡶ࡜࡜㞾㞼ࢆ✵ୖࡢᰯ

ࠊࡋ⏕Ⓨࡀࢺࢫ࣮ࣂࢺ࣮ࣙࢩ࡟᫬ྠ࡜ࢀࡑࠋࡓࡋࡲࡋᾘኻ࡚ࡋ࡜ዴ✺࡟᫬ྠ࡜㞾ᨺ㟁ࠊᚋࡓࡋ

ཎᏊ᰾཯ᛂࡀ㉳᳨ࢆ࡜ࡇࡓࡁฟࠋࡓࡋࡲࡋ 

ࢼࢸࣥ࢔㟁Ἴࡓࡋ⨨タ࡟ᡤ⟠ᩘ「ࡢᐩᒣ‴ἢᓊ㒊ࠊࡣ㞾ᨺ㟁ࡓࡏࡉࡌ⏕ࢆࢺࢫ࣮ࣂࢺ࣮ࣙࢩ 

࡛ヲ⣽࡟ほ ࡢࡑࠊࢀࡉ⤖ᯝࡀࢺࢫ࣮ࣂࢢࣥࣟࠊᾘኻࡓࡋ఩⨨࡛ࡀࢺࢫ࣮ࣂࢺ࣮ࣙࢩⓎ⏕ࡓࡋ

⏕㡿ᇦ࡛Ⓨࡿ࠸࡚ࡗ࠿࠿ࡀ㟁ᅽ࠸㧗࡟≉ࡶ୰࡛ࡢ㞾㞼ࡣࢺࢫ࣮ࣂࢢࣥࣟࠋࡓࡋࡲࡾ࠿ࢃࡀ࡜ࡇ

ࡑ㞾ᨺ㟁ࡣ࡚࠸ࡦࠊࢺࢫ࣮ࣂࢺ࣮ࣙࢩࡀ㟁Ꮚࡓࢀࡉ㏿ຍ࡛ࡲࡃග㏿㏆࡛ࡇࡑࠊࢀࡽ࠼⪄࡜ࡓࡋ

㸦ᅗࡍࡲࢀࡉᣦ᦬ࡀᛶ⬟ྍࡓࡋ㐍ಁࢆ⏕Ⓨࡢࡢࡶࡢ 2㸧ࠋ 

 

♫఍ⓗព⩏࣭௒ᚋࡢணᐃ  

 ୡ⏺ྛᆅ࡛㢖Ⓨࡿࡍ㞾࡛ࠊࡀࡍᨺ㟁࡛ࠖࡅ࠿ࡗࡁࠕ࡞࠺ࡼࡢ࡝ࡀጞ࡞☜᫂ࡢࡑࠊ࠿ࡢࡿࡲ⟅

Ⓨࡢࢺࢫ࣮ࣂࢺ࣮ࣙࢩ࡜ᾘኻࡢࢺࢫ࣮ࣂࢢࣥࣟࡣ࡛ ほࡢ௒ᅇࠋࢇࡏࡲ࠸࡚ࢀࡽᚓ࡟ࡔᮍࡣ࠼

࡞࡜ࠖࡅ࠿ࡗࡁࠕࡿࡲጞࡀ㞾ᨺ㟁ࡀࢺࢫ࣮ࣂࢢࣥࣟࠊࡾ࠾࡚ࡁ㉳࡟ࢬ࣮࢙ࣇᮇึࡢ㞾ᨺ㟁ࡀ⏕



Takahiro Matsumoto, Daisuke Yonetoku, Tatsuya Sawano, Hideo Sakai, 

Masashi 

https://www.nature.com/articles/s42005-019-0168-y


ῧ௜㈨ᩱ㸸  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ 1㸸㔠ἑᕷ࡟タ⨨᳨ࡓࡋฟჾࢆ✵ୖࡢ㏻㐣ࡿࡍ㞾㞼 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ 2㸸୍㐃ࡢ㇟⌧ࡢᶍᘧᅗࠋ㞾ᨺ㟁ࡀⓎ⏕ࡿࡍ๓࡟㞾㞼ࡀࢺࢫ࣮ࣂࢢࣥࣟࡽ࠿Ⓨࢀࡽࡏ (ᕥ)ࠊ

㞾ᨺ㟁ࡀࢺࢫ࣮ࣂࢢ࡚ࣥࣟࡗࡼ࡟㏵⤯ྠࠊ᫬ࡀࢺࢫ࣮ࣂࢺ࣮ࣙࢩ࡟Ⓨ⏕ࡓࡋ (ྑ) 
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