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㔞Ꮚ⣔ࡢ ᐃෆᅾࡿࡍ㞃ࡓࢀㄗᕪ᳨ࡢドᐇ㦂ᡂຌ 

─� 㔞Ꮚࡢ࡞ࢱ࣮ࣗࣆࣥࢥ㔞Ꮚሗᢏ⾡ࡢά⏝ᮇᚅ� ─ 

 

 ࠚࢺ࣏ࣥ࠙

 㔞Ꮚ⣔ࡢ ᐃࡿࡅ࠾ ᐃㄗᕪࢆᐃࡿࡵᚑ᮶ࡢ᪉ἲࠊࡣṇ☜࡞ ᐃ࡛ࡶㄗᕪ್ࡢ

ᐃ㔞ࢆㄗᕪࡓࢀ㞃࡞࠺ࡼࡢࡇࠊࡀࡓࡗ࠶ࡀၥ㢟Ⅼ࠺࠸ࡿ࠶ࡀࢫ࣮ࢣࡿ࡞ࣟࢮࡀ

ࡀㄽ⌮࠸ࡋ᪂ࡿࡍ 2019 ᖺᑠ⃝࡚ࡗࡼ⪃ࠋࡓࢀࡉ 

 㞃ࡓࢀㄗᕪࡢฟ⌧ࢆ୰ᛶᏊࣥࣆࢫࡢ ᐃ࡚࠸࠾☜ㄆࠋࡓࡋ 

 ᤲࢱ࣮࣓ࣛࣃᘬἲࠊࡾࡼࡇࡿ࠸⏝ࢆ㔞Ꮚ ᐃࡢ㞃ࡓࢀ ᐃㄗᕪࢆᐃ㔞ⓗᢅࡾྲྀ

 ࠋࡓࡗ࡞࠺ࡼࡿࡁ࡛ࡀỴᐃ࡞㐺ṇࡢᐃㄗᕪ ࡢ㔞Ꮚ ᐃࠊࡾ࡞⬟ྍࡀࡇ࠺

 㔞Ꮚࢆᑐ㇟ࡿࡍᗈ⠊࡞ᇶ♏⛉Ꮫࠊࡧࡼ࠾ࠊ㔞Ꮚࡢ࡞ࢱ࣮ࣗࣆࣥࢥ㔞Ꮚሗᢏ⾡

 ࠋࡿࢀࡉᮇᚅࡀ⏝άࡢ⢭ᗘホ౯ࡸㄗᕪゎᯒࡿࡅ࠾

 

࠙ᡂᯝࡢᴫせࠚ 

୰㒊Ꮫ
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ྍ⬟࡞ၥ㢟2019ࠋࡓࡋࡲࡁ࡚ࢀࡽ࠼⪄ ᖺᑠ⃝ࠊࡣ㔞Ꮚ ᐃㄗᕪ㛵ࡿࡍ᪂࠸ࡋ⌮ㄽ
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ᐃ್ࠖࡶ࡚࠸ࡘ୧❧ⓗ࡞ሙྜࠊࡃ࡞࡛ࡅࡔ㠀୧❧ⓗ࡞ሙྜࠋࡍࡲࡾ࠶ࡀ 

2019 ᖺᑠ⃝ࠊࡣᅗ㸯ࡓࢀࡉ♧㔞Ꮚ ᐃࣔྂࠊ࠸⏝ࢆࣝࢹⓗ࡞ᖹᆒᖹ᪉᰿ㄗᕪ

ᖖࡀㄗᕪࡢᐃ ࠸ࡋṇࠊࡋࡽ᫂Ꮫⓗᩘࢆせồ࡞ᚲせࡵࡓࡿࡍᣑᙇ㔞Ꮚ ᐃࢆ

せ࠺࠸ࡿ࠶ᐃ࡛ ࠸ࡋṇᖖࡣᐃ ࡿ࠶࡛ࣟࢮࡀㄗᕪࠊᛶࢆせồ࠺࠸ࡿ࠶࡛ࣟࢮ

ồࢆᛶࠋࡓࡋࡲࡧㄗᕪస⏝⣲ᇶ࡙ࠕࡃ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖ⯡୍ࠊࡣ

ᛶࠕ್ࠖࡢ┿ࠕࠊࡋࡓ‶ࢆ ᐃ್ࠖࡀ୧❧ⓗ࡞ሙྜࠊࡣᛶ್ࡢ┿ࠊࡀࡍࡓ‶ࢆ 

ᐃ್ࡀ㠀୧❧ⓗ࡞ሙྜࠊࡣᛶࢆࡇࡿ࠶ࡀࡇ࠸࡞ࡉࡓ‶ࢆ᫂ࠋࡓࡋࡲࡋࡽ 

ᑠ⃝ࠕ್ࠖࡢ┿ࠕࡣ ᐃ್ࠖࡀ㠀୧❧ⓗ࡞ሙྜࠊࡣ ᐃࡿࡍ≧ែࢆኚࡇࡿࡏࡉ

࡛㞃ࡓ࠸࡚ࢀㄗᕪࡁ✺ࢆࡇࡿࢀ⌧ࡀṆࠊࡵㄗᕪస⏝⣲ᇶ࡙ࡃᐃ⩏ࢆᨵⰋࠊ࡚ࡋᛶ

ᒁᡤ୍ᵝ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖ㸨10ࠕࠊࡁᑟࢆ⩏ᐃ࠸ࡋ᪂ࡘᣢࢆᛶ㉁ࡢ୧᪉ࡢᛶ

ࠊࡵࡓࡿ࠸࡚ࡗಖࢆ㛵ಀ࡞ᐦ᥋ㄗᕪᴫᛕࡢᚑ᮶ࠊࡣㄗᕪᴫᛕ࠸ࡋ᪂ࡢࡇࠋࡓࡋࡲࡧ

ᚑ᮶ࡢㄗᕪᴫᛕࡶࢆᑟࠕࡓࢀᑠ⃝ࡢ➼ᘧࠖࢆࢀࡑࠊࡸᨵⰋ࡚ࡋ᪂ࡃࡋᥦࡓࢀࡉ

ࡋᑐㄗᕪᴫᛕ࠸ࡋ᪂ࡢࡇࠊࡃ࡞ࡇࡿ࠼ኚࢆᙧࡢᘧࡃࡶ➼ᘧࠖࡢࢻ࣮ࢩࣥࣛࣈࠕ

࠸ࡃᑟࢆ➼ᘧ࡞ࡓ᪂ࡿࡍ❧ᡂ࡚ࡋᑐㄗᕪᴫᛕ࠸ࡋ᪂ࡢࡇࠊ࡚ࡗᚑࠋࡍࡲࡋ❧ᡂࡶ࡚

 ࠋࡍࡲ࠸࡚ࡗᣢࢆⅬ࡞ࡁ࠺࠸࠸࡞ࡀᚲせ࠺

 

 ࠚ⩏ෆᐜ㺃ពࡢ✲◊࠙

ᅇࠊࡣ✲◊ࡢᚑ᮶ࡢ ᐃ᪉ἲ࡛ࡣ ᐃࡢㄗᕪࡀฟ⌧ࡿࢀࢃᢅࡾྲྀࡃ࡞ࡇࡿࡍሙྜ

㛵ࠊࡎࡲࠊ࡚ࡋ ᐃჾධຊึࡿࡍᮇ≧ែࢱ࣮࣓ࣛࣃࡿ࠶ࢆ㛵ᤲ࡚ࡋᘬࠊ࡚ࡋ㞃ࡓࢀㄗ

ᕪࡢฟ⌧ࢆ☜ㄆୖࠊ࡚ࡋࡑࠋࡓࡋグࢱ࣮࣓ࣛࣃࡢ᧯సἲࠊ࠸⾜ࢡࢵࢸ࣐ࢸࢫࢩࢆ㔞Ꮚ

 ᐃࡢ㞃ࡓࢀ ᐃㄗᕪࢆᐃ㔞ⓗỴᐃࡢࡑࠋࡓࡋ⤖ᯝࠊ≀⌮ⓗ࡞⪃៖┦ᛂࠊࡓࡋ㔞Ꮚ 

ᐃࡢ ᐃㄗᕪࡀᚓࢆࡇࡿࢀࡽ☜ㄆࠋࡓࡋᐇ㝿࣮ࣥ࢘ࠊࡣᕤ⛉ᏛཎᏊ◊✲ᡤࡿ࠶

ᐇ㦂⏝ཎᏊ⅔ TRIGA Mark II ࣏୰ᛶᏊࡀࣉ࣮ࣝࢢ㛗㇂ᕝࠊ࡚࠸⏝ࢆ୰ᛶᏊࡓࡋฟࡾྲྀࡽ

ࢆᐃ ࣥࣆࢫࡢࡘࡃ࠸ᚋࡓࡋᘬᤲࢆධຊ≧ែࡢ୰ᛶᏊࠊ࡚࠸࠾⨨ᐇ㦂ࢱ࣮࣓ࣜࣛ

ᐇ⌧࡚ࡋᐇ㦂ࡓࡗ⾜ࢆ㸦ᅗ㸰ཧ↷㸧ࠋ 

ᅇࡢᐇ㦂࡛ࠊࡣ ᐃჾධຊึࡿࡍᮇ≧ែࡽࡉࢆ᪤ᐃࡅࡔ್ࢱ࣮࣓ࣛࣃࡢኚࡏࡉ

㔞Ꮚࠕࡿࡍᑐ್ࢱ࣮࣓ࣛࣃࡢࢀࡒࢀࡑࠋࡍࡲࡋ ィࢆ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖࠕ࡚

ᖹᆒᖹ᪉᰿ㄗᕪࠖࢆồࢆ್ࢱ࣮࣓ࣛࣃࠊ࡛ୖࡓࡵ㐃⥆ⓗኚ᭱ࠊࡏࡉ್ࢆồࡇࡿࡵ

ᮇ≧ែึࠊࡣᐇ㦂࡛ࡢᅇࠋࡍࡲࢀࡽᚓࡀᒁᡤ୍ᵝ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖࠕࡾࡼ

ࡣ್ࡢ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖࠕࡿࡍᑐ 0 ࡇ࠸࡞ࡣᐃ࡛ ࡞☜ṇࡣᐃ ࡢࡇࠊࡀࡍ࡛

ࠋึࡍࡲ࠸࡚ࢀࡽ▱ࡀ ᮇ≧ែ್ࢱ࣮࣓࣮ࣛࣃࢆ t 㔞Ꮚᖹᆒᖹ᪉᰿ࠕࡿࡏࡉኚࡅࡔ

ㄗᕪࠖࡣ್ࡢ⌮ㄽ್࡛ 2|sin t|ኚࠋࡍࡲࡋᐇ㦂0ࠊࡣࢱ࣮ࢹ�ùt㸺π ࡿࡅ࠾ 12 ㏻ࡢࡾ

ࡏࡉኚ㐃⥆ⓗࢆ್ࢱ࣮࣓ࣛࣃࠊ࡛ࡇࡑࠋࡓࡋࡲࡋ⌧ࢆ⢭ᗘ࡛⌮ㄽ್࠸㧗࡚ࡋᑐ್

್ࡢᒁᡤ୍ᵝ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖࠕࡿ࠶್࡛᭱ࠊࡾࡼࡇࡿ 2 ࠋࡍࡲࢀࡽᚓࡀ

್ࡢㄗᕪࡿࡼ⩏ᐃࡢᚑ᮶ࡿࡅ࠾ᮇ≧ែึࡢᮏ᮶ࠊࡾࡲࡘ 0 ᮇึࠊࡀㄗᕪࡓ࠸࡚ࢀ㞃
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≧ែ್ࢱ࣮࣓ࣛࣃࢆ t ್ࡢㄗᕪࡿࡏࡉኚࡅࡔ 2|sin t|᭱ࡢࡑࠊ࡚ࡗࡼࠋࡍࡲࢀ⌧࡚ࡋ

್ 2 㸦ᅗࡓࡋࡲࢀࡉᐇ㦂᳨࡛ドࡀ ணࡢᑠ⃝⌮ㄽ࠺࠸ࡿࢀࡽᚓ࡚ࡋ್ࡢㄗᕪࡢᮏ᮶ࡀ

㸱ཧ↷㸧ࠋ 

ᚋࠕࠊᒁᡤ୍ᵝ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࠖࡢᴫᛕࠊࡣ㔞Ꮚ ᐃㄗᕪࡢᴫᛕ࠶ࠊࡋ❧☜ࢆ

ࡲࢀࡉᮇᚅࡀࡇࡿࢀࡉ⏝άࡃᗈ࡚ࡋ⩏ᶆ‽ⓗᐃࡢㄗᕪࡿࡲࡣ࡚࠶㔞Ꮚ ᐃࡿࡺࡽ

࣋ࣥࢮࣁࡿ࠸࡚ࡋ㐍ᒎࡀ✲◊ࡃࡋ㏆ᖺⴭࠊࡿࢀࡉ⾲௦➼ᘧࠖࡢᑠ⃝ࠕࠊࡅࢃࡾࠋࡍ

࠺ࡼࡢ㔜ຊἼ᳨ฟࠊ࠼ࢆ♏ᇶ࡞ᐇ☜✲◊ࡿࡍ㛵ᐃ㔞࡞⢭ᐦࡢ⌮☜ᐃᛶཎࡢࢡࣝ

㔞Ꮚሗ࡞࠺ࡼࡢࢱ࣮ࣗࣆࣥࢥ㔞Ꮚࡸ㔞Ꮚᬯྕࠊࡸㄗᕪゎᯒࡿࡅ࠾⾡㔞Ꮚ⢭ᐦ ᐃᢏ࡞

ᢏ⾡ࡢ⢭ᗘホ౯ᗈࡃᛂ⏝ࠊ࡚ࢀࡉ㔞Ꮚ≀⌮Ꮫࡢᇶ♏ᛂ⏝ࡢ㐍Ṍᗈࡃ㈉⊩ࡀࡇࡿࡍ

ᮇᚅࠋࡍࡲࢀࡉ 

 

࠙ཎㄽᩥሗࠚ 

㞧ㄅྡ㸸npj Quantum Information 㸦ࣝࢼ࣮ࣕࢪ࣭࣮ࢼࢺ࣮ࣃ࣭࣮ࣕࢳࢿ� ࣭࣒ࢱࣥࢡ

 㸧ࣥࣙࢩ࣮࣓࣮࢛ࣇࣥ

ㄽᩥࣝࢺࢱ㸸“Neutron optical test of completeness of quantum root-mean-square 

errors”  

ⴭ⪅㸸Stephan Sponarࠊ Armin Dannerࠊ Masanao Ozawa (ᑠ⃝ ṇ┤)ࠊ Yuji Hasegawa 

(㛗㇂ᕝ ♸ྖ)  

DOI: 10.1038/s41534-021-00437-8 

URL: https://www.nature.co
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㸨㸱� 㔞Ꮚᬯྕ
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㸨㸯㸮� ᒁᡤ୍ᵝ㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪ㸸ࢱ࣮࣓ࣛࣃ t ᘧࠊ࡚ࡋᑐ
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࠙ᅗ∧ゎㄝࠚ 

 

 

 
 

ᅗ㸯�  ᐃࡿࢀࡉ㔞Ꮚ⣔ࡢ≧ែ ᐃჾࡢ୧⪅ࢆ⪃៖ධࡓࢀ㔞Ꮚ ᐃࠋࣝࢹࣔࡢධຊࡍ

ែ≦ࡢᐃჾ ࡿࡼ⏝స┦ࠊ᪉୍ࡢࡑࠋࡿࢀࡉฟຊᚋࡓࡋ⏝స┦ᐃჾ ࡣែ≦ࡿ

 ࠋࡿࢀࡉฟຊ࣮ࢱ࣮࣓ࡀᐃ⤖ᯝ ࡽኚࡢ
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ᅗ㸰� ᐇ㦂㓄⨨ᅗࠋᐇ㦂⏝ཎᏊ⅔ࡾྲྀࡽฟࡓࢀࡉ୰ᛶᏊࠊࡣ㟷ࡢ㒊ศ࣮࣏ࣛࣛࡿ࠶

ែ≦࡛ࢨ Ψ ࢫࡿ࠶㒊ศࡢ㉥ࡵࡓࡿࡍ⾜ᐇࢆᘬἲᤲࢱ࣮࣓ࣛࣃࠊḟࠋࡿࢀࡉᮇึ

್ࢱ࣮࣓ࣛࣃࢆᅇ㌿ჾ࡛ึᮇ≧ែࣥࣆ t ࡚ࡏࡉኚࡅࡔ Ψ(t)=U(t)Ψ 㒊ศࡢ⥳ࠋࡿࡍኚ

 ࡢࡽࢀࡇࠋ࠺⾜ࢆᐃ ࣥࣆࢫ࡛ࢨࣛࢼࠊᚋࡓࡗ⾜ࢆస᧯࡞ᚲせ㸱≧ែἲࠊࡣ࡛

ᐃ࡚ࡗࡼᚓࠊࡽࢱ࣮ࢹࡓࢀࡽ≧ែ Ψ(t) ࡿࡅ࠾㔞Ꮚᖹᆒᖹ᪉᰿ㄗᕪࢆ್ࡢィ⟬ࡍ

 ࠋࡿ
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ᅗ㸱� ㄗᕪ ᐃ᭱ࡢ⤊⤖ᯝࠋᅗࡢᐇ㦂ࢱ࣮࣓ࣛࣃࡣࢱ࣮࣓ࣛࣃ t 2tࠊ࡚ࡋᑐ ࠋࡿࡍᙜ┦

0�ù t㸺π ࡍࡓ‶ࢆ 12 ㏻್ࢱ࣮࣓ࣛࣃࡢࡾ t ែ≦ࠊ࡚࠸ࡘ Ψ(t)ࡿࡅ࠾㔞Ꮚᖹᆒᖹ᪉

᰿ㄗᕪࠋࡿ࠸࡚ࢀࡉࢺࢵࣟࣉࡀᑠ⃝⌮ㄽࡢண ್


