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ǲ ǖǠȒǚǯǲ Қ 

 
 

 

ǀ ǵɛȢɱɆǁ 

ƨɆɛɫȶȩɩ ̱ǲϽș ᾑǞǦҧ șɈɌ Ḣ ɈɌ 10 Ϥѝǵ 1 ȅǮ

ǜǢȒǚǯǲʫ ǮѧȈǭ ҚǞȅǞǦƳ 

ƨǋȏǋȏ ǲ їǮǔȒȅǮ Ǔ├ǺǦǚǯǮƲϽƲ ἧɅɎȢȷƲɆɛɫȶȩ

ɩ ̱ș ȆֻȖǢǦ Ǟǋ ҍ ǿǵ Ǔ ǘȅǠƳ 

ƨ ș├ǷǠ ǶƲ К ǵ șר ȈȒǚǯƲǑȏǺ ῁ǲǋȒɅȡɧɁȭ ἧ

ǵȦɋɩȬɶșѰⱣǠȒ 2 ǲǉȒǚǯș ǞȅǞǦƳ 

 

 

ǀ ǁ 

 ⅎῬẎἶẎἶ ἶ  ʝ JSPS ѩ ᴣ DC1 ƲⅎῬẎἶҍ ר

 ẑ ǯ ˬẎἶ ר ȱɐɶɪɱɆϽ ἶ ȹɱȽɶ ḥ Ʋ

Ҟ ȐșʴⱲǯǠȒ ȮɩɶɕǶƲʫ ȦɋɩȬɶѝ ș ǠȒ ɵ ↓ѝ

Ͻ ἧѝϽ ș ǋȒǚǯǮƲɆɛɫȶȩɩ ̱ ǲǑǘȒ ₳ ǵ

Ǔ К ǵ ǯɅȡɧɁȭר ǵ̬ ǲȏǪǭ ǜȓǭǋȒǚǯșὕ

ǲ ǔ ȈƲ ǵ ῁ǲǋȒ ȺɫǵɅȡɧɁȭ ἧǵϽǲᾍǠȒꜘ ș ǲ ǖ

ǠȒǚǯǲ ҚǞȅǞǦƳ 
 Ɇɛɫȶȩɩ ̱ǶƲ К Ƕ ̱ǲȉ ȖȐǡƲǤǵ ǮǶ ι Ǳ ǓἭ᷀Ǟ

ǭǋȅǠƳǞǒǞǱǓȐƲ ʴǲἭ᷀ǠȒ ǲȏǪǭ К ȉ ι ǲǱǪǭǞȅǍǚǯ

Ǔᵂ ǮǞǦƳ˹ᶥƲ К ǵ șȫɡɨȠɇɶɒɱȮǲȏȑѰⱣǞƲֺɇɶɕר Ǯǵ

ἧ ǯ ȫɡɨȠȾȢɈɝȭȷș ǲ ǞȅǞǦƳǤǵ Ʋ К Ǔ ι Ǳ

ḹֻǶ ₳ Ǔ ɒȱ ̊КǮ ˓ǠȒǵǲᾍǞƲ Ǔר ǖǱȒǯ ₳ Ǔ 100

Ί ǖǱȒǚǯșὕ ǲѧȈǭὕ ǞȅǞǦƳ Ǯ♬ȐȓǦ ǶƲɆɛɫȶȩɩ ̱

ǵϽ șѫ ǞǦ ǞǋɅɎȢȷ ǲẎǔǱ șʦǏȒȉǵǯ ♅ǜȓȅǠƳ  

 

 ǵ ǶƲ ᶮ Nature Publishing GroupǵȨɱɧȢɱ ἶ ƼScientific Reportsƽ

ǲ 10 26 ȢȬɨȷ ӫѼ ǲ ǜȓȅǠƳ 
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ǀ Ḹǁ 

ȽȢɆɩ Prolonged duration of nonequilibrated Dirac fermions in neutral  

topological insulators 

׀     * ʝ 1, * ד ,2 1, ִ 3, A. Pertsova4, C. Triola4, K. A. 

Kokh5, O. E. Tereshchenko5, A. V. Balatsky4, ḥ 2, * ẑ 1 *

̑  

     ι 1 ⅎῬẎἶẎἶ ἶ Ʋ2 ˬẎἶ ר Ʋ3 ʴᶮ ἶ

ʣ ɜȢȭɫȵȷɄɞ Ḹ Ʋ4 Ӕ Ʋ5 Ɍ

ɲȧȵɑɩȷȭẎἶ 

10.1038/s41598-017-14308-w 

 

ǀ ǁ 

2016₴ǵɌɶɗɩ ἶ ǓʦǏȐȓǦ ǲǑǘȒɆɛɫȶɶǵ ꜠ǲḨǬǋǭƲɆɛɫ

ȶȩɩ ̱ ǯǋǍ ₡ǵ ̱ǯǶ ǱȒ Ǳ ̱ǵἭ᷀Ǔ ȐǒǲǱȑẎǔǱ

ș ȈǭǋȅǠƳɆɛɫȶȩɩ ̱ǶƲ ǵК Ƕ ș ǜǱǋ ̱ǲȉ ȖȐǡƲ

ǮǶ ι Ǳ Ȓ ǋș ǠǚǯǓ ȐȓǭǋȅǠƳǚǵ ι ǱɆɛɫȶȩɩ Ǯ

ǶƲ Ⱥɫǵ ἧ ɅȡɧɁȭ ἧ ǓἭ᷀ǞǭǑȑƲǜȐǲǚȓȐǓ ǫ ἧȷɒɱǵׄǔ

Ǔ ἧǵ Ҳ ׄǲḉ Ǳ ׄǲ ǪǭǋȅǠƳǚȓǲȏȑɆɛɫȶȩɩ ̱Ƕ Ҳ↓Ʋʥ

ǲ ˍǜȓǲǖǋǱǰǵ Ҙ Ǳ șר ǪǭǋȒǦȈƲǚȓȅǮǲǱǋ șר ǪǦ

ʫ̈ɅɎȢȷǲꜘ ǜȓȒǚǯǓ ♅ǜȓǭǋȅǠƳǞǒǞǱǓȐƲȂǯȚǰǵɆɛɫȶȩɩ

̱ǵḹֻƲ ʴǲἭ᷀ǠȒ Ǳǰǵ◙ ǲȏǪǭ К ȉ ι ǲǱǪǭǞȅǋƲ

ǲἭ᷀ǠȒɅȡɧɁȭ ἧǵ ḸǓ ǋ ǜȓǭǞȅǍǯǋǍᵂ ǓǉȑȅǞǦƳȅǦ ǮǶƲ

Ɇɛɫȶȩɩ ̱ǲ Ẇ ɏɩȷș ǲ ᾑǞǦ ǲ ǟȒɅȡɧɁȭ ἧǵҲ ר ǲ

ȉ Ǔ ȅǪǭǑȑƲϽșѫ ǞǦ ɅɎȢȷǿǵꜘ Ǔ ♅ǜȓǭǋȅǠƳǞǒǞƲ

К Ǔ ι ǱḹֻƲϽɏɩȷ ᾑ♥ǲ ǟȒ ₳ ǵ Ƕ ǖǭȉ ɒȱ ɒ

ȱ 1Ϻѝǵ 1 ↓ǮǞǦƳǚȓǮǶ Ǔ ǠǕǭƲꜘ ș ǲ Ȇ֝Ȓǚǯ

ǓǮǔȅǢȚƳϽꜘ ǵ șᾜǱǖǯȉɈɌ ḢȅǮ├ǷǠⱳ ǓǉȑȅǞǦƳǤǚǮ

ȮɩɶɕǮǶƲȫɡɨȠȿɣɶɉɱȮǲȏǪǭ ǵר ǋɆɛɫȶȩɩ ̱ș̸ ǞƲ

ἧ ǯɅȡɧɁȭ ἧǵҲ ר ǵ ș ȆȅǞǦƳ 

 

ǀ ǵКὦǁ 

ǮǶƲɆɛɫȶȩɩ ̱(Sb1-xBix)2Te3 Sb ȠɱȿɠɱƲBi ɑȷɜȷƲTe Ʉɩ

ɩ ǲ ǞƲȠɱȿɠɱǯɑȷɜȷǵ șѰⱣǠȒǚǯǲȏǪǭ К ǵר ș ιǒȐ

ǿẀӓǜǢƲǤǵר ἧ ǯ ȫɡɨȠȾȢɈɝȭȷșɛɱɕɵɕɫɶɔ șѫ Ǟ

Ǧ ɵ ↓ѝ Ͻ ἧѝϽǲȏǪǭ ǲ ǞȅǞǦƳ 



 

ᶫ . ɵ ↓ѝ Ͻ ἧѝϽǲȏǪǭ ǞǦƲɆɛɫȶȩɩ ̱

(Sb1-xBix)2Te3ǵɎɱɇѝ Ƴ 

 ɑȷɜȷǵɇɶɕ șṔȋǠǲ♫ǪǭƲ ӽǮ ǠɅȡɧɁȭ ǵ̬ Ǔ ǲ

ȵɓɆǞǭǋȒ ἧǓȖǒȒƳ 

 

 

ᶫ . ɵ ↓ѝ Ͻ ἧѝϽǲȏǪǭ ǞǦɆɛɫȶȩɩ ̱(Sb1-xBix)2Te3

ǵ ȫɡɨȠȾȢɈɝȭȷƳ 

ɑȷɜȷșɇɶɕǞǭǋǱǋḹֻǶ ₳ Ǔ ɒȱ ̊КǮ ᴇǞǭǋȒǓƲ

ɑȷɜȷǵɇɶɕ șṔȋǠǯ ₳ ǵ Ǔ ǲ ǖǱȒǚǯǓ Ȑǒ

ǯǱǪǦƳ ǲƲɑȷɜȷș 43%ɇɶɕǞǦ ǮǶƲ ₳ Ǔ ɒȱ ̊



ʣ ǞǭȉἭ ǞǭǑȑƲɑȷɜȷșɇɶɕǞǭǋǱǋ ȏȑ Ί ǋ

ș ǞǦƳ 

 

ǀ˹♥ǵ᾽ ǁ 

 ʝ ǲƲ ιʴǵ ἧȉϽǲᾍǞǭꜘ ǞȅǠƳǞǒǞꜘ ǵ Ƕ ǖǭȉ ɒȱ Ǟ

ǒǱǖƲǚȓș ἧɅɎȢȷǮ ǏȒǚǯǶ ǠǕǭʥ֯ ǮǞǦƳɆɛɫȶȩɩ ̱ǵ ῁

ȉ ιǮǠǓƲǚǵꜘ ǵ șᾜǱǖǯȉɈɌ ḢȅǮ├ǷǢȒǚǯǓ Ǯὕ ǜȓ

ȅǞǦƳ ιǮǉȒǲȉǒǒȖȐǡǤǵꜘ ș├ǷǠǚǯǓǮǔǦ ǶƲɆɛɫȶȩɩ



ǀ ǁ 

ɵ ↓ѝ Ͻ ἧѝϽ 

 

ᶫ . ɵ ↓ѝ Ͻ ἧѝϽǵ ╛ᶫ 

ǲϽș ᾑǠȒǯƲϽ ҧ ǯᴀǷȓȒ ǲȏǪǭƲ ἧǓᶭ̱ ǒȐ їǜȓȅǠƳ

ǚǵ їǜȓǦϽ ἧǵȦɋɩȬɶǯ ї ↓ș ὑǞƲȦɋɩȬɶͪἭѸǯ Ҳ ͪἭѸșѫ

Ǟǭᶭ̱К ǵ ἧǵȦɋɩȬɶǯ Ҳ ǵ ὑǠȒ ș ↓ѝ Ͻ ἧѝϽǯ ǋȅǠƳ 

ǚǵ ↓ѝ Ͻ ἧѝϽǲƲ ǵ ɏɩȷǵɪɶȴɶϽ ș ǋǦȉǵș ɵ ↓ѝ

Ͻ ἧѝϽǯǋǋƲɛɱɕϽǯᴀǷȓȒϽɏɩȷǲȏǪǭ ǟǦ ἧ ǵҲ Ẁӓșɕɫɶɔ

ϽǲȏǪǭȷɈɁɕȵɥɁɆǯǞǭ ǏȒǚǯǓǮǔȅǠƳ 

ǚǵ ɵ ↓ѝ Ͻ ἧѝϽǶƲ ₡ǵϽ ἧѝϽǮǶ ǏȒǚǯǵǮǔǱǋ Ӹ ἧ

ἧǓϷƵǋǱǋ ȋ ἧǵ ȾȢɈɝȭȷș ǠȒǚǯǓǮǔȒǦȈƲḨ

ǒȐꜘ ǲ Ȓ₦ⅎǋѝ Ǯ Ǳὕ ǯǱǪǭǋȅǠƳ 

 

Ɇɛɫȶȩɩ ̱ɵɅȡɧɁȭ  

 ǱȪɧȷǶ ș ǜǡȠɩɝəȢɩǶ ș ǠȏǍǲƲ ₡ ǵʴǮƼ ș Ǡ

ǒǰǍǒƽǯǋǍ Ƕ ǵ ș ȒǧǘǮǉȒ ↓Ѩ ǮǔǭǞȅǋȅǠƳȅǦƲǤǵ

ǲ ǲ̂ǋǦ ǶƲ Ǳ Ǭǘȉ֯ ǮǉȑƲ ǱȪɧȷǶƼ ̱ƽƲȠɩɝəȢɩ

ǶƼ ιƽǯǋǍȏǍǲ ʴǵ ἧǵ ǮӢѩǜȓȅǠƳ 

ʝ ƲƼɆɛɫȶȩɩ ̱ƽǲιǠȒ Ƕ ǮƲƼ ̱ƽǮǉȑǱǓȐƲǤǵ Ǯ

ιǯֿǟȏǍǲ ș Ǡר ș ǫ Ǳ ǮǠƳɆɛɫȶȩɩ ̱ǵ ǲ ș Ǎ

ἧǶȷɒɱ ἧǵ ᶫ (a)(b)

șǤȔǏǭ ҲǞƲƼϽƽǯֿǟȏǍǲ

ș ǦǱǋǵǓ Ẏǵ ⱪǮǠƳǚǵ

ἧșƲ ș ἧǵ Ҳ Ʋ ș

ἧǵȦɋɩȬɶǯǞǭ ǠǯƲֳᶫ (c)

ǵ ǲƲ ἧȦɋɩȬɶǯ Ҳ Ǔ ͈

͜ǲǉȑʝ ǲɅȡɧɁȭɵȱɶɱǯ

ᴀǷȓȒƳȅǦƲɅȡɧɁȭɵȱɶɱǵ

ʴⱲǲǉǦȒ Ǔ˧ȖȒ ѝǶɅȡɧ

Ɂȭ ǯᴀǷȓȒƳȅǦ ₡ǵ ǯǶ

ǱȑƲɆɛɫȶȩɩ ̱ǵ șҲ

 

ᶫ .Ɇɛɫȶȩɩ ̱ǵ ἧ 



ǔᶥȒ ἧǶƲ ǯǶ ǋƲ ȋʥ ǲȏǪǭ ǜȓȒǚǯǱǖ ȦɋɩȬɶș ẕǠ

ȒǚǯǱǖ ̟ᾚǓǮǔȒǯǋǍǯǭȉ Ҙ Ǳר ș ǪǭǋȅǠƳ 

 

 

 

 

 

 
ǀǑᵂǋֻȖǢϼǁ 
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