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ᶮ Ẏἶ ˲ ⅎῬẎἶ 

ⅎῬẎἶҍ ר  

ᶮ Ẏἶ ˲ ˬẎἶ 

ˬẎἶ  ר  

Џ Ẏἶ ˲ Г↕ Ẏἶ 

 

ɨɱǲǑǘȒ ἧǵǦǦǔʣǙ șʫ ǮѧȈǭ  

ʫ̈ǵ ͬɅɎȢȷǵ ǯǞǭ ♅  
 

 

ǀ ǵɛȢɱɆǁ 

ƨ ẆϽɏɩȷș ɨɱǲ ᾑǠȒǯ ἧǓǦǦǔʣǙȐȓƲǤȓǓɈɌ ɈɌ =

Ϥѝǵ ǲ Ȓ ǋ ș Ǡǚǯșʫ ǮѧȈǭ ȐǒǲǞȅǞǦƳ 

ƨ ǶƲᶭ̱ǲǑǋǭ ἧ Ἡᾍ Ҥ ἧ ǲȏȒɚɶȸɵȠȢɱȵɣȽȢɱш Ǔ

ǚȒ֯ șר ᴰǞǭǋȅǠƳ 

ƨ ɨɱǓ ʫ̈ǵ Ͻ ͬɅɎȢȷǵȫɶɜɄɨȠɩǵʝǫǮǉȒǚǯș ǠǯВǲƲ

˹♥Ʋⅎǋ ᶪșȩɎɶǠȒɪɶȴɶȋϽ ͬǵꜘ ǲ ♅ǜȓȅǠƳ 

 

ǀ ǁ 

 ⅎῬẎἶẎἶ ἶ ɵҍ ר  ɊɩɜɜɆɵɞɉȳ ᴣƲ ẑ

Ʋ ˬẎἶ ר ȱɐɶɪɱɆϽ ἶ ȹɱȽɶ Ҟ Ʋ ḥ ƲГ↕

ẎἶẎἶ ἶ  ʝ ȐșʴⱲǯǠȒ ȮɩɶɕǶƲʫ Ȧɋɩ

Ȭɶѝ ș ǠȒ ɵ ↓ѝ Ͻ ἧѝϽ ș ǋȒǚǯǮƲ ẆϽɏɩȷș

ᾑǠȒǚǯǮ ἧǓǦǦǔʣǙȐȓƲǤǵ ǓɈɌ ǲ Ȓ ǋ ș Ǡǚǯșʫ

ǮѧȈǭ ȐǒǲǞȅǞǦƳ˹ᶥǵ ǶƲ ɨɱǓ ẆϽɪɶȴɶ ȋ ʫ̈ǵ

Ͻ ͬɅɎȢȷǵȫɶɜɄɨȠɩǵʝǫǮǉȒǚǯș ᴰǞǭǋȅǠƳǜȐǲ ǶƲᶭ

̱ǲǑǘȒ ǵ ἧ ǮǉȒ ἧ Ἡᾍ Ҥ ἧ ǵɚɶȸɵȠȢɱȵɣȽȢɱш

ș ǚǠǵǲ ɨɱǓ ǞǦ ǮǉȒǚǯȉ ǞǭǋȅǠƳ 

 

 ǵ ǶƲ ᶮ Nature Publishing GroupǵȨɱɧȢɱ ἶ ƼScientific Reportsƽ

ǲ ȢȬɨȷ ӫѼ ǲ ǜȓȅǠƳ 

 

ǀ Ḹǁ 

ȽȢɆɩ Prolonged photo-carriers generated in a massive-and-anisotropic 

Dirac material 

׀      *ɊɩɜɜɆ ɞɉȳ 1, 2, ₳ 1, ʝ ד ,1 1, ̎

ֲ 3, 4, ֥ 4, ḥ 2, ʝ 5, * ẑ 1 * ̑
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     ι 1 ⅎῬẎἶẎἶ ἶ Ʋ2 ˬẎἶ ר Ʋ3 ȵɱȭ

ɫɆɫɱȹɱȽɶƲ4 ⅎῬẎἶ ᾑϽ ἶ ȹɱȽɶƲ5 Г↕

ẎἶẎἶ ἶ  

10.1038/s41598-018-27133-6 

 

ǀ ǁ 

₴Ʋ ἧɵϽἶɅɎȢȷǵ ǯǞǭ ϷӴԍἧ῁ ǓẎǔǱ ș ǺǭǋȅǠǓƲǤ

ǵʴǮȉ ԍἧʝ῁ǧǘǒȐǱȒȮɧɓȥɱǶƲ ǙȋǠǖǭṥȓǲǖǋǯǋǍ Ǳר

ǧǘǮǱǖƲȆǒǘǵ ǓȺɫǮǉȒɅȡɧɁȭ ἧș ǠȒ ǮḨ ɵꜘ ǵ ǒȐʫ

ʴǮ Ǔ᾽ ǜȓǭǔȅǞǦƳ ʴǲǶƲᾜǱǒȐǡ ȋʥ ǓἭ᷀ǞƲʝ ǲǶ̟ᾚ

ἧǓǤȓȐǲǽǫǒȒǚǯǮ Ǔ ǟȅǠƳǯǚȔǓƲȮɧɓȥɱʴǵɅȡɧɁȭ ἧ

Ƕʥ ȋ șȉǵǯȉǢǡƼҲǔ ǘȒƽר ǓǉȑȅǠƳǤǵ ƲȮɧɓȥɱǶὙ ̂

ǮǉǪǭȉ ǋ ἧ Ҳ↓ ș ǞƲ ʫ̈ɅɎȢȷǵ ҘΒ ǯǞǭ ș Ǻǭ

ǋȅǞǦƳǞǒǞǱǓȐƲȮɧɓȥɱǲǶɎɱɇȬɡɁɕ ǓἭ᷀ǞǱǋǦȈƲ ἧǵ̟

ᾚרșẆ ǒȐѰⱣǞǭֵͬǵȨɱɵȨɓ șẎǔǖǠȒǚǯǓ ǞǖƲ ἧɵϽἶɅ

ɎȢȷǿǵꜘ ǲẎǔǱ ș ǞǭǋȅǞǦƳǚǵȏǍǱʴƲ ɨɱǶƲ̊ʤǵȏǍǱȮɧɓ

ȥɱǲǑǘȒǋǖǫǒǵᵂ ș ǠȒ ⱪș ǪǭǋȅǠƳ 
 

 ɅȡɧɁȭ ἧǵ ș ǨǫǫƲɎɱɇȬɡɁɕǓἭ᷀ǠȒǚǯǒȐƲ ǋ ἧ Ҳ

↓ș ǞƲǒǫֵͬǵȨɱɵȨɓ ǓẎǔǖǮǔȅǠƳǤǵǦȈƲ ɨɱǶ ʫ̈ ҧ

ɆɧɱȶȷȽ ǿǵꜘ Ǔ ♅ǜȓǭǋȅǠƳ 

 Ͻ ͬǮ ǋȐȓȒϽǵ Ƕ ẆḢǲǉȑȅǠǓƲ ɨɱǵɎɱɇȬɡɁɕǵẎǔǜ

Ǔʞ↓ ẆḢ 0.3 ἧɚɩɆ ǯǱȒǦȈƲ Ẇɪɶȴɶǿǵꜘ ǶȉǯȏȑƲϽ ͬ

ɅɎȢȷǿǵꜘ Ǔ ♅ǜȓǭǋȅǠƳ 
 
ʣ ǵ ǒȐƲ֦ ǖǒȐ ȐȓǭǋǦ ɨɱǓƲ ǲǱǪǭ ǲꜘ ǵ ǒȐȉПǺ Ͻ

ș ǺǭǋȅǠƳ ǮǶƲ ɨɱǓ ẆɪɶȴɶȋϽ ͬɅɎȢȷǿǵꜘ ǲὕ ǲ ǞǦ

ǮǉȒǒǰǍǒș ȒǦȈǲƲϽ֛טǲȏȑ ǟǦ̟ᾚ ἧș ǞƲƼ ἧǵǦǦǔʣ

ǙǓ ǟȒǒǰǍǒ ƽȅǦƼǤǵ Ƕǰǵ ↓ǒ ƽǲǫǋǭ ȐǒǲǠȒǚǯș

ǯǞȅǞǦƳǱǑƲ ₡ǵ ιǮǶ ᾑǞǦϽǶ֚ᾑǜȓǭǞȅǋƲ ἧǵǦǦǔʣǙǶǱǒǱ

ǒ ǔȅǢȚǞƲ ǔǦǯǞǭȉƲǤǵ Ƕ ǖǭȉ ɒȱ ɒȱ = Ϻѝǵ ↓

ǮǉȒǚǯǓ ȐȓǭǋȅǠƳ 

 

ǀ ǵКὦǁ 

♫ ǵ ↓ѝ Ͻ ἧѝϽ ARPES Ƕ ἧǓӸ ǜȓǦ͔ ἧₑ ǵȆșǯȐǏȒ

ǮǉȒǦȈƲ Ǯ ǠȒ̟ᾚₑ ǵ ǲǶׄǋǭǋȅǢȚƳǤǚǮ Ǯ

ǶƲɛɱɕɵɕɫɶɔ șѫ ǞǦ ɵ ↓ѝ Ͻ ἧѝϽ TARPES ǲȏȑƲϽ֛טǲȏ

ȑ̟ᾚₑǲǦǦǔʣǙȐȓǦ Ҥ ǜȓǦ ἧǯǤǵ ȫɡɨȠȾȢɈɝȭȷș ǲ

ȀȅǞǦƳ 

 



 

ᶫ . a ɨɱǵ ‼ Ƴc ׄ b ǑȏǺ a ׄ c ǲ Ǫǭ

ὑǞǦ ɵ ↓ѝ Ͻ ἧѝϽ TARPES ǵὕ Ƴ 

ɨɱǶᶫ 1 a ǲ ǠȏǍǲ ǵ‹ ἧǓǹǧ ǲ ȑ ȅȓǦ῁Ǔ b ǲ ǪǦ ׄǲ

Ȇ ǱǪǦ ș ǪǭǋȅǠƳᶫ b ǯ c Ƕ TARPESǲȏȒὕ ǮǠǓƲǤȓǥ

ȓǵ‼ζǶϽ֛טǓ ǚȒѼƲֳζǓϽ֛ט♥ǲ 1 ɒȱ ǞǦ ǵ ș ǞǭǋȅǠƳ

ǚǵ ǒȐƲc ǲ ǪǦ ׄǮ ǜȓǦ̟ᾚₑǶל΅Ǳ ḌǵɎɱɇѝ ș Ǟ

ǭǋȅǠǓƲa ׄǲǫǋǭǶѝ ͜Ǔ ₳ȐǲǱǪǭǋȅǠƳǚȓǶƲ̟ᾚ ἧǵ

ҧ ǲẎǔǱ ǋǓǉȒǚǯș ǞǭǑȑƲ ǵ Ʋc ׄǵ ҧ Ƕ a

ׄǲ ǪǦ ׄǲ Ȁ 10ѝǵ ̊ʤǲǱǪǭǋȒǚǯǓȖǒȑȅǞǦƳ 

 

  ᶫ . ɵ ↓ѝ Ͻ ἧѝϽ TARPES ǲȏǪǭ ǞǦ ɨɱǵ ȫɡɨȠȾȢ

ɈɝȭȷƳ 

 

ᶫ ǲǶƲϽ֛טǲȏȑ̟ᾚₑǲҤ ǜȓǦ ἧǵȾȢɈɝȭȷș c ǲ ǪǦ ׄǮ Ǟ

Ǧ ș ǞǭǋȅǠƳ ǵ ǲǯȉǱǋ ǲ̟ᾚₑǵ⅝ǲ ἧǓ ҲǞǭǋȒ ἧǓȏ

ǖȖǒȑȅǠƳϽҤ ♥Ʋ 30 ɒȱ ǠȒǯȂȃ̟ᾚₑǵ⅝ǲ ἧǓ ǞǭǋȅǠǓƲ

Ǥǵ Ǔ 400 ɒȱ̊ʣ ǞǭǋȒǚǯș ǲ ǞǭǋȅǠƳǚǵ ǶƲ ₡ǵ ιǮ

Ƕ ᾑǞǦϽǲȏȑǦǦǔʣǙȐȓǦ ἧǵ Ǔ ɒȱ ǮǉȒǚǯș ǏȒǯ ₡ǲ

ǋ ǮǉȒǚǯǓȖǒȑȅǠƳ 

 

ǀ˹♥ǵ᾽ ǁ 

ǒȐƲϽɏɩȷ ᾑǮ͔ ἧₑǵ ἧǓ̟ᾚₑǲǦǦǔʣǙȐȓƲǤȓǓ ǠȒ

ǚǯǓ ȐǒǯǱȑȅǞǦƳ▌ǋϽǮҤ ǞǦḹֻǲǶƲǤȓ̊ʣ֛טǓ ǚȐǡƲ ǲϽș

ǜǢȒǯǋǍƼ֯ ᴇϽ֛טƽ ᶫ ǯǋǍ ◐ Ǔ ǚȑȋǠǖǱȒǦȈƲɪɶȴɶǵ

ɏɩȷӓȋƲ Ͻ ͬș֯ ǲǠȒϽȷȢɁȿǿǵꜘ Ǔ ♅ǜȓȅǠƳȅǦƲ ɨɱǶ῁

ǵ Ǔ ᾜǠȒǲǫȓƲɎɱɇȬɡɁɕǓ֯ ḢȅǮẎǔǖǱȒǚǯǓ ȐȓǭǋȒǚǯǒȐƲ

ɨɱș ǋǭⅎǋ ᶪșȩɎɶǠȒɪɶȴɶȋϽ ͬǵꜘ ǿȉẎǋǲ ♅Ǔ ȅȑȅǠƳ 

ȅǦ ǶƲḨ Ǳ ǒȐȉẎǔǱ șװ ǨȅǠƳϽ֛טǲȏȑ ȅȓǦ̟ᾚ ἧǯǤ

ǵ ǘ ǲ ►ǠȒ Ἡ əɶɩ ǯǓ ֻǞǭʝǫǵ ἧǯǞǭ Ȓ ǍҤ ἧǓ Ȑȓǭǋ

ȅǠǓƲ ɨɱǵȏǍǱ Ǳ̟ᾚ ἧș ǫ ǮǶƲǤǵҤ ἧǓ Ǳ ̏ʤǮɚɶȸɵ

ȠȢɱȵɣȽȢɱш ș ǚǞɜȭɫǱ Ҳ ș◐ ǠȒ ȉ ȐȓȒǚǯǓ ♅ǜȓȅǠƳ

ǚǵ ǶƲԍἧǮǶ ǜȓƲɌɶɗɩ ἶ ǵᾍ ǯǱȑȅǞǦƳǚǵȏǍǱ Ǔ ɨ

ɱǮ ǜȓȒ֯  ǓїǭǔȅǞǦƳר

 

 



 

 

 

ᶫ . ɨɱǲǑǘȒϽ֛טƳ a ЊᾑϽ▌↓ǓᾛǜǋḹֻǶƲϽ֛טǲȏȑ ἧǓ

̟ᾚₑ ǲҤ ǜȓƲb Ǔ ǠȒǯȋǓǭ̟ᾚₑǵ⅝ǲ ἧǓ ǠȒƳc

▌ǋϽǮ̟ᾚₑǲҤ ǞǦḹֻǲǶƲǤȓ̊ʣ֛טǓ ǚȐǡƲ ǲϽș ǜǢȒǯ

ǋǍƼ֯ ᴇϽ֛טƽǓ ǚȒƳ 

 

 

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 ș ὑǠȒ ș ↓ѝ Ͻ ἧѝϽ ARPES

ǯ ǋȅǠƳ 

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

ἧѝϽǯǋǋƲɛɱɕϽǯᴀǷȓȒϽɏɩȷǲȏǪǭ ǟǦ ἧ ǵҲ ẀӓșɕɫɶɔϽ

ǲȏǪǭȷɈɁɕȵɥɁɆǯǞǭ ǏȒǚǯǓǮǔȅǠƳǚǵ ɵ ↓ѝ Ͻ ἧѝϽ

�¢



 

ἧ Ἡᾍ Ҥ ἧ ǵɚɶȸɵȠȢɱȵɣȽȢɱш  

1ǫǵ ǲ 1ΉǞǒЊȓǱǋ ἧșɓȥɩɝ ἧǮǉȒᾍǞƲ1ǫǵ ǲ̲ΉǮȉЊȓȒ

ǵǓɚɶȸ ἧǮǠƳǉȒ ↓̊ʤǮ⁄ Ǳ ǵɚɶȸ ἧǓ ̭ȦɋɩȬɶ ǲ Ǩ



ᶫ 5.ӭᾚ̱ǵɎɱɇ ǯɎɱɇȬɡɁɕ 

 

 

ǀǑᵂǋֻȖǢϼǁ 

ǀ ǲ ǠȒǚǯǁ 

ⅎῬẎἶẎἶ ἶ ἶᾐ    ẑ 

ⅎῬẎἶҍ ר  

Tel 082-424-7400  

E-mail akiok@hiroshima-u.ac.jp 

 

ˬẎἶ ר  ȱɐɶɪɱɆϽ ἶ ȹɱȽɶ Ҟ    

Tel 04-7136-3381  

E-mail ishiday@issp.u-tokyo.ac.jp 

 

Г↕ ẎἶẎἶ ἶ    ʝ 

Tel 0791-58-0509  

E-mail akahama@sci.u-hyogo.ac.jp 

 

ǀḸ ǲ ǠȒǚǯǁ 

ⅎῬẎἶ ҵɵ ҵὙⅎḸ  ⅎḸȮɩɶɕ ̯Ƶ  ᴇ˲ 

TEL: 082-424-3749 FAX: 082-424-6040 

E-mail koho@office.hiroshima-u.ac.jp 

 ͬ  6 ȇד  
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