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֚▌ Ɇɛɫȶȩɩר ̱șʫ ǮѧȈǭ  

ǵ ἧȠȭȵȨɱǵ ǲқ  

 
 

ǀ ǵɛȢɱɆǁ 

ƨ֚▌ Ɇɛɫȶȩɩר ̱șʫ ǮѧȈǭ ǞȅǞǦƳ 

ƨ ǵ ἧȠȭȵȨɱǵ╠ǔ ǚǠɆɛɫȶȩɩ ҧ ǵὕ ǲ Ǔ ǔȅǞǦƳ 

 

ǀ ǁ 

 ⅎῬẎἶẎἶ ἶ  



ȒǚǯǮ ӓǓ ȅȓȅǠƳǞǒǞƲɆɛɫȶȩɩ ҧ ǮǶƲ ḹǮ ӓș ǞƲ ḹ

Ǯ ѝ ș ǠȒ ǮǠƳǚǵȏǍǲǚȓȅǮǵ₡ șǖǫǓǏǠȏǍǱҧ ǓƲ֚▌

Ɇɛɫȶȩɩר ̱Ǯ ȓȒǚǯǓ ǲ˔ ǜȓǭǋȅǞǦǓƲǤǵȏǍǱ Ƕǚȓȅ

Ǯ ǫǒǪǭǋȅǢȚǮǞǦƳ 

 

ǀ ǵКὦǁ 

ȿɶɞǶƲȅǡ ↓Ǳ ș ǋǭ MnBi2Te4Ǔ֚▌ Ɇɛɫȶȩɩר ̱

ǲǱȑǍȒǚǯș˔ ǞȅǞǦƳ ǲǤǵӴ ǵ̸ ș ǋƲ Ʋ Ʋר șר

ȀǦǯǚȔƲֿ Ǔ῁ ǵ֚▌ ǮǉȒǚǯș̱ר ȐǒǲǞȅǞǦƳǤǵ șƲⅎῬẎἶ

ǵ ᾑϽ ἶ ȹɱȽɶǵȵɱȭɫɆɫɱ ᾑϽș ǋǭ ↓ѝ Ͻ ἧѝϽș ǋǭὕ ș

ǱǪǦǯǚȔƲǤǵ ǵ ǲẎǔǱȦɋɩȬɶȬɡɁɕǓ ǋǦɅȡɧɁȭ ἧ ș

ǲ ǞȅǞǦƳǚǵȏǍǲ ǮǶƲʫ ǮѧȈǭ֚▌ Ɇɛɫȶȩɩר ̱ǵὕ

ǲ ҚǞȅǞǦƳ 

 

ǀᶫ 1ǁ 

 

ᶫ . (a)֚▌ Ɇɛɫȶȩɩר ̱Β MnBi2Te4 ǵ ǯ(b)

ǲȏȒ Ɏɱɇ Ƴ 

 (a)ᶤ ǮᶪȅȓǭǋȒȏǍǲƲɄɩɩǯɑȷɜȷǯɜɱȪɱ ʴẔ ǵԍἧ῁ǒȐ

ǮǔǦ ῁ɔɫɁȭǓḨ Ӵ̬ǯǱȑƲ▀ǋҘǮ ῁ǞǭǋȅǠƳǤȓǥȓǵɔɫɁ

ȭǵɜɱȪɱ῁ǵ ɠɶɟɱɆǓɔɫɁȭǛǯǲʣׄǔǯʤׄǔǲ˧˛ǲʱȚǮ

ǵװ ӓș ǦǱǋƼ῁ ֚▌ ƽǯǱǪǭǋȅǠƳ(b)ר ǒȐɎɩȭɎɱɇ

ǵȦɋɩȬɶȬɡɁɕǵʴǲἭ᷀ǠȒȷɒɱά ǞǦ ɎɱɇǲẎǔǱȦ

ɋɩȬɶȬɡɁɕ 86 meV Ǔ˔ ǜȓȅǞǦƳ 

 

 

 

 

 

 

 

 

 

 



ǀᶫ ǁ 

 

 

ᶫ . ↓ѝ Ͻ ἧѝϽǲȏǪǭ ǞǦ MnBi2Te4ǵ Ɏɱɇ Ƴ 

ⅎῬẎἶ ᾑϽ ἶ ȹɱȽɶǵ ↓ɪɶȴɶϽșѫ ǞǦ ↓ѝ Ͻ ἧѝϽ

ș ǋǭ֚▌ Ɇɛɫȶȩɩר ̱Β MnBi2Te4ǵ Ɏɱɇ ǵ

ș ǱǋȅǞǦƳǤǵ Ʋᶫ 1 ǲ ǠȏǍǲƲɆɛɫȶȩɩ ̱ș ⱪ̂ǘȒ

ǱɅȡɧɁȭ ǵ˧ ǮƲȦɋɩȬɶȬɡɁɕǓ ǋǭǋȒǚǯș ǞȅǞǦƳ

ǚȓǲȏȑƲMnBi2Te4Ǔ֚▌ Ɇɛɫȶȩɩר ̱ǮǉȒǚǯșὕ ɵ ǵʰ ǒ

Ȑʫ ǮѧȈǭ ȐǒǲǞȅǞǦƳ 

 

ǀ˹♥ǵ᾽ ǁ 

 ˹ᶥǵ֚▌ Ɇɛɫȶȩɩר ̱ǵ ǲǶẎǔǱ ǓǉȑȅǠƳװ ǵ ἧƼȠȭ

ȵȨɱƽǓ ȖȒɆɛɫȶȩɩ ҧ ǵ ǲׄǘǦ Ǔқ ǠȒǚǯǓ ♅ǮǔȅǠƳ

ȠȭȵȨɱǶƲ ἧ ἶǮᾚЊǜȓǦ̌ ἧǮƲ♫ ǵ ἶǵḨ ╛ǮǉȒɜȭ

ȷȤȥɩǵ ╛ǓẎǔǖẀ ǜȓȅǠƳ Ǯ ǜȓǦ֚▌ Ɇɛɫȶȩɩר ̱ș

ǋǭƲẎḌǵқ ᶅȋ їᶅș ǋȒǚǯǱǖƲȠȭȵȨɱǓ╠ǔ ǚǠ ƵǱ Ǟǋ Ǔ

ǜȓȒǚǯǓ ♅ǮǔȅǠƳ 

 

ǀ ǁ 

ȵɱȭɫɆɫɱ ᾑϽ 

Ͻǵ ↓ ᷂ șʝ ǲ ӭǠȒ ǜ ȅǮǲ ἧșқ ǞƲ ḹǮǤǵ ׄș Ǚ

ȒǯƲֿ ǲ ׄǲ▌ҘǱϽǓ їǜȓȒƳǚȓǓȵɱȭɫɆɫɱ ᾑϽǮǉȒƳ Ǯ

Ƕ ǵʴǲ ᾑϽș ǫǘȒǚǯǓǮǔȒǓƲ᷂ʣǮǶᾐ ǵқ ᶅǓⱳ ǮǉȒƳȵɱȭɫ

Ɇɫɱ ᾑϽǶƲ˲ Ǔ ǲЊȓǦ ȉ▌ҘǱϽǮƼẌǵϽƽǯȉᴀǷȓȒƳ ὕ ǶⅎῬẎἶ

ᾑϽ ἶ ȹɱȽɶǮ ȖȓȅǞǦƳ► Ƕᶮ Ẏἶ ˲ǯǞǭǶᴷʝǵ ᾑϽ ǮƲ

ẉǖǵᶮКẆɤɶȴɶǓѫ ǠȒƲВֿѫ ɵВֿ ǮǠƳ 

 

↓ѝ Ͻ ἧѝϽ 

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

Ͻ ǯǞǭȵɱȭɫɆɫɱ ᾑϽ ȋɪɶȴɶϽǱǰǓ ǋȐȓȅǠƳ 



 

ȠȭȵȨɱ 

 ἶǵ Ẏǵᵂ ǵʝǫǮǉȒ▌ǋ CP ᵂ ș ǠȒǦȈǲᾚЊǜȓǦ̌ ἧǮƲὂὐ

ǵ ȾɶȭɜȽɶ ǵ 4 ѝǵ șӸȈǭǋȒǯȉ ǏȐȓǭǋȒƳǚȓȅǮẎ ǒȑǱ

ὕ ș ǋǦὕ Ǔ ẉǖ ȖȓǭǔȅǞǦǓƲǋȅǧǤǵἭ᷀Ƕ ǒȈȐȓǭǋȅǢȚƳ

ǚȓǓἭ᷀ǠȒǚǯǮƲ ɵẎἶǮἶ ǠȒȏǍǱȪȤȷǵ ѸȋȠɱɘɶɩǵ ѸǱǰǵʝ

ǵ ἶǵ Ѹǲʹ șқǏǱǘȓǷǱȑȅǢȚƳǚǵ Ǟǋ ҧ ǲȏȑƲ ḹǮ

ӓș ǞǦȑƲ ḹǮ ѝ ș ǠȒǚǯǓ֯ ǯǱȑȅǠƳ 

 

Ɇɛɫȶȩɩ ̱ 

 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 ι

ǯֿǟȏǍǲ ș Ǡר ș ǫ Ǳ ǮǠƳɆɛɫȶȩɩ ̱ǵ ǲ ș Ǎ

ἧǶȷɒɱ ἧǵ șǤȔǏǭ ҲǞƲƼϽƽǯֿǟȏǍǲ ș ǦǱǋǵǓ Ẏǵ ⱪ

ǮǠƳȅǦ ₡ǵ ǯǶ ǱȑƲɆɛɫȶȩɩ ̱ǵ șҲǔᶥȒ ἧǶƲ ǯǶ ǋƲ

ȋʥ ǲȏǪǭ ǜȓȒǚǯǱǖ ȦɋɩȬɶș ẕǠȒǚǯǱǖ ̟ᾚǓǮǔȒǯǋ

Ǎǯǭȉ Ҙ Ǳר ș ǪǭǋȅǠƳ 

 

ἧəɶɩҧ ǯ ἧ ₡əɶɩҧ  

ἧəɶɩҧ Ƕӭᾚ̱ǵ ̟ᾚ↓Ǔ ἧӓǜȓȒ ǮƲ1980₴ǲɓȧɱɵȭɨɁȿɱ

ȮӵṲǲȏȑǶǟȈǭ ǜȓȅǞǦƳǚȓǶ ר ἶǵḢș ǏǦʫ ǵẎ ǯǞǭẎǔ

Ǳ ș ǺƲֿӵṲǶ 1985₴ǲɌɶɗɩ ἶ ș֞ ǞȅǞǦƳǤǵ♥Ʋ ǓẎǔǖ

᾽ǞƲ ἧəɶɩҧ ǓǑǚǪǭǋȒ ǮǶƲӭᾚ̱ ǵ ǲ ǪǭȦɋɩȬɶșẕǍǚǯ

Ǳǖ ἧǓʝ ׄǲ ȓǭǋȒǯ ǜȓǭǋȅǠƳǞǒǞǱǓȐƲ ἧəɶɩҧ ǶƲ ̭ Ʋ

▌ ḹǯǋǍ ǫǵ ṑǓǤȔǪǭǶǟȈǭὕ ǠȒǦȈƲḨ ǵḢșїȒǚǯǶǱǖƲὕ

ӓǲǶȂǰ ǋȉǵǯ ǏȐȓǭǋȅǞǦƳǯǚȔǓƲ2013₴ǲǱȑɆɛɫȶȩɩ ̱ Ħ

ǯǞǭ ȐȓȒȠɱȿɠɱɵɑȷɜȷɵɄɩɩӓֻ  (Sb,Bi)2Te3ǲȭɫɞ Cr ǯǋǍⱨ

ǵ Ϸר șדȚǧ Ɇɛɫȶȩɩר ̱ǲǑǋǭƲẆ ḹșⱳ ǯǞǱǋ ἧəɶɩҧ

Ǔ ǜȓẎǔǱ֚ șᴀǺȅǞǦƳǚȓǶ ₡ ἧəɶɩҧ ǯᴀǷȓƲǤȓȅǮ ǲ

Ƕ˔ ǓǜȓǭǋǦȉǵǵƲὕ Ǔᶩ Ǳȉǵǯ ǏȐȓǭǋȅǞǦƳ 

 

 
ǀǑᵂǋֻȖǢϼǁ 

ⅎῬẎἶẎἶ ἶ ἶᾐ    ẑ 

Tel 082-424-7400  

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

 ͬ ȇד   

mailto:akiok@hiroshima-u.ac.jp

