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QLC  

  

 

↓─ ⁸QLC ⌐ ⇔≡™√∞⅝⁸ ⌐ ™╕∆⁹ ≢│⁸ ⌐ ⇔

√ ⌐≈™≡ ⌐ ═↕∑≡™√∞⅝√™≤ ™╕∆⁹ 

 ─ ≢№╢⁸₈ Quantum Liquid Crystals ₉─ │⁸

─☻♩ꜝ▬ⱪ ─ ⌐⅔™≡ ╘≡ ⇔√╙─∞≤ ⇔≡™╕∆⁹ ─ Mott

│ ⅜ ╩ ∫√⁸ ─₈ ₉ ≤╖⌂∑⁸∕╣⌐ ⱪכ♪כⱣכ○⇔ ─

│ ╩ ⇔√⁸™╦┌ ─₈ ₉ ≤╖⌂∑╕∆⁹↓╣╠─ ≢│⁸

─₈ ₉ ≤⇔≡ ⅜ ┘ ╩ ∫√☻♩ꜝ▬ⱪ ╛ │ ⇔

╩ ∫√ Ⱡⱴ♥▫♇◒ ⅜ ∆╢⁸≤™℮ ≢∆⁹∕─ ⁸↓─ │ ⱱכ

ꜟ ≢ ∆╢ Ⱡⱴ♥▫♇◒ ╛☻♩ꜝ▬ⱪ ⌐╙ ↕╣≡™⅝╕⇔√⁹ 

 2008 ⌐ ↕╣√ │⁸ ₁─ Ⱡⱴ♥▫♇◒ ─ ╩ ⅝ↄ ╘╕⇔√⁹ ↄ

─ │⁸ ⅛╠ ┼─ ╩ ⇔⁸ ─ ⅜ ⅛╠ ┼

∟╕∆⁹↓─ ≢ ─ ⅜ ⌐ ⅝™↓≤⅜ ↕╣⁸ ≢│↓─

│ Ⱡⱴ♥▫♇◒ ┼─ ⅜ ∆╢╙─≢№╢≤™℮ ⅜ ⇔≡™╕∆⁹ 

↓─ Ⱡⱴ♥▫♇◒ │ ╩ ╡₈ ⅝╩ ∆₉≤™℮ ≢ ─Ⱡⱴ♥▫♇◒ ≤

⅜№╡⁸∕─ ─ ⌐╙⌂∫≡™╕∆⁹⇔⅛⇔⌂⅜╠⁸ ─ │ ─ ≢

∆╢╙─≢№╢√╘⁸ Ⱡⱴ♥▫♇◒ ─₈ ⅝₉⁸∆⌂╦∟≥─ ⌐ ╩ ╢⅛⌐│

⅜№╡⁸≥─ ⌐╙ ⅝⅜ ™℮╢Ⱡⱴ♥▫♇◒ ≤│↓─ ≢ ⅝ↄ ⌂∫≡™╕⇔√⁹ 

 ─ ≢│⁸ Ba1-xRbxFe2As2─№╢ ─ x⌐⅔™≡⁸№╠╝╢ ⌐ ∆╢

Ⱡⱴ♥▫♇◒ ─ ⅜ ☻▬꞉כꜞꜙ◐⌂℮╟∂ ⌂ ╩ ∆↓≤⅜╦⅛╡⁸↓

─ ≢│ ℮ ⅝⌐ ⅜⌂™⁸ √⌂ Ⱡⱴ♥▫♇◒ ┼─ ⅜ ∆╢↓

≤╩ ⇔╕⇔√⁹⇔⅛⇔⌂⅜╠⁸ │№ↄ╕≢ ⇔™ Ⱡⱴ♥▫♇◒ ┼─ ⅜

∆╢↓≤⅜ ↕╣√╙─≢⁸ ⌐∕─ ⅜ ↕╣≡™╢╦↑≢│№╡╕∑╪⁹ │↓─

⅜ ⌐ ↕╣ ╢⅛ ⅛⌐≈™≡ ╠⅛⌐⇔≡™ↄ ⅜№╢≤ ⅎ≡™╕∆⁹ 

 

 │ ⅜ ╩♃כ♦─ ╡ ╩⇔√ ⁸∕╣⅜↓─

⇔™ Ⱡⱴ♥▫♇◒ ≤ ⇔≡™╢ ⅜№╢↓

≤╕≢│ ⅎ⅜ ┘╕∑╪≢⇔√⁹∕─ ⌐ ╘≡ ⇔

√▪ⱷꜞ◌ ≢⁸☻♃fiⱨ◊כ♪ ─ ≤ ╩⇔

╢№│♃כ♦─⧵⁸₈⌐⅝≥√ ⅜ ⅎ≡™╢ ⇔™

Ⱡⱴ♥▫♇◒ ≤ ⇔≡™╢⅛╙⇔╣⌂™₉≤ ↕

╣⁸∕─ ⌐ ⇔≡ↄ∞↕∫√─⅜⅝∫⅛↑≢⇔√⁹

│ ≢⁸ Ⱡⱴ♥▫♇◒ ─ ⌐ ⇔

─╖≢─ ≢│ ╩ ∂│∂╘√↓╤≢⇔√⁹

─ │⁸ ⌐™╤╪⌂ ≤ ∆╢↓≤≢ √⌂

╩ ╠╣╢─∞≤ ╩╙∫≡ ≢⅝√⁸ ─ ≢

⌂ ≢⇔√⁹ 

 

 ─ ≢№╢ Ba1-xRbxFe2As2│⁸ ─ ↕╪─ ⁸ ─ ≢

⌐ ⅜ ⇔⁸∕╣╩≈ↄ┌⅛╠ ┼ ∟ ∫≡ ╩ ℮⁸≤™℮☻♃▬ꜟ≢ ╩ ╘╕⇔

√⁹⅔ ⌐⌂╡╕⇔√ ─ ↕╪⁸ ↕╪⁸ ↕╪⌐│ ↄ ⇔ →╕

∆⁹╕√⁸ ⅛╠⅔ ⌐⌂∫≡™╢ ╩ ╘≤∆╢ ─ ↕╪⁸∕⇔≡ ─

≤⌂∫√ ─ √╢ ≢№╢ ─ ↕╪⌐ ™√⇔╕∆⁹ 

 

ה ה ה   

☻♃fiⱨ◊כ♪ ─ √∟⅜ √∟─

╩ ⇔√ ─ ⁹ Ⱬꜞ►ⱶ♩ꜝ

fi☻ⱨ□כ ⌐ ∫√⅛│ ⅎ≡™⌂™⁹ 
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↓─ │⁸ 1 QLC ╩ ⅝№╡⅜≤℮↔↨™╕∆⁹ ≢∆⅜⁸ 3 ⌐ ⌐

─ ╩ ™√⇔╕⇔√⁹↓╣╕≢⁸ ╛⁸ ≢─ ─ ╩ ↄ⌂≥⁸QLC─

⌐│ ⅔ ⌐⌂╡╕⇔√⁹╕∞╕∞ ≢∆⅜ ( │ ╡∆⅞╕⇔√∆╖╕∑╪⁹)⁸↓╣⅛

╠╙ ∫≡™⅝╕∆─≢ ≤╙≥℮∙╟╤⇔ↄ⅔ ™™√⇔╕∆⁹ 

∕╣≢│ ⁸ ⅜ ∫√ ⌐≈™

≡ ⇔√™≤ ™╕∆⁹ │↓╣╕≢

₈ ™ ─ ⅜≥─╟℮⌂ⱷ◌

♬☼ⱶ≢ ∆╢─⅛ ₉╩ ∆╢√

╘─ ╩ ∫≡⅝╕⇔√⁹

≤│⁸ ⌐ ⅜ ↄ↓≤≢⁸

Ɑ▪ ⇔√ ≢∆⅜⁸

≢│⁸ ⌐ fi꜡כ◒™ ⅜  

ↄ√╘⁸ Ɑ▪⅜№╢ ≢ ⇔⌂™ nodal◑ꜗ♇ⱪ ╩ ≈≤ ⅎ╠╣⅝╕⇔√⁹

─ │⁸ ≤▪◒♅ⱡ▬♪ ⅛╠ ╢₈ ™ ₉≤ ┌╣╢ ≢∆⁹1971 ⁸

™ ≢ ╘≡─ ≤⇔≡ Ce2Cu2Si2 ⅜ ↕╣╕⇔√⁹ ⅛╠ ╠ↄ⁸ ⌂ 

nodal (dx2-y2 )≢№╢≤ ⅎ╠╣≡⅝╕⇔√⁹≤↓╤⅜ ⅛╠ 30 ∫√ ⁸Ce2Cu2Si2

ⱡכ♪⅜ ™ full gap ≢№╢↓≤⅜ ↕╣╕⇔√[1,2]⁹↓─ ╩ fi꜡כ◒−⌂₈⌐ ⅜ 

⅝⌂ ≢ full gap

⅜ ∆╢─⅛ ₉╩

∆╢↓≤⅜⁸ ─

≤⌂╡╕⇔√⁹ 

↓─ ╩ ∆╢ ⁸

≢ │ ⁸ ™

Ce2Cu2Si2─ 4f1 ╩

∆╢ J=5/2─ 2

▪fi♄כ♁fi ─ ╩

™╕⇔√( 1)⁹ ™  

─ ⅝⌂ ─ ≈⅜⁸ ™☻Ⱨfi ─ ≢∆⁹↓╣⌐╟∫≡☻Ⱨfi≤ ─ ⅜

╖ ™⁸ ≢ ↄ ╠╣√ ╩ ⅎ⁸ J(=L+S)≢ ↑╠╣╢ ─

⅜ ⅝ ╡╕∆⁹ ≢│⁸ ⅜╙√╠∆ ה ╠⅞╩ ⇔√

╩ ™╕⇔√⁹ ⌐ ─ ⅝⌂ │⁸ ─ ≢│ ↕╣√ ─

╩ ⇔√ ≢∆⁹↓╣│ ─ ─ ≢ vertex( ) ≤ ┌╣╕∆⁹ ─ ╩ 2

⌐ ⇔╕⇔√⁹ │◑ꜗ♇ⱪ ─ ≢ ⌐ ⇔╕∆⁹ ↕⌂  

fi꜡כ◒ ─ 10 ─ 1 ⅜ ∆╢ ⁸ ─ full gap ╩

∆╢↓≤⌐ ⇔╕⇔√[3]⁹╕√⁸ ╠╣√ full gap │⁸ ╠

⅞⅜ ⅝™ ↄ⌂╡╕⇔√⁹↓─ │⁸ ─ ≤ ↄ ≢∆⁹

≢│⁸vertex ╩ ∆╢↓≤⌐╟∫≡⁸ ≤

╠⅞⅜ ∆╢≤™℮ ⇔™ ╩ ⇔╕⇔√( 2 )⁹ ⌐

│⁸ ∞↑≢⌂ↄ⁸ ╠⅞⅜ ⇔≡

╠⅞╩ ∆╢≤™℮₈ ╠⅞ ─ ( 3)₉╩ ⅝

↓⇔⁸ ™ ─ ─ ╕≢ ≢⅝╢ ╙ ⇔ 

╕⇔√[4]⁹[1] S. Kittaka et al., PRL (2014). [2] Y. Mizukami et al, Sci. Adv (2017). [3] R. Tazai et al., PRB 

98, 205107 (2018). [4] R. Tazai et al., PRB 100, 241103(R) (2019) 

ה  Scה ה   

1  4f1

 

3  

2 ( ) full gap s

( )  
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D01  ⁸  

 

2018 ⌐ⱡכⱬꜟ ⅜ ⅎ╠╣√♅ꜗכⱪⱤꜟ☻ ⌐ ↕╣╢╟℮⌐⁸ ⁸ Ɽꜟ

כ◙כ꜠☻ ⅜ ⇔ↄ ⇔≡⅝√↓≤⌐╟╡⁸ ≢ ─ ╩ ∆╢ ╖⅜⌂↕╣╢

╟℮⌐⌂∫≡⅝≡™╕∆⁹ ⌐╟∫≡ ╩ ↕⌂™ ╩⁸ ╩ ∆ ⌐∆╢⁸№╢™

│⁸ ─ ╩ ≈ ╩⁸ ♀꜡─ ⌐∆╢⌂≥⁸ ╩ ⌐ ≢⅝╢╟℮⌐

⌂╣┌⁸ ⌐ ⌐ ∆╢☻▬♇♅─ ⌂≥⁸ ₁⌂ ─ ⅜ ⅎ╠╣╕∆⁹↓─╟℮⌂

─ ⁸↔ↄ ⁸ ⌐⅔™≡⁸ ╟╡╙ ™ ≢⁸ ⌐╟∫≡

⅜ ∆╢↓≤⅜ ↕╣≡⅔╡⁸ ⅛╠ ↄ ╩ ╘≡™╕∆⁹⇔⅛⇔⁸ ⌐╟

╡ ∆╢ ─ │⁸ ⌐ ╠╣≡⅔╡⁸↕╠⌐ ─ ─╟℮⌂

≤ ═╢╙─⅜№╡╕∑╪≢⇔√⁹∕↓≢⁸ ≢│⁸ ⌐ ← ™ ╩

∆ ⌐ ⇔⁸ ≢╙ ⌂≥─ ₁⌂ ⌐╟╡ ⅜ ⇔ↄ ∆╢ FeSe╩ ≤

⇔≡ ⇔╕⇔√⁹╕√⁸ כ◙כ꜠ ה ╩ ™╢↓≤≢⁸

─ ⌂Ᵽfi♪ ╩ ⇔⁸ ─ ╩ ⇔√─≢↓↓⌐ ⇔╕∆⁹ 

FeSe─Ᵽfi♪ │⁸ ≤ ─ ⅛╠ ╡⁸∕╣∙╣ ≢│⁸ȹ ≤ M ⌐

⇔╕∆⁹ ≢│⁸ ™◄Ⱡꜟ◑כ─ ╩ ™≡™╢─≢⁸ ™ ╩ ⅎ╢↓≤⅜≢⅝⁸

↓─ Ᵽfi♪≤ Ᵽfi♪ ─♄▬♫Ⱶ◒☻╩ ∆╢↓≤⅜≢⅝╕∆⁹ ( )⌐ ─

Ᵽfi♪≤ Ᵽfi♪⌐⅔↑╢⁸◄Ⱡꜟ◑כ◦ⱨ♩─ ╩ ⇔╕∆⁹ ⌐⁸ Ᵽfi♪│

0.04 eV ↄ⌂╢ ≢⁸ Ᵽfi♪│╒╓ ╦╠⌂™≤™℮ ⌂ ╢ ™╩ ⇔≡™╕∆⁹↓

╣│⁸ ( )⌐ ⇔√╟℮⌐⁸ ◑ꜗ♇ⱪ⌐ ∆╢○ⱨ☿♇♩⅜ ╣√↓≤╩ ⇔≡™╕∆⁹

↕╠⌐⁸↓─ │ 800 ps (1 ps = 1/1,000,000,000,000 s) ⇔≡™╢↓≤╙ ↕╣⁸↓╣│⁸

╟╡╙ 10 ™≤™℮⁸ ⌐⅔™≡ ╕⇔™ ╩ ≈↓≤╙ ⅛╡╕⇔√⁹ 

⌐⅔™≡ ↕╣√ ⌐⅔↑╢ │⁸◖fiⱧꜙכ♃─ ╛

⌐ ╖ ╗↓≤≢⁸ ─ ╛ ◖☻♩─ ⌂≥⁸ ─ ─ ⌐⌂╢↓

≤⅜ ↕╣╕∆⁹ ₈ ₉≢ ╩ ∆╢ ⅜⁸╕∆╕∆ ╪⌐⌂╢↓≤╩ ∫≡™╕∆⁹ 

https://youtu.be/dCR2GTQQCgc 

 

ה ה  

ה ה  

 

1  

https://youtu.be/dCR2GTQQCgc
https://youtu.be/dCR2GTQQCgc
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LaH10  

C01   

 

 2003 ⌐ⱡכⱬꜟ ╩ ↕╣√ Vitaly L. 

Ginzburg│⁸∕─ ≢ ⅔╟┘ ⌐⅔↑╢

30─ ╩ →≡™╢⁹ ⅛╠

╕≢─ ™ ─ ⅛╠ ⅜ ≤ ⌐ →√

⅜ ה ─ ≤ ─ ≢№∫

√⁹↓─ ≈─ │ ↄ ─₈ ₉≤ ⌂↕╣

≡⅝√⅜⁸ ⁸ ─ ╩ ⌐⇔≡ ⌂

╩ ∑≡™╢[1]⁹ 

╩ ∆╢⌐│ ─ ╩Ⱳכ▪

╟╡╙ ↄ∆╢↓≤⅜ ╘╠╣╢⅜⁸↓╣╒≥─

≢│ ₁⌂ ⅜ ╣╢↓≤⅜ ⅎ╠╣╢⁹⌂⅛≢╙

™─⅜ ─ ≢№╢⁹BCS ⌐╟╣

┌⁸ │ⱨ◊ⱡfi─ ⌐ ∆╢⁹ⱨ◊

ⱡfi─ │ ─ ⅜ ↕↑╣┌ ↄ⌂╢─≢⁸

─ ≢№╢ ╩ ∆╣┌ ⌐ ⌐

⌂╢↓≤⅜ ↕╣╢⁹╕√⁸ ⌐│ ⅜⌂ↄ⁸

⅜ ≤ ╩∆╢↓≤⅛╠⁸

╙ ⅝ↄ⌂╢↓≤⅜ ↕╣⁸↓─↓≤╙

⌐≤∫≡ ⌐ ↄ≤ ⅎ╠╣╢⁹⇔⅛⇔⌂⅜╠⁸

╩ ∆╢⌐│ 400GPa≤╙ 500GPa≤╙ ╦╣╢

⅜ ≤↕╣⁸ ⌂ ⅜ ╠╣≡™⌂™⁹ 

⁸ ╟╡╙ ™ ╩ −≡ ⇔⁸∕─

╩ ∆╢▪ⱪ꜡כ♅⅜ ⅎ╠╣╢⁹↓─ ≢

─ ─ ≤⇔≡⁸LaH10⌐⅔™≡ ⅜ 250K─

⅜ ↕╣√[2,3]⁹↓─ ─ ⌐│

1 ─ ≢ ⇔√╟℮⌂ ─ ™ ⅜ √╣

╢ ⅜№╢⁹↓↓≢ ⅝⌂ │ La ╩⁸ ↕⌂ │

╩ ∆⁹≢│⁸↓─ ─ ™ │™∫√™

≥╣ↄ╠™─ ≢ ∆╢∞╤℮⅛ ⁸ ─ ⌐ ∆╢ ╩∆╢ │⁸ ╩

≤⇔≡ ℮⁹↓─ ⌐ ≠™√ ╩ ℮≤⁸ ─ ™ ╩ ∆╢⌐│200GPa

╩ ⅎ╢ ⅜ ╘╠╣╢⁹ ⁸ ≢│ 100GPa ™ ≢ ∆╢↓≤⅜╦⅛∫≡™╢⁹ 

∕↓≢⁸ ╙ ⌐ ℮ ╩ ™⁸LaH10─ ╩ ═√[4]⁹∕─ ⁸

─♀꜡ ─ ╩ ⇔√ ╩ ℮≤⁸ ─ ™ ⅜ ↕╣╢↓≤⅜╦⅛∫√⁹≈

╕╡⁸LaH10│ ╩ ⇔⌂↑╣┌∕─ ⅜ ≢⅝⌂™ ≢№╢↓≤⅜╦⅛∫√⁹↕╠

⌐ⱨ◊ⱡfi─ ╙ ⇔≡ ⌐ ╩ ╙╢≤ ─ ⅜

⌐ ≢⅝╢↓≤╙╦⅛∫√( 2)⁹ 

[1] J. A. Flores-Livas, L. Boeri, A. Sanna, G. Profeta, R. Arita, and M. Eremets: Phys. Rep., 856 1(2020). 

[2] A. P. Drozdov et al., Nature 569 528 (2019). 

[3] M. Somayazulu et al., Phys. Rev. Lett. 122 027001 (2019). 

[4] I. Errea et al., Nature 578 66 (2020). 

 

https://youtu.be/WZj9K8f8Y6U 

 

ה ה   

 

1 LaH10

 

2 LaH10

 

https://youtu.be/WZj9K8f8Y6U
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B01   

 

≢│⁸ ─ ⅜ ╩ ∟⌂⅜╠ ⅝╩ ⅎ╢Ⱡⱴ♥▫♇◒ ╩ ∆↓≤⅜ ╠╣≡

™╕∆⅜⁸ ─ │ ╩ ≈ ─ ≢№╢ ⌐ ╣╛∆™≤™℮ ⌂ ╩ ╢

⅜№╢↓≤⅜╦⅛∫≡⅝╕⇔√⁹↓─ │⁸ ⌐╟╡ ─ ╩ ╢√╘⁸

≤ ┬↓≤⅜≢⅝╕∆⁹ ⅜ ─╟℮⌐ 4 ╩ ≈ ⁸ ─

⅝│ ─ ⅛⁸ ⅛─ 2≈─ ⅜№╡℮╢↓≤⅜ ╠╣≡™╕⇔√ 1

⁹↓╣│⁸ ─ ⅜≥─ ⌐╙ ⅝╩ ⅎ╢↓≤⅜≢⅝╢↓≤≤│ ⌂∫≡™╕∆⁹ 

₁│⁸A01 ─ ≥ⱪכꜟ◓ ≢⁸ Ba1-xRbxFe2As2─ ≢⁸ ╕≢

⌐│⌂™ ╩ ≈ ⇔™ ─ ╩ ⇔╕⇔√⁹ ╩ ≠↑╢Ⱡⱴ♥▫

♇◒ ─ ╩⁸ ≤ ≢ ∫√≤↓╤⁸ x=0.75 ≢ ─ ─

⅜ ⌐ ⌂ ╢ ™╩ ∆↓≤⅜ ╠⅛⌐⌂╡╕⇔√ 1 ⁹↓╣│⁸ ─

─╖⅜ ∆╢ ─ ≤│ ⌂╡⁸≥─ ⌐≢╙ ⅝╩ ⅎ╢↓≤⅜≢⅝╢↓≤╩ ⇔≡

⅔╡ 1 ⁸ ─ ╩ ∆╢ ⇔™ ⅜ ≢⅝╢↓≤╩ ⇔√╙─≢∆⁹ 

─ ⌂ ≤≤╙⌐⁸↓─ ⇔™ ⌐ ∆╢ ⌐≈™≡⁸

─ ⅜ QLC♅ꜗfiⱠꜟ ⌐≡╦⅛╡╛∆ↄ ⇔≡⅔╡╕∆⁹ 

 

ⱪ꜠☻ꜞꜞכ☻ http://www.k.u-tokyo.ac.jp/info/entry/22_entry839/ 

 

 K. Ishida, M. Tsujii, S. Hosoi, Y. Mizukami, S. Ishida, A. Iyo, H. Eisaki, T. Wolf, K. Grube, H. v. 

Löhneysen, R. M. Fernandes, and T. Shibauchi, Proc. Natl. Acad. Sci. USA 117, 6424-6429 (2020) 

[https://doi.org/10.1073/pnas.1909172117]. 

 

https://youtu.be/G0kU18WABVw 

 

ה ה   

 

1 Ba1-xRbxFe2As2─ Rb x╩ ↕∑√ ─ ⁹ x=0.75⌐⅔↑╢

Ⱡⱴ♥▫♇◒ ─ ⁹ 

http://www.k.u-tokyo.ac.jp/info/entry/22_entry839/
https://doi.org/10.1073/pnas.1909172117
https://youtu.be/G0kU18WABVw
https://youtu.be/G0kU18WABVw
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B01  ⁸  

 

₁│⁸X כ◙כ꜠ XFEL SACLA

─ X ─ⱦכⱶꜝ▬fi BL3 ⌐⅔™≡⁸

FePt ─ X

XMCD ⌐ ⇔╕⇔√[1]⁹FePt │⁸

Fe ≤ Pt ─ ⅜ ╩ ∆↓≤⅜

╠╣≡™╕∆⁹XMCD ╩ ─ ™ X ╩ ™

≡ ∆╢↓≤⌐╟╡⁸ ◘▬♩─ ╩

⌂ ╩ ╠╣╢↓≤⅜ ╠╣≡™╕∆⁹ ⁸

XFEL≢ ╠╣╢ⱨ▼ⱶ♩ 1000 ─ 1

─ ─ X Ɽꜟ☻╩ ™≡⁸FePt⌐ ╩

≡╢↓≤⌐╟∫≡ ⅝ ↓↕╣╢ⱨ▼ⱶ♩ ☻

─≢ꜟכ◔ ─ ⅝╩≤╠ⅎ╕⇔√⁹∕─ ⁸

◘▬♩─ ⅜ ◘▬♩⌐ ═≡ ⌐ ↕

╣╢↓≤⅜ ↕╣╕⇔√⁹ │⁸ X

─ ⌐╟╡⁸ ≢ ╘≡

≢№╢ ─ 1Ⱨ◖ 1 ─ 1 ─

⌂ ─ ╘≡─ ≢∆⁹ 

♄▬♫Ⱶ◒☻│⁸∕─ ⌂ ─ ≤™℮ ⌂ ─╖⌂╠∏⁸ ─

≤™℮ ─ ⅛╠╙ ≢∆⁹ ↄ─ ─ ☻Ⱨfi♄▬♫Ⱶ◒☻⅜ ═╠╣≡⅝

√ ⁸↕╕↨╕⌂ ⌂ ─ ♄▬♫Ⱶ◒☻ ⅜ ↕╣≡⅝╕⇔√⁹√≤ⅎ┌⁸ ⌐╟∫

≡☻Ⱨfi─ ⅝╩ ה ∆╢ │ ™ ╩ ╘≡™╕∆⁹↓─ │⁸

╩ ╦⌂™ ⌂☻Ⱨfi ╩ nm ꜟכ◔☻ ≢⅝╢↓≤⅛╠ ┼─ ╙

↕╣≡™╕∆⁹FePt│↓─ ╩ ∆ ─℮∟≢╙ ─╙─≤⇔≡ ⅜ √╣≡™╕∆⁹ 

FePt≢│ ⅜⁸ ⌐ ⇔≡ ⌐ ╩ ↑╢≤™℮ ─ ⌐ ⌂ ╩ ∫≡⅔

╡⁸FePt─ ♄▬♫Ⱶ◒☻─ ─√╘⌐│ ◘▬♩─ ⅜ ≢∆⁹⇔⅛⇔ XMCD

╩ ⇔√ ⌂ │⁸ ─ ™ X ╩ ™√ Fe⌂≥─ 3d ⌐

⇔√ ⅜ ╦╣≡⅝╕⇔√⁹⇔⅛⇔⁸ ⌂≥⌐ ⇔≡│⁸ ⌂ XMCD ⅜ X ≢│

╠╣⌂™√╘⁸ XMCD ╩ ⇔√ ─ ♄▬♫Ⱶ◒☻⌐ ∆╢ │↓╣╕≢№╡╕

∑╪≢⇔√⁹∕↓≢⁸ ₁│ 10ⱨ▼ⱶ♩ ─ X Ɽꜟ☻⅜ ╠╣╢ SACLA BL3⌐⅔™≡⁸ⱳfi

ⱪⱪ꜡כⱩ ╩ ™√⁸ XMCD ╩ ™╕⇔√⁹ 

1─╟℮⌂ ⌐╟╡⁸ 2⌐ ∆ ⅜ ╠╣╕⇔√⁹ ⅜ ◘▬♩─⁸ ⅜ ◘▬♩

─ ─ ╩ ⇔╕∆⁹ FePt ⌐⅔™≡ ≤ ≢ ⌂╢ ╩☻◒Ⱶ♫▬♄─ꜟכ◔☻

∆≤™℮↓≤⅜╦⅛╡╕⇔√⁹ ₁│↓─ │⁸ ◘▬♩≤ ◘▬♩─ ─☻Ⱨfi─╛╡ ╡

≤⇔≡ ≢⅝╢≤ ⇔≡™╕∆⁹∆⌂╦∟⁸ ⅜כ◙כ꜠⌐ ↕╣╢≤⁸ ─ ⅛╠

◄Ⱡꜟ◑כ ─ ⌐№╢⅜ ⌐ ↕╣╕∆⁹ ↕╣√ⱴ☺ꜛꜞ♥▫☻Ⱨfi│ super 

diffusive current≤⇔≡⌐ ◘▬♩⌐ ╣ ╖⁸ ≤⇔≡↓─╟℮⌂ ⅜ ⇔√

⅜№╢≤ ⅎ≡™╕∆⁹↓─╟℮⌂ │ ⌐╟╢ ◘▬♩─ ⌂ ♄▬♫Ⱶ◒☻─

⌐╟∫≡ ™∞↕╣√╙─≢№╡⁸FePt ─ ⌂≥─ ⌐╟╢ ─

⌐ ∆╢≤ ╦╣╕∆⁹ 

[1] K. Yamamoto, H. Wadati et al., New J. Phys. 21, 123010 (2019). 

https://youtu.be/rd5gAkuISdY 

 

ה  

ה ה   

 

1:  

 

2 XMCD

 

1.0

0.8

0.6

0.4

0.2

43210-1
 ( )

  ( XMCD)
 
  ( )
 

https://youtu.be/rd5gAkuISdY
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C01   

 

↓─ ≢│⁸ ₁─ ה ─ [1]₈☻ⱧfiⱠⱴ♥▫♇◒ ⌐⅔↑╢ ☻

Ⱨfi ─ ≤∕─ ₉⌐≈™≡ ∆╢⁹ 2019 ≢⁸↓─ ╩ ⌐

№╢ ⇔≡™╢⁹↓↓≢│⁸∕─ ≢│ ╣⌂⅛∫√ ⌐☻Ɑכ☻╩ ⅝√™⁹ 

☻ⱧfiⱠⱴ♥▫♇◒(spin nematic: SN)

≤│⁸☻Ⱨfi( ) ╩ √∏⁸☻Ⱨfi

(ộὛὛ ὛὛỚ⌂≥)╩ ≈ ╩

∆[2]⁹SN │ 1─╟℮⌐ ─

≤ ∆╢↓≤⅜≢⅝╢⁹ ─

─↓⁸╠⅛כ☺꜡♫▪─≥ ╩☻ⱧfiⱠⱴ

♥▫♇◒ ≤ ┬⁹☻Ⱨfi ╩ ∆╢↓≤

│ ≢№╢⅜⁸ ╩

∆╢⌐│ ⅎ┌☻Ⱨfi 4 ─ ≢№╡⁸

↓╣│ ≢│⌂™⁹∆⌂╦∟⁸ ☻Ⱨfi

⁸SN │ ⇔⌐ↄ™₈ ⅎ⌂™₉

≤ ⅎ╢⁹∕─╟℮⌂ ─ │⇔┌⇔┌∕─♄▬♫Ⱶ◒☻─ ⌐ ╣ ╢⁹ 

SN ╩ ∆ ≤⇔≡⁸ⱨꜝ☻♩꜠כ◦ꜛfiה ה ⅜ →╠╣╢(2019

)⁹ J1≤ J2╩ ≈☻Ⱨfi │↓╣╩ √∆ ≢№

╡⁸↓─ ≢ ≢⅝╢ ─ ⅜ ∆╢⁹ ₁│⁸ ⌂ J1-J2 ≢№╢

LiCuVO4─☻Ⱨfi♀כⱬ♇◒ (spin Seebeck effect: SSE)─ ╩ ™⁸ ─ LiCuVO4≢ ∆

╢ SN ─ ╩ ⇔√⁹SSE│⁸ ≤ ─ ⌐ ╩ ⅎ≡ ☻Ⱨfi ╩

↕∑╢ [3]≢№╢⁹ ─☻Ⱨfi │ ─ ╩ ⇔≡ ⌐ ↕╣⁸∕─☻

Ⱨfi ─ ⅜ ☻Ⱨfiⱱכꜟ ⌐╟╡ ⌐ ↕╣⁸ ≤⇔≡☻Ⱨfi ⅜ ↕╣╢⁹ 

SN ≢│

gaplessⱴ◓ⱡfiⱭ

▪≤ gap ╩ ≈ⱴ

◓ⱡfi⅜ ∆╢

↓≤⅜ ⌐

╠╣≡™╢[4,5]⁹ⱴ

◓ⱡfiⱭ▪≤ⱴ◓

ⱡfi─ │

₁2ᴐ≤ᴐ⌂─≢⁸

SN ─ SSE ≢

│ⱴ◓ⱡfiⱭ▪⌐╟╢☻Ⱨfi ⅜ ∞≤ ↕╣╢⁹⇔⅛⇔⁸ ─ 2(a)│⁸╗⇔╤ⱴ

◓ⱡfi⌐╟╢☻Ⱨfi ─╖≢ ≢№╢⁹ⱴ◓ⱡfi gap│ ≢ ≤≤╙⌐ ∆

╢↓≤⅜ ╠╣≡⅔╡⁸◐ꜗꜞ▪ ⅜ ≤≤╙⌐ ⇔⁸ ≢ SSE ⅜ ∆╢ ≢№

╢⁹≢│ ⱴ◓ⱡfiⱭ▪│ SSE⌐ ⇔⌂™─⅛ ⱴ◓ⱡfi─ │ ─ 1

─ ≢ ─ ⌐ ↑ ↕╣╢⅜⁸ⱴ◓ⱡfiⱭ▪─∕╣│ ─ⱪ꜡☿☻≢ ╘≡

⌐ ╦╢⁹∕╣ ⁸╒≤╪≥─ⱴ◓ⱡfiⱭ▪│ ≢ ↕╣≡⇔╕℮─∞⁹ 

 2─╟℮⌐⁸ ─ ⌐ ∂≡ ₁⌂ SSE─ ™⅜ ╠⅛⌐↕╣≡⅝√⁹ ⌐╟╡⁸

SSE│⁸∕─ ┌⅛╡≢⌂ↄ⁸ ─ ╩ ∆╢ ≤⇔≡─ ⅜ ↕╣√≤ ⅎ╢⁹ 

[1] D. Hirobe, et al, PRL123, 117202 (2019). [2] , vol.65, p345 (2010 5 ).  

[3] ₈☻Ⱨfi ≤♩ⱳ꜡☺◌ꜟ ₉( 2014 ). [4] T. Hikihara, et al, PRB78, 144404 

(2008). [5] M. Sato, et al, PRB79, 060406(R) (2009); PRB83, 064405 (2011). 

https://youtu.be/GqFln5B8OI4 

ה ה   

 

2 (SSE) (a)LiCuVO4

SSE (b1) (b2)S=1/2

(b3) SSE  

  

1 x-y (SN)

Sz

SN  

 

https://youtu.be/GqFln5B8OI4
https://youtu.be/GqFln5B8OI4
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D01  ⁸  

 

⅜ ╩ ╗ ⁸∕─ │ ⌐╟∫≡ ↕╣⁸ ╡│ ╩ ╡ ↑╕∆⁹↓─ │∕

╣∙╣⁸ ╛ ≤ ┌╣⁸ ─ ╛ ─ ≢ ╕∫≡™╕∆⁹↓↓≢⁸№╢

⌐ ╗ ≤⁸ ⅝⌐ ╗ ≢│⁸ ⁸ ╛ │ ↄ ∂⌐⌂╡╕∆⁹⇔⅛⇔⁸ ╩

∆╢ ─ ⅜ ⌐ ⇔√╙─≤ ⌂╠⌂™╟℮⌂ ↓─╟℮⌂ ╩◐ꜝꜟ≤ ⇔╕∆ ⌐

╩ ↕∑╢≤⁸ ⌐ ⌐ ╗ ≤ ≤ ⌐ ╗ ⅜⁸ ⅜ ∂≢╙ ⌂╢

╩ ≈↓≤⅜№╡╕∆⁹↓─╟℮⌂ │⁸₈ ◐ꜝꜟ ₉⁸№╢™│⁸ ⌐₈ ─

₉≤ ┌╣╕∆⁹ ◐ꜝꜟ │⁸◐ꜝꜟ⌂ ⌐ ╩ ⇔√ ─╒⅛⁸◐ꜝ

ꜟ⌂ ⅜ ≤⇔≡─ ╩ ∆╢ ⌐≈™≡╙ ↕╣≡⅝╕⇔√⁹⇔⅛⇔⁸™∏╣─

≢╙⁸◐ꜝꜟ⌂ ≢№╢↓≤≤⁸ ╩ ∆╢↓≤─ ⅜ ∞≤ ╦╣≡⅝╕⇔√⁹ 

√∟│⁸♅♃fi≤ⱴfi●fi─ MnTiO3 ⅜⁸◐ꜝꜟ≢⌂ↄ ╩ √⌂™⌐╙⅛⅛╦╠

∏⁸ ◐ꜝꜟ ╩ ∆ ⅜№╢≤ ⅎ╕⇔√⁹∕↓≢⁸MnTiO3─ ╩ ⇔⁸ ─

╩ ⇔√≤↓╤⁸ ⅛⌐⁸ ◐ꜝꜟ ⅜ ↕╣√─≢∆⁹≢│⁸◐ꜝꜟ≢⌂ↄ ╙⌂

™─⌐⁸⌂− ◐ꜝꜟ ⅜ ∂╢─≢⇔╞℮⅛⁹ 

↓─⅛╠ↄ╡│⁸ ─╟℮⌐

∆╢↓≤⅜≢⅝╕∆⁹↓─

─ ⌐№╢ⱴfi●fi

│ ─ ⌐ ╕╣≡™╕

∆⁹↓─ ─ ─ │⁸

⌡∂ ⅛ ⌡∂ ⌐⌡∂╣≡™

≡⁸ ⌐ ∆≤ ≤ ⌂╡╕∑

╪⁹ⱴfi●fi ─ ⅜ ⌡∂

⌐⌡∂╣≡ ╪∞ ─

≢ ╕╣≡™≡⁸ ╡─ ⅜

⌡∂ ⌐⌡∂╣≡ ╪∞ ─

≢ ╕╣≡™╢─≢∆⁹↕╠

⌐ ™↓≤⌐⁸ⱴfi●fi

│ ≈ ≈⅜ ↕⌂ ☻Ⱨ

fi ╩╙∫≡™╕∆⁹ ⌡∂ ⌐

⌡∂╣≡ ╪∞ ─ ≢ ╕╣≡™╢ⱴfi●fi ─☻Ⱨfi≤⁸ ⌡∂ ⌐⌡∂╣≡ ╪∞

─ ≢ ╕╣≡™╢ⱴfi●fi ─☻Ⱨfi⅜⁸ ╩ →╢≤ ╩ ⅝√⅜╢─≢∆⁹↓╣│☻Ⱨ

fi─ ≤╙ ℮═⅝ ≢№╡⁸↓─☻Ⱨfi─ ⅝─ ⅜ ─ ⌐╦√∫≡ ℮↓

≤≢⁸ ◐ꜝꜟ ⅜ ∆╢─≢∆⁹ 

◐ꜝꜟ ╩ ≈≤™℮↓≤│⁸ ⌐ ≤ ─ ⅜ ∆╢↓≤╩ ⇔╕∆⁹

√∟│⁸↓─ ⌐ ≤ ╩℮╕ↄ ↕∑╢↓≤≢ⱴfi●fi ─ ╩ ≡ ↕∑≡⁸

─ ≤ ╩ ╣ ⅎ╢↓≤⌐╙ ⇔╕⇔√⁹ 

─ ⌐╟∫≡⁸ ⅜ ↄ⌂™ ⌐⅔™≡╙⁸ ◐ꜝꜟ ≤™℮ ─

⅜ ⇔℮╢↓≤⅜ ╠⅛⌐⌂╡╕⇔√⁹↓╣⌐╟∫≡⁸ ◐ꜝꜟ ╩ ∆╢ ─

⅜ ⅜╢╙─≤ ↕╣╕∆⁹ 

 

https://youtu.be/Jrh70Jufnp4 

 

ה ה  

ה ה  

  

 

1 MnTiO3

 

https://youtu.be/Jrh70Jufnp4
https://youtu.be/Jrh70Jufnp4


₈ Vol. 3 (2020 כ♃꜠☻כꜙ♬₉ 9 ) 

9 

 

A01  

   

 

2020 5 19 ⌐⁸○fiꜝ▬fi≢ A01 ◐♇◒○ⱨⱵכ♥▫fi◓╩ ⇔╕⇔√⁹

⅛╠ 100 ╩ ⅎ╢ ⌐ ╕╣⁸≤≡╙ ⌂ ≤⌂╡╕⇔√⁹5 ─ ⅛╠⁸

─ ╛ ╩ ╗ ™ ⌐ ∆╢⁸ ─ ≤ ─ ╩⅔ ™∆╢↓≤

⅜≢⅝╕⇔√⁹ ⁸ ╡№╢ ⅜ ╗↓≤╩ ⇔╖⌐⇔≡⅔╡╕∆⁹ ─◄fi♦▫fi◓⌐

│⁸ 1 QLC ─ ⅜№╡⁸ ↕╪ ( )≤ ↕╪ ( )

⅜ ↕╣╕⇔√⁹⅔ ─⁸╟╡ ─↔ ╩ ⇔≡⅔╡╕∆⁹ 

│⁸ ≤⌂╢○fiꜝ▬fi ≤⌂

╡╕⇔√⁹↕⇔√╢♩ꜝⱩꜟ⌂ↄ ⅎ╢↓≤

⅜≢⅝√─│⁸ ─ ─↔ ─⅔⅛

→≢№╡⁸ ↄ ⇔≡⅔╡╕∆⁹○fiꜝ▬fi

─ⱷꜞ♇♩─ ≈│⁸ ⌐╕≈╦╢

╛ ⅜ ≢№╢ ∞≤ ™╕∆⁹

≢⁸≥℮⇔≡╙ ∆╢─╩ ∆╢ ╙

№╢╟℮⌐ ∂╕⇔√⁹○fi◘▬♩─

≢◒כ꜠Ⱪכⱥכ◖⁸│≢ ∟ ╩⇔≡

╩│⅛∫≡™√↓≤╩ ⅎ┌⁸ ⁸∕℮⇔√

╩≥─╟℮⌐ ∆╢⅛│ ≤⇔≡ ∫

√⅛╙⇔╣╕∑╪⁹ 

B01  

CEMS  

 

2020 6 23 ⌐ B01 ◐♇◒○ⱨⱵכ♥▫fi◓╩ ⇔╕⇔√⁹ ⌐ ⅝ ⅝⁸

Zoom╩ ⇔≡─○fiꜝ▬fi ≤⌂╡╕⇔√⁹B01 ─Ⱶ♇◦ꜛfi│ ≢∆⅜⁸∕╣∙

╣ ╩ ∫√ ╩ ⇔≡ ↕╣√ 5 ─ ≤⁸ ≢ ↕╣╢ⱳ

☻♪◒ 1 ⅜⁸↓╣╕≢─ ≤⁸ ─ ⌐ ⇔≡ ⇔╕⇔√⁹Ⱶכ♥▫fi◓│⁸

─ ⅛╠│∂╕╡⁸ │⁸ ─ ⅜ ⌐⅔↑╢ ≢№╢

╩ ⇔√ ─ ⌐≈™≡⁸ ─ ⅜ ⱨ□▬Ᵽכ☿fi◘כ╩

⇔√ ⌐≈™≡⁸ ─ ⅜ ⌐╟╢ ⌐⅔↑╢◌▬ꜝ

ꜟ ─ ⌐≈™≡⁸∕╣∙╣ ↕╣╕⇔√⁹ ™ ╩ ╪≢⁸ │⁸ ─

⅜⁸FIB╩ ™≡ ╩ ⇔ ╛Ⱡⱴ♥▫◦♥▫─ ⌐ ╢ ⌐ ⇔≡⁸

─ ⅜Ⱶꜙ○fi╩ ⇔≡ ─ ╩ ╠⅛⌐∆╢ ⌐≈™≡⁸

∕╣∙╣ ↕╣╕⇔√⁹ ⌐⁸ ─◒♪☻ⱪ─ⱳכꜟ◓ ⅜⁸↓╣╕≢ ∫≡⅝√

NV ☿fi♃כ─ ≤⁸ ─ THz-STM ⌐ ⇔≡ ↕╣╕⇔√⁹⅔╟∕ 120 ⅜ ⇔≡

⌂ ⅜ ╦╣⁸ ⌂Ⱶכ♥▫fi◓≤⌂╡╕⇔√⁹ 

2020 5 19 ─ A01 ◐♇◒○ⱨⱵכ

♥▫fi◓⌐⅔↑╢  

Ⱶכ♥▫fi◓ ─₈ ₉ 
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C01  

C01    

 

 7 9 ⌐ C01 ◐♇◒○ⱨⱵכ♥▫fi◓⅜

○fiꜝ▬fi⌐≡ ↕╣╕⇔√⁹ ⌐╟╢

─ ⁸ √⌐ C01 ⌐ ╦∫√ ─

4 ≤ⱳ☻♪◒ 2 ─ ₁⅛╠⁸∕╣∙╣⅜ ≢

∆ ─ ⅜ ╦╣╕⇔√⁹100 ⅜ ∆╢ ⁸

⌂ ⅜ ╦╣⁸C01 ⌐ ⅜╢ ─

⅜ ↕╣√ ⌂ ≤⌂╡╕⇔√⁹ 

 ⱪ꜡◓ꜝⱶ│ ─ ╡≢∆ ⁹

ñ ☻Ⱨfi ⌐⅔↑╢♩ⱳ꜡☺◌ꜟ

≤ ò⁸ ñ

⌐⅔↑╢ ♄▬♫Ⱶ◒☻ò⁸ ñ

⌐╟╢ ◒♇▫♥Ⱡⱴה ≤◄

◐♂♅♇◒ ─ ò⁸ ñ

╩ ⌐ ∫√ ה ─ ò⁸

ñ ↄ╡↓╖ ╩ ™√

─ ò⁸

ñ ─☻♩ꜝ▬ⱪ ≤ :

─ ò 

D01  

D01   

 

D01₈ ─ ≤ ₉─ ◐♇◒○ⱨⱵכ♥▫fi◓╩8 4 ─ ○fiꜝ▬

fi≢ ⇔╕⇔√⁹ ─№™↕≈─ ⁸ ⌐ ↕╣√ ─ ⅛╠

─ ⅜№╡╕⇔√⁹ 

¶ ₈ ɥ ⅜≈ↄ╢ ה ♪ⱷ▬fi─ ≤

₉ 

¶ ₈Ⱡⱴ♥▫♇◒ ─ ⌐╟╢♪ⱷ▬fi ≤ⱴꜜꜝ♫ ─ ₉ 

¶ ₈♩ⱳ꜡☺◌ꜟ☻Ⱨfi ─╝╠⅞≤ ⱱכꜟ ₉ 

∕╣∙╣─ ─ ≢ ⇔™ ╛ ™ ⅜ ↕╣⁸ ─ ⅜ ⇔╖⌂◐♇◒○ⱨ

≤⌂╡╕⇔√⁹ 

╕√⁸ ⌐⁸ ─ ╟╡◖ⱷfi♩╩⅔ ™™√⇔╕⇔√⁹ ≤™℮

≢ ─ ╩ ⅎ╢↓≤≢⁸≥─╟℮⌂ ⇔™ ⅜ ↕╣⁸≥─╟℮⌂ ⇔™ ⅜

∆╢─⅛⌐≈™≡⁸ ╩ ╘√ ╩™√∞⅝╕⇔√⁹ 

◐♇◒○ⱨⱵכ♥▫fi◓⌐│ 80 ─ ⅜№╡⁸∕╣∙╣─ ⌐≈™≡ ⌂ ⅜ ↕╣

╕⇔√⁹∆═≡─ ⌐ ™√⇔╕∆⁹ 
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Qiu Mingwei 

 

₈ ─ ₉─ ─ ╩ ↑≡⁸2019 8 20 ⅛╠ 9

4 ⁸2019 9 19 ⅛╠ 9 29 ⅔╟┘ 2019 11 18 ⅛╠ 11 29 ⌐⅛↑≡◌♫♄─

TRIUMF ⌐ ⇔≡ ╩ ™╕⇔√─≢⁸↔ ╩™√⇔╕∆⁹↓─ │ Vancouver─

British Columbia (UBC)─◐ꜗfiⱤ☻ ⌐№╡⁸ɡSR ╩ ⅎ╢ ⌂™ ─ ≈≢∆⁹╕

√ ↄ─ ╕≢ ⌐ ↑╢⌂≥⁸ ⌐ ⌂ ⌐№╡╕∆⁹ 

₁│ ⁸↓─ ≢♀꜡ ─ɡSR ╩ ™⁸ FeSe⌐⅔™≡

─ ╣√ ⌂ ⅜ ⇔≡™╢ ⌂ ╩│∂╘≡ ╢↓≤⌐ ⇔╕⇔√⁹↓─ FeSe

│ ╩ ∆↓≤⅜ ╠╣≡⅔╡⁸↓╣╩ ⇔≡ ⅜ ─ ≢ ╩ ⇔

╕∆⁹ ─ ≢│⁸ ≤ ─ ╣√ ≤─ ╩ ↄ ∆╢

√╘⁸☿꜠fi╩ ≢ ∆╢↓≤≢ ─ ≢ ╩ ∆╟℮⌐⌂╢ FeSe1-xSx ≢─

ɡSR ╩ ™╕⇔√⁹ ≢─ ─ ─ ⁸ ─ ⌐⅔™≡╙ ─

╣√ ⅜ ⇔≡™╢↓≤⅜ ╠⅛⌐⌂╡╕⇔√⁹ ⁸↓─ ⌐⅔↑╢ ≢

₁⌂ ⌂ ⅜ ↕╣≡⅔╡⁸↓╣╩ ∆╢√╘⌐ Ultra-nodal gap≤ ┌╣╢ ─ ╩

ⅎ√ √⌂◑ꜗ♇ⱪ ╩ ∆╢ ⅜ ∆╢ ⅜ ↕╣≡™╕∆⁹

⅜ ╣╢↓≤│ Ultra-nodal gap─ ≢№╡⁸ ─ │↓─ ╩ ⇔╕∆⁹ 

╩ ∆╢√╘⁸TRIUMF─ⱦכⱶ♃▬ⱶ╩▪꜠fi☺⇔≡ↄ∞↕∫√ Columbia ─

⁸British Columbia ─ ╩│∂╘⁸TRIUMF─ ─ ₁⌐⅔ ⇔ →╕∆⁹

∂ⱦכⱶ♃▬ⱶ⌐ ⇔≡™√ Columbia ─ Q. Sheng↕╪⁸McMaster ─ J. Beare↕╪⁸British 

Columbia ─Y. P. Cai↕╪⁸ ─G. Q. Zhao↕╪ ⌐│ ╩ ∫≡ ™√∞↑≢⌂ↄ⁸

─ ─♃כ♦╙ ⌐≈™≡ ╩⇔≡™√∞⅝╕⇔√⁹ 

⌐⁸↓─ ⌂ ⌂ ─ ╩ ⅎ≡ ™√⁸ ₈ ─

₉─ ┘⁸∕─ ─ ₁⌐ ↄ ⇔ →╕∆⁹ 
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