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研究成果の概要（和文）：I proposed node-line surface phonon material SnIP, kagome node-line metal 
Ni3In2S2, Z2 Dirac point with multi-helicoid surface states. I built the theory for chiral phonons 
in non-symmorphic systems and systems with approximate screw symmetry, and demonstrate the truly 
chiral phonon in HgS. 

研究成果の概要（英文）：I proposed node-line surface phonon material SnIP, kagome node-line metal 
Ni3In2S2 (which is also domenstrated by experiments), Z2 Dirac point with multi-helicoid surface 
states. I built the theory for chiral phonons in non-symmorphic systems and systems with approximate
 screw symmetry, and demonstrate the truly chiral phonon in HgS together with Raman scattering 
collaboraters.  

研究分野： theoretical physics

キーワード： Z2 Dirac points　node-line surface states　chiral phonon theory　truly chiral phonons　new su
rface states　kagome node-line metal

  １版

令和

研究成果の学術的意義や社会的意義
The first proposed node-line surface phonon material SnIP and Z2 Dirac point with multi-helicoid 
surface states promote the topological band theory. Theories on chiral phonons in 
non-symmorphic/approximate symmetry systems will triger follow-up studies, and open new avenues in 
this field.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 

Phonons are also important (quasi)particles in solids, but studies on their topology are not as much 

as in electrons. One of the reasons might be that people think topologies in phonons and spinless 

electrons are much alike in the previous studies. However, phonons and electrons have essential 

differences which may lead to discoveries of new topological aspects of phonons, such as new 

quantum degrees of freedoms (e.g., pseudospin and chiral phonons), phonon angular momentum, 

fragile topological phonons and new topological states (like different types of Weyl phonons and 

node-line phonons). Unfortuanately, studies on topological phonons are still on their early stage.  
 
 
２．研究の目的 
 

In the previous theories on topological phases, phonons have been treated to be in the same class 

as spinless electrons. Nonetheless, there are several good reasons to expect new topological 

phenomena unique to phonons, but not in spinless electrons. Thus, the main purpose of this 

research is to unveil new topological phenomena unique to phonons. This main purpose is divided 

into three topics, which are combined to reveal new aspects of topological phases in condensed 

matter physics. (A) In the context of topological phonons, we theoretically study the new quantum 

degrees of freedom like Weyl/node-line phonons pseudospin, chiral phonons, phonon angular 

momentum, and fragile topology. (B) Propose materials with newly discovered topological 

Weyl/node-line phonons, and verify our prediction with experimental collaborators. (C) Extend 

new theories on phonons developed in (A) and (B) to other particles and quasiparticles in solids, 

like spinless electrons and photons.  
 
 
 
３．研究の方法 

 

(1) We use band theories and other theories in condensed matter physics to built new 

topological band theories and discover new topological states. 

(2) Combining condensed matter theories with material databases to find material candidates 

having new topological states. We also use DFT calculations to predict the topological and other 

physical properties.  

(3) Collaborate with experimental groups (like x-ray scattering, Raman scattering, neutron 

scattering) to verfiy our predictions on both the topological band theory and the topological 

material 
 
 
 
４．研究成果 
 
We have some achivements on topological band theory [1], which can be applied to phonon 
systems, spinless electronic systems, magnon sytems and so on. Such as Topological phonons in 
oxide perovskites controlled by light [1], Degenerate topological line surface phonons in quasi-
1D double helix crystal SnIP [2], General corner charge formula in two-dimensional C_n-



symmetric higher-order topological insulators [3] and Z2 Dirac points with topologically 
protected multihelicoid surface states [4]. We also have predicted several materials with different 
topological phonons, and some of them have been demonstrated by our experimental 
collaborators. Such as, BaPtGe[5], Ni3In2S2[6]. We also proposed new theories and 
corresponding materials in chiral phonons, which is also verified by our experimental 
collaborators. Chiral phonons entangled with multiple Hall effects and unified convention for 
pseudoangular momentum in 2D materials [7], Chiral phonons and pseudo-angular momentum 
in non-symmorphic systems [8], Chern numbers of topological phonon band crossing determined 
with inelastic neutron scattering [9] and Truly chiral phonons observed in α-HgS [10].  
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