
Graphene Under Surface Acoustic Waves

1. Model of Graphene
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3. Symmetries of Physical Quantities

◆The Hamiltonian of graphene 
is given by

◆The Brillouin zone and the 
band structure are

2. Surface Acoustic Waves

◆Expanding the Hamiltonian around valley points , 
the continuum model is

where                 is the valley degree of freedom.

◆Surface acoustic waves (SAWs) [1] are mechanical 
waves that propagate on the surface of a piezoelectric 
substrate, generating lattice structure deformations.

⚫ Position change: 

◆For materials with a honeycomb lattice structure, the 
effect of the SAW works as a pseudo-gauge field that 
has opposite signs at the two valley points.

◆The continuum model of graphene 
under a SAW is

Conclusion and Outlook

4. Nonlinear Responses against SAWs  

◆We consider the Graphene under a SAW [2]. The 
Hamiltonian and the strain field are given by

⚫ The net charge current from the linear 
response to SAWs is zero, so we consider 
nonlinear responses against SAWs.

◆Acoustoelectric Effect:
The acoustoelectric (AE) effect [3] is a second-order 
response to the piezoelectric potential associated 
with a propagating SAW.

◆Acoustogalvanic Effect:
The acoustogalvanic (AG) effect [4] is a second –
order response to the pseudo-electromagnetic field.

◆These two nonlinear response currents have been 
observed in graphene [5].

⚫ We review recent progress on 2D Dirac materials 
under SAWs, with a primary focus on graphene.

⚫ Other materials, such as TMDs and Kitaev Quantum 
Spin Liquids, are also promising candidates for study.

https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://pubs.rsc.org/en/content/articlelanding/2023/nh/d2nh00458e
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.105.125407
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.105.125407
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.105.125407
https://journals.aps.org/pr/abstract/10.1103/PhysRev.89.990
https://journals.aps.org/pr/abstract/10.1103/PhysRev.89.990
https://journals.aps.org/pr/abstract/10.1103/PhysRev.89.990
https://journals.aps.org/pr/abstract/10.1103/PhysRev.89.990
https://journals.aps.org/pr/abstract/10.1103/PhysRev.89.990
https://journals.aps.org/pr/abstract/10.1103/PhysRev.89.990
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.126602
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.126602
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.126602
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.126602
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.256601
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.256601
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.256601
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.256601

	Slide 1

