
The setup studied numerically 
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PRELIMINARIES: The  model in graphene  

 Bending graphene strip (or nanoribbon) results in 2 different 
vacuum states; a domain wall (kink) moves along the strip


Further reading:  R. D. Yamaletdinov, T. Romańczukiewicz, and Y. V. Pershin, Manipulating 
graphene kinks through positive and negative radiation pressure effects, Carbon 141, 253 
(2019).  https://doi.org/10.1016/j.carbon.2018.09.032   

ϕ4

⟹

graphene

clamps

(1)

(2)
<latexit sha1_base64="BAkK7TZJwcHbImPCncOrVis62bQ=">AAAB4XicbVDLSsNAFL1TX7W+qi7dDBbBVUlE0WXRjcsK9gFtKZPppBk6yYSZG6GUfoAbETcK/pC/4N+YpNm09cDA4Zwz3HuuFytp0XF+SWljc2t7p7xb2ds/ODyqHp+0rU4MFy2ulTZdj1mhZCRaKFGJbmwECz0lOt7kIfM7L8JYqaNnnMZiELJxJH3JGWZSPw7ksFpz6k4Ouk7cgtSgQHNY/emPNE9CESFXzNqe68Q4mDGDkisxr/QTK2LGJ2wsZvmGc3qRSiPqa5O+CGmuLuVYaO009NJkyDCwq14m/uf1EvTvBjMZxQmKiC8G+YmiqGlWl46kERzVNCWMG5luSHnADOOYHqWSVndXi66T9lXdvak7T9e1xn1xhDKcwTlcggu30IBHaEILOATwBp/wRTh5Je/kYxEtkeLPKSyBfP8B/kaJ7g==</latexit>

�

<latexit sha1_base64="4yq3T+uubLUCAvdtK7IjMwppfL8=">AAAB5HicbVDLSgMxFL2pr1pfVZdugkWomzIjii6LblxWsA9oS8mkmTY0MxOSO0Ip/QM3Im4U/B5/wb8xbWfT1gOBwzkn3HtuoJW06Hm/JLexubW9k98t7O0fHB4Vj08aNkkNF3WeqMS0AmaFkrGoo0QlWtoIFgVKNIPRw8xvvghjZRI/41iLbsQGsQwlZ+ikZqPc0UN52SuWvIo3B10nfkZKkKHWK/50+glPIxEjV8zatu9p7E6YQcmVmBY6qRWa8REbiMl8ySm9cFKfholxL0Y6V5dyLLJ2HAUuGTEc2lVvJv7ntVMM77oTGesURcwXg8JUUUzorDHtSyM4qrEjjBvpNqR8yAzj6O5ScNX91aLrpHFV8W8q3tN1qXqfHSEPZ3AOZfDhFqrwCDWoA4cRvMEnfJGQvJJ38rGI5kj25xSWQL7/AGgJirM=</latexit>

V (�)

(1)(2)

Abstract 

A quantum pump in a buckled graphene ribbon with armchair edges is discussed numerically. By solving the Su-Schrieffer-Heeger model 

and performing the computer simulation of quantum transport we find that a kink adiabatically moving along the metallic ribbon results in 

highly efficient pumping, with a charge per kink transition close to the maximal value determined by the Fermi velocity in graphene. 

Remarkably, insulating nanoribbon show the quantized value of a charge per kink (2e) in a relatively wide range of the system parameters, 

providing a candidate for the quantum standard ampere. This finding is attributed to the presence of a localized electronic state, moving 

together with a kink, whose energy lies within the ribbon energy gap. 
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zModel and methods (1/2) 
Modified Su-Schrieffer-Heeger (SSH) model for graphene: 

	 	 

where


	 	 


	 	 





with a constrain:    

ℋSSH = T + Vbonds + Vangles,

T = − t0 ∑
⟨ij⟩,s

e−βδdij/d0 (c†
i,scj,s + c†

j,sci,s),

Vbonds = 1
2 Kd ∑

⟨ij⟩
(dij − d0)

2
,

Vangles = 1
2 Kθ ∑

j
∑
∡( j)

(θ∡( j) − θ0)
2

+ Vδ ∑
j

(2π − ∑
∡( j)

θ∡( j)),

∑⟨ij⟩ dij = const.

Model and methods (2/2) 
Landauer-Büttiker conductance: 


	  	 


where  (the conductance quantum), and  is the 
transmission probability for the n-th normal mode.


Charge pumped by kink: 


	 	 


with j — the mode in output lead, and  — the kink position.  

G = G0Tr tt† = 2e2

h ∑
n

Tn,

G0 = 2e2/h Tn

ΔQ = − ie
2π ∑

j
∫ dy0( ∂S

∂y0
S†)
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Summary 

Metallic ribbon: For moderate bucklings (with relative bond 
distortions < 10%) the kink suppresses the current flow, and shifts 
the electric charge when moving between the leads. 


 The charge per cycle is not quantized.


Semiconducting ribbon: States localized near the kink (with 
energies lying within the gap) can be utilized to transport 
a quantized charge of 2e per kink transition. 


 A candidate for the quantum standard ampere occurs. 
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