
Graphene2017                                                   March 28-31, 2017 Barcelona (Spain)  

 

Tuning quantum non-local effects in graphene 

plasmonics 
 

Marco Polini1 
Mark B. Lundeberg2, Yuanda Gao3, Reza 

Asgari4, Cheng Tan3, Ben Van Duppen5, Marta 

Autore6, Pablo Alonso-González5, Achim 

Woessner2, Kenji Watanabe7, Takashi Taniguchi7, 

Rainer Hillenbrand8,9, James Hone2, and Frank H. 

L. Koppens2,10 

 
1Istituto Italiano di Tecnologia, Graphene Labs, 

Via Morego 30, I-16163 Genova, Italy 
2ICFO — Institut de Ciències Fotòniques, The 

Barcelona Institute of Science and Technology, 

08860 Castelldefels (Barcelona), Spain 
3Department of Mechanical Engineering, 

Columbia University, New York, NY 10027, USA 
4School of Physics, Institute for Research in 

Fundamental Sciences (IPM), Tehran 19395-

5531, Iran  
5Department of Physics, University of Antwerp, 

Groenenborgerlaan 171, B-2020 Antwerp, 

Belgium  
6CIC nanoGUNE, E-20018, Donostia-San 

Sebastián, Spain 
7National Institute for Materials Science, 1-1 

Namiki, Tsukuba 305-0044, Japan 
8CIC nanoGUNE and EHU/UPV, E-20018, 

Donostia-San Sebastián, Spain 
9IKERBASQUE, Basque Foundation for Science, 

48011 Bilbao, Spain 
10ICREA — Institució Catalana de Recerça i 

Estudis Avancats, Barcelona, Spain 

 

 

Marco.Polini@iit.it 

 

Plasmons in two-dimensional (2D) electron 

liquids hosted by ultra-clean semiconductor 

and semimetal heterostructures display a 

long-wavelength dispersion that can be 

captured by essentially classical equations 

of motion. Upon increasing the plasmon 

momentum, however, the dispersion 

substantially departs from its classical value, 

becoming sensitive to quantum effects [1].  

We here use high-quality graphene sheets 

encapsulated in hexagonal boron nitride 

and in the presence of nearby metal gates 

to tune the degree of quantum non-locality 

in the dispersion relation of graphene 

plasmons. For illumination frequencies in the 

Terahertz range, acoustic plasmons in these 

heterojunctions [2] have a group velocity 

that can be made arbitrarily close to the 

graphene Fermi velocity by decreasing the 

graphene-metal distance. In turn, this 

causes the emergence of large plasmon 

momenta and therefore a high degree of 

non-locality. We clearly identify three types 

of quantum effects as keys to understanding 

the experimental data. The first type is of 

single-particle nature (and captured by the 

celebrated Random Phase Approximation) 

and is related to shape deformations of the 

Fermi surface during a plasmon oscillation 

[1]. The second and third types (which are 

well beyond the Random Phase 

Approximation) are carrier-density-

dependent many-body effects controlled 

by the inertia and compressibility of the 

interacting electron liquid in graphene.  
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