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Graphene plasmons, the collective oscillations of Dirac fermions enabling strong enhancement of light-matter interaction, have recently attracted a great deal of attention. In the presence of a magnetic field the graphene plasmon mode is coupled with the cyclotron motion of charge carriers and forming the so-called upper-hybrid mode. This new plasmon mode can be further modified by applying a periodically modulated magnetic field and/or varying the packing density of graphene nanostructures. The latter may also cause plasmon energy exchange between adjacent graphene nanostructures, leading to new (infrared-active) optical mode.
Experimental

To enhance the interactions between graphene nanostructures (e.g., ribbons), we grew epitaxial graphene directly on a corrugated surface, where the ribbons on the plateau are seamlessly connected to the ribbons on the slope [Fig.1(a)]. Two samples (#1 and #2) were fabricated with different packing density. In the presence of an external magnetic field, the component perpendicular to the graphene is spatially modulated. Using the 17.5 T superconducting magnet in SCM-3 and the associated Fourier transform infrared spectrometer, we studied the modulation-induced effects on graphene plasmons at different tilted angles. 
Results and Discussion

In Fig. 1(b), we plot the normalized transmission spectra (red curves) of the two trench samples, and compare with that of a 2D reference sample. All the measurements were performed in a tilted magnetic field (45 degree, titled with respect to the sample) of 3 T. Tilted magnetic field is expected to increase the amplitude of the field modulation, thus giving rise to enhanced effect. Indeed, as one can clearly see in Fig. 1(b), the spectra of the two trench samples deviate from the single Lorentzian lineshape expected for 2D graphene. The spectra can be better fitted by a two-Lorentzian model (blue and green dash lines), suggestive of the presence of two active modes. When the packing density of the corrugated trenches increases, the coupling between the graphene ribbons on the plateau and on the slope becomes stronger. Consequently, the two active modes repel from each other, leading to broader linewidth in sample #2, as compared to sample #1.
Conclusions
We show that periodic magnetic field modulation can lead to the coupling between graphene magneto-plasmons and a new infrared-active optical modes. The modulation can be enhanced by tilting the sample and/or increasing the packing density.
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Fig.� SEQ Figure \* ARABIC �1�: (a) AFM image of sample #2, with trench slope width of 194 nm and trench period of 800 nm. (b) Normalized transmission spectra of the two trench samples, in comparison with a 2D reference sample. All the measurements were taken at 3 T with the samples tilted 45 degree with respect to the external magnetic field.
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