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ABSTRACT 

 

By tuning the laser photon energy in the non-linear two-photons photoemission at a single-layer 

graphene/Cu(111) interface it is possible to observe a strong resonance at h= 3.5 eV along with a 

weaker one at h= 3.85 eV. The main resonance photon energy is consistent with a direct optical 

transition between the occupied Cu(111) Shockley surface state and the n=1 image potential state, 

located in the real gap-space between the single-layer graphene and the Cu(111) surface. The large 

amplitude of this resonance unveils a high value of the electric dipole matrix element integral that 

governs this transition. Furthermore, the Lorentzian shape of this resonance implies that these two 

states are decoupled from the continuum of states and the lifetime of the image potential state can 

be estimated. 
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