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Plasmon-assisted hot carrier excitation and transfer 

across the interfaces has recently attracted intense 

interest due to wide-ranging applications in 

photovoltaics and photochemistry [1]. In metal 

nanostructures with characteristic size below the 

diffraction limit, excitation of hot carriers is enhanced 

due to resonant plasmon absorption followed by 

plasmon decay into electron-hole (e-h) pairs. In small 

nanostructures, the dominant decay mechanism is 

Landau damping (LD) facilitated by carrier scattering 

from the metal-dielectric interface (see Fig. 1).  

 

 

 

Fig. 1. Schematics for surface-assisted excitation 

of an e-h pair with energy. (a) An external optical 

field incident on a metal nanostructure, (b) 

excites a surface plasmon that decays into an e-h 

pair, (c) accompanied by momentum relaxation 

via carrier surface scattering. 

 

We developed a quantum-mechanical model for 

surface-assisted carrier excitation by alternating 

electric field E in metal nanostructures of arbitrary 

geometry. We found that the power absorbed in the 

metal due to carrier surface scattering has the form 
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where En is the normal field component, EF is the Fermi 

energy, and integration takes place over the metal 

surface. We provide simple expression for surface 

scattering rate s, which are highly sensitive to field 

polarization relative to the metal-dielectric interface and 

can be tuned in a wide range with an appropriate choice 

of system geometry [2]. As an example, in Fig. 2 we 

compare the LD rates for nanorods and nanodiscs, 

modeled by prolate and oblate spheroids, with standard 

classical scattering (CS) model calculations. The rates 

for longitudinal (PL and OL) and transverse (PR and OR) 

modes exhibit dramatic differences in behavior with 

changing the system geometry, in contrast to CS rate. 

   

 

Fig. 2. Surface scattering rates for nanorods (red 

lines) and nanodisks (blue lines) vs. aspect ratio 

are compared to the CS rate (black dotted line). 
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