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Surface plasmon excitation in small metal particles has found great interest in the 
past. in particular since this collective oscillation of the conduction electrons can be 
slimulaled with light and since its resonance frequency can be tuned over a wide 
spectral range by varying the Size and shape of the clusters. by changing Ihe dielec- 
tric surrounding and choosing different metals. Even though numerous investigations 
on SP's have been reported, no systematic investigation of the decay time T2 and 
the decay mechanisms of SP excitation are available. Main reason is that nanopar- 
licles usually have a broad size and shape distribution which introduces inhomoge- 
neous line broadening and prevents the determination of T, by linear optical spec- 
troscopy and lime resolved experiments using femtosecond laser pulses [I ,2]. 

Here, we describe a novel technique to determine Vle homogeneous linewidths of 
surface plasmon resonances of metal nanoparticles in the presence of inhomogene- 
ous broadening and thus measure Tz. The method is based on spectral hole burning 
in the inhomqleneously broadenend absorption profiles of metal nanoparticles and 
has been applied to supported oblate Ag clusters with radii of 7.5 nm. From the ex- 
perimental results and a theoretical model of hole burning the linewidth of 260 meV 
corresponding to a decay time of 4.8 fs was extracted. This value is shoderthan ex- 
pected for damping by bulk electron scattering. We conlcude that additional damping 
mechanisms, in particular surface scattering. come into play if the electrons are con- 
fined in particles with sizes below 10 nm. Furthermore, an influence of the shape of 
the clusters on the decay time was observed. 

The technique' presented here holds great promise for investigating S P s  as a 
function of particle radius, an essential step towards a detailed understanding of the 
importance of different decay mechanisms. This is also essential to optimize the lo- 
cal field enhancement a1 the particle surface in a systematic way by generation of 
aggregates wilh optimum axial ratio and by precise control of the chemical sumun- 
ding including choice of Ihe substrate malerial. 
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