
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Nanoscale

www.rsc.org/nanoscale

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Page 1 of 5 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 2 of 5Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 3 of 5 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 4 of 5Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



thors aim to design absorbers with small scattering cross-section,
and we provide a number of new optimized designs. The effi-
ciency in the Ref.39 is defined as the ACS normalized to scat-
tering cross-section. Initially, we set the total value of the ab-
sorbed power with cross-section of αabs =

3λ 2

8π and keep the outer
radius of the particle fixed. In this case the optimization gives a
result similar to the structure with contributing harmonics TM1

and TE1 from Ref.39 For ε1 = 1.29 + i0.01, ε2 = −10.37 + i0.35,
and ε3 = 8.4 + i2.33 as material parameters we obtained radii
{ac1,ac2,a3} = {0.142,0.166,0.194}λ and scattering-normalized

absorption efficiency η
(α)
abs

= 7.65 which corresponds to η
(α)
abs

= 7.1

from the original work.39 However, if we set the optimizer to
keep high level of absorption efficiency Qabs ≈ 5 the particle be-
comes much smaller and the size of the outer layer vanishes
{ac1,ac2}= {0.00635,0.00747}λ resulting in η

(Q)
abs

= 544. It means
that this small particle still absorbs five times its physical size with
a very large scattering-normalized absorption efficiency.

In conclusion, we introduce and study the effect of superab-
sorption, when the absorption cross-section of the nanoparticle
can reach the theoretical limit for several modes at the same
frequency. This becomes possible when several resonant modes
of the structure overlap at the same frequency, and this regime
can be achieved in multilayer nanoparticles. Moreover, quite un-
expectedly we find that the most efficient absorbers, which are
characterized by enhanced absorption efficiencies, are smaller
nanoparticles working in a single mode regime. We present their
spectral characteristics and field structure. It is interesting to note
that a similar conclusion was made by Miller et al.40 for extinc-
tion of arbitrary particles: small size with only dipole response is
preferable for geometric volume normalized efficiency.
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