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Stockman Responds to Comment by Pendry and Maier
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In their Comment [1] Pendry and Maier (PM) disagree
with the conclusion of our Letter [2] that full loss compen-
sation in a dense resonant plasmonic gain metamaterial
brings about spasing, [3] clamps the population inversion,
and eliminates the net gain. PM’s assertion is based on
their understanding that “Stockman considered a single
cell...” Below we show this statement and conclusions of
PM are wrong. Our Letter [2] is correct and stands as
originally formulated.

In reality, citing [2]: “Consider a small piece of this
metamaterial with sizes much greater that the unit cell
but much smaller than A, which is a metamaterial it-
self.”. Theory of spasing is applied to this metamaterial
as a whole, as has always been done, not to the unit cell.
Therefore, it completely takes into account the interac-
tions between cells of the system.

The invalidity of the contention of PM that we apply
this eigenmode equation only to the unit cell is already
obvious from the fact that localization/delocalization of
plasmonic eigenmodes has been a subject of our extensive
research. Our Ref. 4 confirmed that there are eigenmodes
of all localization radii, from size of the unit cell up to
the size of the entire system, which coexist at close eigen-
values (frequencies). Note that this phenomenon known
as inhomogeneous localization (delocalization) has been
predicted for the quasistatic eigenmodes [4-6] and later
confirmed experimentally. [7, 8] This can be illustrated
by Fig. (2) of Ref. 4 where the eigenmodes with the eigen-
values s, = 0.2 and s,, = 0.2011 are clearly delocalized
over the entire system containing over ~ 103 of the units
cells (monomers). In theory of spaser, see Fig. (2) (b)-(c)
of Ref. 9, the spasing modes are delocalized over all the
six nanospheres constituting the spaser.

The entire Comment [1] is based on the disputed
premise that Ref. 2 considers spasing in a single unit
cell. There is also another mistake in this Comment to
be addressed. This is the statement [1] that for spasing
one should take into account “the dominant decay chan-
nel namely tunneling into adjacent cells through overlap
of the resonant fields”, and that “neighboring cells will
have an effective capture rate ¢X(r)...” This imaginary
amplitude is considered as an additional loss for spasing
but not for amplification. This idea of PM is in conflict
with fundamental principles of physics.

In periodic metamaterials, as in any crystals, the over-
lap of the unit-cell wave functions causes coherent cou-
pling between them and not any relaxation or scattering.
This is a general tenet of physics established by the classic
work of Felix Bloch [10]. The Comment [1] is incompati-
ble with this principle. In reality, the transfer amplitude

between the unit cells is real, leading to the formation
of energy bands and not to any relaxation, and it will
not hamper spasing. In fact, the SP eigenproblem Eq.
(1) of Ref. 4 are real and independent from the permi-
tivitties, which, including their imaginary parts, are fully
taken into account in our theory through the correspond-
ing Green’s functions to enter correctly the results — Egs.
(5)-(13) of Ref. 2.

The well-studied distributed feedback (DFB) lasers
[11] are, in fact, periodic systems (gratings) with gain.
Deliberately, the DFB gratings are made very weak, so
the coupling between the unit cells is very large. PM’s
theory[1] would imply that the DFB lasers would not gen-
erate but they do. Similarly, periodic plasmonic meta-
materials with gain are DFB spasers, which, as any DFB
lasers, will generate at band-edge modes.

As follows from our results, [2, 3, 12, 13] the condi-
tions for spasing are realistic for existing semiconduc-
tor or laser-dye gain media. Therefore, it is not surpris-
ing that a significant number of generating spasers have
been reported in experiments, [14-18] and more are in
progress.

In metamaterials, losses is a major problem severely
hampering fundamental effects and meaningful applica-
tions. Despite a large effort to compensate loss by gain,
there is a little progress. In the literature, there is only
one successful compensation of losses claimed [19]. (Note,
that in Ref. 19 the 280 nm unit cell is not deeply sub-
wavelength, and that system is a nanolayer rather than
a 3d metamaterial.) There have also been multiple at-
tempts to compensate loss by gain for surface polaritons
[20-23]. None achieved the full loss compensation, quite
possibly, due to unintended spasing on defect-localized
modes. Thus this Comment [1] is “at odds” with a large
number of experiments.
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