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The ”coherent perfect absorber” (CPA) is a device which realizes the time-reversed process of
lasing. A cavity with a “loss medium” is shown to perfectly absorb coherent incident fields corre-
sponding to the time-reverse of the lasing mode of the corresponding cavity with gain, while strongly
scattering other incident modes, realizing a compact absorptive interferometer. A distinct device is
the “parity-time-reversal-symmetric” (PT) amplifier-absorber, consisting of a cavity with appropri-
ately balanced gain and loss regions. Such PT cavities can act as amplifiers or absorbers depending
on their illumination conditions and display a spontaneous symmetry-breaking transition. In the
broken symmetry phase, at discrete singular points, they behave as both a laser and a CPA.

A laser at threshold can be described as a solution of the linear amplifying wave equation with a specific modal
pattern of outgoing waves at frequency Ωµ. The time-reversal symmetry property of the wave equation implies
that the corresponding cavity with loss replacing gain [n1(~r) − in2(~r) → n1(~r) + in2(~r)] will absorb perfectly at
the same frequency, Ωµ, the same modal pattern of incoming waves [1]. Such a device, a cavity with absorbing
complex index tuned to one of a set of discrete values, has been termed a “Coherent Perfect Absorber” (CPA). The
physical origin of the perfect absorption is the formation of a perfect “interference trap” for incoming radiation,
such that eventually it is entirely absorbed, even if the single-pass absorption is not large. The electromagnetic
scattering matrix (S-matrix) describing scattering from such a device has an eigenvector with eigenvalue equal to zero.
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FIG. 1: (a) Coherent perfect absorber (CPA): logarithmic scat-
tering intensity (log10 |s|2, where s is an S-matrix eigenvalue)
vs. wavelength, for a 100µm silicon slab, showing several even
parity (blue) and odd parity (red) CPA resonances (b) S-matrix
eigenvalues for PT-amplifier-absorber: At low frequencies, the
scattering eigenvalues are unimodular, causing no net amplifi-
cation or dissipation; as the frequency increases, they undergo
a symmetry-breaking phase transition so that the device can
either strongly amplify or strongly absorb, depending on input
conditions. If the complex index is tuned to specific discrete
values then one eigenvalue will diverge while the other vanishes
at some frequency, and the device is a CPA-laser.

Except in the special case in which the cavity is only ac-
cessible by a single propagating channel, this S-matrix
will also have non-null eigenvectors which scatter in-
cident radiation at the same frequency, often quite
strongly. Hence in a CPA one is able to control the
absorption in the cavity loss medium by varying the
relative phases of the incident beams, either enhancing
it to full absorption or reducing it substantially. This
mechanism for coherent control of absorption is distinct
from other methods such as electrically-induced trans-
parency or metamaterial enhancement of the photon
density of states.

We have shown [1] that CPAs can be realized in sili-
con. In the simplest case a waveguide or fiber of negli-
gible loss inputs radiation on two sides of a silicon slab
causing the two incoming beams to interfere within the
material. When the beams have the appropriate phase
they are completely absorbed; as their phase is var-
ied scattering turns on and can even be enhanced far
beyond the value for incoherent illumination, as shown
by a recent proof-of-principle experiment [2]. The CPA
thus functions as a compact absorbing interferometer,
easily fabricated on-chip, with potential applications
for silicon-based integrated optics.

A similar S-matrix analysis can be applied to bodies that contain parity symmetric, balanced gain and loss, n∗(~r) =
n(−~r)[3]. The scattering shows a spontaneous breaking of PT symmetry as a function of frequency [4], after which
two input beams can be either amplified or attenuated, depending upon their relative phase. At discrete singular
points the system can even toggle between lasing and perfect absorption [4, 5] (see Fig. 1).
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