
Wang et al. Reply The main objections of the previous
Comment by Baranov et al. [1] to our Letter [2] are (i) that
the linear theory is not applicable in the gain systems
having the singular points (SPs) in the upper-half complex
frequency ( ~ω) plane, and (ii) that the causality is violated
when there are SPs in the upper-half ~ω plane in the
reflection and transmission coefficients. We disagree,
and in the following we present our arguments.
The main argument of Baranov et al. that “the movement

of SPs … indicates the onset of lasing” implies that the
onset of lasing does not depend on the field strength but
relies on the slab’s thickness. This incorrect argument is
different from the conventional view on lasing (e.g., see a
recent reference, Ref. [3]). This argument is also contra-
dictory to their own simulation in Ref. [4] (this paper is by
some of the authors of the Comment) where they showed
that the linear method is very good in a gain medium as
long as the input field is sufficiently weak. On the basis of
these simulations, it was pointed out in Ref. [4] that the
linear approximation is valid for the slab width d, which
satisfies the condition dcr < d < dlas. Here dcr is the critical
slab width, and dlas is the slab width where we have lasing.
As pointed out in Ref. [3], dlas is dependent on the intensity
of the incident light. The lower the intensity of the incident
light is, the larger the width dlas will be. For a certain slab
width d, we can use low intensity for the incident light,
so that no lasing will happen; that is to say, the condition
dcr < d < dlas is still valid. Therefore, our linear approxi-
mation can still be a good one.
Furthermore, the argument that “a nonzero solution in

the absence of incident field arises” is also incorrect. It is
evident from Maxwell’s equations that P must be zero
without the presence of E. The nonzero solution is unphys-
ical and does not exist if one correctly deals with the SPs in
the transmission and reflection coefficients within the linear
approach. This refutes the first point by Baranov et al.
Next, we show that the second point raised by

Baranov et al. is also incorrect. Although Baranov et al.
agree with our statement that “an appearance of SPs in the
upper half plane leads to the violation of the conventional
Kramers-Kronig (CKK) relation”, they misunderstand
the Titchmarsh theorem [5] and mistakingly think that
“causality and the validity of CKK relations are equiv-
alent.” It is known that Kramers-Kronig (KK) relations may
have different forms [6] and certain KK relations may not
automatically imply causality. In our work, the presence of
SPs in the upper-half ~ω plane in the reflection and trans-
mission coefficients is not related to causality [7]. It has
been proven in Ref. [8] that in gain systems, when the
electric field EðtÞ increases without exceeding the expo-
nential growth for large time t, jEðtÞj ≤ E0eγ0t (here, E0

and γ0 are positive constants), the function FðtÞ ¼ EðtÞe−γt
with γ > γ0 satisfies the Titchmarsh theorem and also
satisfies the causality. This is due to the fact that FðtÞ
satisfies the precondition of the Titchmarsh theorem

(the integral of jFðtÞj2 is finite), while EðtÞ does not
(the integral of jEðtÞj2 may go to infinity). FðtÞ satisfies
the causality; consequently, EðtÞ satisfies it too. But the
CKK relations related to EðtÞ are not satisfied in this case.
Actually, we have pointed out [2] that the modified KK
relations may be recovered by using the “Blaschke
product.” For example, the CKK relations are not satisfied
without breaking the causality in the system of the
Gires-Tournois interferometer [9]. However, modified
KK relations may be satisfied in such a system [10].
Most importantly, any impulse output (i.e., optical pre-
cursors) cannot occur earlier than the input impulse [11].
The claim in the Comment is therefore incorrect.
Hence, in summary, we conclude that the linear theory

in our Letter [2] is valid as long as the electric field is
sufficiently weak within a finite thickness. The causality is
also preserved by correctly dealing with the SPs in the
reflection and transmission coefficients. We emphasize
the main result in our Letter [2], which is the existence
of the counterintuitive dispersion. This is proposed to be
tested by measuring the Hartman effect in the reflection
from the gain slab. The purpose of stating that “… the
causality of the gain slab system is always preserved” in our
Letter is to eliminate the wrong impression that the
violation of the CKK relations always break the causality.
Thus, we believe that the statements in the Comment are
misleading and incorrect.
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