Efficient noiseless amplification for light fields with larger amplitudes
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We propose and investigate a scheme for nondeterministic noiseless linear amplification [1–4] of
coherent states using two-photon addition. The noiseless
amplifications considered here are ââ† and â†2 , where â
(â† ) is the photon annihilation (addition) operator. The
ââ† operation as the first order approximation of the ideal
noiseless amplification works well for small-amplitude
coherent states [2, 4]. It was pointed out that n-photon
addition, (a† )n , may be used to amplify coherent states
[5]. Here we find that the a†2 operation is an effective
noiseless amplifier for coherent states with relatively larger
amplitudes. Figures of merit examined here are the state
fidelity, the amplitude gain, and the equivalent input noise
(EIN) [6]. The noiseless property of the amplification is
assessed by the EIN of the amplifier, which is affected by
both the state fidelity and the amplitude gain.
The (ââ† )-amplification always exhibits higher maximum
fidelity than the (â† )2 -amplification while it is the opposite for the amplitude gain. The maximum fidelity between the Â-amplified (Â ∈ {ââ† , â†2 }) coherent state of
initial amplitude |αi | and the coherent state of the final
amplitude |α f | is numerically calculated and presented in
Fig. 1(a). The amplitude gain from the amplification Â can
be defined as the input and output ratio of the expectation
values of the quadrature operator with phase λ, x̂ λ [4]:
gλÂ = 〈x λ 〉out /〈x λ 〉in . The amplitude gain is independent of
λ for the amplifications of coherent states considered here.
The gain monotonically decreases to unity with respect to
|αi | as shown in Fig. 1(b).
We employ the EIN [6] for comparison between the two
amplification schemes. The EIN of an amplifier is defined
as
EλÂ =

〈∆x λ 〉2out
(gλÂ )2

− 〈∆x λ 〉2in ,

(1)

where 〈∆x λ 〉2 is the variance of the x̂ λ . It represents the
level of noise added into the input signal to mimic the output signal in the quadrature x λ . The λ-averaged EINs,
†
†2
E ââ (αi ) and E a (αi ), are numerically computed and plotted in Fig. 1(c). All average EINs are negative, which indicates the characteristic of noiseless amplification; negative
EIN cannot be obtained by the classical amplification. As
the ââ† -amplification has much higher fidelity than â†2 for
small |αi |, ââ† has lower EIN for small |αi |, while â†2 has
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FIG. 1. (a) Maximum fidelities, (b) amplitude gains, and (c) average EINs when the amplification ââ† (solid curve) and â†2 (dashed
curve) are applied to the coherent state of initial amplitude |αi |.

lower EIN for large |αi | due to higher gains.
The â†2 -amplifications also serve as an effective noiseless
amplification for superpositions of coherent states (SCSs),
where similar behaviors in the state fidelities, amplitude
gains, and EINs can be observed. The enhancement in the
maximum fidelity can be found when a squeezed state is
used to approximate a superposition of coherent states for
the amplifications considered here.
In terms of EIN, â†2 is better than ââ† as a noiseless amplifier for coherent states as far as the initial amplitude
is |αi | ¦ 0.91. Similar behaviors are found for the SCSs
and squeezed states as their approximations. In contrast
to the previous studies [1–4], our work provides efficient
schemes to implement a noiseless amplifier for light fields
with medium and large amplitudes.
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