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Heralded probabilistic noiseless amplifier

∣ 〉∣g  〉

Physical approximation to the unphysical target operation

Motivation:
● Improved estimation and cloning of coherent states
● Entanglement distillation and concentration
● Breeding of Schrodinger cat-like states
● Compensation of losses in quantum communication

Quantum filter diagonal in Fock basis:

G=g n ∣n 〉 gn∣n 〉 g n∣ 〉∝∣g 〉

T. C. Ralph and A. P. Lund, arXiv:0809.0326 (2008).



Experimental noiseless amplification



Noiseless attenuation

∣〉  n∣〉

● Quantum filter
● Attenuation of Fock state amplitudes

∣n 〉n∣n 〉

Possible implementation:
● Beam splitter with transmittance ν2

● Projection onto vacuum

1



Suppression of losses in direct state transmission

Input state in subspace spanned by vacuum and single-photon states:

∣〉=c0∣0 〉c1∣1 〉

Lossy channel combined with noiseless attenuation and amplifcation, g=1/(ντ):

=∣〉〈∣1−22∣c1∣
2∣0 〉 〈0∣

∣〉

M. Mičuda, I. Straka, M. Miková, M. Dušek, N. J. Cerf, J. Fiurášek, and M. Ježek, 
Noiseless Loss Suppression in Quantum Optical Communication, Phys. Rev. Lett. 109, 180503 (2012).



The experiment



CV QKD with heterodyne detection

Alice prepares coherent states
Bob performs projection onto coherent states

∣EPR 〉=1−2∑
n=0

∞

n∣n 〉∣n 〉



CV QKD augmented with noiseless amplification

Noiseless attenuation at the input is equivalent to a suitable choice of λ.
Noiseless amplification can be emulated on the measured data.



Post-selection: the data is accepted with probability proportional to Q(γ).

P =〈∣g nB g n∣ 〉

=
g

P =eg2−1∣∣2 〈 g ∣B∣g 〉

Emulation of noiseless amplification 
by postselection

Q =exp [1−g−2∣∣2 ]



Success rate of the post-selection

Exact emulation of noiseless amplification.
The number of accepted data scales sublinearly with N – inefficient procedure.

Q =exp [−1−g−2∣M∣
2−∣∣2]1

N acc∝N 0.35

∣M∣=max j∣ j∣



Efficient emulation is possible because Q(γ)<1.

P ∝〈∣nB
n∣ 〉

=


P ∝e−1−2∣∣2〈 ∣B∣〉

Emulation of noiseless attenuation
by postselection

Q =exp [−−2−1∣∣2 ]





Secret key calculation

● Virtual entanglement picture is employed

● The effective entangled Gaussian state shared by Alice and Bob after 
noiseless amplification/ noiseless attenuation is determined

●Secret key against collective attacks is calculated:

● The key rate is maximized by optimizing Alice's modulation strength λ

AB , out=
1
N

gnBAB gnB AB , out=
1
N
nBAB

nB



Lossy channel and noiseless amplification



Amplifying channel and noiseless attenuation



Achievable secret key rates



 Thank you for your attention!
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