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I.  What’s the problem? 
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Phase-preserving linear amplifiers 
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Ideal phase-preserving linear amplifier: 
parametric amplifier 



Ideal phase-preserving linear amplifier: 
parametric amplifier 

The noise is Gaussian.  Circles are drawn 
at half the standard deviation of the 
Gaussian.  



Phase-preserving linear amplifiers 

What about nonGaussian added noise? 
  What about higher moments of added noise? 

THE PROBLEM 
What are the quantum limits on the 
entire distribution of added noise? 



Initial coherent state 



Ideal amplification of initial coherent state 



NonGaussian amplification of initial coherent state 

Are these legitimate linear amplifiers? 
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II. Quantum limits on noise in phase-preserving
linear amplifiers.  The whole story 



What is a phase-preserving linear amplifier? 
Amplification of input 

coherent state 

Smearing probability distribution.  Smears out the amplified coherent 
state and includes amplified input noise and added noise.   
For coherent-state input, it is the P function of the output.    

THE PROBLEM 
Given that the amplifier map must be physical 
(completely positive), what are the quantum 

restrictions on the smearing probability distribution? 



THE PROBLEM 
Given that the amplifier map must be physical 
(completely positive), what are the quantum 

restrictions on the ancilla mode’s initial “state” σ? 

is equivalent to 

and is equivalent to 

What is a phase-preserving linear amplifier? 



What is a phase-preserving linear amplifier? 

THE ANSWER 
Any phase-preserving linear amplifier is 

equivalent to a two-mode squeezing paramp with 
the smearing function being a rescaled Q function 
of a physical initial state σ of the auxiliary mode. 



What is a phase-preserving linear amplifier? 

To IV 
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III.Completely positive maps and
physical ancilla states 



When does the ancilla state have to be physical? 

Co-workers: Z. Jiang, M. Piani 



When does the ancilla state have to be physical? 



Why does the ancilla state for a linear 
amplifier have to be physical? 

To End 



IV. Nondeterministic linear amplifiers
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Nondeterministic linear amplifier 

Original idea (Lund and Ralph): When 
presented with an input coherent state, a 

nondeterministic linear amplifier amplifies with 
probability p and punts with probability 1 – p. 

If the probability of working is independent of input 
and the amplifier is described by the phase-preserving 

linear-amplifier map when it does work, then it is a 
standard linear amplifier, with the standard amount of 

noise, that doesn’t work part of the time. 



Nondeterministic linear amplifier 
phase-preserving 

Projector onto subspace of first N + 1 number states 



Nondeterministic linear amplifier 



Nondeterministic linear amplifier 



Echidna Gorge  
Bungle Bungle Range 

Western Australia 

That’s it, folks!  
Thanks for your 

attention. 
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