Quantum Cloning




We shall discuss three major points:

* The Problem with Perfect Cloning

* The necessity of Universal Cloning

 The limit of Optimal Cloning



(Naive) No Cloning Theorem

 Assuming the copying machine is unaffected by the
process, and exists only as a unitary operation —
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The Tool Box

Fidelity  F(p,, p;) =tr(Jppi\p))
Von Neumann Entropy S =-tr(pln p)

Hilbert Schmidt norm |A" =tr(ATA) = |p, — o[ =tr(p, — p,)?



The Grinder
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Several Schemes for Cloning :

e Measurement — Choosing a specific axis
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Universality — can we do
better?

Although the Simple QCM copied eigenstates perfectly, the
average fidelity was poor. Consider the following Cloning scheme:
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Optimal Quantum Cloning Machines

A U, ,, QCM acting on an arbitrary pure state gives
M -1

) ®|S,) > 2P ()| (M =D, jy* ) ®S, ()
j=0

2(N—))

P. (1) (probability of having | errors in N clones) =
v (1)) (p y g ] ) N(N+1)

‘S j> The state of the cloning system

M — M -1 M —1 M ’) 1
S - Sr0 (M2



Stimulated Emission

Before During After emission
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The General Apparatus
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Quantum Cloning with an Optical Fiber Amplifier

Source Amplifier
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Optimal Quantum Cloning on a Beam Splitter
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Optimal Quantum Cloning on a Beam Splitter
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