Research Training Workshop 2016
Quantum Control Lab

Introduction to decoherence effects

. Alexandre Blais, Physical review A 69, 062320 (2004)
P rESe nter N G UYE N LE D UC TH I N H K.blum, Density Matrix theory and applications (2012)

Nathan K.Langford, Circuit QED-Lecture Notes (2013)



Superposition state
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How can we know it was in the superposition state?
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Quantum information

Two level system
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Suppose Alice want to send Bob information by using two level
system states—>Bob can know by measure it in the right basis
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Mixed state
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Entanglement

Combined two-
level systems
quantum states
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Suppose Xavier prepare the above guantumstates. Alice and Bob
want to know what it is by measure each component separatedly:.
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Entanglement
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Decoherence

Decoherence
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Decaying

Losing energy to the environment
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Dephasing
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Treatment of decoherence

Density matrix

Pure state P = ‘Z> <Z‘

Mix state /0:Wa‘Za><Za‘+Wb‘Zb><Zb"""-

Pure state 2-level system ‘Z> — al ‘ O> + a2 ‘1>
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P:(ai](al 32)} (A)=Tr(pA)

Diagonal elements: probability to find the system in the pure state.
Relaxation: diagonal element decaying




Treatment of decoherence
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Master equation

Schrodinger equation
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Master equation

Interaction picture
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Master equation
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Master equation
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Master equation
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Master equation
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Master equation
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Master equation
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Master equation in Schrodinger Picture
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Master equation
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Master equation
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