Universitat
Konstanz

Prelude | — Transmons

charge qubit

ISLAND

Josephson

Junction

anharmonic oscillator

Ref: Oliver, W. & Welander, P. , MRS Bulletin, 38(10), 816-825. (2013)

Prelude Il — Markovianit

Time evolution with the dynamical map
o(t) = A(t,to)p(ty) Map needs to be CPTP!

We adopt the definition for Markovianity as CP-divisibility:

At to) = A(t, t)A(  tg) VE' 1 tg <t' <t

For a time-local master equation Markovianity implies the

Lindblad form with non-negative rates for all times:

p(0) =~ (0, o] + Y ) (LuOPOLLO — HELOL(0) 0001}
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Model (b)

Physical hardware model Island
by a lumped circuit.
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Open system Hamiltonian:

H = c«;q o, —Qt)o, + Hz + neo, B

Driven qubit  Impedance, Transverse noise
Caldeira-Leggett

boson bath

Smoking-qun experiment

Initialize |0)

Rotate around Y by /2
Delay time ¢,

Rotate around Y by —m /2
Measure state
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Initialize [0)

Rotate around X by —m/2 SRR
Delay time t, s S S
Rotate around X by /2 S R
Measure state

oL~

Markovian expectation: probability of measuring 0 is equal!
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Quantum Computer in the Solid State

Open transmon system

We apply the time-convolutionless projection technique
to the composite qubit-environment Hamiltonian

—i[H(t), p(t)] +1* )

k,l=1

Only approximation used: Born!
Decoherence matrix exhibits a
negative eigenvalue for all times:

eternal non-Markovianity!

Solution of the master equation
as a dynamical map:

p(t) = Can(t)7ap(0)7]
a.,b

Positve semidefinite Choi matrix — complete positivity

Qubit precession

ldle qubit evolution through the expectation value
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Smoking-gun signatures of non-Markovianity of a superconducting qubit
Balazs Gulacsi and Guido Burkard, Department of Physics, University of Konstanz
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Markovian case: exponentially decaying precession with the qubit frequency.

Non-Markovian effects: recohere

Non-exponential

decay function,

Periodic recoherence 3
through negative decay = .|
rates!
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nce, additional precession frequencies!
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Spectral properties reveal higher
harmonics in the qubit precession.
Shape and height of the peaks depend
on the initial condition, memory!

Imbalance of probabilites
due to non-Markovianity
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Y For a transmon qubit with T, = 10us
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