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motivation

quantum control of quantum system

quantum technologies

transformations need to be
- high fidelity > 1 — 10~* — QEC
. fast

- robust



outline

« system: 2 qubits coupled to a resonator mode

- coupling regimes: Strong Coupling (SC) and Ultra SC (USC)
- adiabatic protocol for state transfer in USC

« numerical results

« conclusion and outlook
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- fidelity o AT, T'is the timescale of the transformation

same fidelity + faster transfer = larger 4

Ultra Strong Coupling (USC) is a natural candidate for
implementation of faster quantum operations
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problems
- the resonator may provide many (virtual) photons

- Dynamical Casimir Effect (DCE) limits the fidelity [2]

[2] G. Benenti, A. D'Arrigo, S. Siccardi, and G. Strini, Phys. Rev. A 90, 052313 (2014)
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% 0.3 1 —_ A1)
evolution in N = 1 subspace % . —== A0
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time (arbitrary units)
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new solution for dark-state

— detuning modulated [5]

2_ 2
t) — (1) = L2

201 (2 +A5(1)?
6(t) =w.— #

[5]TJ. Pope, et al., Jour. Stat. Mech. (2019)



Theorem
conservation of parity= fid. of pop. trans. = fid. of state trans.,
provided a final local rotation is performed



Theorem
conservation of parity= fid. of pop. trans. = fid. of state trans.,
provided a final local rotation is performed
! ] T
0.0 0.8 0.9 0.99 0.999  0.9999 0.99999
Rabi detuning-modulated

0.08 /
(@,

0.06 /Q .
T o9 o0
- S S
gam— .

0.02 .

0.00 0.25 0.50 0.00 0.25 0.50

Aaw, Aw,



Theorem

conservation of parity= fid. of pop. trans. = fid. of state trans.,
provided a final local rotation is performed

[
I T
0.0 0.8 0.9 0.99 0.999  0.9999 0.99999

detuning-modulated

0.08 -

0.06 1 / /
L
Ho Q)
S 0.04 - . QQ

0.02 - :

0.00 0.25 0.50 0.00
Ao, /1/ W,



Theorem

conservation of parity= fid. of pop. trans. = fid. of state trans.,
provided a final local rotation is performed

! T

T
0.0 0.8 0.9 0.99 0.999 0.9999 0.99999

detuning-modulated OCT
0.08 T T

0.06

0.00 0.25 0.50 0.00 0.25 0.50
Ao, Aw,



infidelity vs decay rate of the cavity
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simulations with Lindblad master equation
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outlook

« Theorem: state transfer = final rotation o population
transfer

- entanglement generation in multiqubit systems

. two-qubits gate?
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