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WHATI THIS TALK IS ABOUT

* A way to describe the interaction between a

quantum system and 1ts (complex) environment

* How quantum systems may be used to probe the
environment






INTERACTION WITH THE
ENVIRONMEN T

* [here Is no such thing as an isolated system

» Quantum systems, being microscopic, are
particularly sensitive to perturbations

* [he Interaction with the environment generally

induces decoherence: a decay of guantum
correlations



UANTUM-TO-CLASSICAL
TRANSITION
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QUANTUM TECHNOLOGIES

» Quantum systems can be employed for a variety of tasks
 computation and manipulation of information

* cryptography

» simulation of other quantum systems

- Quantum properties (entanglement) are a resource for greater
efficiency of gquantum technologies with respect to classical ones



DYNAMICS OF OPEN
RUAN UM SYS FERSS

Density matrix: p = sz' i) (i

Environment
PE

ps(t) = Trp[U(t)(ps(0) ® pr(0))UT(2)]



QUANTUM SYSTEMS INTERACTING
WITH CLASSICAL ENVIRONMENTS

- Complex systems with many degrees of freedom must be

studied with approximate methods

- Certain environments can be accurately described in

terms of classical stochastic processes

e accical nolse [s founc

(superconducting, solic

experimentally In many devices
SIEE.



1/f noise: Implications for solid-state quantum information
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e QUDBEE

- [he qubit is the simplest quantum system: two energy levels
¥) =a|0) +B1)

» Many systems can be considered as qubits

Nuclear or electronic spin

The polarisation of photons

» Two energy levels of an 1on

» Superconducting devices 1)



BTINAMICS OF QUBITSIES
CLASSICAL ENVIRONMENTS

Qubits interacting with noisy environments described by
classical stochastic processes

(Gausslan noise
(e.g. Ornstein-Uhlenbeck

A or fractional processes)
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BTINAMICS OF QUBITSIES
CLASSICAL ENVIRONMENTS
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p(t) = <U(t)pOUT(t)>B(t)

Solve the Schrodinger equation

Average over all possible realisations
of the stochastic process:




BTINAMICS OF QUBITSIES
CLASSICAL ENVIRONMENTS

‘H = hwo,, —|-7'[[(t)

Longrtudinal noise Transverse noise
(dephasing) (hopping/damping)
H;, = AB(t)o, H; = A\B(t)o,
Out-of-resonance Resonant

spectrum spectrum



BTINAMICS OF QUBITSIES
CLASSICAL ENVIRONMENTS
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MR, C Benedetti, and MGA Paris, Int. |. Quantum Inform. 12, 1560003 (2014)
MR, MGA Paris, in preparation



QUANTUM PROBES

‘e '3~ Quantum Probes for

~ Complex Systems

Use quantum systems as probes for estimating parameters of
complex environments:

e [ess Intrusive

» Quantum correlations may allow for better precision



QUANTUM PROBES
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QUANTUM PROBES

- Estimate the spectral width y of classical Gaussian noise described by a

_orentzian spectrum
2

A g
e V2 + w?

* Evaluate the best precision achievable

0y > :
vV MH ()

» H(~) is the quantum Fisher information

MR and MGA Paris, Phys. Rev. A 92, O | 0502 (RS2



QUANTUM PROBES

The probes are made of N
qubrts.

VWe compare the best
precision achievable when
the qubits are entangled and

when they are not

MR and MGA Paris, Phys. Rev. A 92, O | 0502 (RSEZSES



QUANTUM PROBES

» In a certain region of y, entangled qubits allow for better estimation
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MR and MGA Paris, Phys. Rev. A 92, O | 0502 (RS2



QUANTUM PROBES

Quantum correlations can be a resource for probing complex
environments!
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SUMMARY

- [he environment can be described classically in many
situations

* (Classical environments can also induce revivals of
quantum correlations

» Quantum systems can be used as probes for complex
environments and quantum correlations can be a
resource for this task



