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The second quantum revolution: @.__
from concepts to technologies

A. The great picture

B. State of the art and open questions
* Quantum computing
* Quantum simulation
e Quantum communication
* (Quantum sensing
C. What type of funding?
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Two great “quantum mysteries”

Wave-particle duality: single particle interference

* A particle (an electron)
also behaves as a wave

* A wave (light) can also
behave as a particle
(single photon effects)

Classical models,
(local realism a /la
Einstein) in
ordiary space-
time

Entanglement: interference between two-particles amplitudes

for particles
* Hong-Ou-Mandel effect
* Bell's mnequalities violation

« Hanbury Brown-Twiss effect Interference in

Hilbert space. No
classical model 1n
ordinary space-time



The second quantum revolution

Two concepts at the root of a new quantum revolution

Entanglement
« A revolutionary concept, as guessed by Einstein and Bohr, strikingly
demonstrated by Bell, put to use by Feynman et al.
* Drastically different from concepts underlying the first quantum revolution
« Manipulation of huge quantity of information: massive parallelism

Individual quantum objects
 experimental control
» theoretical description
(quantum Monte-Carlo)

Natural: electrons, atoms, 10ns,
single photons, photons pairs




The second quantum revolution

Two concepts at the root of a new quantum revolution

Entanglement

* A revolutionary concept, as guessed by Einstein and Bohr, strikingly
demonstrated by Bell, put to use by Feynman et al.

* Drastically different from concepts underlying the first quantum revolution

* Manipulation of huge quantity of information: massive parallelism

* experimental control
* theoretical description
(quantum Monte-Carlo)

Natural: 1ons, Rydberg atoms
Artificial: supraconducting devices,
impurities 1n silicium, NV centers. ..
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Universal quantum computer @..

100 or more 1deal qubits : 10° real qubits, better than state of the art!
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Universal quantum computer

Best qubit ?
* Jons, Rydberg atoms, NV centers
* Supraconducting devices
* Silicon impurities
* Photons
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wmw=  Universal quantum computer @..

ParisTiach

100 or more 1deal qubits : 10° real qubits, better than state of the art!

Best qubit ?

* Jons, Rydberg atoms, NV centers Depends on the task;
’ . . . el
* Supraconducting devices no “winner take all
» Silicon impurities Flymg vs.static qubits
« Photons Quantum memory needed
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100 or more 1deal qubits : 10° real qubits, better than state of the art!

Best qubit ?

* Jons, Rydberg atoms, NV centers Depends on the task;

» Supraconducting devices no “winner take all”

* Silicon impurities Flying vs.static qubits

« Photons Quantum memory needed

When?  Decades; ct. the case of gravitational wave detection

Not forbiden by fundamental physics laws, huge technological challenges
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Universal quantum computer @..

100 or more 1deal qubits : 10° real qubits, better than state of the art!

Best qubit ?

* Jons, Rydberg atoms, NV centers Depends on the task;

» Supraconducting devices no “winner take all”

« Silicon impurities Flying vs.static qubits

« Photons Quantum memory needed

When? Decades; cf. the case of gravitational wave detection

Not forbiden by fundamental physics laws, huge technological challenges

What for? Shor, Grover... Universal quantum algorithmic wanted
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