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How does classical physics emerge from quantum physics ?

WAVE-PARTICLE DUALITY

A laser beam

• is made of quantum particles (photons)

• behaves like a classical electromagnetic wave

¬Profound bridge between classical physics and quantum physics

Illustration: single-photon double-slit experiment
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Source : https://www.maxicours.com/se/cours/interferences-photon-par-photon-particule-par-particule/

COHERENT STATES

• Quantum states with minimal quantum uncertainty

¬Well-defined average position and momentum

¬Closely follow the laws of classical physics

• Describe accurately laser beams and electromagnetic waves

• Applications:

⋄Quantum electrodynamics

⋄Cosmology

⋄Condensed matter physics

⋄Quantum information theory

OBJECTIVES

Semi-classical limit: where quantum physics meets classical physics

¬Study coherent states in the semi-classical limit

¬Show that they behave almost like classical particles

MAIN RESULT

Setup: system of identical bosons, initially in a coherent state

¬Example: photons in a laser beam

TAKE-HOME MESSAGE

In the semi-classical limit, the state of the system will follow

the classical trajectory, with small changes in its shape.
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Squeezed coherent states at times 0 < t1 < t2 < t3

MATHEMATICAL TOOLS

• Fock space: describes states of systems with variable particle number

• Quantization: translates classical quantities (position, momentum...)

into quantum physics

• (Quantum) Hamiltonian: quantization of classical energy

Energy
drives classical motion

Hamiltonian
drives quantum dynamics

Quantization
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