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Outline

• Relation among

i. single-mode nonclassicality

ii. two-mode entanglement

iii. many-particle entanglement

• new N-particle entanglement criterion

i. test for Dicke states

ii. test for the ground state Dicke Hamilonian (superradiance)

iii. test for single-photon superradiance (exact, time depndt)

iv. test for random superposition of Dicke states

v. ground state of an interacting BEC



3 kind of nonclassicalities

(i) single-mode nonclassicality

(ii) two-mode entanglement

(iii) many-particle inseperability
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Atomic coherent states (ACS)

separable many-particle states

operate
generates many-particle entanglement

operate cannot generate entanglement

operate

operate

generates two-mode entanglement

cannot generate two-mode entanglement
beam-splitter Hmlt

WHY CANNOT ???
(we will answer soon)
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𝝃𝒏𝒆𝒘 Dicke states.

many-particle
inseparable

𝑄 > 0 ⇒ entangled

𝜉Duan > 0 ⇒ entangled



ground state of the Dicke Hamiltonian (superradiance)

𝝃𝒏𝒆𝒘 superradiance (superpositions of Dicke states)

𝜉Duan also fails

𝑄 > 0 ⇒ entangled

𝜉spin < 0 ⇒ entangled

(not plotted)

𝜉n𝑒𝑤 < 0 ⇒ entangled



ground state of the Dicke Hamiltonian (superradiance)

𝝃𝒏𝒆𝒘 superradiance (superpositions of Dicke states)

ensemble-field entanglement

𝜇𝑛𝑒𝑤 < 0 ⇒ ensemble-field entanglement

superradiance
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𝝃𝒏𝒆𝒘 (random superpositions of Dicke states)

2000 random superposition of Dicke states

witnessed in all when Q>0
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𝝃𝒏𝒆𝒘 interacting BEC

K.E. & trap potential atom-atom collisions

bunching of atoms

entanglement of atoms
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answer

is in

becomes beam-splitter

becomes two-mode sqz
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