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Abstract:Abstract:

We propose a method which allows to couple N remote single photoWe propose a method which allows to couple N remote single photon n 
emitters with a emitters with a --configuration to form any symmetric Nconfiguration to form any symmetric N--qubit state [1,2] or qubit state [1,2] or 
any (symmetric or nonany (symmetric or non--symmetric) total angular momentum eigenstates of symmetric) total angular momentum eigenstates of 

the Nthe N--qubit compound [3], using linear optics only.qubit compound [3], using linear optics only.
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Any symmetric NAny symmetric N--qubit state      can be expressed as a sum of symmetric Dicke qubit state      can be expressed as a sum of symmetric Dicke 

states               , with               being the symmetric Distates               , with               being the symmetric Dicke state with k       cke state with k       

excitations.excitations.

III. Generation of any symmetric stateIII. Generation of any symmetric state

Usage of elliptical polarizers allows the generation of Usage of elliptical polarizers allows the generation of 

any symmetric Nany symmetric N--qubit state qubit state 

Example: 3Example: 3--qubit Dicke statesqubit Dicke states

II. Generation of longII. Generation of long--living Wliving W--statestate
Detection of three photonsDetection of three photons

polarizerpolarizer

detectordetector
Atomic state after detection of the first photon with polarizatiAtomic state after detection of the first photon with polarization      :on      :

--scheme:scheme:

I. How to Entangle Remote Emitters by ProjectionI. How to Entangle Remote Emitters by Projection

Example for three trapped ionsExample for three trapped ions

IV. Generation of all total angular momentum eigenstatesIV. Generation of all total angular momentum eigenstates

22--particle system + particle system + ½½--spin particlespin particle

 

= = 
33--particle systemparticle system

This approach corresponds to a successive This approach corresponds to a successive 
coupling of angular momenta.coupling of angular momenta.
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(two photons measured)(two photons measured) DetectionDetection

 

(three photons measured)(three photons measured)
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Pick out two particular setupsPick out two particular setups

We have found an algorithm that transforms the We have found an algorithm that transforms the 
coupling of angular momenta into explicit coupling of angular momenta into explicit 

experimental setups.experimental setups.

optical fibersoptical fibers

V. From symmetric Dicke states to any NV. From symmetric Dicke states to any N--qubit statequbit state
Results and future researchResults and future research

Symmetric Dicke states [1]:Symmetric Dicke states [1]:
Generation of Symmetric Dicke States of Remote Qubits with LineaGeneration of Symmetric Dicke States of Remote Qubits with Linear Opticsr Optics

All symmetric states [2]:All symmetric states [2]:
Operational Determination of Multiqubit Entanglement Classes viaOperational Determination of Multiqubit Entanglement Classes via

 

Tuning of Local OperationsTuning of Local Operations

Total Angular Momentum Eigenstates [3]: Total Angular Momentum Eigenstates [3]: 
Generation of total angular momentum eigenstates in remote qubitGeneration of total angular momentum eigenstates in remote qubitss
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Generalization of this method may lead to the generation of Generalization of this method may lead to the generation of anyany

 

NN--qubit statequbit state

Initial atomic state:Initial atomic state:

Detection of a Detection of a ––polarized photonpolarized photon

Detection of a Detection of a ––polarized photonpolarized photon

Detection of a Detection of a ––polarized photonpolarized photon

The total angular momentum eigenstates form a basis of the The total angular momentum eigenstates form a basis of the HilbertspaceHilbertspace

 

of an Nof an N--

 

qubit system. So far only qubit system. So far only superpositionssuperpositions

 

of the symmetric basis states are possible.of the symmetric basis states are possible.
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Minor changes allow the generation of entangled photonic qubits Minor changes allow the generation of entangled photonic qubits using single photon using single photon 

sources (e.g., trapped atoms/ions):sources (e.g., trapped atoms/ions):

Method for the generation of polarization entangled photons [4]:Method for the generation of polarization entangled photons [4]:
Versatile source of polarizationVersatile source of polarization--entangled photonsentangled photons

The coefficients     are used to construct the polynomial       The coefficients     are used to construct the polynomial       ..

The roots     of this polynomial define the polarizer orientatioThe roots     of this polynomial define the polarizer orientations                              .ns                              .

In case of a 3In case of a 3--qubit state there is furthermore a simple correspondence betweenqubit state there is furthermore a simple correspondence between

 

polarizer orientation and the entanglement class of the generatepolarizer orientation and the entanglement class of the generated state [2].d state [2].

Including Including 
shiftshift

Including Including 
shiftshift

Total angular momentum (TAM) eigenstates             are definedTotal angular momentum (TAM) eigenstates             are defined

 

as the as the 

eigenstates of the total angular momentum operator    and its zeigenstates of the total angular momentum operator    and its z--component    .component    .

Generally, N qubits can be coupled to 2Generally, N qubits can be coupled to 2NN

 

different quantum states.different quantum states.

We exemplify our method for We exemplify our method for 

this state !this state !1. Example: 21. Example: 2--qubit systemqubit system 2. Example: 32. Example: 3--qubit systemqubit system

[4] A. Maser et al., Phys. Rev. A 81, 053842 (2010)

Explanation of the algorithm: mimicking the coupling of angular Explanation of the algorithm: mimicking the coupling of angular momentummomentum
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