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Entangled states
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Entangled states: Basis
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Density matrix

8

DENSITY MATRICES OF 
PURE STATES

DENSITY MATRICES OF 
NON-PURE STATES



+

9
A. Büse, et al. , “Symmetry Protection of Photonic Entanglement in the Interaction with a Single Nanoaperture”, Phys. Rev. Lett. 121, 173901 (2018)



+

10
A. Büse, et al. , “Symmetry Protection of Photonic Entanglement in the Interaction with a Single Nanoaperture”, Phys. Rev. Lett. 121, 173901 (2018)



Dielectric spherical nanoparticle

a = 250nm
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Resonances in dielectrics:
Strong localization of electric and 
magnetic fields

magnetic octopole

electric quadrupole



… but not helicity sign
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Lossy beam splitter transformation

S. M. Barnett, J. Jeffers, A. Gatti, and R. Loudon, “Quantum optics of lossy beam splitters”, Phys. Rev. A 57, 2134 (1998)
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CLASSICAL

Classical response: Scattering coefficients

Calculated with Mie’s theory
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Main results:
Loss of purity



Entangled states: Basis
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      INPUT DENSITY MATRIX

OUTPUT DENSITY MATRIX

Monochromatic input: Conservation of purity
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Entangled states: Basis
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Monochromatic input: Conservation of purity
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      INPUT DENSITY MATRIX

OUTPUT DENSITY MATRIX

Pulse input: Loss of purity
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OUTPUT DENSITY MATRIX

LOSS OF PURITY

Pulse input: Loss of purity



Origin of the loss of purity
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SCATTERING
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Origin of the loss of purity

R. Rangarajan, M.Goggin, and P. Kwiat, “Optimizing type-I polarization-entangled photons,” Opt. Express 17, 18920-18933 (2009)



SCATTERING

24

Origin of the loss of purity
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TIME DELAY

FREQUENCY SHIFT

Origin of the loss of purity



Conclusions

● Framework to treat the scattering of quantum states of light by a 
nanostructure.

● Loss of quantum purity in the scattering process: interaction with 
optical resonances.

● Origin of the loss of quantum purity: time-delay and frequency-shift.
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Analogous situation in birefringent crystals
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