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ParticlesParticlesParticlesParticles

WavesWavesWavesWaves

• Information transfer conveyed by particle 
and fields

• Environmental and device effect
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Particles and fields
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(Discrete) variable(Discrete) variable
Optical QIP



Information transfer 

(Communication)
Classical Classical Classical Classical 
MeansMeansMeansMeans

Quantum Quantum Quantum Quantum 
MeansMeansMeansMeans

Classical Classical Classical Classical 
InformationInformationInformationInformation

Classical Classical Classical Classical 
communicationcommunicationcommunicationcommunication

• SuperdenseSuperdenseSuperdenseSuperdense codingcodingcodingcoding
• Quantum Key Distribution (e.g. Quantum Key Distribution (e.g. Quantum Key Distribution (e.g. Quantum Key Distribution (e.g. 

BB84, E91)BB84, E91)BB84, E91)BB84, E91)

Quantum Quantum Quantum Quantum 
InformationInformationInformationInformation

• Measure Measure Measure Measure 
and prepareand prepareand prepareand prepare

• Direct Direct Direct Direct 

• Teleportation (Bennett et al.)Teleportation (Bennett et al.)Teleportation (Bennett et al.)Teleportation (Bennett et al.)
• Remote state preparation Remote state preparation Remote state preparation Remote state preparation 

(Bennett et al.)(Bennett et al.)(Bennett et al.)(Bennett et al.)• Direct Direct Direct Direct 
sendingsendingsendingsending

(Bennett et al.)(Bennett et al.)(Bennett et al.)(Bennett et al.)
• InteractionInteractionInteractionInteraction----mediated state transfermediated state transfermediated state transfermediated state transfer

((((e.g. Spin chain quantum wire)e.g. Spin chain quantum wire)e.g. Spin chain quantum wire)e.g. Spin chain quantum wire)

4

BellBell UU
Sender Receiver

Quantum
teleportation

Gate teleportation
( Gottesman et al., Nature 
402402402402, 390 (1999))



Bell measurement

(Lütkenhaus et al.,  
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(Lütkenhaus et al.,  
PRA 59, 3295 (1999))

BS

parity detectors

(Jeong et al., PRA 64, 052308)



Decoherence
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Entangled Coherent States 

vs. Entangled Photon Pairs 

for Practical QIP

PHYSICAL REVIEW A 82828282, 062325 (2010)
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Motivation
Bell measurement, gate success

Decoherence, superposition generation?

αQ
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Fault-tolerant

(Lund et al., PRL 100100100100, 030503 (2008))



Practical Teleportation
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Entanglement vs. 
Teleportation fidelity

EntanglementEntanglementEntanglementEntanglement

teleportationteleportationteleportationteleportation
fidelityfidelityfidelityfidelity
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Success probability



F vs. Detection efficiency
• η: detector efficiency detector efficiency detector efficiency detector efficiency (photon loss 

at the detector)

• Only CCCC teleportation is easily 
“contaminatedcontaminatedcontaminatedcontaminated” by detection 
efficiency.Teleportation fidelity

EPPEPPEPPEPP

ECSECSECSECS

efficiency.

• Polarization Bell measurement 
filters out filters out filters out filters out the loss.

• Loss is less detectable for CCCC Bell 
measurements.

Teleportation fidelity

Success probability

B
Fail

Success
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(perfect)(imperfect)



Section summary

12



Quantum Teleportation 

between Particle-like

and Field-like Qubits

under Decoherenceunder Decoherence

Submitted to PRA
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Motivation

TTTTTTTT

• DifficultyDifficultyDifficultyDifficulty in completion of individual schemes ⇒ HybridHybridHybridHybrid computation
• TeleportationTeleportationTeleportationTeleportation can transfer  information between different systems (a 

quantum interface): How would information with one property  transmitted to 
that with complementary property?

• Different dynamics Different dynamics Different dynamics Different dynamics for different qubits under the environmental effects.
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Hybrid OQIPHybrid OQIPHybrid OQIPHybrid OQIPHybrid OQIPHybrid OQIPHybrid OQIPHybrid OQIP



Hybrid QIP
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Negativity vs. Teleportation

NegativityNegativityNegativityNegativity
Teleportation fidelityTeleportation fidelityTeleportation fidelityTeleportation fidelity

Success probabilitySuccess probabilitySuccess probabilitySuccess probability
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Section summary

• Hybrid optical QIP by hybrid teleportationhybrid teleportationhybrid teleportationhybrid teleportation.
• p → c,s > p ← c,s
• For c and s, error remains in the qubit space, while not for p.
• Filtering and overlap is responsible for this.
• Particle nature Particle nature Particle nature Particle nature of polarization qubit is the main cause of the • Particle nature Particle nature Particle nature Particle nature of polarization qubit is the main cause of the 

difference.
• Can be interpreted as information transfer between microscopic and 

macroscopic objects.
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Conclusions

• Particles transfers the information faithfully, and robust to inefficient 
detectors, while fields does it less faithfully, but more frequently.

• A A A A criteria for the choice of the amplitudecriteria for the choice of the amplitudecriteria for the choice of the amplitudecriteria for the choice of the amplitude of the coherent state with 
regard to the decoherence effect is provided.

• A A A A hybrid strategy hybrid strategy hybrid strategy hybrid strategy of optical QIP schemes of optical QIP schemes of optical QIP schemes of optical QIP schemes having different • A A A A hybrid strategy hybrid strategy hybrid strategy hybrid strategy of optical QIP schemes of optical QIP schemes of optical QIP schemes of optical QIP schemes having different 
advantages and disadvantages is investigated under realistic 
situations.
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Future works

• Light-matter interfaced QIP (Yao and Belyanin, 
Phys. Rev. Lett. 108, 255503 (2012).): graphene under 
magnetic field

• Decoherence and Macro-realism (• Decoherence and Macro-realism (Kofler and 
Brukner, Phys. Rev. Lett. 99, 180403 (2007).)

• Interacting quantum-classical systems (Elze, 
Phys. Rev. A 85, 052109 (2012).)
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• Thank you!Thank you!Thank you!Thank you!
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micro-Macro entanglement

Schrödinger’s cat.
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de Martini et al., PRL 100100100100, 253601 (2008).

Schrödinger’s cat.



Decoherence

system (qubit)
Bath
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Quantum teleportation 
(Bennett et al., PRL 70,1895 (1993))

BellBell UU
(B2)

Sender Receiver
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EPREPR



Teleportation fidelity
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Attenuation
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Coherent amplitude damping

Fiber

Air

Time rescaling

Air

Fiber



Summary of last talk (reminder)

• Quantum aspect of information can bring a significant improvementa significant improvementa significant improvementa significant improvement
in security and computation power.

• There exists two (discrete) optical QIP schemes two (discrete) optical QIP schemes two (discrete) optical QIP schemes two (discrete) optical QIP schemes using photon 
polarization and coherent states, which possess different polarization and coherent states, which possess different 
advantages and disadvantages.

• TeleportationTeleportationTeleportationTeleportation is an important element for both. 
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Reminder

• Decoherence is caused by the interaction of an system the interaction of an system the interaction of an system the interaction of an system with its 
environment, and is an phenomenon a system generally loses its 
quantum properties.

• DissipationDissipationDissipationDissipation (photon loss) is the dominant decoherence mechanism • DissipationDissipationDissipationDissipation (photon loss) is the dominant decoherence mechanism 
for opticalopticalopticaloptical systems.

• A photon polarization qubit suffers an escape effect, while a 
coherent state qubit suffers a decay of its amplitude and dephasing.
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Progress made since

• I wrote my thesis.

• Summarized a more tight backgrounds about hybrid QIPs.

• Made the analysis more clear.• Made the analysis more clear.
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micro-Macro entanglement
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Teleportation fidelity and singlet 
fraction

(Horodecki et al., PRA 60606060, 1888 (1999))
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Entanglement and teleportation
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Contributions to the Field 

• Suggested a new criteria for a choice of amplitude of coherent state 
qubit.

• Investigated the crucial element of a new strategy of hybrid QIP.
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Hybrid QIP
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Hybrid QIP
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Hybrid QIP
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Hybrid QIP
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Entanglement generation
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(Kwiat et al., PRL 75757575, 4337 (1995))



Entanglement generation
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Polarization qubit and single-rail 

qubit
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Research Interests

• DecoherenceDecoherenceDecoherenceDecoherence: quantum → classical

• Hybrid QIPHybrid QIPHybrid QIPHybrid QIP

• Measurement: weak measurement, phase estimation• Measurement: weak measurement, phase estimation
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Backgrounds: 

Quantum InformationQuantum Information
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Quantum Information

42(Wikipedia)
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FAQ

Q. Why should we use the “quantum” information?

Classical computer

Q. Why should we use the “quantum” information?
A. The resources. 1 qubit ≒ ∞ bits to represent. 
Q. Where is this quantum advantage from?
A. The full space full space full space full space of the state is exploited. As a price, we give up copying.
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