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Coherent communication
and
Quantum information processing



AM and FM signals
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Homodyne detection

@ Local oscillator (LO)

same frequency as carrier
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AM and FM signals
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AM and FM signals
Freq of vis light
100THz
MR

We have to think about photons!

) P
AM and FM signals become conjugate variables.

Carrier

AM signal = x
FM signal = p

| x,p|=in
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Quantum optics
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annihilation operator (g

quantum complex amplitude
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Photon-number units
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Homodyne detection J8
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An example of quantum version of coherent communication

Beyond th Shoe
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Orthogonal bases
M. Sasaki et al., Phys. Lett. A 236, 1 (1997)



Coherent communication
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Coherent communication with QIP

Beyond the

Quantum

Shannon limit

information

processing
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Schrodinger cat states




Quantum version of coherent communication

) Receiving
Quantum 1information station
processing (QIP)

Extract information
beyond
the Shannon lIimit

.

We have to handle cat states of light!!



Schrodinger cat states
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Generalized teleportation
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First step of teleportation based QIP for coherent states
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Scientists teleport Schrodinger's cat

By Carl Holm for ABC Science Online
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What 1s quantum teleportation?



Quantum entanglement
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position: X position : —X
momentum : P momentum : —P

Einstein-Podlsky-Rosen (EPR) paradox



Quantum teleportation

X —x, =X Xg =X, — X —(x, —x3)

Sim
of A

PintPs=P

Victor

AM signal = x
FM signal = p




Creation of optical entanglement



creation of entanglement




Optical parametric oscillator (OPO)

generation of squeezed light
md

Homodyne
measurement



AM signal = x
entangled light beams

FM signal = p

I X, — X5 —0
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squeezed light ﬂ

Wave
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squeezed light 50/50 beam splitter A A
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EPR beams

entanglement generation with squeezed light beams



Classical Information
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Teleportation of
a Schrodinger cat state of light
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Time-domain EPR correlation Alice
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Teleportation of Schrodinger cats
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Teleportation of
a Schrodinger cat state of light
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High-fidelity universal squeezers
QND gate
One-way quantum mformation
processing with a QND gate

Gate teleportation



squeezing
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High-fidelity universal squeezer with measurement and feedforward
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Output of High-fidelity squeezer

ancilla: -5dB of squeezing
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QND interaction with universal squeezers

Universal
B squeezer
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Experimental results
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One-way QIP with an entangling QND gate

da 184 change the measurement basis
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Teleportation of time-bin qubaits
with a CV teleporter

Deterministic teleportation of optical qubits

Hybrid quantum information processing



Schrodinger cat states
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Now working on Teleportation of time-bin qubits
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S. Takeda, T. Mizuta, M. Fuwa, J. Yoshikawa, H. Yonezawa, and A. Furusawa, Phys. Rev. A 87, 043803 (2013)



Teleportation of time-bin qubits
Creation of

EPR beams
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Realization of on-demand
single-photon source

Quantum memory

K. Makino, J. Yoshikawa, S. Kurata, P. van Loock, and A. Furusawa, F102012, FTh1C.3



State generation and quantum memory
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az resource state preparation
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resource state preparation
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Quantum version of coherent communication
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