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From www.naranja.co.jp

Our ambition 1s...
not playing with
Otedamas (bean bags)
juggling with
photons at will
like Otedama.

From the web site of the Otedama club in Japan
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Rotation gate Controlled-Not gate




Quantum parallelism

N qubit =) Superposition of 2V different states
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Linear Optics Quantum Computation
(previous version)

Beam Splitter Photon After Beam Splitters
. 3
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We have performed a three-qubit Linear Optics QC (Deutsch-Jozsa)
using linear optics.
(Theory: Takeuchi, Physcomp 96 (1996), experiment: PRA 61 052302 (2000) )

Problems of previous idea: Exponential expansion of the scale.




Quantum Computation using Linear Optics

Scalable Linear Optics QC using photons

Linear Optics QC using a single photon Exponential scale-up

Takeuchi, PhysComp96(1996),PRA 61 (2000) 052302
| cerfetal, PRA57(1998)R1477, Kwiat et.al, J. Mod. Opt(2000)

. . (04
Using Q-Teleportation | Polynomial scale-up ) @ry(

X-
|  Gottesman & Chuang, Nature 402 (1999)3%0 |2 XX

Scalable Efficient LOQ\ A Eiyu

Knill, Laflamme & Milburn, Nature 409 (2001) 46
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Knill, Laflamme & Milburn, Nature 409 (2001) 46
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10 N= I/

H. F. Hofmann and S. Takeuchi, Phys. Rev. A 66 024308 (2002).

Photon 1 in
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Photon 1 out
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The same idea was also independently proposed by T.C.Ralph et.al.
PRA 65012314 (2002). , demonstration O’Brien et. al., Nature
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Demonstration of an optical quantum controlled-
NOT gate without path interference

Okamoto, Hofmann, Takeuchi, Sasaki, PRL 95, 210506 (2005).
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Partially Polarizing Beam Splitters (PPBS)



Twin Photons by SPDC

Nonlinear Crystal
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The signal photon creation time can be determined by

idler photon detection.
C. K. Hong and L. Mandel, Phys. Rev. Lett., 56, 58 (1986).

Generation of sub-Poisson light

P. R. Tasper, J. G. Rarity, and J. S. Satchell, Phys. Rev. A, 37, 2963
(1986).
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The complementary classical fidelities F11 and F»> define an upper and a lower [imit
of the quantum process fidelity (H.F. Hofmann, PRL 94, 160504(2005)),

F11+ Fop — 1 < Fprocess < Min{Fiq. oo}

ANT—HAIREOVLELGHEAEHLE
A& : 32 (input 4, output 4, X2)
= FBFENEYT 5 T74: 256 (input 16, output 16)

%%ﬂ*ﬁﬂ?\%g  71.9% < Fprc_'}cess < 85.4%
SEFLONEEN Cgate = 0.44
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Polarization filter

A typical example of single-qubit filters

A certain (ex. vertical) component of
a polarization state 1s filtered out.

. . ()
0 7)

)
(1P)=7()+)

One of the most indispensable tool used for manipulation
of photonic qubits; state preparation, initialization,
measurement based protocols ( e€.x. Zeno effect), and more.




Entanglement filter

A two-qubit polarization filter, which transmits photon pairs
only if they share the same horizontal or vertical polarization.
Note: the quantum coherence between H;H and V;V preserved.

i) S |
The filter will be the indispensable tool for
entanglement-based quantum protocols;

creation & purification of entanglement,

entanglement-based projection measurement, and more..
I_l. s L / -

The output is an entangled photon pair.




Non-destructive quantum entanglement filter
H. F. Hofmann, and S. Takeuchi, Phys. Rev. Lett. 88 147901 (2002).

Photon 1 in Photon 2 in

L> \j i / |R> four photonic qubits
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*One of the world-largest Optical Quantum Circuit
Indispensable device for QIP using entangled photons



CNOT gate without path-interference

Okamoto, Hofmann, Takeuchi, Sasaki, PRL 95, 210506 (2005).
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Independently: UQ(Andrew), MPQ (Weinfurter)

Original Proposal
Hofmann & Takeuchi, PRA(2002)



Beating the Standard Quantum Limit
with Four-Entangled Photons

Tomohisa Nagata, Ryo Okamoto,? Jeremy L O'Brien,®" Keiji Sasaki,* Shigeki Takeuchi’**

Seienee 314 726 (2007) .
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Realization of quantum filter

[
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Probability

4-fold coincidence counts [counts/800s]

HV Output

Okamoto, O’Brien, Hofmann, Nagata, Sasaki and Takeuchi,
Science 323 (2009) 483.
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http://www.eso.org/

The VLT Array on the Paranal Mountain

ESO PR Photo 14a/00 (24 May 2000) © European Southern Observatory RS

EETY

http://rocket.sfo.jaxa.jp/

Wide-Field IR-View of Eagle Nebula (Messier 16}
(VLT ANTU + ISAAC)

503 PR Fies 372411 (200 Becernber 2001} @ Bermypean Southem Ohserany
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Nagata, Okamoto, O’Brien, Sasaki and Takeuchi, Science, 316, 726 (2007) .



Beating the Standard Quantum Limit
with Four-Entangled Photons

Tomohisa Nagata,® Ryo Okamoto,™* Jeremy L. O'Brien,”” Keiji Sasaki,* Shigeki Takeuchi'**

Science, 316, 726 (2007) .

150000 - A

100000 -

unt rate (Hz)

50000 -

1 photon co

0

6000 -
5000 |-
4000
3000 -
2000 -
1000

o

unt rate (Hz)

2-photon co

015

nt rate (Hz)

0.10

0.05

Mirror

0.00 ..|..|‘.|..|..l-§4
0.00 0.02 0.04 0.06 0.08 0.10
PP Angle (deg)

(19), 100, +10),[4),) V2| ¥ =91£6%> Py, =81.6%

4-photon cou




200x10° ——

) =98+0.5%

0.0 TR

TV =96+ 1%
o

o

2 150 |
[

3

o 100 [~
C

S

2 50 +
o

0

T 20x10°
Itn UX

(]

o

e 15+
@

c

3 1.0+
(&)

c

2 05+
<

o

&

€ 30
@

S 20
(&)

5 10
o

= 0
& 0

—91+6% >V,, = 81.6%

20 40

60 80 100x10™°

PP Angle (deg)

V,, to Beat the standard quantum limit is overcome!



Microsphere with a stem

‘Microspheres A
*High Q value
*Small mode volume

eEasy fabrication )/
*By using piezo actuator,

position control in nm
accuracy 1s possible.
*High efficient
input/output of light are
realized by controlling a

distance of tapered fiber

Quantum phase gates (QPGs) and microsphere.
using microsphere with a stem

Rare earth
10n

Tapered
fiber
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Quantum parallelism

N qubit =) Superposition of 2V different states
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