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Light-based multi-qubit quantum control
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Among various physical systems, photons play a unique role as the only physical sy
stem that can be used as a carrier of quantum information in the communication between two remote parties.
We_have developed quantum interface to change the wavelength of the photons while preserving quantum prop
erties of light and the quantum information 1t carries, and achieved a conversion fidelity over 90%. This
interfeace is a vital tool for transmitting quantum information stored in various physical systems to a re
mote place through telecom fibers. We have also developed a very efficient method of protecting quantum in
formation from noises in communication channels. Our experimental demonstration has shown that the new met
hod achieves an efficency two orders of magunitude higher than the conventional method.



)

(DFS)
DFS
T n DFS

DFS

®)

1)



(4)

1)

1
W

(n+2)

3
W,
W,

Wy

w

e @
Lacal
Expansion

ee &
Laocal
Expansion

L 1] §
Lacal

Expansion |
S

w

(PPLN)

W
W
W
« )
2 2 DFS
2
DFS
2
1
0.8
T 2 T
1
2
@ log(T) ® log(T)
~25 -20-15 -1.0 -05 0.0 -25 -20 -15 -10 —Q.S 0.‘0

0.9,

0.66

2 DFS

2 DFS

(9yex Surrers) 8oy



(3) PPLN
780 nm
1522 nm
17%
75%
(SSPD)
93+
4%

Visible range
(780 nm)

0.25

wavelength conversion

_—
0
o5 High-fidelity
03 v“
HH Hy W wh
F=0.97 £ 0.01
F
2 Hong-Ou

0.76+ 0.12

. sn. — )

Telecom band
(1522 nm)

F=0.93 £ 0.04

-Mandel(HOM)

HOM

0.5

780nm Rb Rb

NV 637nm
50%
2
0.1 780
nm 2
2 780 nm 1522 nm
0.98
(4)
2
2



I WY -
‘a/vf ‘a/'//TB >/7
EFLv A BFLY LB
N, ¥
0 AR
BS(50/50) 5 s
HF R — g
n g 2 E ErE
= X =M
CLDf N, 18y
18
T. Sasaki, Y. Yamamoto, and M. Koashi:
Practical quantum key distribution
protocol  without monitoring signal
disturbance,
Nature

Vol. 509, 475-478 (2014),
DOI:10.1038/naturel3303

R. lIkuta, T. Kobayashi, S. Yasui, S. Miki,
T. Yamashita, H. Terai, M. Fujiwara, T.
Yamamoto, M. Koashi, M. Sasaki, Z. Wang,
and N. Imoto: Frequency down-conversion of
637 nm light to the telecommunication band
for non-classical light emitted from NV
centers in diamond,

Optics Express
Vol. 22, 11205-11214 (2014),
DO1:10.1364/0E.22.011205

T. Kobayashi, R. lkuta, S. K. Ozdemir,
M. Tame, T. Yamamoto, M. Koashi and N.
Imoto: Universal gates for transforming
multipartite entangled Dicke states,

New Journal of Physics
Vol. 16, 023005:1-9 (2014),
DO1:10.1088/1367-2630/16/2/023005

R. Ikuta, T. Kobayashi, H. Kato, S. Miki,
T. Yamashita, H. Terai, M. Fujiwara, T.
Yamamoto, M. Koashi, M. Sasaki, Z. Wang,
and N. Imoto: Observation of two output
light pulses from a partial wavelength
converter preserving phase of an input
light at a single-photon level,

Optics Express
Vol. 21, 27865-27872 (2013),
DO1:10.1364/0E.21.027865

R. lIkuta, T. Kobayashi, H. Kato, S. Miki,
T. Yamashita, H. Terai, M. Fujiwara, T.
Yamamoto, M. Koashi, M. Sasaki, Z. Wang,
and N. Imoto: Nonclassical two-photon
interference between independent

telecommunication light pulses converted
by difference-frequency generation,
Physical Review A

Vol. 88, 042317:1-4 (2013),
DO1:10.1103/PhysRevA.88.042317

H. Kumagai, T. Yamamoto, M. Koashi, and
N. Imoto:  Robustness of  quantum
communication based on a decoherence-free
subspace using a counter-propagating weak
coherent light pulse,

Physical Review A
Vol. 87, 052325:1-8 (2013),
DO1:10.1103/PhysRevA.87.052325

R. lkuta, H. Kato, Y. Kusaka, S. Miki,
T. Yamashita, H. Terai, M. Fujiwara, T.
Yamamoto, M. Koashi, M. Sasaki, Z. Wang,
and N. Imoto: High-fidelity conversion of
photonic guantum information to
telecommunication wavelength with
superconducting single-photon detectors,
Physical Review A
Vol. 87, 010301(R):1-4 (2013),
DO1:10.1103/PhysRevA.87.010301

K. Azuma, H. Takeda, M. Koashi, and N.
Imoto: Quantum repeaters and computation
by a single module: Remote nondestructive
parity measurement,

Physical Review A
Vol. 85, 062309:1-7 (2012),
DO1:10.1103/PhysRevA.85.062309

R. Ikuta, Y. Kusaka, T. Kitano, H. Kato,
T. Yamamoto, M. Koashi, and N. Imoto:
Wide-band quantum interface for
visible-to-telecommunication wavelength
conversion,

Nature Communications
Vol. 2, 537:1-5 (2011),
DOI1:10.1038/ncomms1544

S_K. Ozdemir, E. Matsunaga, T. Tashima,
T. Yamamoto, M. Koashi, and N. Imoto: An
optical fusion gate for W-states,

New Journal of Physics
Vol. 13, 103003:1-14(2011), ;
DO1:10.1088/1367-2630/13/10/103003

R. Ikuta, Y. Ono, T. Tashima, T. Yamamoto,
M. Koashi, and N. Imoto: Efficient
decoherence-free entanglement
distribution over lossy quantum channels,
Physical Review Letters
Vol. 106, 110503:1-4 (2011),

DOI: 10.1103/PhysRevLett.106.110503

R. lkuta, T. Tashima, T. Yamamoto, M.
Koashi, and N. [Imoto: Optimal local



expansion of W states using linear optics
and Fock states,

Physical Review A

Vol. 83, 012314:1-8 (2011),
DO1:10.1103/PhysRevA.83.012314

T. Tashima, T. Kitano, S.K. Ozdemir, T.
Yamamoto, M. Koashi, and N. Imoto:
Demonstration of local expansion toward
large-scale entangled webs,

Physical Review Letters,
Vol. 105, 210503:1-4 (2010),
DO1:10.1103/PhysRevLett.105.210503

K. Azuma, N. Sota, M. Koashi, and N.
Imoto: Tight bound on coherent-state-
based entanglement generation over lossy
channels,

Physical Review A
Vol. 81, 022325:1-6 (2010),
DO1:10.1103/PhysRevA.81.022325

K. Azuma, N. Sota, R. Namiki, S. K.
Ozdemir, T. Yamamoto, M. Koashi, and N.
Imoto: Optimal entanglement generation
for efficient hybrid quantum repeaters,
Physical Review A
Vol. 80, 060303(R):1-4 (2009),
DO1:10.1103/PhysRevA.80.060303

59
, 61
18p-F8-6 , 2014
3 18
. 2013
, 2013 9
17 .,
T. Yamamoto:

Visible-to-telecommunication wavelength
conversion of single photons and its
applications, The 11th US-Japan Joint
Seminar on Quantum Electronics and Laser
Spectroscopy ,2013 4 9
Nara Prefectural New Public Hall (Nara).

K. Azuma: Entanglement shared via
coherent-state transmission, Quantum
Science Symposium 2012 , 2012

11 1 , University of Cambridge (UK).
T. Yamamoto
A photonic quantum interface for

visible-to-telecommunication wavelength
conversion, [IEEE PHOTONICS CONFERENCE

2012 ,2012 9 26 , Hyatt
Regency San Francisco Airport (USA).

M. Koashi:
Distribution and manipulation of photonic
entanglement resources, ERATO Macroscopic
Quantum Control Conference on Ultracold
Atoms and Molecules (UCAM2011) ( ),
2011 1 26 , Koshiba Hall, Univ. of
Tokyo (Tokyo).

T. Yamamoto: Protection of photonic

guantum states via decoherence-free
subspaces , 2000 6 4
Convention Center, Osaka University
(Osaka) .
2011/11/16
@
KOASHI MASATO
90322099
®
TAKASHI  YAMAMOTO
10403130
®
RIKIZO IKUTA
90626475
KOJI AZUMA
90599549



