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Toward the realization of highly efficient photonic quantum memory using diamond
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Toward the realization of photonic quantum memory, we studied on the system where
a nitrogen vacancy center (NVC) in diamond is coupled to micro optical cavity with tapered optical fiber
input/output. First, we successfully observed the first observation of an ultra-narrow linewidth (1.2
GHz) of the photoemission from a single NV center in a nanodiamond. We also realized a fiber-microsphere
system at cryogenic temperature below 10K. We also successfully performed the optically detected magnet
resonance of a single/few NV centers coupled with a tapered optical fiber. Finally, we succeeded in the
realization of a nanofiber brag cavity and the highly efficient coupling of a single emitter to the
system. These results are important steps for the realization of the photonic quantum memory.



100km
0.1ms
(EIT)
10
A
2010
NV
NV
3
Ms=x1 2
Ms=0 A
1) NV
NV
NV
(2)
NV

(3)

NV

(ODMR)
NV Ms=+ 1
NV
ODMR
(4)
NV
(5)
Q
(1) NV
NV
(Optics Express2012)
NV
1.2GHz
(Optics
Express2013)
NV

(2)

300nm
(Opt.Exp. 2011)

(Nano Letters 2011



N =

BE—FEL

e

(Optics Express 2012)

NV

(Optics Express 2014)

(3)

NV
ODMR

NV ODMR

Ms=
+1 2
(4)
10K

(Optics Express 2012)

(5)

2
a b.
(SIM)
1y m 1mm
270nm
0.1nm )
(NFBC)
NFBC
20nm
NFBC
2.7

(Scientific Report2015)

Benson Oliver

24



(DA. Schell, H. Takashima, S. Kamioka, Y.
Oe, M. Fujiwara, O. Benson and S.
Takeuchi, “ Highly Efficient Coupling
of nanolight emitters to an ultra-wide
tunable nanofiber cavity” , Scientific
Reports, vol.5, pp.9619/1-5, (2015.5),
DOI1:10.1038/srep09619,

(2)H.Q. Zhao, M. Fujiwara, M. Okano and S.
Takeuchi, *“ Observation of 1.2-GHz
linewidth of zero-photon-line in
photoluminescense spectra of nitrogen
vacancy centers in nanodiamonds using
a Fabry-Perot interferometer” , OPTICS
EXPRESS, vol.21, no.24, pp.29679-29686,
(2013.11), DOI:10.1364/0E.21.029679,

(3)M. Fujiwara, T. Noda, A. Tanaka, K.
Toubaru, H.Q. Zhao and S. Takeuchi,
“ Coupling of ultrathin tapered fibers
with high-Q microsphere resonators at
cryogenic temperatures and observation
of phase-shift transition from
undercoupling to  overcoupling” ,
OPTICS EXPRESS, wvol.20, no.17,
pp-19545-19553, (2012.8),
DOI:10.1364/0E.20.019545,

(4)T. Schroder, M. Fujiwara, T. Noda, H.Q.
Zhao, 0. Benson and S. Takeuchi, “ A
nanodiamond - tapered fiber system with
high single-mode coupling efficiency
as key element for integrated quantum
technology and nanophotonics” , OPTICS
EXPRESS, vol .20, no.10, pp.10490-10497,
(2012.4), DOI:10.1364/0E.20.010490,

(5M. Fujiwara, K. Toubaru, T. Noda, H.Q.
Zhao and S. Takeuchi, “ Highly
Efficient Coupling of Photons from
Nanoemitters into Single-Mode Optical
Fibers” , Nano Letters, vol.11, no.10,
pp-4362-4365, (2011.10),
DO1:10.1021/n12024867,

201

(DH. Takashima, A_W. Schell, S. Kamioka,
Y. Oe, M. Fujiwara, 0. Benson and S.
Takeuchi, *“ Ultra-wide tuning of a
nanofiber Bragg grating cavity” , SPIE
Photonics West 2015, The Moscone Center,
San Francisco, USA, (2015.2.11).

(2)S. Takeuchi, *“ Photonic quantum
circuits and quantum metrologies” ,
0SA®S97th Annual meeting Frontiers in
Optics 2013, Hilton Bonnet Creek,
Florida, USA, (2013.10.6), Invited.

(3)S. Takeuchi, “ Nano optical fibers for
photonic quantum information” ,
Optical Nanofiber Applications: From

Quantum to Bio Technologies ONNA 2013,
Okinawa Institute of Science and
Technology Graduate University,
, (2012.6.5), Invited.
(4M. Fujiwara, K. Toubaru, T. Noda, H.Q.
Zhao and S. Takeuchi, “ Highly
Efficient Coupling of Photons from
Single CdSe/znS Nanocrystals into
Single-Mode Optical Fibers” ,
CLEO-QELS 2012 (Conference on Lasers

and  Electro-Optics and  Quantum
Electronics and Laser  Science
Conference), San Jose Convention

Center, San Jose, USA, (2012.5.9).

6

@
CERAMICS JAPAN
XI
- 2014,
49, pp.694-698.

@

2012, 63,
pp-25-30.

5354605

2012.11

http://qip.-kuee.kyoto-u.ac.jp/

o
TAKEUCHI SHIGEKI



