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A. BfZXZESH / Research Laboratory

L T
Quantum-Optical Information Technology

B. #8A 8 / Faculty and Research Staff (as of May 1, 2019)

#4% | Professor

K4 Fetn =—
Name Keiichi EDAMATSU (January 2003 -)
nEH4 EOGE R LAE 0

Research Field

Quantum-Optical Information Technology

HZ4% | Associate Professor

K% N SR

Name Hideo KOSAKA (July 2003 — March 2014)
A B TR ZE S B

Research Field | Quantum Solid State Physics

K4 =% FE#E

Name Yasuyoshi MITSUMORI (July 2011 -)
HEL BT L—F— L TR A B
Research Field | Quantum Laser Spectroscopy

K% Yy Rrun—y <~—7

Name Mark SADGROVE (April 2015 — March 2019)
E % BFF /) 74 h=7 AR R

Research Field

Quantum Nanophotonics

Bh# / Assistant Professor

K% /Name

AR {2 / Nobuyuki Matsumoto (April 2015 -)
4> SC#E /Fumihiro KANEDA (March 2018 -)
~7 Y3 | Soyoung BAEK (April 2018 -)

fh / Others

FINAFSE B/ Research Fellow: 1 44 (April 2012 — December 2015)
“FINAFSE B/ Research Fellow: 1 44 (April 2017 -)

C. HiZEB# / Research Purpose

BT HFR IOt gL L&

TR (E B bt o FEERAIATFE

Experimental study of quantum information and communication technologies (QICT) based on
quantum optics and condensed matter photophysics.

D. ¥ 8% T—< / Research Topics

BFEEHOZETF O FOFRAE - BHTIEORSE & B @ E~DIEH
T 7 AN, GERE, PR TG W B EEEE T S A DB
Stz T BRI, B TRERIE E i OB %E LIS

LT R

M3 T % OGNS O B 58

PwpE AW

Novel techniques for the generation, manipulation, and detection of photon entanglement.
QICT devices using optical fibers, waveguides, and semiconductor nanostructures.

Techniques for ultraprecise quantum measurement and quantum state synthesis using photons.

Coherent optical control of electron in semiconductor quantum dot.




E. ZiiiiRXZED#HHE / The Number of Research Papers

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total

(1) BT
Refereed journal papers

3 3 2 5 6 5 24

(2) RS E I D
Eéjuﬂ'ﬂ‘%é%%\é%?ﬁ 0 0 0 O O 0 O
Full papers in refereed conference
proceedings equivalent to journal papers

Za gL A
(3) EHifTERR 9 5 3 2 7 2 28

Papers in refereed conference proceedings

(4) EoiZe LEERESE - R Yy L%FE
Papers in conference proceedings

(5) MR - fERL

Review articles

(5) Tl TENSE

Refereed papers in domestic conferences

(6) EFeze LENIIES - FEHE
Papers in domestic conferences

(7) =&
Books 0 0 0 0 0 1 1
(8) HyiF ) 0 . , . ) ,
Patents
(9) sk
Invited Talks 6 7 2 2 2 1 20




F. BETREHEME / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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[2013-2015]

1. S.-Y. Baek, F. Kaneda, M. Ozawa, and K. Edamatsu, “Experimental violation and reformulation of the
Heisenberg's error-disturbance uncertainty relation,” Sci. Rep. 3, 2221/1-5 (2013).
https://doi.org/10.1038/srep02221 Cited: 66 (WoS Aug. 2019)

Abstract: The uncertainty principle formulated by Heisenberg in 1927 describes a trade-off between the error
of a measurement of one observable and the disturbance caused on another complementary observable such that
their product should be no less than the limit set by Planck's constant. However, Ozawa in 1988 showed a model
of position measurement that breaks Heisenberg's relation and in 2003 revealed an alternative relation for error
and disturbance to be proven universally valid. Here, we report an experimental test of Ozawa's relation for a
single-photon polarization qubit, exploiting a more general class of quantum measurements than the class of
projective measurements. The test is carried out by linear optical devices and realizes an indirect measurement
model that breaks Heisenberg's relation throughout the range of our experimental parameter and yet validates
Ozawa's relation.

Impact on both academic and social aspects: Measurement of physical quantities is one of the most
fundamental concepts in science and technology. The work demonstrated the experimental evidence of the
theoretically-proposed new uncertainty relation in quantum measurement, and provided a large impact on the
society. This article was published in Scientific Reports (IF=4.525) with a press release from Tohoku University.
Six Japanese newspapers and numbers of Web news sites made much of the work.

B BT PO RAFBROOESTHLTERZAELEELICE T 2 e MEBR IICBEL T, et DR
S5 B L AL ORI FREE MR R RIRAOITRAEL 2. £ O R, IRIELHN T

BT OREXDEITEY, INEOAREXDELL TODZEEHMEICREEL 7.

EMETOA V) FELUVHIFE: AUFEE, TE I EWORF RO AR FEHICHE W T, 1§
KB Z BN TV BRI O D722 EARRIR A DML T D52 L2010 THRICMEEL 72b O C, Bk
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ARG 31X, Nature Publishing Group D74 —7"> 7 78 A5E T 5 Scientific Reports it (IF=) (2 bl
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2. F. Kaneda, S.-Y. Baek, M. Ozawa, and K. Edamatsu, “Experimental test of error-disturbance uncertainty
relations by weak measurement,” Phys. Rev. Lett. 112, 020502/1-5 (2014).
https://doi.org/10.1103/PhysRevLett.112.020402 Cited: 59 (WoS Aug. 2019)

Abstract We experimentally test the error-disturbance uncertainty relation (EDR) in generalized, strength-
variable measurement of a single photon polarization qubit, making use of weak measurement that keeps the
initial signal state practically unchanged. We demonstrate that the Heisenberg EDR is violated, yet the Ozawa
and Branciard EDRs are valid throughout the range of our measurement strength.

Impact on both academic and social aspects: This work, following to the previous work (Sci. Rep. 3, 2221)
listed above, demonstrated the experimental evidence of the error-disturbance uncertainty relations in a more
precise and evident manner. This article was published in Physical Review Letters (IF=9.227) as Editors’ Choice
with a press release from Tohoku University. Three Japanese newspapers, a journal for general science, and
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https://doi.org/10.1038/srep02221
https://doi.org/10.1103/PhysRevLett.112.020402

numbers of Web news sites took up the work. This paper was tagged by Web of Science as Top 1% frequently
cited papers in 2014.
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[2016-2018]

3. N. Abe, Y. Mitsumori, M. Sadgrove, and K. Edamatsu, “Dynamically unpolarized single-photon source in
diamond with intrinsic randomness,” Scientific Reports 7, 46722/1-7 (2017).
https://doi.org/10.1038/srep46722  Cited: 2 (WoS Aug. 2019)

Abstract: Polarization is one of the fundamental properties of light, providing numerous applications in science
and technology. While ‘dynamically unpolarized’ single-photon sources are demanded for various quantum
applications, such sources have never been explored. Here we demonstrate dynamically unpolarized single-
photon emission from a single [111]-oriented nitrogen-vacancy centre in diamond, in which the single-photon
stream is unpolarized, exhibiting intrinsic randomness with vanishing polarization correlation between time
adjacent photons. These properties not only allow true random number generation, but may also enable
fundamental tests in quantum physics.

Impact on both academic and social aspects: This work will contribute to the progress of quantum information
and communication technologies, e.g., true random number generators, as well as the fundamentals of quantum
mechanics, e.g., quantum measurement and interference of general quantum states including mixed states. This
article was published in Scientific Reports (IF=4.525) with a press release from Tohoku University. A Japanese
newspaper and numbers of Web news sites took up this work.
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4. M. Sadgrove, M. Sugawara, Y. Mitsumori, and K. Edamatsu, “Polarization response and scaling law of chirality
for a nanofibre optical interface,” Scientific Reports 7, 17085/1-9 (2017).
https://doi.org/10.1038/s41598-017-17133-3  Cited: 3 (WoS Aug. 2019)

Abstract: Two port optical devices couple light to either port dependent on the input photon state. An important
class of two-port devices is that of evanescently-coupled interfaces where chirality of photon coupling can lead
to important technological applications. Here, we perform a fundamental characterization of such an interface,
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reconstructing the two-port polarization response over the surface of the Poincaré sphere for an optical nanofibre.
From this result, we derive a chirality measure which is universal, obeying a one parameter scaling law
independent of the exact parameters of the nanofibre and wavelength of light. Additionally, we note that the
polarization response differs qualitatively for single and multiple coupled emitters, with possible implications
for sensing and the characterization of waveguide coupled spins.

Impact on both academic and social aspects: Chirality was demonstrated in nanofibers a few years ago, but
in this work a complete characterization of the behavior was demonstrated. In the future, nanofibers using the
chiral property may be important components of next generation networks. This article was published in
Scientific Reports (IF=4.525) with a press release from Tohoku University. Numbers of Web news sites took up
this work.
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. N. Matsumoto, S. B. Catafio-Lopez, M. Sugawara, S. Suzuki, N. Abe, K. Komori, Y. Michimura, Y. Aso, and K.
Edamatsu, “Demonstration of Displacement Sensing of a mg-Scale Pendulum for mm- and mg- Scale Gravity
Measurements”, Phys. Rev. Lett. 122, 071101/1-5 (2019)

https://doi.org/10.1103/PhysRevLett.122.071101  Cited: 0 (WoS Aug. 2019)

Abstract: Gravity generated by large masses has been observed using a variety of probes from atomic
interferometers to torsional balances. However, gravitational coupling between small masses has never been
observed so far. Here, we demonstrate sensitive displacement sensing of the Brownian motion of an optically
trapped 7 mg pendulum motion whose natural quality factor is increased to 108 through dissipation dilution. The
sensitivity for an integration time of one second corresponds to the displacement generated in a millimeter-scale
gravitational experiment between the probe and a 100 mg source mass, whose position is modulated at the
pendulum mechanical resonant frequency. Development of such a sensitive displacement sensor using a
milligram-scale device will pave the way for a new class of experiments where gravitational coupling between
small masses in quantum regimes can be achieved.

Impact on both academic and social aspects: This work opened the door to the ultraprecise measurement of
gravity between milligram- and millimeter-scale objects toward the observation of gravity in a quantum regime.
This article was published in Physical Review Letters (IF=9.227) and futured in APS Physics
(https://physics.aps.org/synopsis-for/10.1103/PhysRevLett.122.071101). A press release was published from
Tohoku University. A Japanese newspaper and numbers of Web pages took up the work.
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G. BE T EFF / Significant Activities (FY.2013-2018)

See Ref. 2-9.  “#” mark indicates research carried out at a former organization.
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[2013-2015]

As those listed in the reference. Nothing special to be mentioned.

[2016-2018]

As those listed in the reference. Nothing special to be mentioned.
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