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B. #A & / Faculty and Research Staff (as of May 1, 2019)
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# 42 | Professor

K4 IR IEME

Name Masataka Nakazawa (- March 2018)
2EHA AR =TSR 57 B

Research Field | Optical Transmission

K4 g =

Name Toshihiko Hirooka (April 2018 -)
nEHA  Ed R S TR oy B

Research Field | Ultrahigh-Speed Optical Communication

K% | Associate Professor

K4 [ =

Name Toshihiko Hirooka (- March 2018)
A AT AL BRAIF ST 5 BT

Research Field | Optical Signal Processing

K4 HH HEA

Name Masato Yoshida (- March 2018)
A EREEEE T 7 A SGHAWEGE S B

Research Field | High-Precision Optical Fiber Measurement

Bh#k / Assistant Professor

K% /Name | #7 /) /Keisuke Kasai (April 2016 -)

C. M1 BH / Research Purpose

A Z =%y PR TRONDERN LRV . ETRMEDILN D128, Pils
A a=r—va VREZRETIRERE - BEER Y NV —7 ORBEPREEEIZ/R->T
ETCW5, EEENBEEEINTIEOR Yy NT—7 2 X2 2HWEEINThH 5, AUFFEEF T,
i HOCIR(E DA L 72 DR VAR - ArEET, VU b AL &3 D IR )
Hoffi, el L —FHE, 7YX vae — L MEBLEENOMEEZITV, 21 il 7
=L EEEER y R — 7 OFEAZ R L TV D,

With the vast growth of Internet traffic, it has become increasingly important to realize a
high-capacity and high-speed network. Ultrahigh-speed optical communication is the key technology
for building such an interconnected world. This laboratory aims to achieve a global ultrahigh-speed
optical network by engaging in the research of ultrashort pulse and coherent transmission. Our
research areas include ultrahigh-speed transmission, digital coherent optical transmission, high-speed
mode-locked lasers, optical signal processing, and the development of fibers with new functions.

D. ¥4 #Z%ET—< / Research Topics

. EE Y IEE BT A RS

CBEET U I — Ly MEEICET AR
CHEEEE UL A L—F ESEEHI - SRR RE~ 5
. HTREBETE T 7 A NOMFIE L HNT X A LDORIA

. Ultrahigh-speed optical communication

. Digital coherent transmission with ultrahigh multiplicity

. Ultrahigh-speed optical pulse lasers and their application to optical measurement and standards
. Novel optical fibers and new paradigm shifts

A WONRER® WN -

1



E. TR ZE DI / The Number of Research Papers

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

(1) EFEA iR 9 | 13 | 13| 7 | 11| 4 | 57
Refereed journal papers

(2) AT EEE R 17 | 16 | 11 | 18 | 13 | 8 | 83
Papers in refereed conference proceedings

(3) EFe LEBESHE - VAR Yy L% 1 0 4 0 2 0 7
Papers in conference proceedings

(4) #RFH - fRR 0 1 1 1 0 0 3
Review articles

(5) &meZe LIEWNAFES - S 2 6 5 4 4 10 | 31
Proceedings in domestic conferences

(6) &FH 0 0 0 1
Books ' ° °

(7) %r5F 0 2 3 4 5 3 17
Patents

(8) HATFam{H 6 4 8 4 9 0 31

Invited Talks




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

2013-2018 £EE DHFFERE: GRS Bidrr &) @9 5, B (2018-2015 4EJF) & 1% (2016-2018 4EJE) =N TRFEM 25 (2-3
FRRET D) 1o\, 2BERZ5IH LT, ZTORMEFINERR EEMBEISHENT D, EXOH, b LTS e I CiiH.
FHIE 300 FRREE. FRSCRED EHY/Abstract O 2 B —F]. N TOEBERIA /37 M e b ONTHER IR E 100 PR TRk
VLS YNNI E - HIRL b DR O TIEe<, FIZIRREICEEZLEZLOTH ZOMENICEEN SO D, FHES
NLEITHoV LEbob a3 5.

AT NI 7 7 A —=oWB IR S, TEARYBEZHNERICGHITE 2IELZ AW T T E—LT5 2 L. TR 6 0HEICI
T ORWEAICIE, TOFEE IR D DY RS - REZ7RT3Z L.

[2013-2015]

1. M. Nakazawa, M. Yoshida, T. Hirooka, and K. Kasai, "QAM quantum stream cipher using digital coherent
optical transmission," Opt. Express vol. 22, no. 4, pp. 4098-4107, February (2014). [IF: 3.561], [Times Cited:
44 (Google Scholar)]

M. Yoshida, T. Hirooka, K. Kasai, and M. Nakazawa, ‘“Real-time Adaptive 4-64 QAM, 20-60 Gbit/s
Quantum Noise Stream Cipher Transmission over 320 km with FPGA-based Transmitter and Receiver,”
ECOC 2015, P.5.13.

Abstract: A Quantum Noise Stream Cipher (QNSC) using Quadrature Amplitude Modulation (QAM) was newly
proposed for digital coherent optical communication with extremely high security. In the proposed scheme, both
amplitude and phase of the light beam are encrypted simultaneously, where the signals are masked by quantum
noise. We showed experimentally that the number of masked signals in the quantum noise for QAM/QNSC
becomes a square multiple larger than that for conventional OOK-based QNSC, which indicates that the
QAM/QNSC technique is extremely robust against eavesdroppers. We demonstrated a real-time adaptive 4-64
QAM, 20-60 Gbit/s QNSC transmission over 320 km with an FPGA-based transmitter and receiver, in which the
QAM data multiplicity is randomly changed on-line for increased encryption security.

International impact on both academic and social aspects: In contrast to quantum key distribution such as
BB-84, whose speed and distance are typically limited to ~1 Mbit/s and < a few tens of km respectively, QNSC
scheme features high-speed secure transmission over long distances and compatibility with the deployed optical
networks. The proposed scheme introduces QNSC to QAM transmission, and both the transmission capacity and
security can be enhanced. QAM/QNSC is highly compatible with the deployed network and can contribute to

constructing robust networks against cyber attack.

EH QAM LIRIZNDEET VA v ak — L v MEETRICE S Z NN L, mEE 52T O
BEORIZRTZ LIck b, mil - REREROMRII7 2 ot & TR SRk R TR ThlZh L7z, A5
TiX, KOETHEZFMH L&A Y — ARFB(QSC: Quantum Stream Cipher)i, Fimk 2 5o i2 K
L7238 LS B -V ORE B O & 5 WITIRIEZ ZEZER L, B2 0145 Lo lnidte
ZEITEY, BEEEDHIE S E EMICZEHERRLS LTWnD, AFRUCL D B & L TOREMENRE
e OOK Bl &1~ A b U — ARG AT /5N 2 & 2 5E5E L7z, FPGA % VT 4~64 QAM T%
EEEZ Y 72 A L CHIREATREZ: QNSC 52 [E 8 2 /R L, 20-60 Ghit/s QNSC1E 5D 320 km A > 7 1
BB LTz,

FHE TOEBRHA /N FELUHEHFEE: SFTEEFREZEE L LT, BB-84 #R&E L
T 5 BAHEE T ADBIRREIN TSR, 1 Mbitls DIREHRE T > T HImEIHEE %L 10 km LT IH]
RENTLEIRANRDH -T2, SEHEE LT HFRiL, QAM % QSC IZHAT 5 Z LT K VREAFOH
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KERFFIZEZE2ELHE LB CE 20w T N THh o, QAM [TTV i EIREE - KR
F v NU—Z|[ZEASIND ETPHRINTEY ., QAM A QSC IZZ D EWEFIED B B A —Z Bt
2G5 X TEEOFEBRICKELL BT b0 LI NS,

2. M. Nakazawa, M. Yoshida, and T. Hirooka, “The Nyquist laser,” Optica vol. 1, no. 1, pp. 15-22, July
(2014). [IF: 9.263], [Times Cited: 29 (Google Scholar)]

Abstract: In this paper, we proposed a new pulsed laser that can directly emit an optical Nyquist pulse train. The
Nyquist laser is based on a regeneratively and harmonically mode-locked erbium fiber laser that incorporates a
special spectral filter to generate a Nyquist pulse as the output pulse. We showed that the Nyquist laser enables 10
dB higher S/N compared to a conventional scheme based on external spectral manipulation,

International impact on both academic and social aspects: Optical Nyquist pulses, which were proposed by
our group in 2011, can be used to simultaneously achieve an ultrahigh data rate and spectral efficiency (SE).
Coherent Nyquist optical time-division multiplexing transmission increases SE, but the optical signal-to-noise
ratio (OSNR) is limited by the amplitude of the original CW beam. The Nyquist laser is important not only for the
direct generation of high-OSNR pulses but also for scientific advances, providing that pulse shapes that differ
significantly from the conventional hyperbolic-secant and Gaussian pulse shapes can exist stably in a cavity. This
paper was published in the first issue of Optica, known as an optics journal featuring high impact factor.

B HTAFRA N RAZEHEEAITE L7V A4 F X b—W) ZFcicifE Lz, K
L—F3E— FEH L —F OIIRGENIT AT FARIENT NV Z 2kl DAY VIR & il
FTHZEICRY, L= T A XXMV RBESEAERT D ZENTE D, 1RO LS ITL—FE
TN 7 4 & D TiE L~ 10dB MW SN B2 EBL L, HESDO SINIETEZ4ET 5 2
LI BB R T A FA RSV ABERT D Z LTI LT,

FHETOEMRNA V37 FEIUVHEHEE: T A F A b VLT & - &R mk) F2 8
BEZRHT LUVE/ LA L LTH2 3 201 FICIRBE LT b O TH D, TOREERARICE & H720Ic
12, AT SIN D EVET A F 2 UL A EFESE DN EEARRB L 2o TN D, FERD/ LR
LTSV ZABETE RIS OFF AR A ME T 5 72D ONIRG AL ETH H DI L, KL—Hix
HF A FA DSV RAEEHEH ) TE D725, SIN LB 35 & & b I THEAMRN T A
FARSIVADERPFRETH D, £lo, AL —HETTF A F X L RITES S H72 72T — NEHEE R
DREFEL W) FIRTHEIINT b A /37 FBRRERE W, REARBRIT. KEDLFEENEDOEFFITLY |
AR N7 7 7 B =D RIS E LTz SGE & L CAITI Stz Optica ORITI S ICHE#E S T,

3. K. Kasai, Y. Wang, S. Beppu, M. Yoshida, and M. Nakazawa, “80 Gbit/s, 256 QAM coherent transmission
over 150 km with an injection-locked homodyne receiver,” Opt. Express, vol. 23, no. 22, pp. 29174-29183,
November (2015). [IF: 3.561], [Times Cited: 12 (Google Scholar)]

Y. Wang, S. Okamoto, K. Kasai, M. Yoshida, and M. Nakazawa, "Single-channel 200 Gbit/s, 10
Gsymbol/s-1024 QAM injection-locked coherent transmission over 160 km with a pilot-assisted adaptive
equalizer,” Opt. Express vol. 26, no. 13, pp. 17015-17024, June (2018). [IF: 3.561], [Times Cited: 3 (Google
Scholan)]



Abstract: We demonstrated an 80 Gbit/s, 256 QAM coherent optical transmission by employing an
injection-locked homodyne detection circuit. Low phase noise carrier-phase synchronization between the
transmitted data signal and an LO was achieved with a phase noise variance of only 0.2 degrees. As a result, we
successfully transmitted a 256 QAM signal over 150 km with a simple receiver configuration. Furthermore, the
multiplicity was increased to 1024 QAM by adopting a pilot-assisted adaptive equalizer, and 200 Gbit/s-160 km
transmission was achieved at 10 Gsymbol/s with a potential spectral efficiency of 12.6 bit/s/Hz. This is the highest
QAM multiplicity yet realized with injection-locked homodyne detection.

International impact on both academic and social aspects: Current digital coherent transmission systems
employ carrier-phase estimation based on digital signal processing (DSP). In order to satisfy the demands for
larger transmission capacity, both the symbol rate and multiplicity must be increased further, where DSP may not
be sufficient to meet the required speed and accuracy of phase estimation. In order to meet these requirements,
analog phase synchronization schemes are attractive, and in particular, injection locking scheme can offer highly
precise phase synchronization in a very simple configuration. In our work, we clarified the applicability of
injection-locking scheme in QAM transmission as high as 1024 levels for the first time. We gave an invited talk at
ECOC 2016 and OFC 2018 on this topic.

B4 JEEARMIEIZ XV 80 Gbit/s, 256 QAM 155 ™ 150 km R4 ALEN L7z, RFIEIMBIEE B & %
S & O EREE 72N AR R & fiE 20k CRELCEX 2 8088 M TH D, 0.2 B L 9 D TIRW L AEHES
BEMRLTWD, 6T, EHSEEE 1024 £ THRSH, 200 Gbit/s (10 Gsymbol/s){g = ® 160 km 1=
%% 12,6 bit/s/Hz &) @V EREFI A E CREL L7, 2D ORERITEEARMNESB2ET v ¥
ak—Ly MBIl REFHTHDH Z EEZRLTND,

FMETOERKA VI FELUVHEMEE: BIEFEMAlILTWLT VX vake—L v FMEEE
TliX, % V7 ONAHEICT VX NVESUEEH TS, ZO—FT, HENO—@&UsEHR N7
T4 w7 XTI, SBREREHE R D WNCSEE OB KIZ L DEEREDIERNBRAIRTH 5,
ZDOX D IREE  ZEGEEERT LR, TUAVEEUETIIRAR DO . T a7 AL
HEAT NI 7 BB A E & RT3, T b TR [FIE A8 (58 72 WAl C ks BE 72 YA AR ) 1] 2 SR B AT
HETHY ., BERIIAFENBSET V2 Vat —Ly MaikORBITBO CTHEHTHHLZ L2/ LT
HEHRRRETH D, AR L CE, EEEEH ECOC 2016, OFC 2018 (2B W CTHRFFRIE #1772 > C
BO . EHEMIZL SV Z 21T T D,

4. M. Yoshida, S. Beppu, K. Kasai, T. Hirooka, and M. Nakazawa, “1024 QAM, 7-core (60 Gbit/s x 7) fiber
transmission over 55 km with an aggregate potential spectral efficiency of 109 bit/s/Hz,” Opt. Express, vol.
23, no. 16, pp. 20760-20766, August (2015). [IF: 3.561], [Times Cited: 6 (Google Scholar)]

Abstract: We demonstrated the first 1024 QAM polarization-multiplexed transmission at 3 Gsymbol/s over a 55
km 7-core fiber, with a total bit rate of 420 Gbit/s (60 Gbit/s x 7 cores). The potential spectral efficiency per core
reached 15.6 bit/s/Hz, which corresponds to an aggregate spectral efficiency as high as 109 bit/s/Hz in a
multi-core single-mode fiber.

International impact on both academic and social aspects: This paper demonstrated the feasibility of
multi-core fiber for transmitting QAM signal with extremely high multiplicity, and an aggregate spectral
efficiency can be extended to 100 bit/s/Hz in a single fiber. The obtained results indicate that the influence of
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MCF crosstalk is still negligible over this distance, and thus a longer transmission reach can be expected by
employing a multi-core EDFA. Among three “multi” technologies toward overcoming capacity crunch, i.e.,

multi-level, multi-core, and multi-mode, this work involves two of these technologies.

B ESS5kmD7 a7 77 A EHWT, 1024 QAM 15 5% 420 Gbit/s (1 =7 %7- v 60 Gbitls) ®
E%ﬁ%f&%bto:m:;©1:7%tDBGMWMz7:7?1%M%Mz@%b%ﬁﬁﬂ%@
R L, BEZET VX Vae—Lr MEEOS LT aTmika I CEIELT,
;mﬁf®@%M4/nara;0ﬁ§m%%n;xﬁ X, 77 A4 /N1ARH 7=V 100 bit/s/Hz & JE
WEFAEEZHIELC, BEET XL ab —Ly MEBD< AT a PEEICHD TR A TR
ThDHAERTIEBkMBEICBNTH 72X =2 ICL 55RO TELT, v/LF 27 EDFA
DEAZL D E L5 EHBHMEORREME AR S D, fidr O Y@ (E TiL Multi-level, Multi-core,
Multi-mode @ 3 ->® Multi £7i7 (3M £efft) 23 EIRF 2 FTHk 3 5 72 O O HFH AT & L THFZE gk
LTCWa, REFEIZZDHH 2 50 Multi Hilfz@a Licb 0T, BREE(LO %L RBT 5 HE
EREETH D,

[2016-2018]

1. M. Terayama, S. Okamoto, K. Kasai, M. Yoshida, and M. Nakazawa, “4096 QAM (72 Gbit/s) Single-Carrier
Coherent Optical Transmission with a Potential SE of 15.8 bit/s/Hz in All-Raman Amplified 160 km Fiber
Link,” OFC 2018, Th1F.2, March (2018). [Times Cited: 6 (Google Scholar)]

Abstract: We have successfully achieved a 4096 QAM (72 Gbit/s) - 160 km transmission with a potential spectral
efficiency of 15.8 bit/s/Hz by employing precise digital polarization demultiplexing. The conventional Stokes
vector method, which was employed in our previous demonstration of 2048 QAM-160 km transmission, was
improved by data length optimization and highly precise polarization demultiplexing was successfully realized.

International impact on both academic and social aspects: Recently, intensive efforts have been made for
QAM transmission with higher multiplicity toward realizing a spectral efficiency approaching the Shannon limit.
This paper reported the highest multiplicity ever achieved in QAM transmission. QAM with such high
multiplicity can contribute to the efficient utilization of finite frequency resources and provide sufficient

information capacity to accommodate ever increasing network traffic.

B QAM 2 b — L v Meik FRUTI T 4096 A DB LB Y An it & S CHID TEEHL L &5 & 72 Ghit/s
DG HZ N 3.8 GHz OJEHI TRk T 5 Z LITIILTZ, 1 AT 12 By FOfFHREZFEH L T
BY ., ZOFREEFIMZNZRIL 15.8 bits/Hz (27T 5, ZAE TICA =27 AT fMviEz W Rik sy
BE7 VT U X A%E AL 2048 QAM — 160 km ik % FEEL L TW A, SR SBEET L2 ) X A2
L7 — 2 B0 EITH 2 LI2L D 4096 QAM 155 DRI+ 72 W /o B 2 E2mk L. 2 O mikE
JE PRI Ay AL O3 FLC 1V 4096 QAM f=IEIZHI D CTRkZh L 7=,

ZWMETOERNA V) FEXUVHRSHEE: TF. v/ U 2y MOEDJEEREBFIRE (SE)
DFEBUZ T THBZE QAM E 5 DIF RN ANATHhIL TS, ARERITLEEICB N TR bEW2E
E%%&Lk%@f%w\%LﬁVXTA@ﬁ:x%m IKIEE B, 3 K OVEREBCE IR O A 26
WCRELS BT A2EEFINTH D, AMEEFIICLD ., [fFROBENT 7 4 v 7 O RIZR LT, +5
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2. M. Nakazawa, M. Yoshida, M. Terayama, S. Okamoto, K. Kasai, and T. Hirooka, "Observation of guided
acoustic-wave Brillouin scattering noise and its compensation in digital coherent optical fiber transmission,"
Opt. Express vol. 26, no. 7, pp. 9165-9181, April (2018). [Impact Factor: 3.561], [Times Cited: 2]

M. Yoshida, N. Takefushi, M. Terayama, K. Kasai, T. Hirooka, and M. Nakazawa, "Reverse Phase
Modulation Technique for GAWBS Noise Error Floor Elimination in 1024 QAM-160 km Digital
Coherent Transmission," OECC 2018, 4B1-3, July (2018).

Abstract: We describe the first observation of guided acoustic-wave Brillouin scattering (GAWBS) phase noise in
a digital coherent optical fiber transmission. GAWBS noise, which is a forward lightwave generated by thermally
excited vibration modes in a cylindrical fiber structure, occurs coherently not only in a signal at a single carrier
frequency, but also in modulated wide-band optical signals. We propose two analogue and one digital method to
compensate for the GAWBS noise and demonstrate improved performance in a QAM digital coherent
transmission.

International impact on both academic and social aspects: It has been well known that GAWBS noise causes
problems in various fields including quantum optics. In this paper, we pointed out for the first time that GAWBS
noise exists even in a digital coherent transmission system such as quadrature amplitude modulation (QAM), and
degrades the transmission performance, since the phase noise is inevitably included within the bandwidth of the
transmitted data. Recently, GAWBS has received attention in submarine optical cables as well. Another important
aspect of this work is the demonstration of GAWBS noise compensation, which is expected to result in significant
performance improvement in QAM transmission especially in a long-haul system.

B T 7 A SR E SRR ) L7 v #UEL(GAWBS: Guided  Acoustic-Wave  Brillouin
Scattering) & FEEAL D NAHE N RPMEAET D, AEIF 41X, 26— 1 h QAM miXIZH1T 5 GAWBS
HEE DRIE & ZDF 2 Z NVAHEICHD TR LT,

FHECTOEBREA /37 FELUVHENEE: AT, BEIEUEEICB T 28 REFEALE
& LT GAWBS #E&5 OTFE & H M Lc, GAWBS IXHERE 7408 T H STV - HE 5
ThHN, ZNBREmO I —L 2y MEEEIZBWTHEFEAZ LT LT Z 2D THLNIZL
TWD, HIL TIHBES — 7 /2B T GAWBS MEE OB BN G S NAAD TV D, Aia ST,
GAWBS M DOHifEIZ L HZE QAM (55 OIREMEREAN KIEIZ N L CT& 5 2 & & SRR A4 @ L TR
LTHY, FRCREMEES W THEERERZRT-TZ LRI N5,

3. K. Kimura, J. Nitta, M. Yoshida, K. Kasai, T. Hirooka, and M. Nakazawa, "Single-channel 7.68 Thit/s, 64
QAM coherent Nyquist pulse transmission over 150 km with a spectral efficiency of 9.7 bit/s/Hz," Opt.
Express vol. 26, no. 13, pp. 17418-17428, June (2018). [Impact Factor: 3.561], [Times Cited: 4 (Google
Scholar)]

Abstract: We achieved a record capacity of 7.68 Thit/s in a single-channel OTDM transmission, where a
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polarization-multiplexed 640 Gbaud, 64 QAM coherent Nyquist pulse has been transmitted over 150 km within an
optical bandwidth of 660 GHz. The spectral efficiency reached as high as 9.7 bit/s/Hz despite such an
ultrahigh-speed single-carrier transmission.

International impact on both academic and social aspects: We have proposed an optical Nyquist pulses and
engaged in research on its TDM transmission in Grant-in-Aid for Specially Promoted Research of MEXT, with
the aim of simultaneously achieving an ultrahigh data rate and spectral efficiency (SE). Through these works,
Nyquist pulses are found to be the only pulse that can achieve a 10 Thit/s-class transmission speed and an SE
approaching 10 bit/s/Hz simultaneously.

B e, PO C LB EHEEN ATRERBE A E LT A X v 2% vz TDM {5
PEEABELTWD, KHT T, FAF A 2223kt —L v MELT 64 QAM{E 54 /£ L. OTDM
T 640 Gbaud (2@ # LT 2 Z 22XV, H—F v 3L 7.7 Thitls 15 5% Ak L 72, A5 5 % 660 GHz D
18T 150 km fm% &, H—F ¥ /LT 10 Thit/s TV EEIGE T H W 72235 9.7 bit/s/Hz D &\ J& i 2507
HZh= 2 2Rk LT,
FHMETOERBHA VNI FEIUHRKHEE: KT A F A MV RTART MVERY 225D
%ﬁ%%%%ﬁf%éﬁkﬁ%ﬂkaLTK&%%#?%Lk%@f%@ SCRHE O Ry RIHEHERTF S &
THED TE T, RFUIHT A ¥R b UL AN EHL & B EER AR RICmO THERATH S
_&TLKW%T&é H—F v /L C 10 Thit/s #k D15053# T 10 bit/s/Hz 1238 2 J& i Eok| A sh = 4 %
BTELDFT A FA LA LR, Jl(E 0 E®E - @RI HIT 72451 OF I ST
W5,

4. T. Hirooka, R. Hirata, J. Wang, M. Yoshida, and M. Nakazawa, “Single-channel 10.2 Thit/s (2.56 Tbaud)
optical Nyquist pulse transmission over 300 km,” Opt. Express, vol. 26, no. 21, pp. 27221-27236, October
(2018). [Impact Factor: 3.561], [Times Cited: 1]

Abstract: We describe a single-channel 10.2 Thit/s online transmission using non-coherent ultrashort optical
Nyquist pulses. A 10.2 Tbit/s signal was generated at a symbol rate of as fast as 2.56 Tbaud with a
polarization-multiplexed DQPSK format. With precise higher-order dispersion compensation up to fourth order
and the development of ultrafast demultiplexing, a 10.2 Thit/s signal was transmitted over 300 km for the first
time as a real-time demonstration.

International impact on both academic and social aspects: This paper demonstrated an ultrafast symbol rate
of 2.56 Thaud for the first time, which cannot be realized with any other optical pulses due to bandwidth
constraint. Such an ultrahigh-speed signal occupies the entire C-band by itself in a single carrier and the present

results represent an ultimate performance of ultrashort pulses.

B Jroab—Lr b AFRAMNOULRAEZBE - VAL LY VRV L— b % 2,56 Thaud (2 & k4%
ZlICkD, B—F 31102 Thitls ok FEH L7Z, 7 E 3 UL A OERBE 25 a7 5 0N
A R % BRI 20 10.2 Thit/s 15500 300 km D U 7L 4 A MMeiklTplih Lz,

“ﬁﬁ?@@@%4>ﬁah£;0ﬁ%M%% AL, FA FA ROV AD @M % i RKBRE
52 IV Jlm(E OMRIERE & 72 D H—F v 3L 10 Thitls ~O B Ed b R CTold TRl L 72k

8



BohAh, B—F v 2L T256Thaud D >R L— RMIFT A F A RV AT UM LIV s
Th ., KL ZADOE S AL L TV 5D,



G. HEIRE;EF / Significant Activities (FY.2013-2018)

WHIEESN RS Z G R D 2 LI 2 B L7222 5, 2013-2018 SR D72 EDIGEOH 1 BRFEST~X b O 2 H Y H L, #i (2013-2015
fEEE) L& (2016-2018 FFHE) (0T CRIEICHEANT 5. SEXDAH, b L <IFFIIL & 3 THREML.

1. &R E) / Activities in academic societies

(1) FEZEFDEFH / Activities on committees of academic societies

[1] Masataka Nakazawa, Vice President of IEICE (FiRIEF, & -EH@EEFS BISE) (2015~2017)
[2] Masataka Nakazawa, Board of Governors, IEEE Photonics Society (2013~2015)

[3] Masataka Nakazawa, Chair of IEEE Sendai Section (2016~2017)

[4] Masataka Nakazawa, President Elected of IEICE (FFIRIEFE, EBIHHEEYES BIESFK) (2018)

(2) FMMEREZOLE - EE / Planning and organizing academic international conferences.
[1] Masataka Nakazawa, ISUPT International Advisory (2003~)

[2] Toshihiko Hirooka, ECOC Program subcommittee member (2014~2018)

[3] Toshihiko Hirooka ,OECC Program subcommittee member (2012~2017)

[4] Toshihiko Hirooka, OFC Program subcommittee member (2016~2018)

BEMESDESIKR / Research funds/grants received
(l) R EEMEBIZ / Grant-in-Aid for Scientific Research (KAKENHI)
Grant-in-Aid for Specially Promoted Research (MEXT), “Proposal of multi-functional coherent Nyquist
pulse and its ultrahigh-speed and highly-efficient optical transmission” (2014-2018, Project head: Masataka
Nakazawa, Total budget: 483,900,000 JPY (~4,500,000 USD))
FenlHEERFZE [ ZRkRE e — L A F X MLV RAORE L T Vo EE R - m23Eos
R (REREA - TIRIERE, 22 T4efh%H 483,900 T-H)  (SF-pk 26 — 30 4-)

(2) ZEEWEE / Other grants and subsidies

[1] Commissioned Research of National Institute of Information and Communications Technology (NICT),
“R&D on innovative optical communications infrastructure,” (2011-2015, Project head: Hidehiko
Takara (NTT), Total budget: 208,000,000 JPY (~1,900,000 USD))

ENZHFZEBHIE N TEBOBEIIICHEAE S ELEME - BOEMFERH R ZEENIIE TRRTHDLIE(E 1 >
77 OB (IREFL - NTT Kk EWH5EAT SR FBE. fH4e#% 208,000 T,
gk 23 — 27 4 HE)

[2] Commissioned Research of National Institute of Information and Communications Technology (NICT),
“R&D on innovative optical fiber and communication technology,” (2013-2017, Project head: Itsuro
Morita (KDDI Research), Total budget: 577,000,000 JPY (~5,400,000 USD))

ENZAFFERTEIE N IHHOBE AT IERERE & EME - BORITTEB S R SE T8 7 A S
DO FERUCIZIANT 78 7EB% ) ([RFEH 4 - KDDI R AWFFEET  ARHRAR. 244848 577,000 T
M. Pk 25 - 29 4 )

[3] Commissioned Research of Ministry of Internal Affairs and Communications (MIC), “High Capacity

Technologies with Ultra High-Density Multi-Band and Multi-Access Layered Cells,” (2015-2018,

Project head: Akihiro Otaka (NTT), Total budget: 175,800,000 JPY (~1,600,000 USD))
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A T T 5 RBENEE S AT A FEHICIT T2 ~BEBE~ L TF R R .
< NVTFT I AL EENAERIZ LD KREBEHMT O~ ((REFH NTT 77 EBA %Ry
U —27 AT AWGEAT KE AR, 23 4ke%E 175,800 T-H. Rk 27—30 )

3. EfRHRIFAE - EHEHE - EELZETFTHORE
International joint research, collaborative research, and collaborative education

[1]

[2]

Tohoku University’s Focused Research Program, “Research collaboration in photonics with MIT
towards future University Partnership Agreement,” (2010-2015)

FACK S RERIE SR 7 v 77T o DR O K E 2 WLAE 2 72 bR 8 <O E I JE T —
MIT B LA E RS SL R AF 92 7 1 ¥ = 7 (RIEC-RLE Project)] (2010 ~ 2015 4F)

JSPS Invitational Fellowships for Research in Japan, Prof. Shiva Kumar (Department of Electrical &
Computer Engineering, McMaster University), Nov. 2016-July 2017.
AARFARE S E A BB A~NERE 7 v A2 = RPLPHERE R LFF - Shiva
Kumar ##% (2016 4F 11 H ~ 2017 %7 A) Take—L > b A X R ML A REITEBIT 59
WG AR T DFRHT & 2 DA AT D BRE |

4. B - %E - &% / Honors, awards, and prizes

[1]
[2]
[3]
[4]
[5]

[6]
[7]

[8]

[9]
[10]

[11]

[12]
[13]

Masataka Nakazawa, Japan Academy Prize (FiRIEME, HAZ+FEE) (2013.6)

Tatsunori Omiya (K= 3H]) , OECC 2013 Best Paper Award (2013.7)

Masataka Nakazawa (H{RIEFE) , MOC (Micro Optics Conference) Award (2013.10)

Masataka Nakazawa, 2013 C&C Prize (HRIERE, NEC [ C&C H) (2013.11)

Shohei Beppu (BIAFFHE) , OFC 2014 Outstanding Student Paper Competition Honorable Mention
(2014.3)

Masataka Nakazawa (HJRIEFE) , OSA Charles Hard Townes Award (2014.6)

Masataka Nakazawa (H'{R 1EF&) , International Wire & Cable Symposium, Inc-Jack Spergel Memorial
Award (2014.11)

Yixin Wang (E1&8T) , ACP 2014, IEEE Photonics Society Best Student Paper Awards (1st Grade
Awards) (2014.11)

Masataka Nakzawa, Fujihara Award (HP{RIERE, £ 56 [FIRRIFE) (2015.11)

Takashi Kan (%5 &&) , IEEE Sendai Section Student Awards 2016 "The Encouragement Prize"
(2016.12)

Masaki Terayama (35 |LIfffst) , IEEE Sendai Section Student Awards 2016 "The Encouragement Prize"
(2016.12)

Masato Yoshida (75 E A) , OECC 2018 Best Paper Award (2018.7)

Kosuke Kimura (KA134f) , OECC 2018 Best Student Paper Award (2018.7)
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