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9 PIs

Tim Taminiau

Toshiharu MakinoSatoshi Fujii

Kazumasa Narumi

107 members

Tokuyuki Teraji

Super-pure
diamond

Hiromitsu Kato

Super-productive
nano-fabrication

Shinobu Onoda

Super-precision
ion implantation

13 members

2 members

27 members

Diamond

Satoshi Iwamoto

Photonic crystal cavity

Masahiro Nomura

Phononic crystal cavity

Toshihiko Baba

Silicon
photonics

6 members

17 members

6 members

Optics

Hirotaka TeraiYoshihiro Shimazu

Fumihiro Inoue Katsuya Kikuchi

3D Integration

Hideo Kosaka
32 members

Quantum
memory

Quantum
transducer

Yuhei Sekiguchi

Hodaka Kurokawa

JPMJMS2062

Moonshot Kosaka Project – Quantum Interconnect

Nobuyuki Yoshikawa
Microwave

circuit

3 members
Kazuki Koshino

Theory
1 member
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Fujitsu “Fugaku”

(Distributed) Super Computer
JPMJMS2062

理研HP: www.riken.jp/pr/news/2021/20210309_2/index.html

Microwave cables in cryogenic temperatures

Wallraff ETH
P. Magnard et al., Phys. Rev. Lett. 125, 260502 (2020).

Motivation - Quantum Interconnect Solid qubits

Optical

connection

Dilution fridge (~10mK) Dilution fridge (~10mK)

Copyright; RIKEN Center
for Quantum Computing

https://rqc.riken.jp/
photolibrary/

Super-
conducting

qubit

QIF

QIF

QIF

QIF

QIF

QIF

Q
IF

Q
IF

Q
IF

Q
IF

Q
IF

Q
IF

Optical fiberOptical fiber

M
U

X
/D

eM
U

X

光ファイバー

1THz

1GHz

Quantum
Multiplexing

Optical qubit

Microwave-Optical Photon
Quantum Transducer

Reconfigurable Optical Interconnects
(also enable blind quantum computation)

Replaced by optical fibers at room temperature

(Distributed) Quantum Supercomputer

IBM社HP: newsroom.ibm.com/2023-05-21-IBM-
Launches-100-Million-Partnership-with-Global-
Universities-to-Develop-Novel-Technologies-Towards-a-
100,000-Qubit-Quantum-Centric-Supercomputer

Optical

connection

Modules
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~1minNeutral Atom

Ion

Silicon

Photon

Super
conducting

qubit

99.99%

F
id

e
li

ty 99.9%

99%

90%

1kHz 1MHz 1GHz

Clock speed

1THz

Diamond-intermediated

Hybrid Quantum Computing

Solid
Gas

Wide bandwidth

Fast & high-fidelity operation

Diamond-mediated Hybrid Quantum Computing
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Distributed Quantum Computing

Copyright; RIKEN Center for Quantum Computing
https://rqc.riken.jp/photolibrary/

Optical Quantum Router

Wide bandwidth ~1 THz

Superconducting Qubit

Fast operation ~1 GHz

Quantum Interface
(Quantum Transducer)

JPMJMS2062
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Multiplex

QI QI QI QI QI QI QI QI QI QI QI QI QI QI QI
Microwave-Optical

Q. Transducer

Logical
Q. Router

JPMJMS2062

Distributed Quantum Computing with Quantum Interconnect      

Modular system

Network

Compute

Heralded Bell pairs are
injected into logical qubits
for remote lattice surgery

Logical Qubits
(Surface code)

Remote

Lattice

Surgery

Physical
Q. Router Buffer

(Entangle Distiller)

Herald

All-to-all Quantum Interconnects
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Quantum Transducer = Quantum Media Converter

Quantum Transducers
convert excitation between

different quantum media

             However

Superconducting Qubit
cannot be converted
directly to Optical Photon 

Exciton (color center), Spin

& Phonon (mechanical wave)

mediate the conversion

Electron

Optical

Photon

Super-
conducting

qubit

Spin

Phonon
(Mechanical wave)

Exciton
(Color center)

Magnon

Atom

Ion
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Power reduction of Quantum Transducer

Microwave Photon (∼10GHz) emitted from Superconducting Qubit is converted to Optical Photon (∼500THz)

AO modulator

Microwave

Light
Gooch&Housego社
HPより引用
https://gandh.com/pr
oducts/acoustooptics/
modulators

EO modulator

Microwave

Light

iXlbue社HPより引用
https://www.ixblue.com/photon
ics-space/intensity-modulators/

~10cmModulator
 W-class pump light

Resonator
mW-class pump light

OMC
W-class pump light

Emitter in OMC
pW-class pump light

EO resonator
ISTA

Heterodyne
detection

6mm
LN bulk

JILA 
Carrier freq.

0~1MHz
0.5mm

SiN membrane

AO resonator

A. Rueda et al., npj Quantum 
Information, 5, 108 (2019).

A. P. Higginbotham et al., 
Nature Physics 14, 1038 (2018)

nm       m       mm  m

p
W

   
 n

W
   

 
W

   
 m

W
   

  W

Chip size

Pump
power

Modulator

Resonator

OMC

Emitter OMC

Noise Reduction

Opto-Mechanical Crystal
(Photonic & Phononic crystal)

Microwave
photon Optical

photon

Color center

0.1nm
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Photonic Crystal

Eli Yablonovitch at Eli’s house in 2000
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Opto-Mechanical Crystal

Mechanical mode

(Phononic crystal)

Optical mode

(Photonic crystal)

Color center 

Photons and Phonons have
about the same wavelength
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M. Mirhosseini, Nature 2020

AlN/Si
O. Painter

(Caltech/AWS)LN/Si

SC
qbitRO

res.

Jiang, q-ph 2022 A. Vainsencher, APL 2016

AlN LN
A. Cleland
(Chicago)

A. Naeini
(Stanford)

S. Honl, NatCom 2022

GaP
T. Kippenberg

P. Seidler
(EPFL & IBM)

GaAs
S. Groblacher

(Delft/QphoX)

M. Forsch, NatPhys 2020 R. Stockill, NatCom 2022

GaP LN/Si

M. Weaver, q-ph 2022

LN

Si

Arrangoiz-Arriola
PRX 2018 Jiang, NatCom 2020

Conventional OMC Transducers

Piezo material
(AlN, LN, GaP) 

or
Piezo on Silicon

(AlN/Si, LN/Si)

High pump power

Induce noise



14

Challenges for Diamond OMC with color centers 

Optical Q = 176,000 @ 1,529 nm
Mechanical Q = 4,100 @ 5.5 GHz @RT

Loncar
(Harvard)

B. J. M. Hausmann et al. Nano Lett. (2013)
M. J. Burek et al., Optica 3, 1404 (2016)

Silicon
Photonic 

Integrated 
Circuit

D. Englund
(MIT)

Optical Q = 14,000 @ 637 nm (NV)

Diamond
Quantum

chiplet

Optical Q ~ 10,000 @ 1,544 nm
Mechanical Q = 22,000 @ 9.2 GHz @4K

A. Sipahigil et al., Science (2016) triangle
G. Joe et al., CLEO (2021) rectangle

Optical mode Mechanical mode

Optical Q = 42,000 @ 1,542 nm
Mechanical Q = 118 @ 5.9 GHz @RT

S. Naeini
(Stanford)

J. Cady et al., Quantum 
Science and Technology 
4, 024009 (2019).

Hanson/Groblacher
(QuTech/QphoX)

「ronald hanson」の画像検索結果

NV-, SiV, GeV

SiV

NV-

SnV

NV-

Triangle cross-section nanobeam

Rectangular cross-section nanobeam
(Quasi-isotropic undercut etching)

Rectangular cross-section nanobeam (etched down method)

APS meeting (2023)

Rectangular
 (undercut)

737 nm

Ulara small optical(1550nm) and
mechanical(5GHz) mode volume

Wan et al., Nature(2020)

S. Krastanov, PRL (2021)
T. Neuman, npjQI (2021)
H. Raniwala, Arxiv(2022)

Loncar
(Harvard)

Theoretical work

A color center
in Diamond

mediates conversion

Low pump power

Noise reduction

No demonstration
of Q. transducer

https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiV682LqO7lAhWHA4gKHYRvDqcQjRx6BAgBEAQ&url=https%3A%2F%2Fqutech.nl%2Fperson%2Fronald-hanson%2F&psig=AOvVaw1y2Rka9nt8CYfpuCRgSd7r&ust=1573979072889939
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Conversion efficiency (%)

BW100 Hz

BW 100 kHz

BW 170 kHzOMC

AlN/Si

LN/Si

LN/Si

Mirhosseini & Painter, Nature 588, 599 (2020)
Jiang & Naeini, Nature Physics 19, 1423 (2023)
Weaver, Groblacher & Stockill, Nat. Nano. 19, 166 (2024)
Zhao & Mirhosseini, Nature Nano. 20, 602 (2025)

Advances in OMC Transducers

Microwave
phonon

Converted
optical photon

Optical pump

KEY FEATURE

Integrated photon source
Si

Conventional best
Efficiency ~ 2%
S/N ratio ~ 1
Bandwidth ~90kHz

Emitter-integrated OMC in Diamond
Efficiency > 50% (x25 improve)
S/N ratio  > 100 (x100 improve)
Bandwidth> 3 MHz (x30 improve)



16

e

QM QM

Negatively-charged NV- center for Quantum Network

86%

Q. Error Correction

Communications Physics 5, 102 (2022)

Fault-tolerant Q. Gate

99.97%

Nature Communications, 7, 11668 (2016)

Initialization & Readout

99.7%
Appl. Phys. Lett. 120, 194002 (2022)

Bell State Meas.

90%
Appl. Phys. Lett. 120, 194002 (2022)

npj Quantum Information 9, 101 (2023)

Q. State Transfer

|A2

|+1 |-1

| -| +

electron

photon

98%

Physical Review Letters, 114, 053603 (2015)

Teleportation ~90%

Entangled Emission

|A2

|+1 |-1

| -| +

98%

Communications Physics, 4, 264 (2021) 

electron

photon

Under zero magnetic field at relatively high temperature (10K)

Long coherence time>0.1s, fast operation>400MHz→high fidelity>99.97%

JPMI00316 

Partially supported

Yuhei Sekiguchi
(YNU)

Taichi Fujiwara
(YNU)

Poster PO-CP-033, QI2025
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Neutral NV0 center for Quantum Transducer

ൿห𝐴2

ൿห𝐴1

඀ቚ𝐸1,2

ൿห𝐸𝑋

ൿห𝐸𝑌

ۧȁ0

ۧȁ±1

Optical 
transition

Microwave (H-field)
transition ~3GHz

Ground state
(no Orbital)

Excited state
(with Orbit)

Energy level structure of NV-

Insensitive to E-field Sensitive to E-field at B=0

~10 GHz ground state S-O splitting

Tunable by DC E-field

Energy level structure of NV0

ȁ0ۧ

ȁ1ۧ

ȁ2ۧ

Microwave (E-field)
transition ~10GHz

Optical

transition

~ 575 nm

Excited state

Ground state
(with Orbital)

X 1000

Optical
 pump

Hodaka Kurokawa
(YNU)

New
NV
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Coherent control of Neutral NV0 center

𝜴𝐫𝐚𝐛𝐢 ~ 90 MHz@5K 

Rabi oscillation by E-field

T2* = 31ns @5K 

Ramsey interference (T2
*)

P
L
 i
n
te

n
s
it
y
 (

a
.u

.)

P
L
 i
n
te

n
s
it
y
 (

a
.u

.)
T1

𝑻𝟐
𝒆𝒄𝒉𝒐= 0.93 μs @15mK 

Hahn echo (T2)

P
L
 i
n
te

n
s
it
y
 (

a
.u

.)
𝑇1 =

1

𝐴Δ3(2𝑛 Δ, 𝑇 + 1)
Δ : Gap between ȁ0ۧ and 1

𝑛 Δ, 𝑇 : Bose distribution

Relaxation time (T1)

T1 = 4.7 μs @15mK 

1
/T

1
(

s
-1

)

✓E-field control of orbital
→ 10-3 power of H-field

✓T₂ ~1 μs
→ 30× longer than T₂*

✓T₁~5 μs

Kurokawa&HK, Nature Communications 15, 4039 (2024) Kurokawa&HK, Phys. Rev. Lett. 135, 016902 (2025)

T₁ & T₂ are long enough for quantum transduction

https://www.nature.com/articles/s41467-024-47973-3
https://www.nature.com/articles/s41467-024-47973-3
https://www.nature.com/articles/s41467-024-47973-3
https://journals.aps.org/prl/abstract/10.1103/m1qx-xlpd
https://journals.aps.org/prl/abstract/10.1103/m1qx-xlpd
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Core elements of Quantum Transducer

~500m

Superconducting
Microwave Resonator

NbTiN Nanowire on Si

High Z & 
freq. tuning > 5%

Hirotaka Terai

Superconducting
qubit

Optical waveguideDiamond OMC

MW resonator

NV

3 x 0.5 mm

Optical fiber

SiN optical waveguide

Silicon Nitride
Optical Circuit

Toshihiko Baba

1m

Optical

photon

Spot-size conversion

Optical fiber

Diamond color center
nano cavity

1m

Shinobu Onoda

Diamond
Opto-Mechanical Crystal

Single
color center

Satoshi Iwamoto Masahiro Nomura

Microwave

photon

Core elements are ready for quantum transducer implementation.
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Theoretical model and design

Qn = 300,000
(T1=5s)

MW resonator Mechanical resonator NV0 center Optical resonator

Optical photon
500THz

Microwave photon
10GHz

Relaxation
rate 𝜸𝟏𝟎 

=33 kHz

𝜿𝒎

=0.5 MHz
𝜿𝒎𝒘

=0.5 MHz

𝜿𝒐𝒑𝒕

=50 GHz

𝓚𝒎𝒘=2 MHz Coupling rate

𝒈𝒎−𝒆𝟏

= 1 MHz

𝒈𝒎𝒘−𝒎

=1 MHz

Qmw = 20,000
(int)

Qm = 20,000
(int)

Qopt = 10,000
(int)

෡𝒃𝒎ෝ𝒂𝒎𝒘

ො𝒄𝒐𝒑𝒕

ො𝒆𝟏

ො𝒆𝟐

ෝ𝒂𝒘𝒈

ෝ𝒂𝒅𝒓𝒊𝒗𝒆(𝝎𝟏𝟐)

𝒈𝒆𝟐−𝒐𝒑𝒕

  =5 GHz

Microwave
waveguide

Optical 
waveguide

Three level system
ො𝒄𝒘𝒈

𝓚𝒐𝒑𝒕=750 GHz

Optocal Pump

𝑯𝟎 = 𝝎𝒎𝒘𝒂†𝒂 + 𝝎𝒎𝒃†𝒃 + 𝝎𝒆𝟏𝒆𝟏
†𝒆𝟏 + 𝝎𝒆𝟐𝒆𝟐

†𝒆𝟐 + 𝝎𝒐𝒑𝒕𝒄†𝒄

𝑯𝒊𝒏𝒕 = 𝒈𝒎𝒘−𝒎 𝒂†𝒃 + 𝒃†𝒂 + 𝒈𝒎−𝒆𝟏 𝒃†𝒆𝟏 + 𝒆𝟏
†𝒃 +  𝒈𝒆𝟐−𝒐𝒑𝒕(𝒆𝟐

†𝒄 + 𝒄†𝒆𝟐) + 𝑎𝑜𝑝𝑡 𝒈𝒆𝟏𝟐(𝒆𝟐
†𝒆𝟏𝒄 + 𝒄†𝒆𝟏

†𝒆𝟐)

           + 𝓚𝒎𝒘 𝒂†𝒂𝒘𝒈 + 𝒂𝒘𝒈
†𝒂  + 𝓚𝒐𝒑𝒕 𝒄†𝒄𝒘𝒈 + 𝒄𝒘𝒈

†𝒄

JC Model 
+

 Input-Output
Theory

Optical waveguideMW waveguide

𝜅m𝑤
e

ωmw 

gmw-m

𝜅m𝑤
i 𝜅m

i 𝛾10
i 𝛾20

i , 𝛾21
i

gm-e1

ωm ω1-ω0 ω2-ω0
~ ~ ~ ~

Oscillator-chain model
ωopt 

Input Output𝑪𝟐~240 𝑪𝟑~1100

ge2-opt 𝜅𝑜𝑝𝑡
e

𝑪𝟏~3

𝜅opt
i

𝑪𝟒~20

𝑎𝑜𝑝𝑡 ge12

H. Kurokawa
(YNU)

K. Koshino
(Science T)

𝒈𝒆𝟏𝟐 

=1 GHz

Key point is the strong transition 
between two levels in an NV⁰ center

to couple different frequencies.

All in strong coupling regime



21

M
ic

ro
w

a
v
e
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e

tu
n

in
g

 (
M

H
z
)

Estimation of Conversion Efficiency & Bandwidth

Conversion Efficiency ~ 50%

at pump power ~ 30 pW 

Bandwidth ~ 3 MHz

~3 MHz

4× efficiency and 30× bandwidth

with 1/10,000 pump power

than the best OMC transducer

World record
(Simulation with 

realistic parameters)

EO: Electro-Optic resonator
OMC: Opto-Mechanical crystal

OMC

EO

NV0

pW      nW     W     mW       W

1/10,000

K. Koshino
(Science T)
Kosaka-Pj

&
Koashi-Pj

K. Goto
(YNU)

Poster PO-CP-022, QI2025
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Performance of Core Elements

0.0 0.5 1.0 1.5
0

2

4

6

8

10

Q
i (

´
1

0
4
)

B⊥ (mT)

Qmw > 20,000 Qn ~ 300,000 (T1 ~ 5 μs)

1
/T

1
(

s
-1

)

Wavelength (nm)

In
te

n
s
it
y
 (

a
.u

.)

Qopt ~ 10,000 

Temperature (K)

Q

Qm > 20,000

Microwave OpticalMechanical NV0

NV

@15mK@15mK @15mK @5K

10m

NV−

Bragg reflector
IDT

Bragg reflector

Diamond SAW
Qm > 20,000 @5GHz

Diamond Phononic crystal Diamond Photonic crystal
Compatible Structure

1 10 100
7.0

7.2

7.4

7.6

7.8

8.0

f c
 (
G

H
z)

B⊥ (mT)

300MHz

1.5mT

with Ladder

w/o Ladder

Frequency tuning range

Preliminary
S. Iwamoto
(U. Tokyo)

World record
with Quasi-

isotropic etching T = 5 K

In
te

n
s
it
y
 (

a
.u

.)

Wavelength (nm)

Purcel factor ~ 10 
@Q=500

We successfully achieved the parameters used in the simulation through experiment.

T. Makino
(AIST)
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Demonstration of Quantum Transducer

V

V
Sn

Phonon-mediated MW–optical photon conversion
successfully demonstrated with emitter OMC.

Optical waveguide

3μm

SnV

Split gates

Diamond OMC with emitter

Satoshi Iwamoto
(U. Tokyo)

Optical transition frequency

shifts with DC E-field

+4

+4

0

The frequency splits

with DC + Microwave
Phonon

40 MHz

Phonon 7.5GHz

Quantum
Coherence

Y. Sekiguchi
(YNU)
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Reduction of Charge Fluctuation in Photonic Crystal       

Yuhei Sekiguchi
(YNU)

SiV-

NV0

SnV-

NV-

FWHM = 230 MHz
with Charge & Resonance check

FWHM = 300 MHz FWHM = 170 MHz

Group  

IV
(Symmetric)

Group 

V
(Asymmetric)

FWHM ~ 270 MHz
with Charge & Resonance check

Conventionally
~5 GHz

IV V

World record
for any color 
center in PhC

NV0

That of MW
transition should

be 5 ~ 50 MHz

Charge fluctuation should not be a fatal obstacle.
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Improvement of Diamond OMC

K-vector (pi/a) K-vector (pi/a)

F
re

q
u

e
n

c
y
 (

G
H

z
)

Optical mode (TE)

 Q-factor: 6,200

Mechanical mode

Q-factor: 30,000

F
re

q
u

e
n

c
y
 (

T
H

z
)

BG

BG

BG

Current Design

13.4 GHz

471 THz

Asymmetric mode

K-vector (pi/a)

BG

BG

BG

K-vector (pi/a)

BG

Improved Design

F
re

q
u

e
n

c
y
 (

G
H

z
)

F
re

q
u

e
n

c
y
 (

T
H

z
)

Mechanical mode

Q-factor: 8,000,000

Optical mode (TE)

Q-factor: 10,000

14.8 GHz

468 THz

Breathing mode

Higher mechanical
coupling to NV

Node in bulk

Higher optical
coupling to NV

Masahiro Nomura
(U. Tokyo)

We can achieve 90%
conversion efficiencyWe are ready for practical quantum transducer implementation.
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Quantum Chiplet Integration & Optical Fiber Coupling

10-core

optical fiber

array

光回路

シリコン

Ground
Si

Optical
waveguide

Pump light

Microwave

Microwave
resonator

3 x 0.5mm

Conversion light

MW resonator – OMC – Optical WG
Chip-let Integration

Split gate Si

15 x 7m
Optical

waveguide

m

Diamond opto-mechanical crystal
resonator with a color center

Transfer

printing

Optical waveguide → Optical fiber
Coupling efficiency ~60% at RT

Optical fiber coupling

Optical fiber/SiN SSC coupling

Toshihiko Baba
(YNU)

Optical waveguide coupling

Optical resonator → Optical waveguide
Alignment accuracy <50 nm @95% (design)

Yuhei Sekiguchi
(YNU)

We employ 3D packaging technologies.
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Frequency Tuning of Individual Elements

GasB field E field

Diamond OMC Fiber array

Microwave
resonator

N2

Fixed

Hodaka Kurokawa
(YNU)

Microwave OpticalMechanical NV0

We can tune all the frequencies within the target accuracy.

Range ~10 THz (~10nm)
(Tolerance ~10 GHz@6s)

Range ~2 GHz
(Tolerance ~5 MHz@50V)

Blue and Green

Blue

F
re

q
u

e
n

c
y
 s

h
if
ts

 (
n

m
)

Laser irradiation time (h)

Tuning range: ~300 MHz
(Tuning tolerance ~5 MHz@25T)

1 10 100
7.0

7.2

7.4

7.6

7.8

8.0

f c
 (
G

H
z)

B⊥ (mT)

300MHz

1.5mT

with Ladder

w/o Ladder

NV0

No tunability
(synchronized with optical frequency)
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Microwave OpticalMechanical NV0

B tuning: ~300 MHz

Gas tuning: ~200 MHz

Gas tuning ~10 THz

20
E tuning:
~2 GHz

0 
E tuning:

~500 MHz

10 GHz 500 THz
1:50,000

Strategy for Frequency Tuning

1:4

Range ~10 THz (~10nm)
(Tolerance ~10 GHz@6s)

Range ~2 GHz
(Tolerance ~5 MHz@50V)

Tuning range: ~300 MHz
(Tuning tolerance ~5 MHz@25T)

No tunability
(synchronized with optical frequency)

1
2

3

45



29

Estimation of Bell-pair Generation Rate between SC qubits

Conversion efficiency

100kHz

10kHz

1kHz

500kHz

20%
B

e
ll

-p
a

ir
g

e
n

e
ra

ti
o

n
 r

a
te

Direct conversion

Memory-based conversion

Memory-based conversion ~ 20 kHz

MemoryMemory

Swap

H. Kurokawa, M. Yamamoto, Y. Sekiguchi, and H. Kosaka, Phys. Rev. Applied 18, 064039 (2022).
B. Kim, H. Kurokawa, H. Kosaka, and M. Nomura, Phys. Rev. Applied 20, 044037 (2023).

Direct conversion ~ 0.5 MHz

Swap

The Bell-pair generation
rate can reach 3 MHz

with Multiplexing.
HOM Interference

Fidelity:90%
(SnV)

Yuhei Sekiguchi
(YNU)
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Purified Bell-pair Generation Rate

Poster PO-CP-034, QI2025

Estimates of entanglement generation rate and error rate in

entanglement purification using superconducting quantum routers

〇Takumi KobayashiA, Hodaka KurokawaB, Yasunari SuzukiC, Hideo KosakaA,B

Department of Physics, Graduate School of Engineering Science, Yokohama National University A, 

Quantum Information Research Center, Institute of Advanced Sciences, Yokohama National University B,

RIKEN Center for Quantum Computing C

Yasunari Suzuki

(RIKEN)

Koashi-Pj

Takumi Kobayashi

(YNU)
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Purified Bell-pair Generation Rate

Physical Bell-pair

Distillation

Physical Bell-pair

Generation

Logical Bell-pair

Generation

Logical Bell-pair

Distillation

inject

Number of channels required to achieve a purified
Bell-pair generation rate of 1 MHz with >99% fidelity.

MW linkOptical link

Assumptions
Trial rate of physical Bell-pair generation: 1 MHz
Probability of physical Bell-pair generation: 10%
                    physical Bell-pair: 95%
Fidelities of two-qubit gate:     99.99%
                  measurement:      100%
                   single-qubit gate: 100%

100 buffers are required for Bell-pair distillation

Yasunari Suzuki

(RIKEN)

Koashi-Pj

Takumi Kobayashi

(YNU)
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Super-pure Diamond Growth

32

T2
*：150 μs、 T2：1.5 ms

Long coherence time with

isotropic purity of 99.998%

Nearly natural linewidth with 

material purity of 99.99999999%

FWHM: 21 MHz

Tokuyuki Teraji
(NIMS)

Sufficient purity of diamond growth for quantum transducers.
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Super-resolution Ion implantation with Laser Cooling

Shinobu Onoda
（QST）

Ga ion source

Wien filter

Confocal microscope

In-situ laser annealing

Acceleration lenses

Laser for cooling

N ion

Laser for ionization

Ca ion Diamond

3 zone ion traps

External ion source

Acceleration 

voltage of 50kV

NV0

Diamond target

Sufficient accuracy of NV creation for quantum transducers.
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https://twitter.com/kosaka_lab_YNU

https://youtu.be/83ux1NhPbSw

QIC Research Video Featured
at the APS Global Physics Summit 2025

https://moonshot.ynu.ac.jp/en/index.html

https://kosaka-lab.ynu.ac.jp/publications/papers/

https://qic.ynu.ac.jp/
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Summary

Towards Distributed 
Quantum Computing

Purpose: Optical interconnect

Status: Core Elements are ready to build up

Efficient and Broad BW
with Low Pump Power

MW-optical photon
coherent conversion

Concept: Emitter-integrated OMC

1nm      1m      1mm 1m

1
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W
   

1
n

W
   

1


W
   

 1
m

W
   

   
1

W

Chip size

Conventional

Bulk reso.

OMC

Emitter OMC

O
p
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l p
u

m
p

 p
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r

Optical 
aveguide

3μm

SnV

Split gates

Diamond OMC
with emitter

Qmw > 20,000 Qopt ~ 10,000 Qm > 20,000

Microwave OpticalMechanical NV0

Qn ~ 300,000
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