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1. Prepare an arbitrary state in qubit 1 and an entangled
between qubit 2 and 3.

[y)12s = (at|0)1+PB|1)1) (10)2|0)s+(|1)2|1)s)

2. Project qubit 1 and 2 into an entangled state.
(entanglement detection)

P12 = (|0)1/0)2+]1)1|1)2) (1(0]20J+1(1]2(1])

3. Check if the state of qubit 3 is the same as qubit 1.

P12ly)12s = a0)s+B]1)3

state
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2. Protocol and software pouy
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Diamond Quantum Repeater Elements

8) - @-—o- D)

}
\ Microwave
X* |0)
Physical Review Letters, 114, 053603 (2015) Nature Communications, 7, 11668 (2016) Communications Physics, 4, 264 (2021)

[Q. State Transfer | [EUISGIENIYOMEETS (Entangled Emission|
94% 99.97% 98%

3> 0 e >
«@ 4 @ Teleportation

Initialization & Readout E K ST VEEERE I Q. Error Correction
99.7% 90% 83%

Appl. Phys. Lett. 120, 194002 (2022) ot :
Appl. Phys. Lett. 120, 194002 (2022 , : Communications Physics 5, 102 (2022
PP 4 ( ) npj Quantum Information 9, 101 (2023) y ( )

Topic 2
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Diamond Quantum Repeater demonstration

We have achieved M Single photon emission and absorption over 10 km fiber
¥1 Photon state transfer into an NV over 10 km fiber
¥l Quantum teleportation of a photon into another ~ 1 Hz

10 km optical fiber _ Teleportation

//”\\\) =
N )
,\_Ax;'/,

AL

IS

Entangled absorption

7 B

D . N YNT  YY.
REPEAETAVIOUEUIES

Objective module  Dichroic module Wavelength converter Filter module

Excite 520nm ~ Pump 1082nm )
1550nm a

Diamond

ZPL 637nm [

PSB~700nm

| ny | |
: g_. . 15cm 4cm
"% Heralding module
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Diamond Quantum Repeater Roadmap

10°

Side access
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103§ 1 mHz §

7N Front access
\';». — (semi-sphare)

10—6 X-wired ’

Dlamond bulk Diamond SIL

Device improvement

Photonic Crystal

L 4 ﬂQQQ

ele

wHSew https://rqc.riken.jp/
o0 " photolibrary/

o % o0 Q. processor

<1 um

NV array

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

IEHFHP: www.riken.jp/pr/news/2021/20210309_2/index.html %H b\ ‘9 Eﬁ t %Eﬁ E iiﬁ

BEEEgFarka—4%—
(IBM, Microsoft, AWS : &)

100,000-qubit
quantum-centric
supercomputer

=
(1REEFEY F)

/ BEEETFEy b

e

2033

BFA R
7x—R

K7 7A4/5—

CHICAGO THE UNIVERSITY OF
QUANTUM CHICAGO

s e e ettt e e

EXCHANGE ¥ UToxvo _ 14
IBM HP: newsroom.ibm.com/2023-05-21-1BM-Launches- : ﬁi]ﬁﬂ@ﬁg b :
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EO: Electro-Optic transducer
EOM: Electro-Opto-Mechanical transducer
OM: Opto-Mechanical transducer

100F -
X Naeini (Stanford)
i Rep. 170 kHz
[ S|I|con OM ===
10 =2,
C = -
g EOM SINyRegaH(l':ll[ISZT)
o 1 EO’
§ AIN/Si .
i ainte/r ((;?tech/AWS < |‘*” LN #-
Fink (ISTA) yaE
C 01¢F Dlamond EOM o2z~ |
2 | \ |
= I * Low photoelastic damping CO or 4/
— - Low thermoelastic damping
0.01 F - Low free-carrier absorptlon center
i *Low charge noise
I | | Strong phon0||1 photon couplmg
0. 01 0.1 1 10 100

Conversion efficiency of single device (%)

Current top data Target
(Different structures) All in one
Conv. Efficiency 50% ¥ >50%
Noise Photon 0.3 <« <0.01
Rep.rate 170 kHz A ~1MHz

Y.

/.'.:,,,,, \
~100 THz

Dy ' - .. Optical photon
-------- Dispersive coupling
~10 GHz S
Microwave

Double dipole moment

Mirhosseini & Painter, Nature 588, 599 (2020)

Brubaker & Regal, Phys. Rev. X 12, 021062 (2022)

Sahu & Fink, Nature Com. 13, 1276 (2022)

Jiang & Naeini, Nature Physics 19, 1423 (2023)

Weaver, Groblacher & Stockill, Nat. Nano. 19, 166 (202%
Zhao & Mirhosseini, arXiv:2406.02704 (2024)
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=500 kHz =500 kH yransverse /. 10GHz 5 » 5
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(assuming perfect extraction of ZPL)
eJaynes-Cummings model

H = wpyata + wpb™ + 00,70 + gmw—m(@mw bm + G me) + gm_e(meae + byoet)

H. Kurokawa, M. Yamamoto, Y. Sekiquchi, and H. Kosaka, Phys. Rev. Applied, 18, 064039 (2022)
B. Kim, H. Kurokawa, K. Sakai, K. Koshino, H. Kosaka, and M. Nomura, Phys. Rev. Applied, 20, 044037 (2023) 83
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0

o Two - photon scheme
) (Barrett and Kok scheme)

| %F \ O Fidelityp*& W

‘ e X RHAEEHEVEEL (< 1H2)

. |+1) >\

19) ] > OO S. D. Barrett et al., PRA 71, 060310 (2005).

10}y —|n| o~ . Single — photon scheme

L ]| & (Extreme photon loss (EPL) scheme)
10), o— 1 (F)ESE ;
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