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Heralded entanglement between solid-state qubits separated by 3 meters

H. Bernien,! B. Hensen,! W. Pfaff.! G. Koolstra,! M.S. Blok.! L. Robledo.!
T.H. Taminiau,! M. Markham.? D.J. Twitchen,? L. Childress.® and R. Hanson!: *
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Loophole-free Bell inequality violation using
electron spins separated by 1.3 kilometres

B. Hensen"?, H. Bernien%, A. E. Dréau™?, A. Reiserer"?, N. Kalb"?, M. S. Blok"?, J. Ruitenberg"?, R. F. L. Vermeulen"?,

R. N. Schouten"?, C. Abellan®, W. Amaya®, V. Pruneri®*, M. W. Mitchell>*, M. Markham®, D. J. Twitchen®, D. Elkouss',
S. Wehner', T. H. Taminiau"* & R. Hanson"”
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= Requires perfect coherence
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Unconditional quantum teleportation
between distant solid-state qubits

Wolfgang Pfaff, Bas Hensen, Hannes Bernien, Suzanne B. van Dam,
Machiel S. Blok,Tim H. Taminiau, Marijn J. Tiggelman,Raymond N. Schouten, Matthew
Markham, Daniel J. Twitchen, and Ronald Hanson
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Quantum Sci. Technol. 2 (2017) 034002
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Partners

*Technische Universitat Dortmund

*HighFinesse Laser and Electronic Systems GmbH,
Tldbingen

*Fraunhofer Heinrich-Hertz-Institut, Berlin
*Technische Universitat Berlin

*Universitat Paderborn

*Freie Universitat Berlin

sLeibniz-Institut fur Festkdrper- und
Werkstoffforschung Dresden

*Ruhr-Universitat Bochum

*Swabian Instruments GmbH

*Leibniz Universitat Hannover
*Max-Planck-Institut fir Quantenoptik, Garching
«Julius-Maximilians-Universitat Wirzburg
*Universitat Bremen

*Heinrich-Heine-Universitat Dusseldorf

*Humboldt-Universitat zu Berlin

*Ludwig-Maximilians-Universitat Minchen
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<4 Quantum Repeater consortium project
«~20 researchers collaborate for building QR v
*15 M EUR for 3 years for ~20 groups =
https://glinkx.de/ &3/
<4 EU Quantum Technology Flagship

-1 Billion EUR for 10 yeas ( O U A N T U M

Q.Link.X

Verbundprojekt
Quanten-Link-
Erweiterung

Includes Quantum Repeater https://qt.eu/ fe FLAGSHIP
<4 Quantera («—Qutega)
*European initiative but funding comes from the individual country
«2017: 34 M EUR, 2019 20M EUR
https://www.quantera.eu/ SR QUANTERA

e,

+ Federal German program on Quantum technologies:
*650 M EUR for 4 years K4 YBRCREST?
https://www.quantentechnologien.de/

< Junior research groups funded in the framework of the federal program
10 Groups with funding 2.5 - 4.5 M EUR per project for 5 years
https://www.photonikforschung.de/projekte/quantentechnologien/foerd
ermassnahme/quantum-futur.html K4 YRS EHIT 72

Kai Mueller& (TU Munchen)d& Y 49


https://www.quantentechnologien.de/
https://www.photonikforschung.de/projekte/quantentechnologien/foerdermassnahme/quantum-futur.html
https://qt.eu/
https://www.quantera.eu/
https://qlinkx.de/
https://qlinkx.de/

ESPERTAE| ST e £ [ ()i

R RE
0ol TAO N SPINS
- vicT (vec) Lot omtord
M EFEE IME(UCLA)
- g?¢ﬁ
2005 ™------ —
B NnicT Q. Initiative?
"WETFEE
20101 ETR M T :
. (LF) BTEE FRK TEFHBEFEFRIL
2015 & 7o o Eﬁs o
T IMPACT s I I
l BT ,
I CREST o QuTech CAS &-ﬂ
+ B Q
20201 oms @PRISM o 5
i EFiE(E L2 3
(RBES #) g




ETHER Y FU—J 0D

NICT (fFHRBEEHE) R—LRX—D KXY

2005 2015 & 2025 2035 ZX0X
EFHER Y FT—2 BFWEEE2UF 1R FT—2 L
BAR LGN - SRR 288 - T2 L ARH BFRGHER Y P T—2
{100 km @A) . (BRFEERICE S ERIERORISRHE)
»RE-KTFEERR » Q—XFE - XRE - BFEONNE

» AARRE maLrm7oran %7:4?ﬁ'92079-
D=L MR 4 08ER) » BFI21E RAFGOHKTO MW AFHEYZ2EBELE

TO-=10vExy b 7=2 LT

& R 0) FF SR | BEF/—FRF » SRMEER R
PRF AT 4 TR ’\/\/ (L F—MRR)
rRFXEY V‘l * BFLONRE ;éé&ﬂﬁéﬁ
> BF 7~} /*.snmmmﬂ‘\/» ALY REER | oungins
> U778 < mammi ¢

BFFEBRE mrm#&& ' X xmhonmEmEHE
L m7RAREN ’ s
o RS v/

r BF-EESRIEG

20254 ~
R




EFRESEEYTTAREE

RERESHEA VYA FO 703 LT/ 00— BEELY

Approach to Profiling
ID Quantique

MagiQ Technologies
NTT
QuintessencelLabs
Nucrypt

Oki Electric

IBM

Raytheon

SK Telecom

Toshiba

Universal Quantum Devices
ZTE

ABB (Acquired Keymile)
Nokia

KPN

Qubitekk

Post Quantum
QuantumXchange
SeQureNet

Anhui Qasky

KETS quantum Security
Fujitsu

Mitsubishi

QinetiQ
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The long-term ambition of the European
quantum communication apﬁlications'between any two points on Earth

CONTACT

Leading actors from industry oo

MAK PLANCK IS PITAITE €
oorcs
I/ I QUAND MFRY“ w
minulu.c

[ 3

SARA [ Innovation
m Swabian instrumen's m for irte

4H.CMS (ilemenmx

TOPTICA  yERIQLOUD

ccnam  ( Fi2
amsix ’

eergryy SPEVEREITY OF SNERLC
C A~ \\ . nrebouch

ISCA2
TOSHIBA
SRR N\

TOYOTA

. RIPE NCC NEY

'
‘@ kpn QuantiCor
WHPR TR

antum Internet Alliance is to build a Quantum '*rnet that en

sbes

S etoun SORDONGE UNI/ERRTY

INVERSITY OF GEMEVA



http://quantum-internet.team/
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« Internet Engineering Task Force (IETF)
~ HHAVI—RYEOBRE B (FE3RZ—T12Y)
- AROLANY—ZFE]YKD

_ :LI —_— o “E =l ‘h-h- i%’("/g—*‘y "‘0)
¥ VT (5D ;?:ﬁrﬁi‘bﬁ | BRY T —REEIZONT
https://datatracker.ietf.org/meeting/102/materials/agenda-102-ipsecme-02
« Internet Research Task Force (IRTF) s

BEAICEFLEESLGVLLANILOFfTZERY &>

— Quantum Internet Research Group (proposed)
https://www.irtf.org/mailman/listinfo/girg

* RIPE NCC (Réseaux IP Européens Network Coordination Centre)

TCP/IPE
P7Vr—vavR
BGP - DHCP - DNS - FTP - HTTP - IMAP - IRC -
- . . LDAP - MGCP - NNTP - NTP - SNTP - TIME -
— A=Y AR D ERINDIPPRFLRAEE POP - RIP - ONC RPC - RTP - SIP - SMTP -
_ TUDelft,ta AL TEF A 4—FRyk SNMP - SSH - Telnet - TFTP - TLS/SSL - XMPP

hrdY
rSVANR—-ME
TCP - UDP - DCCP - SCTP - RSVP

— 2020 FEFETICHINABRTHZF EF A A—R Y TR

https://labs.ripe.net/Members/becha/introduction-to-the-guantum-internet

— BEFAUA—IFDERDOFEERETEI—TVE HF 1Y
- EFAUEF—RININVAYY A5 —%y hE
https://labs.ripe.net/Members/bechaljoin-the-quantum-internet-hackathon-2018 P (IPv4 IPvB) - ICMP - ICMPV6 - NDP - IGMP -
) IPsec

« BBN Technologies HF Y
- HHRAVA—R2VEDNTYMBRIERAFEIZKELEB UVoM
L BFAA—FRIRDRYRT =LA —L HER NS ARP-OSPF-SPB- kYR U4 (L2TP) - PPP -
https://arxiv.org/pdf/1708.07142.pdf MAC (f—%=xv k. IEEE 802.11, DSL. ISDN)
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https://datatracker.ietf.org/meeting/102/materials/agenda-102-ipsecme-02
https://www.irtf.org/mailman/listinfo/qirg
https://labs.ripe.net/Members/becha/introduction-to-the-quantum-internet
https://labs.ripe.net/Members/becha/join-the-quantum-internet-hackathon-2018
https://arxiv.org/pdf/1708.07142.pdf
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