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CQN Architecture

Work packages serve as integration tools

WP1: ZALM source

WP2: Multiplexed memories @
WP3: System integration and
performance evaluation
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Working Group coordinator:

Center for Clark Embleton, UOregon
/ Quantum Networks

‘Zero-Added-Loss Multiplexing (ZALM): WP1

A quasi-deterministic entangled photon pair source

Original Proposal (theory and experiment):
Two broadband SPR2 N - [NASA] Dhara et al., Heralded Multiplexed High-Efficiency
Cascaded Source of Dual-Rail Entangled Photon Pairs
Using Spontaneous Parametric Down-Conversion, Phys.
0 { Rev. Applied 17, 034071 (2022)
Frequency and temporal - Mercouche et al., Phys. Rev. Lett. 128, 063602 (2022)
mode conversion - Chen et al., Zero-Added-Loss Entangled-Photon

o . —t = . Photonic BSM Multiplexing for Ground- and Space-Based Quantum
Dual-rail (time-bin) A Pl P Networks, Phys. Rev. Applied 19, 054029 (2023)
photonic qubit ... o F - .

entangled photon {_
sources

Improved architectures and memory-loading:
- Shapiro et al., Entanglement source and quantum
memory analysis for zero-added-loss multiplexing, Phys.
......... ~&J+ ¥ _ | Rev. Applied 22, 044014 (2024); arXiv:2507.14427

0 " - Raymer et al., Phys. Rev. Applied 22, 044013 (2024)
- [NASA] Chahine et al., Heralded entanglement source
analysis for cascaded parametric down-conversion,
QW3A.17 Quantum 2.0 (QUANTUM) 2025

)
Cavity coupled
qubit

Swapped (emissive) . i .
loading: Probabilistic Analysis within network architectures:

- [C2C] Campbell et al., Entanglement distribution through
separable states via a zero-added-loss photon multiplexing
inspired protocol, Phys. Rev. Research 6, 033317 (2024)

- [C2C/IPP] Bali et al., ICC 2024 - IEEE International
Conference on Communications, Denver CO (2024)
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Duan-Kimble (reflective)
loading: Deterministic
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Working Group coordinator:
Center for Joohyung Song, UMD

= Multiplexed Quantum Memories: WP2

Scalable platforms: 1. thousands (ions) to millions (SiVs) individually addressable qubits, 2. efficient qubit-photon interface, 3. high-fidelity quantum Ioglc

Reconfigurable photonic integrated Color centers in diamond nanopillars ~ Color centers in nanophotonic diamond Trapped ion qubits strongly coupled to a
waveguides coupled to color centers  and a MEMS scanner with fiber tip cavities integrated with telecom fiber cawtv with efficient oohcal mterface
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Node B Kwan, Collins, Quralshl Waks,
TA "

Telecom Quantum Frequency

Vacuum can — b of-gm~ Conversion of Ba+ Trapped lons
Fherinon__ Relay optics \/ , = s for Quantum Networking",
lof-3-" 2
“_ MEMs minor i # . 5. CLEO 2025
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2 Integrated Trapped lon Platform  Integrated Platform + Cavities

j Vicrovave stipine Ity # %05 05 10 - Multi-node network + multiplexing - Quantum Repeaters
(L] Probe frequency - 406.667 THz (GH2) " =
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Metro-aréa’ en“f%nglement Nature volume 629, 573-578 (2024) e A )
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e “4 4*_ A B
uperconducting £E @" "@ \Q /N Tight focus - High cooperativity
electronics, . — e (even with modest Finesse)

signal iht collection

Nature Electronics Nature 2020, arXiv:2402.16742
volume 8, 375

(2025)

Niffenegger et al.,
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Norm. Refiectviy T

Long-baseline interfero
arXiv:2509.09464 (20

. Optically addressable mo écular—spin
¥ qubit diluted in a host matrix; US

vertical
emissions with
95% Gaussian
far-field overlap
and 97%

Programmable quantum matter arxiv:2509.02992 (20
Chip integrated photonic control, Optica Vol. 10, Issue 5,
pp. 634-641 (2023)

1

“Low-dimensional solid-state

Optical strain tuning, Xue, ..., Cui, Guha, Eichenfield, collection Cavity single-photon emitters”,
Fan, Nature Communications 16 (1), 6275 (2025) Emitte efficiency at the coupled ~J Nanophotonics, 14(11):1687-1713
numerical ! y ’

Spectral tuning, Nature Communications volume 16,
Article number: 8829 (2025

QUblt aperture of 0.7
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System integration and performance evaluation: WP3

ne-way an wo-way coded quantum repeaters
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Patil, Pacenti, Vasi¢, Guha,
Rengaswamy, aer\( 2405.00849
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Layer distribution, and.2 g
applications to e == e
"Leveraging Internet sensor networks o1 ’3{:
Physical Principles to Build a o s
Layer Quantum Network", arXivi2508.14737 (2025Y— - k= el - .~ Communi
e ohatonio qubi Bacciottini et al., IEEE Phys. Rev. Applied 22, 064085 (20214) s S !
Network Protocol Stack Network, May 12, 2025 S ; U
i Optimal monitor placement in quantum network tomography, Raghunadhan,
De Andrade, Towsley, Dey, Kilper, Marchetti, [IEEE QCE2024
1084~

—e— QCRB vs wl (w2=w3=0.9, Monitor at v0)
10’4 % —*=— QCRBvs wl (w2=w3=0.8, Monitor at v0)
->- QCRB vs wl (w2=w3=0.9, Monitor at v3)

Photonic qubits

: 6
. . Siv ion 10 ->- QCRB vs wl (w2=w3=0.8, Monitor at v3)
Hybrid quantum repeater architectures after QFC
Q) L =1000 km, gate-error ratio = 5 SiV + lon traj =
Pure type 1 arch. = s = ps -- gate error ratio = 5
w» L o g 4 L o i 2 0] Bl e e
B S e o - .-
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“Hybrid repeaters with encoding for long distance entanglement distribution”, Haldar, Guha, Towsley, Rozpedek; IEEE QCE 2025
© 2024 Center for Quantum Networks




Center for
'~/ Quantum Networks

NSF Engineering Research Center

Tucson — Maryland testbed

Birth of the Tucson Testbed: NSF INQUIRE
| Remote programmable Al-powered QREAL receiver

202

Establishing the central quantum hub

Characterizing SiC-4H SiV quantum memory First entanglement distribution in Tucson
QuaCTUS - Tucson Testbed Simulator

Superadditive capacity using Green Machine
Characterizing SiV color center quantum memory
Quantum frequency conversion

Integrated quantum memory devices Supporting systems for quantum network

\ J

NIST
ARL
\*/* NASA

NSA/LTS H 4%

New space and cryostat Dr. Chaohan Cui,
Time domain interferometer UMD Research

Cryostat-compatible confocal scanning microscoB@CUIty

| 2025

s % USNO
Including t d-ion technol d kf &y DC-QNet
° ncluding trapped-ion technology and workforce 5% T
e Testbed connected to broad end-users, programs r e —
and technologies o . CQN Maryland Testbed .
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KEB
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Woburn

Arlington

Winchester

MIT Lincoln
Lab

Memory r
type: SIV [4 3
Cooling: 0.1K

T2: >1ms

Status:
Under
Construction
Participants:
Government
Technologies:
Quantum
Frequency
Conversion

Boston Testbed

Belmont

Watertown

Chelsea

BOSTON

BB N

TECHNOLOGIES

-

Harvard
Memory
type: SIV
Cooling: .2K
T2: >1ms
Status:
Installed
Participants:
MIT-LL

Technologies:

Quantum
Frequency
Conversion

QuNETT
Memory
type: SIV
Cooling: <1K
T2: soon
Status:
Installed
Participants:
QuNETT
Technologies:

Participants:
caN

Technologies:

Quantum
Frequency
Conversion
(Eff. 43%)

Cooling: 1.3K
T2:>2ms
Status:
Online
Participants:

Technologies:

- Sandia National Laboratories
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Hybrid quantum repeater architecture

Architectures combining Hybrid and Pure repeaters
@

. ) Puretypelarch. @ [ ) [ ] [ ] [ ]
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Helaman Flores

Research Assistant

MIT Department: Electrical Engineering & C
Faculty Mentor: Prof. Dirkk Englund
Research Supervisor: Charles Hsu
Undergraduate Institution: North Carolina Central University
Hometown: Barisal, Bangladesh b

. o Q | 1
Website: LinkedIn 3

° Prajit Dhara (PhD, MIT): U.A. — MIT in 2022, 2023

Alumni

did\Fr
Sy

° Helaman Flores (PhD, MIT): Former BYU undergrad with Ryan
Camacho, now at MIT with Dirk Englund, focused on quantum
networking and photonic switches.

Vikash Kumar: Formerly with Dan Kilper, now working on
Tucson testbed quantum memory and network protocols
with Dirk Englund.

Arizona Team (Chaohan Cui): Leads Tucson testbed efforts on
SiV quantum memory and entanglement technologies.
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Networked learning

eGraduate Students: Collaborate with
Stefan Krastanov (UMass) on
QuantumSavory testbed and
entanglement simulations.

i
-

eUndergrad. & visiting grad students
— to testbed simulations

eCourses (MIT 6.2410 & 6.2400):
Hands-on labs and quantum network
theory

CQN Winter School on
Quantum Networks

[
L 1 / » »‘l .
= Vaishnavi Addala: MIT UROP e~ _
Michael Raymer Brianna Moreno DoE Graduate Fellow S S =2 )
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