
Synchronization of Photons in a Quantum Network Via a Quantum Memory

Brennan Romanoff
 1,†

, Robert Wang
1
, Kate S. Collins

2,*
, Qudsia Sara Quraishi

 1,3

References

1Dept. of Physics, 2Institute of Research Electronics and Applied Physics University of Maryland, College Park, MD 20742
3Army Research Laboratory Adelphi, MD 20783

†Physics Masters Project [1] *ksc64@umd.edu

[1] B. Romanoff, Master’s thesis, Uni. of MD (2025).

[2] C. M. Loschnauer et al., arXiv:2407.07694 (2024).

[3] Y. Xue et al., Nature Comm. 16, 6275 (2025).

[4] S. J. Evered et al., Nature 622, 268-272 (2023).

[5] D. Awschalom et al., PRX Quantum 2, 017002 

(2021).

[6] J. D. Siverns et al., Sci. Adv. 5, eaav4651 (2019).

[7] J. Hannegan et al., Phys. Rev. A, 103, 052433 

(2021).

[8] J. Hannegan et al., Phys. Rev. A 106, 042441 (2022).

Interfacing Ions with Neutrals

Practical implementation of quantum networking requires interfacing 

different quantum systems (trapped-ions [2], SiV [3], neutral-atoms [4], etc…) 

utilizing each qubits strengths to form a hybrid quantum network [5]. 

• Generate ion-photon Bell state 

(see Fig 2):

• 493 nm ~10% photon 

collection (0.6 NA lens) 

• Entanglement generation rate 

@ 780 nm: 45 s-1 

   w/ 48 x 103 attempts/s [8]

• Ion-photon entanglement 

fidelity bounds @ 780 nm:

        84% < F < 94% [8]

• The 780 nm photon 

subsequently stored via 

quantum memory (see Fig 4).

Projected EIT Retrieval Efficiency & Entanglement Fidelity of Ion’s Photon @ 780 nm

Preserving Ion-Photon Entanglement in 87Rb

Proposed method (Fig 4):

(I) Ion-photon flying qubit generation @ 780nm

1. Prepare ion-photon polarization entangled Bell state with flying qubit 

@ 493 nm via spontaneous emission (Fig 2).

2. Frequency-convert 493 nm flying-qubit to 780 nm via polarization-

 preserving quantum frequency conversion (QFC) [8].

We project ion-photon entanglement fidelity after storage: ~ 71-89%

Derived from:    FI-P, B  x  FQM = (0.84 – 0.95) x 0.95

FI-P, B  : ion-photon entanglement fidelity before quantum memory [8]

FQM : flying qubit storage fidelity projecting

(II) Flying qubit @ 780 nm mapped onto 87Rb spin-wave 

1. Initialize 87Rb atoms by optically pumping to  |𝑔 >= |𝐹 = 1,𝑚𝐹 = 0 > 

(Fig 5) using electromagnetically-induced transparency (EIT).

2. Coherently map flying qubit quantum-state @ 780 nm to spin-wave in 
87Rb vapor cell using EIT (Fig 5).

3. Retrieve from 87Rb and analyze flying qubit quantum-state fidelity and 

efficiency.

photonic flying qubit state  ⟺  neutral-atom spin wave 

780 nm

1343-nm pump

QFC

ion

493 nm 

87Rb cell 

Fig 6. Entanglement swapping between ion/spin-wave and 

then back to ion-photon after storage.  

Custom-designed 87Rb vapor cell 
➔10 Torr Neon + Paraffin + cold finger 

+ 2° wedged windows + AR coating

➔3-layer μ-metal shielding

Fig 5. EIT energy-level diagram.
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Fig 3. Protocol for 

increased network 

entanglement rates with 

photon storage [7].
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For example, trapped ions excel at high-

fidelity single- and two-qubit gates [2] 

and neutral-atoms excel at single-photon 

manipulation [4]. Here, extend our 

previous work [6] to show our plan to 

demonstrate temporal synchronization of 

two quantum nodes in a network (see Fig 

3) for a proposed 100x increase in two-

node entanglement rates [7].

Fig 2. Trapped 138Ba+ ion operations [8].

Fig 1. Vision of a 3-node hybrid 

quantum network transmitting 

flying qubits.

Motivated by our previous work (Fig 3) [7]:

Higher entanglement rates via a quantum memory!

• Temporal synchronization

• Increased entanglement rates

We project a storage efficiency: ~ 50%

• (status) Setup built completed May 2025

• (upcoming) Calibration data on 87Rb cell, testing with CW light

• (future) Read-out spin-wave.

Fig 7. Actual quantum memory setup.
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Fig 4. Flying qubit photon storage (quantum memory).
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