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Quantum Memories
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Preparation of Entanglement
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Time-bin entanglement
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Photon wavefuntion
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How does it work”?
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Atomic Frequency Comb
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3H,

Inhomogeneously broadened, 5GHz bandwidth

7955 nm

3F4

} Nuclear Zeeman levels
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Hole burning

*Hole burning laser: Memory laser

*Frequency sweep

*Modulate amplitude while frequency sweeping
«Selectively pump to 3F4 state

*Repeat 100 times to prepare memory

*Wait 2.4ms, lifetime of 3H4 state
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n . d Atomic and molecular orbitals
S I e Before atomic orbitals were understood, spectroscopists discovered various distinctiv

azimuthal guantum number, . The letters, "s", "p". "d", and "f", for the first four value:

values of | were assigned in alphabetical order, omitting the letter "j"- <=1

letter name /
s sharp 0
p  principal 1
d |diffuse 2
f fundamental| 3
g 4
—h [ [5F
i B
k 7
I 8
m 9
n 10
0 11
q 12
r 13
t 14
u 15



Efficiencies

* Currently 0.2%

» Partly due to 90% loss during fiber to waveguide
coupling

* Comb efficiency ~ 2%

By tailoring AFC spectrum and reabsorbing
backward scattered photons, and optimizing mode
overlap, total efficiency can be increased to 15%



Analysis
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Example: o

* Monitor time of arrival using TDC — 2 bins

» Corresponding to + and - Cxibitt ariealist
 From these counts, calculate | _ .F.ili“”
joint detection probability +0, — @

 Use delay line instead of
memory, and calculate Pin
* Use memory, Pout



Table 1 | Entanglement measures, purities and fidelities

Measures of Entanglement

Betore S"tnragf |
.-"ff |
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Jaint detection events ©

Joint detection events

Time (ns)

—0, ¥ 0o,

Time (ns)

{

Entanglement of formation (%) Purity (9] Fidelity with [&7 3 (%) Input/output fidelity (%) Expected 5, Measured 5
i 64442 75724 g26.2=x15 22350085 2379 +£0.034
Pout 6511 76359 86639 95429 225+x006

2.2x022
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Thank you!



Questions

Why time-bin entanglement?

Multimode possible
Polarization errors reduced

Numbers — Efficiency, fidelity,

low to measure?
Uniform absorption

Readout
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