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Overview

o Quantum memory

o Electromagnetically induced transparency (EIT)
o Dark-state polariton (DSP)
o The effect of magnetic fields on the DSP

o Experiment
> Cold atoms

> Non-polarized atoms
> Polarized atoms

o Conclusion and outlook
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Quantum memory

o Storing information = light

o Quantum communication
o Quantum repeaters

o Storage mechanism for a quantum
computer

Lvovsky et al. Nature Photonics 3, 231 (2009)

3.5.2023 Quantum memory with cold atoms in a magnetic field



Quantum memory

o Atomic gas
> Cold

o Warm

o Solid state (rare-earth ion-doped crystals, diamond color centers etc.)
o Raman, DLCZ, EIT, ...

o Properties:
o Efficiency
o Storage time
o Spectral bandwidth ...

3.5.2023 Quantum memory with cold atoms in a magnetic field



Electromagnetically induced
transparency

o EIT

o Control beam — stronger

o Signal beam — weaker
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Electromagnetically induced
transparency

EIT

Control beam — stronger

Signal beam — weaker
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Dark-state polariton

> IDSP) =  (2:1) ~ Zy1s))

o Quasi particle

o Electromagnetic component (light pulse) reor
tomic

component

EM
o Atomic component (spin-wave)

M. Fleischhauer and M. D. Lukin Phys. Rev. Lett. 84, 5094 (2000)
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Storage lifetime

o Limited by:

o Atomic motion

> Magnetic field gradients
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Storage lifetime

1mG=100nT

Limited by:

Atomic motion
Magnetic field gradients
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The effect of magnetic fields on the DSP

o Interference of spin-waves
Wey = Wg — Wy
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Experiment
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Cold atoms

o 5% 107 cesium atoms

o Magneto-optical trap
o 20 pK

o Non-zero magnetic field
and magnetic gradients
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Phys. Rev. A 99, 033625 (2019)
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Non-polarized atoms

O A(t) = A(O)lZ%z_SZ;}n_ 4Pn’mei(a)0+(n+m)a)L)t ze_t/T

O wp = gugB/h

mg (b) mg
© g=9g = —Ys 4-3-2-10123 4 3-2-101 23
le)  hwg,
F'=4 1 —
o ln—m| <2 —— 1 _
. . . hwol™ ) 2gpmsB
o Beams circularly polarized in opposite ways control -
|s)
mp—>Mm F=4
o signal
mp—->n F=3 19) 0+

3.5.2023 Quantum memory with cold atoms in a magnetic field



Non-polarized atoms
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Conclusion

o Quantum memory for qguantum communication

o Long storage time
o Continuous storage

o Problem:
> Residual magnetic fields and gradients from cooling atoms
o Stray magnetic fields from surroundings
> Shorter effective lifetime

o Solution:
o Turning on a strong magnetic field
> Polarizing atoms
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Outlook

o Non-polarized atoms

o Temporal multiplexing 0 t T T+t 27T
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