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Optical quantum memory

NEssent | arbnge gbamtum | o n g
communication

Quantum memory must be able to receive,
store and retrieve arbitrary photonic qubit

With high fidelity!

This has been done with atomic ensembles



Benefits of single atom

leralding
Ai.e. Confirm successful storage of single photon
AResults in the possibility of QND measurement

Individual qubit manipulations
Anot possible with magnetic fields for spin waves??
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Results

Demonstrated the storage and retrieval of
arbitrary polarization states of light in a
single atom (Used coherent state input!)
Average measured fidelity of 93%

Storage times up to 180us*

Overall efficiency of 9.3%*



Hardware

Store single 8’Rb atom in high-finesse cavity
A Probabilistic loading of single atom
A 2 W standing-wave dipole trap
A 1064nm, focused to 16um at center of cavity

Couple light into cavity through a slightly transmitting
mirror (~100ppm)

Atom-cavity system is in intermediate coupling regime

Image center spot onto EM-CCD
A Micro-positioning of atom along cavity axis is achieved



Cavity QED




Controlled generation of single
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. ® Fig. 2. Numerical simulation of a single-photon pulse. The time evolution
repumpin g pu]se of the trigger pl_llse, £21(1), and the constant coupling tolthe cavity moc_le,
2g, are shown in the upper part. Below, the corresponding photon emis-
sion rate out of the cavity is shown, assuming a cavity-decay constant of

Fig. 1. Scheme of the atomic levels coupled by the trigger pulse, the cavity, 2k =27 x 1.5 MHz and a spontaneous emission rate constant of y = 27 x
- 6 MHz. The integral of the emission rate yields a single-photon emission

and a possible repumping pulse probability of 92%
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Free fall = Adiabatic
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FIG. 4. Sketch of the experimental setup. The pump beam is
displaced with respect to the cavity mode.

number of photons counted in 130 ms

FIG. 5. Number of photons from the cavity as a function of the
pump laser detuning, Ap. for three different cavity detunings.
The solid lines are Lorentzian fits to the data.




Single atom quantum memory




Write-Read process
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Figure 2. Write and read process of the memory.
While the input photon pulse (shaded area, full width at

half maximum 0.7 ps) impinges on the cavity, the power of
the control laser (blue, curve only schematic) is adiabatically
ramped down to zero. Part of the incident light is directly
reflected from the memory (green area). After an adjustable
storage time, a photon 1s produced by adiabatically switching
on the control laser. The area of the retrieved photon pulse
(red) relative to the incident pulse yields the overall storage
efficiency of the memory of 9.3%. The inset shows the correla-
tion function g‘® (1) of the retrieved photons as measured by a
Hanbury Brown-Twiss experiment. The ratio of two-photon
to single-photon events is 0.5 % and can be fully explained by
stray light and dark counts of the detectors. This verifies the
single-photon character of the retrieved light.



How well do they do it?

Write-read efficiency Is defined as:

mean enerqgy of retrieved pulse =9.3%
mean energy of impinging pulse

Photon production efficiency = 56%
ALimited by atom-cavity coupling



Fidelity

Fidelity defined as overlap of reconstructed

density matrix with ideal input state
Ai.e. Includes storage and read-out infidelities

HY: 92.2(0)%, |V): 92.0(4) %,

D) : 91.9(5) %, |A): 90.9(4)%.

[R): 95.1(4) %, |L): 94.2(4) %,

(Fidelity of directly reflected light = 99.2%)



Process Tomography

Process matrix, Chi, maps input density

matrix onto output density matrix
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Sources of error

Non-optimal pumping

ALeads to creation of photon, which is independent
of input pulse

AQOccurs with an efficiency less than 1.3%

Stray magnetic fields and differential stark
shifts cause dephasing



Storage times

@ Average fidelity
@ Linearinput
A Circularinput

Storage time (us)



Even better storage times™
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Heralding

Successful storage leads to depopulation

of F=1

AUse it as the bright state in hyperfine state
detection
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A major challenge for a scalable quantum computing architecture is the faithful transfer of
information from one node to another. We report on the realization of an atom-photon quantum
interface based on an optical cavity, using it to entangle a single atom with a single photon and
then to map the quantum state of the atom onto a second single photon. The latter step
disentangles the atom from the light and produces an entangled photon pair. Our scheme is
intrinsically deterministic and establishes the basic element required to realize a distributed

quantum network with individual atoms at rest as quantum memories and single flying photons as
quantum messengers.




Efficiency: 14.8% x 8.8% = 1.3%



