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¾ñEssentialò for long-range quantum 

communication

¾Quantum memory must be able to receive, 

store and retrieve arbitrary photonic qubit

With high fidelity!

¾This has been done with atomic ensembles



¾Heralding
Åi.e. Confirm successful storage of single photon

ÅResults in the possibility of QND measurement

¾Individual qubit manipulations 
Ånot possible with magnetic fields for spin waves??



¾ Quick results

¾ Hardware (atomic stuff)

¾ Cavity QED

¾ Controlled Generation of single atom (Read)

¾ Single atom quantum memory

¾ How well did they do?
Å Fidelities

Å Process tomographies

Å Storage times

¾ Single atom single photon interface
Å Entangled photon pair creation



¾Demonstrated the storage and retrieval of 

arbitrary polarization states of light in a 

single atom (Used coherent state input!)

¾Average measured fidelity of 93%

¾Storage times up to 180µs*

¾Overall efficiency of 9.3%*



¾ Store single 87Rb atom in high-finesse cavity
ÅProbabilistic loading of single atom
Å2 W standing-wave dipole trap
Å1064nm, focused to 16µm at center of cavity

¾ Couple light into cavity through a slightly transmitting 
mirror (~100ppm)

¾ Atom-cavity system is in intermediate coupling regime

¾ Image center spot onto EM-CCD
ÅMicro-positioning of atom along cavity axis is achieved













¾Write-read efficiency is defined as:

mean energy of retrieved pulse = 9.3%

mean energy of impinging pulse

¾Photon production efficiency = 56%
ÅLimited by atom-cavity coupling



¾Fidelity defined as overlap of reconstructed 

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

(Fidelity of directly reflected light = 99.2%)



¾Process matrix, Chi, maps input density 

matrix onto output density matrix



¾Non-optimal pumping
ÅLeads to creation of photon, which is independent 

of input pulse 

ÅOccurs with an efficiency less than 1.3%

¾Stray magnetic fields and differential stark 

shifts cause dephasing







¾Successful storage leads to depopulation 

of F=1
ÅUse it as the bright state in hyperfine state 

detection





Efficiency: 14.8% x 8.8% = 1.3%


