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Quantum Memories
● Quantum Teleportation

Bob needs to store the qubit before 
Alice does some operations on her 
qubit and sends information via a 
classical line

Image source: http://en.wikipedia.org/wiki/File:Quantum_teleportation_diagram.PNG



  

Outline

● Preparation of Entangled States
● Quantum Memory
● Measurements
● Results



  

Preparation of Entanglement
● Spontaneous Parametric Down-Conversion 

Image source: http://en.wikipedia.org/wiki/File:Spontaneous_Parametric_Downconversion.png
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6ps, 80Mhz 16 ps, 90mW
1.2ns

Time-bin entanglement

795nm, 1532nm

Time-bin entanglement



  

Photon wavefuntion
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Memory

Incoming photon

Switch

Laser For Preparing memory

Emitted photon



  

How does it work?



  

Fabry-Perot

Frequency Comb



  

Atomic Frequency Comb

Storage time of approx 7ns



  

Hole burning

Inhomogeneously broadened, 5GHz bandwidth 

●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

Nuclear Zeeman levels
B=570G 



  

Aside



  

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%



  

SPDC

Analysis



  

Example: 
● Monitor time of arrival using TDC – 2 bins
● Corresponding to + and -
● From these counts, calculate

joint detection probability
● Use delay line instead of 

memory, and calculate 
● Use memory, 



  

Measures of Entanglement



  

Thank you!



  

Questions
● Why time-bin entanglement?

Multimode possible
Polarization errors reduced

● Numbers – Efficiency, fidelity, 
● How to measure?
● Uniform absorption
● Readout
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