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Cavity Quantum Electrodynamics

Controlled interaction between light and matter
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MANIPULATE AT THE ULTIMATE QUANTUM NOISE LEVEL

Reiserer@ MPQ Phys. Rev. Lett. 2013




Quantum information

* COMMUNICATION

bit —» kvantumbit (Qubit)
* COMPUTING

¥) = a|0) 4 B|1)

Examples

* photon + polarization

* atom ground- and
excited state

* atom hypefine states

COQED : INTERACTING QUANTUM BITS




Quantum memory

photon = flying qubit <—> atom = memory qubit

weakly interacting

Quantum network strong interaction,

long coherence time




Microwave — visible (NIR) conversion

Linking quantum computation to communication

foton <—> atom

0) atom <—> chip
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From theory
to experiment
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The new laboratory space
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The progress
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The atom is a “l1ab’
magnetic sublevels
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Laser sources

Reference laser FM lock to

55y, F=2
5Py, F'=2/3 cross over

Reference for frequency stabilizaton of the MOT laser
Beating frequency 190 MHz — 130 MHz

Reference for frequency stabilizaton of the repumping laser

Beating frequency 6,8 GHz T
| MOT.-|—| 60 dB = % SR

% Iris Shutter
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Beam shaping

optional !

push beam %
for 2D MOT |
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Reference laser ; ﬂ'ﬂ Lock to beat frequency
A 1} 190 MHz — 130 MHz 2D MOT
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narrow-band lasers
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Lock to beat frequency
6,8 GHz
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saturated absorption
58, F=1—>5P;, F'=0,1,2 Use
10mm Cubes

Any other purpose 1/2" Lambda plates




UHYV system

~10A-11 mbar

quadrupol trap +
magnetic transport +
loffe-Pritchard trap
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Cold atoms in the MOT




Transporting the MOT into the cavity

Oms 20 ms 60 ms 100 ms 140 ms 180 ms 200 ms



Quantum nonlinear optics

Vacuum StiRAP

) = cosfle,0) —sinf|g, 1)
tan 6(t) = Q(t)/2g




Progress report

Mérfoldkovek

1. Kvantummemoria épitéeseéhez az atom-foton interfész
elemeinek beszerzése és az optikai rendszer g

th

kialakitasa

2. Az atom-foton rendszer vakuumkornyezetének
kialakitasa

3. Demonstracios kisérletek optikai rezonatorban csatolt
atom-foton rendszeren

4. Kvantummemoria kisérlet optikai rezonatorban csatolt
atom-foton rendszeren



The Quantum Optics group
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Jaynes—Cummings model

+ loss + coherent drive

H/h=wca'a+wao'o

E/h

atom-photon molecule]

bound state




