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Interaction: light field <& atom

Jaynes Cummings model

H = hw.(a'a) + hwg (6.6_) + hg(ato_ + aé.)
Strong coupling regime: K, [' << g << Wgq,We
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How to access the strong coupling regime
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How to access the strong coupling regime

Rydberg
Atoms Circular state: o
e maximuml m
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x e longlifetime 7 x n° 0
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Overview of the setup
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Circular State Preparation
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Q=3-10°
Superconducting Fabry-Pérot Cavity T, =1 ms

(today: 0.13 s)

Superconducting
Highly polished
Niobium mirrors

e Diameter 50 mm
e Curvature40 mm
e Length27 mm

9 antinodes

Cryostat -0.8K

Liquid Nitrogen
Liquid Helium-4
Liquid
Helium-3
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Detection

e Electric field ionizes atoms
depending on their main quantum
number n

e adjustable

e circular state purity 98 %

[onization sienal (a.u.
(]

e Up to 80% detection efficiency

90% fidelity after selection = :
120 140  F(V/cm) 160
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Ramsey Interferometry

Applying a % - pulse to
the Rydberg atoms:

9) = (lg) — le))/ V2
e) = (le) +19))/ V2

Microwave field (51 GHz)




Ramsey Interferometry

Applying another = - pulse
after time T.

e) = (|e) + exp(ig) |g))/ V2
g) = (lg) — exp(=ig) le)) V2

Microwave field (51 GHz)




population transfer

Acquired phase shift

Ramsey Interferometry ¢ = (wr — weg)T
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Ramsey Interferometry




Quantum Non-Demolition measurement of

light

count photons without destruction
1. Ramsey zone: n/2 pulse - superposition
Cavity: phase shift

2. Ramsey zone: n/2 pulse ->photon number

Agp = D(n+1/2)




Rabi Oscillations

hf)
H = hwego. + hw(ata +1/2) — z’Tf(a:)(JJra —o_a")

E,, =(n+1/2)ho,, :g\/Az +Q%(n+1)



Rabi Oscillations
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Rabi Oscillations
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Coherent
field

e to g transfer rate
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Large number of photons: Collapse and Revival
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Coherent state
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So what?

Where are the difficulties?



Problems to solve

e Quality/finesse of cavity

e Decoherence time

e Control Rydberg states

e Strong Coupling

e Screen room-temperature blackbody field

e Selection mechanism for velocity
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