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Interaction:	light	field	↔	atom

Strong	coupling	regime:	

Jaynes	Cummings	model	



How	to	access	the	strong	coupling	regime

Groundstate
τ		=	100	ns

Γ	~	10	MHz

Rydberg	
state
τ		=	30	ms
Γ	~	30	Hz

Optical	
300	THz

0.1	- 1	μm	
κ	~	MHz

g	=	3	GHz
g/Γ	=	300

g/ϰ	=	300

g	=		400	MHz

Microwaves
51	GHz

6	cm	
κ	~	10	Hz

g	=	3	kHz	 g	=	200	kHz
g/Γ	=	60	000

g/ϰ	=	20	000



How	to	access	the	strong	coupling	regime

Groundstate	 Rydberg	
Atoms

g	=		400	MHz

g	=	200	kHz
g/Γ	=	60	000

g/ϰ	=	20	000

Circular	state:

● maximum	l,	m

● most	“classical”	state	

● long	lifetime	

● very	good	2-level-system	(in	

directing	el.field)	

→	unique	decay	channel

● “sensitive	and	selective	detection”



Overview	of	the	setup Laboratoire	
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Step	by	step

87Rb	thermal	beam

Velocity	(Doppler)	
selective	excitation

Superconducting	
Fabry-Pérot	cavity

shiftable	mirrors

Voltage	for	Stark	shift

State-selective	
field	ionization

Classical	microwave	source
Ramsey	interferometer:
2	low	Q	cavites

Classical	microwave	source



Circular	State	Preparation

2)

1)

RF
Laser

(n,l,m)	=	(50,49,49)



Step	by	step

87Rb	thermal	beam

Velocity	(Doppler)	
selective	excitation

Superconducting	
Fabry-Pérot	cavity

shiftable	mirrors
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State-selective	
field	ionization
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Ramsey	interferometer:
2	low	Q	cavites

Classical	microwave	source



● Diameter	50	mm
● Curvature	40	mm

● Length	27	mm

9	antinodes

Superconducting
Highly	polished	

Niobium	mirrors

Cryostat	→0.8	K

Liquid	Nitrogen

Liquid	Helium-4

Liquid	

Helium-3

Superconducting	Fabry-Pérot	Cavity



Step	by	step

87Rb	thermal	beam

Velocity	(Doppler)	
selective	excitation

Superconducting	
Fabry-Pérot	cavity

shiftable	mirrors

Voltage	for	Stark	shift

State-selective	
field	ionization

Classical	microwave	source
Ramsey	interferometer:
2	low	Q	cavites

Classical	microwave	source



Detection

• Electric	field	ionizes	atoms	

depending	on	their	main	quantum	

number	n

• adjustable

• circular	state	purity	98	%

• Up	to	80%	detection	efficiency

90%	fidelity	after	selection



State	evolution



Ramsey Interferometry

Microwave field (51 GHz)



Ramsey Interferometry

Microwave field (51 GHz)



Ramsey Interferometry
Acquired phase shift

Transition probability



Ramsey Interferometry



Quantum Non-Demolition measurement of 
light

• count photons without destruction

• 1. Ramsey zone: !/2 pulse → superposition

• Cavity: phase shift 

• 2. Ramsey zone: !/2 pulse →photon number



Rabi Oscillations



Rabi Oscillations



Rabi Oscillations



Coherent 
field



Large number of photons: Collapse and Revival

Coherent state:



Coherent state

Photon number <n>
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So what?
Where are the difficulties?



Problems to solve

• Quality/finesse of cavity

• Decoherence time

• Control Rydberg states

• Strong Coupling

• Screen room-temperature blackbody field

• Selection mechanism for velocity
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