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We describe a technique for manipulating quantum information stored in collective states of mesoscopic ensembles. Quantum processing is accomplished by optical excitation into states with strong
dipole-dipole interactions. The resulting “dipole blockade” can be used to inhibit transitions into all but
singly excited collective states. This can be employed for a controlled generation of collective atomic
spin states as well as nonclassical photonic states and for scalable quantum logic gates. An example
involving a cold Rydberg gas is analyzed.
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Experiment setup

Experiment setup
Superconducting atom chip

Nb wires: superconducting
Gold coated
On chip 3D MOT & IP magnetic trap
Varied position and temperature
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Experiment setup

Rydberg excitation & detection

∆ = 540MHz
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480 nm laser: σ , 50µm diameter, ≈ 10 mW
Microwave transition to neighbouring Rydberg levels
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Let’s take some data

Stark effect and optical transition
Spatial and temporal fluctuation of stray field due to accumulation of charges on chip surface
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J. D. Carter, O. Cherry and J. D. D. Martin, PRA 86, 053401 (2012): gradient of 100 (V/cm2 ) at 500 µm from the chip
surface + temporal drifts
A. Tauschinsky et al., PRA 81, 063411 (2010): field of 1 V/cm at 200 µm, temporal drift due to slow Rb deposition
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Field measurement

Electric field measurement using microwave
61S1/2

Precise knowledge of Stark shift
allows to measure the residual
electric field

17.2874 GHz
16.8266 GHz

60S1/2

~ · ~r
Ĥψ = Ĥ0 + eF
~ |2 , A ∝ n7
∆ν = A|F
=

−92.2 MHz

A61s1/2

=

−102.8 MHz

A60p3/2

=

−649.6 MHz

Microwave spectroscopy allows
accurate probe of energy shifts
−→ precise tool to measure
electric field
Thanh Long NGUYEN (LKB)
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Field measurement

Electric field measurement using microwave
60s1/2 −→ 60p3/2 transition
0,6

Thermal cloud in a magnetic trap
Transfer

Taking into account Zeeman
splitting −→ We can deduce the
electric field with certain precision

0,5

mJ = +3/2
mJ = +1/2
mJ = -1/2
mJ = -3/2

60s1/2 mJ=1/2 ⟶ 60p 3/2 mJ=-1/2

0,4
0,3

mJ = -1/2

0,1
0,0
0,6

60s1/2 mJ=1/2 ⟶ 60p 3/2 mJ=-1/2

-20

5

10

15

0,10

60s1/2 mJ=1/2 ⟶ 60p 3/2 mJ=+3/2

0,09

0,4
0,3
0,2
0,1
0,0

-25

Residual electric field as fuction of distance to chip
Microwave detuning (MHz)

E// (V/cm)

Transfer

0,5

60p3/2

mJ = +1/2

60s
1/2
0,2

@455 µm from the chip surface

60s1/2 mJ=1/2 ⟶ 60p 3/2 mJ=+3/2

0,08
0,07
0,06
0,05

-25

-20

5

10

15

200

300

Microwave detuning (MHz)

400

500

600

y (µm)

0,10

)

0,09

Thanh
0,08

Long NGUYEN (LKB)

Rydberg atom on superconducting atom chip

QuantumGDR 2014

9/17

Coherence demonstration

Coherence - Spectrum
Thermal cloud in a magnetic trap
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Coherence demonstration

Coherence-Ramsey interference
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Transf

Coherence demonstration

Coherence-Spin echo
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Conclusion

Conclusion

Rb dispenser inside the cryogenic environment allowed a good
control of residual electric field close to the chip surface
Residual electric field were probed from microwave spectroscopy of
nearby Rydberg transition
Coherence times bigger than the Rydberg lifetime were demonstrated

A step forward deterministic excitation of single Rydberg atoms

Thanh Long NGUYEN (LKB)

Rydberg atom on superconducting atom chip

QuantumGDR 2014

13/17

Conclusion

Conclusion

Rb dispenser inside the cryogenic environment allowed a good
control of residual electric field close to the chip surface
Residual electric field were probed from microwave spectroscopy of
nearby Rydberg transition
Coherence times bigger than the Rydberg lifetime were demonstrated

A step forward deterministic excitation of single Rydberg atoms

Thanh Long NGUYEN (LKB)

Rydberg atom on superconducting atom chip

QuantumGDR 2014

13/17

Prospects

Boom...

Expansion of a cloud of Rydberg atoms
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Prospects

Be patient...

Long term aims
Couple deterministic single Rydberg
atom source and CQED/circuit
QED Experiment

Rx =

15 µm
22.5 µm

Adiabatic passage:
35 µm

Excitation on an elongated BEC, depending
on the size of BEC and appropriate detuning
−→ 1D crystal of Rydberg atoms

45 µm

T. Pohl et al., PRL 104, 043002 (2010)
Thanh Long NGUYEN (LKB)
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Thank you for your attention!
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