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Rydberg atoms - the dark horse of quantum computing?

Outline:

1. Ingredients to build a quantum computer

2. Rydberg atoms

3. Rydberg atom quantum computing: current state of the art

4. Some open questions
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Massive hype!
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pairs couple to nearest 

Dipole-dipole interactions

pair 

sign of shift depends on 
whether nearest pair is above 
or below in energy

Near-field dipole-dipole





How do we put two atoms X microns apart?
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Optical tweezer for single atoms



How do we put two atoms X microns apart?
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Select states with      zero or use electric fields to tune to zero

Exploiting the giant dipolar interactions







Select states with      zero or use electric fields to tune to zero

Exploiting the giant dipolar interactions

Interaction over 50 microns!

Scaling up to 1000 qubits with all-to-all couplings! 



Barredo et al., Phys. Rev. Lett. 114, 113002 (2015)
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Barredo et al., Phys. Rev. Lett. 114, 113002 (2015)

Compare: 
Rydberg atoms



5 - 10 mm

Rydberg blockade

(cannot excite two atoms)

Blockade

Excitation linewidth
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Complete 5 pulse CNOT DiVincenzo No. 2 Gates

Case 1:

Case 2:

Blocked







OutputInput

Quantum network

@DurhamQlm Quantum light and matter



Stored single photon

Collectively-encoded qubit



Strong driving

Weak coupling

Continuous weak measurement

Rabi frequencies > 70 MHz

Oscillations persist



Single qubit rotations



Open questions

1. Is a discrete gate model the best paradigm for quantum computing?

2. As there is no reason to restrict ourselves to binary logic, why not focus 
on higher dimensionality?
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Collectively-encoded qutrit
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Une simple image, si elle est nouvelle, ouvre un monde,

Gaston Bachelard (1884 - 1962)

"information is in continuous construction"

Scientists, in trying to learn about the world, create a new world.
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