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Optical + Microwave

The magic of Rydberg          atoms!

Optical + THz

Many Rydberg projects, common theme.
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Microwave-driven excitonic state mixing
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• Interactions of thermal 
Rydberg vapours (Rb & 
Cs) with THz fields

• High-speed 2D THz 
imaging

• THz sensing using 
Rydberg EIT



> 1 THz?

L. A. Downes et al., Phys. Rev. X 10, 011027 (2020)

D. M. Mittleman, 
"Twenty years of terahertz imaging [Invited]," 
Opt. Express 26, 9417-9431 (2018)



> 1 THz!

L. A. Downes et al., Phys. Rev. X 10, 011027 (2020)

D. M. Mittleman, 
"Twenty years of terahertz imaging [Invited]," 
Opt. Express 26, 9417-9431 (2018)



Rydberg EIT/quantum optics

Motivation

Photons are cheap, robust, ideal for quantum communications 

and networks 

but strong photon-photon interactions remain challenging.

Quantum non-linear optics

ICFO, Weizmann, Odense, Tsinghua, Hefei, Stuttgart, Heidelberg, Michigan, JQI, 

Toronto, Okinawa ….

Rydberg EIT (rf sensing, phase transitions)

Shanxi, NIST, Quantum Valley, Hefei, Otago, Sandia, 

Tubingen, Guangzhou ….

https://journals.aps.org/prx/abstract/10.1103/PhysRevX.10.021023

http://etheses.dur.ac.uk/13797/

https://www.osapublishing.org/optica/fulltext.cfm?uri=optica-7-7-813&id=433459
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Rydberg quantum optics



Spin wave

Rydberg polaritons



Experimental set up



Blockade

Effect of Rydberg blockade on photon storage



Write Read-out

https://www.osapublishing.org/optica/fulltext.cfm?uri=optica-7-7-813&id=433459



Photon

Photon

Virtual microwave
photon

See H Busche et al  Nature Phys. 13, 655 (2017)

Two channel, two photon experiments



https://science.sciencemag.org/content/sci/suppl/2020/12/02/science.abe8770.DC1/abe8770_Zhong_SM.pdf



Paredes-Barato et al., Phys. Lev. Lett. 112, 040501 (2014).

Can we use microwaves to control the interactions?



Collective encoding



Collective encoding

Collectively-encoded qubit:
1. Rabi frequency independent of N.

2. Fast Rabi oscillation on nanosecond time scale

3. Direct read-out as a single photon.

4. Quantum information shared amongst N atoms.

[2010.11794] The Robustness of a Collectively Encoded Rydberg Qubit



Collectively-encoded qubit (continuous read-out)

Write Read

+ qubit drive



Not a two-level system!
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Coherent population trapping



Coherent population trapping



Strong driving

Weak coupling

Fast Rabi oscillations

Rabi frequencies > 70 MHz





More microwaves



Spin echo



Spin echo



Single photon qutrits
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Single photon qutrits
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Single photon qutrits



Single photon qutrits



The quantum information lives not in the matter qubits but 
instead in 'photonic' modes of cavities

Steven Girvin
Bosonic quantum error correction and quantum simulation

Bosonic encodingSynthetic dimensions

Outlook



Summary: Rydberg quantum optics



Photonic qutrits

Collectively encoded qubits: 
continuous measurement

Summary: Rydberg quantum optics
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Photonic qutrit interactions
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Photonic qutrit interactions
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Collectively encoded qubits: 
continuous measurement

Summary: Rydberg quantum optics

Thank you!


