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The magic of Rydberg E atoms!
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Microwave dressing of Rydberg dark

states

M Tanasittikosol, J D Pritchard, D Maxwell, A Gauguet, K J Weatherill,
R M Potvliege and C S Adams

(a)

780 nm
(Probe)

MOT Beams “\

-

Microwave Horn

)
480 nm @K =>
(Coupling) A/4

SPAD @(

(b) 465—281/2
~45 GHz
(07 —0")/V2
A/4
(7 480 nm | 45p E?’f 2
o 1/2
B
op 2P3/2
x
780 nm
ot
z
2
| S S1/2

Transmissio
o o o ¢
o [p*] B (=2]

o o o o
I I )
—_
)
-
—_
-
=

o

-8 -4 0 4 8 -8 -4 0 4 8
Probe Detuning (MHz)

Figure 2. EIT spectra with increasing microwave coupling. The microwave Rabi
frequencies, Q, from the fit parameters, are (a) 0, (b) 2.2, (c) 3.6, (d) 6.8 (e) 12.2,
and (f) 21.0 x 2r MHz; these values match the scaling of microwave power in the

experiment, although the microwave electric field cannot be measured.
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Many Rydberg projects, common theme.

Optical + Microwave

Optical + THz
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* Interactions of thermal
Rydberg vapours (Rb &
Cs) with THz fields

* High-speed 2D THz
imaging

* THz sensing using
Rydberg EIT
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Rydberg EIT/quantum optics Fiatd

Motivation

Quantum non-linear optics Rydberg EIT (rf sensing, phase transitions)
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Photons are cheap, robust, ideal for quantum communications
and networks
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Dark-State Polaritons in Electromagnetically Induced Transparency
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Experimental set up

bar with permanent
magnets for elongated
quadrupole field

4 cooling regions
(18 mm diameter each)

2D MOT with optics for
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fluorescence
imaging
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Two channel, two photon experiments

Channel B

Channel A
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See H Busche et al Nature Phys. 13, 655 (2017)
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Cite as: H.-S. Zhong et al., Science
10.1126/science.abe8770 (2020).

Quantum computational advantage using photons
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Can we use microwaves to control the interactions?
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Paredes-Barato et al., Phys. Lev. Lett. 112, 040501 (2014).
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Collective encoding
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1. Rabi frequency independent of N.
T 2. Fast Rabi oscillation on nanosecond time scale
0000 0000 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)
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Not a two-level system!
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Coherent population trapping
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Fast Rabi oscillations

Strong driving
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Single-photon stored-light Ramsey interferometry

using Rydberg polaritons
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More microwaves
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Single photon qutrits
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Single photon qutrits




Single photon qutrits
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Summary: Rydberg quantum optics
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Summary: Rydberg quantum optics

Photonic qutrits
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Summary: Rydberg quantum optics

Photonic qutrits

—
-
T~

=

Collectively encoded qubits: 1 { e }
continuous measurement [¥) = V2 0) + \/§(|1> +12))

r) (LERRRNRRRE

10° 4

—_
o
—_
o
~—

1 Qu =27 0MHz
 Qu =27 22 MHz

Window

I/ [Flash

Retrieve by dephasing
o
ot

<
o

. 200 400
U Retrieve Time (ns)

o

Outlook

L) 7 e
Photonic qutrit interactions Y : h k I
o D—— [hank you!
q

~ .
.......



