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Rb-nano photonic hybrid systems

Hadiseh Alaeian, Michael Knudson, Teri Odom, & Brian Odom
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Development of Quantum Optics in Solid-State Systems
Single photon source

C. Santori, et. al., Nature 419, 594 (2002)

Chiral quantum optics

Sollner, et. al., Nat. Nano 10, 775 (2015)
H. Alaeian, et. al, to be submitted

Pros:
• Monolithic modules
• Suitable for integration
• Compatible with existing 

fabrication procedures 

Cons:
• Crystal field broadening 

(~THz)
• Heterogeneous quantum 

emitters
• Short coherence time and 

coherence length
• Not suitable for 

entanglement & collective 
behavior studies  

Reviews by M. Lukin & P. Zoller
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Atom-Photonics Hybrid Systems

T. Aoki, et. al., Nature 443, 671 (2006)

Atom-Ring Resonator Coupling Rydberg Atoms in Hollow-Core Fibers

G. Epple, et. al., Nat. Commns 5, 4132 (2014)

121 MHz
63 MHz
29 MHz

361 MHz

Our Approach: Thermal gas + photonic systems
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Population control in Rb vapour
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3-level Λ-type system

Challenges:
• Long-lived states (~ MHz)
• Atomic narrow linewidths makes the 

coupling to the environment difficult

|1⟩

|2⟩

|3⟩

Rb only

pump

Population control in Rb vapour
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3-level Λ-type system Rb only+ethane

Challenges:
• Long-lived states (~ MHz)
• Atomic narrow linewidths makes the 

coupling to the environment difficult

Solutions:
• Alkali + buffer gas mixture to control the 

lifetimes
• Alkali + buffer gas to control the 

population of states
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Experimental Setup

Vacuum 
chamber

View port 1:
pump

View port 3:
Control input

View port 2: 
device

View port 4:
Control output

Image courtesy of Michael Knudson

Photonic device: Plasmonic Lattice 

Al2O3

AuSubstrate surface

d = 90nm

t = 50nm

a = 450nm

d = 170nm
t = 40nm

• A 2D periodic lattice with periodicity of 450nm
• Metallic NP of 90nm in diameter and 50nm in height
• A coating of 40nm in all directions 

795.181nm

𝜃

𝜃 = 0B

n = 1.76
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Photonic device: Plasmonic Lattice 

Image courtesy of Michael Knudson

1 um
200 nm

Photonic device: Plasmonic Lattice 

Image courtesy of Michael Knudson

200 nm
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Experimental Setup

Rb + ethane

Ti:Saph laser
780	nm	(pump)

HWP

DBR	laser
795	nm	(probe)

HWP

ND Filter
Rb reference cell PD

780 Laser Line filter

PBS

PBS

BS
PDND Filter

780 Raman filter

HWP

ethane 
cylinder

Buffer gas effect (I): collisional broadening
6.8GHz
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• The absorption spectrum of 
Rb around 780nm broadens 
due to the collision with 
ethane molecules.
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Buffer gas effect (II): Population Transfer
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• Due to the collision some 
population is transferred 
from upper-P to lower-P 
state.

• The number of transferred 
Rb atoms is proportional to 
the pump wavelength 
around 780 nm.
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Controlling the population difference (𝜌%% − 𝜌##): Buffer gas effect 
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• The number of transferred 
Rb atoms can be controlled 
via the pressure of buffer gas 
as well.

• The absorption of Rb around 
795 nm decreases due to the 
population transfer.
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Controlling the population difference (𝜌%% − 𝜌##): Pumping power effect
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• The absorption of Rb around 
795 nm decreases as the 
pumping power increases.

• By increasing the pumping 
power further the Rb
chamber is expected to show 
optical gain.
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Conclusion & Future works

• The hybrid systems of atoms + nano-photonics would lead to integrable setups for cQED studies.
• Buffer gas can effectively broaden atomic linewidths for efficient interaction with engineered photon fields.
• Buffer gas & pumping power can control density of the levels from equilibrium all the way toward non-

equilibrium.

Future works:
• Investigating the effect of photonic modes on manipulating atomic transitions.
• Fine tuning the gain of Rb and resonant mode coherence features toward a lasing action
• Using a properly designed photonic mode to make the forbidden atomic transitions possible à new tools for 

spectroscopy
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Thank you for your attention!

Special thanks to:
• Prof. Teri Odom
• Prof. Brian Odom
• Michael Knudson
• Dr. Vincent Carrat
• Joshua Yablon

• The hybrid systems of atoms + nano-photonics would lead to integrable setups for cQED studies.
• Buffer gas can effectively broaden atomic linewidths for efficient interaction with engineered photon fields.
• Buffer gas & pumping power can control density of the levels from equilibrium all the way toward non-

equilibrium.

Supplementary slides



4/5/17

10

Device characterization & optical properties of alumina 

• The refractive index of ALD Alumina is less than the bulk nominal value of 1.76

Device dispersion
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H. Alaeian, et. al, to be submitted
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Density matrix formulation

𝑖ℏ𝜌Ġ = (𝐻JKLBM+	𝐻JNOL , 𝜌G] + 𝐿𝑖𝑛𝑑𝑏𝑙𝑎𝑑	𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝑜𝑓	𝑑𝑒𝑐𝑜ℎ𝑒𝑟𝑒𝑛𝑐𝑒

H. Alaeian, et. al, to be submitted


