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Common Themes is this Session

• Probing very low energy scales 
• Neutrino mass, Axion mass scale, anything below an eV

• Improving already sensitive technologies to the quantum level
• Better clocks for longer coherence time, Qubits as sensors

• A certain obsession with gravity
• Is it quantum?  Is there a graviton?

• Dark Matter
• Everybody wants to find it



The low-energy side of dark matter

Original Figure: Masha Baryakhtar

Torsion Pendula,
Atom Interferometry,
Cavity-atom clocks

Superconducting 
Quantum 
Sensors



Weijian Chen – Superconducting Quantum 
Sensors and Tests of Quantum Mechanics



Weijian Chen – Superconducting Quantum 
Sensors and Tests of Quantum Mechanics

Slide: Weijian Chen



axion dark matter search in the ueV range

Weijian Chen – Superconducting Quantum 
Sensors and Tests of Quantum Mechanics



Interjection: ADMX and Quantum Sensors
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requires	a	tunable	resonator	
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has	been	
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signal	would	hide	
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a	single	digitization.	
An	axion	detection	
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ADMX at CENPA

Quantum 
Sensor is 
critical!
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Previous 
experiments

This is where we’re scanning now 
(2020)

Interjection: ADMX and Quantum Sensors

Quantum Amplifiers

Photon Counters / 
Squeezed Amplifiers



Daniel Carney – Tabletop experiments 
in quantum gravity



Daniel Carney – Tabletop experiments 
in quantum gravity

measuring gravitational entanglement



Daniel Carney – Tabletop experiments 
in quantum gravity



10-20

• Current accuracy ~10-18 = grav. redshift @ 1 cm  

• Precision ~3 x 10-19 

• (goal) Many-body protected quantum coherence 

Quantum Technologies:

• Higher Q optical transitions:   
trapped ions  &  neutral atoms

• New laser stabilization methods:  
optical coherence ~ 30 s

• Many atoms in optical lattice:
many-body, engineered states

• Optical frequency comb

Atomic clock: sensors of space-time 

t ~ 160 s
Q ~ 1017

Sr, Yb, Al+

Poli et al., La rivista del Nuovo Cimento, 36 555 (2013); Ludlow et al, RMP 87, 637  (2015).

Jun Ye – Atomic Clocks and 
Fundamental Physics  



• Quantized motion of crystals

• Entanglement under GR

• Wavelike dark matter searches

• Optical Nuclear Transitions

Jun Ye – Atomic Clocks and 
Fundamental Physics  

Example: Dilaton dark matter search



Direct laser 
excitation of nuclear 

transition 

VUV Comb:
• Linewidth < 1 kHz 
• 100 nW per comb 

Beck et al., PRL 98, 142501 (2007). Seiferle et al., Nature 573, 243 (2019).

Working on

L. von der Wense
C. Zhang

10-16 (reference to Sr clock)

Jun Ye – Atomic Clocks and 
Fundamental Physics  



Jens Gundlach – Dark Matter Searches with 
Accelerometers 

2021 
Breakthrough 
Prize for studies of 
gravity done at 
CENPA



Jens Gundlach – Dark Matter Searches with 
Accelerometers 
• Ultra-light new particles 

mediate ultra-weak 
forces may be 
detectable with torsion 
pendula

• Also sensitive to 
equivalence principle, 
some dark matter 
models (axion wind)

Graham et al (2016)



Cris Panda - Atomic Interferometry



Cris Panda - Atomic Interferometry

20 second coherence time



Elise Novitski – Laboratory Neutrino Mass 
Measurements



Elise Novitski – Laboratory Neutrino Mass 
Measurements



Makoto Fujiwara – New techniques for precision 
measurements on simple atoms/molecules



Makoto Fujiwara – New techniques for precision 
measurements on simple atoms/molecules



Outlook – Opportunity Highlights for TRIUMF 
Summary
• Develop better atomic clocks

• Develop superconducting sensors

• Search for Axion Dark Matter

• Develop Macroscopic/Quantum Mechanical pendula

• Develop Atom Interferometry

• Measure the Neutrino Mass Scale

• Improve Hydrogen/Antihydrogen Measurements



Outlook

“There’s plenty of room at the 
bottom”….  Of the energy scale!

Current thinking makes a strong physics case for studying low-
energy, weakly-coupled phenomena. 

Recent advances in quantum-scale high-precision techniques 
makes this possible.

It’s an ideal time to think about putting resources in this
direction.


