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Storage lifetime of ultracold 

neutrons in superfluid helium 

between 1.0 K and 1.8 K
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Ultracold Neutrons (UCN)

Sean Vanbergen

ÅUCN have kinetic energies < 300 neV
(>50 nm wavelength)

ÅFor UCN, bulk materials behave as a 
constant Fermi potential
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ÅMagnetic and gravitational potentials 
comparable to kinetic energies

ÅCan be confined for long periods of time 
in a small space ïgreat for precision 
experiments!
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Ultracold Neutrons (UCN)

Sean Vanbergen

Broad potential for testing the standard 
model and probing new physics!

Neutron Electric Dipole Moment

Neutron Beta Decay

Gravitational Resonance Spectroscopy
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T and CP symmetry-violating physics

Sensitive to 5th forces, modified 

gravity, ALPs

Decay correlations, test of CKM 

unitarity
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The TRIUMF UltraCold Advanced Neutron Source

Sean Vanbergen

TUCAN Source

Cooling power (~1K) 10 W

Beam current on target 40 ɛA

Warm moderator 293K D2O

Cold moderator 20 K LD2

UCN prod. vol. 28 L He-II

UCN production rate 1.4x107 s-1

The TUCAN Collaboration 
is building a new UCN 
source aiming to achieve 
the greatest-ever density 
of UCN in experiments

Production sequence:

1. Production of high
energy neutrons by 
spallation (MeV)

2. Moderation to cold
energies (meV)

3. Superthermal
conversion to UCN 
(neV) in superfluid 
helium (He-II)
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ÅCold neutrons are converted to ultracold 
neutrons by downscattering in He-II

ÅEmission of a phonon into the bulk 
superfluid

Downscattering: Production of UCN in He-II

Sean Vanbergen

Phonon 

region

Roton

region
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ÅReverse process ïabsorption of excitations ïconverts UCN back to cold neutrons

ÅAt 1 K, theory values † πȢπππψÓ , † πȢππχφÓ , † πȢππςςÓ

ÅExperimentally, † is sufficient to describe the losses, with πȢππτὄ πȢπρφ+ Ó , 

Upscattering: Losses of UCN in He-II

Sean Vanbergen

† ὃὩ Ⱦz † ὄὝ † ὅὝȾὩ Ⱦ

Single-phonon process Two-phonon process Roton-phonon process 

[Leung 2016 arXiv:1507.07475]
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TUCAN goal is 400 days

Up to ~150 days 

difference between 

ὄ πȢππψ+ Ó and 

ὄ πȢπρφ+ Ó

Impact of B on nEDM Experimental Sensitivity

Sean Vanbergen

Days of data-taking to reach TUCAN EDM 10-27 ecm sensitivity
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More on the predicted sensitivity: 

S. Sidhu, et. al., EPJ Web of 

Conferences 282, 01015 (2023)

https://doi.org/10.1051/epjconf/20

2328201015[Credit: S. Sidhu]

https://doi.org/10.1051/epjconf/202328201015
https://doi.org/10.1051/epjconf/202328201015
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Å2.5% of beam power and 28% of 

He-II volume

ÅHeavy ice vs LD2 moderator

ÅUsed for UCN source development

Prototype UCN Source at TRIUMF (2017-2019)

Sean Vanbergen

3He cryostat installation

Target


