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* Ultracold neutron (UCN): low enough kinetic
energy to be trapped in material bottles.
« 300neV, long de Broglie wavelength

« Confined by nuclear strong interaction - Fermi
potential

* Other Iinteractions

 gravitational potential: 102 neV/m = 3m max height!
» Weak interaction - 3 decay 878s or 888s?7??
« Magnetic dipole: u - B - 29 MHz/T (magnetic trapping /
magnetic walls also possible)
 Electric dipole moment - T-reversal (CP violation)!
« d<1.8x 102 ecm (90% C.L.)
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TUCAN is building the world’s strongest source of ultracold neutrons:
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Collaboration goals:

« Build the world’s most intense ultracold neutron KURNS
(UCN) source: 1.4 x 107 UCN/s expected NSERB @ Japan Science and
+ Search for the neutron EDM at the 1027 e-cm level CRSNG Technology Agency

In ~ 280 measurement days
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‘S TUCAN
‘!@5, TRIUMF Ultra Cold

Advanced Neutron source

Exeiment hosted at TRIUMF proton beamline (Vancouver, Canada):

'A‘lllliu,m--'-_ﬁ nnul"‘ . h - -

THE UNIVERSITY
OF BRITISH COLUMBIA

/'"y;s!"‘.'

VA




[R™ l l | — | |

MESON HALL
PROTON , )
THERAPY G MOy P
TEE M1 § & 4

i
ELECTRON HALL CYCLOTRON VAULT
] Main cyclotron ] ]
\ Kicker magnet
(0.7° upwards deflection of 1/3
-y :/ proton bunches from 120 uA beam)
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Target extraction

Septum magnet

(9° deflection of

kicked beam)
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Diagnostics
10.1016/].nima.2019.01.074 5

Fast kicker magnet to share proton beam with other users 10.1103/PhysRevAccelBeams.22.102401
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The TUCAN Source and EDM Experiment

UCN source using He-ll
with D20O/LD2 moderators

and a spallation target
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The TUCAN Source and EDM Experiment

with D20O/LD2 moderators
and a spallation target

UCN source using He-ll J

EDM Experiment
implementing
Ramsey’s method

Connecting UCN
guides to two
| experimental ports

Polarizing
superconducting
magnet




The TUCAN Source

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




The TUCAN Source

2. Moderation to cold energies (~meV)
(€
@

Moderators: D,O and LD,

LD, Thermosyphon
Cryostat
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The TUCAN Source

3. Superthermal conversion to UCNs - Jt = | G
(neV) by phonon emission in 1 W
superfluid helium (He-Il)

LD, Thermosyphon
= 8 Cryostat

Conduction &
transport
channel
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The TUCAN Source

3. Superthermal conversion to UCNs
(neV) by phonon emission in
superfluid helium (He-Il)

LD, Thermosyphon
Cryostat

EnergyE 4  [T€€ neutron

ImeV
(12K)

Conduction &
transport
channel

phonon-roton
dispersion in He-ll

7 nm1 Momentum Q
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3

(neV) by phonon emission in = '
superfluid helium (He-II) | 1: - Cryostat

Cross section (ub)

The TUCAN Source

. Superthermal conversion to UCNSs | L
P o LD, Thermosyphon

UCN-production cross section in superfluid helium
3

it Single-phonon scattering

2 4
1.5 4 .
Conduction &
14 transport
channel
0.5

Multi-phonon scattering

Energy of incoming neutron (meV)

Superfluid He-ll cooled by a 10W *He cryostat
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The TUCAN Source

4. Diffusion of UCNs out to

: LD, Thermosyphon
experimental area 2 yp

Cryostat

Superconducting
magnet

Conduction &
transport
channel
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TUCAN source timeline
N 2016

2009 First Funding to start project at TRIUMF % .
2016 fast kicker & spallation target installed on proton beamline

2017 Prototype source installed at TRIUMF. First UCN production at TRIUMF
2018 Conceptual Design Report of the TUCAN source

2019 Last beamtime with the prototype source - decommissioned
2021 3He cryostat shipped KEK > TRIUMF
Superfluid He-ll production volume (wall 1) tested at LANL
2023 Started manufacturing the rest of the production volume vessels
2024 Major manufacturing completed (apart from the LD, cryostat)
First attempt of UCN production with the TUCAN source
2025.06 First UCN production from the TUCAN source
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TUCAN source timeline

2009 First Funding to start project at TRIUMF
2016 fast kicker & spallation target installed on proton beamline
2017 Prototype source installed at TRIUMF. First UCN production at TRIUMF
2018 Conceptual Design Report of the TUCAN source
2019 Last beamtime with the prototype source - decommissioned
2021 3He cryostat shipped KEK > TRIUMF
Superfluid He-Il production volume (wall 1) tested at LANL
2023 Started manufacturing the rest of the production volume vessels
2024 Major manufacturing completed (apart from the LD, cryostat)
First attempt of UCN production with the TUCAN source
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Cryostat
3He cryostat built in Japan/KEK & installed at TRIUMF:

IP He
“He vent “He pumping P He
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Capable of cooling source to 1.1K under 10W heat load
(!, Development of a Helium-3 Cryostat for a Ultra-Cold Neutron Source - IOPscience
tucan Thermo-fluid analyses for UCN cryogenic system - IOPscience



https://iopscience.iop.org/article/10.1088/1757-899X/755/1/012140
https://iopscience.iop.org/article/10.1088/1757-899X/755/1/012141

UCN production volume

1.20 1 Heat exchanger Production volume
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Keep cold to prevent losses!
UCN upscattering loss rate ~ T’
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Cooling tests
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Operated with beam up to 37uA with sufficient cooling power.

Beam heat load matched MCNP simulations within 10%

Vapour pressure in tail section consistent with superfluid He temp of 0.9-1.1K
No clogs in He-3 or natural He cooling system during >2week operation

(40uA)
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https://arxiv.org/abs/2509.02916

Experiment in June 2025

cryostat LD, cryostat Moderator condition:
(future) D,0 level 390/546L

LD, vessel empty

3He pot

tail section

Ty ol By \ .
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HEX1 Cryo-connection box \

J-,— detector proton beam

bt
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https://arxiv.org/abs/2509.02916

Experiment in June 2025
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First UCN detection!
60s proton beam irradiation / 120s counting UCN /

alternating detection (open) & background (closed) cycles
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https://arxiv.org/abs/2509.02916

Results

UCN Counts
o o © - -
N IS (o) 0 o

o
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| I
Simulation with foil (Van Sciver)

Simulation with foil (HePak)
Experiment (no foil)
Experiment (with foil)

i‘é’

TUCAN

10 20
Beam Current (uA)

30

40

High UCN counting rate:
940,000 UCN counted after 60s irradiation

Reasonable storage lifetime in the production
volume:
~25-30 s

Source production did not saturate with beam

current, up to 37uA beam current — good news!
Maybe source can support higher neutron flux?
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https://arxiv.org/abs/2509.02916

Next Steps

» Transport UCN outside of radiation shielding
 (lower detector background)

* Finish UCN source:
« Commission and fill LD, moderator vessel
 Fully fill the superfluid He converter vessel (superleak?)
« Expect 61x increase

« Upcoming TRIUMF shutdown Jan 2026-April 2027 for ARIEL
work.

- We will focus on nEDM development

LD, cryostat installation in
pit (Aug 2025)
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EDM Experiment

Method:
Ramsey resonance with E & B-field reversal

L 52 )

(faster) (slower)
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EDM Experiment

Principle

Number of cells
HV

Cell coatings
Comagnetometry
Statistical reach

Systematic effects

Development platform
One

100 kV

NiP, dPS

Hg

1072¢ ecm in 36 days
“Best effort”

Staged development, based on funding:

Full experiment
Two

200 kV

DLC, dPE

Hg, Xe

10727 ecm in 2-3 years

< 10727 ecm

« 2021 begin to Shift 2017 Large Funding Award from nEDM
apparatus to Source
« 2025 Submitted new Large Funding award to realize full nEDM
apparatus and source operations

| 0c100 (One cell, 100 kV) | 2C200 (two cells, 200 kV)
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D EDM Experiment

Magnetically shielded room:
biggest investment completed

Expected shielding factor: 50,000 — 100,000
Initial 5-layer shielding = ~10,000
Retrofit of sixth layer = ~40,000

Currently improving residual field by optimizing
degaussing procedure
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Y & R EDM Experiment

Magnetically shielded room:
biggest investment completed

» Expected shielding factor: 50,000 — 100,000 ol 4 Mo =L /
- Initial 5-layer shielding = ~10,000 el | ol
 Retrofit of sixth layer = ~40,000

« Currently improving residual field by optimizing
degaussing procedure

« Added active magnetic compensation of ~400uT
cyclotron field —
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NEDM subsystem status

( Ambient Magnetic Compensation |

— Magnetically Shielded Room —
(__ Magnetic Coils )
. S N () O O O O O O @ ()
| S 2 O O O @ @ m
Y R o | Vacuum
O 3 \\\ _9_‘.) //’
\ ~ o | _ 1l . .
\ [ T 2K T Guiding Coils
 ——— . D 5 b 44 * ™ = i
Self-shielded BO coil P / T
in fabrication >
| (| | \:I 0 [
Array of 20 Cs magnetometers Y. i W
under final characterization /(/ \ )
3.5 pTAHz e \
‘ UCN Detector

Analyzer Foil

Asynchronous spin analyzer
reuses existing UCN detector

Half-precession cell prototype
tested with UCN at J-PARC
Lifetime > 130s




Mercury comagnetometer

3-layer mu-metal shield

Coefficient values + one standard deviation
0.55 =0+0
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Optically detected free spin precession of laser pumped 19°Hg
Performance in small-scale model: |, fverage Phase Shitafter 103
og < 1pT -
T; > 40s, -l N S i
limited by larger gradients and higher wall collision rate § 0 — i
Installing in MSR for expected oz < 10fT, T, > 120s §-0.05 9 f L
-0.1
Other development WOl'k 295384.950 295385.050 295385.150 295385.250

Laser Frequency (GHz)

« Systematic studies of Hg light shift (AC Stark)
« detection with shot noise limited SNR 33



Conclusions

TUCAN

TRIUMF Ultracold
Advanced Neutron
Collaboration

« The successful generation of UCN marks a major milestone

« No evidence of saturation with proton beam current —
opens the door to future more intense UCN sources

« LD, commissioning ongoing.
« When complete, TUCAN source will have the world’s highest UCN production rate.

« Enables an nEDM experiment with d, < 10?7 e.cm in ~280 measurement days!

NeW ultracold

Produces re,,

Canaq, ord for

June 39
., 2
925 | su Shephery
e

. - g AR

. H : ) . U
https://doi.org/10.48550/arXiv.2509.02916 e

Ultracold Neutron Successfully Produced at TUCAN Experiment | Institute of Particle and Nuclear Studies — ,gzigti=>

; R 34
New ultracold neutron source produces record for Canada | TRIUMF (TRIUMPIET KEKET



https://www2.kek.jp/ipns/en/news/7521/
https://triumf.ca/2025/06/30/new-ultracold-neutron-source-produces-record-for-canada/

