&2 TRIUMF

®
Wolfgang Klassen

TU CAN On behalf of the TUCAN collaboration

TRIUMF Ultracold June 25, 2026

Advanced Neutron CAP Congress
) Ottawa, Ontario, Canada
Collaboration

UBC| THE UNIVERSITY
“W OF BRITISH COLUMBIA

Development and testing of the
TUCAN superfluid He-ll based ultra
cold neutron source at TRIUMF

2026-06-19




A)) TRIUMF :""@’?- ;:EB::\'II'IIZEIRCS(I)T.TJMBIA

®
Wolfgang Klassen

TU CAN On behalf of the TUCAN collaboration

TRIUMF Ultracold June 25, 2026

Advanced Neutron CAP Congress
) Ottawa, Ontario, Canada
Collaboration

World’s Most Intense UCN Source

2026-06-19




The TUCAN collaboration
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More then a dozen member institutes
More than a dozen graduate students at any time
50+ active collaborators

Strong international cooperation

> (@

TUCAN

TRIUMF Ultracold
Advanced Neutron
Collaboration

Note: some markers are indicating more than one institution



What are UCN?

* UltraCold Neutrons

* Neutrons with kinetic energy < 300 neV

* Velocity of ~5 m/s
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* They interact significantly with all 4 fundamental forces:
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kinetic energy < 300 neV
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Making UCN

Spallation neutrons

/
.

Target .

=¢

483 MeV proton beam

The TRIUMF main cyclotron
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Making UCN

Tantalum-clad
Kicker magnet
(upwards deflection of 1/3 proton tu ngSten targ et

bunches from 120 beam)

W |

Vertical steering Quadrupoles
quadrupole (Beam shaping)

Target
extraction

&

Septum

magnet
(deflection of
kicked beam)

Bending
magnet o% 0
(deflection)

Diagnostics
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Making UCN

» Spallation neutrons are hot!
* Need to get rid of a lot of energy
* Two ways:

2026-06-19 11



Making UCN

51401 Thermal neutrons
. N . .
Moderation 120: Graphite ( reflector)
: 100
» Spallation neutrons
thermally equilibrate in 80 “He
room-temperature heavy 60 r Ok
Water 40} D2 20 K ’
- Become “thermal neutrons” 201 e ;’éﬂ
* 430 L of heavy water Wg'  Lead (blocker)
—20f
~100 50 0 50 100 0
Credit: W. Schreyer Yy (cm)

2026-06-19




Making UCN

51401 Thermal neutrons
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Making UCN

5140
N'120
100

Cold neutrons 300

MOderation Graphite ( reflector)

* Thermal neutrons
equilibrate with liquid D,

250

200

at 20 Kelvin 60 -
* Become “cold neutrons” 401
- 125 L of liquid deuterium 20; = 100
O #__ Lead ( blocker) 50
20 1'_'_"-_ 0
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Tottoctive = 20 K — kinetic energy ~ 1 meV

Making UCN

Superthermal downscattering

For neutrons:

Cold neutrons have just the right
amount of energy to excite our
superfluid helium!

They don’t have any more than
enough, so they are halted

2026-06-19
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D.O moderation Target
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'D,O moderation Target
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'D,O moderation Target
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'D,O moderation Target
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Timeline

I FirstlUCN
Project Constructic_)n of New TUCAN no LD,
initiation Proton beamline and source !
spallation target construction and  First UCN . e
installation production _Fr']rSt UCIN
®
Prototype UCN atiempt wit 383?;2 ete
source from RCNP, s
Osaka installed. First storage in
First UCN production experimental
at TRIUMF area
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Y O] 2025/2026 UCN production

* Production run layout:

iati He-ll cryostat
rac.ilatl.on —>. ry
shielding :

gate valve 2

Y switch
3 foil holder
Tt gatevalve 1

detector
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Continuous production
UCN valve open during spallation target irradiation

3.25 x 105UCN/s detected at 33 pA with 0.15 pm Ti foil 5
6.7 x 10°UCN/s detected at 26.6 pA without foil
DAQ saturated?

Comparison:
ILL PF2 source 2.6 x 104 UCN/s?
SuperSUN 2.1 x 104 UCN/s®

2 PF2 webpage: www.ill.eu/
b S. Degenkolb et al, 2025: https://doi.org/10.48550/arXiv.2504.13030

w

F =Y

w

N

=

Saturated Count Rate (

o
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x10°

Irradiation

Time (s)

Fit: y=10662(5)x
Ti foil 15um
no foil

no foil, no LD,

30 20

Average BL1U Current (pA)



https://www.ill.eu/fr/for-all-users/instruments/instruments-list/pf2/technical-details
https://doi.org/10.48550/arXiv.2504.13030

60 s storage production

* 1.3 x 107 UCN counted after 60s
irradiation at 26.6 uA.

 DAQ saturation at higher current.

Comparison per shot:

* PSI5.5x 107 UCN?
 SuperSUN 3.9 x 10° UCN®
* Mainz 5.4 x 10> UCN-¢

« LANCSE 107 UCN ?7¢

UCN Counts

x107

L75F L7105} c |\ Gate Valve %
2 | 2|\Oren 0
1.50F 21042 | e
8 b Background - q‘gm
ol i t ‘J O
1.25F &10°T T A
LAl
1.00F 100_200 300 400 .- &% a
Tmele) ™  edler ‘):(‘\' T
BT | x’:&’:);‘(‘\ 1Bjﬂﬂ,.
f," 16.\&“\@:’ Lo
0.50} i @ P e N
Lo
0.25} i
é_é lnSIde shielding, nE_D_"'_.n.cli{l'l.ﬁft_B?]
0.00F - ~mmcnfhosssmrmss . |

0 10 20

a G BISOI’\ et al, 2020 httDS//dOIOI‘CI/lO1140/eDIa/510050-020—00027—W Beam Current (“A}

b S. Degenkolb et al, 2025: https://doi.org/10.48550/arXiv.2504.13030

¢J. Karch et al, 2014: https://arxiv.org/abs/1308.4610

dT. Ito et al, 2020: http://dx.doi.org/10.1103/PhysRevC.97.012501 «
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rough estimate from density in source


https://doi.org/10.1140/epja/s10050-020-00027-w
https://doi.org/10.48550/arXiv.2504.13030
https://arxiv.org/abs/1308.4610
http://dx.doi.org/10.1103/PhysRevC.97.012501
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Experimental reach '(\z\)/

* UCN experiments are generally statistics limited

* TUCAN source will enable unprecidented statistical reach
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Neutron EDM

* Parametrizes neutron
response to an electric field

* Probe of fundamental
symmetries

* Essentially no Standard
Model background

2026-06-19
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Location/method of ement

ORNL (cold neutron beam)

MIT/BNL (Bragg deflection)

BNL (cold neutron beam)

SUSY ® ~ |l

ILL (cold neutron beam)

PNPI (UCN)

ILL (UCN)
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\H LeftiRight|Symmetric

@ee 0O OO0

PSI (UCN)

Current best limit

TUCAN
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Credit: Prospects for a neutron EDM measurement with an advanced ultracold neutron source at TRIUMF,
Takashi Higuchi, on behalf of the TUCAN collaboration, EPJ Web Conf. 262 01015 (2022)
DOI: 10.1051/epjconf/202226201015




NEDM prospects

* Flagship TUCAN experiment: neutron EDM
 Statistical uncertainty:

1
X —=
E|TvVN

a4
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NEDM prospects

* Flagship TUCAN experiment: neutron EDM
 Statistical uncertainty:

1
E|TVN

04 X

Electric field strength:
limited by HV breakdown
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NEDM prospects

* Flagship TUCAN experiment: neutron EDM
 Statistical uncertainty:

1
X —=
EMVN

a4

Electric field strength:l Precession time: limited by

limited by HV breakdown depolarization & upscattering,
beta decay
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NEDM prospects

* Flagship TUCAN experiment: neutron EDM
 Statistical uncertainty:

1
0q X | E—,’|T@ e Total neutrons: limited by

source production

Electric field strength: l Precession time: limited by

limited by HV breakdown depolarization & upscattering,
beta decay
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NEDM prospects

* Flagship TUCAN experiment: neutron EDM
 Statistical uncertainty:

1
0q X | E—,’[T FN} e Total neutrons: limited by

source production

Electric field strength:l l Precession time: limited by

limited by HV breakdown depolarization & upscattering,
beta decay

Need to store lots of neutrons as long as we can!

2026-06-19




2026-06-19




EDM storage trials
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Storage
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Counting
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EDM storage trials
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UCN density in one cell nEDM experiment (UCN/cm?)
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i’.’ Conclusion ’(\z\)/

e The TUCAN collaboration has built and commissioned the most
Intense UCN source

* We stored a record density of UCN in an experimental cell
 nEDM measurement to begin in 2027

* Source characterization paper coming soon
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End

Questions?
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Y| 444 Thshields o 4He pumping system to
. % %% HEX4 reach 1.6 K
P 80K ]
T A e 3He pumping system to

reach 0.8 K

4K resorvior
4.5K

%% o %é HEX2

* Designed to cool 3He to
~0.8 K with 10 W heat
load

1K pot
1.6K

HEX1 e Performance in 2024:
~0.9 K with 10 W heat
load

4K reservoir
45K
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*He
filling

3He pot

Superfluid
‘He
and UCN

2026-06-19

Extras: Heat Exchanger

*He

pumping
duct

* Cold liquid 2He

drops into a pot

The boiling 3He in e S P
the pot removes i< ,

heat from the
superfluid “He via a
copper heat
exchanger (HEX1)

Boiling *He is
pumped away by
very big pumps



‘!0’ Extras: 3He Cryostat Pum

2 4K DO solo p NAlHe
0 s a ~4( apap
- DOl d U C dl€ 00Iel
ado 0 s elsS Of B
0 0
Mass Flow Vacuum
Flow [gls] [m3/h] [Torr]
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‘Ic’ Extras: Measuring the nEDM '(\z\)/

Neutrons in here

=

Required sensitivity of 2 pT
over ~200 seconds




Extras: My work

* My subsystem is the innermost
layer of a magnetic systematic
control onion

* Monitors the magnetic field,

| arns therein
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