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TUCAN
The TUCAN collaboration, or 

TRIUMF Ultra Cold Advanced Neutron source 
collaboration, is a Canadian-Japanese collaboration
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Motivation
Hamiltonian 𝐻 describes equations of motion of a neutron
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𝐵 𝐸 Ԧ𝑆

𝐸𝐵Ԧ𝑆

Ԧ𝑆

EDM Ԧ𝑑 = 𝑑 Ԧ𝑆
Time Reversal – violating 

Parity – violating 

therefore violating combined CP

𝐻 = −𝑑𝐸 ⋅ Ԧ𝑆 − 𝜇𝐵 ⋅ Ԧ𝑆
= ℏ𝜔

ℏ𝜔↿⇂ = 2 𝜇𝐵 − 2𝑑𝐸

ℏ𝜔↿↾ = 2 𝜇𝐵 − 2𝑑𝐸

𝑑 =
ℏΔ𝜔

4𝐸

General solution

Δ𝜔 = 𝜔↿↾ − 𝜔↿⇂

𝜔↿⇂

𝜔↿⇂

Trying to measure this
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n
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nEMD Experiment

• UCN Production

• Polarization

• Low field NMR sequence

• Detection of final polarization state
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𝜎𝑑 ≅
ℏ

2𝛼𝑇𝐸 𝑁



neutron – super fluid Helium interaction

• The neutrons can 
exchange energy and 
create phonon 
excitations in the 
superfluid helium 
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Ultracold Neutron Production
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Protons

n

UCN

Proton Spallation 

Neutrons cool to UCN

• Super fluid 4He is cooled using 
a 3He evaporation based heat 
exchanger in thermal contact 

• 4He is used since its low 
neutron cross section

Production of  UCN ∝ 𝑇−7



Cryostat Model
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A time dependent modified Gorter-Mellink equation

To test model we can solve numerically and predict the 
dimensions of the channel and compare to real life

𝜕𝑇

𝜕𝑡
=
𝑞𝑉
𝜌𝑐

+ 𝛼Δ𝑇

𝜕𝑇

𝜕𝑡
=
( ሶ𝑄𝑖𝑛/𝑉)

𝜌𝑐
−

1

𝜌𝑉𝑐

𝐴

𝑙
න
𝑇𝑏𝑎𝑡ℎ

𝑇(𝑡)

𝑑𝑇′𝑓−1(𝑇′, 𝑆𝑉𝑃)

1/3

Standard Heat equation

How the material 
reacted to  heat changesTemp Change 

Temp Change 

Heat input 

Heat input Model how helium 
reacted to  heat changes



Heater Tests

Heating with a coil to mimic beam heating during 
irradiation from proton beam 

Conclusions
The model is able to produce slow temperature rise
The dimensions of the hole qualitatively close
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UCN bottle

Heating Coil, ሶ𝑄𝑖𝑛
𝐴



nEMD Experiment

• UCN Production

• Polarization

• Low field NMR sequence

• Detection of final polarization state
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𝜎𝑑 ≅
ℏ

2𝛼𝑇𝐸 𝑁

Statistical uncertainty of d

𝛼 =
𝑛↑ − 𝑛↓
𝑛↑ + 𝑛↓



120

E

210 neV
UCN K. E. 120

Polarizing Foils and SCM
𝑉𝐹,𝑒𝑓𝑓 = 𝑉𝐹, 𝐹𝑒 ± 60 neV/T ∙ B

Thin iron foils saturate 
magnetization
• Have internal field 2 T

10

Magnetic field changes potential due to  spins

Super Conducting Magnet provides 
large enough B field to polarize  

One Polarization state will be let 
through, the other will be reflected

Low field seekers

High field seekers
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Analyzer and Spin Flipper Experiment

11

𝑓1 is the spin flipping efficiency of spin flipper 1

𝑁𝑛𝑚 is the neutron counts

𝑛 denotes the power state of the first spin 
flipper, 𝑚 the second spin flipper,with
𝑛,𝑚 = 0 (off) or 1 (on).

spin flipper

spin flipper

analyzer

6Li Detector

UCN from
source

3He Monitor 
Detector

Va
lv

e

UCN Guide

Glass Guide
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𝑝𝐴 =
𝑁00 −𝑁10
𝑁00 +𝑁10 Polarizing foil 𝑝𝐴 = 60 ± 2 %

Spin flipper efficiency is 𝑓1,2 = 97 ± 3 %



Monte Carlo Simulations
A UCN Monte Carlo is 
used to get the strict 
internal polarization 
power of the foils  

𝑃

Comparison the 
observable 
polarization power

𝑝𝑎 =
(𝑁11−𝑁10)

2

𝑁11𝑁00−𝑁01
2
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P

𝑝𝐴

Taking spin flippers 𝑓1 and 𝑓2 into account



POLARIZATION MEASUREMENT OF UCN

Question time

?



Ramsey Sequence for nEDM measurement
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𝑃 ↑; ↓ = 𝑃(𝜔𝑅𝐹, 𝑇, 𝐵𝑜, 𝐵1)

𝜋

2
-pulse

𝜋

2
-pulse



Frequency Detection
EDM Measurement is a frequency difference 

measurement between polarized atoms in E-field

• Zeeman levels due to μ in B-field

• Shift due to d in E-field

• Change in frequency 

from E-field is d the measurements

Error from the experiment is given by  𝜎𝑛 ≅
ℏ

2𝛼𝑇𝐸 𝑁
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ℏ𝜈∥ − ℏ𝜈∥ = 4 𝑑 𝐸

ℏΔ𝜈 = 4 𝑑 𝐸

𝑑𝑛 =
ℏΔ𝜈

4𝐸

𝐻 = −𝑑
Ԧ𝐽

𝐽
⋅ 𝐸 − 𝜇

Ԧ𝐽

𝐽
⋅ 𝐵

E and B vector set parallel


