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Neutron EDM
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EDM search with UCNs

Measure spin-precession frequency in high electric field
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EDM search with UCNs

Extremely-low energy neutrons (UCNSs) can be stored in the bottle.

Spin precession is accumulated
In long storage time.

Sensitivity was limited by statistical uncertainty.

UCN density can not be increased from that in source. (Liouville’s theorem)

High intensity source required

arches for Electric Dipole Moments: From Theory to Experiment, KM i
atls'and Prospects of the TUCAN EDM experiment", Mar. 4, 2023 M S

¥8aaki Kitaguchi, KMI, Nagoya University page 5 KM/ |

Neutron Optics and Physics



TUCAN Source & nEDM Spectro 'eter

He cryostat, LD, cryostat

U

Magnetica\\y Shielded Room

(& n Moderator &
| |UCN production volume

TR

e o )

/,1 e
s s —

./d

E
-

|
|
)=

[ ) —

by SG

“bolarized UCK NS

20kW Proton beam

Spin analysis &
UCN detection

Expected ~200 UCN/cms3 1.4-1.6x107 UCN/s yield

= Measure the nEDM with 10-27 ecm precision

esfor Electric Dipole Moments: From Theory to Experiment, K . [
yand Prospects of the TUCAN EDM experiment", Mar. 4, 2023 M
page |

I Kitaguchi, KMI, Nagoya University

Laboratory for Particle Properties



UCN source
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Superthermal method with superfluid He

Extremely-low energy neutrons (UCNs)
can be stored in the bottle.

Experimental /

cold neutron
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Prototype UCN source at TRIUMF e
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Prototype UCN source at TRIUMF

First proton beam: 2016 |
Prototype UCN source installation: 2016~2017 s 4
UCN production: 2017 b =T
Testing UCN apparatus: 2018~2019

Uninstall: 2021

High power cryostat required!
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UCN source upgrade

Prototype New Factor

Cooling power of 0.4 W 10 W X 25

He cryostat
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UCN source upgrade

Keep the production volume at ~1K under 10 W of heat load
by latent heat of boiling 3He
With 3He pot at 0.8 K, the UCN production volume is kept ~1K

Heat exchange
0.8 K3He

/ 1 K He-lI

oumg “He pumping

\ / 3He D =150mm

Heat exchanger

2,000 mm Nl
- = 20 kW proton beam
W Taerget
T31e + AT3He-N; + ATNi-HelT + ATHerr = Tprod. S. Kawasaki et al.,

~O8K (Kapitza Conductance) ~’| ’I K IOP Conf. Ser.: MSE.755, 012140 (2020)
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Helium cryostat

Studies with cryostat, heat exchanges insert of the cryostat

to 4He vacuum pump to 3He vacuum pump
e pumping
Heat exchange :
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Helium cryostat

Studies with cryostat, heat exchanges
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Helium cryostat

Studies with cryostat, heat exchanges

Vertical Fin Prototype * DeCided on the HEX1 deSign

Cryostat tests at KEK with natural helium
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Heat Exchange development

Vertical Fin Prototype \

Short Model

3He pumping

Fin machining

3He supply

s

IP He supply
i

Height 15 mm,
thickness 1 mm,
Gap 1 mm

EB welding test

[ RS
W
(i

Polishing NiP plating

Thickness 5pum
P fraction 12.36 %
(X-ray fluorescence analysis)

@SUS @Cu
Ra=0.0199 um Ra=0.020 pm
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Tail section and UCN guide

UCN production volume and
UCN guide has been mede
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Tail section and UCN guide

UCN production volume and \ =
UCN guide has been mede \ ok ¥
at TRIUMF. o\ My A

UCN guide test at J-PARC

Precise study of UCN reflection
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nEDM spectrometer
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nEDM Spectrometer

MSR

Self shielded B, coil

(box cos theta) UCN switch
Dual (top/bottom
meas(ur:ment cel)ls %
Analyzer,
e Major subsystems spin
developed. flipper,

* Design and detector x 4
construction

phase.

SHor Electric Dipole Moments: From Theory to Experiment, KM i
and Prospects of the TUCAN EDM experiment", Mar. 4, 2023 M

Kitaguchi, KMI, Nagoya University page 20 I /



Magnetically Shielded Room

Requirements
Shielding factor ~10° (@10 mHz or higher)
to achieve ~10 pT/cycle stability (1 cycle~100s)

Fields < 1nT
gradient < 100 pT/m

in the central (1m)3 volume

cf: N. Ayres et al., Rev. Sci. Inst. 93, 095105 (2022)

Construction started from October 2022.
4-layer mumetal shield (+1 layer of Cu layer)
Design shielding factor of ~10°

confirmed by FEA simulations
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Magnetically Shielded Room
Magnetic field mapping Bz (pT)

|B| ~ 370 uT

at maximum

Dipole-like field
from the cyclotron

z(cm)
|
[
~J
w

Fluctuation

<150 nT

—225

-250

=275

=» Design compensation coils, to be made by 2023.

Shielding factor measurement

cf: N. Ayres et al., Rev. Sci. Inst. 93, 095105 (2022)
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Magnetically Shielded Room
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Simultaneous Spin Analyzer (SSA)

Prototype test at J-PARC

Magnetic thin film functions as an analyzer with low magnetic field

G-

Laboratory for Particle Properties
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etlca\\y Sh\e\ded Room

EDM cell and UCN valve

Prototype test at J-PARC

=
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e l
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Spin analysis &
| UCN detection
|
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UCN doppler shifter at J-PARC

Various tests can be done with '‘pulsed’ UCNSs.

Turn on, Get UCNs. Moving frame Lab frame
UItra—ooId

8 33 Hz UCN

Very-cold
mirror
\Y neutron
V : fe—0 7.l=|
m | =Wy — 2Ky
Vr.L
Foreground

| g h ‘\‘
s F ~ {Enties 2412352 ||
g 25__ ........................................... ........................ | ........ Mean 7206 :
© r 2 :  |StdDev  1.703 |!
g2 F |  Integral 81.7 |/
el /) E — e | ................................................ 'jw\
= L | . | Entries 1176 |1
c 15 L e LeeioAMean 5727 |1
e 30 cps ;  IStdDev 2796 |i
5 Integral 0. 1212 /
<

noise Cuts

0.55_ .................. )‘IJJLV ................... L Due to. the

6 8 10 12 14

Longitudinal velosity (m/s) Prog. Theor. Exp. Phys. 2016, 013C02 (2016)
Velocity distribution
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Others

Equipment in the mechanical design/construction phase

External field compensation (RCNP Osaka, TRIUMF) design phase

UCN detector (Winnipeg) prototype, test at J-PARC
HV/cell/valves/central region (TRIUMF) prototype, test at J-PARC
Hg comagnetometer and Xe development lab (UBC) prototype, prep. design
NMOR-based Cs magnetometers (Winnipeg) 5 completed, 5 on order

Cs magnetometers
Precise to ~ pT//Hz
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Prospects
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Prospects

UCN source

UCN production rate

2023- Helium cryostat install/tests ;
2x 10" UCN/s

= installation of other source subsystems _ _
UCN density at production

2024- UCN production with the new source
6400 UCN/cm’

NEDM spectrometer UCN density at nEDM cell

2023- MSR completion 250 Pol . UCN/cm?

=» magnetometers install
Inner colls tests

2024- assembly and commissioning of the nEDM spectrometer

= 2025- nEDM data taking

400 days (MT) ® o(d)=1x10""ecm | o(d)=
20ET\/ N
stable running of 14 hours/day
E =10 kV/cm a=0.8
t.=130s N = 7.8 x 10° UCN/batch
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