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UCN experiment at TRIUMF :

e New UCN beamline was constructed at TRIUMF.
e UCN source was shipped from Japan.
e Aiming the first UCN production in November 2017.
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iy Reported yesterday

by Beatrice Franke and

R ; poster by Steve Sidhu
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UCN production by He-ll at TRIUMF

e Neutron production
by spallation of 480
MeV proton and
tungsten target.

To EDM
e Neutron moderation apparatus 10K D,0
<

by 300K and 10K D,0.

e UCN production from : 2
cold neutron by
e 300K D,0
phonon excitation in
superfluid helium
(He-I1).
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Phase 1 experiment L

e Use the UCN source and EDM apparatus shipped from Japan.
e Proton beam operation at 1uA. (Limited by He-ll heating.)
e Aiming to startin 2018.

See today’s evening talk

L, Magnetic shield by Ryohei Matsumiya and
poster by Taraneh Andalib
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Phase 2 experiment i

e Upgrade the UCN source and EDM apparatus.
e Proton beam operation at 40uA.
e Aiming to start in 2020.

e Goal sensitivity: 10-%’e:cm

Magnetic shield room

Superconducting
magnet

LD,
moderator

EDM cell + HV

New He-ll
cryostat

UCN detector




Keys for precise EDM measurement

Sensitivity reach (based on simulation)

e Statistical error is larger in

the recent EDM result. Ny =2 X107 UCN Tcey = 100 sec.

i) ap = 0.95 T; = 2000 sec.

04 = E =12 kV/cm T, = 1000 sec.
20ET~NN T =100 sec.

a: Visibility (spin polarization) ‘

E: Electric field . —26
T: Spin presession time Ostar = 5 X 107> e-cm per cycle

N: Number of UCN Ostat — 10727 e:cm in 100 days

e High polarization, high electric Comagnetometry by atoms
field, long UCN storage lifetime
and high UCN density are required.

e Magnetic field inhomogeneity is
main source of systematic error.
— Comagnetometry by polarized
atoms confined in EDM cell with
UCN is essential. EDM cell —>




Requirements for phase 2 EDM experiment

e Every component has challenging requirements.

Requirements to achieve 10-?’e-cm sensitivity

Neutron moderator, UCN
source

UCN guide
Polarizer

EDM cell and high
voltage

Magnetic field system
Comagnetometer

UCN detector

High UCN production rate

High transportation eff.
High polarization

High electric field

Low leakage current
Long UCN storage life time
Large radius

Field stability

Field homogeneity
Precise Bo measurement
High counting rate
Efficiency stability

>2.3%x10’UCN/sec.

>4%

>95%

>12kV/cm

<10pA

>100sec.

>0.1m

1-8 pT stability over EDM cycle
<0.1nT/m

10fT per EDM cycle
>1.3MHz

<0.05% over hour



Neutron moderator @ KEK| TriumFii

e We are currently using D,0 moderator. See tomorrow’s morning
talk by Wolfgang Schreyer

e Liquid D, moderator will increase the cold
neutron flux to He-Il (i.e. UCN production rate).

e Safety issue: liquid D, is explosive.

e Optimizing the geometry by MC simulation.
Neutron spectrum to He-Il (MCNP)
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UCN source (original plan) ST BT

e He-Il must be kept cold to suppress UCN upscattering.
e Cooling power of current cryostat is not enough for 40uA beam.

e QOriginal plan of new UCN source.
* Heat exchanger with 3He is 3m distant from UCN production volume.
* He-Il is confined by aluminum foil.
 UCN storage volume is filled with He-ll.

* Target temperature of He-Il is < 0.8K.
D,O cryostat or

liquid D, cryostat

He-ll cryostat

UCN production
Heat volume
exchanger (Large heat deposit) |
with 3He

3m
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UCN source (new plan) ESIGEAERALNNE

e Heat transfer of original plan is not enough.
e Moderated the target temperature of He-ll to 1.0-1.2K.

e Confine He-Il by gravity.

e Reduce He-ll volume ratio to 25% level.

e Cooling method options.

* Heat exchange with 3He (primary).
e Direct pumping of He-ll (alternative).

Expected temperature difference in He-ll
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See tomorrow’s morning
talk by Shinsuke Kawasaki

Confine He-ll by gravity

UCN lifetime due to upscattering in He-ll
:_ I I1 I 1 I 1| \ 1 \ I 3
- — _I_ _I_
Twall

THe-11
p decay lifetime |

—— = = == —— e o = o = o e = = = = ]

7',§¥Vall loss Iifetime§

~He-Il volume ratio = 1009
_He-Il volume ratio = 75%
_He-Il volume ratio = 50%
2He_|||VO|l"me rgtlo ?|.2.5%| AT IR IR SR
07 08 09 1 11 12 13 14 15
He-1I temperature (K)




o

r@} THE UNIVERSITY OF
‘" / WINNIPE

N

i

Coating the surface of UCN guide with
high Fermi potential material (e.g. Nickel). talk by Edgard Pierre

Alkali cleaning and high temperature

baking to remove hydrogen etc.

Measurement of Fermi
potential of NiP etc. at J-PARC.

UCN guide used at TRIUMF

@ = 8.5cm
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See today’s evening

UCN lifetime at RCNP
Improvement

2002

Jun. 2006
Nov. 2006
July 2007

Apr. 2008
Dec. 2009
Feb. 2011

First UCN production 14

Use 3He cryostat 29
Improve cryostat 34
Remove 3He 39

contamination

Fomblin coating 47
Alkali cleaning 61
High temperature 81

(120°C) baking



Flipping Asymmetry
e o @
-q

Polarizer

e Superconducting polarizer was developed at

RCNP and shipped to TRIUMF.

e Produce 3.75T magnetic field at the center.
e 95% UCN polarization was achieved at RCNP. &

UCN polarization at RCNP
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e Magnetic field from cyclotron
is 350uT with 100nT fluctuation.
— Need to be reduced < 10pT.

e We will achieve it by magnetic shield
and compensation coil.

Design of compensation coil

Simulation
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See Thursday’s talk by [ omamstienton sk |
Christopher Bidinosti and || \
poster by Shomi Ahmed




Comagnetometer

e Dual Xe/Hg comagnetometer By = - (o spoctroscopy cel
is planned to correct false EDM. ezt \ -
. R&Dfor 2. e
« 2 photon direct laser probe. Syf’”“? v Fiimoy
 HV breakdown vs. o F‘“’”/”"/&PZT
operating pressure. e
Spin P @ 16.6 Mz
v(MHz/T) 765  -11.77 -29.16
UCN capture o (barns) 2150 21
Transition (nm) 253.7 252.4
Transition process One- Two-

photon photon

See tomorrow’s morning talk by
Tomohiro Hayamizu and poster by
Emily Altiere and Eric Miller




e High voltage test at TRIUMF.
e Double EDM cell is planned.

See tomorrow’s afternoon
talk by Florian Kuchler

e QOptimization of EDM cell geometry by MC simulation.

e Material studies for EDM cell
(DLC, dPS, dPE).

Layout of double EDM cell

High voltage test setup at TRIUMF




UCN detector

S

e High rate counting (>1.3MHz) and yyT
efficiency stability (0.05% / hour) lightguides
are required. ‘

PMTs

e Detection via neutron capture in °Li.
°Li + n = 3H(2.73MeV) + a(2.05MeV)

e Detector was well characterized
by beam test at PSI UCN beamline Lithium

in 2015. glass stacks H
U/CN
GS30 (SLi-depleted) 3H\/
GS20 (6Li-doped) \
a

See Thursday’s talk by
Sean Hansen-Romu




e |ncrease the UCN statistics
by measuring both spin

state simultaneously.

e |ncrease visibility due to less
depolarization while storing

above analyzer foil.

Spin analyzer foil magnetic field

Spin
| flippers

Spin
analyzers

UCN
| detectors




Summary

e We are aiming to start next generation EDM experiment in

2020 to search for neutron EDM down to 1027e:cm.

Every experimental component has challenging requirements
to achieve 10-?’e-cm sensitivity.

We received $15.7 million @ Wik | NewsCentre
from Canada Foundation
for‘ Innova‘“on (CFI) for‘ glitlrl?é?ld neutron research heats up at UWinnipeg with $15.7
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More details of recent
studies will be reported
by subsequent speakers
and posters.




