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Welcome to the UCN Session O

TUCAN Talks this session UCN Related talk by TUCAN
collaborator

 “Improving the sensitivity of

the neutron electric dipole * “A new measurement of the
moment experiment at permanent electric dipole
TRIUMF,” S. Sidhu moment of 129-Xe using 3-He

SQUID detection,” F. Kuchler
« "Producing ultracold neutrons

with a spallation source and
superfluid helium,” W. Schreyer

* "Measurements of the first
polarized ultracold neutrons
at TRIUMF,” S. Hansen-Romu



TUCAN project goals

The main scientific goal of the
project is to measure the
neutron electric dipole moment
to a precision 10~%7ecm.

Secondary goals are to create:

« the strongest UCN source in
the world and

« an international user facility
for fundamental research

using ultracold neutrons =
two UCN ports



Neutron electric dipole moment measurement
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Non-zero EDM violates T and
CP symmetries

« CP violation in SM (CKM
matrix) not large enough to
explain observed baryon
asymmetry of universe

« EDMs are a sensitive direct
probe of new physics

« Constrain parameter space for
new physics models

« More directly coupled to
underlying models than
atomic EDMs



Link between atomic, neutron and (=
fundamental EDMs

Neutron EDM directly linked

Energy
A to QCD scale parameters
TeV —4-—
 Solid lines are more direct
l coupling between scales
T L = [ 0.dgdaw |  Dashed lines weaker coupling

e« Current best limit on neutron
. 4 EDM is from '29Hg
\\ ' | SaNN neutron EDM » More model dependent

s

Y ¥ TS ‘\ Y + « depends pion-nucleon coupling
* Remnant Schiff moment
EDMs of EDMs of
atomic —— paramagnetic diamagnetic
atoms (T1) atoms (Hg)

Figure from Pospelov & Ritz, Annals of Physics 318 (2005) 119.



About ultracold neutrons

Definition and typical Interactions are all of similar
parameters scale
* Neutrons moving so slowly « Gravity: 100 neV/m
they reflect from material . Magnetic: 60 neV /T
walls |
. o * Nuclear: Vs <335 neV (Z
* Velocities <7 m/s dependent)
* Temperature < 4 mK ® » Weak: t=885.7 s (15 min)
» Kinetic energy < 300 neV | o




UCN recipe using spallation neutrons and g &
superfluid He-II

neutron

Experimental /

Area temperature velocity

E A
Smk 5 m/s
SF-He
1 eV L oi o
20 K

LD, 500 m/s

300 K
Far N thermal 1 km/s
target o\ - D20
& ‘ - 0.7 A" k>
proton 0/ Spallation few 101K 10”7 m/s
reaction
« Layers of moderators to
Start with TRIUMF 480 MeV thermalize neutrons
protons on tungsten create « Down-scatter by interaction

spallation neutrons phonons / rotons in He-l|



Vertical UCN source cryostat g ™

140K , 190K , 240K

from KEK/RCNP, Japan f e —

U C N ﬁo 700 900

UCN from down-scatter in He-ll

|

|

UCN guide

40K)’|

285

 Spallation from tungsten target

He heat exchanger

300 K moderators: lead,
graphite and liquid D,0O

« 10 K moderator: solid D,0

« <1 K moderator: He-ll produced
by custom 3He dilution
refrigerator

= Running at 1 pA beam (as at RCNP). = protons

pallation target

Phys. Rev. C 99 (2019) 025503



The vertical source and UCN guides g ™

Pumping ducts

Il ,
""‘"‘_ \% .:"’,‘ - Exit from
I ¢ k. A5°KINKk  yoN guide  shielding
Gnyestar = \ Burst disks / | :
1.25m - ' - T
| g I UCN valve Monitor detector |
| 0.95m
it - Foil —
| | B Pumps Moy

Main detector

https://arxiv.org/pdf/1809.04071.pdf

Phys. Rev. C 99 (2019) 025503



The TRI

UMF beam delivery system
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« H ions are accelerated.

 Foils strip electrons and p* can
be extracted at selectable radii

(and energies).

* Energies up to 500 MeV

* Three beamlines up to 120 pA

« Simultaneous operation of
different facilities

» Nuclear Physics, Particle Physics, Life Sciences, Material
and Molecular Science, Eye Cancer Proton Therapy

« UCN shares the beam with CMMS

(Center for Material and Molecular Science)



facilitates New beamline at TRIUMF fOI‘ the UCN 1 m
beam sharing source

showing the currently installed vertical prototype source
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First UCN at TRIUMF (Fall 2017) .2

Phys. Rev. C 99 (2019) 025503

« Extracted 325,000 UCN after one-minute irradiation (at 10 pA)
« UCN density in source estimated to be 5.3 cm?3
« Storage lifetime degraded during run from 37 s to 24 s

« Also demonstrated continuous mode UCN detection rate of 1500 Hz
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UCN at TRIUMF (Fall 2018 Run)

Goals of the tests

« Characterize guides that will
go into new source extraction

e Studies of valve UCN losses

 Studies of guide bend UCN
losses

e Tests of warm bore
superconducting magnet

 First polarized UCN tests

29 experimental setups
completed in 31 days

» Video of fall runs


2018FallRunConfigsx4000.mp4

This sheet lists all layouts for the Fall 2018 UCN run. The tentative sequence goes from top left to bottom right. All dimensions are in mm. Layouts with brackets might be skipped. The
purple abbreviations for components are unique identifiers that can be found in the UCN inventory here:
1 https://docs.google.com/spreadsheets/d/12i06hu25ZMQODIK_dDpwMIgMbBwxHZVU2IDZXySOBCK edit?usp=sharing
TCN18-005,010,015, 200

TCN18-020 TCN18-021 TCN18-022 TCN18-029
Detector comparison He-Li Detector companson VAT transmission Zero expt with straght detocior

Simplest layout. most UCN counts, no Al foll
Nov & Nov 9 Nov 10

UCN -
3; .
at

-

I RIUMF TCN18-030, 025, 135 TCN18-035, 036(, 040) TCN18-045,046, 050 TCN18-055, 056 TCN18-057, 058 TCN18-060, 061
VAT transméssion 2010 expl with efbow 2 VAT valves. side one 2 VAT valves. side wo 2 VAT vaives. side two or 2 VAT vaives, side two or 2 VAT valves. baseline for SCM
Nov Now 11 Nov § one?, burst disc one?, Cam Spider Nov 12
Q ‘ i =] l ! Nov 10 Nov 11 P
i1

G

e

Fall 2018

ru I l S TCN18-065, 066, 0677 TCN18-070 TCN18-180 TCN18-080, 081 TCN18-085, 086 TCN18-105, 106
2 VAT valves, 1 m NP 2 VAT valves, 1 m guide removed from source

2 VAT vaives, SCM 2 VAT valves, SCM, Spin fipper, analyzer 4 A X 2 VAT valves, 1000 SS guide + 180 guide
Nov 11 (pumping and cooling beforehand. ) Nov 14 Nov 16 Nov 17 Nov 18

TCN18-090, 091 TCN18-095, 096 TCN18-115, 116 TCN18-110, 111, 112 TCN18-125, 126, 127, 170 Change notes for Rev 7:

2 VAT valves. 1 m NiMo on glass 2 VAT valves. 1 m NP on glass 2 VAT valves. Ti foll zvnm.m&o.enu:um 2VAT valves, 2x350, gravity spectrometer, - Adjusted dates

Nov 19 Nov 20 Nov 21 Nov 22 '::’p:.dywnmdm. heaters - Re d TCN18-108,109
= - Added TCN18-21,22,57,58,67




UCN storage lifetime

Highlights from 2018 UCN runs

2018

« UCN vyield increased to 71,000

per shot

« At the end, we spoiled the
source with nitrogen up to
335 mbar*l

39
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VAT UCN valve (off the shelve)
* Transmission 89+3%

« Storage lifetime between two: too short,
needs improvement

6Li detector sees 56+1% more
neutrons: need to check 3He
detector...

Spin flipper efficiency: >98%
Foil polarizer power: 60% "Measurements of the

Superconducting polarizer power: |RilEige]t=1gr4=le Nl ig=Tele]le
55%... neutrons at TRIUMF,”

Need to understand: S. Hansen-Romu

depolarization?

UCN production volume prototype
Storage lifetime 70 s before

baking, 83 s after baking at 150C

Transmission of a smooth 90°bend ™=\
9% better than a mitered one. \




Next generation UCN source introduction

Similar basic layout with major
iImprovements:

- Beam current: 1 yA = 40 pA

. Production volume: 8 L = 28 L

- Cold moderator: sD,0 = LD,

- Production rate: 2x10° /s = 1.8x107/s

(> 600 s''cm3)
- Cooling power: 0.3 W= 10W
- He-ll temperature: 0.85 K= 1.10 K
- Near horizontal extraction while
containing He with gravity
- Warm vacuum separation foil

Simulation studies in upcoming talk

"Producing ultracold neutrons with a
spallation source and superfluid
helium,” W. Schreyer




Next generation UCN source design (3
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TUCAN Project Timeline g

Calendar Year 2018 2019 2020 2021 H1 2022 ¢
Vertical Cryostat I [ 3% Remove
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System B  ——




TUCAN EDM experiment layout

Double cell EDM  Thermal enclosure and
spectrometer at room mag field compensation
temperature « Expect several hundred B
. ermal cnciosure
Central HV electrode UCN/cc in cells & External B Compensation
Hg comagnetometer (Xe to » Target to reach 1027 ecm | Magnetically Shielded Room
follow later) in 500 beam days or less
Alkali magnetometers 5
surrounding EDM cells Vacuum
Enclosure

. . e : Three Way
Self shielded B, coils Gate Second port ionis
Magnetically shielded /' / | G A
Ffroom — \O Spin

Flipper

T :

UCN Bottle
: _ B1 Coil

:Simultaneous

:Spin Analyzer

Vibration
Isolation




Ramsey method for EDM measurement

uspl'n up ”
1 neutron...

81 -
90° spin-flip
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« Visibility (spin polarization)

E Electric field
T Spin precession time Baker et al, Phys. Rev. Lett. 97, 131801 (2006)

N Number of UCN Baker et al, NIMA, 736, 184 (2014)
Pendlebury, Phys. Rev. D, 92, 092003 (2015)



Two highlights of EDM developments (s

nEDM statistical analysis

« UCN transport Monte Carlo used
to evaluate statistical reach at

TRIUMF

[ Graph2D |
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e Includes

e Detailed source model
« Superconducting polarizer
« Switches, detector etc

“Improving the sensitivity of the neutron
electric dipole moment experiment at
TRIUMF,” S.Sidhu

Xe comagnhetometer

« High-res. 2-photon spectrum of a
5p°6p «— 5pb transition of xenon
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e This transition will be used for
the comagnetometer



PSD

Detector developments &

6Li scintillating glass read out Detector R&D planned
by PMT and lightguide
Eur. Phys. J A 53 (2017) 3 » Considering MPPC in
_ vacuum
* Learned in fall 2018 that « No lightguide ... but need to
lightguides outgas too much develop circuit compatible with
to allow no foil vacuum
neutrons « Redesign of lightguides in
10° quartz

 Needed to remove foil between
detector and UCN

* Improve vacuum seal

* Improve mechanical
connection of lightguides to
vacuum flange

184 10°

10°




Summary and Outlook (o

Very exciting last years Busy next year(s)

Beam installation 2014-16 « Detailed UCN source design

. Beam commissioning 2016-17 and construction start in 2019

 Vertical UCN source in 2017 * Conceptual design report of
_ nEDM by sept 2019
 First UCN at TRIUMF 2017 _
_ * Installation of UCN source
 CDR for next generation upgrade shutdown 2021

source prepared 2018 _ _
_  First UCN with new source
* Funding for source and nEDM planned in 2021

secured _
« nEDM data taking start

. Succes_sfully complet_ed planned for 2022
extensive UCN experiment

program in Nov 2018
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