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TRIUMF

International Spallation
Ultracold Neutron Source
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Collaborators: T. Adachi, K. Asahi, J. Birchall, J.D. Bowman, L. Buchmann, C. Davis, T. Dawson,
B.W. Filippone, M. Gericke, R. Golub, K. Hatanaka, M. Hayden, T.M. Ito, S. Jeong, A. Konaka,
E. Korobkina, E. Korkmaz, L. Lee, R. Mastumiya, K. Matsuta, M. Mihara, A. Miller, W.D. Ramsay,
S.A. Page, B. Plaster, |. Tanihata, W.T.H. van Oers, Y. Watanabe

(KEK, Titech, Winnipeg, Manitoba, ORNL, TRIUMF, NCSU, Caltech,
RCNP, SFU, LANL, Tokyo, UNBC, Osaka, Kentucky)

We propose to construct the world's highest density source of ultracold neutrons
and use it to conduct fundamental and applied physics research using neutrons.

News: $10.9M proposal now funded in Canada and Japan.



Outline

« UCN production and source

- Progress at RCNP
(see talks by K. Hatanaka, R. Matsumiya)

- Technical progress at TRIUMF
* Physics experiments at the UCN source

- Prototyping experiments we're conducting at RCNP
toward a measurement of the neutron electric dipole
moment.

(see talk by Masuda)



Ultracold Neutrons (UCN)

UCN are neutrons that are moving so slowly that
they are totally reflected from a variety of materials.

So, they can be confined in material bottles for q'—r,
long periods of time.

Typical parameters:

- velocity < 8 m/s = 30 km/h = 20 mph ()

- temperature < 4 mK

- kinetic energy < 300 neV ° °
Interactions: ° o
- Gravity:  V=mgh mg = 100 neV/m .

- Magnetic: V=-p B p =60 neV/T . o
- Strong: V=V, V_. < 335 neV ’

- Weak: 1 =885.7s =15 mins -
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Japan UCN Source (Masuda, et al)

UCN
detector

1 ua protons at 390 MeV
— 15 UCN/cm? to experiment.

Now accepting proposals for experiments.
e.g. R. Golub, et al.




TRIUMF

CANADA’'S NATIONAL LABORATORY FOR PARTICLE AND NUCLEAR PHYSICS

Owned and operated as a joint venture by a consortium of Canadian universities via a
contribution through the National Research Council Canada

Beam parameters for UCN source at p..
TRIUMF:

- 500 MeV protons at 40 uA
At RCNP, Osaka:

- 390 MeV protons at 1 uA
A fifty-fold increase in beam power.

Cyclotron operates ~ 8 months/yr.

LABORATOIRE NATIONAL CANADIEN POUR LA RECHERCHE EN PHYSIQUE NUCLEAIRE ET EN PHYSIQUE DES PARTICULES

Propriété d’'un consortium d’universités canadiennes, géré en co-entreprise a partir d’une contribution
administrée par le Conseil national de recherches Canada



Worlds UCN prOJec’rs
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Technical Progress @ TRIUMF

 Layout

* Kicker

* Beamline

 Target / remote extraction / shielding

* (Cryostat), cryogenics

* Installation

e Cost / schedule / personnel requirements
 MOU's
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Kicker

. W profons | Wic
& 15 mr maxsmum defle N = 0.0 echon 12mr
[ ] [} ] = efiective length 1 .5 m (physical avalable 2 m)
rT] & aperere 1O0mm ® D00 mm
e I reC ea I n O I n e = field uniform do £5% over central B0 mm diameter regeon
= flat top 1 ms, flat to 5% over the 1 ms
& fires every 3ms (330 Hz rep. rate, able 10 run oo ows by

on kHz timescale using existing  come.
TRIUMF beam structure.

Integrated 7% to UCN, 93% to . ]
CMMS users. e, F

TRIUMF/CERN design Sl = &

- HV SS switches
- Fast dipole magnet

Engineering design.



Revised Layout, March 2010
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Revised Layout, March 2010

] } . Building out shield
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« Gives confidence in
cost.
* Needs consistency

with remote handling,
installation.




Beamline

« Optics studies for new layout! (J. Doornbos)

« Septum and first bender
are new. KEK support.

« Many other parts to be

reused.
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« Small spot size easy
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Target / Remote Handling / Shielding
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He-1I cryostat
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Design underway




Cryogenics Infrastructure

» Estimated LHe consumption < 1000 LL/day.

 Liquefier available from KEK from previous SKS
project.

- Maekawa compressor support avail. in Vancouver!
« Locate KEK liquifier near/in Meson Hall.

— Transfer / cold / warm return lines direct to UCN
- Use LHe to replace Japan cryocoolers

o Liquifier overhead to support other (uSR) users
with dewars / warm return.



Installation

» Legacy infrastructure removal, followed by
installation of key components (e.g. kicker and
septum) to be conducted in series of shutdowns
in order to minimize impact on cyclotron running
(ISAC) and uSR users (Meson Hall).

 e.g. kicker install requires vault access.
« Draft schedule developed.
» Impact of beamline design on schedule.



veemacer= ] ghytdown Plan (2010-2015) - DRAFT e i1 0

- k 2010 2011 2012 2013 2014 2015
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Remove BL/4 (vault to SFU scattering chamber)
500 MeVITNF target, 1SIS align, ISAC MRO . . .
Prepare ISAC-2 area for ICM tests = Shutdown Jobs

Commission High Beta system & ready for experiments E= Non Shutdown Jobs

J

ISIS vertical section == Science

Remove BL/4V components for refurbishing & prepare

ARIEL excavation & underpinning of adjacent buildings

M20 Installation

Collimator B & 1A Triplet services update

Install & conn. BL/MV components, EX4 & proton dump

Finish Proton dump (if not done in winter 2011)

UCN: Remove M13, PIENU & M15 (if needed)

UCN: Start UCN shielding, Spallation target etc.

Install e-B/L in P-Hall first & then in Tunnel

Remove M11 Front end & cold end

UCN: Install eqp't, spallation tgt, services, controls etc.

Finish install & connect e-BIL, east tgt stn & rdy to test

Install BL/MN & associated systems
UCN: Remove 1BVBZ, 1B, PIF

UCN: Install Kicker, Septum, 1UB1, 1UQ1 & 1UQ2

UCN: Connect services, controls & commission

(——
=
==
=
===
UCN: Install PIF in new location -
)
e

+ E-LINAC Science

= ISAC Science

= Meson Hall Science I ] —



Cost / sched / personnel / MOU's /
reviews
Resource-loaded schedule basically complete.
Materials cost re-estimate in progress (A. Miller).
MOU in prep (KEK-RCNP-TRIUMF-Winnipeg).

B e e it o s

Important dates:

- CFIl award finalization March 31, 2010.
- NSERC support April 1, 2010.

- MOU signed ASAP!!!

- Release of CFI funds.



Physics Experiments for the
TRIUMF UCN Source

e neutron lifetime

e gravity levels ;- ear term

 nn-oscillations

— dreams

* Free n target

All ideas / letters / proposals welcome



Neutron Electric Dipole Moment
(n-EDM, d )

J
d, == QP

New sources of CP violation are required to
= explain the baryon asymmetry of the universe.
« Complementary to Rn-EDM TRIUMF ISAC.

(See talk by A. Ritz)

+E

Experimental technique:
- put UCN in a bottle with E-, B-fields

- search for a change in spin precession @ —
J

frequency upon E reversal.
hv=2u B+2d_,E



Past and Future n-EDM efforts

 Sussex-RAL-ILL expt. (d < 3%x10*° e-cm)

- 0.7 UCN/cc, room temp, in vacuo

 CryoEDM (Sussex-RAL-ILL)
- 1000 UCN/cc, in superfluid “He

« SNS

- 430 UCN/cc, in superfluid “*He
« PSI

- 1000 UCN/cc, in vacuo
« TRIUMF: 10,000 UCN/cc

b, 4 1 5 ___.‘ ':i“‘
Sussex-RAL-ILL experiment



n-EDM development in Japan

!
SSELL CE Permall
Spherical | 900 62 HZIIGOY
col H,
, 3 —
Ho=0.1G]|[™ 1
/ Silical cell
___________ H
2 d R | [
= =7 Door
= Hlfﬁ valve .
v | vac. | i [Silica
o 1t - Ve
0| P | gulfi/e, . pt
-1 -=7
i [
| 1
= i
Silica guide — i [ . _.
(605 mm) in |9} i | Spin flipper | €
G10 m'E v
Polarizer F = . o
/Analyzer NS jgtaft‘gr}l
2‘1‘\ o 8
— >
'''''''' ___97‘4\ NG T N ’7"_'_'_’_ .-
9o M8 X
R()tary ValVe \ O—ring rrrrrr %
i
UCN detectorlil

: » Development of:

« Masuda, et al. Beam - Comaanetometers
tests July 7-16, 2009 )

and December 8-13, - Ramsey resonance
2009 at RCNP, Osaka. - New B-field geometry



y:UCN counts

Ramsey Resonance Results
Y. Masuda, et al, in preparation

400

Dec. 12, 2009, achieved:

3501 I J
300 It /\f\/ T, ~ 300 ms
250} I

Scaling to operating B, field:

200 ] |
sol | T, ~ 300 ms * (600/30)% = 120 s
E Magnetic field: Hy = - 203 mG
100+ Precession Time: T, = 100 ms . .
oL Te RF time : dt = 10 ms would be competitive with ILL!
Il S i H ; amplitude : 1.613 V,,, . . .
50 . (assuming motional narrowing)

520 540 560 580 600 620 640 660 680
x:Frequency [Hz]

Nearing state-of-the-art in low-field NMR!

» Successful demonstration of the basic technique behind precision EDM measurements.
« Improvements in field homogeneity, profile, magnitudeor longer T,.



EDM Statistics

h
* ILL: 7 () = 20ETVN
- «=0.64, 7=130 s, E=10 kV, N=14000 UCN/cycle
- 1 UCN/cc: o(d )=1.7 x 10*° e-cm/day

- Final stat. error: o(d )=1.5 x 10*° e-cm

 TRIUMF with increased UCN density:
- 10* UCN/cc: o(d )=1.7 x 10" e-cm/day

* e.9. SNS projected:

- o(d ) ~ 3 x 10" e-cm/day (B. Filippone, FNAL seminar 06)




n-EDM at TRIUMF

« Complete experiments in Japan, 2009-2012.
« Develop LOl/proposal for TRIUMF ~ 2010-11.
« Unique aspects of the EDM work in Japan:

- New UCN production mechanism aiming for highest
density

- Higher UCN density allows smaller cell size
- New DC coil geometry
- Xe comagnetometer

to this exciting experiment!!!

Next data-taking run starts April 18.



Timeline

« June 2009: Source funded in Canada and Japan!!!
- JSPS, CFI, TRIUMF, Acsion Ind., Govt of MB, UWpg.
e 2009-12:

- develop UCN source in Japan, EDM experiment

- preparations and design at TRIUMF

— develop collaborations and proposals for experiments

e 20

e 20

5.-
4--

4: Install, commission at TRIUMF
5: First experiments



Thank you!

Osaka, July 20009.







In-:rrmal TRIUMF beam, 4 min.

Kicker Concept
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« UCN data when cyclotron is on (8 months/yr.)



Summary of CFl request

ltem Cost Funding Source

UCN cryostat system $4M Japanese collaborators
Beamline $2M TRIUMF 5YP request

Kickers, shielding, spallation target $4.225M CFI NIF

Moderator design $0.675M Manitoba + Acsion Industries
Total $10.9M +$0.25 M UWpg

« UCN cryostat system includes:

- Existing UCN source ($2M)

TRIUMF support for
University Initiatives

- Modifications to source for TRIUMF ($2M)

« Horizontal extraction, improved guide technology, etc.

« Canadian money for physics experiments:

- separate budget from NSERC.
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