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Project Summary

We propose the construction of the world's highest density source of ultracold neutrons
(UCN), the Canadian Spallation Utracold Neutron Source (CSUNS). The project would be
a collaborative effort between Canada, Japan, and the US.

A wi ndow of opportunity exists to capitalize on the successes of Japanese col |l aborators
devel opi ng new technology to produce UCN, allowing the Canadian project to surpass
ot her proposed sources el sewhere. The UCN source would be | ocated in Canada at TR UMF
Vancouver, BC. This location is ideal because of the high-intensity high-energy proton
beam avail able, which is used to drive the UCN source. The truly high density that
could be obtained at TRIUM would allow a class of precision neasurenents of the
fundanmental properties of the neutron to be conducted with significantly higher
preci sion than any other UCN source. The project would therefore nmake a mmjor inpact
on studies of fundanental physics with UCN Fundi ng for physics experinments would be
requested in the future from a conbination of NSERC, Japanese, and other internationa
sources. Being the nobst intense source of ultracold neutrons in the world, the source
woul d attract many international users to Canada.

The UCN source technology is a superthernmal source based on the downscattering of cold
neutrons (CN) in superfluid liquid helium Neutrons are |iberated by proton-induced
spal lation from a tungsten target. The neutrons are noderated in roomtenperature and
20 K cold noderators. The resultant cold neutrons are down-scattered by phonons in
superfluid 4He (He-11) to UCN energies. UCN are transnitted through guide tubes to
experi nents.

The experinments that would be conducted initially at CSUNS woul d be neasurenents of the
neutron lifetime, of neutron energy levels in the earth's gravitational field, and of
the neutron electric dipole nonent.

The infrastructure that is required is as follows: a fast kicker magnet to divert the
proton beam to the UCN source, a fully instrumented beamline to deliver the proton
beam a tungsten spallation target and associated handling and cooling equipnent, the
cryostat containing the UCN source itself and associated cryogenic equipnent, and,
finally, radiation shielding in the form of steel and concrete bl ocks. I n-kind
contributions to the project would be supplied by a conbination of TRIUVF (NRC) and
Japanese sources.

The fundamental neutron physics experinments that would be conducted using the UCN
source have been identified as the highest priority experiments for this field. The
compl etion of these cutting-edge experinents would represent a |ong-term program for
subat om ¢ physics in Canada. Since the Canadian project would produce the highest
density of UCN, Canada would thereby lead the rest of the world in this field.
Initially, the programwould focus on the follow ng suite of experinments:
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* A precision neasurenent of the neutron lifetine. The neutron lifetime is a critical
parameter in astrophysics in that the neutron lifetine determ nes the abundances of
light elenments in our wuniverse. It is also a critical paraneter for accurate
determ nations of a paraneter of the standard nodel of particle physics V_ud. An
accurate neasurenment of this paraneter is inportant for searches for new physics beyond
t he standard nodel .

* Precise spectroscopy of the quantized energy |levels of neutrons confined above a
mrror in the earth's gravitational field. This experinment would test theories of
nmodi fications to gravity, predicted by string-theory notivated nodels involving extra
di mensi ons.

* A search for a non-zero neutron electric dipole noment. Such an experinent ainms to
search for an explanation of the predom nance of matter over antimatter in the
uni ver se. A non-zero value found at the current level of sensitivity would also

i ndi cate new physi cs beyond the standard nodel .

None of these projects can currently be conpleted in Canada because of a lack of the
appropriate infrastructure. The project would therefore represent a new direction in
subat om ¢ physics in Canada. The world-leading facility that would be created woul d
i ncrease involverment in Canada's scientific program from new users outside Canada.
Many of the other collaborators |isted on the proposal who are from outsi de Canada have
never done so before. Their interest in the Canadian project is due to the fact that
they want to be involved in this world-leading facility. The Japanese and U.S.
col l aborators, who are from prestigious institutions in those countries, are already
asking for time to use the facility, and would either |ead or otherw se be involved in
the cutting-edge experinments |isted above.

The technology used in the creation of the infrastructure is also state of the art.
Uni que technologies used in the ultracold neutron source are cryogenics, vacuum
technol ogi es, nuclear instrunentation, RF technology, and superconducting technol ogy.
Many of these technol ogies are common to the nedical field, and there is typically a
| arge cross-over in personnel. Neutron transport issues in the UCN source are simlar
to those encountered in the design of future nuclear reactors, and sinmlar to the
nmodern-day use of radiation-related technologies to safety and to advanced
manuf acturing nmethods. Acsion Industries, a Manitoba business with expertise in this
area, has therefore joined the project and has provided an in-kind contribution to help
study these issues.

Over the period of construction and operation of the infrastructure, the project wll
contribute to the training of a large nunber of undergraduate students, graduate
students, and postdoctoral scholars. These highly qualified personnel would be trained
in the use of the aforenmentioned technologies, and in the science of fundanental
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physi cs. Such personnel therefore receive training in some of the highest
t echnol ogi cal | y-advanced science in the world. They are wusually highly notivated
i ndividuals who can succeed in alnost any technological field in today's know edge-
based society in Canada.

The project therefore satisfies the People, Know edge, and Entrepreneurial Advantages
mentioned in Canada's S&T priorities. It also pronotes world-class excellence by
targeting an area of strength in basic research.
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Institutional Priority and Commitment

Criterion Standard:

The proposed project is of strategic importance to the institution. The institution has made and will continue to make
tangible and significant commitments in support of this area of strategic priority. These commitments are, or will be, of
direct benefit to the proposed project, including the attraction and retention of the best researchers.

Each of following aspects must be addressed:

1. Describe the significant support that the institution has provided to this area of research (e.g., institutional
resources committed to capitalize on the proposed infrastructure, the creation of new research positions, or
research chairs in these areas, etc.).

2. Describe the significant and tangible contributions that the institution will make to the current and on-going
needs of the proposed project.

3. Explain why this project is important to the fulfillment of the institution's strategic research plan.
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Criterion Standard:

The research opportunity is timely and has the potential to lead the breakthroughs in research or technology
development. The proposed research or technology development is innovative and at the leading edge internationally.

Each of following aspects must be addressed:

1. Describe the proposed research or technology development activity and the potentially transformative and
innovative aspects of this endeavour.

2. Explain why it is important to pursue the proposed research or technology activity at this time.

3. Explain how the proposed research or technology development activity complements or differs from comparable
research or technology development being conducted nationally and/or internationally.

1. Proposed Research and its Transformative and | nnovative Aspects
1.1 Introduction: Utracold Neutrons and Sources

Utracold neutrons (UCN) are neutrons of such remarkably |ow energies that they are
totally reflected from the surfaces of a variety of materials. Hence, UCN can be
stored in bottles for long periods of tinme, whereas higher-energy neutrons would either
pass through or be captured in the walls of the bottle. Typically, UCN have Kkinetic
energies that are less than 300 neV. Correspondingly, UCN are strongly affected by
various fields, such as the Earth's gravitational field, and by strong magnetic fields
(7 T1T).

The difficulty encountered historically in producing UCN has been to |iberate them from
atomic nuclei, and then to efficiently and effectively cool the neutrons w thout
suffering large losses. In the past decade, a new nethod of cooling the neutrons has
come to light. Based on a technique from condensed matter physics, sources that enploy
this method of cooling are known as superthernmal sources.

The advent of superthermal sources of UCN is just now beginning to transform the
| andscape of fundanmental neutron physics. These sources have now have now denonstrated
UCN densities surpassing all previous sources. Sources are being proposed at various
facilities in the world. Qur proposal is to construct The Canadian Spallation
U tracold Neutron Source (CSUNS). As will be explained in section 3, this project
woul d exceed the capabilities of all planned future UCN sources worldwi de. The source
woul d provide the highest density of UCN ever achieved, and would enable the nost
preci se measurenents in fundamental neutron physics ever conduct ed.

1.2. Proposed Research Activity at CSUNS
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G ven the new technol ogy that has |led to this breakthrough in UCN production, a variety
of new UCN experiments can be envisioned that can now be conducted wth higher
precision than ever before. W have considered a variety of physics experinents that
coul d be done with the Canadi an source, and have decided to focus in the short term on
the three experiments with highest scientific priority for the field:

* a precise nmeasurenent of the neutron lifetine,

* characterization of the recently discovered UCN quantum states in the Earth's
gravitational field, and

* a search for a non-zero neutron electric dipole nonment.

Each project has its own physics interest and tineline, so that, in tine, a series of
UCN experinents woul d be perforned at the CSUNS facility.

The funding that we are requesting in this proposal is for the UCN source, CSUNS,
al one. The experinments thenselves are significant undertakings, requiring their own
fundi ng, which would be sought from a conbi nati on of NSERC, Japanese, U.S., and other
i nternational sources once the infrastructure project (CSUNS itself) has been funded by
CFl. These cutting-edge experinents, each with their own physics interest in searches
for new physics beyond the Standard Model, justify the construction of CSUNS.

In this spirit, we now briefly describe the physics notivation, tinmeline, and the
current status and col |l aborators involved in each experinment, assuming the superthermal
UCN source (CSUNS) were to exist. (W return to the discussion of the UCN source
itself in section 3, in the section "Need for the Infrastructure”, and in the "Budget
Justification" nodule.)

1.3 Neutron Lifetine

Preci se nmeasurenents of the neutron lifetine are of physics interest primarily for two
reasons:

* The neutron lifetime is an essential parameter for Big-Bang Nucl eosynthesis (BBN)
calculations, and is currently the dom nant uncertainty for accurate BBN predictions

[1].

* The neutron lifetime can be used, in conbination with neasurenents of angular
correlations in neutron decay, to extract the CKM matrix paraneter V.ud. V. ud is the
nost precisely neasured, large paraneter in the CKM matrix and is useful for a variety
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of tests of the unitarity of the CKM nmatrix. Lack of wunitarity would signify new
physi cs beyond the standard nodel. Currently, V. ud is nost precisely determned from
super al | owed nucl ear decays. UCN lifetime experinents offer an independent check of

the nucl ear extraction, free of nuclear corrections.

Figure 1 (in the attached pages) displays the current status of the CKM matri x el enent
V_ud. It also displays the current status of previous experinental results for the
neutron lifetine. There exists a seven sigma discrepancy between the nost recent
preci se measurement of the neutron lifetime (878.5 +/- 0.8 s, [2]), and the average of
all previous neasurenents (885.7 +/- 0.8 s, [3]). The nost recent precise neasurenents
have been performed in traps forned by the nean Ferm potential of material walls [4,
5] or material walls in conbination with gravity [2]. The |argest systematic
uncertainties in these experinents arise due to effects of the interactions of the UCN
with the material walls of the trap. At TRIUMF, a nmgneto-gravitational trap would be

used to confine the neutrons, thus renoving such effects. Simlar projects wth
magnetic trappi ng of UCN have been discussed in the context of experiments at LANL [ 6],
and el sewhere [7, 8, 9]. Qur project would build on prelimnary research perforned at

LANL, achieving better precision at CSUNS because of the increased density of UCN that
woul d be avail abl e there.

The new nagnetic trap experinments have identified an inportant new systenmatic effect
specific to magnetic traps: marginal trapping of UCN with energies larger than the trap
depth. These quasi-trapped UCN can escape fromthe trap with tinescales simlar to the
neutron lifetime, potentially giving a large systematic effect. These UCN nust
therefore be renoved fromthe trap rapidly so that measurenents of the UCN lifetinme can
be perforned. The LANL trap design deals with this problem by introducing chaotic
neutron orbits within the trap so that the quasi-trapped UCN rapidly sanple their
al | oned phase space and escape. New ways of cleaning these UCN fromthe trap will be
di scovered at LANL, thereby making the statistical uncertainty dom nant. The hi gher
UCN density available at CSUNS would then be wused to reduce the statistical
uncert ainty.

1.3.1 Neutron Lifetine Experinent for CSUNS

The magneto-gravitational trap from LANL [6] is designed to contain field-repelled
neutrons, i.e., neutrons in a positive-energy eigenstate of the spin-field interaction.
Figure 2 (found in the attached pages) shows the proposed trap for CSUNS, which would
be based on the LANL design. The design calls for an open-top nagneto-gravitational
bow trap with two independent magnetic-field-generating conmponents: high-strength
neodymi um i ron-boron (NdFeB) permanent-nmagnet (PM Hal bach arrays [10, 11] that form
the open-top bow -shaped trap surface, and a envel opi ng set of current-carryi ng wi ndow
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frane coils outside of the bow .

The PM arrays produce a field in the trap volune that is approximately 1 T at the
surface and falls off exponentially in normal distance fromthe PMarray surface with a
characteristic length of about 1 cm the PMfield is the main confining field of the
neutrons. The effective trap volunme is 0.6 cubic netres. The wi ndowfrane coils
produce a field of approximately 0.05-0.1 T that is everywhere perpendicular to the
dom nant conponent of the PMarray field and perforns two essential functions: first,
to guarantee that the trapped neutrons never encounter a zero field magnitude, and
second, to guide the decay electrons to the detectors at the two ends of the trap.
Under these conditions, neutrons with | ow enough kinetic energy are perfectly reflected
fromthe field near the trap surface, and if their kinetic energy at the bottom of the
trap is small enough to not exceed the trap height, they would stay in the trap for an
effectively infinite time, except for their natural decay.

Neutrons are fed into the trap with a nechanically operated trap door at the bottom of
the trap. The upper surface of the trap door is covered with a Hal bach |inear PM array
in such a way that when the door is closed, the conbination of the trap-door PM array
and the PM arrays on the trap surface around the door opening forns a continuous
Hal bach array without gaps. The trap door will be opened and closed by an actuator
bel ow the bottom of the trap. Cal cul ati ons have shown that forces on the trap door are
manageabl e fromthe point of view of the nechanical actuator (on the order of about 800
N in the worst-case position).

Quasi -trapped neutrons are renoved during the filling/cleaning phase of operation by a
neut ron-absorbi ng cl eanout surface that is lowered to a height that is approxi mately 5-
10 cm below the top of the bowl. The cleanout surface is then withdrawmn to a |evel
above the top of the trap after the trap door is closed and before counting of neutron
decays for the lifetine measurenment is started. In order to facilitate renoval of
quasi -trapped neutrons, the bow has shallow inclination angles on one side and at both
ends that force neutrons to acquire a large vertical velocity conponent at sone point
along their trajectories and then reach a sufficient height to strike a cleanout
absor ber. Moreover, chaotic orbit behavior is induced by ripples in the pernanent-
magnet field.

A prototype of the trap is under construction at Los Alanps. |Individuals from that
col I aboration have joined the TRIUMF UCN effort: J.D. Bowran, B. Filippone, T. Ito, and
B. Plaster. Since it is already in developnent, and would have a relative short
running tinme, the neutron lifetime experinment is a candidate for the first fundanental
physi cs experiment at CSUNS.

A neasurenent of the neutron lifetinme with precision <1 s, but perfornmed in a nagnetic
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trap free of the systematic uncertainties which hinder material traps, would be a very
exciting achievenent for this field. Such an experinment could be conpleted at CSUNS in
the 2013 tinefrane. The superior UCN density achieved there would be instrunmental in
achieving the < 1 s statistical error bar required.

1.4 Gavity Levels Experinent and Pl ans for CSUNS

Recently, a group at ILL has successfully observed the quantization of the energies of
neutrons confined above a UCN mrror in the Earth's gravitational field [12]. The
experinent is an interesting application of quantum mechanics to m cron-sized quantum
states. The experinental result has been used to place linmits on nodifications to the
short-range (10 nicron) behavior of gravity. The result therefore has inpacted
theories involving micron-scale extra dinmensions. The result has also been used to
constrain axion nodels [13].

The same group at ILL is mounting a nore advanced experinent (the GRANI T experinent)
where they would attenpt to excite resonant transitions between gravitational levels in
a UCN bottle, achieving better resolution in the |evel spacing and hence placing
tighter constraints on theories.

These experinments are limted in their scope by the UCN density available at |ILL.
TRIUM- therefore would have a distinct advantage for a new experinental effort.
Additionally, this is a relatively new avenue of research in the UCN comunity, and
much progress is being made rapidly. A tinely experiment at TRIUVF would have a | arge
i mpact on the field.

The experinent would take roughly one year to conplete. The design of this experinment
and the main detector are underway in Japan. This being the case, and owing to the
short run tine for the experinent, this experinent is therefore also a candidate to be
one of the first fundanental physics experinents to be conducted using the UCN source
at TRl UVF.

1.5 Neutron Electric Dipole Mnent (n-EDM

El ectric dipole nonents for fundanental particles are forbidden by tinme-reversal
symretry. The snall anpbunt of CP violation in the standard nodel |eads to very tiny
EDM s (for the neutron EDM 107-31 e-cm). However, new sources of CP violation beyond
the standard nodel are required to account for the observed baryon asymetry of the
universe (BAU). In nany nodels of physics beyond the standard nodel, extra sources of
CP violation are often present. Such nodels often naturally generate neutron EDM s at
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the 107-27 e-cm level [14]. The current experinental limt on the n-EDM is d_n <
3x10"-26 e-cm [15]. The next generation of experinents at ILL, PSI, and SNS aim to
constrain the n-EDM to the 107-27-10"-28 e-cm |evel. The aim of an experinment at

TRI UMF woul d be at the 107-28 e-cm | evel.

1.5.1 Experinental Principle

Neutron EDM neasurenents use Larmor precession under a static magnetic field and a
static electric field. The effect of an EDMis extracted upon electric field reversal.
The phase shift that would be induced by a non-zero electric dipole nmonment in the
electric field is measured by means of neutron polarinmetry and hence the neutron
electric dipole nonent d_n is extracted.

The statistical uncertainty on the EDMis mnimzed for the |argest nunber of neutrons
sampl ed. For experiments where the experimental volune is smaller than the UCN source
volume, it is UCN density that is therefore the nost inportant factor, and CSUNS will
be the world | eader in UCN density.

Systematic errors that reverse sign with E reversal mnust also be carefully controlled.
Systematic effects arise due to nagnetic field instability, due to changes in magnetic
field induced by |eakage currents, and due to notional magnetic fields in the rest
frane of the neutron. To correct for magnetic field instabilities, a "comagnetoneter”
is used. The comagnetoneter is sinply an atomi c speci es which sanmples the sane fields
experienced by the neutrons.

In the highest precision experinments, an additional systematic effect nmust be
considered which arises from magnetic inhonogeneity and relativity: the recently

di scovered "geonetric phase effect" [16, 17, 18]. This effect arises due to a
conbi nation of magnetic field inhonbgeneity and neutron notion effects for neutrons
confined to a trap. Future experinents nust be careful to take into account this

effect in their design, which any effort at CSUNS woul d certainly do.

1.5.2 Previous n- EDM experinents

In the previous ILL experinent, UCN were confined in a 50 cmdianeter, 12 cmtall cell,
inaluT magnetic field and a 12 kVIcmelectric field. The result for the upper linmt
on the n-EDM was d_n<3x10"-26 e-cm wth the precision limted by statistics. The UCN
density in the EDM cell was 0.7 UCN cc.

A co-magnetoneter of 199Hg was used; hence magnetic field fluctuations were well
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nor mal i zed. Systematic errors associated with E reversal, were controlled to better
than 107-27 e-cm The fal se EDM due to the geonetric phase effect was characterized as
a function of the field gradient so that the systematic error could be reduced.

1.5.3 Future n- EDM Experinents

A broad variety of novel, cutting-edge techniques are being pursued for the next
generati on of n-EDM searches. Sone of the proposed techniques have not been proven
experinentally at this tine. An n-EDM experinent at CSUNS would build on research
completed by the npst successful of the three nmajor experinmental groups pursuing
measurenents at this tine. W now review these future efforts which will first occur
el sewhere.

A new EDM neasurenment at ILL ("CryoEDM') will use a double cell (24 cm dianeter and 4
cm height for each cell) with UCN of density 1000 UCN cc. The cell will reside in a
superfluid helium bottle. In this way, an electric field can be applied with |ower
| eakage current. A superconducting magnetic shield will mninize systematic errors
associated with field instability. For one cell, an electric field of 40 kW cmw || be
applied while, for the other cell, no electric field will be applied. Neutrons in the
second cell wll hence be used as a nmagnetoneter, but no co-nmagnetoneter wll be
present in the neasurenent cell in the initial phase of the experinent.

A group using the future UCN source at PSI is also preparing an n- EDM experinent. They
will carry out a prelimnary neasurenent at ILL with the previous EDM cell of ILL, and
then a neasurenent of 5x107"-27 e-cmat PSI from 2009 to 2010. The UCN density in the
EDM cell will be 1000 UCN cc. The experinment will enploy several magnetoneters outside
the EDM cell. They are aiming for a precision of 5x10"-28 e-cm in neasurenents from
2011 to 2015 [19].

A new n-EDM neasurenment enploying a unique experinmental technique is also in
preparation for the SNS. A cold neutron beam fromthe SNS will inpinge upon a vol une
of superfluid 4He creating 150 UCN/ cc. The n-EDM neasurenment wi |l be conducted in the
same volune. A small anpunt of polarized 3He introduced into the superfluid 4He will

act as a co-magnetoneter. A "dressed spin" technique will be used, where the neutron
spin precesses with the sanme frequency as the 3He spin. The neutron spin will be
aligned with the 3He spin, so that essentially no neutron captures wll occur. Any
smal | effect caused by a non-zero EDM will nodul ate the capture rate on E-reversal.
The capture rate will be neasured by sensing scintillation light produced by the
capture products. The goal precision is 10"-28 e-cm Many technical chall enges nust
be overcone for the experiment to be successful. The geonetric phase effect for the

3He nmagnetoneter can be large conpared with 199Hg, but is mitigated because of
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collisions with the surrounding 4He [17, 18]. Measurements at the SNS will begin in
2013 [ 20].

1.5.4 Plans for n-EDM at CSUNS

We envision that any n-EDM effort at TRIUMF would occur after the conpletion of this
new round of n-EDM neasurenents at ILL, PSI, and SNS, in the time frame of 2015 and
beyond. It is difficult to say at this time which of these differing techniques would
be shown to be the nobst successful by that tinme, and which would be best able to use
the increased statistical precision which would be possible at TRIUVMF. One possible
scenario for the initial and fast conpletion of an EDM project at TRIUW would be to
simply nmove one of the devices from e.g. ILL or SNS, sinilar to the initial PS
strategy. To take advantage of the higher density at TRIUM- for systematic error
reduction, a new and significantly smaller neasurenent cell would need to be designed.

This section is continued in the attached pages.
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Criterion Standard:

The principal users of the infrastructure are experts in the relevant research or technology development domain. The
research group has the expertise and experience to lead the proposed endeavour.

Each of following aspects must be addressed:

1. Demonstrate that the research group is comprised of highly accomplished researchers and may also include
new researchers who have demonstrated potential for excellence and leadership in all the proposed field(s), or
experts in technology development who have been recognized for their accomplishments. If any principal users
are to be recruited, describe the recruitment plan.

2. Explain how each principal user will use the infrastructure to contribute to the proposed research or technology
development.

3. Describe the existing or emerging collaboration and complementarity among the principal users.

4. Demonstrate that the principal users/team have the research or technical expertise to capitalize on the use of
the requested infrastructure.

1 Acconplishnents and Expertise of Principal Users

The principal users listed on the proposal are Canadians who all have denonstrated
track records of significant achievements in experinmental subatomics physics. They are
wel | -respected in the Canadi an subatom c physics comunity and internationally. The
one Japanese collaborator listed on the proposal is Y. Msuda, who is a well-known
researcher in neutron physics worl dwi de.

The project leader, J. Martin, was a driving force behind the construction of the UCN
source at Los Alampbs National Lab (LANL) and was a leader in the experinents
subsequently conducted there. The LANL UCN source currently holds the world record for
hi ghest UCN density achieved at 145 UCN cc. This has served as the first and to date
nost inpressive validation of the superthermal technique that we will use to produce
UCN. Also, he has been a leader in detector developnent in the UCNA project at LANL,
where his research has focused on the devel opnment of detectors for the UCNA experi ment
and on the study of systematic effects due to backscattering of |ow energy electrons
from the surfaces of detectors. Prof. Martin perfornmed research at two of the nost
prestigious universities in the U S : MT, where as a graduate student he perforned the
first extraction of the gluon contribution to the proton's spin from high transverse
nmonent um pions; and Caltech, where as a postdoctoral fellow he conpleted the LANL work
and experinents in electron scattering on the contribution of strange quarks to the
nucl eon form factors. He is currently leading two major detector projects in the Q
weak experinent at Jefferson Lab.
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The research group of J. Martin, J. Birchall, C Davis, M GCericke, E Korknmaz, S.
Page, and W van QCers has successfully conpleted difficult parity-violation experinents
at various labs. Wth recent arrival of new faculty nenbers (J. Martin and M GCericke)
the group has renewed its interest in fundanmental physics with UCN and CN. The group
is currently involved in a large project to nake the world' s nost precise determnation
of the weak mxing angle from e-p elastic scattering at Jefferson Lab (the Q weak

experinent) which will be installed next year. Though these Canadi ans and their group
represent only 10% of the Q weak collaboration, they are arguably the nost well-known
and effective group contributing to the project. This includes |eadership since S

Page is the spokesperson of the collaboration.

M Gericke, S. Page, and J. Martin are leaders in future experinments at the SNS
(Spall ati on Neutron Source, Cak Ridge, TN), as well, primarily neutron beta-decay and
parity-violating neutron hadronic weak interactions. M Gericke, in particular, is the
spokesperson of an experinment to neasure parity-violating capture of neutrons on 3He.
He al so serves on the executive conmittee of the npdganmma experinent.

J. Martin and M GCericke both have successfully obtained funding fromthe CFl LOCF for
detector fabrication and testing facilities at their respective universities.
Infrastructure for these |laboratories will be used to support detector fabrication for
the future experinments at CSUNS.

J. Birchall, C Davis, S. Page, and W van Cers have been involved in experinments at
TRIUMF to neasure nmedi umenergy neutron scattering fromlight nuclear targets to study
the strong force.

The group also has denonstrated a strong conmmitnment to service in the scientific
comruni ty. S. Page is currently serving as president of the Canadian Association of
Physicists. W van QCers currently represents Canada on several high-profile subpanels
of the International Union of Pure and Applied Physics. Both have served on the G ant
Sel ection Conmittee for NSERC Subat om ¢ Physics (GSC 19).

The group has been aneliorated significantly by two ot her researchers well-known in the
Canadi an comuni ty.

M Hayden is a leader in UCN production in superfluid He and has recently authored a
paper in PRL on the characterization of 3He inpurities in superfluid 4He. This paper
is related to the devel opnment of the SNS n-EDM project. He is very well-respected in
the UCN community for these nore recent achievenents. He is also regarded as a world's
expert on lowfield NMR techniques and on novel magnetic field sensors (SQU D s) used
in such experinents. He is currently a collaborator on the ALPHA experinent at CERN
whose goal is to performthe first trapping of antihydrogen for spectroscopy.
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L. Buchmann, has been the main proponent of far-future experinents and has denonstrated
the potential use of this UCN source as a free neutron target. He is nost well-known
for his research on nuclear structure, nuclear astrophysics, and fundanmental symmretries
in nuclei. He is currently a collaborator on the DRAGON and TUDA projects at TRI UVF.

There is also a great deal of expertise available at TRIUMF. The laboratory clearly
has the capability to construct the proposed source, and the commtnment of TRI UMF has
been denobnstrated by substantial contributions to the project. Future hires of new
scientific staff would be made at TRRUMF in the area of fundamental symetries, and
such personnel woul d conduct research using both CSUNS and the TRIUVF | SAC project. W
note a | arge degree of conplementarity between the two projects.

Y. Masuda is the |eader of the UCN source devel opment project in Japan. He is a well-
recogni zed researcher in the field of neutron physics. In the past several years he
has dedicated all his research power into his successful and published technique of
coupling a superfluid 4He UCN source to a spallation-driven target. It is his
denonstrated source that will form the foundation for the CSUNS project. He is also
wel | -known for his ground-breaking work in fundanental T and P violating processes in
nucl ei, and in neutron-nucleus interactions.

2 Contributions of Principal Users to the Proposed Research

Each principal wuser has already contributed to the developnment of the physics
experinents and facility case for CSUNS and will continue to do so into the future.
Once the project is underway, the collaborators wll dedicate thenselves to the
successful conpletion of the neutron lifetine experinent. Y. Masuda, M Hayden, and J.
Martin would also perform the n-EDM developnent work that would be conducted
sinul taneously. The principal users are also involved in the managenent structure of
the project, as will be discussed in the "Managenent" section.

3, 4 Existing and Energi ng Col | aborations, Conplenentarity, and Technical Expertise

The existing CSUNS col |l aboration (including other users) is expected to grow if funds
are granted by CFl. At that time, nore individuals across the world working on simlar
projects would be invited to join the project.

The collaboration already has a great deal of conplenentarity anong its principal
users, in a variety of aspects such as the point in their respective careers, to the
topics studied in their established research topics. In particular we note the
expertise of M Hayden in condensed matter physics, has a detail ed understanding of the
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basi ¢ physics nechani sns behind the operation of the UCN source. This experti se,
coupled with Y. Msuda's and J. Martin's practical experience in constructing UCN
sources, conmbined with the expertise of the other principal wusers in conducting
difficult subatonmic physics experinents and neutron physics experinents has led to a
vital and active collaboration with the required technical expertise to conplete the
infrastructure project and the research to be done there.
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Criterion Standard:

The infrastructure requested is appropriate and essential to support the proposed activities. It will establish or
enhance a unique and important institutional capability in an area of leading edge research or technology
development.

Each of following aspects must be addressed:

1. Explain why the requested infrastructure is appropriate for the proposed research or technology development.
2. Explain why the proposed research cannot be supported using existing infrastructure.

3. Describe the availability of similar infrastructure within the institution, the region, the country, and/or
internationally and address any issues of accessibility, complementarity, duplication, and sharing.

1 Appropriateness of the Requested Infrastructure for the Proposed Research
1.1 Introduction

The fundanental physics experinents envisioned for CSUNS (described in "Quality of the
Research") all have one feature in common: they are currently linmted by the statistics
achi evable in the experinent. For this reason, it is the achievement of the highest
possi bl e densities of UCN which is the npbst inportant factor.

The UCN source technol ogy proposed is a superthermal source based on downscattering of
cold neutrons (CN) by phonons production in superfluid 4He [23]. Fig. 4 (in the
attached pages) displays a schematic diagram of the proposed UCN source.

Neutrons are liberated by the highly efficient process of proton-induced spallation
froma tungsten target using the 500 MeV TRIUMF proton beam It is the conbination of
these two features (spallation, conbined with 4He technology) that sets the CSUNS
project apart from the all other sources worl dw de. This source technol ogy has been
devel oped by Y. Masuda's group in Japan. Using a prototype source at the Research
Center for Nuclear Physics (RCNP) Gsaka, a UCN density of 10 UCN cc has al ready been
achi eved.

It is primarily the superior proton beam power in Canada (at TRIUMF) that would lead to
the creation of truly high densities of UCN. Since UCN production scales with beam
power, this results in a predicted increase in UCN density by a factor of 51 when
operated in Canada. This, coupled with increnmental gains from changes in geonetry and
UCN gui de technology resulting in an additional factor 20 gain, will give rise to UCN
densities exceeding 10,000 UCN cc at CSUNS.
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1.2 UCN Production

A new generation of UCN sources is being devel oped at many institutes in the world, and
t hese devel opnents nmake neutron physics an exciting and vibrant field. In the previous
generation (the turbine source at Institut Laue-Langevin, ILL, Genoble, France) the
UCN density was limted by Louisville's theorem The new UCN sources use phonons for
neutron cooling, and are free from the phase space limtation of the neutrons
t hensel ves.

UCN are created in superthernmal sources by transporting CN into a region of material
wher e phonons can be created. |Inportant paraneters for a source of this type are:

* CN flux

* lifetime of UCN in the materi al

* production rate of UCN from CN

For higher UCN production, a higher CN flux is preferable. However, w th higher CN
flux cones a higher heat l[oad, which is dominated by gamm's from neutron capture in
the surrounding material. For a 4He production volume, the UCN storage lifetine is

limted by phonon up-scattering, which strongly depends on tenperature, and the
lifetime would be severely affected if the heat transport out of the source material

couldn't be dealt wth. Fortunately, the superfluid 4He has essentially infinite
thermal conductivity, and heat can be renoved very effectively. The UCN production
rate is given mainly by CN s producing single phonons in the 4He. Mul ti phot on

excitations also contribute, making effective use of higher-energy CN.

After production, UCN are extracted to a UCN guide and a storage bottle for
experi nents. Extraction efficiency from the source material to the UCN guide and
transport efficiency to the storage bottle are inportant paraneters to obtain higher
UCN density for experinments.

1.3 The Prototype CSUNS Source at RCNP, Osaka

The Canadian source wll be based on the source of Y. Msuda, which is currently
installed at the Research Center for Nuclear Physics (RCNP), Gsaka University, in
OGsaka, Japan. The source uses a Pb spallation target and the UCN production material
is superfluid 4He. The source has been used to characterize UCN production from
superfluid 4He [23]. A picture of the source, as it exists in GCsaka, is shown in Fig. 5
(in the attached pages).
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The UCN production volune is a 10 L vessel containing superfluid helium located within
a 20 K heavy water vessel, in turn |located within a 300 K heavy water vessel. The beam
is operated at 390 MeV and at 1 uA

In an experinment conducted at RCNP in 2007, UCN were extracted from the 4He to a
vertical UCN guide of 1.2 m height and transported to an experinental port through a
hori zontal UCN guide of 3 mlength. At the experinmental port, the UCN density was 10
UCN cc at E C=90 neV. E C is the maxi mum UCN energy, determ ned by the properties of
the guide nmaterial used. The UCN storage lifetime was 30 s. The results are
consistent with a nodel of neutron transport and phonon production in the source. For
the nodel, an inportant consideration is the inclusion of multi-phonon excitations in
the superfluid 4He. These excitations allow higher energy neutrons to be downscattered
t hereby increasing the UCN production rate [24]. The result shows that UCN | osses upon
extraction fromthe superfluid heliumand transport through the UCN gui des are snall.

1.4 Canadian Spallation Utracold Neutron Source Paraneters

At TRIUMF, the 500 MeV proton beam will be used at 40 uA current. The production
scal es approximately proportional to beam power, giving a factor 51 projected increase
in UCN density over the prototype UCN source at RCNP, Gsaka. Oher gains will be had
froma reconfiguration of the source. The configuration of the superfluid 4He (He-I11)

in the source will be altered from the present vertical arrangenent at RCNP to the
hori zontal arrangenent displayed in Fig. 4. In this way, the CN flux in the He-I1 wll
be doubled sinply by decreasing the average distance of He-Il from the spallation
target.

A UCN density in the 4He of 55,000-110,000 UCNcc is expected internal to the
superfluid volune, where a conservative storage lifetime of 150 s was assuned (limted
by wall | osses, and to a | esser extent phonon upscattering). After the production, UCN
are extracted horizontally into a UCN guide, and transported to experinents. Thi s
hori zontal extraction gives another relative gain over the RCNP prototype source.
Taking this into account, the UCN density at the experinental port of the CSUNS source
woul d be 10,000 UCN/ cc at E C=90 neV. The horizontal guide quality will be inproved
over E C=90 neV, however we keep the estimate of 10,000 UCN cc as a conservative
esti mat e.

The UCN source will initially use 20 K heavy water (D20 as the cold neutron noderator,
which we intend to eventually upgrade to liquid deuterium (LD2). D20 is preferred
initially for its conparability to the existing Japanese source, the sinpler safey
i ssues conpared to LD2, and due to cost considerations. The disadvantage of D20 at 20
K, is that the CN tenperature will be 80 K, while for LD2 it would be truly 20 K. D20
is therefore not as well-matched to the phonon di spersion curve in superfluid 4He. The
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better matching of LD2 would increase the relevant CN flux, resulting in an eventual
UCN density of 50,000 UCN cc. The LD2 noderator would be pursued as a future upgrade
to the TRIUMF UCN source.

The conparison of sone of the parameters of this source to the rest of the world' s UCN
projects is sunmmarized in Table 1 (in the attached pages at the end of the "Quality of
the Research" section). For CSUNS, the nunmbers for both D20 and D2 noderators are
i ncl uded.

The beam power we can accept is limted by gamma heating from neutron captures in the
surrounding material. According to a conputer simnulation, the power deposited by gamm
heating in the superfluid is 8 W for our operating proton beam power of 20 kW
Fortunately, this heat can be quickly renoved by making use of the excellent thernmal
properties of superfluid helium to transfer the heat rapidly to a 3He cryostat and
through a heat exchanger. As a result, the heat is transferred to 3He gas via 3He
vaporization, and then renoved by 3He punping. The latent heat of 3He is 35 J/nol.
The cooling power of the 3He punping is represented as the product of the |atent heat
of vaporization, the vapor pressure, and the punping rate, divided by RT, where R is
the ideal gas constant and T tenperature. The saturated vapor pressure of 3He is 3
Torr at 0.8 K Therefore a punping speed of 10,000 cubic meters per hour applied to
the 3He at 3 Torr renoves 17 Wof heat. To further reduce the heat load, a CN filter
will be placed between the spallation target and the superfluid 4He volune, thereby
reduci ng the nunber of hotter neutrons entering that vol une.

Therefore, we estimate that the heat |oads expected for instantaneous 20 kW beam power

are well in hand for TRl UW. W note that taking the technology to significantly
hi gher proton beam currents, such as those available at PSI, SNS, or JPARC (the Japan
Proton Accel erator Research Conplex), would not be possible at this time. It is only

the denonstration of this new technology in Canada that would lead to future, even
hi gher density UCN sources worldwi de. This is an inportant reason for the creation of
CSUNS in its own right.

In order to operate at TRIUMF, the source wll require additional infrastructure
particular to the inplenentation in Canada, and primarily particular to the creation of
a dedicated user facility at significantly increased beam power over the RCNP prototype
UCN source. It is mainly this infrastructure which would be supported by CFl funds.
The details of the UCN source infrastructure is described in nore detail in the "budget
justification" section.

2 The research cannot be supported using existing infrastructure

As stated in the previous section, and as will be described in the next section, no
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simlar infrastructure exists in Canada or anywhere else in the world. Future sources
are planned outside Canada. The Canadian project will even surpass the future sources
inits capabilities.

3 Similar Infrastructure Pl anned El sewhere

No simlar infrastructure is available within Canada, nor is any simlar infrastructure
pl anned for Canada. This effort is totally unique with a wi ndow of opportunity that we
nmust capitalize on. Even outside Canada, no other simlar infrastructure is available
at this time; simlar infrastructure is planned in the future in other countries. In
the next section, we summarize these efforts and explain how the Canadian effort would
surpass them

3.1 Summary of Other New Generation Sources

A list of new generation sources was presented in Table 1 of section "Quality of the
Research", and we remnd the reader of the projects in that table (acronyns expl ai ned
there as well):

* CSUNS (TRIUMF), spallation 4He, 10, 000-50, 000 UCN cc.

* |LL, CN beam 4He, 1,000 UCN cc.

* SNS ORNL, CN beam 4He, 150 UCN cc.

* Munich FRM |1, reactor SD2, 10,000 UCN cc.

* NCSU Pul star, reactor SD2, 1,000 UCN cc.

* PSI, spallation SD2, 1,000 UCN cc.

* LANL, spallation SD2, 145 UCN cc.

O these, the LANL source is the only one currently in operation, on a testing basis.

This section is continued in the attached pages.
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Criterion Standard:

The management plans provide for the optimal implementation, operation, and functionality of the infrastructure. The
infrastructure requested will be managed effectively and efficiently, in keeping with the size and degree of complexity
of the project.

Each of following aspects must be addressed:

1. Describe the management structure to oversee the implementation, operation, functionality and sustainability of
the infrastructure.

2. Explain how the institution will address issues of access and utilization, taking into account scientific and user
priorities.

3. If applicable, describe any changes or modifications to existing plans as a result of the infrastructure being
requested and the integration or linkage with existing infrastructure.

1 Managenent Structure for Inplenmentation, Operation, Functionality and Sustainability

The managenment structure for CSUNS will follow the usual structure of npbst mediumto
| arge scale subatomc physics experinents. The collaboration will be led by a
spokesperson who is ultimtely responsible for nmanagenent decisions. J. Martin will
serve as spokesperson through the conpletion of the construction and conmm ssioning
phases of the UCN source and through the conpletion of the first experinent on neutron
decay.

Assi sting the spokesperson will be an executive council conprised of menbers of the
CSUNS col | aboration. Equity on the council between Canadi an and Japanese col | aborators
will be nmandated. Once funded, we envision expanding the collaboration significantly

both within Canada, and internationally, and such rules would be expanded accordingly.

The spokesperson and executive council wll be responsible for the successful operation
and utilitization of the UCN source. Wthin the executive council, there wll be
menbers local to the TRIUW facility, who will be responsible for the construction and
day to day operations of the source.

WD. Ransay (a senior research associate in the Wnnipeg/Manitoba group) is the
"liaison to TRI UVF". This position would continue throughout the construction and
commi ssi oni ng phase of CSUNS. The liaison is responsible for conmunications between
the CSUNS col | aboration, TRIUMF managenment, and the rel evant engineering and technical
groups at TRIUMF that are invol ved.

Once construction of the facility begins, C. Davis (TRIUVF) will serve as the technical
coordi nator of CSUNS. The technical coordinator will be responsible, initially, for
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overseeing the installation and construction of the UCN source. This will involve
supervi sion of technicians and contractors who will performthe installation. Once the
commi ssi oning phase of the experinent begins, the technical coordinator would be
responsible for overseeing day-to-day operations and nmaintenance. The technical
coordinator is also responsible for safety and liaising with the TRIUW safety office.

A local base of individuals at TRIUVF woul d be responsible for nanagi ng the day-to-day
operations of the UCN source. This human resource would be maintained at all tinmes.
For example, the liasion to TRIUW and technical coordinator positions would be
conprised of TRIUMF scientific staff supplenented by research associates within either
t he Canadi an or Japanese groups (sinmlar to the way WD. Ramsay's position is supported
by NSERC subat omi ¢ physics project grants).

Techni cal devel opnents and design studies are being conducted in Japan, supervised by

Prof. Y. Masuda. During the installation and conm ssioning phase, it will be critical
for Prof. Masuda to be located at TRRUM-. His position at TRIUMF woul d be supported by
KEK and TRIUVF jointly, through a visiting scientist agreenent. Several ot her

scientists from Japan would tenporarily relocate to Canada in a simlar fashion, along
with their trainees (graduate students and postdoctoral fellows).

For tasks requiring the expertise of physicists, the installation and conm ssioning
process wll be assisted by professors, postdocs, and students from the CSUNS
coll aborating institutions. Overall coordination of such efforts will be overseen by
the techni cal coordinator.

For infrastructure acquisition and devel opnent, a Gantt chart has been created show ng
a schedule for each major infrastructure itemrequested in the grant. The chart wll

be presented and discussed further in the financial section. Det ai | ed physici st,
engi neer, and technician personnel estimates for the project have al so been conducted
in comunication with TRIUMF and will be discussed in the budget justification section
of the finance nodule. Techni cal human resource needs wll be provided by a

combi nation of CFl funds and by an in-kind contribution from TRl UW.

2 Access, Uilization, and Scientific and User Priorities

The experinents that will be conducted at CSUNS will follow the usual approval process
at  TRI UVF, This involves presentation of the proposed experinent to the TR UWF
Experimental Evaluation Conmittee (EEC) for subatonm c physics. The EEC is conprised of
i nternational experts in subatom c physics. The comittee makes a decision on the
scientific priority of the experiment relative to other possible experinments. Thi s
existing structure, that has already been created by the l|aboratory, will be a very
important way to establish the scientific credibility of the CSUNS program The CSUNS
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project itself has already received approval from a special TRIUM- EEC neeting, which
focused on projects requesting approval for the next TRIUM NRC five-year funding
period (2010-2015).

Once the scientific approval process is conplete, scheduling of the experinents will be
decided by the CSUNS collaboration in conmmunication with the TRIUVF |aboratory
director, N. Lockyer.

3 Integration or Linkage with Existing Infrastructure

We have discussed the issue of integration into the existing facility at TRIUVF in
great detail with the TRIUMF director, managenent, and with various users already
conducting research at the facility (initiated through presentations at TRI UVMF Users
G oup neetings and working group sessions). Based on these and on subsequent
di scussions, the concept for the inplenentation of the CSUNS project at TR UMF was
deci ded. This plan has been agreed upon with TRI UMF director.

The UCN source makes use of the proton beam available from the existing TR UVMF
cycl otron. The cyclotron is an H cyclotron which has been in operation since 1974.
It has provided high-intensity continuous proton beans to users for fundanental and
appl i ed research since then.

I ndependent beanms are normally provided on one of two beam ports and proceed down
beam i ne 1A (BL1A) and 2 (BL2). The UCN source woul d nake use of Bl 1A, which proceeds
east of the cyclotron into an area known as Meson Hall (see the floorplan attached to
this docunent). That beamline is currently used by one subatom c physics experinment
(called Pi-e-nu), and by condensed matter and nmaterials scientists conducting nmuon spin
rel axation (nmuSR) experinments. Pi-e-nu will be conpleted in 2011. After this tinme the
installation of fabricated sections of CSUNS woul d proceed in the floorspace vacated by
Pi - e- nu.

As will be discussed in the financial section, the Meson Hall |ocation offers CSUNS a
variety of other pre-existing infrastructure that will be utilized in various ways.
The nost inportant of these is a beam dunp located at the far southeast corner of the
Hal I . For sensitive, |ow background subatom c physics experinments, it is very
important to pulse the proton beam on the spallation target so that the experinental
measurenents can be conducted during the period when the beam is "off". At TRI UVF,
this will be achieved instead by diverting the proton beam onto the CSUNS spallation
target periodically using fast "kicker" magnets. The rest of the time, beam would
proceed to the beam dunp in Meson Hall (as it nornally does now).

A side benefit of this plan is that the UCN source would only disturb the other users
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in Meson Hall (muSR) a projected 7% of the time. Exactly how this is achieved will be
di scussed in nore detail in the budget justification section of the finance nodule. W
therefore envision that CSUNS will be a well-integrated project at the | aboratory.
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Criterion Standard:

The plans for the optimal operation and maintenance of the proposed infrastructure for the first five years of operation
are appropriate and realistic. They will allow for its sustainable usage as well as provide for future upgrade
requirements.

Each of following aspects must be addressed:

1. Describe the significant requirements to efficiently operate and maintain the infrastructure (e.g., personnel,
utilities, supplies, upgrades, etc.).

2. Outline the sources of support for operation and maintenance costs and describe the contingency plans should
any of this support be unavailable.

1 Operations and naintenance pl ans

Qperation of the UCN source will be the responsibility of the CSUNS collaboration.
Mai nt enance of CSUNS will have shared responsibility with the TRIUMF | aboratory. Both
aspects represent the typical relationship of a research group (in this case, CSUNS)
with the | aboratory where the experinment is perforned (TRIUMF). This relationship will
now be discussed in nore detail.

1.1 Operations and Mii ntenance Peri ods

The 500 MeV proton beam fromthe TRIUMF cyclotron is generally operated 24 hours a day,
seven days a week, in eight-nonth periods. The remaining four-nonth period is used as a
mai nt enance period and for nmjor renovations and installations. It is planned, for
exanpl e, that CSUNS would be installed during a sonewhat expanded nmi ntenance peri od,
creating as little downtime as possible for cyclotron users.

1.2 Operations when running experinents

Qperation of the UCN source during the eight-nmonth running period wll also be
conducted on a 24 hour a day basis, dependent on the run schedule of the particular
experinment being conducted using CSUNS. This is in fact expected of all experinents
conducted at the l|aboratory, to naximize the efficient use of the available proton
beam During such times, a rotating three-person shift crew will be responsible for
running the UCN source and experinent. This is typically what is done, for exanple, at
the LANL UCN source, and at other nuclear physics experinents, dependent on the

complexity of the experinent. The crew will be conprised of menbers of the CSUNS

col l aboration, including professors, research scientists, postdocs, graduate students,

and undergraduate students fromall countries involved. |In addition to experinent and
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source operations, the shift crew for the experinent is typically in continual contact
with the cyclotron accelerator operators, who are responsible for delivering high-
quality, intense proton beam to the experinent. The typical shift load for a
col l aborator on similar experinents is one nonth of shifts per year. CQur collaboration
si ze, suppl enented by our students and postdocs, is consistent with this expectation.

Operations, when running, will be overseen by a run coordinator. This will be a
rotating two-week position staffed by nmenbers of the collaboration at the PhD | evel or
hi gher (postdoc and above). The run coordinator will report to the liaison to TRl UVF,

and will be responsible for communications with accel erator division at TRI UW.

During this 24-hour a day running node, a host of experts will be available to the
shift crew on an on-call basis. These are typically individuals who constructed the
particul ar physics experinent that is running at the tine, and scientific staff and
techni ci ans who are responsible for the CSUNS infrastructure.

Beam i ne operations and nmaintenance wll be the responsibility of the TR UW
Accel erator Division and their technicians. This division of beamine versus
experinent (in this case including the UCN source) is the usual arrangement at nost
| aboratori es. Indeed it is the Accelerator Division and accelerator operators that

will control all beamine paraneters when in operation.

1.3 Mai ntenance Personnel

The sane expert wusers, supplenented by technicians from the laboratory, wll be
responsi ble for nmaintenance of their experinmental equipnent. TRIUMF scientific staff
will be responsible for oversight in the maintenance of CSUNS equi prent once installed
at TRIUMF. However, two technicians will be necessary to maintain the infrastructure.
One technician would be responsible solely for all cryogenics infrastructure
(ultimately keeping the superfluid 4He at 0.8 K). The other would be responsible for
all other tasks, generally maintenance of vacuum systens, of the spallation target, and
for overseeing crane operations should |arge equi prment or shielding blocks need to be
moved. The requirenment of two technicians is consistent with technical staff present
at the Los Alamps source. W therefore envision asking for two technicians, stationed
at TRIUVF, as a part of a future CFl Infrastructure Operating Fund (I OF) request.

1.4 Uilities and Supplies

The main utility required is electricity to power equipnment such as vacuum punps,
refrigerators and coolant circulating systens, nonitoring equipnment, and conputers.
Conpressed air is required to operate certain vacuum valves. Such utilities would be
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provi ded by the TRIUMF | aboratory in the usual fashion.

The domi nant expense in supplies for the UCN source is the supply of liquid heliumfor
cooling. A system that does not reclaimthe heliumis wasteful and not sustainable.
The liquid helium consunption of the UCN source is 200 L/day during operation, which is
the size of a typical dewar.

Fortunately, a new central heliumliquifier systemw Il be present at TRIUVF by 2011,
and in discussions with TRIUMF we have negotiated to make use of this system All
hel i um vapour from boil-off at CSUNS will be recovered to a conpressor system and then
to a pressurized storage container that will feed the liquifier. Liquid heliumthereby
produced by the liquifier will be stored in a large dewar, which wll be tapped
periodically to fill a local dewar at CSUNS. This is a highly sustainable practise

done at nost universities and | aboratories requiring |arge anounts |iquid helium

Nonet hel ess, |osses from such systens occur, and we envision topping up the helium
supply periodically. This would be another aspect of a future CFl |1OF request.

1.5 Radiation Safety

Radi ati on would be produced in the UCN source, and in fact a great deal of the
engi neering of the spallation target and surrounding infrastructure itself goes into
safely dealing with this issue. Fortunately, the issues encountered are not outside the
normal scope of the TRIUVF | aboratory. The laboratory currently operates a spallation
target for the production of radioactive beans. Miintenance of the target would
therefore be conducted according to TRIUVF policies and procedures by highly trained
TRIUMF staff. This sort of naintenance would be overseen directly by the TR UV
Envi ronmental Health and Safety group.

1.6 Future Upgrades

Eventually, we intend to request an upgrade through CFlI for a cold liquid deuterium
(LD2) noderator at a tenperature of 20 K Having such a noderator would increase our
UCN density by a projected factor of five. This will be pursued at a later tine
because this version of the source involves a significant increase in the scope of the
project in terms of safety, conplexity, and materials costs.

2 Sources of Support for Operations and Maintenance Costs

As discussed in the sections above, the main source for npbst operations and nai nt enance
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costs, particularly those related with radiation safety and the proton beamine, is
TRI UMF. This is only the nobst natural of arrangenents, given the expertise of the
TRI UMF | aboratory, and the typical division that occurs between beam i ne and experi nent
(in this case including the UCN source).

Where we envision requesting support from CFl IOF is primarily for the support of
technicians and for periodic liquid helium top-ups accounting for our inpact on the
TRIUMF central helium supply. These requirenents are normally outside the domain of
the laboratory. This assistance would contribute to the long-termviability of the UCN
source and would be unique to CSUNS. W envision IOF would pay for half these
operations and mai ntenance costs and the contribution would be matched by TRI UWF.
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Criterion Standard:

The infrastructure requested will create or enrich a stimulating and innovative training environment that attracts high
quality trainees and imparts new high-level skills to HQP for research and other careers.

Each of following aspects must be addressed:

1. Describe the benefits of the proposed infrastructure for research training and career development.
2. Outline the extent to which the proposed infrastructure will be accessed directly by research trainees.

3. Describe the impact of the proposed infrastructure on future training of HQP as well as the impact that not
having access to the proposed infrastructure would have on training. Include an estimate of the number and
type of HQP (e.g., undergraduate and graduate students, postdoctoral fellows, technicians, technologists, other
trainees/students) to be trained.

1 Benefits of CSUNS for research training and career devel opnent

Perform ng research on fundanental neutron physics experinments is excellent training
for problemsolving in real-world situations. Students and postdocs in nucl ear physics
must use a variety of resources in order to conplete conplex tasks. In the course of
an experinment, personnel can be trained on design of future experinments, computer
sinul ati on, design and construction of custom hardware, installation and conmi ssioni ng
of hardware, acquisition and analysis of data, and effective comrunication of progress
at neetings and of results through authorship of publications. Uni que technol ogi es
used in this proposal are cryogenics, vacuum technol ogi es, nuclear instrunentation, RF
technol ogy, and superconducting technol ogy. Many of these technologies are common to
the nmedical field as well, and there is typically a large cross-over in personnel.

In addition to traditional research positions in nuclear physics, students trained in
experinental nuclear physics have gone on to |eadership and technical positions in a
variety of industries. Known to the project |eader personally are those with positions
in: medical physics research, materials research, quantitative analysis of the stock
mar ket, managenent consulting, internet start-up conpanies, and aerospace engi neering.
This incredibly diverse range of potential job opportunities, in such a large variety
of technical fields, represents the range of inpact possible from one who has been
trained as an experinmental nuclear physicist.

University of Wnnipeg students trained in J. Mrtin's CFl-funded subatonic physics
detector lab, and stationed at renote facilities such as LANL and Jefferson Lab, have
received offers of enploynent advancing their positions in physics, and have presented
at meetings of physics societies of Canada, Japan, and the U S. This group of students
i ncludes a Rhodes Scholar, two Stevenson awardees (awarded for high academ ¢ standing
and citizenship, and considered to be the top undergraduate award at the University of
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W nni peg), and an NSERC PGS-D awar dee. Three students have been awarded NSERC USRA
positions. This is a sanpling of students in the past four years since Prof. Martin
took up his position at the university.

1.1 Acsion Industries and Radi ati on Technol ogy

As will be described in the "Coll aboration and Partnershi ps" section and in the "Budget
Justification" section of the Financial Mdule, the University of Wnnipeg has
partnered with a local WManitoba business, Acsion Industries, to develop a conputer
nmodel of neutron transport in the UCN source. A large part of the agreenent relates to
the training of HQP, in this case graduate students and postdoctoral scholars fromthe
University of Wnnipeg and the University of Manitoba.

The sinmulation thereby created will be based on the Mnte-Carlo N Particle (MNP)
simulation. Training in witing such custom conputer codes will be an integral part of
the education that the students would receive. The training will open the students up
to the other possibilities available at Acsion, for which very simlar techniques are
used to protect the public (radiation safety and health protection consulting
services), protect patients (nmedical products), and protect farmers and consuners (crop
enhancenents, food treatnent, pharmaceuticals, waste products). Acsion has generated
simlar conputer codes to nodel nuclear reactors. The training that students would
receive could lead their careers in that direction, possibly leading to the design of
new reactors for power generation.

Acsion Industries also operates its own el ectron beamtreatnent centre to comrercialize
specific radiation-related technologies and for training safety professionals. Access
to CSUNS and TRIUMF coul d assist in this endeavor.

Acsion supplies consulting services in all aspects of industrial and radiation safety
to utilities, engineering conpanies and research institutions. Qur HQP would thus be
wel |l -suited for jobs in such conpanies.

1.2 Aboriginal Education Efforts

A common goal of the University of Wnnipeg and the TRIUM |aboratory is to educate
aborigi nal students in basic science.

At the University of Wnnipeg, this is a very inportant initiative due to the
uni versity's geographical l|ocation in downtown Wnnipeg, a region of the city with a
| arge aboriginal population. At TRIUMF, a scholarship has very recently been created
for aboriginal students to undertake science and engineering projects as a part of
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t hei r educati on.

In 2008, the two efforts came together to support the sumer research of an NSERC USRA
supported aboriginal student working in J. Mrtin's laboratory at the University of
W nni peg. The student participated in the calibration of detectors for the Q weak
experinment at Jefferson Lab. These detectors were constructed in Wnnipeg, and then
were taken to TRIUMF by the student to conplete tests in an electron beam avail abl e
there. The student's travel was supported by TRI UMF t hrough t he new schol arshi p.

2 Direct Access of Research Trainees to CSUNS | nfrastructure

As mentioned in the section "Operations and Miintence Plans", undergraduate students,
graduate students, and postdoctoral fellows would be responsible for the operation of
experinents and of the UCN source. Serving data-taking shifts is one aspect of every
student's experience in experinental subatonic physics.

Students and postdocs would also be responsible for a large fraction of the
intellectual effort required to design the UCN source. This would be supported by the
training received through Acsion Industries.

In general, students and postdocs on such projects are involved in all aspects of the
projects to varying degrees, and take on responsibility for one or nore smaller
hardware projects related to either the particular experinent being conducted or the
UCN source. Additionally, technicians would be trained using the infrastructure. Two
technicians are required to nmaintain the UCN source.

3 Inpact on Trai ning HQP

The project would contribute to the training of a large nunber of undergraduate
students, graduate students, and postdoctoral fellows from across Canada. The project
has attracted a world-class group of scientists, and will therefore attract HQ from
around the world to Canada. In fact, postdoc applications to the U Wnnipeg group
have already been received citing interest in the UCN project (from ILL G enoble and
fromlIndiana U).

3.1 Canadi an HQP

We estimate that four graduate students would conplete Msc and PhD studies through to
the comissioning of the UCN source alone. Typically four graduate students per
experinment would conplete Msc and PhD studies on the experinents that would eventually
be conducted at CSUNS. Three postdoctoral fellows supported by Canadian institutions
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woul d be supported at any given tine, and would typically be replaced in three year
increments throughout the ten to twenty year experinental program at CSUNS.

3.2 International HQP in Canada

Graduate students from Japan, the U S. and el sewhere would al so be present in Canada to
work at CSUNS, supported by scientists from their respective countries. W estimte
that this would double the conplenent of graduate students and postdoctoral fellows
trained at CSUNS. A unique aspect of this project would be the international
environment in which our Canadian HQP would interact with students and scientists from
abroad, attracted to Canada by the excellent science pronoted here.
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Criterion Standard:

The project will establish or enhance major collaborations and partnerships. The infrastructure requested will further
strengthen multidisciplinary approaches, collaborations among researchers and users of research results, as well as
partnerships with different institutions and sectors, where appropriate.

Each of following aspects must be addressed:

1. Describe the nature of the major collaborations that already exist, and that are planned, both within and external
to the institution (beyond those between the principal users, as addressed in the "Researchers (Use of
Infrastructure)" section in terms of:

a) ensuring that the proposed research or technology development can be pursued successfully;
b) promoting synergies among research disciplines and sectors (public, private, NFP).

2. Describe the nature of the major partnerships that already exist, and that are planned, with users of the
research results, including the extent of the engagement of these partners.

3. Outline the steps that have been taken, or that will be taken, to create or strengthen collaborations,
partnerships, and/or networks.

4. Explain why the proposed infrastructure is important to these collaborations or partnerships.

1 Coll aborations

The University of Wnnipeg is leading an international group of scientists in this
wor | d-cl ass project in basic research. Thus far groups at Canadian universities, at
TRIUMF, at KEK, at Japanese universities, and at institutions in the U S. have joined
the project. The division of "principal users" vs. "other users" is artificial in the
case of this project. Al other users have in fact agreed to sign this proposal, and
have signed the proposal as previously presented to international review conmttees of
the program (nmentioned in the section "Quality of the Research").

1.a Ensuring Successful Research and Technol ogy Devel opnent

J.W Martin (project |eader) has been responsible for this success in attracting such a
di stinguished list of collaborators. Al of them are experts in the field of neutron
physics, and are well-regarded and well-known for their achievenents. The CSUNS
project will bring together these excellent individuals, and bring them to Canada to
conduct research there. Such an inpressive collaboration ensures the success of the
technol ogi cal devel opnment of the UCN source, and the successful conpletion of the
cutting-edge physics experinents that will be conducted there.
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The col | aborators have divided thenselves into three najor experinental collaborations:
neutron lifetime experinment, gravity levels experinent, and the n-EDM experinment. The
Canadi an users would initially work on the neutron lifetine experinment.

W now summarize the qualifications of our "other wusers", and their experinental
interests in using the UCN source in Canada.

1l.a.1 Japanese coll aborators

Most of the Japanese collaborators have been involved in the devel opment of the
exi sting Japanese UCN source. These collaborators view the n-EDM experinment as their
top priority once CSUNS i s conmi ssi oned.

A large group spearheaded by The University of Tokyo (S. Komanmiya and coll aborators)
has joined this effort nore recently, with the goal of eventually conpleting a neutron
gravity-levels neasurement at TRIUMF. This is a very well-known group of particle
physicists. S. Konmamiya is the | eader of the Japanese effort at LHC, for exanple. The
group is currently developing UCN detectors with nicron-scale spatial resolution to
directly observe the height distribution of neutrons confined above the mrror in the
experinent. This new technol ogy, conbined with the high fluxes of UCN available at
TRI UMF, woul d enable a new precision test of gravity. The design of the experinent and
of the main detector are underway in Japan.

W also note the involvement of H Shimizu, a nmaterials scientist from KEK Hi s
primary interest is in use of very cold neutrons (VCN) also produced by the source.
Neut rons of these energies can be used for condensed nmatter studies at relatively |ong
wavel engths conpared to traditional snall-angle neutron scattering.

l.a.2 U S. collaborators

The U.S. collaborators have been attracted because of their collective strong desire to
be involved in the next big UCN project in North Anerica.

R Gol ub has been one of the main proponents of the field of UCN physics over the past
several decades, and in the devel opnent of superthermal sources of UCN. He is coauthor

of the seminal book "Utra-cold Neutrons". He has already travelled to Japan to
perform research using the UCN source there, and wll provide expert input in the
devel opment of Masuda's spallation-driven UCN source at TRIUM. He has al so expressed a
strong belief that this will result in the world' s highest density UCN source. He has

been involved in nmany of the nobst inportant experinents perforned using UCN over the
past 30 years, for exanple, previous neasurenents of the neutron EDM at |LL.
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E. Korobkina is an expert on UCN production and storage experinments. She has designed a
UCN | SR apparatus, and collaborates on the SNS EDM project, and the NCSU Pul star
reactor UCN source project. L. Carke, a collaborator fromthe sanme group at NCSU, has
al so joined CSUNS in the hopes of eventually using UCN for condensed matter and surface
nanosci ence applications.

J.D. Bowman is a recipient of the prestigious Bonner prize of the Anmerican Physical
Soci ety. He is the nmain proponent of the nagneto-gravitational UCN lifetine
experi nent.

B.W Filippone, T.M Ito, and B. Plaster, have nost recently brought about the
successful conpletion of the first round of physics neasurenents with the UCNA
apparatus at LANL. They are also all collaborators on the SNS n-EDM project, and are
responsi ble for the inner detector systemand the magnetic field system They are al so
involved in preparatory work towards the neutron lifetime experinent.

1.b Pronoting Synergies

The CSUNS project by its very nature as a project in neutron physics is inherently
mul tidisciplinary, and therefore pronotes synergies anobng research disciplines.
Through precision neasurenents of |ow energy neutron observabl es, the experinents that
will be done at CSUNS will probe fundanental particle physics questions. At the sane
time, the technology of producing UCN relies on both nuclear physics and condensed
matt er physics effects. The neutrons thenselves, in possible future experinents, would
also be wused as to probe other condensed matter effects for nmaterials science
applications (the aim of users Shimzu, Korobkina, and Carke) leading to potentially
even nore synergi es between these different research discplines.

The col | aboration of Canadi an physicists at universities and at TRIUVF with physicists
at Acsion Industries (a conpany based in Pinawa, Manitoba) is |ikew se expected to be a
very profitable one, and pronptes a synergy between the public and private sectors in
Canada. The benefits in ternms of expanding the core capabilities of Acsion to conputer
simul ati ons of the UCN source, and the subsequent training of HQ in Wnnipeg, will be
i nense.

2 Major Partnerships

The partnership of Acsion Industries with the rest of the collaboration has been
formalized in a nenorandum of understanding (MOU) between the University of W nnipeg
and Acsion. Acsion will create novel conputer software to nodel the inner workings of
the UCN source, and will provide access and training on the software thereby devel oped.
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They have copious experience in this type of simulation work, having devel oped and
used simlar software to design nuclear reactors, where the neutron transport issues
are very simlar in nature. University of Wnnipeg HQP trained in such a fashion wll
assist in performng a detailed optinization of the noderators in the UCN source to
maxi m ze the output UCN density. Acsion wll retain the software developed as
intellectual property. The intention of the conpany is to use the project to build
their own expertise in the area of neutron transport, and to potentially market the
software and their expertise to other interested parties, for exanple, those designing
nucl ear reactors for power generation. The budget in the Acsion-Wnnipeg MU will be
di scussed in the Financial Mdule.

TRIUMF is Canada's National Laboratory for Particle and Nuclear Physics and itself is a
maj or partnership: it is owned and operated by a consortium of universities under an
operating grant from the National Research Council Canada (NRC). Currently, Sinon
Fraser University is a nmenber institute in the consortium and U Mnitoba is an
associ at e nenber.

This section is continued on the attached pages.
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Criterion Standard:

The proposed activities have the potential to lead to:

e significant improvements to society, quality of life, health, and the environment, including the development of
new practices and public policies; and/or

e improved economic activities through development of new products, services and/or technologies, greater
resource efficiency and productivity, and job creation in strong or emerging areas of the Canadian economy.

Each of following aspects must be addressed:

1. Describe the expected benefits to Canada, including why they are significant, how they will be realized, and the
timeframe over which they are expected to be realized.

2. Describe the institution's plans to transfer the research results to potential users. Where appropriate, these
should include plans for knowledge mobilization or transfer of technology and the commercialization of
products, services and processes.

3. Demonstrate that the team has the skills and experience, or has identified the relevant partners, to ensure the
successful transfer of the research results.

1 Expected Benefits to Canada

The CSUNS project addresses the core principles of Canada's Science and Technol ogy
(S&T) strategy which is designed to nmake Canada a world |leader for current and future
generations. The project pronotes world-class excellence through the construction of
the highest density UCN in the world. The project has already attracted a | arge nunber
of excellent international collaborators. The project targets an area of strength in
basic research in fundanental physics, while at the same tinme addressing applied
research in materials science, particularly surface nanoscience. Partnerships between

Canada, Japan, and the U S. clearly will be enhanced by the project, and significant
funding has been committed to the CSUNS project by the Japanese part of the
col l aboration. The physics experinments that will be performed at CSUNS will I|ikew se

be funded by a conbination of Canadi an (NSERC) and international sources.

Canada's Science and Technology Strategy identifies three distinct Canadian S&T
advantages that it ains to foster: a People Advantage, a Know edge Advantage, and an
Entrepreneurial Advantage. The UCN project addresses these priorities in the follow ng
ways:

Peopl e Advant age

* The UCN source project, coupled with the world-class physics experinments that will be
conducted there, will attract excellent scientists from around the world to Canada.
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This is particularly true of Japanese and U.S. scientists.

* Many research opportunities for students would be created by the project. The
project will train four graduate students through the commi ssioning of the UCN source,
and four students per experinment thereafter. Typically three postdoctoral scholars
woul d be working on projects at the UCN source at any give tine. The devel opnent of a
skill ed workforce through basic research is a primary goal of this proposal.

* TRIUMF and the University of Wnnipeg both are committed aboriginal science
education. At TRIUMF, a new initiative has been |launched in aboriginal recruiting for
coop students, many of whom would be recruited for this project through recruitnent
efforts at the University of Wnnipeg.

Know edge Advant age

* Many of the technologies used to conduct the physics experinents are intimtely
linked to nedical technol ogy. For exanple, the Hayden research group at SFU
additionally conducts research on lowfield magnetic resonance imaging (MRl), because
exactly this technology is used in the neutron electric dipole nonment experinent.

* The UCN source can potentially be used as a tool to study advanced nmaterials, and
hence to inpact the fields of materials science and surface nanoscience. One exanple

is a possible device based on UCN inelastic scattering reflectonmetry (ISR). The
surface nanosci ence experinments that could be conducted with such a device relate to
the characterization of ||arge hydrogenous nolecules for "smart surfaces", where

exanples in nedicinal drug delivery exist. Another exanmple results in the use of very
cold neutrons (VCN, also produced by the UCN source) to study materials in a unique
domai n conpared to snmall-angle neutron scattering. The would potentially result in a
| arge nunber of users fromacross the world using CSUNS to study advanced naterial s.

Entrepreneurial Advant age

* The UCN project has attracted the interest of a business in Pinawa, M called Acsion
Industries. Physicists at Acsion design neutron noderators for nuclear reactors, and
the sanme technology and innovation is required for the neutron noderators used in the
UCN source. Acsion scientists have already contributed to the project by beginning to
study neutron transport in the source. Acsion would also supply in-kind funding to the
project. The conmpany is involved in advanced nanufacturing, based on their application
of radiation technologies to manufacturing, and is involved in radiation safety and
heal t h physi cs.
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* Anot her technology used extensively in the UCN source is cryogenics. Spin-offs of
this technology and of the afore-nmentioned technologies wused in the physics
experinents, that relate to nmedical applications, could result in new enterprises.

The tinefrane for the infrastructure devel opnent would be over the course of the next
four years. After that time, experinments would be conducted and we have outlined a ten
to twenty year program of experinments that would be conducted (see section "Quality of
the Research or Technology Developnent” for a nore conplete description of the
experinents).

The imredi ate goal of creation of the highest density ultracold neutrons ever achieved
in the world woul d therefore be conpleted in four to five years. The conpletion of the
first flagship experinent, the neutron lifetine experinent, would be expected two years
after that time, and would result in new know edge on this fundanmental paraneter of
astrophysics and inpacting the standard nodel of particle physics. Thereafter, the
neutron gravity levels experinent would be conducted, followed by a ranp-up of efforts
on the n-EDM experinent. In twenty years we envision that those experinents would be
compl eted and again new know edge on physics beyond the standard nodel would be
acqui r ed.

2 Transfer of Research Results

Research results will be disseninated through scholarly journals and to the public
through the nedia and the internet. Consi derabl e excitenment over the project is
expected, as is warranted for discovery science projects of this sort. (W cite the

recent press relating to the turn-on of the Large Hadron Collider LHC at CERN in
Geneva, Switzerland.)

The work done by Acsion Industries has the potential for comercialization. The
software that they will develop will be granted through a license to the collaboration
to use through an in-kind agreenent. Acsion however naintains intellectual property

rights to the software that is developed. They intend to narket the software to other
interested parties (potentially users interested in designing nuclear reactors for
power generation, or wusers interested in designing advanced neutron sources for
condensed matter and materials science).

3 Ensuring the successful transfer of the research results

The dissem nation of results through publications in the relevant journals is clearly
the main nmethod that all our collaborators are famliar wth.
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Media relations would be conducted through the relevant wuniversities and through
TRI UMF, through the TRIUVF Head of Strategic Comruni cations, Tinothy Meyer.

Acsion Industries has been successful in attracting a variety of clients in related
technologies in the past. They are therefore an excellent partner for us to have to
assist in technology transfer. The Canadian universities also have technol ogy transfer
offices to assist in this regard. Addi tionally, Advanced Applied Physics Solutions
Inc. (AAPS), a not-for-profit subsidiary of TRIUM supported by the Government of
Canada's Networks of Centres of Excellence Program has been established to assist in
the commercialization of research results at TRIUMF and we envision making use of this
facility as well.
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