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The TRIUMF Weak Interaction Symmetry Test (TWIST) is a search for tiny deviations from the pattern of
muon
decays predicted by the very successful Standard Model of particle interactions. The Standard Model, a theory
which agrees with many observations over many years, is nonetheless believed by most subatomic physicists to
be only an approximation to a more basic and precise model whose properties are as yet not known. The
Standard
Model is incomplete and leaves several questions unanswered, for example, why just three generations, and
why
do the particles have the masses they do?

The Standard Model classifies the most fundamental particles into three "generations"; only particles of the
first or lowest generation make up the materials of our everyday lives. The muon is the lightest and most
accessible fundamental charged particle of a higher generation. It nearly always decays into an electron and
two very light, elusive, neutral particles called neutrinos. High quality beams of muons are produced at
TRIUMF, and a very high precision detector system in a high solenoidal magnetic field is used to accurately
measure the direction and energy of the positive electron (or positron) produced for each of billions of
positive decays. The pattern or symmetry of these decays is precisely predicted by the Standard Model.

If found, a deviation from expectations based on the Standard Model would provide clues to the character of a
more basic description of the smallest particles in our universe. On the other hand, if no deviation is found,

Second Language Version of Summary (optional).
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36,300 97,500 58,543 59,308 60,150

421,300 572,500 592,243 621,671 631,694

Salaries and benefits

78,435 103,680 103,68049,92049,500Students

166,880 226,252 231,908147,046140,000Postdoctoral fellows

7,000 4,000 4,0005,96335,000Technical/professional assistants

0 0 000

Equipment or facility

68,500 10,500 10,50034,70025,000Purchase or rental

109,893 112,954 116,321185,00050,200Operation and maintenance costs

0 0 000User fees

72,000 70,000 70,00078,00030,000Materials and supplies

Travel

28,750 32,500 32,5009,61823,600Conferences

35,525 35,525 35,52536,62140,000Field work

20,900 20,900 20,90022,13223,000Collaboration/consultation

Dissemination costs

1,000 2,000 3,00000Publication costs

0 0 000

Other (specify)

0 0 02,0005,000Office, telephone

3,360 3,360 3,3601,5000Connections

571,544562,363533,700475,000385,000

concerning the eligibility of expenditures for the direct costs of research and the regulations governing the use of grant funds.
Before completing this section, read the instructions and consult the Financial Administration section in the NSERC Program Guide for Professors
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RESEARCH SUPPORT
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or applied for).

This request is for continued support for the TWIST (TRIUMF Weak Interaction Symmetry Test)
experiment at TRIUMF (E614) to measure with greatly improved precision the Michel parameters in muon
decay. These parameters describe the positron distribution in energy and angle which results when a
positive muon decays into a positron and two neutrinos. The main parts of the detector and
spectrometer have been constructed and are operational. The experiment has just begun the data
taking phase; substantial amounts of high precision data will soon be available.

The amounts requested in the current application is for three years, from April 2003 to March 2006,
and comprises the major financial support for the ongoing project (see the section on Budget
Details). It includes salaries for research associates (RA's), graduate students, undergraduate
research assistants (co-op and summer students), and technical support. It covers operational costs
including those of some smaller items of apparatus or equipment, materials and supplies, and travel.

The current application follows one year awards of NSERC SAP Project Grants of $475,000 for
2002-2003 and $385,000 for 2001-2002. Also awarded in 2002 was an Equipment Grant of $90,000 to fund
the purchase of a modest computer farm which is used in data analysis and Monte Carlo simulation
event generation. Along with several other Canadian SAP projects, TWIST expects to benefit in the
future from the establishment of the WestGrid computing network, funded by a CFI grant.

The history of TWIST begins 1991, when a group from the Kurchatov Institute led by
Prof. V. Selivanov approached TRIUMF with a detector concept that would significantly improve on the
results of a previous TRIUMF experiment (E185) on two of the four Michel parameters. A proposal
(E614) was generated and reviewed by the Experimental Evaluation Committee (EEC) which gave support
for beam tests and detector development. In 1993 a special ad-hoc committee of the EEC reviewed the
proposal and made recommendations to the EEC which led to the development of the current effort. In
1995 a multinational collaboration was formed which includes the Russian group of Professor
Selivanov, the Canadian group led by Dr. D.R. Gill and a US group led by Profs. C. Gagliardi and
R. Tribble. A revised proposal was written and high priority approval was given to E614 by the EEC
in July 1996.

In 1997 the NSERC SAP GSC approved a Major Installation Grant of $466,000 for E614 projected to be
spent over 1997-2001. The 1998-99 competition saw E614 - now known as TWIST - receive its first
significant project grant of $170,000.

In 1998 the Russian team completed all the required high precision glass components that they
undertook to provide. These glass pieces form the foundation for the precision of the detector
assembly which has since been constructed at TRIUMF. Also in 1998 the US team received funding from
DOE (US$306,000) for the components of the chamber electronics that they had undertaken to provide.

DOE still supports TWIST via a contribution to the common fund in addition to direct support of US
collaborators. TRIUMF continues to provide substantial support in terms of infrastructure, beams,
detector support, and some materials costs.
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