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What would have been pure Fantasy (i.e. forbidden by the Known Laws of Physics)
when I started school was Science Fiction (i.e. possible but obviously impractical)
by the time I finished school, is now Routine Science, and is rapidly becoming
Applied Science, thanks to the advent of Meson Factories in the 1970s. I refer of
course to the maximally Parity-violating weak interactions of leptons, which give us
supremely sensitive magnetic probes of ”ordinary” matter in the guise of µSR and
β-NMR. I will outline the history of this progression and list a few of its current
manifestations at TRIUMF.

Visit our Website at http://musr.org (It’s all there!)
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OUTLINE

• pre-1956 FANTASY

– 1956-7 Revolution!

– π-µ-e decay and µSR

• 1958-1973 SCIENCE FICTION

– Michel Parameters
– QED tests with Muonium
– “Problems” → Applications

• 1970s MESON FACTORIES

– SIN/PSI, LAMPF, TRIUMF
– KEK/BOOM, RAL/ISIS

• ’80s & ’90s ROUTINE SCIENCE

– µSR Methods developed

– “Themes” in µSR

• 2000s APPLIED SCIENCE

– TRIUMF CMMS

– Chemistry & Semiconductors

– Magnetism & Superconductors

– β-NMR at ISAC

– Fundamental Physics

• CONCLUSIONS

Acknowledgements: Those who came before; the hundreds of people who make up the

World µSR Community; and especially Jeff Sonier & Andrew MacFarlane, whose slides I stole.
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Before 1956: FANTASY

1930s MISTAKEN IDENTITY
Yukawa’s “nuclear glue” mesons 6= Cosmic rays
1937 Rabi: Nuclear Magnetic Resonance

1940s “WHO ORDERED THAT?”
1940 Phys. Rev. Analytical Subject Index: “mesotron”
1944 Rasetti: 1st application of muons to condensed matter physics
1946 Bloch: Nuclear Induction (modern NMR with FID etc.)
1946 Various: “Two-meson” π-µ hypothesis Brewer: born
1947 Richardson: produced π & µ at Berkeley 184 in. Cyclotron
1949 Kuhn: “The Structure of Scientific Revolutions”

1950s “PARTICLE PARADISE”
culminating in weird results with strange particles:
1956 Cronin, Fitch, . . . : “τ -θ puzzle” (neutral kaons)

−→ Revolution!
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↓
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→
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1958-1973: SCIENCE FICTION

1960s FUNDAMENTAL PHYSICS FUN! — Tours de Force

Michel Parameters = Weak Interaction Laboratory

Heroic QED tests: AHF(Mu), µµ, gµ − 2
Arizona/surface muon beam for µ+e− → µ−e+

All lead to refined µSR techniques.

Applications: Muonium Chemistry, Semiconductors, Magnetism

1970s MESON FACTORIES — Intensity Enables!

USA: LAMPF (now defunct) Switzerland: SIN (now PSI)

Canada: TRIUMF UK: RAL/ISIS

Japan: KEK/BOOM (→ J-PARC)
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High Field µSR

Fields of up to 8 T are now available, requiring a “business end” of the spectrometer
only 3 cm in diameter (so that 30-50 MeV decay positron orbits don’t “curl up”
and miss the detectors) and a time resolution of ∼ 150 ps. Muonium precession
frequencies of over 2 GHz have been studied.
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2000s: TRIUMF Centre for Molecular &
Materials Science

The TRIUMF Centre for Molecular and Materials Science is an NSERC funded
Facility at the TRIUMF National Laboratory, in Vancouver, Canada. It represents
an expansion of the former TRIUMF µSR User Facility, with a mandate to facilitate
research using µSR and other accelerator-based techniques such as β-NMR.
Selected Research Highlights :

Chemistry Semiconductors Magnetism Superconductors

β-NMR Fundamental Physics
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Muonium Chemistry
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Semiconductors
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Magnetism
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Superconductors
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2000s: β-NMR at ISAC

ISAC Layout Spectrometers

UHV Target 8Li Beam Spot

Advantages Depth Profile

Vortex Layer Sites in Ag on MgO
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β-NMR
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Fundamental Physics
TRIUMF µSR Research Highlight # 11 :

Relativistic Shifts in Muonic Atoms

Jess H. Brewer et al.
Thanks to the discovery of a substantial transverse
spin polarization in the negative muon beam from

M9B, we were able to perform µ− spin precession
measurements in fields as high as 2T, more than
twice the previous standard. In the first applica-
tion of this new capability, the relativistic shifts
of negative muon g-factors in very high Coulomb
fields (i.e. bound to nuclei of intermediate and
high atomic number Z) were measured to un-
precedented precision.

The uncertainties shown are purely statistical. An
additional systematic uncertainty of about 0.006
MHz due to variable positioning in the Helios mag-
net should be added in quadrature. For reference,

the Knight shift of the µ+ in Al is +80(4) ppm
[Schenck, 1986].

These results promise a new testing ground for
quantum electrodynamics under extreme condi-
tions.

See µSR Literature Entry # 3096
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We also do the TWIST!

2005:
TWIST’s new measurement of
ρ = 0.75080± 0.00032(stat.)
±0.00097(syst.) ±0.00023 (last uncertainty
due to the current PDG error in η) sets an upper
limit on the mixing angle of a possible heavier
right-handed partner to the W boson,
|ζ| < 0.030 at 90% c.l. Combining ρ with the
new measurment of
δ = 0.74964± 0.00066(stat.)
±0.00112(syst.), and the PDG value of
Pµξδ/ρ, an indirect limit is set on Pµξ:
0.9960 < Pµξ ≤ ξ < 1.0040 with 90% c.l.
The lower limit 0.9960 < Pµξ slightly improves
the limit on the mass of the possible right-handed

boson, WR ≥ 420 GeV/c2. Finally, an upper
limit is found for the muon right-handed coupling
probability, Q

µ
R

< 0.00184 at 90% c.l.

Muon decay, combined with complementary
measurements from experiments at higher energies
and in nuclear beta decay, help our understanding
of the asymmetry in the weak interaction’s
handedness and whether symmetry may be
restored at higher energy scales. In the future
phases of the experiment, TWIST aims to produce
a direct measurement of Pµξ with a precision of

few parts in 104 and to increase its sensitivity to
ρ and δ by approximately another factor of five.

Jess H. Brewer, UBC & TRIUMF — Colloquium at Ohio Univ. — 5 May 2006 OUTLINE 49



Conclusions

The world is too much with us; late and soon,

Getting and spending, we lay waste our powers:

Little we see in Nature that is ours;

We have given our hearts away, a sordid boon!

This Sea that bares her bosom to the moon;

The winds that will be howling at all hours,

And are up-gathered now like sleeping flowers;

For this, for everything, we are out of tune;

It moves us not. — Great God! I’d rather be

A Pagan suckled in a creed outworn;

So might I, standing on this pleasant lea,

Have glimpses that would make me less forlorn;

Have sight of Proteus rising from the sea;

Or hear old Triton blow his wreathèd horn.

— William Wordsworth, 1807
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