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Jess H. Brewer

What would have been pure Fantasy (i.e. forbidden by the Known Laws of Physics)
when | started school was Science Fiction (i.e. possible but obviously impractical)
by the time | finished school, is now Routine Science, and is rapidly becoming
Applied Science, thanks to the advent of Meson Factories in the 1970s. | 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 uSR and
B-NMR. | 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

o [ pre-1956 | FANTASY =
— 1 1956-7 | Revolution!

— | m-p-e | decay and puSR

e | 1958-1973 | SCIENCE FICTION ¢

— Michel Parameters
— QED tests with Muonium
— "Problems” — Applications

e | 1970s | MESON FACTORIES

— SIN/PSI, LAMPF, | TRIUMF
— KEK/BOOM, RAL/ISIS -

'80s & '90s

1SR Methods

ROUTINE SCIENCE

developed

“Themes” in uSR

2000s

APPLIED SCIENCE

TRIUMF CMMS

Chemistry

&

Semiconductors

Magnetism

&

Superconductors

B-NMR at ISAC

Fundamental Physics

CONCLUSIONS
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Before 1956: FANTASY

1930s MISTAKEN IDENTITY
Yukawa's “nuclear glue” mesons # Cosmic rays
1937 Rabi: Nuclear Magnetic Resonance

1940s “WHO ORDERED THAT?"
1940 Phys. Rev. Analytical Subject Index: “mesotron”
1944 Rasetti: | 15t | application of muons to condensed matter physics
1946 Bloch: Nuclear Induction (modern NMR with FID etc.)
1946 Various: “Two-meson” | -1 | hypothesis ~ Brewer: | born
1947 Richardson: produced 7 & 1 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, .. .: “7-0 puzzle” (neutral kaons)

—— | Revolution!
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THE
PHYSICAL REVIEW

oA jowrnal of experimental and theoretical physics established by E. L. Nichols in 1893

Seconp Series, VoL, 66, Nos. 1 anp 2 JULY 1 anp 15, 1944

Deflection of Mesons in Magnetized Iron

F. RasgErTI
Laval University, Quebec, Canada

(Received May 8, 1944)

The deflection of mesons in a magnetized ferromagnetic medium was investigated. A beam
of mesons was made to pass through 9 cm of iron, and the resulting distribution of the beam
was observed. Two arrangements were employed. In the first arrangement, the deflection due
to the field caused a fraction of the mesons to hit a counter placed out of line with the others.
An increase of sixty percent in the number of coincidences was recorded when the iron was
magnetized. In the second arrangement, all the counters were arranged in line, and the de-
flection due to the field caused an eight percent decrease in the number of coincidences. These
results are compared with theoretical predictions deduced from the known momentum spectrum
of the mesons and from the geometry of the arrangement. The observed effects agree as well
as can be expected with those calculated under the assumptions that the effective vector inside
the ferromagnetic medium is the induction B, and that the number of low energy mesons is
correctly given by the range-momentum relation,
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PHYSICAL REVIEW VOLUME 104, NUMBER 1 OCTOBER

Question of Parity Conservation in Weak Interactions™

T. D. LEE, Columbia University, New York, New York
AND

C. N. Yane,T Brookhaven National Laboratory, U pton, New York
(Received June 22, 1956)

The question of parity conservation in § decays and in hyperon and meson decays is examined. Possible
experiments are suggested which might test parity conservation in these interactions.

Experimental Test of Parity Conservation
in Beta Decay*

C. 8. Wu, Columbia Universily, New York, New Vork
AND

F. Ausrer, R. W. Havwarn, D). D). Hopees, Axp R, P. Hupson,
National Bureau of Slandards, Washington, D. C.

(Received January 15, 1957)
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Observations of the Failure of Conservation
of Parity and Charge Conjugation in
Meson Decays: the Magnetic

Moment of the Free Muon*
Nuclear Emulsion Evidence for Parity

Ricuarp L. Garwin,f LEon M. LEDERMAN, Nonconservation in the Decay Chain
AnD Marcen WeEiNRICH mt—ut—et*f
Pliysics Department, Nevis Cyclotron Laboratories, JeroME I. Friepman anp V. L. TELEGDI
Columbia L"tl!i'ﬂf%li}l', .rrf:mgir:m—rru—de.mu, Enrico Fermi Institule for Nuclear Studies, Universily of Chicago,
;lll- ek r:lf.l-lt':I ;"r e Yaork C-ﬁ‘f{:agﬂ, Tllinois
{Received January 15, 1957) { Received January 17, 1957)
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Fia. 2. Variation of gated 3-4 counting rate with magnetizing
current, The solid curve is computed from an assumed electron
angular distribution 1—§ cosf, with counter and gate-width
resolution folded in.
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: . + +
Pion Decay: m —u +v,
A pion stops in the “skin” of the primary production target.
It has zero linear momentum and zero angular momentum.

Conservation of Linear Momentum: The u* is emitted with momentum
equal and opposite to that of the v, .

Conservation of Angular Momentum: pu* and v, have equal and opposite spin.

T
Weak Interaction: X Vi
Only “left-handed” v, ;_ @ S_ T 'O """ S @ _;
are created. | "

S=0
Thus the emerging pn*
has its spin pointing 2'=0
antiparallel to its o o -
momentum «— - TT .
direction. ? _Q
A
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Muon Decay
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Neutrinos have negative helicity, antineutrinos positive.

An ultrarelativistic positron behaves like an antineutrino.

Thus the positron tends to be emitted along the ™ spin
when v  and v, 90 of f together (highest energy e*).
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u-Decay Asymmetry

Angular distribution of positrons from p* decay. The asymmetry is
a = 1/3 when all positron energies are detected with equal probability.
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WTF-U"SR: N = No{B+e™ [+ AGuu(t) cos(w,t + o))}
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1960s

1970s

1958-1973: SCIENCE FICTION

FUNDAMENTAL PHYSICS FUN! — Tours de Force

Michel Parameters = Weak Interaction Laboratory
Heroic QED tests:  Aprp(Mu), pu,, ¢, —2
Arizona/surface muon beam for ue= — pe™

All lead to refined uSR techniques.

Applications: Muonium Chemistry, Semiconductors, Magnetism

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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Where in the World is uSR?

TRIUMF
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