Chemistry, Physics, and

A muon is a subatomic particle whose spin is highly sensitive to local magnetic and electronic fields. In 1957, it was
discovered that “parity violation” in the weak decay of pions (7¥) to muons (u%), and in the muons’ subsequent decay to
positrons or electrons (e+) provided perfectly spin-polarized beams of muons, whose spin evolution could eaS|Iy be
monitored via the emitted eT by a variety of techniques. These techniques, collectively known as USR (muon Spin Rotation-
/Relaxation/Resonance), have a detection sensitivity higher than NMR by a factor of ~1072. With the advent of “meson

factories” like TRIUMF in the early 1970s, SR found many applications in molecular and materials science.

Electronic clock

A pion stops in the “skin” of the primary production target. It then has zero linear

momentum and zero angular momentum.
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In 1972, encouraged by John Warren (the first Director of TRIUMF) and Charles McDowell (then Head of UBC Chemistry), Don Fleming (a new
Professor in UBC Chemistry at the time) hired Jess Brewer (a new PDF from Ken Crowe’s group at UC Berkeley, now UBC Physics & Astronomy
Professor Emeritus) to help build a muon channel (M20) at TRIUMF and thus develop a ySR program in Canada, including in muonium chemistry
(Mu = u*e-, a light isotope of hydrogen). Other key participants were Toshi Yamazaki and Ken Nagamine from the University of Tokyo and Ken
Crowe from Berkeley, all of whom helped build M20 and expand the embryonic TRIUMF pSR program to embrace condensed matter physics.

“First beam” was achieved at TRIUMF in 1974. The first ySR spectrum ever seen in Canada was taken at M20 on July 11, 1975.

In the decades that followed, a wide variety of spectroscopic techniques were pioneered by the TRIUMF pSR groups and subsequently adopted
by the ySR community worldwide.

“Muon Boardwalk”

Funding for the first M20 beam line did not come easily, as
UBC Chemistry Professor Emeritus Don Fleming recalled:

...I think it was only $25K but that was a lot at that time,
and put in perspective by Reg Richardson, who was
Director of TRIUMF after John Warren, and who
provided us with $1,000 to buy a Sears garden shed for
a counting room. Dave Garner, a grad student at the
time, suggested we buy a garage at Beaver Lumber
(also about $1,000), which then fostered several other
garages on the “muon boardwalk.”

This photo shows a top view of the installation of the three beam channels
: that were originally installed on the T2 target at TRIUMF in the period
The Fire Marshall later cond_emned all these_and they The M20 beam line (circa 1986) in ~ 1973-74: M9 originally for studies of muonic and pionic atoms (inset: Mike
were torn down, now only historical recollections. the Meson Hall provides muons for  Pearce, U. Victoria), the original M20 channel for uSR studies (inset: Jess
uSR studies in condensed matter Brewer, UBC & TRIUMF), and the "BioMed" channel M8 used for negative
physics and Mu chemistry. Recently pion radiation therapy for cancer treatment (inset: Ken Kendall, with BC
upgraded (2013). Image source: Cancer at the time). Photo provided by Jess Brewer.

TRIUMF.

These techniques rendered pySR a unique and invaluable tool for studies in chemistry, semiconductor physics, magnetism, and superconductivity.
The latter capability led to a strong Canadian program in high temperature superconductors (H7- SC) and related materials, coinciding with the
efforts of Dr. Walter Hardy’s group in UBC Physics & Astronomy, starting in 1987.
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