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Introduction

. Muon states in matter

Implanted positive muons may exist in any of the
following forms.

a) Muon Lt
b) Muonium Lte

c) Part of a radical
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e Properties of Muons?

Mass = 0.11 proton
Charge = +e
Spin=1/2

Magnetic moment = 3.18 x proton
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e Properties of Muonium [p*e’]

Isotope Mass/m, Reduced mass/m, Bohr radius/nm Ionisation energy/eV
Tritium CH) 5498 0.9998 0.05290 13.603
Deuterium (*H) 3675 0.9997 0.05293 13.602
Protium ('H) 1847 0.9995 0.05292 13.599

Muonium (Mu) 208 0.9952 0.05315 13.541
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e Molecules with Muonium [p*e’]

Some of the names to look out for

e Paul Percival

e Emil Roduner

e David Walker
eDonald G. Fleming

e Christopher Rhodes
e Brian Webster

e Rod Macrae
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e Molecules with Muonium [p*e’]
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FIG. 15. A comparison of the CVF shoulder peuk spectetim olerved in &
atm Ne and | Torr Ar {see Fig, 9) with simuolated spectrum (dashed line},
prodicad by ab initie esculations, a3 descoribed in texn. The calculated in-
Iergilies are normalized 1o fhe expenmental value (Both in adimrary units) in
the region of the 943 nm peak.

Molecular potential energy

Dissociative state, Ne + Mu

Ne-Mu distance S. Baer et. al. J. Chem. Phys. 101 (1994) 1202




Muon - Electron system,; Breit - Rabi diagram
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Muon - Electron system; Breit - Rabr diagram
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e Molecules with Muonium [p*e’]

Mu
V' 4
carbonyl groups: C = O\

Energy
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Figure 1. Correlation of closed-shell v, with open-shell 4, for vanous
carbonyl species. Data of aliphatic species from ref 11. (Acetalde-
hylde: 23 MHz, 1724 cm™!; acetone: 25 MHz, 1715 ecm™'; forma-
mide: 50 MHz, 1671 c¢cm!; ethyl acetate: 55 MHz, 1741 cm™!;
methylformate: 61 MHz, 1724 em; ditertiarybutyl ketone: 62 MHz,
1688 cm™')
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e Molecules with Muonium [p*e’]
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DNA
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Molecules with Muonium [p*e’]
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e Molecules with Muonium [p*e’]
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e Molecules with Muonium [p*e’]
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Derivative of polarisation
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The ALC-USR spectra of
dsDNA (Herring testes).

The resonance signals
observed and assigned for
the different bases are
indicated as a stick diagram
for comparison.

The predicted positions,
using the DFT results and
the linear correlations, of
the other possible addition
sites on the bases for which
no experimental ALC signals
were observed are indicated
as dark squares.



USR

e Molecules with Muonium [p*e’]

Two main types of measurement:

(a) Active observer of a process

Radlcal formation modifies the process

(b) Passive observer of a process

Measured properties similar to close-shell compound
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e Molecules with Muonium [p*e’]
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P. Burkhatd et. Al. J. Phys. Chem. 88 (1984) 773
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e Molecules with Muonium [p*e’]
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Figure 4. Absorption (left) and dispersion (right) profiles for one uSR
line of Figure 2.
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e Molecules with Muonium [p*e’]

k (338K) = 9.3 x 106 51

and compares well with
the literature estimates
of

k (338K) = 8.8 x 106 s1

-4
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Figure 6. Line width parameters A’ for CH CHCH,OCH ,CHCH Mu
(circles) and CHy,CH,;CH;OCH ,CHCH ;Mu (squares) vs. temperature.
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e Muon Spin Relaxation
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Molecular Dynamics

Theory

P, '(P((Dij)

ki

Coupling of Change in muon Spectral density
perturbation polarisation of perturbation
2

X T
1+x% 1+ 7%

L=2(2n0A).

S.F.J. Cox and D.S. Sivia, Hyperfine Interactions 87 (1994) 971
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Photoelectron spectroscopic evidence to show the drop in energy
of the d-orbitals across the Periodic Table.
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Fig. 3.14 A plot of the energies of
the A, amd “E. ion states for
1Isoelectronic metallocenes derived
from UV photoelectron spectral

studies
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