Introduction to pySR
(Steve Cox)

What? How? Why? Where?

MSR: Muon Spin Rotation, Relaxation, Resonance

(c.f. ESR: Electron Spin Resonance)

0.002

0.000

M 0,002
w Ly oo
650 mK -o.ooe—-
] 600 mK I
W 500 mK -
-0.012 4
\/’\J”“«Mﬁ%««%u 300 mK
; - 45 mK -0.016—_
-0.018 T T T T T T T T T
600 650 700 750 800

0 1 2 3 Field (G)

-0.008

-0.010

RF Asymmetry




What is a muon? Elementary

Particles
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1. Particle physicists! view: 284 |5 t 3
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2. Atomic physicistsi view:

e =
‘[ Negative'muons = heavy/electrons —[m, =200m, @j /\ e
—substitute for orbital electrons in iexotic atomsi }—2“;] . pt

— shields nuclear charge and promotes d-t fusion
-[Positivel muons form muonium, Mu(= [utéeT]

— the all-leptonic atom with ipoint chargei nucleus —
— testing ground for QED ag 7
3. Chemists'view: bt —-Mut  eg. pt+H,0 -H,0OMu* )
H,OMu* + H,0 — H,0* +HMuO
‘LA lightweight proton —[Im, = (1/9)m_ @
— localisation vs propagation o ?
*[Muonium as a light isotope of hydrogen L] (',o

— kinetic and dynamic isotope effects l"'

4. Solid state physicists' view: L
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Why use muons?

Use their spin (magnetic moment) as a magnetic probe

-[Sensitiveland accurate magnetometer
-[Measures internal field and their variations
(distribution in space, fluctuation in time)
-TApplications in superconductivity, magnetism, conducting polymersL..

Exploit the analogy with protons

- [ Diffusion in metals

- A model for hydrogen in semiconductorsiand dielectrics!
-[Muonium chemistry| —lisotope effects

- A spin label for organic radicals —molecular dynamics

Exploit the timescale...



What use is a probe that lasts 2 microseconds?

Pion decay produces polarized muons:
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Asymmetry in muon decay
Ut — e* (2.2us)
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Timescale for dynamical studies...
P(6) =1 + a.cosB



Basics
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Spin-spin or cross relaxation
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Level crossing resonance

E,
T o
Es
\E.*E. [ I:D E-2 5 ‘55
o Ef g FEu %
0.30 T T T T T T T
0.25 150K L bl |
0.20 4 _'. ..-""'_"""' i
. & 50K
0.15 " . i
i - Muonium in HgO
0.10 4 n ]
(I) ' 5(I)O ' 10I00 ' 15IOO ' 2000

Field (G)

‘avoided
crossing'



B
L =

Positron Counts

Transverse fields: muon spin rotation
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Larmor precession
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Local fields: broadening
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