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The 2" generation exception:

the muon
LEPTONS What can be learnt from
firing these exotic particles
E into magnetic materials 7
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What happens when they arrive into dense matter 7




charge spin mass moment vy /27 lifetime
(kHzG™)  (ps)

me ' . .. YO
+€ | 1/2 ooy 85715 | 2800 | 0O
207
u| e |1/2 M 1318y, | 135 |2.19
= 105.7 MeV

p :_e 1/2 1836 mg #p 426 OO

= 038 MeV

They stop and then die

Scattering Is not involved




dol:10.1038/nature24647

Discovery of a big void in Khufu’s Pyramid by
observation of cosmic-ray muons

Kunihiro Morishima!, Mitsuaki Kuno!, Akira Nishio!, Nobuko Kitagawa', Yuta Manabe!, Masaki Moto!, Fumihiko Takasaki?,
Hirofumi Fujii?, Kotaro Satoh?, Hideyo Kodama?, Kohei Hayashi?, Shigeru Odaka?, Sébastien Procureur®, David Attié?,
Simon Bouteille?, Denis Calvet?, Christopher Filosa®, Patrick Magnier?, Irakli Mandjavidze®, Marc Riallot?, Benoit Marini?,
Pierre Gable®, Yoshikatsu Date®, Makiko Sugiura’, Yasser Elshayeb®, Tamer Elnady®, Mustapha Ezzy®, Emmanuel Guerriero®,

Vincent Steiger?, Nicolas Serikoff*, Jean-Baptiste Mouret'!®!"12 Bernard Charles!®, Hany Helal*® & Mehdi Tayoubi®*!?

The principle of muography
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Large gyromagnetic ratio y (~ 3 X proton’s)

Muons are very sensitive to magnetic fields
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The muon decay is a 3 body process

uwt—et +v, +v,




The weak interaction do

not conserve parity
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[ emerges predominantly
along the direction
€ 1 of the muon spin




No B,,; needed: non-perturbative technique

Probe of B, In a /ocal & bulk way
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TRIUME | ISIS
continuous beam pulsed beam (50 Hz). &

PSI
continuous beam

jPARC
“pulsed beam (25 Hz)
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What to expect 7
[he lield distribution approach
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What to expect ? (Take home summary)
Amplituae / Frequency / Damping

Amplitude: magnetic volume fraction (hom./inhom.)
Frequency: average local (on-site) magnetic field

Damping: field distribution / magnetic fluctuations



A (straightforward) fisrt example

ZF p*SR- in the oréanic ferrc;magl;wet P-NPNN

(Blundell et al. 1995)
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A second example

A sodium cobaltate that undergoes an Ak transition
4 frequencies — 4 stopping sites

Long-time asymmetry ~ 1/3 initial asymmetry — fully static magnetism

&,

T.=20.8(5) K

Fourier Amp
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Normalized Frequencies

Time (us) (Mendels et al. 2005)



A third example: a Quantum Spin Liquid

Paratacamites family: Zn,Cu;,  (OR) Cl,

The end member (x = 1) is the celebrated Herbertsmithite

First experimental realization of the Kagome Heisenberg AntiFerromagnet

First experimental evidence of a QSL ground state with ZF u™SR
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SQOM team «NMR . team

|t stands for Spectroscopies of (Juantum Materials.
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