
Мюонна спінова спектроскопія

Muon spin spectroscopy 

µSR

Muon Spin Rotation/Relaxation



To read

1. S. J. Blundell (1999) Spin-polarized muons in condensed matter physics, 
Contemporary Physics 40, 175-192 https://arxiv.org/abs/cond-mat/0207699v1

2. L. Nuccio et al. Muon spin spectroscopy: magnetism, soft matter and the bridge 
between the two. J. Phys. D: Appl. Phys. 47, 473001 (2014) pdf

3. Белоусов Ю.М., Смилга В.П. Что такое мюонный метод исследования 
вещества. Соросовский образовательный журнал №1, с. 76-85 (1999) pdf

4. E. Morenzoni. Muon science with continuous beams at PSI (2014) 
https://www.isis.stfc.ac.uk/Pages/2014-morenzoni-psi.pdf

5. J. E. Sonier et al. mSR studies of the vortex state in type-II superconductors. 
Reviews of Modern Physics 72, 769 (2000) pdf

https://arxiv.org/abs/cond-mat/0207699v1
https://eduportal.kau.org.ua/pluginfile.php/2518/mod_folder/content/0/2014 JoPD Nuccio.pdf?forcedownload=1
https://eduportal.kau.org.ua/pluginfile.php/2518/mod_folder/content/0/1999 %D0%A1%D0%9E%D0%96 %D0%91%D0%B5%D0%BB%D0%BE%D1%83%D1%81%D0%BE%D0%B2.pdf?forcedownload=1
https://www.isis.stfc.ac.uk/Pages/2014-morenzoni-psi.pdf
https://eduportal.kau.org.ua/pluginfile.php/2518/mod_folder/content/0/sonier2000.pdf?forcedownload=1


To watch

• Мюони – частинки, які підтверджують теорію відносності [MinutePhysics] 
https://youtu.be/nusyrYcoBjM

• Распад элементарных частиц — Дмитрий Казаков / ПостНаука
https://youtu.be/YXBMSwqw6cA

• Analyzing μSR Spectra, Stephen Blundell (2018) https://youtu.be/T90ShkoyssQ

• Muon-spin rotation - Hugo Keller https://youtu.be/mwcSp2PEcOw

https://youtu.be/nusyrYcoBjM
https://youtu.be/YXBMSwqw6cA
https://youtu.be/T90ShkoyssQ
https://youtu.be/mwcSp2PEcOw
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Muon-spin precession



Schematic illustration of a µSR experiment. (a) A spin-polarized 
beam of muons is implanted in a sample S. Following decay, 
positrons are detected in either a forward detector F or a 
backward detector B. If a transverse magnetic field H is applied 
to the sample as shown then the muons will precess. (b) The 
number of positrons detected in the forward and backward 
detectors. A(t) - the asymmetry function.
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Abrikosov vortices
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Abrikosov vortices



Muon decay

How To Make MUONS https://youtu.be/zBr9YiSwdzM

https://youtu.be/zBr9YiSwdzM


continuous wave

pulsed





Morenzoni 2014



Morenzoni 2014



Morenzoni 2014



Morenzoni 2014



Morenzoni 2014



Raman spectroscopy



To read
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cal_Approach.pdf

2. M. Cardona. Raman scattering in high-Tc superconductors. Physica C 185-189,
65 (1991) pdf

3. B. Moritz et al. An investigation of particle-hole asymmetry in the cuprates via 
electronic raman scattering. Physical Review B 84, 235114 (2011) 
https://arxiv.org/pdf/1106.5798.pdf
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An early Raman spectrum of benzene 
published by Raman and Krishnan (1928)

Raman spectroscopy





Raman spectrometer



(a, b) Normal and superconducting spectra (raw data) of 
Bi2212 for B1g and B2g symmetry. (c, d) Superconducting 
spectra after subtraction of the phonons.

D. Einzel and R. Hack (1996)



Resonant inelastic X-ray scattering 

RIXS

= Resonant X-ray Raman



To read

1. L. J. P. Ament et al. Resonant Inelastic X-ray Scattering Studies of Elementary 
Excitations. Rev. Mod. Phys. 83, 705 (2011) https://arxiv.org/pdf/1009.3630.pdf
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https://arpes.stanford.edu/research/tool-development/resonant-x-ray-scattering
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