
Bulk Techniques

and 

Muons



Local vs Non-local response

In general

M(q,ω)=(k,Ω,q,ω) H(k,Ω)

for homogeneous and stationary systems (see R.M.White Quantum Theory of Magnetism)

(often the case)

M(q,ω)=(q,ω) H(q,ω)

Bulk techniques probe (0,ω) and M(0,ω)

Example: ac susceptibility probes (0,ω), typically for (ω/2)< 1 MHz



Local vs Non-local response

Local probes as muons are sensitive to the local field h(t)
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F. Branzoli et al., PRB82, 134401 (2010)

Example: ac-susceptibility vs µSR in Single Molecule Magnets



Discrepancy between ac-susceptibility and µSR 

correlation times suggest the presence of correlations

among Tb3+ moments in the lattice, i.e. q≠0 modes.

F. Branzoli et al., PRB82, 134401 (2010)

Example: ac-susceptibility vs µSR in Single Molecule Magnets



Static Magnetization/Susceptibility (0,0) and the muon Knight shift

With µSR shift one probes the intrinsic local susceptibility due only to 

those electron spins coupled to the muon, i.e. not the extrinsic impurity

contribution. In clean systems the shift mesurement allows to derive the 

hyperfine coupling.

M.Gomilsek et al., PRB 94, 024438 (2016)



In antiferromagnets or helimagnets (Q≠0)

one needs a local probe to measure the sublattice magnetization

Example: Zn and Mg doped La2CuO4
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Measurement of the bulk lifetime of photoinduced carriers in Si, µSR is

not affected by surface effects as photoconductance/luminescence

techniques which are typically used to measure carrier lifetimes.



Ionic dynamics from conductivity measurements and from µSR

Local probes as muons probe ionic intersite hopping even if this does not give rise to a 

neat ionic current hence often a local fast dynamic can be detected by µSR and not by 

conductivity measurements.

J.Sugiyama et al., PRB92, 014417 (2015)

B.V.Babu et al., Results in Physics 9, 284 (2018)



Flux lines thermal dynamics in superconductors studied with µSR
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Flux line bundles drift under a Lorentz force



Multigap superconductor studied with Specific Heat and from µSR

P.K.Biswas et al., PRB83, 054517 (2011)



Unconventional Ground-States in Frustrated Magnets



In general, bulk tecniques provide information which is

complementary to the one local microscopic techniques

as µSR can access and often they provide the necessary

and unavoidable preliminary characterization of the 

materials before a µSR experiment is performed.


