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» The quantum dynamics of a single Ho’" ion
v Origin of the mesoscopic behavior

v" Strong hyperfine coupling limit
v Hysteresis loops @ low field sweep rates

» Conclusion
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About the large scale ...

» Inhomogeneous magnetic behavior

L Pining of a narrow domain wall

Lo Spin glass
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Single molecule magnets Diluted rare-earth ions
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Mesoscopic spins

Single molecule magnets Diluted rare-earth ions
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LiY, Ho F, a model system

Hep = B0y + BygOyq + BggOgo + B43044 + BgyOgy

}

level separations level mixings
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Electronic Zeeman diagram

Ising-like ground doublet
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Stability of this doublet...?

L Holmium rnuclear spin
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[Strong hyperfine coupling limit }
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The quantum dynamics of a single Ho*" ion
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From the quantum dynamics of a single Ho’" ion...

...to many-body effects
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Phonon bottleneck
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The field sweep drives the spin system
far from its internal equilibrium
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The quantum dynamics of an ensemble of Ho’" ions
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[Spin-spin Cross relaxationg}
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Some multi-spins transitions allow for energy conservation @ resonant fields
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[ Spin-spin cross relaxations : co-tunneling & biased tunneling J
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The two-ions representation
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[ The two-ions representation J

Without any coupling With an isotropic interaction
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» Co-tunneling crossing fields are independent of the coupling strength f
(transitions are allowed by dipolar/anisotropic exchange interactions)

> Biased tunneling crossing fields (by a ‘molecular field’)
(fine structure if exchange couplings > dipolar interactions)
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The two-ions representation
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Ac-susceptibility measurements
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Ac-susceptibility measurements
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Ac-susceptibility measurements
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Spin-spin cross relaxations : a KEY ingredient ...

» Spin glass

L Role of weakly interacting spins...?

[ ... Strength & Nature of the interaction... J
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Spin-spin cross relaxations : a KEY parameter ...

Large R required to allow for

quantum fluctuations

at large scales...

Quantum spin glass

> Dipolar spin glass
L Diluted magnetic semiconductors (hole-mediated exchange interactions)
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Highly diluted Ho3* ions in LiYF,
exhibit a mesoscopic behavior at low T

The measure of an ensemble demonstrate
various quantum relaxation mechanisms

» Single-ion behavior : strong hyperfine coupling

» Many-body effects : co-tunneling & biased tunneling

L. Crucial role of anisotropic interactions

for quantum fluctuations at a large scale
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