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Kondo (in a nutshell)
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Magnetic impurity scattering
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Fig. 1. Resistance of Au between 1°K. and 5°K.
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Kondo singlet (screening) at low T < T,
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CeSb — low-T phase diagram
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Electronic structure in the magnetically ordered state
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Periodic lattice modulation (BZ back folding)

Intensity (arbitrary units)

X-ray diffraction BZ back folding
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Large anisotropy (Ising-like behavior)

Magnetic inelastic neutron scattering
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Magnetic moments are pinned along the modulation wave vector, g, along the [001]
(tetragonal) direction. In the case of H along <110> or <111> (cubic) directions one observes
just a projection due to the domains with the moments along <100> (cubic) directions.
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Ce3* crystal field splitting
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Magnetic (CF) excitations
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Inelastic neutron scattering (AF & F)

Raman scattering (AF)
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Two level model for low T.

Excitation of the |5/2> -> |3/2> type (transverse
magnon-like.

CF effects negligible in the ordered state, Zeeman
like splitting?

Arai et al., Nature Materials 21, 410 (2022)

Inelastic neutron scattering (AF)

Splitting not Zeeman?
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Experimental
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Data at glance

Slow dynamics
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Coherent oscillations
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F phase (full DECP fit)
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Origin of the coherent oscil

IMPACT 2024

ations (F phase)
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* The observed mode in the F phase cannot be |5/2> -> |3/2> spin-wave-like transition observed by INS since
demagnetization effects can shift the frequency no more than: Aw/w ~ My/2(H + Hy) = 1.6%

* Polarization dependence (AM || M,) suggests a longitudinal excitation between [5/2>-> |-3/2>.

* CF effects are not negligible, splitting not close to Zeeman as suggested by Halg et al..
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Exciton “displacive” excitation mechanism
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Origin of the coherent oscillations (AF phase)
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» Backfolding: 12 doubly degenerate CF-
derived states. (2E;, @ 4E,; @ 4E,, D 2E,,)

* No magnetic field dependence, but
could be magnetic since H L M, due to
the angular momentum flop.

* Folded phonons (vibronic) also
possible.
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Data across the phase diagram
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Exponential components
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The F and FP1-FP4 phases show faster sub-picosecond dynamics (faster quench) suggesting similar
electronic structure different from the AF, AFF1 and AFF2 phases.
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Summary & Conclusions

O We measured ultrafast magnetooptical response in most of the CeSb phase
diagram.

O Coherent oscillations observed in the F and AF phases.

O Additional collective magnetic excitation observed in the F phase. CF effects
strong also in the F phase.

O Two modes in the AF phase consistent with recent Raman results. Unclear
origin, could be magnetic excitations or folded lattice modes or magnetic-
lattice hybridized excitations.

O Non-oscillatory relaxation qualitatively similar in all phases. The sub-
picosecond dynamics faster in the F(P) phases. Related to different
electronic structures in the AF and AFF  phases.

M. Naseska, N. D. Zhigadlo, Z. Jaglici¢, E. Goreshnik, and T. Mertelj, Ultrafast Optical
Polarimetry in Magnetic Phases of the Kondo Semimetal CeSb, Phys. Rev. B 109,
125140 (2024).



