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Pr,Zr,0, : Frustrated 3D magnet

Pyrochlore lattice is a frustrated 3 D lattice

Pr3* Ising spins, J=4, ground state non-Kramers doublet

With only J, would form a spin ice state
An appearance of J, would lead to spin ice fluctuations

Neutron scattering: Spin-ice-like




Unsolved questions
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FIG. 3. H || [111]: M vs H for several temperatures. Inset: H /M
vs T in p1g H = 9 mT. The line is a fit to the Curie-Weiss law between
land4.2K: H/M = 1,055+ 1.328 T.



Raman scattering spectroscopy
to study Pr,Zr,0,

® 0 =0~ 0, Studies of magnetic systems by Raman scattering:

coupling with £ vector of e-m wave
\ / Collective excitations:
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Raman scattering spectroscopy
to study Pr,Zr,0,
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Pr3* crystal field excitations in Pr,Zr,0O,

Neutron Scattering@ T =7.8 K In D3y symmetry, Pr 3+ SH, level is split
= into 3 doublets and 3 singlets:
| ' = 3E,+ 2A,,+A,,
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Ey — Ay, CEF transition in Pr,Zr,0;

- -« Ground (E,) to 1st exited state (A,,) transition
_ o characterizes ground state splitting.
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H| |[100]: Zeeman splitting

To simplify: assuming 2 in- 2-out state for
calculations of Zeeman splitting
Ao (H)= -ugg, (B J), g,=4/5
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Ey — Ay, CEF transition in Pr,Zr,0;
in H||[100]
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H||[111]: Zeeman splitting?

Expected: Fully Different splitting for = Zeeman splitting for g spins is

polarized state “a” and “B” spins lower than expected

under H| [[111] PP EY .« The line is broadened with H-field:
il 1 s 2Ky’ vs H||[111]
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H| |[111]: Spins in Kagome planes

Not a “frozen” structural disorder:
In H||[111] pyrochlore structure It should increase the line shape

“separates” triangular lattice planes for o and B spins.
and Kagome plains
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H| |[111]: Spins in Kagome planes

In H|[[111] pyrochlore structure Not spins "trozen™ in 2120/3110
“separates” triangular lattice planes in Kagome plains
and Kagome plains model with line width @ H=0T
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Line shape of a fluctuating system

« Levels Aand B

* AO=m,—0p Line shape changes on an increase
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H||[111]: fluctuations of Kagome ice

In H| [[111] pyrochlore structure The simplest model:
“separates” triangular lattice planes o- moments described as static
and Kagome plains B moments are fluctuating

between IN and OUT
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Conclusions

 In H=0: E, ground state in Pr,Zr,0; shows T-dependent splitting,
which suggest a double potential for Pr environment
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