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Systems we are interested in

» Compound with pyrochlore networks, 7.e. py-

rochlores, AsB507 or spinels AB50,.

: A2B207 and ABQO4., B is dl or dg, A is
non-magnetic.(FIG.1)

« AyB507, A is a trivalent rare earth with partially
filled 4f shell, B is non-magnetic|1].
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Figure 1: Trigonally distorted crystal field for 5d system.

Motivation/questions

» Iridates reveal lots of interesting questions al-
ready. However, they are just part of the material
with large spin-orbit coupling. How about other
bd transition metal compounds?

» OSystem with valence electron configuration
5d? on pyrochlore lattice could also be interest-
ing. The local doublets for 5d° configuration
(dipolar-octupolar doublets, DO doublets) trans-
form differently with 5d° configuration. Will dif-
ferent transformation properties of local doublets
change the physics? If yes, how?

Pyrochlore network

Figure 2: Pyrochlore network

Tight-binding model

Hrp= Y. lelTywe, + h.c] (1)
(7,7)
» For nerest-neighbor case, T = q[tl ol +

to o9].— highly-nested fermi surface: more realis-
tic to consider further hopping.

» We construct the symmetry allowed tight-binding
model to 4-th nearest-neighbor hopping which is the
lowest order that can split the accidental degeneracy
at W point.

» The D34 site symmetry is generated by a 3-fold ro-
tation C3, a mirror plane M, and inversion Z, with:
Cs " =>4 M 1% = —1%* M . 7Y = 7Y
and Z : 7 — TH.

Exchange model

Symmetry allowed nearest-neighbor exchange model
is Hey = Sy LTpti + Jymimy + L1770 +
oo (TETS + TETS)

» Reduce to XYZ model after a global rotation
about y-axis in pseudo-spin space

» Dzyaloshinskii-Moriya interaction is forbid-

den!!

Hxyz = Y. LA+ J, 7050 + Laies (2)

(rr’)

» Comparing with the results of dipolar doublets|2].
» Closely related to XX7Z model. QSI is robust
to arbitrary symmetry breaking perturbations, and
thus survives away from the XXZ7 line.
> Epp = 776 = 77 4 7Y

» The expected existence of DO doublets on the pyrochlore lattice, and the resulting (surprisingly strong)

symmetry constraints on (and simple form of) the tight-binding and spin models that describe many-body

physics.

» The existence of both dipolar QSI and octupolar QSI phases in the XYZ model obeyed by DO doublets.

Results(I): at itinerant limit
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Figure 4: Phase diagram for the tight-binding model.

Results(II):at localized limit

Figure 5: Phase diagram for exchange model

» Two distinct SET protected by space group sym-
metry, dQSI and oQSI.

» dQSI(0QSI) phase, so named because the electric
field operator E,,.» = 7.:(7¢) — dipolar(octupolar).

= Odd under time reversal

« '] (pseudovector) of the Oy, point group for dQSI

['Z" (neither vector nor pseudovector) of the Oy,

point group for oQSI

Conclusion

» We construct the symmetry allowed models
under itinerant limit and localized limit. DO
doublets is highly constrained by space
group symmetry, and both models are
different with previously studied sys-
tems.
topological insulator phase.

At itinerant limit, we found
At local-
ized limit, the model is a XY/ model
which could support two distinct quan-
tum spin-ice phase protected by space
group symimetry.

Further questions

« Hund’s coupling?|3]

« Possible candidates? Nd;B>O7, NdsIr,O-,
Cd:ElﬂQSezl.

- How to measure it? Both dQSI and oQSI 7%

specific heat from gapless photons; in f-electron

realizations, this is expected to be about 1000
times the phonon contribution.

- Equal-time dipolar correlations fall off as r— in

dQSI, but as r~° in 0QSI.
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