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Abstract:

According to recent INS measurements carried out out at IN5, the pyrochlore magnet Nd2Zr2207 appears to be close to a U(1) liquid
phase in parameter space. This phase is the long sought quantum spin ice phase in the context of spin ice physics. By replacing part of|
the Zr by Ti, we seek to slightly tune the effective coupling constants and move the system to this U(1) phase. This is the aim of this
proposal to study the spin excitation spectra in a 20 % doped single crystal.
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Nd.Zr,.TixO7: a new quantum spin ice candidate

In this proposal we asked for beam time on the INS time-of-flight spectrometer to study
mechanism behind the magnetic moment fragmentation [1]. This exotic phenomenon
manifests as a dual ground state consisting of a fluctuating spin liquid fragment, a so-
called Coulomb phase, on top of a magnetic monopole crystal. Using a combination of
elastic and inelastic neutron scattering measurements performed on D23, D7 and INS,
we proposed that such a phenomenon likely occurs in Nd2Zr,0O7 [2,3,4]. We indeed
observed the spectacular coexistence of an antiferromagnetic “All-in All-out” order
(Tn=285 mK) induced by the monopole crystallization and of a pinch point pattern typical
of a Coulomb phase (see figure 1). Furthermore, we could show that the spin ice pattern
is not elastic as in classical spin ice, but an inelastic feature, which suggests that
quantum effects are at play in this material. Dispersing features akin to spin waves are
also observed above the dynamic spin ice mode (figure 2).

Interestingly, the whole spectrum is well reproduced in the framework of the XYZ
Hamiltonian [3,5]. In this context, the softening of the spin ice flat band occurs at a
critical ratio between effective exchange parameters of the model Jy/|J,|=3. Beyond this
value, a U(1) spin-liquid phase is stabilized, the celebrated “quantum spin ice” which has
been long sought among pyrochlores magnets. To test this prediction, we have initiated
the study of doped compounds, where a small amount of the Zr is replaced by Ti. This
doping is expected to slightly change the exchange paths (and the crystal field
environment of the Nd ion).
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Our INS experiment has been carried out on IN5 in a standard set-up involving a cryo-
magnet and a dilution insert. The measurements were performed with a wavelength of 6
A and 8.5 A to ensure a good energy resolution required to resolve the small energy gap
to the spin ice mode (about 70 ueV). We varied the temperature from 45 mK up to 1 K.
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Fig 3: Magnetic excitations spectra in the 5% doped sample (Tn=375 mK) measured
at 45 mK.

The spin ice dynamics has been fully determined at low temperature (figure 3), yielding
slightly different effective parameters of the XYZ Hamiltonian compared to the pure
sample. Further analyses are on-going to understand these results as well as their
impact on the fragmentation mechanism.
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