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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. &% Name of sample(s) and chemical formula, or compositions including physical form.

A polycrystalline powder sample of neodymium tetraborides, NdB,4, was prepared by crushing single crystals.
The high-quality single crystals were grown by the floating zone method in a four-ellipsoidal mirror-type image
furnace. The sample had a total mass of 10.4 g. The g isotope enriched to 99.5% was used wherever possible
to keep away from the strong neutron absorption of 198 contained in natural boron. No impurity phase was
observed by neutron powder diffraction experiments. The powdered sample was wrapped in a thin Al foil
shaped to 3 cm (height) x 2 cm (width) x 0.8 cm (thickness) and mounted inside a standard Al can with He

exchange gas. The sample can was placed inside a GM cryostat and cooled down to 3 K.

2. RBRAERVER (EBRNSIFWOIGNOFHE ., TOEHZLRL TSN, )

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

Inelastic neutron scattering (INS) measurements were performed by the time-of-flight technique using the
chopper spectrometer HRC (BL12) at MLF/J-PARC. The power of the accelerator was approximately 150 kW.
The rotation frequency of the Fermi chopper was 200 Hz. In the experiment, two settings for multiple incident
energies of neutrons were used mainly with £; = 51.17 meV and 11.47 meV to target a wide range of (Q, w)
space, and secondarily with E; = 25.51 meV and 8.01 meV for better energy resolution. The energy resolutions
AE/E; were 1.1%, 0.55%, 0.81%, and 0.44% for incident energies described above, respectively. Data were
collected at 30 K, 20 K (in the paramagnetic phase 1), 9 K (in the high-temperature intermediate phase Il), and 3
K (in the lowest-temperature phase V).

The crystalline electric field (CEF) removes the ten-fold degeneracy of 4]‘3 ground multiplet of Nd** (J = 9/2),
leading to five Kramers doublets under the tetragonal point symmetry. Figure 1 shows the INS spectra with E; =
51.17 meV. The spectra are obtained by integrating the data over the Q range of 1.5-2.5 A The low-energy
INS spectra integrated over the Q range of 0.5-1.5 A are shown in FIG. 2. At 30 K, apparent peaks are

observed approximately at 3.0 meV and 12.5 meV. As clearly seen in FIG. 3, these peaks show no dispersion
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2. EERAERUFER (DDF) Experimental method and results (continued)
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FIG. 1. INS spectra of NdB,; with 51.17 meV incident
energy neutrons at 3 K, 9K, and 30 K.
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FIG. 2. Low-energy INS spectra of NdB, with incident
energy E;=11.47 meV at 3K, 9 K, and 30 K.
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FIG. 3. Contour map of the INS intensity of NdB; measured with E; = 25.51 meV at 20 K.

over the entire Q range and the intensities decrease as the Q increases, indicating CEF excitations (G—-E1 and
G—E2). Additionally, these two excitations show peak shifts with decreasing temperature. This behavior is also
consistent with the fact that the two peaks are CEF excitations. At 9 K, new small peaks emerge around 17.5
meV and 28.5 meV without energy dispersion and increase in intensity with decreasing temperature. Thus,
they are considered to be CEF excitations (G—E3 and G—E4). In conclusion, present study succeeds to reveal the
CEF level scheme of 0-3.0-12.5-17.5-27.5 [meV]. This scheme can also explain the weak traces around 14.5
meV (E1-E3) and 24.5 meV (E1-E4) at 30 K. The fact that the excitation intensities of G-E3 and G-E4 in the
paramagnetic state are very weak should reflect the small mixing of the wave function components in this
system. On the basis of this postulation and the additional fact that the excitation intensities of G-E1 and G—E2
are very strong, we calculated the tetragonal CEF parameters B, and obtained the set of Byg = -0.87 [K], Bso =
0.071 [K], Bgo = -0.76 [mK], and Bas = Bgs = 0 [K] that roughly explained the intensity ratio and the peak position
of the INS spectrum at 30 K. This result provides the existence of the pseudo-quartet ground state consisting of
|5/2> and |7/2> with the small splitting of 3 meV, as the origin of the unusual physical properties of NdB,. In
the future, using these parameters as default, we will obtain the refined solution that can explain other

physical quantities while taking the local symmetry of Nd** ions into account.
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