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The magnetic structure in a localized 5f system UsPdsgSig was stud-
ied by means of neutron diffraction. We revealed a remarkable collinear
structure and found a new type of spin—flop transition due to the collinear
coupling. Spin wave excitation was observed in a whole Brillouin zone. We
concluded that the low energy quasi-elastic response is the excitation of the
quasi-particles due to hybridization between 5f and conduction electrons.
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1. Introduction

Actinide based intermetallic compound is one of the most attractive sys-
tems in the field of strongly correlated electron systems [1]. Although most
uranium compounds exhibit itinerant character of 5f electrons, an increas-
ing number of uranium compounds which display localized moments are
discovered. We found a new localized 5f intermetallic compound UsPdsSig
very recently [2]. A crystalline electric field (CEF) excitation [3,4] provides
direct evidence for the localized nature with the 5f2(U%*+)-TI triplet ground
state [2,4]. Our previous study [3] reported a successive magnetic ordering;
uranium spins on the simple cubic 8¢ lattice order antiferromagnetically be-
low Txy = 19K, while the fcc—4a sites show ferromagnetic ordering below
Tc = 2K. The purpose of this study is to reveal the magnetic structures
and excitations in this localized 5f system.

2. Experimantal

Neutron scattering experiments were carried out on triple-axis spectrom-

eters, TAS-2 (E; = 13.7meV) and LTAS (E; = 3.5meV) at the research
reactor JRR-3 in Japan Atomic Energy Research Institute, JAERI.

3. Result and discussion

Fig. 1 shows the H-T phase diagram [5] determined in our neutron
diffraction study [6]. In “AF"-phase only uranium spins on 8¢ sites order an-
tiferromagnetically. The uranium spin on 4aq site has eight nearest neighbors
on 8¢ site with the same number of up and down spins, hence the exchange
field is canceled out. It is the reason why the 4q sublattice remains param-
agnetic.

The 4a site shows ferromagnetic ordering below T¢, coexisting with the
8¢ antiferromagnetic ordering in the “AF-+FM”"-phase. Our neutron scatter-
ing study revealed a collinear structure with the moment direction parallel
to (100). We found that the antiferromagnetic moment follows the direction
of the inter-penetrating ferromagnetic moment, when a weak external field
is applied. This is direct evidence for the collinear interaction between the
4a and 8c sites. Higher order exchange and/or quadrupole interactions are
considered as the candidate for this collinear coupling.

The 8c spins exhibit a new type of spin—flop transition for H ~ 5T, due
to the uniaxial anisotropy induced by the collinear interaction.

As summarized in the table of Fig. 1, the moment size on 8c site 1.8up /U
is consistent with I'; ground state (2up/U), while 4a ferromagnetic moment
shows a strong suppression of about 1ug/U for H = 0. The 4a moment
recovers to 1.64up/U for H = 10T. In “AF+FM”-phase a molecular field is
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Fig.1. H-T phase diagram for the magnetic structures of U3Pd20Sig. Inset shows
the magnetic moment in each phase.

induced on 8¢ site from the ferromagnetically ordered 4a site. This molec-
ular field might perturb the 8c antiferromagnetic order. Therefore, the 4a
ferromagnetic ordering could be suppressed so as not to disturb 8c antiferro-
magnetic ordering and the 4¢ moment would be recovered to the saturation
moment under external field. The magnetic moment consistent to the ground
state indicate that this compound is a prototype of the localized 5f magnet
with 5f2 configuration. The image plots of the magnetic excitations around
the zone center () = (111) are shown in Fig. 2. We observed clear antifer-
romagnetic and ferromagnetic spin wave excitations, indicating the strong
localized character of 5f electrons. The existence of a clear spin wave in the
whole Brillouin zone is quite unusual in uranium intermetallic compounds.
The molecular field from 4a site splits antiferromagnetic spin wave on 8¢ site
into two modes in “AF+FM”-phase. A dispersive ferromagnetic spin wave
above Tc would be the result of the suppression of the 4a ferromagnetic
ordering. This strong ferromagnetic fluctuation is consistent with a broad
specific heat anomaly around T¢ [2].

We found a low energy quasi-elastic component observed around the
antiferromagnetic zone center. A similar low energy component has been
observed in a heavy fermion superconductor UPdyAls [7,8] and an itinerant
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Fig.2. Image plot of the magnetic excitations.

5f antiferromagnet UGag [9]. This component is considered as the excitation
of the quasi particles due to the hybridization between 5f and conduction
electrons. Although a phenomenological mean field coupling model is ap-
plicable for the magnetic excitations, the microscopic origin and mechanism
for the remarkable two component magnetic excitation remain open ques-
tion. Further experimental and theoretical studies are necessary in order to
understand the nature of the quasi particles in 5f intermetallic compounds.
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