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The hidden order (HO) phase emerging below 17.5K in the heavy-fermion compound 
URu2Si2 has drawn considerable attention. In spite of intensive experimental and theoretical 
investigations the origin of the arising electronic order could not be unambiguously explained. 
Multifarious theories have been proposed to explain the intriguing appearance of the HO 
phase [1]. Since the actinide 5f electrons can adopt localized or itinerant character, theories 
based on localized 5f behavior have been proposed as well as competing theories based on 
the assumption of itinerant 5f behavior; in the latter the existence of a Fermi surface 
instability is central [2-4]. 
Experimental evidence in favor of either localized or itinerant 5f behavior is crucial. Recent 
experiments drew attention to a previously unrecognized aspect of the HO quasiparticles 
(QPs) in URu2Si2. A g-factor anisotropy exceeding 30 was estimated, implying that HO 
emerges out of QPs with giant Ising anisotropy [5]. The Ising behavior of the near Fermi-
energy QPs was reported to support the picture of localized 5f states, possibly having a small 
hybridization with conduction electrons [5]. This extreme magnetic anisotropy is central to the 
hastatic order theory in which a local 5f2 crystal field doublet induces the Ising character [6]. 
For bandlike electrons, in general a g-factor of 2 with little anisotropy is expected which 
would definitely exclude delocalized 5f behavior [5,6]. 
We show on the basis of relativistic DFT-based electronic structure calculations that the 
bandlike 5f electrons in URu2Si2 exhibit surprisingly a colossal Ising behavior, a property 
which is truly exceptional for itinerant electrons. The calculated anisotropy of the total 
moment on one of the U atoms in URu2Si2 is shown in Fig. 1b; the moment vanishes steeply 
for directions away from the tetragonal c-axis, i.e. the moment displays a huge Ising 
anisotropy. The origin of the unique Ising anisotropy is found to be due to a combination of 
the peculiar nesting of Fermi surface states and the strong spin-orbit interaction. Our results 
have important consequences for models applicable to unveil the nature of the HO.  

Fig. 1. a) The simple tetragonal unit cell of URu2Si2 that 
was employed in the calculations with equilibrium 
directions of uranium moments indicated. Large 
spheres depict U atoms, medium large spheres Ru, 
and small spheres Si atoms. b), Three- dimensional 
plot of the magnitude of the total U moment calculated 
as function of the direction in the unit cell. 
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