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Report: 
URu2Si2 is one of the most actively studied materials exhibiting unconventional behaviour due to electronic 

correlations [1]. The central mystery of this compound is the nature of the so-called `hidden order' (HO) state, 

which sets in below 17.5 K. This transition is characterised by an enormous change in entropy (~0.2R ln2). A 

small `parasitic' antiferromagnetic order sets in in the HO phase, but its ordered moment is far too small 

(~0.02μB / U) to explain the change in entropy. The nature of the order parameter is still uncertain, despite 

intensive theoretical [1,2] and experimental [3-8] efforts. In addition, URu2Si2 superconducts below 1.2 K, 

and can also be driven into an antiferromagnetic state with a comparatively large moment of 0.4μB / U with 

the application of a modest pressure of ~0.5 GPa. This would seem to indicate that URu2Si2 exists in a 

delicately balanced state due to strong electronic correlations.  

Very recently a small orthorhombic structural distortion has been observed on cooling into the HO phase 

using synchrotron x-ray diffraction [9]. However, this effect has only been seen in ultra-clean samples (as 

defined by high residual resistivity ratio, RRR), and not in “dirty” samples. One curious aspect of this is that 

the large characteristic entropy change described above is not limited to such ultra-clean samples. In recent 

years (again, with ultra-clean samples) much effort has been devoted to understanding the electronic structure 

of URu2Si2, in particular the precise details of the Fermi surface (FS). Recent advances in ARPES techniques 

[3] have, to an extent, resolved contradictory interpretations of band structure measurements. FS hotspots of 

enhanced quasi-particle density are revealed together with a reconstruction of the FS on entering the HO 

state, characterised by FS nesting. 

Phonons are highly sensitive to the band structure, so we would expect to observe subtle modifications in the 

phonon spectra accompanying changes in the FS and/or structural distortions. A generic example of the 

former would be a Kohn anomaly in the phonon dispersion at a nesting wavevector. Surprisingly, there had at 

the time of our proposal never been a systematic study of the phonons in URu2Si2, with only a single inelastic 

neutron scattering (INS) study [6] over a limited energy and Q range, and some Raman spectroscopy 

measurements [7]. The main finding in ref. 6 is that in the HO phase there is a longitudinal optic mode that 

 



 

softens dramatically along the (ζ,ζ,0) trajectory, and that this mode appears to be absent well above the HO 

transition temperature. This is ascribed to an instability of the FS towards breaking of the body-centred 

tetragonal symmetry in the HO phase. 

The aim of our proposal was to perform measurements of the phonons in URu2Si2 using a high purity (small, 

hence not accessible to neutrons) sample. We compared our measurements with neutron data we took on a 

lower purity (large) sample, e.g. fig. 1, which had the additional problem of a significant magnetic 

contribution to the scattering which made analysis of the 

phonons more difficult. Shortly before the experiment we 

became aware of refernces [10] and [11], both of which 

reported much more comprehensive measurements of the 

phonons in URu2Si2, including measurements using IXS, 

albeit on an offcut of a lower purity large sample. 

Using ID28 we were able to map out the phonon 

dispersion in several Brillouin zones along all of the major 

symmetry directions. We found that our measurements 

were fully consistent with the published data, indicating 

that sample purity has little bearing on the lattice 

dynamics in URu2Si2. As was found in refs. [10] and [11], 

we observed no change in the phonon dispersion on 

cooling from the paramagnetic to the hidden order phase. 

Sample data taken in the HO and PM are shown in fig. 2. 
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Figure 1: sample time-of-flight neutron data 

showing the magnetic and phonon contributions to 

S(Q,E) 

Figure 3a: sample dispersion along the (0,0,1) direction 

measured on ID28 at 7 K. Marker colour indicates peak 

intensity and marker size peak width 

Figure 2b: as figure 2a, measured at 25 K 


