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SEARCH FOR NOVEL ORDER IN URu2Si2 BYNEUTRON SCATTERING�M.J. Bull, B. Fåk,ISIS, CLRC Rutherford Appleton LaboratoryChilton, Didot OX11 0QX, United KingdomK.A. MEwenDepartment of Physis and Astronomy, University College LondonGower Street, London WC1E 6BT, United Kingdomand J.A. MydoshKamerlingh Onnes Laboratory, Leiden UniversityP.O. Box 9504, 2300 RA Leiden, The Netherlands(Reeived July 10, 2002)We have made extensive reiproal spae maps in the heavy-fermionsuperondutor URu2Si2 using high-resolution time-of-�ight single-rystalneutron di�ration to searh for signs of a hidden order parameter re-lated to the 17.5 K phase transition. Within the present sensitivity ofthe experiment (0.007 �B/U-ion for sharp peaks), no additional featuressuh as inommensurate strutures or short-range order have been found inthe (h0l) or (hhl) sattering planes. The only additional low-temperaturesattering observed was the well-known tiny antiferromagneti moment of0.03 �B/U-ion.PACS numbers: 74.80.�g, 75.25.+z1. IntrodutionThe nature of the primary order parameter responsible for the entropyhange at the T0 = 17:5 K phase transition in the heavy-fermion super-ondutor URu2Si2 ontinues to be elusive. The inability of the small0.03 �B/U-ion moment arising from long-range antiferromagneti stati dipo-lar order to aount for the entropy hange has led to many theoretial pro-posals for the nature of a primary hidden order parameter, ranging from� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1265)
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1266 M.J. Bull et al.unonventional spin-density waves through to inommensurate orbital an-tiferromagnetism arising from harge urrents irulating between the ura-nium ions [1℄. To test the validity of some of these suggestions, we haveused time-of-�ight single-rystal neutron di�ration to searh for additionalfeatures that may be present below T0.2. ExperimentalTime-of-�ight single-rystal neutron di�ration is an e�ient tehniquethat enables data to be simultaneously olleted over a wide Q-range, witheah detetor sanning a radial trajetory aross the sattering plane [2℄. Forthese experiments, we have used the PRISMA instrument at the UK ISISneutron spallation soure in its di�ration mode [3℄ with 300 ollimationbefore the detetors, and the detetor bank entred at a sattering angle2� = 41Æ giving an aessible Q-range from 0.75 to 5 Å�1. Reiproalspae maps are onstruted by rotating the sample about the normal tothe sattering plane in 8Æ steps orresponding to the angular width of thedetetor array.The sample used is a large, annealed 0.328 g single rystal with dimen-sions 25 � 5 � 3 mm3 with the a diretion along the longest axis. EPMAmeasurements have determined the sample to be single phase and of the re-quired omposition with no impurity inlusions. Resistane measurementson�rm the presene of the 17.5 K phase transition, and the sample has aresidual resistivity of 2.3 �
m. The sample was oriented with either the(h0l) or (hhl) planes in the sattering plane, and was ooled using a helium�ow ryostat. The temperature dependene of the integrated intensity of theQ = (100) magneti Bragg peak is well desribed by I(T )=I(0)[1�(T=T0)�℄with � = 2:92, in agreement with other high-quality samples [4℄.3. ResultsReiproal spae maps are produed from the raw time-of-�ight databy normalisation to the inident �ux and the sattering from a standardvanadium sample, and then transforming into the reiproal lattie oor-dinates of the sattering plane. Subtrating high-temperature (25 K) datafrom low-temperature data (4.5 K) for eah sattering plane leaves only thosefeatures arising from the low-temperature ordered phase. In the (h0l) plane,we observe magneti peaks at (100) and (102), whilst in the (hhl) plane weobserve peaks at (111) and (113), all arising from the well-known k = (001)periodi struture assoiated with the long-range antiferromagneti statidipolar order of the uranium ions. The subtrated reiproal spae map forthe (hhl) plane is shown in Fig 1. A ut along the (hh0) diretion through



Searh for Novel Order in URu2Si2 by Neutron Sattering 1267the (111) magneti Bragg peak is shown in Fig. 2. The lear observation ofthe tiny ordered moment illustrates the exellent signal-to-noise ratio of thePRISMA instrument in di�ration mode.

Fig. 1. Subtrated reiproal spae map for the (hhl) sattering plane. Darkerpoints represent intensity above zero after the subtration, with magneti Braggpeaks loated at (111) and (113). At nulear Bragg positions, e.g. (110), thesubtration is in�uened by thermal di�use sattering and detetor saturation, butaverages to zero. The band of sattering towards the outer edge arises from thealuminium tails of the ryostat.
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h  (r.l.u.)Fig. 2. Cut through the (hhl) subtrated map at Q = (hh1) in a diretion q k (hh0)with width �q? = �0:5�. The line is a Gaussian �t.From the measured reiproal spae maps and uts similar to those shownin Fig. 2, we onlude that within the overed Q-range of the experimentand within the present auray, no additional inommensurate strutures or



1268 M.J. Bull et al.any short-range order are observed. Additionally, an upper bound on the in-tensity of any inommensurate features in the sattering planes investigatedan be set. From statistial analysis of the bakground and peak intensities,the detetion limit of our experiment is around 1/20 of the intensity of the(100) magneti Bragg peak, i.e. less than � 0:007 �B/U-ion.4. DisussionIn a reent paper inspired by the results of NMR and high-pressureneutron di�ration experiments, Chandra et al. [1℄ have suggested that theT0 transition may be dominated by the onset of inommensurate orbitalantiferromagnetism. The hidden-order phase arises from orbital urrentsirulating around square uranium plaquettes in the a-b plane, produinga small net moment perpendiular to eah plaquet (i.e. along the  axis).The orbital urrents give rise to small inommensurate Bragg peaks (witha rapidly deaying Q�4 form fator) prinipally loated around Q = (qq1)with q � 0:22. Furthermore, the intensity of these inommensurate peaks inthe �rst Brillouin zone is estimated to be � 1=50 of the antiferromagnetidipolar Bragg peak at e.g. Q = (100).In the present experiment we have not deteted any of these signatures.In partiular, Fig. 2 shows no signs of any peaks at (hh1) with h = 0:22or h = 0:78. While the experimental sensitivity is similar to the preditedintensity, the rapidly dereasing form fator ould play a role at the relativelylarge Q values we have investigated. In fat, kinemati onstraints mean thatthe (001) position ould not be aessed in the present set-up. Also, if theorbital moment ouples to the neutron spin in the same way as the dipolarmoment, i.e. only the omponent of the spin perpendiular to the satteringwave vetor Q is observed, then there would be a further derease of theintensity, in partiular for Q's lose to the  axis. Further measurements atsmaller Q-values using smaller sattering angles are envisaged.REFERENCES[1℄ P. Chandra et al., Nature 417, 831 (2002); ond-mat/0110048 and referenestherein.[2℄ M. Hagen, U. Steigenberger, Nul. Instrum. Methods Phys. Res. B72, 239(1992); M. Hagen, S.J. Payne, CLRC Tehnial Report RAL-TR-95-034 (1995).[3℄ M.J. Harris, M.J. Bull, CLRC Tehnial Report RAL-TR-1998-049 (1998);http://www.isis.rl.a.uk/exitations/prisma/.[4℄ B. Fåk et al., J. Magn. Magn. Mater. 154, 339 (1996).


