acta physica slovaca vol. 49 No. 3, 461 Ű 463 June 1999

CRITICAL SCATTERING OF UNiGa^{� z}

P. Svoboda, K. Proke“s, V. Sechovskťy Department of Metal Physics, Charles University, 121 16 Prague 2, The Czech Republic

T. Khmelevska Dept. of General Physics, Donetsk State Univ. Donetsk 55, Ukraine

M. Hofmann, N. Stĺusser Hahn-Meitner Institut Berlin, Glienicker Str. 100, 14 109 Berlin, Germany

Received 9 October 1998, accepted 6 November 1998

The hexagonal intermetallic compound UNiGa adopts the ZrNiAl structure type, orders antiferromagnetically below 39 K and exhibits several AF phases with lowering temperature. Within narrow temperature range 34 K - 39 K there exist four magnetic phase transitions in zero magnetic ^eld. In all these phases the magnetic structure is highly anisotropic with magnetic moment parallel to the cŰaxis. The phase just below TN is an incommensurate antiferromagnetic structure characterised by propagation vector q = (0, 0, qz), where qz is in the range 0.36 - 0.37. We present results of magnetic critical scattering study on a UNiGa single crystal. The intensity of critical scattering drops rapidly within a very narow temperature range above TN .

PACS: 75.30.Kz, 74.25.Fy

1 Introduction

One of the most thoroughly studied compounds of the UTX-stoichiometry (T = transition metal, X = p-metal) is UNiGa which adopts the hexagonal ZrNiAl-type structure. It orders antiferromagnetically below 40 K and exhibits a complex magnetic phase diagram, namely in the vicinity of the Nťeel temperature [1, 2]. Similar to other hexagonal UTX, UNiGa displays strong uniaxial anisotropy with magnetic moment parallel to the cŰaxis. The magnetic structure of UNiGa consists of ferromagnetic basal planes antiferromagnetically coupled along the cŰaxis [1, 3]. The huge uniaxial magnetocrystalline anisotropy, amounting to several hundreds of Kelvins, persists till high temperatures in paramagnetic range as was documented by various experiments on available single-crystals [4].

In this paper we present the results of the elastic neutron diffuse-scattering experiment on a high-quality single crystal of UNiGa. The experiment was motivated by the anomalous temperature dependence of the electrical resistivity (see Fig. 1(a)) [5]. Similar to the magnetic properties,

�Presented at 10th Czech and Slovak Conference on Magnetism, CSMAG’98, Ko“sice, Slovakia, August 24-27, 1998 zDedicated to Dr. Angela Zentkovťa and Dr. Anton Zentko on the occasion of their sixtieth birthday

0323-0465/99 cfl Institute of Physics, SAS, Bratislava, Slovakia 461

462 P Svoboda et al.

Fig.1.: (a) The temperature dependences of the electrical resistivity of the UNiGa single crystal measured parallel and perpendicular to the cŰaxis. The parallel dependence in zero ^eld is compared with the measurements in B = 2 and 14 T applied along the cŰaxis. (b) The temperature dependences of the maximum critical scattering intensity (ffl) and of the width of the diffuse peak (2,�) along the a and cŰaxis, respectively.

also the transport properties are highly anisotropic. The basal-plane resistivity is nearly constant above the Nťeel temperature, resembling the behaviour of a ferromagnetic material. The resistivity measured along the c-axis, however, exhibits an upturn below 80 K, which becomes gradually steeper by approaching the Nťeel temperature. This upturn in resistivity persists also in relatively strong magnetic ^elds applied along the cŰaxis, for the complete removal of this feature B = 14 T was necessary. A possible source of this behaviour can be connected with strong antiferromagnetic correlations above the Nťeel temperature.

2 Experimental

The elastic neutron diffuse-scattering experiment was performed on the E6 focusing diffractometer with a 20^o banana-type multidetector at BER II reactor, HMI, Berlin, with the neutron wavelength λ = 2.404 A . The single crystal of UNiGa was mounted with the a-c plane as a scattering plane, allowing us to study the anisotropy of the critical scattering. The diffuse scattering was

Critical scattering of UNiGa 463

measured at the position of the strongest incommensurate antiferromagnetic re~ection q = (2 0 0.36). As expected, there was no trace of magnetic intensity at q = (0 0 0.36), con^rming parallel alignment of magnetic moments to the cŰaxis also above the Nťeel temperature. At all temperatures the critical scattering is centered at q = (2 0 0.36).

3 Results and discussion

As can be seen from Fig. 1(b), the intensity of diffuse scattering rapidly drops down with increasing temperature. Even with extremely long counting times we were able to follow the intensity within only few Kelvins above the Nťeel temperature. At higher temperatures the intensity was unseparable from the increased background. This surprising result is somewhat contradictory to the pronounced effect on the c-axis resistivity. A possible explanation of this discrepancy, strongly supported by the μSR experiment [6], is the existence of fast antiferromagnetic ~uctuations along the cŰaxis, strongly damped just above the Nťeel temperature. The observed anisotropy of the width of the critical scattering is also supporting this hypothesis (see Fig. 1(b)). The correlation length in the real space (represented by the reciprocal of the peak width) ξ_a is about twice as large as ξ_c (at T = 41 K ξ_a= (5.9 � 0.1)nm, ξ_c = (3.4 � 0.1)nm).

The assumption (similar to the ordered state) of the ferromagnetic correlations within the basal plane and rapidly ~uctuating antiferromagnetic correlations along the cŰaxis is in agreement with the observed correlation length and can also explain the different temperature dependence of electrical resistivity parallel and perpendicular to the cŰaxis as the electron scattering is much more sensitive to fast antiferromagnetic ~uctuations.

Acknowledgement We want to acknowledge the support of BENSC, HMI, Berlin. Part of this work was also supported by the Grant Agency of the Charles University (Grant No. 52/98).

References

[1] V. Sechovskťy et al.: J. Magn. & Magn. Mater. 140-144 (1995) 1381 [2] V. Sechovskťy et al.: BENSC Experimental Report, HMI, Berlin (1993) 55 [3] K. Proke“s et al.: J. Appl. Phys. 79 (1996) 6396 [4] K.Proke“s: Magnetism in uranium intermetallic compounds (thesis), Amsterdam and references therein (1997) [5] L. Jirman et al.: J.Magn.Magn.Mater. 104-107 (1992) 19 [6] A. Yaouanc et al.: ISIS Experimental Report (Didcot 1994) A142