[image: image1.jpg]<



[image: image3.jpg]2.2K

o=

p,H (T)

uresjgn





Field-Induced Lattice Anisotropy in fcc UO2 from Magnetostriction to 90T 
Gofryk, K. (Idaho National Laboratory) and Jaime, M. (National High Magnetic Field Laboratory LANL)
Introduction 

Uranium dioxide is a Mott insulator that develops first order antiferromagnetic ordering of U magnetic moments below 30 K. The high temperature cubic (fcc) lattice structure is preserved though the transition, although some symmetry elements are lost due to local distortion of the O-cage around U atoms. Earlier thermal conductivity data [1] unveiled unexpected crystal anisotropy which we explore here with dilatometry studies.   
Experimental  

The longitudinal and transverse magnetostriction were measured on oriented high quality single crystals of uranium dioxide, in pulsed magnetic fields to 90 T and DC magnetic fields to 15T applied along the crystallographic (111( direction. We used a fiber Bragg grating dilatometry technique at the NHMFL-LANL pulsed field facility.   
Results and Discussion


The longitudinal (((L // (111() magnetostriction measured with H // (111( to 90 T at a number of temperatures between 32K and 3.98 K , displayed in Fig. 1, shows a dramatic change of sign for T < TN ≈30.4K being negative in the high temperature paramagnetic state and positive in the low temperature AFM. Data below 30T taken at T = 4K  (Fig. 1 inset) shows large hysteresis, likely due to AFM domain flipping. The transversal ((L ( (111() magnetostriction measured  at 2.2K and shown in Fig. 2 shows opposite sign, clearly indicating a field-induced trigonal distortion of the cubic unit cell.  
Conclusions

Magnetostriction to 90 T obtained in UO2 above and below the AFM transition at TN = 30.8K indicate the persistence of the AFM state to the highest applied magnetic fields. Transverse magnetostriction to 15T demonstrate that the unit cell distorts in a trigonal fashion. The butterfly hysteresis loop observed in both configurations point to AFM domain flip in applied fields with coercive field that depends strongly on sweep rate. Both, the linear MS component and the domain flip, observed in the AFM state point to piezo-magnetism predicted 30 years ago but never before observed in UO2.  
Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490, the State of Florida, and the U.S. Department of Energy. Work at Idaho National Laboratory was partially supported by NEAMS program
References

 [1]
Gofryk, K., et al., Nature Comm., 5, 4551(2014).
[image: image2.jpg]AL/L(107)

0.4

| UO, <1115
sl T
— AFM NS \3.98_
1° orderT ~ si\h
-0.2 | =R N
l . 10.4
\\ |
044 LTTTTTTTGRTT ] 303
- . 4 \ /. \\
-0.6 1 “ N,
-0.8 - PM
y ] . 32.0
-1.0 - -30 -20 10 O 10 20 30 ‘
| | | | | ' T\ ' ‘

wyH (T)

0O 10 20 30 40 50 60 /0 80 90



[image: image3.jpg]
Fig.2 Magnetostriction L/L(H) ( (111(  measured at T = 2.2K, when H // (111(  








Fig. 1 Magnetostriction L/L(H)// (111(  measured at various temperatures between 4K and 32K. Inset: Expanded view of hysteretic behavior below 18T.









