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The quaternary nickel borocarbides ReNi2B2C (Re = Y and rare earth) have attracted much attention because
they show an interesting interplay between superconductivity and magnetism and their layered structure
resembles that of the high temperature superconductors. Many of the magnetic structures show a spin
density wave (SDW) with propagation vector Q 0.55a*, which is consistent with electronic band structure
calculations in the normal state of LuNi2B2C revealing a peak in the electronic susceptibility at q  0.6 a*.
This indicates that a strong Fermi surface nesting feature controls the magnetic interactions between the Re
ions via an indirect RKKY interaction. TmNi2B2C orders in zero field below 1.5 K in a special magnetic
structure with spins along the c-axis and ordering vector QF = (0.094, 0.094, 0). In magnetic fields above
about 1 tesla applied along the a-axis it transforms into a structure with ordering vector QA = (0.483, 0, 0).
This phase exists to increasingly higher temperatures as higher fields are applied. Comparison between
experimental data and model calculations show that this high field phase is stabilized by quadrupolar
ordering mediated by magneto-elastic distortions associated with the transverse optical 4-mode (polarized
along the c-axis) [1]. In non-magnetic compounds with Re = Y and Lu, and magnetic Re = Er and Ho
compounds soft mode behaviour has been observed in this 4-mode which accordingly is suggested to play
an important role in formation of the BCS type superconducting state. Superconductivity co-exists with
magnetic order even in the presence of weak ferromagnetism, as observed in ErNi2B2C, and the
superconducting transition temperatures scale approximately according to the de Gennes factor, (gJ-
1)2J(J+1).

TbNi2B2C is interesting because Tb3+ has the same J=6 ground state as Tm3+ but a significantly larger spin
contribution: Tb3+ has L=S=3 while Tm3+ has L=5 and S =1. By comparison with TmNi2B2C, which is
superconducting below Tc = 11 K de Gennes scaling predicts that TbNi2B2C should be superconducting
below 1.2 K but this has not been observed. One explanation could be that the lattice properties are different.
Thus, although low-energy 4-modes have been observed in TbNi2B2C they do not display soft mode
behaviour. Furthermore, the long wavelength spin-density-wave magnetic structure with ordering vector QF

is not found in TbNi2B2C. In contrast, neutron diffraction studies show that in zero field the ordering below
TN = 15 K is a spin-density-wave with ordering vectors close to QSDW = (0.55, 0, 0). Below 8 K weak
ferromagnetism with ordering vector close to QWF = (0.545, 0, 0) appears [2]. Both modulation vectors move
with temperature but lock in at the given values at low temperature, the QSDW structure with a small
displacement along b*. Furthermore, in contrast to the expectation from the anisotropy induced by the
classical dipolar interaction, which favours transverse polarization, longitudinal polarization is observed in
the Tb-compound. The origin of this cannot be explained by models based on standard isotropic exchange
and crystal fields. In order to elucidate the role of magneto-elastic effects in TbNi2B2C we have studied the
distortion field associated with the magnetic ordering as function of temperature and magnetic field by
synchrotron x-ray diffraction, using the 10 tesla horizonthal magnet at the high-energy beam line BW5 and a
single crystal of dimension 1×1×4 mm3. Surprisingly but consistent with the magnetic order we observe a
longitudinally polarized distortion field that follows the magnetic ordering vectors QSDW and QWF. The
distortion field has been studied around several Bragg peaks and has significantly higher intensities at
second than first harmonics. Application of magentic field increases the distortions significantly until the
magnetic order is destroyed. Similar model studies as performed for TmNi2B2C have been initiated but finite
conclusions about the role of quadrupolar ordering and magneto-elastic effects have not yet been obtained.
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