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Report:

The purpose of this experiment was to measure the spin density of UCoGe using spin polarised Compton

scattering. The issue of the spin and orbital magnetic moments in the UTX series (T = transition metal, and X

is a p-electron systesm) has been under great scrutinity recently. Experimentally the total moment is shown to

be small [1] (m0 = 0.03 µB), although theoretical work [2-4] predicts the moment to be far higher. The

published calculations suggest two large opposing spin and orbital moments on the U site and a moderate

spin moment on the Co site.

Spin polarised Compton scattering samples the spin-dependent electron momentum density through the use

of circularly polarised synchrotron radiation. The technique involves high-energy inelastic scattering of a

monochromatic beam of circularly polarised photons. The energy dispersion of the scattered beam is directly

related to the electron momentum distribution. In this case, an energy of ~90keV was used, just below the

uranium K-edge, with a scattering angle of 174 degrees. The 13 element Ge detector was employed. In order

to extract the spin polarised signal two measurements are made with parallel and antiparallel applied field

directions with respect to the scattering vector. This experiment used the new 9T cryomagnet that has been

installed by the Warwick group (long term proposal HE1675 [5], and recent publication [6]).

The data obtained in September 2009 are shown in Figure 1, together with our own LSDA+U calculations,

performed using the KKR method. The profile was measured at T = 1.5 K (within the FM regime) and B = 5

T. We found a spin moment of (-0.35 ± 0.05) µB per formula unit, aligned antiparallel to the total



magnetisation. By comparison with our bulk magnetometry we calculated the orbital moment to be (0.52 ±

0.05) µB. The small moment along with the large number of electrons (Z = 151) meant our magnetic effect

was small, requiring a long counting time. The individual contributions of the U 5f and Co 3d net spin

moments were not derived explicitly from the

profiles, as can be done in some cases because

the momentum distribution of Co 3d and U 5f

electrons is very similar. However, with

reference to published theoretical work and our

own KKR calculations, the Co spin moment can

be estimated to be around 0.1 µB, resulting in a

spin moment on the uranium site of -0.25 µB.

We are now attempting to refine our approach

to obtain a more rigorous estimation of the

contributions to the spin moment. Note that the

orbital contribution will be dominated by the U

5f electrons.

Our data show that the current

theoretical predictions are inadequate for

describing this system, and perhaps other related

systems. This experiment is now being

prepared for publication within the next 6

months.
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Fig. 1: Experimental MCP for UCoGe, plotted with theortical site
specific distribution as predicted by KKR calculations.


