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Report:

The primary goal of this project is to assess tagmitude of asymmetry in the electron
momentum distribution in non-centrosymmetric feregmetic materials by means of
Compton scattering. Compton scattering measuregamnensional projection of the total
electron momentum density — the Compton Profile,) 3 and these functions are generally
taken to be symmetric. It can be shown that fotesys that exhibit either spatial (inversion)
or time-reversal symmetrp(p) = p(-p), and so J(F = J(-B). For systems that have neither
inversion or time-reversal symmetry, such as acemtrosymmetric ferromagnet, there is no
general argument to require a symmetric profilelifference measurement, whereby the
Compton profiles for oppositely magnetized samplessubtracted, should eliminate the
common symmetric part and reveal a purely antisymmeifference profile.

There is currently considerable interest in maletizat violate both space and time
symmetry, and lead to phenomena such as the mad@ettac effect and nonreciprocal x-ray
gyrotropy [1]. Compton scattering is a relavelgan' probe, where the measured differential
cross-section bears a simple relationship to greataté densities. Unfortunately, no theory
exists to predict the magnitude of the asymmetry.

The sample chosen for this pilot study MnSi, wheeystallizes in the cubic, non-
cenrosymmetric space gro&g,3. The magnetic structure of this material, below2%.5 K
is a spiral with propagation vector along 111. Hegre application of an external field of



~0.6 T forces the moments to align parallel toftelel direction. Thus, with the above
temperatures and applied field, MnSi exhibits #guired properties for the observation of
anisotropic Compton scattering.

The experimental geometry for measuring asymme@wiapton scattering is similar to that
adopted for magnetic Compton scattering [2], extieqt the polarization of the 88 keV
photon beam iEinear and a +1T magnetic field was alignpe pendicular to the scattering
vector. Measurements were carried out with the gaBybold axis vertical and the magnetic
field perpendicular to this axis and the momenttangfer vectorQ. First results show that

if such an asymmetry exists then its magnitudetgneater than one part in 20,000 of the
symmetric profile. The results are not inconsisteitlh an effect of this size, and indeed
there is a hint of an antisymmetric differenceha accumulated data, although the signal to
noise ratio is not sufficient to assert a positesult with any confidence.

For the second part of the study, the experimesatialip was configured for magnetic
Compton scattering: polarization was set to 80%utar and the field aligned parallel @
Measurements were taken at T~20K and T~35K. Simeenagnetic phase transition
vanishes at high field [3], the total magnetizatodrihe sample decreases continuously as
temperature is increased. This is reflected inréldeiction of the magnetic difference with
increasing temperature. There is still a sizeapile ;mmoment at T=50K - well above the
magnetic ordering temperature of T=29.5K in thesales of an external field. The magnetic
Compton profiles are qualitatively similar to othi@merant ferromagnets, where one finds a
central dip that is characteristic of negativelyapsed conduction electrons.
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Figure 1. Asymmetry in the Compton profile of MnS. Any asymmetry should appear as an antisymmetric difference
spectrum. The data indicate that such an effect must be no larger than 5x10° of the symmetric component.



Total profile and magnetic profiles*1000
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Figure 2: The magnetic Compton profiles of MnS, B=+1 T, T=20K (green), T=35K (red), T=50K (blue).The scaled
total profileis solid red.
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