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of Ru2MnSn. Since dM/dH ~ 1/J*, the Sn addition greatly reduces the 
exchange. 

The strongly reduced intersublattice exchange has two conse
quences. First, it shifts the maximum of the THE peak towards lower 
fields, by a factor of about 2.4. Aside from this, Sn addition is likely to 
somewhat reduce the anisotropy, which would yield an additional shift. 
Second, Eq. (10) can be used to estimate the height of the THE peak. With 
Eqs. (6) and (8a), it leads to the dependence ρxy(max) ~ 1/J*3/2. 
Comparison of Ru2Mn0.8Sn1.2 and Ru2MnSn yields a factor of about 13, 
which is consistent with the much stronger THE signal of the Mn-poor 
alloy. 

Further support for the above scenario is provided by the magneto
resistance data of Fig. 5. As explained above, Ru2Mn0.8Sn1.2 can be 
characterized as a diluted antiferromagnet containing uncompensated 
spin clusters, although its MR signature is (weakly) ferromagnetic. This 
behavior is ascribed to the alignment of the direction of M in the external 
magnetic field, as schematically depicted in Fig. 8(d). 

The above model provides a basic explanation of THE but is only 
semiquantitative. First, the precise spin structure of the sample is largely 
unknown, except that there is very likely (almost certainly) a spin in
homogeneity of the type shown in Fig. 8(d). It is unclear, for example, 
whether M forms skyrmions [32] or exhibits a spatial variation that 
reflects the magnetization history and leads to magnetic bubbles [35]. 
This will replace our M1⋅(M2 × M3) estimate by a more precise spin 
distribution. Second, the AFM states of Ru2MnSn and Ru2Mn0.8Sn1.2 are 
only partially characterized. Further, Ru2MnSn sample contains a 
feature that probably reflects small ferromagnetic impurity (see above), 
and the low signal strength further complicates the evaluation of THE in 
Fig. 7. Concerning Ru2Mn0.8Sn1.2, we do not have an authoritative 
explanation of the M(T) behavior, Fig. 4(a), aside from understanding 
the overall magnitude of M. One reason may be the interference of 
hysteretic effects, as indicated by the red curve in Fig. 4(b). Third, the 
micromagnetic description of the spin structure is only qualitative. 
Equation (2) describes a cubic crystal structure by uniaxial anisotropy. 
Both anisotropies yield similar spin inhomogeneities M(r), but the 
random-anisotropy averaging is quantitatively different. Similarly, the 
intra- and interatomic exchange stiffnesses [37] are not included, which 
basically amounts to the neglect of domain-wall motion. 

In brief, we ascribe the THE of Ru2MnSn and Ru2Mn0.8Sn1.2 to the 
antiferromagnetic structure of the alloys. The THE signal is very clear, 
especially in Ru2Mn0.8Sn1.2, and explained by a scissor mode in com
bination with polycrystalline anisotropy. The height and position of the 
THE maximum strongly decrease with increasing AFM intersublattice 
exchange J*, which is readily obtained from the experimental high-field 
susceptibility dM/dH ~ 1/J*. Compared to Ru2MnSn, Ru2Mn0.8Sn1.2 has 
a strongly reduced J* and therefore a strongly enhanced THE. The 
scissor mode is also seen in the magnetoresistance: Ru2Mn0.8Sn1.2 is an 
AFM but exhibits a FM-like negative magnetoresistance, ascribed to a 
net magnetic moment associated with the scissor mode. 

The antiferromagnetic scissor mode is of great current interest in spin 
electronics for data information processing [38–40], because its fre
quencies are in the THz region, compared to the GHz frequencies of the 
propeller mode. The manipulation of the scissor mode is therefore an 
important issue, and in the present case, a rapidly varying magnetic field 
creates a rapid topological Hall response. 

A very simple explanation of the difference between Ru2MnSn and 
Ru2Mn0.8Sn1.2, corroborated by the detailed discussion above, is as 
follows. The THE increases with the net magnetization M(r), Fig. 8(d), 
and this magnetization is created by the magnetic field. In fact, the 
perpendicular AFM magnetization of Fig. 4(b) is almost equal to M(r). 
Comparing the slopes of the red and green curves in Fig. 4(b) shows that 
M(r) is much bigger for the Mn-poor alloy than for the stoichiometric 
alloy, explaining the substantially enhanced THE signal. 

4. Conclusions 

We have fabricated Ru2Mn1.2Sn0.8, Ru2MnSn, and Ru2Mn0.8Sn1.2 
alloys, and investigated their magnetic and spin-electronic properties. 
The alloys crystallize in the L21 Heusler structure and exhibit drastic 
changes in the magnetic properties as a function of Sn content. While 
Ru2Mn1.2Sn0.8 has a Curie temperature Tc = 310 K and a spontaneous 
magnetization of 2.52 μB per formula unit, Ru2MnSn is antiferromag
netic with a Néel temperature above room temperature. Magnetization 
data indicate that the magnetic structure of Ru2Mn0.8Sn1.2 is similar to a 
diluted antiferromagnet which has localized regions or clusters of un
compensated Mn spins caused by Mn deficiency. Ru2Mn0.8Sn1.2 shows a 
negative magnetoresistance, and a pronounced topological Hall effect, 
which is explained by a new model considering a spatially varying 
noncoplanar scissor mode. This research on antiferromagnetic spin 
structures may be important for future THz information processing. 
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