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Abstract: 

By using magnetization and small-angle neutron scattering (SANS) measurements, 
we have investigated the magnetic behavior of the Mn1-xIrxSi system to explore the 
effect of increased carrier density and spin-orbit interaction on the magnetic 
properties of MnSi. We determine estimates of the spin wave stiffness and the 
Dzyalloshinski-Moriya (DM) interaction strength and compare with Mn1-xCoxSi 
and Mn1-xFexSi. Despite the large differences in atomic mass and size of the 
substituted elements, Mn1-xCoxSi and Mn1-xIrxSi show nearly identical variations in 
their magnetic properties with substitution. We find a systematic dependence of the 
transition temperature, the ordered moment, the helix period, and the DM 
interaction strength with electron count for Mn1-xIrxSi, Mn1-xCoxSi, and Mn1-xFexSi, 
indicating that the magnetic behavior is primarily dependent upon the additional 
carrier density, rather than on the mass or size of the substituting species. This 
indicates that the variation in magnetic properties, including the DM interaction 
strength, is primarily controlled by the electronic structure, as Co and Ir are 
isovalent. Our work suggests that although the rigid band model of electronic 
structure, along with Moriya’s model of weak itinerant magnetism, describes this 
system surprisingly well, phenomenological models for the DM interaction 
strength are not adequate to describe this system. 

Introduction: 

The nanoscale-sized twisted spin textures known as magnetic skyrmion lattices are 
of considerable interest among condensed matter physicists and material scientists, 
owing to the fundamental interactions generating such unusual textures and the 
potential for application in spintronic devices [1-5]. After the discovery of this 
magnetic structure in MnSi in 2009 [1], a similar structure was uncovered in 
several other non-centrosymmetric magnetic compounds [6-11]. All of these 
materials have a qualitatively similar phase diagram consisting of paramagnetic, 
helical, conical, and skyrmion lattice (A-phase) phases [1]. A prerequisite for the 
formation of these spin textures is the formation of a helical magnetic state with 



definite chirality. Generally, the interplay between the antisymmetric DM 
interaction (D) and the uniform exchange interaction (J) produces a helical 
structure with a small wave vector k ~ D/J. However, the origin and size of D in 
itinerant magnets has been the subject of recent theoretical activity, and 
understanding how to control its magnitude will be key for future materials design 
[12-15]. Its importance is also reflected in that the combination of the sign of D 
and the chirality of the crystal lattice determine the chirality of the helix [16]. 
Other details of the helical state are determined by better-understood parameters, 
such as the smaller scale anisotropic exchange interaction (AEI), which controls 
the propagation direction for the helix, and the weak cubic anisotropy, which 
determines the spin wave gap, as well as some specifics of the magnetic structure 
under the application of magnetic field. The transition temperature TC, k, 
handedness of the helix, and the propagation direction vary among different 
compounds depending upon the relative importance of each of these interactions 
[16-19].  

These interactions, and hence the electronic and magnetic properties, can largely 
be controlled either by chemical substitution or by application of 
hydrostatic/uniaxial pressure [20-24]. MnSi has been extensively studied under 
different physical environments and with different chemical substitutions to probe 
the effects on the magnetic structure. In fact, controlled chemical substitution 
provides an opportunity to tune the fundamental interactions that are strongly 
coupled to the details of the electronic structure, the crystal symmetry, and the 
strength of the spin-orbit interaction. Since the size of the skyrmions, and hence the 
skyrmion density, depends upon two interactions, D and J, it is also of practical 
importance to be able to control these parameters. Previous studies of chemically 
doped systems have shown that the transition temperature TC, the ordered moment 
MS, and the helix period λ (λ=2π/k) are strong functions of the transition metal 
constituent and the level of substitution [16,21-22,25-28]. Nonetheless, predicting 
the effect on the magnitude and sign of D due to chemical substitution or pressure 
remains largely elusive. Models of insulating magnets emphasize the degree of 
inversion-symmetry breaking evident in the crystal lattice and the size of the spin-
orbit coupling constant [29,30]. However, these models cannot account for the 
large variation in helical periods, the handedness of the chirality, the magnitude of 
the coercive field found in the transition metal monosilicides and germanides, and 
the substitution series connecting them, all having the B20 crystal structure with 
similar lattice constants and structural parameters [16,26,31-32]. More recently, 



models based upon the details of the electronic structure in proximity to the Fermi 
level, specifically anticrossing points, have had some success in describing the 
broad features of one substitution series, Mn1-xFexGe [12-13].  To explore further 
the dependence of the important interaction energies on the spin-orbit coupling 
parameter and the electronic structure in this class of compounds, we investigated 
Ir substitution for Mn in MnSi, Mn1-xIrxSi. Surprisingly, our data are almost 
identical to that of previous investigations of Mn1-xCoxSi and Mn1-xFexSi 
[10,16,28], emphasizing the importance of electronic structure for determining 
both J and D. 

The following sections summarize the results of magnetization and small angle 
neutron scattering measurements of the as-of-yet unexplored system Mn1-xIrxSi, 
where a much heavier element Ir (Z=77) is substituted for Mn (Z=25). We discover 
a systematic decrease of TC and MS and a systematic increase of k as function of x.  

Experimental Details: 

Single crystals of Mn1-xIrxSi (x < 0.06) were synthesized by loading arc melted 
polycrystalline pellets made up of ultra-pure elemental constituents (>99.99% 
pure) inside graphite tubes and employing a modified Bridgman method in a RF 
furnace under a flowing argon environment. Attempts to synthesize phase pure 
single crystals for higher Ir concentrations at ambient pressure were unsuccessful, 
indicating the solubility limit for this substitution. The phase purity, crystallinity, 
and the stoichiometry of the samples were determined using powder X-ray 
diffraction, single crystal X-ray diffraction, and Wavelength Dispersive 
Spectroscopy (WDS) techniques. The details of sample preparation and the 
variation of lattice parameter with x are presented in the supplementary materials 
(Fig. S1)[35]. Magnetization measurements, both ac and dc, were carried out in a 
Quantum Design 7-T MPMS SQUID magnetometer. The ac susceptibility 
measurements were performed at a frequency of 100 Hz with an ac driving 
amplitude of 1 Oe. Small Angle Neutron Scattering (SANS) measurements were 
carried out at the GP-SANS beamline at the High Flux Isotope Reactor (HFIR) at 
Oak Ridge National Laboratory (ORNL). All of the crystals were aligned such that 
the [1 -1 0] crystal direction was along the magnetic field which was oriented 
parallel to incident beam. In addition, the crystalline [1 1 1] direction was oriented 
such that it was nearly horizontal. The mean wavelength of incident neutrons 
employed was λ=4.75 Å with Δλ /λ =0.16 with a sample-to-detector distance of 
8.65 m. 



 
Fig. 1 Magnetic properties of Mn1-xIrxSi. (a) dc susceptibility, χ, as a function of temperature, T. 
Line colors are the same as symbol colors identified in the key of frame b. (b) Magnetization, M, 
as a function of magnetic field, H, at 4 K (c) Rhodes-Wolfarth Ratio (µeff/MS) versus 
concentration x. Here, µeff is the effective moment obtained by fitting the modified Curie-Weiss 
form to the high temperature susceptibility, and MS is the saturated ordered moment at 4 K. (d) 
Real part of the ac susceptibility, χ’ for x = 0.015 at T=22 K.  

Magnetic property measurements 

The results of the dc magnetization measurements are summarized in Figs. 1a, b 
and c. It is clear that the magnetic transition temperature, TC, (Fig. 1a) and the 
ordered moment at low temperature (Fig. 1b) decrease monotonically with 
increasing x, similar to observations in Mn1-xCoxSi and Mn1-xFexSi [10,16,20,28]. 
For all samples, the high temperature paramagnetic susceptibility can be well fit 
with a modified Curie-Weiss law, ߯ ൌ ߯଴ ൅ ஼்ିఏ, where ߯଴ is a temperature-
independent background, C is the Curie constant, and θ is the Curie-Weiss 
temperature.  Similar to MnSi, θ is nearly equal to TC, whereas the effective 



moment (µeff) obtained from the Curie constant is significantly higher than the 
saturated ordered moment (MS) at low temperature. Fig. 1c shows the variation of 
the Rhodes-Wohlfarth ratio (RW) defined by  with x. The increase in 

value of the RW ratio with increasing x indicates a progression toward weaker 
itinerant behavior [33, 34]. 

We have also measured the ac susceptibility as a function of dc field for several 
temperatures near TC for each of our crystals (see Fig. 1d and Fig. S2 [35]). A 
typical variation of the real part of the ac susceptibility with dc field is shown in 
Fig. 1d, where four characteristic fields HC1, HA1, HA2, and HC2 are indicated 
[4,10,36,37]. These transitions correspond to: the alignment of the magnetic 
domains, such that k is along the field (HC1, represented by the rapid increase in 
susceptibility at low field); the single magnetic domain state (referred to as 
conical) to the A-phase (HA1, represented by the starting point of decreasing 
susceptibility); the A-phase back to the conical phase (HA2, represented by the 
completion of the decreased susceptibility pocket); and conical phase to the field 
polarized phase (HC2, represented by rapid decrease of susceptibility). 

 
Fig. 2 Small Angle Neutron Scattering (SANS) measurement on Mn1-xIrxSi. The magnetic field 
was applied along the [1-10] direction parallel to the incident beam. White arrows represent the 
[1 1 1], [1 1 -1], and [110] directions in the plane perpendicular to the beam. (a) (b) and (c) 



display the scattering pattern in the helical phase, whereas (d), (e), and (f) represent the scattering 
pattern in the A-phase for x = 0.015,  x = 0.021, and x = 0.035, respectively.  

Interestingly, we did not observe such features in the ac susceptibility of our x = 
0.055 crystal (Fig. S2e), which may indicate an absence of the A-phase at this level 
of chemical substitution [35]. 

 
Fig. 3: Magnetic phase diagram of Mn1-xIrxSi (a) for x = 0, (b) for x = 0.015, (c) for x = 0.021, 
and (d) for x = 0.035 determined from ac susceptibility measurements. The field values obtained 
from small angle neutron scattering measurements on the x = 0.015 crystal are plotted in (b). The 
shaded region represents the A-phase.  

Small Angle Neutron Scattering: 

Small angle neutron scattering measurements are ideal for exploring extended 
magnetic structures, such as the long period helical and A-phase states in MnSi. 
Typical scattering patterns that correspond to these phases are presented in Fig. 2, 
with Fig. 2a, b, and c presenting the scattering in the helical state (H=0, T<TC). In 
the present experimental configuration, two out of the four equivalent [111] 



directions lie in the detector plane. For a single crystallographic domain sample in 
this sample orientation, we expect to observe four peaks corresponding to the 
equivalent [111] directions in the crystal. One pair of peaks is 180o apart due to the 
scattering along the [111] direction, while the other pair, at an angle of 70.5o 

(109.5o) from the first pair, corresponds to scattering along the [11-1] direction. 
For some samples, we also observe weak higher-order peaks arising from multiple 
scattering that is not visible at the intensity scale used in Fig. 2. The x = 0.035 
sample contains a second, misaligned crystallographic domain, so that a third set of 
peaks is visible in the detector plane originating from a magnetic domain 
associated with this second crystallographic domain. However, our conclusions are 
not affected by the presence of the second crystal domain, as the magnetic 
scattering from this domain is clearly distinguished from the contribution of the 
main crystalline domain (Fig. S3 [35])). Fig. 2d, e, and f present the scattering in a 
finite magnetic field for x = 0.015, 0.021, and 0.035, respectively. This hexagonal 
intensity pattern was traditionally called the A-phase [37,38] and later became 
known as the skyrmion lattice phase after work by Mühlbauer et.al [1]. Consistent 
with previous results [1,38], the peak positions of the hexagonal scattering pattern 
are rotated from that of the helix and aligned along the [110] direction. This feature 
is present in all of our samples investigated via SANS. We have also observed a 
shallow ring of scattering just above TC in all samples (See supplementary 
materials Fig S5), which is a signature of the precursor fluctuating helical phase, as 
was seen in nominally pure MnSi in previous work [39,40].  



  
Fig. 4 Parameterization of the magnetic states of Mn1-xIrxSi. (a) Variation of the wave vector, k, 
in the helical phase as a function of temperature, T.  Data for x = 0 are taken from Ref. [43] with 
permission of the publisher. (b) Real part of the ac susceptibility, χ’, (left axis) and its field 
derivative, dχ’/dH, (right axis) as a function of dc magnetic field at 4 K. The symbols and colors 
in frames a and b are the same. (c) Anisotropy constant, F, and spin wave stiffness, A, divided 
by the square of the lattice constant, a2, as a function of x. (d) Dzyalloshinski-Moriya interaction, 
SD/a (left), and D/a=SD/MSa (right), where D is  the Dzyalloshinskii constant and MS is the 
ordered moment per Mn. 

After confirming the presence of the helical and A-phases, we performed 
temperature and field scans for each of these samples. We were careful to control 
the field/temperature history prior to taking data, as each sample was heated to a 
temperature above TC and cooled to the desired temperature in zero field. 
Combining the results from ac susceptibility and SANS, we present magnetic 
phase diagrams for Mn1-xIrxSi in Fig. 3. The phase diagram is based mainly on 
results of the ac susceptibility measurements. The phase boundary for the A-phase 
of the x = 0.015 sample was also identified using SANS [Fig 3b]. For all other 



samples we verified the presence of the hexagonal scattering pattern at a few fields 
HA1 < H < HA2. The variation of the integrated intensity of such patterns at different 
fields and temperatures is presented in Fig S6 [35]. These phase diagrams are 
qualitatively similar to that of nominally pure MnSi with only the field and 
temperature values modified. It is also evident that the relative region of stability 
of the A-phase increases as a function of x. Such an increased stability range has 
been observed previously in thin films, chemically doped systems, and in the 
presence of uniaxial/hydrostatic pressure [24,36,41,42]. It is not clear whether this 
is an electronic structure related change, or if it is due to disorder playing the same 
role as thermal fluctuations, as fluctuations are required for the formation of this 
phase in nominally pure MnSi. It is beyond the scope of this paper to explore the 
role of disorder on the fluctuating chiral phase above TC, as was carried out for 
Mn1-xFexSi [27], or if it is responsible for the increase in the stability range for the 
A-phase. A separate more detailed SANS experiment is required to answer these 
questions.  

We have also traced the variation of k in the helical state as a function of 
temperature and Ir concentration (Fig. 4a). It is clear that there is a significant 
increase in k as a function of x. Similar to previous neutron diffraction studies [43], 
we also observe a slight decrease in k upon cooling from TC. Since in most 
treatments D is expected to be temperature independent, the slight variation in k 
with temperature is likely to be related to a slight modification in the ferromagnetic 
coupling due to spin fluctuations [43, 44]. However, the decreasing trend of k with 
cooling is less obvious with increasing Ir concentration and its associated disorder, 
with our x=0.021 and 0.035 samples showing an increase in k with cooling near TC.  

In addition, we have characterized the critical behavior of our samples by fitting 
the variation in intensity of the magnetic scattering as a function of temperature by 
a standard mean-field power law model, I = I0 (1-T/TC) 2β for TC >T >4 K (See Fig. 
S4 [35]). For all samples, the value of the exponent β ≈ 0.25, which indicates a 
tricritical mean field behavior as in nominally pure MnSi [45, 46], but which is 
distinct from the other magnetic B20 materials.  This is consistent with the 
previous work on MnSi that claimed that the magnetic transition in zero field is 
weakly first order due to critical fluctuations [46,47]. The difference from other 
B20 materials, such as Fe0.8Co0.2Si and FeGe, may be due to the relatively long 
range of the exchange interaction in MnSi and the presence of critical spin 
fluctuations, as pointed out in Ref. [46]. However, a recent study [48] gives 
evidence that the first order transition in zero field and the presence of precursor 



fluctuations are not related.  Although our data are not sufficient to add to the 
discussion of the relationship of the spin fluctuations and the first order nature of 
the transition, we point out that the universality class does not change with Ir 
substitution.  

Estimation of Interaction parameters 

From the data presented above, we are able to determine several important 
magnetic parameters for each sample and present their dependence on x.  Figs. 4b, 
c, and d summarize these parameters at 4 K. Fig. 4b presents representative ac 
susceptibility data that was used to determine HC1 and HC2 corresponding to the 
two peaks in the derivative with respect to H of the ac susceptibility (dχ’/dH). The 
determination of these fields allows us to estimate the spin wave stiffness A 
(A=gµBHC2/k2) and the anisotropy constant F (F=2gµBHC1/k2) [19, 27, 28]. The 
spin wave stiffness, A, is related to the magnetic field needed to destabilize the 
helical structure into the fully field-polarized state. The expression for A is strictly 
valid for large momenta Q >> k, i.e for distances smaller than the helical 
wavelength (λ), where the interaction between spins is essentially ferromagnetic. 
This approximation gives an estimate of the strength of the ferromagnetic 
exchange (J), which is proportional to A. The relation between J and A should be 
determined from inelastic neutron scattering measurements, as the analytic form is 
dependent on the model of magnetism used for analysis. Whether any of the 
common models is appropriate for MnSi is still an open question. F determines the 
strength of the anisotropic exchange interaction and the cubic anisotropy. These 
expressions for A and F arise from an extension of the Bak-Jensen model [17], 
which takes into account the direction of the applied magnetic field with respect to 
the helix direction and the anisotropic interactions [27, 28]. The values of A/a2 and 
F/a2, where a is the lattice constant, are plotted as a function of x in Fig. 4c. It 
appears that there is no significant change in F with x, whereas A decreases 
significantly and monotonically with x. Although there is no unique universally 
accepted method to calculate D, one approach is to estimate the strength of the 
Dzyaloshinski-Moriya interaction (SD) and D (Fig. 4d) by making use of the 
relation SD = kA, essentially connecting the helical wave vector to the ratio of J 
and D[19, 27]. Here, S is the ordered moment per Mn atom. The right axis of Fig. 
4d, D/a, is obtained by dividing SD/a by the experimentally determined saturated 
magnetic moment per Mn atom, MS.  



 
Fig. 5 Comparison of magnetic properties of Mn1-xIrxSi, Mn1-xCoxSi, and Mn1-xFexSi. Magnetic 
transition temperature, TC (a), ordered moment, MS (b), Rhodes-Wohlfarth ratio (c), and helix 
wave vector, k, at 4 K (d), as a function of x. Lines are a guide to the eye. The data for Mn1-

xCoxSi and Mn1-xFexSi are reproduced from data in Refs. [10,27,49,50] with permission from the 
publishers and/or authors.  

From Fig. 4d it is clear that SD/a decreases monotonically with x, mainly due to 
the decrease in S, whereas the Dzyaloshinskii constant surprisingly decreases 
slightly with x.  

Comparison with similar materials: 

To better understand the changes we observe with Ir substitution, we compare our 
data to the results of previous investigations of Mn1-xCoxSi and Mn1-xFexSi in Fig. 5 
[10,27,49,50]. If we consider the cases of Ir, Co, and Fe substitution for Mn, three 
changes are expected. (i) A change in the carrier density due to the added valence 
electrons with substitution, which is two times as large for Ir and Co doping than 
for Fe. (ii) An increase in the spin-orbit interaction and hence D is expected from 



the relation: D = ζ y × r12, where ζ is the spin-orbit coupling strength that naively is 
expected to increase as Z4, y is a measure of the asymmetry of the crystal structure, 
and r12 is the distance between interacting magnetic moments [29]. (iii) A slight 
change in the chemical pressure [36], which is positive for Fe and Co doping 
(decrease in unit cell volume) and negative for Ir doping (increase in unit cell 
volume). The comparison plots in Fig. 5 make clear that Mn1-xIrxSi and Mn1-xCoxSi 
undergo nearly identical changes to TC, MS, and k as a function of x. The variation 
of these parameters in Mn1-xCoxSi has been previously shown to take place at twice 
the rate in x as in Mn1-xFexSi [10]. However, the variation of µeff/MS is somewhat 
different in the Co and Ir doped systems indicating a slightly different trend in the 
degree of itinerancy. This suggests that the number of added valence electrons 
primarily controls the magnetic properties, whereas the change in spin-orbit 
interaction due to the larger mass of the Ir ions and the change to the lattice 
constant produce only secondary effects that are outside of our detection.  

 



Fig. 6 Comparison of interaction energies for Co, Mn, and Ir substitutions in MnSi. (a) A/a2 and 
(b) DμB/a as a function of x for Mn1-xIrxSi, Mn1-xCoxSi, and Mn1-xFexSi at low temperature. Here, 
A is the spin wave stiffness parameter, D is the Dzyaloshinskii parameter, and a is the lattice 
constant.  The data for Mn1-xCoxSi and Mn1-xFexSi are reproduced from references [10,27,49,50] 
with permission from the publisher and/or authors. Lines are a guide to the eye 

We follow this comparison through to the interaction constants in Fig. 6 where A 
and D are presented for Mn1-xIrxSi, Mn1-xFexSi, and Mn1-xCoxSi at low temperature. 
Here, we have made use of values for the transition fields and the helix wave 
vectors reported in Refs 10, 27,49, and 50. The variation of A and D as a function 
of x is very similar for Co and Ir substitution, with A changing similarly with Fe 
substitution at half the rate. This indicates that the variation of spin wave stiffness 
or the exchange interaction, J, where ܬ ן  is primarily controlled by ,[19,27] ܵ/ܣ
the variation of the electronic structure which will vary systematically with 
electron count in a rigid band model. The variation of D is not as simple to 
interpret with Fe substitution creating a moderate increase, while Co and Ir 
substitution results in a very similar slightly decreasing trend with x.  

As mentioned earlier, there is no well-established method for estimating D. In our 
analysis presented in Figs. 4 and 6, we have relied on measurements of critical 
fields, k’s, and Ms’s along with the results of an extension to the model of Bak-
Jensen [17,19], to make estimates of the important magnetic parameters A and D. 
This model was specifically developed for the case of B20 materials and predicts 
values of spin wave stiffness A for MnSi that are in good agreement with values 
found from inelastic neutron scattering [51]. However, when we make use of other 
methods for approximating these parameters, we find somewhat different values 
and trends. For example, assuming a finite temperature simple mean-field 
relationship between TC and J, kBTC ≈ JS2[52] and that D=kA/S with the standard 
assumption A ൎ 2JSa2 [52], the variation of DµB/a with substitution can be 
expected to vary as 2kBTCka/S2. During our calculation MS replaces S. Following 
this method of estimation, the variation of D/a among the silicide substitution 
series is shown in Fig. 7. This gives a significantly different dependence of D/a as 
a function of x when compared to Fig. 6b where we rely upon the critical field HC2 
to estimate A. We have used HC2 determined at low temperature where mean field 
theory is expected to be a reasonable approximation. In contrast, the results of the 
analysis shown in Fig.7 depend upon the assumption that A can be accurately 
determined from TC. The differences evident in Figs. 6b and 7 may also indicate 
that J or A/MSa2 may not be simply proportional to TC/MS

2, or that the relationship 
between A, k and HC2 is not straightforward.  



In Fig. S7 [35] we plot TC as a function of A/MSa2 (with A determined from the 
relation A=gµBHC2/k2) for a large number of compounds that display the skyrmion 
lattice state [10,27,32,49,50,53-56].  Here, the general trend of an increasing TC 
with A/MSa2 is observed. However, a simple linear relationship is not well 
supported by the data, even when restricting consideration to MnSi derived 
materials.  

In addition, to highlight the differences in estimates made via these two methods, 
we have presented a table of parameters for MnGe, Mn1-xIrxSi, and FeGe in Table 
I. We find different values and trends for A, and D in these three isostructural 
magnetic compounds. This confirms our conclusion that comparisons based upon 
simple mean field estimates, and the idea that D is exclusively determined by the 
crystal symmetry, may not be reliable. Therefore, without more direct 
measurements of the interaction constants, estimates of A and D remain suspect, 
making a quantitative and convincing understanding of the origins and a reliable 
method for predicting the behavior of weak itinerant magnetism in non-
centrosymmetric systems difficult. 

 



Fig. 7 Comparison of the strength of the Dzyaloshinskii-Moriya interaction, D/a, as a function of 
substitution level, x, for MnSi, assuming (DµB)MF/a 2 ןkBTC ka/MS

2
. The data for Mn1-xCoxSi and 

Mn1-xFexSi are reproduced from references [10,27,49,50] with permission from the publisher 
and/or authors. Lines are a guide to the eye. The lattice parameter for Mn1-xCoxSi and Mn1-xFexSi 
are estimated using Vegard’s law. 

 

Conclusion: 

In conclusion, by exploring the magnetic behavior of Mn1-xIrxSi and comparing to 
other substitution series in MnSi, we have shown that the variation of the uniform 
exchange, the saturated magnetic moment, and the helical wave vector 
systematically vary with the change in the carrier density. The changes we measure 
in the magnetic properties are dominated by the variation of A and J. These 
observations support the models for the substitution series in MnSi that make the 
simplifying assumption of a rigid band model of electronic structure and the 
Moriya theory of magnetism for this itinerant compound. Despite the expectation 
of increased spin-orbit coupling and the DM interaction with Ir substitution, we 
find no significant difference in the value of D when compared to Co substitution. 
This further indicates that D is determined primarily by the electronic structure, 
which is largely controlled by the electron density in the monosilicides and 
monogermanides [12]. A wider comparison of the B20 compounds makes clear 
that mean field estimates that rely on TC to establish the important energy scales 
are insufficient for useful comparisons of D. We conclude that to make valuable 
comparisons to models of the magnetism in noncentrosymmetric magnets, 
experimental measurements of both A and k for a wide range of monosilicide and 
monogermanide transition metal compounds, and their substitution series, appears 
to be necessary. In the absence of these measurements, or a universally applicable 
method for determining D more directly from measurement, a useful feedback 
between experiment and theory necessary for creating predictions of materials 
where the Dzyalloshinski-Moriya interaction is likely to produce novel and useful 
magnetic states will be lacking. 

 

 

 

 



 

 

Table I: Comparison of parameters for MnGe, FeGe, and Mn1-xIrxSi using measured values of 
the critical fields and results of the mean field model to make estimates. Data for MnGe, FeGe, 

and MnSi are reproduced from references [32,36,43,53,54] with permission from the publisher 
and/or authors.  
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