
Supplementary Materials for

Tuning of anomalous magnetotransport properties in half-
Heusler topological semimetal GdPtBi
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Magnetoresistance and electrical resistivity of pristine samples

FIG. S1. Magnetoresistance isotherms as a function of magnetic field measured at several different

temperatures for pristine sample #1 (a) and pristine sample #2 (b). During the measurements

electrical current was applied along [001] crystallographic direction and magnetic field was applied

along [100] crystallographic direction.
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FIG. S2. Electrical resistivity as a function of magnetic field measured at several temperatures for

pristine sample #1 (a) and pristine sample #2 (b). During the measurements electrical current

was applied along [001] crystallographic direction and magnetic field was applied along [100] crys-

tallographic direction. The data presented in this figure correspond to those shown in Fig. S1.

Electrical resistivity of all studied samples

FIG. S3. Magnetic field dependence of the electrical resistivity of all studied samples measured

in transverse configuration at T = 10K (a) and T = 50K (c). Magnetic field dependence of

electrical resistivity of all studied samples measured in longitudinal configuration at T = 10K (b)

and T = 50K (d). The data presented in this figure correspond to those shown in Fig. 3a,b,e,f in

the main text.
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Antisymmetrization and symmetrization of raw magnetotransport data

FIG. S4. The magnetic field dependences of the raw data (black lines) and the (anti)symmetrized

data (olive lines) of the transverse resistance (a), longitudinal resistance (b) and Hall resistance

(c) for the pristine sample #1 of GdPtBi that was measured at T = 10K.

Separation of anomalous Hall contribution

The anomalous Hall effect has been observed in a number of half-Heusler compounds.[S1–S7]

There are several different approaches that can be taken in order to extract the contribution of

AHE to the total Hall effect observed in REPtBi half-Heusler compounds.[S2–S5] It is evident

that σxy(B) curves obtained at T = 10K for all studied samples, show an anomaly due to the

AHE. Furthermore, this anomaly changes its position with respect to the magnetic field scale

(see Fig. S5). In pristine samples, AHE reaches its maximum in the low magnetic field region.

In contrast, in irradiated samples, AHE shifts towards a stronger magnetic field. Accordingly,

methods based on the fitting of Drude model,[S3, S4] can be hardly applied in our case (see

description below). Therefore, we used the approach previously reported for AHE analysis in

TbPtBi[S5], which is the most suitable to our data set. In this approach, it has been assumed that

at sufficiently high temperatures, AHE can be completely neglected, and the total Hall signal at

this particular temperature can be considered to be equal to the ordinary Hall effect contribution

at low temperature. A comparison of σxy(B) isotherms measured in the temperature range

2-300K revealed that the lowest temperature at which AHE is negligible is 50K. Furthermore,

there is a slight difference between ρxy(B) measured at T = 10K and T = 50K, therefore it is

a good assumption that σxy(B) at T = 50K corresponds to the ordinary Hall contribution at

T = 10K. Fig. S5a-f, shows the magnetic field dependence of σxy at T = 10K (blue curves)
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FIG. S5. Separation of anomalous Hall contribution using the approach of subtraction of ex-

perimental curves measured at two different temperatures. Magnetic field dependence of Hall

conductivity measured at T = 10K (blue line), at T = 50K (olive line) and their difference (red

line) for pristine sample #1 (a), sample irradiated with ϕ = 1.5C/cm2 (b), ϕ = 3C/cm2 (c),

ϕ = 4.5C/cm2 (d), ϕ = 6C/cm2 (e) and ϕ = 7C/cm2 (f).

and T = 50K (olive curves), as well as their difference, which corresponds to AHE (σA
xy =

σxy(10K)− σxy(50K), red curves) for particular samples.

In the case of our dataset, the AHE extraction approach, which is predicated on the fitting

of Hall conductivity to the Drude formula has a salient drawback. Specifically, for different

samples, it is necessary to select distinct ranges of magnetic fields for which the Drude model

can be applied. This limitation originates from the observation that the position of the anomaly

related to AHE on the magnetic field length scale varies from sample to sample. Therefore, it is

impossible to select a single range of fitting that would be applicable to all samples. Nevertheless,

we employed the aforementioned approach to extract AHE contribution. Initially, experimental

data (black points in Fig. S6) within a particular range of magnetic field were fitted with the
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single-band Drude model:

σxy =
enµ2B

1 + (µB)2
, (S1)

where, e represents the elementary charge, and n and µ are the carrier concentration and mobility,

respectively. Subsequently, the values of the obtained fitted parameters were used to generate

theoretical curves (solid olive lines in Fig. S6) for the entire range of magnetic fields that were

studied. Finally, the theoretical curve was subtracted from the experimental one, and the obtained

difference (red solid curves in Fig. S6) corresponds to the anomalous Hall conductivity (AHC),

∆σA
xy.

FIG. S6. Separation of anomalous Hall contribution using the Drude model. Magnetic field depen-

dence of Hall conductivity measured at T = 10K (blue line), theoretical curved generated using the

fitting parameters obtained from the Drude model fit (olive line) and their difference (red line) for

pristine sample #1 (a), sample irradiated with ϕ = 1.5C/cm2 (b), ϕ = 3C/cm2 (c), ϕ = 4.5C/cm2

(d), ϕ = 6C/cm2 (e) and ϕ = 7C/cm2 (f).

The magnetic field dependence of AHC of all the samples studied is shown in Fig. S7a. To

compare the parameters obtained by both approaches of AHE extraction (Drude model fitting and
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direct subtraction), we plotted them together on a single plot. The irradiation dose dependences

of Bmax (the magnetic field at which AHC attains its maximum value for a particular sample) and

the maximum value of AHC are shown in Fig. S7b and Fig. S7c, respectively. Fig. S7 demonstrates

that Bmax(ϕ) curves show a negligible difference. In contrast, the values of ∆σA
xy obtained

using the Drude model fitting are smaller than the values extracted by the subtraction of two

experimental curves recorded at 10K and 50K (method of AHE extraction, results of which are

presented in the main text), but are of the same order of magnitude.

FIG. S7. (a) Anomalous Hall conductivity extracted using the Drude model as a function of

magnetic field at T = 10K for pristine and irradiated samples. (b) The magnetic field values

at which AHC reaches its maximum as a function of the irradiation dose at T = 10K. (b) The

maximum values of AHC as a function of the irradiation dose at T = 10K. In panels (b) and (c),

green and blue diamonds correspond to the values extracted using methods based on the Drude

model fitting and subtraction of experimental curves measured at T = 50K from that measured

at T = 10K, respectively.
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Anomalous Hall effect as a function of magnetization

FIG. S8. Anomalous Hall conductivity extracted using methods based on the subtraction of ex-

perimental curves measured at T = 50K from that measured at T = 10K plotted as a function of

magnetization measured at T = 10K for pristine sample of GdPtBi.

Calculated cross-sections for Frenkel pair production

FIG. S9. Frenkel pair production cross-sections (σ) for Gd, Pt and Bi sublattices as a function of

electron energy (E).
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FIG. S10. (a) Density of states as a function of energy for several different values of magnetic

field; (b) Calculated electronic band structure in the absence of magnetic field. The horizontal

blue, olive, green and red dashed lines correspond to Fermi levels obtained from the Hall carrier

concentrations in the pristine, 1.5, 3, and 7C/cm2 irradiated samples, respectively.

Determination of the Fermi level position in the studied samples

There is slight difference in the density of states calculated for zero magnetic field and for

several different values of the magnetic field in the range 2.5-10T (see Fig.S10a). Therefore, we

used the results of electronic structure calculations obtained for zero magnetic field to determine

the position of the Fermi level in the studied samples. Using the value of the Fermi wave vector kF

calculated for Γ−X high symmetry line for different values of energies, we calculated the carrier

concentration using the formula n = VF/(4π
3), where VF is volume of the Fermi pocket, which

we assumed to be a sphere. By comparing the theoretically calculated carrier concentrations with

those determined experimentally from the Hall effect data, we estimated the position of Fermi

level in pristine and irradiated samples, as depicted schematically in Fig. S10b.

Magnetic susceptibility of pristine and irradiated samples

To provide further evidence for the existence of antiferromagnetic order in the studied sam-

ples, we performed measurements of magnetic susceptibility, χ, as a function of temperature.

We measured pristine sample, which was cut from the same crystal as all samples that were

irradiated. We also measured the magnetic susceptibility of the sample #5, which was irradiated

with the highest dose of 7 C/cm2. These measurements confirmed the presence of clear anoma-
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lies associated with antiferromagnetic ordering at TN ≈ 9K (see Fig. S11). It should be also

noted that in the magnetic susceptibility data of the pristine sample, an upturn was observed

at low temperatures, which can be attributed to the presence of a small paramagnetic impurity.

Previously, similar behavior in χ(T ) data was reported by different groups for GdPtBi[S8, S9].

Interestingly, in the irradiated sample, this contribution from the paramagnetic impurity becomes

more pronounced (see Fig. S11).

FIG. S11. Temperature dependence of magnetic susceptibility of pristine sample and sample irra-

diated with 7C/cm2 dose. Measurements were done in magnetic field of 0.1T applied parallel to

[100] crystallographic direction.
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