
PHYSICAL REVIEW RESEARCH 7, 013127 (2025)

Pressure tuning of intrinsic and extrinsic sources to the anomalous Hall effect in CrGeTe3
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The integrated Berry curvature is a geometric property that has dramatic implications for material properties.
This study investigates the integrated Berry curvature and other contributions to the anomalous Hall effect in
CrGeTe3 as a function of pressure. The anomalous Hall effect is absent in the insulating phase of CrGeTe3 and
evolves with pressure in a domelike fashion as pressure is applied. The dome’s edges are characterized by Fermi
surface deformations, manifested as mixed electron and hole transport. We corroborate the presence of bipolar
transport using ab initio calculations, which also predict a nonmonotonic behavior of the Berry curvature as a
function of pressure. Quantitative discrepancies between our calculations and experimental results indicate that
additional scattering mechanisms, which are also strongly tuned by pressure, contribute to the anomalous Hall
effect in CrGeTe3.
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I. INTRODUCTION

The Berry phase is a geometric property of the electronic
band structure of solids that has a dramatic impact on material
properties [1]. A Berry phase is accumulated when a system
is subject to a cyclic adiabatic transformation in its parameter
space, and it is determined by the integrated Berry curvature.
As a band structure property, one may conjecture that dra-
matic changes to the Fermi surface will result in considerable
changes to the Berry curvature and thus may result in variation
of its integrated value. An extreme case of such a change
would be the insulator-to-metal transition [2], where in the
insulating state, there is no Fermi surface, and in the metal-
lic state, a Fermi surface forms, which may host a nonzero
integrated Berry curvature.

A common manifestation of the Berry phase in electronic
transport properties is the anomalous Hall effect (AHE). The
AHE is an additional contribution to the transverse resistivity
(ρxy) on top of the ordinary Hall effect. It occurs in materials
where time-reversal symmetry is broken in the presence of
spin-orbit interaction [3]. As such, it can be probed through
measurements of ρxy as a function of the magnetic field and
serve as a superb probe for investigating the integrated Berry
curvature of electrons in solids. We chose CrGeTe3, a fer-
romagnetic insulator which undergoes an insulator-to-metal
transition upon the application of hydrostatic pressure, as a
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platform for investigating the evolution of the integrated Berry
curvature when the Fermi surface is strongly deformed.

CrGeTe3 is a layered ferromagnetic insulator with a Curie
temperature (TCurie) of ∼67 K [4], which has recently at-
tracted a lot of attention. Inelastic neutron scattering suggests
that CrGeTe3 is a topological magnonic insulator [5]. It
has also been predicted to sustain ferromagnetism to the
two-dimensional (2D) limit [6–8]. Additionally, short-range
fluctuations seem to play an important role above the tran-
sition temperature [9,10], in great similarity to the closely
related compound CrSiTe3 [11–13].

The application of hydrostatic pressure changes the TCurie

of CrGeTe3. Up to 4.5 GPa, the Curie temperature decreases
as pressure is applied [2,14]. CrGeTe3 undergoes an insulator-
to-metal transition at ∼6 GPa [2]. At the onset of metallicity
around 4.5 GPa, a ferromagnetic double-exchange mecha-
nism comes into play [15], which dramatically increases
TCurie, rising from ∼54 K to ∼250 K at 9.1 GPa [2]. A
similar enhancement of magnetism and conductivity was also
recently observed in amorphous CrGeTe3 samples created
by Xe ion irradiation [16]. The coexistence of time-reversal
symmetry breaking with the insulator-to-metal transition in a
material with a high atomic number Z element (Te) makes
CrGeTe3 an ideal candidate to search for an evolution of the
Berry curvature as the system is tuned through the insulator-
to-metal transition.

In this work, we demonstrate that the various contributions
to the AHE in CrGeTe3 can be tuned by hydrostatic pressure.
At certain pressures, the AHE is also present above 300 K,
suggesting a possible enhancement of TCurie. Our measure-
ments of the AHE for a wide range of hydrostatic pressures
at T = 2 K reveal a domelike behavior with onset at the
insulator-to-metal transition that is quenched towards higher
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pressures. The AHE dome coincides with the pressure range
where Fermi surface deformations are observed through the
ordinary Hall effect. Our ab initio calculations corroborate the
presence of electron and hole pockets in the Fermi surface,
both of which host nonzero integrated Berry curvature. Both
continuously deform as pressure is applied. A quantitative
comparison between our experimental results and our calcu-
lations indicates that additional scattering mechanisms, which
are also strongly tuned by hydrostatic pressure, contribute to
the AHE.

II. EXPERIMENTAL METHODS

To create the CrGeTe3 crystals, Cr powder (99.95%, alfa),
Ge powder (99.9999%), and Te lump (99.999+%) were
sealed in a fused silica ampule at an approximate ratio of
1:1:8 Cr:Ge:Te. Fluxes were heated to 900 ◦C at a rate of
200 ◦C/hr, soaked at 900 ◦C for 24 h, and then slowly cooled
down to 550 ◦C at a rate of 2 ◦C/hr. The resulting fluxes were
centrifuged at 550 ◦C to remove molten Te from the crystals,
after which thin platelets of dimensions 1 × 2 × 0.1 mm were
mechanically isolated.

The pressure was exerted on the samples using miniature
diamond anvil cells (DACs) [17], with diamond anvil culets
of 300 µm. A rhenium gasket was drilled, then filled and
covered with a powder layer of 75% Al2O3 and 25% NaCl
for electrical insulation. Two pressure cells were loaded with
∼5-µm-thick CrGeTe3 flakes and placed on top of the insulat-
ing layer, which functions as a pressure-transmitting medium.
A ∼5-µm-thick Pt foil was cut into triangular pieces and
placed in contact with the CrGeTe3 flakes, allowing electrical
transport measurements at elevated pressures in the van der
Pauw geometry. As such, ρxx and ρxy are inferred from the
measured resistance up to a factor of the order of unity due
to uncertainties in the sample geometry and thickness, which
are inevitable inside a DAC (a more detailed explanation is of-
fered in the Supplemental Material, Sec. S1 [18]). In addition,
ruby fragments were placed between the Pt leads for pressure
determination [19].

The samples were compressed in steps of 2–4 GPa and then
cooled down from ambient temperature to 2 K. Measurements
from the two cells are shown in this manuscript. Due to
the uncertainties in the samples’ geometry and thickness, to
minimize possible errors in the analysis, we use resistivities
throughout the manuscript instead of analyzing and discussing
the results in terms of conductivity (for further explanation,
see Sec. S1 in the Supplemental Material [18]). In addition, in
order to compare the results between the two samples, we use
a single geometric factor of the order of unity to normalize
the longitudinal and transverse resistivity measurements of
sample 1 with respect to sample 2.

III. THEORETICAL METHODS

We perform full-relativistic density functional theory
(DFT) calculations within the full potential local orbital
(FPLO) method [20] and using the generalized gradient
approximation (GGA) [21] for the exchange-correlation func-
tional. Experimental crystal structures under pressure were
imported from Ref. [22] and smoothly interpolated, as

explained in Ref. [23]. All calculations were performed in
ferromagnetic spin configuration.

We calculated the electronic band structure with orbital
weights, the Fermi surface in the kx-ky plane (at kz = 0), and
the Berry curvature �(k) of CrGeTe3 as a function of pressure
using FPLO. The high-symmetry path for the electronic band
structure is the same as in Ref. [23]. The Fermi surface and
Berry curvature in the plane were evaluated on a 200 × 200 k-
point grid for visualization purposes.

The anomalous Hall conductivity σxy is defined as the inte-
gral of the total Berry curvature �z(�k) over the entire Brillouin
zone (BZ) [24],

σxy = −e2

h̄

∫
BZ

d�k
(2π )3

�z(�k). (1)

The total Berry curvature �z(�k), calculated using Wannier in-
terpolation within FPLO, is defined as the sum over all bands
n of the band-resolved Berry curvature �n,z(�k) weighted by
the respective occupation number fn(�k) [24],

�z(�k) =
∑

n

fn(�k) �n,z(�k). (2)

The integral over the entire BZ in Eq. (1) is computation-
ally challenging since the relevant contributions of the total
Berry curvature �z(�k) can be concentrated in tiny regions
of momentum space. We decided to implement the integral
over the Brillouin zone using the VEGAS adaptive Monte Carlo
algorithm [25,26].

For each calculation of the anomalous Hall conductivity
σxy, we performed 10 independent Monte Carlo runs with 106

evaluations of the integrand for training the adaptive part of
the algorithm and a subsequent 106 evaluations for the actual
calculation of the conductivity. The 10 independent runs allow
us to estimate the standard deviation of the obtained results,
i.e., the Monte Carlo uncertainty.

We validated our implementation against literature results
[27] for bcc-Fe, fcc-Ni, and hcp-Co and reproduced those with
sufficient accuracy. We note that potentially more efficient
approaches using line integrals on the Fermi surface have been
suggested [27].

From Eq. (1), it is clear that the total Berry curvature �z(�k)
and the conductivity σxy have opposite signs. We decided to
visualize and discuss −�z(�k) in the rest of our study so that
positive contributions to −�z(�k) imply a positive contribution
to σxy.

The total Berry curvature has dimension length squared.
All total Berry curvatures in this work are given in units of
squared Bohr radii, denoted as a2

0.

IV. RESULTS AND DISCUSSION

Figure 1(a) shows that gradual application of pressure re-
sults in a significant drop to the sample resistance, which
begins to saturate at pressures of ∼6 GPa, where an insulator-
to-metal transition occurs in agreement with Refs. [2,22] (see
Secs. S2 and S3 in the Supplemental Material [18] for resistiv-
ity versus temperature plots). TCurie as a function of pressure
from our AHE at high temperatures is also shown in Fig. 1(a)
and will be discussed later in this section. We note that the
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FIG. 1. (a) Resistance R (left axis) and Curie temperature TCurie

(right axis) as a function of pressure. Due to the insulator-to-metal
transition, the sample resistance significantly decreases as pressure is
applied. The blue and red points represent measurements from cells
1 and 2, respectively. The values are scaled by a single geometric
factor of the order of unity, which is used throughout the manuscript
for any longitudinal resistivity measurement. The cyan dots for the
Curie temperature represent measurements from this work based on
the AHE, which extend the pressure range covered in Ref. [2], shown
in green. The uncertainties in the value of TCurie are estimated as the
interval between our sampling points, and the pressure uncertainties
are estimated to be about 0.5 GPa. The arrows signify that the
value of 300 K is a lower bound for the Curie temperature, as it is
the highest temperature in which data were taken. Inset: The Hall
coefficient as a function of applied pressure at 2 K extracted from
a linear fit in the field range between 4 and 10 kOe. The blue and
red points are measurements of ρxy from the first and second cells,
respectively. A single geometric factor of the order of unity was
used to scale the values of ρxy here and throughout the manuscript.
(b),(c) The antisymmetrized Hall measurements at pressures of 10.6
and 3.2 GPa at different temperatures as a function of the magnetic
field in the range which was used to calculate the Hall coefficient.

pressure at which we observe the insulator-to-metal transition,
and the dependence of Curie temperatures on pressure, are
consistent with previous reports, indicating the similarity in
sample quality and pressure conditions.

The inset of Fig. 1(a) shows the Hall coefficient as a
function of pressure at T = 2 K, which exhibits a domelike
behavior as a function of pressure. In the metallic state (at
6 < P < 14.5 GPa), the positive sign of the Hall coefficient
indicates that transport is hole dominated at all temperatures,
as demonstrated for 10.6 GPa in Fig. 1(b). The full data set
is available in Sec. S4 of the Supplemental Material [18].
Figure 1(c) shows that at the edges of the dome, both elec-
trons and holes contribute to transport, as can be seen by the
flattening and sign change of the Hall slope as a function of
temperature. We note that a similar behavior also occurs at
other pressures in the vicinity of 14 GPa, as shown in the
Supplemental Material, Secs. S4 and S7 [18]. These most

likely originate from holelike Te 5p and electronlike Cr 3d
bands. It should be mentioned that measurements of the Hall
effect were impracticable at pressures below 3.2 GPa due to
the large longitudinal resistivity relative to the magnitude of
the Hall effect (see Supplemental Material, Sec. S7 [18]).

Above 5.6 GPa, when CrGeTe3 enters the metallic state, a
significant AHE signal is observed. Figure 2(a) shows a char-
acteristic behavior of the AHE in the intermediate pressure
regime. Here, the AHE is the strongest at low temperatures
and monotonically weakens as the temperature increases.
From this data, it is clear that the AHE persists to much higher
temperatures than the Curie temperature at ambient pressure
(∼67 K). We note that the AHE can occur in paramagnetic
materials [28,29], and therefore its presence at high tem-
peratures does not necessarily prove enhancement of TCurie.
However, since the trend observed by our measurements is a
smooth continuation of the trend observed by the magnetom-
etry measurements [2] shown in Fig. 1(a), we interpret the
persistence of the AHE as an increase of TCurie. Figure 2(b)
shows measurements of the AHE at 13.5 GPa, characteristic
of the high-pressure regime between 13.5 and 17.6 GPa. At
low temperatures (blue curves), the AHE is completely absent
from measurements of ρxy, as can be seen by the absence of
the steep low-field AHE slope. As the temperature increases,
the AHE gradually appears and is enhanced at elevated tem-
peratures. We note that the AHE does not decay even at
room temperature, continuing the trend observed in Ref. [2],
thus possibly indicating that TCurie in CrGeTe3 surpasses room
temperature for this pressure range.

The qualitative differences in the evolution of the AHE
with temperature suggest that different mechanisms are at
play in different pressure regimes, i.e., the intrinsic, skew-
scattering, and side-jump scattering mechanisms can change
with pressure and temperature. To disentangle the con-
tributions to the AHE, we separate the anomalous Hall
resistivity ρAHE to intrinsic and extrinsic sources and fol-
low Hou et al. [30], who further distinguish between the
static (temperature-independent) and dynamic (temperature-
dependent) contributions to side-jump and skew-scattering
(i.e., extrinsic) mechanisms. At low temperatures, quasipar-
ticles are frozen and there are no dynamic scattering events.
Therefore, ρAHE(T = 0) is a static effect, either intrinsic with
geometric origins or extrinsic emanating from disorder. At
higher temperatures, quasiparticles are thermally activated
and dynamic extrinsic scattering mechanisms may contribute
to the AHE. We turn to interpreting our results in light of these
distinctions in the three pressure regimes.

ρAHE is extracted using a procedure similar to Ref. [31],
detailed in the Supplemental Material, Sec. S5 [18]. In the
insulating state, the values of the longitudinal resistance (ρxx)
intermixed in the measurements of ρxy are dominant for fields
smaller than 0.2 T (see Sec. S7 in the Supplemental Ma-
terial [18]). Therefore, our measurements are insensitive to
small anomalous Hall signals at this pressure range. Figure 3
shows ρAHE as a function of temperature for various pres-
sures above 5.6 GPa. At the intermediate-pressure regime,
at low temperatures, ρAHE �= 0. This suggests that the pres-
sure tuning into the metallic state activates either an intrinsic
contribution to the AHE or a static extrinsic scattering mech-
anism. The signal decays as the temperature increases and its
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(a)

(c)

(b)

(d)

FIG. 2. Measurements of the Hall effect in sample 1 at different temperatures and pressures of (a) 7.5, (b) 9.5, (c) 10.6, and (d) 13.5 GPa.
The steep slopes at low fields are due to the AHE. As can be seen in (a) for lower pressure, the imperfect van der Pauw geometry results in
deviation from the expected antisymmetric behavior, causing ρxx contributions to intermix in the measurements of ρxy. This effect is more
prominent at lower pressures due to a higher longitudinal resistance.

disappearance marks the Curie temperature. In the high-
pressure regime (P > 13.5 GPa), ρAHE = 0 at low temper-
atures and smoothly increases as the temperature increases,
persisting up to room temperature, above which we could not
heat our diamond anvil cells.

The absence of AHE indicates either a perfect cancellation
of contributions from various scattering mechanisms, mean-

FIG. 3. ρAHE as a function of temperature for various pressures,
measured in sample 2. A similar plot for sample 1 is shown in Sec. S6
in the Supplemental Material [18]. At the intermediate-pressure
regime, between the insulator-to-metal transition and 13 GPa,
ρAHE �= 0 at low temperatures and smoothly decays as the tem-
perature increases. In contrast, in the high-pressure regime, at low
temperatures, ρAHE = 0, and increases as the temperature increases.

ing that the sum of all the various contributions to the AHE is
zero, or the complete nullification of all of them. Perfect can-
cellation typically occurs when two mechanisms contribute to
ρAHE with opposite signs, which typically occurs at a spe-
cific temperature as seen, for example, in Refs. [32–35]. In
contrast, in CrGeTe3 at P > 13 GPa, ρAHE = 0 for a wide
temperature range (over 150 K at 17.6 GPa) rather than
crossing zero at a particular temperature. Perfect accidental
cancellation of various scattering mechanisms at such a wide
temperature range is unlikely. Therefore, we deduce that for
P > 13 GPa, all scattering mechanisms are negligible at low
temperatures and the behavior shown in Fig. 3 is dominated
by scattering off of thermally activated quasiparticles.

In Fig. 4, we plot ρAHE at 2 K as a function of the pressure,
which exhibits a domelike shape starting at the insulator-
to-metal transition and finishing around 13 GPa. Typically,
ferromagnets exhibit a monotonic behavior of the AHE as a
function of pressure, as seen, for example, in CeAlSi [36] and
Co3Sn2S2 [37], where, in the former, the AHE is generated by
skew scattering and, in the latter, by the intrinsic Berry phase.
To understand this behavior, we look at the relation between
ρAHE and ρxx, which, at low temperatures, in the absence of
dynamic scattering, simplifies to [30]

ρAHE = αρxx + β0ρ
2
xx , (3)

where α represents contributions from skew scattering and β0

is a mixture of intrinsic and static side-jump mechanisms. In
our experiment, we tune ρxx by changing the hydrostatic pres-
sure P. The inset to Fig. 4 shows ρAHE as a function of ρxx(P)
at a constant temperature 2 K, where a clear nonparabolic hys-
teretic behavior is observed. This means that the application of
pressure changes not only ρxx, but also α and β0, and therefore
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FIG. 4. ρAHE measured at 2 K as a function of applied pressure.
The black line is a guide to the eye. Inset: ρAHE, measured at 2 K,
as a function of the longitudinal resistivity ρxx , showing a hysteretic
behavior that deviates from the parabolic relation in Eq. (3). The blue
and red points are from the first and second cells, respectively. Their
resistivity values are scaled by a single geometric factor of the order
of unity.

transport measurements alone could not disentangle the con-
tributions of the intrinsic and the static extrinsic mechanisms
to the AHE. However, in CrGeTe3, the AHE dome onsets and
ends in regimes where the mixed transport of electrons and

holes is observed [Fig. 1(a), inset], indicative of Fermi surface
deformations. In the next section, we compare our experimen-
tal results to ab initio calculations of the Fermi surface, Berry
curvature, and the expected intrinsic AHE conductivity as a
function of pressure to better understand the interplay between
them.

V. THEORY: RESULTS

We first calculated Fermi surfaces and total Berry curvature
of CrGeTe3 as a function of pressure. The results are shown
in Fig. 5. In our DFT calculations, the insulator-to-metal tran-
sition occurs between P = 2 and P = 3 GPa, so that all DFT
results should be compared to experimental results at slightly
higher pressures. In the insulating phase, CrGeTe3 already
has small but nonzero total Berry curvature [see Fig. 5(a)].
At the insulator-to-metal transition, both hole and electron
pockets appear in the metallic phase. The respective bands do
not overlap, i.e., CrGeTe3 under pressure is a ferromagnetic
semimetal.

At P = 3 GPa [see Fig. 5(b)], two small hole pockets are
present in the center of the BZ, while six electron pockets
are located farther away from the � point. Strong positive
contributions to the total Berry curvature originate from the
space between the two hole pockets and from inside the inner
hole pocket. Large negative contributions are not yet present.
At higher pressures, this changes as the contribution from

FIG. 5. Fermi surface (indicated by gray overlay) and total Berry curvature −�z (indicated by the color scale) in the kx-ky plane (at kz = 0)
calculated from DFT in the ferromagnetic state for various pressures. (a) At P = 2 GPa, small contributions to the total Berry curvature exist,
even in the absence of a Fermi surface. (b) At P = 3 GPa, two small hole pockets are present in the center of the BZ, while six electron pockets
are located farther from the center. Strong contributions to the total Berry curvature originate from the space between the two hole pockets and
from inside the inner hole pocket. Both contributions are positive. (c)–(e) At higher pressures, the contribution between the two hole pockets
becomes negative, while the contribution from inside the inner hole pocket remains positive. The pressure tuning of the total Berry curvature
is generated by expansion of the Fermi surfaces and quantitative changes in contributions with opposite sign. (f) At P = 9 GPa, the electron
pockets have merged to form a single-electron cylinder. Both positive and negative contributions to the total Berry curvature have decreased in
magnitude compared to the low-pressure cases. Note that some values of the total Berry curvature lie far beyond the scale used in this figure.
These values were cut off to allow for an interpretable visualization.

013127-5



GILI SCHARF et al. PHYSICAL REVIEW RESEARCH 7, 013127 (2025)

FIG. 6. Electronic band structure with orbital weights (left axis) and total Berry curvature −�z (right axis) calculated from DFT in the
ferromagnetic state for various pressures. (a) At P = 2 GPa, there is no Fermi surface, but small contributions to the total Berry curvature are
already present. (b) At P = 3 GPa, hole pockets form around �, while electron pockets are present close to the X point. The electron pockets
almost exclusively carry Cr 3d weight and do not significantly affect the total Berry curvature. Major changes in total Berry curvature are
induced by the hole pockets with mixed Cr 3d and Te 5p weights. (c),(d) Further pressure modulates the total Berry curvature around the
hole pockets in the center of the BZ, i.e., close to �. Note that the total Berry curvature is plotted on a linear scale for values in the region
[−10, +10] and logarithmically otherwise, to make the extreme contributions visible.

the space between the two hole pockets becomes negative,
while the contribution from inside the inner hole pocket re-
mains positive [see Figs. 5(c)–5(e)]. The relative magnitude
of positive and negative contributions changes as a function
of pressure. At P = 9 GPa [see Fig. 5(f)], the electron pockets
have merged to form a single-electron cylinder. Both positive
and negative contributions to the total Berry curvature are
decreased in magnitude compared to the low-pressure cases.
In summary, these figures show that the total Berry curvature
in CrGeTe3 is substantially tuned by applying pressure.

To understand why electron pockets seemingly do not con-
tribute to the total Berry curvature, we calculate the electronic
band structure with orbital weights. As can be seen in Fig. 6,
the hole bands close to the � point carry both significant Cr 3d
and Te 5p weight, while the electron bands that move below
the Fermi level under pressure almost exclusively carry Cr 3d
weight. Since spin-orbit coupling for Cr 3d is significantly
weaker than for Te 5p states, a much smaller contribution
of Cr 3d to the total Berry curvature can be expected. This
differentiation in orbital weights explains why the appearance
of electron pockets does not significantly affect the total Berry
curvature.

Figure 6 also shows how the total Berry curvature on a
high-symmetry path is affected by the application of pressure.
The total Berry curvature in the absence of a Fermi surface
is shown in Fig. 5(a). The pressure modulation occurs in tiny
regions of momentum space close to the Fermi surface [see
Figs. 6(b)–6(d)]. These regions are so small that Fig. 6(b)
shows a negative total Berry curvature close to �, which is
not yet visible at the already high resolution of Fig. 5(b).
This further illustrates the need for adaptive integration as
implemented in our approach.

Finally, Fig. 7 shows the calculated anomalous Hall
conductivity σxy. We observe a strong modulation of the con-
ductivity as a function of pressure. A maximum at around P =
3.5 GPa is followed by a sign change around P = 4.4 GPa
and a minimum close to P = 5 GPa. The onset of conductivity
between P = 2 GPa and P = 3 GPa is clearly related to the
insulator-to-metal transition observed in our Fermi surfaces
(see Fig. 5) and the electronic band structure (see Fig. 6).

FIG. 7. Theoretical anomalous Hall conductivity in the xy plane,
σxy, calculated from DFT in the ferromagnetic state. Pressure mod-
ulates the anomalous Hall conductivity and leads to a sign change
at intermediate pressures. For each pressure value, we performed
10 independent adaptive Monte Carlo integrations. From these 10
results, we calculated the uncertainty as two standard deviations of
the obtained conductivity values. For all pressures, the estimated
uncertainty is smaller than the symbol size.

013127-6



PRESSURE TUNING OF INTRINSIC AND EXTRINSIC … PHYSICAL REVIEW RESEARCH 7, 013127 (2025)

When comparing these theoretical results for the conduc-
tivity to the experimental anomalous Hall resistivity, one must
take into account that the longitudinal resistivity also enters
when calculating the conductivity from experimental data,

σxy = − ρxy

ρ2
xx + ρ2

xy

. (4)

Since the experimental longitudinal resistivity is much larger
than the transversal one (see Fig. 4), we can expect that trans-
verse resistivity and conductivity are roughly proportional
to each other. Note, however, the additional minus sign in
Eq. (4). Although the experiment seems to observe a pressure
modulation similar to the high-pressure region of our calcu-
lation [different sign due to Eq. (4)], the positive anomalous
Hall conductivity (negative resistivity) of our calculations is
not seen in experiment. Furthermore, even after correctly
converting according to Eq. (4), the absolute scales do not
match. The theoretically calculated resistivity is several orders
of magnitude smaller. In our DFT calculations, we also rotated
the spin quantization axis from the kz direction toward the
kx direction and observed only a small but systematic effect
on the Berry curvature (see Supplemental Material [18]). The
giant effect of magnetic field rotation on the AHE in fer-
romagnetic Weyl semimetal EuB6 [38] seems absent in the
calculations for CrGeTe3. This shows that the Berry curvature
is not the sole contribution to the anomalous Hall conductivity
in CrGeTe3 and that extrinsic mechanisms must also be at
play.

The two extrinsic mechanisms that are to be considered are
skew scattering and side jumps. Calculation of the magnitude
of skew scattering and side jumps alike includes matrix ele-
ments that contain the Bloch functions before and after the
scattering event [3]. Our ab initio calculations show that the
band structure and Bloch wave functions considerably change
due to the effects of hydrostatic pressure, which suggests that
together with changes to the Berry curvature the magnitude
of the extrinsic mechanisms should change as well. However,
in the absence of exact knowledge of the scattering potential,
it is impossible to calculate the magnitude of these effects.
However, assuming an effective mass of the order of unity,

one can calculate the typical lifetime for carrier scattering
from our Hall and ρxx data. For pressures above the metal-
insulator transitions, one gets values of the order of 1 to 10
femtoseconds. This indicates that side jumps are most likely
prominent in their contribution to the AHE in CrGeTe3 [3].

VI. CONCLUSIONS

In summary, we have measured and calculated the AHE
conductivity in CrGeTe3 as a function of applied hydrostatic
pressure. Both experiment and theory show that the anoma-
lous Hall effect in CrGeTe3 can be substantially tuned by
pressure. Comparison between experiment and theory sug-
gests that the measured values are not purely intrinsic and that
the majority of the signal originates from extrinsic skew scat-
tering. Our calculations reveal significant changes to the band
structure of CrGeTe3 as pressure is increased in the metallic
phase. These are accompanied by changes to the Bloch wave
functions, which affect the matrix elements of skew-scattering
and side-jump mechanisms.
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