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Recent experimental evidence for the quantum spin Hall 
(QSH) state in monolayer WTe2 has linked the fields of two-
dimensional materials and topological physics1–7. This two-
dimensional topological crystal also displays unconventional 
spin–torque8 and gate-tunable superconductivity7. Whereas 
the realization of the QSH has demonstrated the nontrivial 
topology of the electron wavefunctions of monolayer WTe2, 
the geometrical properties of the wavefunction, such as the 
Berry curvature9, remain unstudied. Here we utilize mid-infra-
red optoelectronic microscopy to investigate the Berry curva-
ture in monolayer WTe2. By optically exciting electrons across 
the inverted QSH gap, we observe an in-plane circular photo-
galvanic current even under normal incidence. The application 
of an out-of-plane displacement field allows further con-
trol of the direction and magnitude of the photocurrent. The 
observed photocurrent reveals a Berry curvature dipole that 
arises from the nontrivial wavefunctions near the inverted 
gap edge. The Berry curvature dipole and strong electric field 
effect are enabled by the inverted band structure and tilted 
crystal lattice of monolayer WTe2. Such an electrically switch-
able Berry curvature dipole may facilitate the observation 
of a wide range of quantum geometrical phenomena such as 
the quantum nonlinear Hall10,11, orbital-Edelstein12 and chiral 
polaritonic effects13,14.

One of the early landmarks of condensed matter physics was the 
classification of metals, insulators and semiconductors by study-
ing the energy–momentum dispersion—or band structure—of the 
electrons in crystalline solids. Despite this remarkable success, the 
quantum nature of the electron states means that they can only be 
fully described by their quantum wavefunctions, whereas the band 
structure concerns only the energy and momentum eigenvalues of 
the wavefunctions. Therefore, a central question in modern con-
densed matter physics is whether there exist new phenomena that 
arise from other properties of quantum wavefunctions beyond the 
band structure9. For instance, the study of the global—or topologi-
cal—properties of electronic wavefunctions continues to give rise to 
novel topological phases, including the QSH states, three-dimen-
sional topological insulators and Weyl semimetals. These topologi-
cal materials feature robust surface states and often exhibit protected 
transport and optical responses. Another direction is to study the 

local—or geometrical—properties of wavefunctions. One impor-
tant property is the local curvature of the wavefunction, defined as 
the Berry curvature. Originally employed to explain the anomalous 
Hall conductivities of ferromagnets9, the importance of the Berry 
curvature is increasingly recognized in a wide range of areas in 
condensed matter physics, including nonlocal transport and chi-
ral optical responses in noncentrosymmetric metals and semicon-
ductors10–12,15–20, unconventional pairing in superconductors21, and 
topological plasmonic and excitonic polaritons13,14. Moreover, the 
interplay between topology and Berry curvature, although of great 
fundamental interest, has only rarely been explored. This is because 
most topological materials have zero Berry curvature in their bulk 
electronic states due to inversion symmetry, whereas materials with 
nonzero Berry curvature (for example, monolayer MoS2 or gapped 
graphene) are usually topologically trivial. In general, research on 
understanding the effects of quantum geometry in novel materials 
is developing rapidly both in theory and in experiments10–21. It is 
important to find new materials with novel quantum geometrical 
and topological properties.

Bulk WTe2 crystals were found to show a large, non-saturating 
magnetoresistance22 and were proposed as type-II Weyl semimet-
als23. Spin–torque and gate-tunable superconductivity were also 
observed in monolayer WTe2

7,8, suggesting nontrivial spin-resolved 
Berry curvature properties in WTe2. Meanwhile, although mono-
layer WTe2 has been studied by electronic transport3,6,7, angle-
resolved photoemission4, and scanning tunnelling microscopy4,5, 
optical studies are currently lacking.

The circular photogalvanic effect (CPGE), also noted as the 
injection current24, is the generation of electrical currents whose 
direction switches on reversing the chirality of light. Previous CPGE 
experiments on semiconductor heterostructures25, topological insu-
lators26,27 and semiconducting transition metal dichalcoginides28 
have attracted great interest because of the ability to optically gen-
erate spin-polarized electrical currents. On the other hand, a sys-
tematic microscopic mechanism of these CPGEs is usually difficult 
to achieve because the complex optical processes often involve 
many bands. However, recent theoretical advances19 have shown 
that when the inter-band transition involves only the lowest two 
bands, the CPGE in three-dimensional bulk materials has a concise 
microscopic origin that arises from the nontrivial Berry curvature.  
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As a result, aside from being an interesting and potentially useful 
phenomenon, the CPGE under such conditions becomes a powerful 
probe of important wavefunction properties of a bulk material, such 
as the chirality and the topological charge of the Weyl nodes19,29. 
Here, we show that the CPGE under the same conditions in two 
dimensions also has a clear origin in the Berry curvature.

The monolayer WTe2 lattice can be described by two possible 
structural phases, 1T′  and 1Td. The inversion-symmetric 1T′  struc-
ture has been widely assumed in previous work1–4,6. This structure 
has two independent symmetries: the mirror symmetry Ma and the 
two-fold screw rotational symmetry C a2 (Fig. 1a), whose combina-
tion gives rise to the inversion symmetry of the 1T′  phase. The 1Td 
structure (Fig. 1b), which is defined here as the monolayer directly 
isolated from the inversion-breaking bulk Td WTe2 lattice structure 
(see details in Supplementary Information VII.3), deviates slightly 
from 1T′ . In 1Td, Ma is preserved but C a2  is weakly broken. As a 
result, 1Td actually breaks inversion symmetry, which affects its 
electronic structure. The low-energy band structure of monolayer 
WTe2 without spin–orbit coupling features tilted two-dimensional 
Dirac fermions at the Q and Q′  points (Fig. 1c,d)30. The inclusion of 
spin–orbit coupling leads to an inverted, indirect QSH gap, where 
the valence band top is located at the Γ  point and the conduction 
band bottom is located at the Q and Q′  points. The weak inversion 
symmetry breaking of 1Td further induces a small spin splitting near 
the bottom of the conduction band (Fig. 1e inset).

Here we use a mid-infrared scanning photocurrent microscope 
equipped with a CO2 laser (λ =  10.6 μ m, ωℏ ≃ 120 meV) to detect 
the CPGE induced by the inter-band transition across the inverted 
QSH gap near Q and Q′ . We have fabricated high-quality, encap-
sulated, dual-gated monolayer WTe2 devices with multiple elec-
trodes (Fig. 1f,g). The dual gates allow us to independently vary the 
charge density n and the displacement field D (see details in the  
Methods section).

We first present our data at T =  150 K without external displace-
ment fields. Figure 2a,c shows the measured photocurrents along 
two orthogonal directions ( �Ia and �Ib) as a function of the beam spot 
position. The photocurrent changes sign as one moves the beam 
spot from one contact to the opposite. This bipolar spatial pattern 
reveals the photo-thermal current27,28 along both ̂a and b̂, which is 
due to the different Seebeck coefficients of WTe2 and the metal con-
tacts (Supplementary Information I.3). In contrast, the polarization 
dependence of the photocurrent along the two directions (Fig. 2b,d) 
is distinctly different. ̂Ia (Fig. 2d) shows a significant modulation with 
light polarization, which reaches its maximum for right-circularly 
polarized light, its minimum for left-circularly polarized light, and 
is zero for linearly polarized light. This pattern clearly demonstrates 
the existence of the CPGE along ̂a. ̂Ib, on the other hand, shows no 
observable dependence on polarization (Fig. 2b). To further distin-
guish the CPGE from the photo-thermal effect, we study the depen-
dence with charge density, without applying displacement fields.  
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Fig. 1 | Crystal and electronic structures of monolayer WTe2. a, The 1T′  structure of monolayer WTe2 consists of a mirror plane Ma and a screw rotation 
symmetry C a2 . C a2  is nonsymmorphic: it involves a 180° rotation about aa ̂ and a a

2
 translation along aa ̂, as depicted by the yellow and red parallelograms.  

b, The T1 d structure has only the mirror plane Ma. The rotational symmetry C a2  is broken (exaggerated). c, The first Brillouin zone with important momenta 
labelled. d,e, Band structure of monolayer WTe2 without and with spin-orbit coupling, respectively. f, Schematic experimental set-up for detecting the mid-
infrared circular photogalvanic effect on a dual-gated monolayer WTe2 device. g, Optical image of a dual-gated monolayer WTe2 device. Scale bar: 5 μ m.
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As seen in Fig. 2e,f, the CPGE remains unchanged within a rela-
tively large charge density range (|n| ≤  1013 cm−2), whereas the 
photo-thermal current changes sign as one varies the doping from 

electron-like to hole-like. The observed small but nonzero CPGE in 
the absence of external displacement fields can be explained by two 
possibilities. First, the actual structure of monolayer WTe2 is 1Td.  
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Fig. 2 | Observation of circular photogalvanic effect in monolayer WTe2. a, Photocurrent along bb ̂ bb̂I( )  with linear polarized light as a function of the 
beam spot location in the aa bb̂ ̂−  plane. Inset: device schematics showing the two electrodes connected to the current amplifier. The spatial sizes of the 
photocurrent map and the device schematics are shown by the two scale bars, respectively. Each sample-to-contact interface serves as a thermal-electric 
junction. Photo-thermal currents can arise from both interfaces, leading to the bipolar spatial configuration. The black circle on the photocurrent map 
roughly corresponds to the centre of the WTe2 sample, which has the same distance to the two contacts. b, Polarization-dependent bb̂I  with the light spot 
fixed at the red, black and blue dots shown in a. c,d, Same as panels a,b but for the photocurrent along aa ̂ aa ̂I( ) . e,f, aa ̂I  as a function of laser spot position 
(e) along the dashed line in c or as a function of the polarization (f) for three different doping levels. g,h, Same as e,f but for three different displacement 
fields. All data in this figure were taken at =T 150 K. i,j, We colour the top and bottom atomic layers differently as the out-of-plane DD causes the two layers 
to have different on-site potential energies. In MoS2 (j), an out-of-plane DD field only causes an out-of-plane ( cc ̂+  to cc ̂− ) polarity. In contrast, because the 
monolayer WTe2 lattice features a tilted parallelogram (i), an out-of-plane DD field can give rise to an in-plane polarity along bb ̂.
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Second, the device has a small out-of-plane electric field coming 
from the dielectric environment31. To discern the two possibili-
ties, one needs to perform structural measurements (for example, 
Raman spectroscopy, photocurrent spectroscopy, or second har-
monic generation) on suspended WTe2 monolayer samples.

We now study the dependence of the CPGE with an external, 
out-of-plane, displacement field D. As shown by the red curve 
in Fig. 2h, the application of a displacement field significantly 
increases the CPGE. In contrast, as we reverse the direction of the 
displacement field, the CPGE (blue curve) flips sign. Such electri-
cal switching and sign-reversal have not been achieved homoge-
neously throughout a three-dimensional bulk system25,27–29,32, as 
the electrical gating affects only the surface or interface region of 
a bulk crystal. The strong dependence of the in-plane CPGE with 
the out-of-plane D reveals a previously uncharacterized field effect 
in monolayer WTe2. In graphene, MoS2, and other conventional 
materials, an out-of-plane D causes only an out-of-plane (+ ̂c to − ̂c)  
polarity17,18,31 (Fig. 2j). In contrast, because of the distinct crystal 
structure of monolayer WTe2, which features a tilted parallelo-
gram on the ̂− ̂b c plane (Fig. 2i), an out-of-plane D can give rise 
to an in-plane polarity along �b that modulates the in-plane CPGE. 
In Supplementary Information I.1 and I.2, we present additional 
photocurrent data and perform symmetry analysis of the observed 
CPGE with the displacement field.

We then study the CPGE at low temperatures (T =  20 K). Guided 
by the gate map of the four-probe electrical resistance Rxx(VT, VB) 
(Fig. 3a), we are able to tune the displacement field over a wide range 
while keeping the charge density invariant. As shown in Fig. 3b,  
the magnitude of the CPGE can be modulated over a very wide 
range over the displacement field; Its direction flips as one reverses 
the displacement field. These CPGE observations show that the 
displacement field can very effectively break the inversion and C a2  
symmetries of the low-energy electronic states. In Fig. 3f–i, we show 
first-principles-calculated band structures of monolayer WTe2. We 
see that both the band splittings and the Berry curvatures increase 
with increasing displacement field. Interestingly, the field effect on 
the electronic states has a significant momentum dependence: the 
band splitting and Berry curvatures are selectively strong near the 
inverted gap edge Q/Q′  but weak elsewhere in the Brillouin zone. In 
the next section of the manuscript, we will systematically study the 
relationship between the CPGE and the Berry curvatures. We note 
that the strong dependence of the CPGE on the displacement field, 
including sign-reversal, serves as crucial evidence of the intrinsic 
nature: any extrinsic effect should rely on extrinsic asymmetries 
and those do not change significantly with the displacement field 
(Supplementary Information VII.1). In addition, the temperature-
dependent CPGE data also show interesting features: the CPGE at 
large D is strong at both low and high temperatures (Figs. 2h and 
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Fig. 3 | Systematic control of the circular photogalvanic current by displacement fields. a, Longitudinal DC resistance (Rxx) as a function of the top and 
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3b–d), whereas the CPGE at =D 0 is weak at low temperatures and 
increases significantly at T ~ 100 K (Fig. 3e). These temperature-
dependent CPGE data, along with the temperature-dependent DC 
transport data (Supplementary Information I.4), suggest that the 
bandgap decreases with increasing displacement field.

We now turn to the microscopic mechanism that generates the 
observed CPGE. We consider the scenario where the optical inter-
band transition involves only the lowest conduction and highest 
valence bands. Under such conditions, we show below that the opti-
cal selection rules and the CPGE depend directly on the Berry cur-
vature Ω k( ). In Figs. 4a,c and 3h, we find the following important 
characteristics for the Berry curvature of monolayer WTe2 at a fixed 
field (ETHY =  + 0.5 V nm−1): Ω k( )c  exhibits clear hotspots near the Q 
and Q′  points where the direct energy gap is minimum and at all 
energies, the Berry curvature shows a bipolar configuration about 
the mirror plane Ma. Inspired by the concept considered in refs. 11,33 
for intra-band physics, we define an inter-band Berry curvature 
dipole (ΛΩ) as

∮= ×ΩΛ Ωk kd ( ) (1)

where the closed loop integral is defined along the contours in 
reciprocal space that correspond to a transition between bands 
2 and 3 with energy ωℏ . Therefore, ΩΛ  measures the degree of 
polarity of the Berry curvature texture on these contours (Fig. 4a). 
Combining equation 1 with the fact that Ω c(ka, kb) =  − Ω c(− ka, kb), 
enforced by the mirror plane Ma, it is evident that Λ Λ≠ =Ω Ω0, 0a b  
for monolayer WTe2. Remarkably, we found that the CPGE with 
normal incident light can be expressed concisely in terms of the 
Berry curvature dipole.

τ
π

ω ω=
ℏ

− × ̂ ⋅ΩΛeJ E c EIm[ ( ) ( ( ))] (2)CPGE
3

2

where τ is the relaxation time, ω = ω ω ±π
E( ) (e , e , 0)

E i t i t
2

( )0 2  describes 
normal incident right- and left-circularly polarized light. We see 
that, whereas the circular dichroic optical transition is possible as 
long as there is finite Berry curvature ∝ ΩV k k( ( ) ( )) 17,18,31, the 
CPGE (Supplementary Information VII.2) can occur in the pres-
ence of a Berry curvature dipole only when ΛΩ ≠  0. The nonzero Λ Ω

a  
in monolayer WTe2 directly leads to the observed CPGE current 
along ̂a under normal incidence (see Supplementary Information 
VIII for discussions on the CPGE under oblique incidence). In 
Fig. 4e, we show the D dependence of the Berry curvature dipole 
Λ Ω

a . For |E| <  0.2 V nm−1, the direct bandgap is too large for an 
ωℏ = 120 meV transition; For |E| ≥  0.2 V nm−1, ∣ ∣ΩΛ  increases 

monotonically with |E|. Importantly, both the trend and the order 
of magnitude of the calculated Berry curvature dipole (Fig. 4e) are 
consistent with the experimental data (Fig. 3d, see Supplementary 
Information VI for details).

We now study the origin of the observed field effect in mono-
layer WTe2, which is in contrast to the very weak displacement 
field effect found in monolayer MoS2

17,18,31 (see also Supplementary 
Information III). In the presence of a band inversion, the wavefunc-
tion spans all three atomic layers (Fig. 4h,i). As we remove the band 
inversion (Fig. 4f), the wavefunction becomes strongly localized 
near the central W atomic layer (Fig. 4g), and, at the same time, 
the field-effect-induced band splitting and Berry curvature become 
very small (see Supplementary Information II). Therefore, the field 
effect and the emergent Berry curvature hotspot near the inverted 
gap edge in monolayer WTe2 are fingerprints of the topological 
band inversion.

To understand the role of spin in the circular polarization 
selection rule, we show that the spin polarizations of bands 2 
and 3 (also 1 and 4) are along the same direction (Fig. 4e, see 
Supplementary Information IV for more details). The completely 
overlapping spin wavefunctions between bands 2 and 3 (Fig. 4e) 
demonstrate (from a different perspective) that the selection 
rule for circularly polarized light between these two bands arises 
purely from the Berry curvature. Moreover, within a constant 
energy contour, the spin texture shows a canted (between b̂ and ̂c)  
Zeeman-like configuration on each constant energy contour 
(Supplementary Information IV), which is different from the  
out-of-plane Zeeman-like spin texture in MoS2.

We highlight the key observations of monolayer 1Td WTe2 in 
comparison to graphene and MoS2. The first observation is that the 
Berry curvature in monolayer WTe2 is polar. In contrast, the Berry 
curvatures in unstrained MoS2 and gapped graphene have a zero 
dipole and thus do not support the CPGE with normally incident 
light (Supplementary Information VII.5), which can also be seen 
from the following two factors: first, around each contour at K and 
K′ , the Berry curvature is three-fold symmetric; second, there are 
three degenerate K–K′  pairs (Fig. 4b). We note that a nonzero Berry 
curvature dipole is allowed once the three-fold rotational symmetry 
is broken. Indeed, a recent experiment34 showed evidence for it from 
current-induced magnetization in strained MoS2. In addition, due 
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wavefunction amplitude at the inverted gap edge (Q point) in the presence 
of the band inversion. h,i, Same as in f,g, without the band inversion.
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to the inverted band structure, the Berry curvature in monolayer 
WTe2 forms an intense hotspot, whose amplitude is more than one 
order of magnitude larger than that in MoS2. The second observa-
tion is that the displacement field effect in monolayer WTe2 is the 
first strong field effect in a monolayer crystal. This new field effect is 
a direct consequence of the topological band inversion and further 
shows an ‘out-of-plane to in-plane’ coupling. By contrast, previous 
field effects in MoS2 and graphene are strong only in thicker lay-
ers17,18,31, which mainly come from the coupling between different 
layers separated by the van der Waals gap.

Our results represent a clear experimental demonstration of a 
Berry curvature dipole, which can be controlled by electrical means. 
Such a tunable Berry curvature dipole not only leads to the electri-
cally switchable CPGE observed here, but may enable a wide range 
of other quantum geometrical phenomena, such as magnetochi-
ral16, quantum nonlinear Hall11, rectification15, and orbital-Edel-
stein12 effects. For all these phenomena, a nonzero Berry curvature 
is insufficient whereas a Berry curvature dipole is truly required. 
Many of these phenomena have not been observed in any solid state 
system and are therefore of great fundamental interest. Besides the 
above single-particle phenomena, the selection rules for circularly 
polarized light mean that monolayer WTe2, analogous to MoS2 and 
gapped graphene, can be used to realize chiral edge plasmons13,14. It 
is worth noting that monolayer WTe2 has topological edge states, 
whose role in plasmon physics has not been studied, even theoreti-
cally. Further, the effect of a nontrivial Berry curvature and a Berry 
curvature dipole in gate-induced superconductivity7 awaits explo-
ration21. More broadly, the discovery of a Berry curvature dipole, 
along with the previous observations2–8, establish monolayer WTe2 
as an extremely rich, atomically thin platform to explore topological 
physics, quantum geometrical physics, unconventional supercon-
ductivity and how these effects interplay with each other.

Methods
Methods, including statements of data availability and any asso-
ciated accession codes and references, are available at https://doi.
org/10.1038/s41567-018-0189-6.
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Methods
Device fabrication for exfoliated flake samples. Our fabrication of the dual-
gated monolayer WTe2 devices consists of two phases. Phase I was done under 
ambient conditions: local bottom PdAu gates were first defined on the standard 
Si/SiO2 substrates. A suitable hexagonal hexagonal BN (hBN) flake was exfoliated 
onto a separate Si/SiO2 substrate, then picked up using a polymer-based dry 
transfer technique and placed onto the pre-patterned local bottom gate. Electrical 
contacts (PdAu, ~20 nm thick) were deposited onto the bottom hBN flake with 
electron-beam lithography and metal deposition. Phase II was done fully inside 
the glovebox with an argon environment. Monolayer WTe2 flakes were exfoliated 
from a bulk crystal onto a Si/SiO2 chip. Thin graphite (as top gate electrode, 
~10 nm), hBN (~10 nm) and monolayer WTe2 were sequentially picked up and 
then transferred onto the local bottom gate/hBN/contact substrate. Extended leads 
connecting the top gate graphene to wire bonding pads were pre-made together 
with the metal contacts in Phase I. In such a dual-gated device, the charge density 

can be obtained by = ∕ + ∕ε εn V h V h( )
e T T B B

0
hBN

. The displacement field is determined 

by ε ε= ∕ − ∕ ∕V h V hD ( ) 2hBN
T T

hBN
B B

35. Here n is the charge density, D is the 
externally applied displacement field, VT (VB) are the gate voltages, and ε = 3hBN ,  
hT = 10 nm, and hB =  8 nm are the relative dielectric constant and the thicknesses of 
the top (T) and bottom (B) hBN layers of the presented device, respectively.

Growth method and device fabrication for CVD films. The mixed compounds 
(WO3: WCl6: Te =  1:1:1) were placed in the boat at the middle position of the tube. 
The Te powder will reduce the melting point of the compounds. 0.5 g Te powder is 
placed on the upstream, which is used to maintain the Te atmosphere during the 
whole reaction process. WTe2 monolayer layers can be found on a SiO2 (285 nm)/Si  
wafer at the downstream of the quartz tube. The growth temperature is between 
750–850 °C. The samples were immediately covered by poly(methyl methacrylate) 
(PMMA) for protection against oxidization. Electrical contacts (PdAu, ~20 nm 
thick) were deposited onto chemical vapour deposited (CVD) film with electron-
beam lithography and metal deposition. The SiO2 layer also served as the global 
back gate dielectric.

Mid-infrared scanning photocurrent microscopy. The fabricated device was 
wire-bonded onto a chip carrier and placed in an optical scanning microscope 
set-up that combines electronic transport measurements with light illumination. 
The laser source is a temperature-stablized CO2 laser (λ =  10.6 μ m, ħω =  120 meV). 
A focused beam spot (diameter ≃d 50 μ m) is scanned (using a two-axis piezo-
controlled scanning mirror) over the entire sample and the current is recorded at 
the same time to form a colour map of the photocurrent as a function of spatial 

positions. Reflected light from the sample is collected to form a simultaneous 
reflection image of the sample. The absolute location of the photo-induced signal 
is therefore found by comparing the photocurrent map to the reflection image. The 
light is first polarized by a polarizer and the chirality of light is further modulated 
by a rotatable quarter-wave plate.

First-principles calculations. First-principles calculations were performed by the 
OPENMX code within the framework of the generalized gradient approximation 
(GGA) of density functional theory36,37. As the GGA sometimes underestimates the 
bandgap, the Heyd–Scuseria–Ernzerhof (HSE) method was employed to adjust the 
bandgap according to the previous photoemission results.

The connection between Berry curvature and the CPGE. Here we briefly 
describe the connection between the Berry curvature dipole and the CPGE current. 
Supplementary Information V presents a detailed derivation. The generation of the 
CPGE with normal incident light consists of two steps: first, circularly polarized 
light excites inter-band transitions with an optical selection rule; second, the 
optically excited electrons and holes travel at their respective group velocities, 
leading to a nonzero CPGE current. In the case where only two bands participate 
in the inter-band process, it has been theoretically shown19,31,38 that the difference 
between the inter-band transition rate for right- and left-circularly polarized light, 

= ∣ ∣ −∣ ∣V P Pk k k( ) ( ) ( )RCP 2 LCP 2
, is directly proportional to the Berry curvature, that 

is, Ω∝V k k( ) ( ) . Therefore, the inter-band transition near Q and Q′  in monolayer 
WTe2 selects opposite circularly polarized light because of their opposite 
Berry curvatures. Under this condition, the CPGE current can be expressed as 

ω ω= − × ̂ ⋅τ
π ℏ

ΩΛJ E c EIm[ ( ) ( ( ))]eCPGE 3

2 .

Data availability. The data that support the plots within this paper and other findings 
of this study are available from the corresponding author upon reasonable request.
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