
Ac
ce
pt
ed
 M
an
us
cr
ip
t

Double Helix of Atomic Displacements in Ferroelectric PbTiO3

Yihao Hu (胡逸豪)1, 2, ∗ and Shi Liu (刘仕)2, 3, †

1Zhejiang University, Hangzhou, Zhejiang 310058, China

2Department of Physics, School of Science,

Westlake University, Hangzhou, Zhejiang 310030, China

3Institute of Natural Sciences, Westlake Institute for Advanced Study,

Hangzhou, Zhejiang 310024, China

Abstract

Recent theoretical work has predicted the existence of a “dipole spiral” structure in strained

freestanding membranes of PbTiO3, suggesting a potential route to enhanced electromechanical

responses [PRL 133, 046802 (2024)]. However, its microscopic nature, energetic landscape, and

electronic properties remain largely unexplored from a first-principles perspective. Here, using den-

sity function theory on PbTiO3 under biaxial tensile strain, we identify a novel form of polar order:

a chiral, non-collinear ferroelectric double helix. We find that two distinct, intertwined polariza-

tion helices are formed by the local Pb-O and Ti-O dipoles, reminiscent of DNA. This topology

is stabilized by a collective helical twisting of the encompassing oxygen cages (the polyhedra for

both Pb and Ti cations), which gives rise to an electric Dzyaloshinskii-Moriya-like interaction.

The resulting structure, which can be canceptualized as a “self-moiré” crystal, exhibits two cou-

pled functionalities. First, it possesses a rotational pseudo-zero-energy mode that underpins a

giant piezoelectric response (e33 ≈ 16 C/m2). Second, the long-period potential reconstructs the

electronic band structure, leading to a multi-valley electronic topology at the valence band edge.

Our work establishes a physical route to designing complex chiral order that supports both giant

electromechanical coupling and multi-valley electronics.
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The past decade has witnessed a surge of interest in topological polar structures within

ferroelectric oxides. Real-space textures such as polar vortices [1–3], skyrmions [4, 5], and

merons [6], analogous to their magnetic counterparts, have been realized. These discover-

ies have demonstrated that by carefully balancing elastic, electrostatic, and polarization-

discontinuity gradient energies through epitaxial strain and interfacial engineering [7], one

can overcome the strong crystalline anisotropy of ferroelectrics and stabilize complex, non-

collinear polarization patterns. Helical structures are ubiquitous in nature, manifesting

across all length scales. From the spiral arms of galaxies to the turbulent vortices of weather

systems, down to the intricate spin helices that drive multiferroicity in quantum materi-

als [8, 9], this chiral form represents an elegant solution to complex energetic constraints.

Perhaps most iconically, the double helix of DNA encodes the fundamental blueprint of life

itself. A compelling question thus arises in condensed matter physics: can a similar helical

order be realized for electric dipoles within a crystalline solid, and what new physics would

such a “ferroelectric helix” unlock?

The realization of helical order arising from competing interactions is a well-established

concept in modern magnetism, but achieving an analogous helical texture of electric dipoles

has remained challenging. One notable development was the experimental observation of

an incommensurate helical dipole texture in the chemically doped quadruple perovskite

BiCu0.1Mn6.9O12, which was shown to be stabilized by an intrinsic competition between

lone-pair activity and orbital ordering [10]. In parallel, theoretical work has proposed a

distinct route toward ferroelectric helicity: stabilizing a “dipole spiral” in the archetypal

ferroelectric PbTiO3 under large in-plane biaxial tensile strain [11]. Unlike the very small

out-of-plane polarization (< 20 µC/m2) in BiCu0.1Mn6.9O12, this phase in PbTiO3 exhibits a

stable out-of-plane ferroelectric polarization comparable to that of the conventional tetrag-

onal (T ) phase (0.7 C/m2), making it a potential example of a ferroelectric helix. Moreover,

this topological structure has been associated with a potentially enhanced piezoelectric re-

sponse, pointing to a mechanism for electromechanical coupling that may be rooted in the

underlying topology. These findings motivate further investigation into the microscopic ori-

gin and functional implications of such a phase. Despite recent interest, a comprehensive

understanding of this helical phase from a first-principles perspective remains incomplete.

Key questions persist regarding its microscopic structure, energetic stability relative to con-

ventional ferroelectric phases, the origin of its functional properties, and the extent to which
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it modifies the material’s electronic behavior.

Here, we employ density functional theory (DFT) calculations to investigate the funda-

mental physics of the emergent phase in strained PbTiO3. Our results indicate that the

dipole spiral corresponds to a ferroelectric double helix. Specifically, we find that the local

Pb-O and Ti-O dipoles form two distinct, intertwined helical paths with a stable, non-parallel

phase relationship between them. The stability of this configuration can be traced to a col-

lective helical twisting of the oxygen octahedral framework, which gives rise to an electric

Dzyaloshinskii-Moriya-like interaction (eDMI) [12, 13]. This chiral structure, which may be

viewed as an one-dimensional “self-moiré” crystal, exhibits a rotational pseudo-zero-energy

mode that contributes to its enhanced piezoelectric response. Furthermore, we find that

the structural topology leads to a reconstruction of the electronic band structure, resulting

in a multi-valley electronic character at the valence band edge. Overall, our work outlines

a theoretical framework that links structural chirality, emergent eDMI, electromechanical

response, and electronic band topology, offering insights into potential design strategies for

multifunctional polar materials.

Our first-principles calculations for PbTiO3 under substantial biaxial tensile strain indi-

cate the stabilization of a ground state that differs from conventional ferroelectric phases

(see Supplemental Material (SM) [14], Sec.IV). The system adopts a set of chiral dipole

spirals, topological polar structures that bear analogy to spin spirals in magnetic materi-

als [15, 16]. A key geometric feature of this phase is its helical character, which we quantify

using the Ti-cation displacement dTi as a proxy for local polarization [17], though this is

only a partial measure chosen for its convenience as a descriptor. Specifically, the dipoles

under 2.3% strain (a = b = 3.970 Å) in a 1×1×5 supercell, tilted by θz from the z axis

(Fig. 1a), exhibit in-plane components dTi,xy with approximately equal magnitudes in each

layer, while the azimuthal angle rotates progressively from one layer to the next; the out-

of-plane components dTi,z remain largely unchanged. This helical arrangement gives rise to

structural chirality in the system. Additionally, the in-plane projection of the dipole path

forms a deformed polygon rather than a perfect circle (Fig. 1b), , a feature whose connection

to the underlying C4 symmetry of the strained crystal lattice will be discussed below.

These helical phases are associated with two distinct energy manifolds (green shading

in Fig. 1c,d). The first, M1, is a lower-energy manifold corresponding to the calculated

ground state. It is characterized by a dominant out-of-plane polarization and includes a
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quasi-continuous set of states such as S1, S2, and S3, with polarization tilt angles θz of

4◦, 14◦, and 32◦, respectively. The second, M2, is a higher-energy, metastable manifold

dominated by in-plane polarization, represented by states such as S4 (θz = 87◦) and S5 (θz ≈

90◦). As the system transitions from S1 to S5, the out-of-plane component dTi,z decreases

while the in-plane component dTi,xy increases, corresponding to a larger tilt angle θz. The

energy landscape associated with these helical phases resembles an asymmetric double-well

potential. The two basins correspond to the M1 and M2 manifolds. Within each basin,

the energy variation with respect to θz is relatively small, allowing for a quasi-continuous

evolution of the tilt angle. The transition between the two manifolds is asymmetric: the

energy barrier from M1 (e.g., S2) to M2 (e.g., S4) is approximately 8 meV/u.c., whereas

the reverse barrier is less than 1 meV/u.c. This energy profile is consistent with a first-order

structural phase transition and suggests that any field-driven switching between the two

manifolds could involve notable hysteresis.

The physical origin of the two energy manifolds is examined using a phenomenological

Landau-Ginzburg-Devonshire (LGD) model (see SM [14], Sec.II.C). The model suggests

that the complex energy landscape can support multiple, nearly degenerate minima due to

the high-dimensional parameter space involving coupled polarization components from both

the Pb and Ti sublattices (in-plane and out-of-plane). For a fixed dipole spiral periodicity,

different combinations of these sublattice polarizations can couple to produce states with

comparable total energies, thereby giving rise to the M1 and M2 manifolds identified in the

first-principles calculations.

A notable feature of the dipole spiral is its ability to support a rotational zero-energy

mode. The emergence of this mode arises from the general property of embedding a helical

distribution of vectors into any crystal lattice which exhibits the quadruple-well potential.

For any idealized, polygonal helical arrangement (Fig. 2c, yellow stars), whether defined by

the displacement of the Ti cation or by the net cell polarization, the global orientation can

be specified by the in-plane polarization angle of the first layer, denoted φ0. Once this angle

is set, the orientations of all subsequent layers are determined by the helical relationship

φk = φ0+(k−1) ·2π/N , where k is the layer index. Although one might expect the system’s

total energy to depend on φ0 due to the quadruple-well potential imposed by the strained

lattice, our calculations show that for any periodicity N ≥ 3 that is incommensurate with

the underlying potential (N ̸= 4), the total energy remains independent of φ0 (Fig. 2a).
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This results in an emergent U(1) symmetry and an associated rotational zero-energy mode.

The energy landscape as a function of the global angle φ0 is analogous to a “Mexican-hat”

potential, where the brim is flat (Fig. 2b). This introduces a qualitative difference in the

degrees of freedom compared to conventional ferroelectric phases. In a rhombohedral-like

(R) or monoclinic (M) phase, the energy is primarily determined by the orientation of a

single polarization vector, typically specified by Pxy and Pz, within the potential landscape.

In contrast, the dipole spiral is characterized by the collective distribution of polarization

vectors across all layers. This arrangement introduces a continuous degree of freedom: the

global in-plane phase angle φ0. The flat energy profile along this coordinate gives rise to a

rotational zero-energy mode, which manifests as the Goldstone mode [18, 19]. The existence

of such a mode is expected to contribute to an enhanced response to external fields.

A subtlety arises in the precise nature of this Goldstone mode. At zero temperature, the

system minimizes its energy by allowing the polarization vectors to relax slightly toward the

four lowest-energy wells of the C4 potential. This leads to a “deformed polygon” ground

state rather than a perfectly symmetric configuration. Although the deformation is small, it

weakly breaks the emergent U(1) symmetry and introduces a finite energy gap in the rota-

tional mode. The idealized “perfect polygon” state, which supports a true zero-energy mode,

is therefore slightly higher in energy. Consequently, at 0 K, the weak pinning prevents the

rotational mode from being truly energy-free. It is therefore more accurately characterized

as a pseudo-Goldstone mode, or pseudo-zero-energy mode. This pinning, however, is fragile.

The zero-energy character of the mode is gradually restored as the periodicity N increases,

causing the deformed structure to approach the idealized configuration. Moreover, thermal

fluctuations (kBT ) can readily overcome the small pinning energy (less than 1 meV/u.c.; see

SM [14], Fig. S7), allowing the system to traverse the full rotational phase space, effectively

recovering the behavior of a perfect polygon.

To better understand the microscopic nature of the dipole spiral, we performed a detailed

analysis which reveals a structural complexity that extends beyond the simple helical order-

ing of net unit-cell dipoles. We found that all three constituent sublattices, Pb, Ti, and O,

exhibit helical displacement patterns along the propagation axis (Fig. 2d). This hierarchical

and intertwined helical ordering of the Pb-, Ti-, and O-sublattices can be conceptualized as

an one-dimensional “self-moiré” crystal. In contrast to conventional moiré patterns, which

are extrinsically generated at hetero-interfaces [20–23], this superlattice emerges intrinsically
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within a single, homogeneous material under uniform strain.

In perovskite oxides, coupling between adjacent layers is often described in terms of the

relative rotation of oxygen octahedra, typically categorized as either in-phase or out-of-

phase, with the latter generally being energetically favorable [24]. However, a continuous,

multi-layer helical rotation of the octahedra has not been widely considered, which may have

contributed to the dipole spiral being previously overlooked. This collective chiral distortion

of the lattice gives rise to two distinct local polarization vectors that form the basis of the

dipole spiral: dTi, defined by the displacement of the Ti cation relative to the center of

its surrounding oxygen octahedron (BO6), and dPb, defined by the displacement within the

Pb-centered AO12 cage. We find that these two local polarizations form distinct, intertwined

helices that are intrinsically non-parallel (Fig. 2e). While both dPb and dTi follow helical

paths, a stable, non-zero phase angle ⟨ϕ⟩ = 1
N

∑N
k=1 ϕk exists between them. For the M1

(M2) state, this angle is calculated to be approximately 29◦ (35◦). The non-parallelism

reveals an internal, intra-cell degree of freedom and challenges the common approximation

of representing unit-cell polarization as a single vector.

To quantify the energetics of this non-parallel configuration, we performed a model cal-

culation in which an idealized “perfect polygon” double helix was constructed using the

average dPb and dTi extracted from the fully relaxed (deformed) spiral ground state (also

used in Fig. 2a). We then computed the total energy as a function of the relative phase

angle ϕ, which is now equivalent to ⟨ϕ⟩ (Fig. 2f). The resulting energy dependence ex-

hibits a trigonometric form, consistent with predictions from the LGD model (see SM [14],

Sec. II.D). In this double-helix configuration, while inter-helix interactions, quantified by

the relative angle between the dPb and dTi helices, determine the absolute energy, they do

not break the emergent U(1) symmetry or gap the rotational zero-energy mode (Fig. 2f,

φ0 axis). The calculation reveals distinct energy minima (red stars) at phase angles of ap-

proximately 27◦ and 35◦, in agreement with the values observed in the relaxed, deformed

structures. This indicates that the non-parallel configuration is energetically favored. Fur-

thermore, hypothetical configurations in which only a single cation sublattice forms a helix,

or where both helices are aligned (ϕ = 0), were found to be energetically unstable relative to

the non-parallel ground state (see SM [14], Fig. S5). This finding was further corroborated

by our finite-temperature molecular dynamics simulations (see SM [14], Fig. S6).

To explore the microscopic origin of this energy minimum, we turned to the LGD model
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(see SM [14], Sec. II.E). We found that the stabilization of a non-zero phase angle could

only be reproduced by introducing an emergent eDMI term between the two sublattice

polarizations, of the form ∝ D·(dPb×dTi). This suggests that the collective chiral distortion

of all three atomic sublattices breaks local inversion symmetry in a way that gives rise to an

intrinsic eDMI. This interaction stabilizes the non-parallel double-helix configuration and

offers a microscopic explanation for its energetic preference.

The unique topology of dipole spiral gives rise to an extraordinary piezoelectric response.

To probe its electromechanical characteristics, we performed first-principles calculations of

the out-of-plane polarization Pz as a function of out-of-plane strain ηz. The result, shown

in Fig. 3a, reveals a giant and highly nonlinear piezoelectric response. Near the equilibrium

state (ηz=0), we extract an intrinsic piezoelectric coefficient e33 of≈16 C/m2, a value roughly

three-fold larger than that calculated for the T phase under identical strain conditions [25, 26]

(see SM [14], Sec.IX).

This giant piezoelectricity originates from a unique, collective response mechanism rooted

in dipole spiral’s rotational pseudo-zero-energy mode. Unlike R-like or M phase, which re-

spond to an out-of-plane perturbation through a rigid and energetically costly change in

their polarization orientation, the dipole spiral evolves along a much lower-energy path-

way. Instead, the pseudo-zero-energy mode provides a nearly resistance-free pathway for

dipole spiral to evolve. The system can simultaneously execute an in-plane rotation, which

consumes negligible energy, while making an infinitesimal adjustment to its tilt angle θz.

The macroscopic piezoelectric response is thus the cumulative result of many such small,

rotation-assisted tilting events, allowing the system to efficiently produce a large change

in polarization for a minimal energy cost. This complex pathway is also responsible for

the markedly anharmonic response, which directly reflects the non-parabolic shape of the

flattened energy potential.

Under large cyclic strain, the system reveals its complex energy landscape through a

hysteretic loop featuring first-order structural phase transitions between competing spiral

manifolds M1 and M2. This hysteresis is a direct manifestation of their asymmetric energy

barriers. Upon applying a critical compressive strain [(e)→(f)], the high-Pz (M1) spiral

undergoes an abrupt transformation into the low-Pz (M2) manifold. Once collapsed, the

system is trapped until a critical tensile strain is applied [(g)→(h)], causing it to jump back

to the high-Pz (M1) state and completing the non-volatile switching cycle (see SM [14],
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Sec.XI). Crucially, the critical tensile strain required for this “jump back” is not a fixed value

but is dependent on the in-plane biaxial strain (see SM [14], Fig. S11). The link between

helical topology and emergent functionality is proven by the system’s behavior under extreme

tensile strain. At ηz >3%, dipole spiral reversibly transforms into T -like phase (Fig. 3c). In

this topologically trivial phase, the piezoelectric response immediately becomes linear and

its magnitude reverts to that of a standard ferroelectric. This demonstrates that the giant

piezoelectricity is an emergent property intrinsically bound to the helical topology.

It is important to consider the influence of finite temperature on this complex elec-

tromechanical response. At 0 K, the enhanced piezoelectricity originates from the pseudo-

Goldstone mode associated with the rotational degree of freedom. At room temperature,

the thermal energy (kBT ≈ 25 meV) exceeds both the intra-manifold pinning potential

(∼1 meV/u.c.) and the inter-manifold energy barrier (∼8 meV/u.c.). As a result, thermal

fluctuations are expected to effectively restore a gapless Goldstone mode and render the M1

and M2 manifolds nearly degenerate. This thermally-induced degeneracy permits large-

amplitude fluctuations of the polarization vector, potentially spanning the full tilt angle

range θz = 0◦ to 90◦. The collapse of the 0 K hysteresis under these conditions leads to an

ultra-soft structural state, suggesting that the piezoelectric response at room temperature

could be further enhanced.

Beyond its electromechanical properties, the chiral dipole spiral induces a reconstruction

of the material’s electronic structure, giving rise to an emergent multi-valley electronic topol-

ogy. Our band structure calculations, performed using the band unfolding technique [27],

reveal a manifold of degenerate local valence band maxima (VBMs) along the Γ–Z direction.

These form a characteristic woven-shaped band structure (Fig. 4). The number of distinct

VBMs, or valleys, denoted Nv, scales directly with the spiral periodicity N via Nv = N/2.

It is important to distinguish this multi-valley system from a flat band, despite the visually

flat dispersion observed along the short Γ–Z k-path composed of multiple VBMs. Yet, it

is precisely this emergence of quasi-flat bands that immediately brought moiré systems

to mind, providing a key motivation for us to term the system a “self-moiré.” A more

definitive distinction is revealed through the density of states (DOS) analysis. In true

flat-band systems, such as those observed in moiré heterostructures, a large number of

electronic states are compressed into a narrow energy window, resulting in a sharp, high-

intensity DOS peak, which plays a central role in driving strong electronic correlations [21,
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28–30]. In contrast, our calculated DOS for the dipole spiral phase decreases smoothly

and monotonically toward zero at the valence band edge. This indicates that each of the

Nv valleys retains a normal, parabolic-like dispersion near its maximum. The total DOS is

simply the superposition of these individual 3D-like valleys and therefore lacks the sharp peak

associated with true electronic flatness. The key feature of this system is not a dispersionless

state but rather the high degeneracy of multiple, structurally induced valleys.

This valley degeneracy could carry significant physical implications. Optically, it implies

a highly degenerate excitonic ground state, which could give rise to complex fine-structure

splitting and strong circular dichroism, reflecting the structure’s intrinsic chirality. In terms

of transport and many-body behavior, the presence of multiple valleys offers a pathway to a

strongly correlated regime. Upon carrier (hole) doping, charge carriers are distributed among

the Nv degenerate valleys. This reduces the carrier density per valley, thereby suppressing

the intra-valley kinetic energy (i.e., the Fermi energy). Meanwhile, the long-range Coulomb

interaction, governed by real-space carrier separation, remains unaffected. As a result, the

ratio of potential to kinetic energy is significantly enhanced, potentially driving the system

into an interaction-dominated, strongly correlated limit.

A possible consequence of such an interaction-dominated regime is the formation of a

Wigner crystal [31], a collective state in which charge carriers freeze into a spatial lattice

to minimize their mutual Coulomb repulsion. While the multi-valley topology originates

in momentum space, its correlated consequences, such as real-space charge ordering, would

manifest in the spatial domain and could be experimentally detectable under appropriate

conditions. The dipole spiral thus offers a tunable platform for accessing and exploring

strongly correlated electronic phenomena, enabled by its structural control over band de-

generacy and carrier interactions.

In conclusion, we have discovered a chiral, non-collinear ferroelectric double helix in a

strained ferroelectric oxide, characterized by intertwined, non-parallel helical polarizations

of the Pb and Ti sublattices. This dipole spiral is stabilized by a collective helical lattice dis-

tortion that induces an emergent electronic Dzyaloshinskii-Moriya-like interaction, favoring

a chiral ground state. The resulting “self-moiré” structure uniquely combines robust out-of-

plane ferroelectricity with transverse helical order, giving rise to two coupled functionalities:

a giant piezoelectric response (e33 ≈ 16 C/m2) driven by a rotational pseudo-zero-energy

mode, and an emergent multi-valley electronic topology at the valence band edge. These

9



Ac
ce
pt
ed
 M
an
us
cr
ip
t

results demonstrate a strain-driven strategy for engineering polar topology, unifying struc-

tural chirality, strong electromechanical coupling, and correlated electronic behavior in a

single phase. This work opens new directions for chiral phononic materials, high-sensitivity

sensors, and tunable platforms for correlated electron physics.

Data availability — We have developed an online notebook [32] on Github to share the

essential input and output files. Further details about DFT calculations using VASP [33, 34]

can be found in Supplementary Material [14].
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FIG. 1. A Family of Dipole helical phases and Their Energetic Landscape. (a) Schematics

of T and stable dipole helical phases (S1-S5) in strained (a = b = 3.970 Å) PbTiO3, distinguished

by their polarization tilt angle θz = 1
N

∑N
k=1 θ

k
z . (b) The quadruple-well potential energy surface

arising from the C4 symmetry of the strained lattice. The yellow stars represent the in-plane

polarization vectors (dTi,xy) for each of the five layers of a representative helical phase, illustrating

how the polarization is energetically favored to lie within the potential wells. (c) The left panel

shows the top-down view of dipole spiral’s in-plane polarization path, formed by connecting the

vertices (the yellow stars) from (b). This path is a deformed polygon, a direct consequence of the

pinning effect of the quadruple-well potential. The right panel plots the out-of-plane polarization

component (dTi,z) as a function of the layer index (Z). (d) Energy and dTi,z landscape along a

linear interpolation path between T -S1-S5. The insets are the top view of the schematics in (a),

corresponding to the left panel of (b).
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FIG. 2. Microscopic Origin and Dynamics of the Ferroelectric Double Helix. (a) Total

energy as a function of the global in-plane orientation φ0. When the ϕ is fixed, the energy is

independent of φ0; Therefore, the addition of the φ0 axis in (f) causes the curves to exhibit repetitive

and consistent three-dimensional shadows. (b) A conceptual, three-dimensional representation of

the “Mexican-hat” potential energy surface that describes the collective rotational dynamics of an

idealized spiral. (c) Illustration of the Goldstone mode for an idealized N=5 “perfect pentagon”

spiral. The left panel shows a schematic of this state, where the in-plane polarization vectors of

the five layers (yellow stars) are equally spaced on a circle (red), with a fixed 72◦ angle between

adjacent layers. The collective rotation of this idealized spiral is a zero-energy process (right panel).

(d) Top view of the relaxed supercell, revealing the intertwined helical nature of the Pb- (gray) and

Ti-sublattice (blue) polarizations, which form a double helix with a non-parallel phase angle ⟨ϕ⟩

for both (e, left panel) M1 and (e, right panel) M2 (right) spirals. (f) Total energy as a function

of the relative phase angle ϕ between dTi,xy and dPb,xy.
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FIG. 3. Giant and Hysteretic Electromechanical Response. (a) Calculated out-of-plane

polarization (Pz) versus uniaxial strain (ηz) for the S2 spiral. The reversible response near equilib-

rium (red curve) is highly anharmonic, yielding a giant piezoelectric coefficient e33 ≈ 16 C/m2. The

large loop demonstrates hysteretic, first-order switching between two manifolds. (b-h) Snapshots

of the dipole configurations at key points in the strain cycle, illustrating the initial S2 state (b), the

irreversible collapse to a low-Pz state (M2) under compression [(e)→(f)], and the transformation

to a topologically trivial T phase under large tension [(b)→(c)].
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FIG. 4. Electronic Structure Reconstruction and Multi-Valley Topology. Unfolded band

structures and corresponding projected density of states (PDOS) for dipole spirals when (a) N=5

and (b) N=15. A manifold of nearly-degenerate local valence band maxima (VBMs) emerges along

the Γ-Z direction (spiral propagation axis).

17


	Double Helix of Atomic Displacements in Ferroelectric PbTiO3
	Abstract
	Acknowledgments
	References




