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Received 25 September 2000

Abstract. We report experimental evidence for the phase diagram of doped cuprate superconductors as
a function of the micro-strain ε of the planar Cu-O bond length, measured by Cu K-edge EXAFS, and
hole doping δ. The local lattice distortions are measured by EXAFS and the charge ordering is measured
by synchrotron radiation diffuse X-ray diffraction. This phase diagram shows a QCP at P (εcδc) where
for ε > εc charge-orbital-spin stripes and free carriers co-exist. The superconducting phase occurs in the
region of critical fluctuations around this QCP. The function Tc(ε, δ) of two variables shows its maximum
at the strain QCP. The critical fluctuations near this strain QCP give the self-organization of a metallic
superlattice of quantum wires “superstripes” that favors the amplification of the critical temperature.

PACS. 74.72.-h High-Tc compounds – 61.10.-i X-ray diffraction and scattering – 78.70.Dm X-ray
absorption spectra

1 Introduction

The normal phase of the cuprate perovskites has been con-
sidered to depend on a single variable: the charge den-
sity measured by the doping δ, i.e., the distance from the
charge density of one hole for Cu site giving the Mott
Hubbard antiferromagnetic phase. The phase diagram of
cuprates remains mysterious after 13 years of extensive re-
search [1]. Experiments have shown characteristic features
of a non Fermi liquid behavior in transport properties and
anomalous spin [2] and lattice fluctuations [3] typical of
the proximity to a quantum critical point (QCP) [4]. Sev-
eral types of quantum phase transitions (QPT) as a func-
tion of doping have been proposed [5–9] without success
since it has not been possible to identify the location of the
QCP at a critical doping. The QPT is a zero temperature
generically continuous transition tuned by a parameter in
the Hamiltonian where quantum fluctuations take the sys-
tem between two distinct ground states. The fluctuations
between two nearly degenerate ground states is the char-
acteristic feature of complex systems such as biological
molecules [10]. Self organization is expected near a QCP
and the striped phases [11,12] observed in some cuprate
perovskites is a manifestation that the ground state fluctu-
ates between two states. In fact the striped phases appear
where the system fluctuates between two states and the
one-dimensional long range ordering is driven by a long
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range elastic, Coulomb or magnetic field. Recently it has
been shown that the phase diagram of cuprate perovskites
can be resolved by introducing a new axis: the elastic
strain field on the CuO2 plane [12,13]. In fact, the local
micro-strain of the Cu-O bonds ε is the second variable
needed to define the metallic phase of doped cuprates.
The quantum critical point QCP, driving the quantum
fluctuations relevant for the superconducting pairing, is
not on the axis of doping at zero micro-strain but at the
point (Pc(δc, εc)) at finite micro-strain. We show here that
both local lattice distortions and 1D charge and orbital
ordering appear for a micro-strain larger than the critical
value ε > εc, therefore the micro-strain QCP is the critical
point for stripes formation. The 2D plot (Tc(δ, ε) shows
that the highest Tc ∼ 150 K occurs at this QCP. The
cuprate perovskites are heterogeneous materials [14] made
of three different portions: first, metallic bcc CuO2 layers,
(second) insulating rock-salt fcc AO1−x layers (A = Ba,
Sr, La, Nd, Ca, Y. . . ) and (third) charge reservoir (CR)
BO1−x layers. The superconducting covalent bcc CuO2

layer is intercalated between insulating fcc ionic rock-salt
AO layers, rotated by 45◦. The mismatch between the two
sub-lattices is η = 1 − t = [R(A-O]/

√
2[R(Cu-O)] where

R(A-O) is the sum of the average metal ion radius in the
rock-salt layer rA and the O2− radius, R(Cu-O) is the
Cu-O bond length and t is called the Goldschmidt toler-
ance factor. It is known that in hole doped superconduct-
ing cuprates, the CuO2 sheets are under compression due
to the lattice mismatch. Several experiments have shown
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that the mismatch between the two sub-lattices have a
significant effect on the superconducting transition tem-
perature [15–19]. A large shear compressive stress is ex-
erted on the CuO2 plane by the lattice mismatch with
the rocksalt layers with a strong adhesive force from the
substrate. Following the classical theory of elasticity a uni-
form strain of the CuO2 plane is expected for a small misfit
and above a critical misfit η∗ and there are two possibili-
ties [20]: The first possibility is discommensuration, that is
a narrow region where the atoms of a bcc layer, embedded
between two fcc layers, are out of registry with the minima
of the substrate induced periodic potential. The misfit is
absorbed by a periodic array of discommensurations which
separate the regions of commensurate registry. A second
possibility is pseudomorphism where the bcc layer adopts
a crystal structure that is well matched to the fcc sub-
strate but differs from the crystal structure that the com-
pound will adopt in the bulk. At a critical value of the
misfit η∗ the coherent-incoherent transition is triggered
by an instability toward a modulated spinodal structure
with a wave-vector q of a strain wave spinodal decompo-
sition. A martensitic transition could occur to an incoher-
ent metastable structure characterized by a macroscopic
domain structure that contains periodic arrays of twin
and slip boundaries. The striped phase made of 1D in-
commensurate modulation with alternated stripes of LTT
and LTO local CuO2 lattice observed in Bi2212 and La124
systems remind a type of spinodal decomposition of two
pseudomorphic phases of CuO2 lattice, where two types of
cooperative tilting are alternated forming an incommen-
surate superlattice of mesososcopic stripes [21,22]. The
metallic phase in the CuO2 plane is obtained by two sep-
arate steps: first, the doping δ in the CuO2 plane is con-
trolled by introducing the chemical dopants in the block
layers. In clean systems the dopants are introduced in the
charge reservoir layers, far from the metallic CuO2 plane.
In dirty systems the dopants enters the rocksalt AO lay-
ers forming impurity centers that give a disordered metal-
lic phase in the CuO2 plane, as is the case of Sr doped
La2CuO4. Second, the compressive stress on the CuO2

plane is controlled by multiple substitutions of metal ions
A (A = Ba, Sr, La, Nd, Ca, Y. . . ) in the oxygen deficient
rock-salt (AO) layers. In fact, we found that the micro-
strain of the average Cu-O bond depends on the average
ionic radius 〈rA〉 of the rock-salt layers but not on the
dopants in the charge reservoir (BO) blocks. There are
now a growing number of experiments providing evidence
for electron lattice interaction being a necessary parameter
to characterize the metallic state of the cuprates [23–29].
Recent experiments on the isotope effects [30–32] have
further stressed the need to include the electron lattice
interaction as one of the parameters to describe the com-
plex metallic phase of the cuprate superconductors. The
compressive stress induces an elastic strain field ε in the
CuO2 plane that changes the electron-lattice interaction
g(ε). For example, the pseudo Jahn-Teller (JT) electron-
phonon coupling [24,25], gJT = Ψ(Q,∆JT, β), depends on
the conformational parameter for the local distortions of
the CuO4 square Q as the rhombic distortion of CuO4

square plane, the dimpling angle β given by the displace-

ment of the Cu ion from the plane of oxygen ions, and
the Cu-O (apical) bond length that controls JT energy
splitting ∆JT. Therefore by changing the strain field the
system can be driven towards the critical point for charge
localization where localized and delocalized charges can
co-exist. The complex physics of cuprates is due to the
fact that the metallic phase is made by doping, δ, that
shifts the system away from the Mott-Hubbard insulating
phase. The doped charges are expelled from the antiferro-
magnetic domains and an inhomogeneous metallic phase
is formed as for doped magnetic insulators [33]. There-
fore the phase of the metallic state in these systems is
determined by both the doping (that changes the ratio
t/J) and the micro-strain (that changes the electron lat-
tice interaction g). At low doping in the weak electron
lattice (e-l) interaction a glassy phase of charge stripes in
the antiferromagnetic background is expected. At large
(e-l) interaction we expect the formation of strings of
charges trapped in local lattice distortions, in an antifer-
romagnetic background. At an intermediate (e-l) coupling
and higher doping a complex phase appears with the co-
existence of free carriers and stripes, where carriers are
trapped in the cooperative local lattice distortion [35,36].
Therefore the phase diagram of the cuprates requires a
second axis the micro-strain ε at the Cu site [13] beyond
doping. We have measured the micro-strain at the Cu site
by exploiting the Cu K-edge extended X-ray absorption
fine structure (EXAFS) that is a local and fast structural
probe. From the average 〈RCu-O〉 in the CuO2 plane we
have measured the micro-strain of the Cu-O bond defined
as ε = 2d0−〈RCu-O〉

d0
where the factor 2 is introduced to

get the ratio ε/η ∼ 1. Here d0 is Cu-O equilibrium dis-
tance, i.e., Cu-O bond length for an unstrained CuO2

plane, d0 ∼ 1.985(±0.005) Å on an undoped model sys-
tem Sr2CuO2Cl2, which is consistent with others [37]. d0 is
taken to be 1.97 Å throughout this paper considering the
effect of Cu-O shortening at optimum doping (δ ∼ 0.16
doped holes per Cu site). To avoid the disorder created
by cationic substitution we have selected the clean su-
perconducting systems where the doping is provided only
by the interstitial oxygen in the charge reservoir blocks.
We have measured the temperature dependence of local
lattice distortions via the Cu-O pair distribution func-
tion and charge ordering by X-ray scattering. The results
provide a direct experimental evidence for stripe forma-
tion above a critical micro-strain and the superconduct-
ing transition temperature reaches the maximum at the
micro-strain quantum critical point (QCP).

2 Experimental

Well-characterized single layer superconducting single
crystals of different superconducting systems were used for
the experiments. The La2CuO4.1 (LCO), HgBa2CuO4+δ

(Hg1201) systems are used as representative for the
[BO](AO)CuO2 heterostructures: [Oδ](La2O2)CuO2, and
[HgOδ](Ba2O2)CuO2, where the (AO) rock-salt layers sus-
tain different strain on the CuO2 planes, and the dopants
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are interstitial oxygen ions in the charge reservoir layers
[BO]. The data are compared with previous results on two
layer compounds Bi2212, [Bi2O2+δ](Sr2O2Ca)Cu2O4, and
Hg1212 [HgOδ](Ba2O2)CuO2.

An electrochemically doped LCO single crystal of size
2×2 mm2 was used [38,39]. This crystal has been charac-
terized by X-ray diffraction showing 3.5 staging and single
Tc ∼ 40 K (∆Tc ∼ 1.5 K) measured before the experi-
ments. The oxygen ordering of stage 3.5 occurs between
330 K to 270 K.

The Hg-based crystals were of small size (∼ 0.3 ×
0.3 mm2), and were grown by high-pressure synthesis tech-
nique [40]. The Tc of the samples used for the present
experiments were 94 K (∆Tc ∼ 2 K) for the Hg1201.

The temperature dependent polarized Cu K-edge ab-
sorption measurements were performed on the beam-lines
BM29 and BM32 of European Synchrotron Radiation Fa-
cility (ESRF), Grenoble. The crystals were mounted in a
closed cycle refrigerator and temperature was controlled
to within an accuracy of ±1 K. Beam-line BM29 of ESRF
is equipped with a two stage closed cycle refrigerator. In
all cases, the temperature was measured using diode sen-
sors attached to the flat plate sample holder. The mea-
surements were performed in the fluorescence yield (FY)
mode [42] using multi-element Ge X-ray detectors array.
The emphasis was given to measure the spectra with a
high signal to noise ratio and up to a high momentum
transfer and purposefully we measured several scans to ac-
cumulate the total fluorescence counts to be ∼ 3 millions
to limit the relative errors to be less than 0.1% above the
absorption threshold. Standard procedure was used to ex-
tract the EXAFS signal from the absorption spectrum and
corrected for the X-ray fluorescence self-absorption before
the analysis [41,42].

The charge ordering has been studied by temperature
dependent diffraction data collected on the crystallogra-
phy beam-line at the synchrotron radiation facility Elet-
tra at Trieste. The X-ray beam emitted by the wiggler
source on the 2 GeV electron storage ring was monochro-
matized by a Si(111) double crystal monochromator, and
focused on the sample. The temperature of the crystal
was monitored with an accuracy of ±1 K. We have col-
lected the data with a photon energy of 12.4 KeV, wave-
length λ = 1 Å, using an imaging plate as a 2D detector.
The sample oscillation around the b axis was in a range
0 < φ < 30◦, where φ is the angle between the direction
of the photon beam and the a axis. We have investigated
a portion of the reciprocal space up to 0.6 Å−1 momen-
tum transfer, i.e., recording the diffraction spots up to
the maximum indices 3, 3 and 19 in the a*, b* and c*
direction respectively.

3 Results and discussion

Figure 1 shows the EXAFS signals extracted from the
Cu K-edge absorption spectra measured on two different
superconducting systems with E ‖ ab plane (multiplied by
k2 to emphasize the higher k-region). The EXAFS oscil-
lations are clearly visible up to the high k-values required

Fig. 1. Cu K-edge EXAFS spectra on the representative
systems measured in their superconducting state; La2CuO4.1

(LCO, upper panel) and Hg1201 (lower panel). The EXAFS
signal was extracted from the absorption spectra measured on
single crystal samples using multi-element fluorescence detec-
tor systems in the E ‖ ab geometry. The emphasis is given
to obtain the spectra with high signal-to-noise ratio and the
EXAFS oscillations up to high k-value.

to solve quantitative local distortions in these complex
systems. The EXAFS [43] oscillations are due to back-
scattering of photoelectrons, emitted at the Cu site, from
neighboring atoms providing a global atomic distribution
around the absorbing Cu site.

Here we focus only on the local distortions in the CuO2

plane and hence the first oxygen coordination shell (i.e.
in-plane Cu-O bond distances). In the E ‖ ab Cu K- edge
EXAFS the signal due to the Cu-O bond distances is well
separated from the longer bond contributions and can be
easily extracted and analyzed separately. The extracted
EXAFS signals due to the Cu-O bond distances represent
only single backscattering of the photoelectron emitted
at the Cu site by its nearest neighbor in-plane oxygen
atoms and thus probe the correlation function of the Cu-O
pairs. The approach is to avoid any multiple scattering
signals that generally make the data analysis complex.
We have used the standard procedures to draw the pair
distribution function (PDF) of local Cu-O bond-lengths
from analysis of the EXAFS oscillations only due to the
Cu-O distances. In this procedure the EXAFS signal due
to the Cu-O is simulated by standard least squares fit
with an input of a distribution distances (where the Ntot

is fixed to the nominal value and σ2
CuO for each distance
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Fig. 2. The average 〈RCu-O〉 bond length measured by Cu
K-edge EXAFS as a function of the average radius 〈rA〉 of
metal ions in the rocksalt layers for all cuprate perovskites.
From these data the micro-strain, ε = 2d0−〈RCu-O〉

d0
with d0 =

1.97 Å is measured.

to the values given by Einstein model for correlated Cu-O
distribution) respecting the number of allowed parameter
to be less than (2∆R∆k/π) [43]. The feasibility of these
methods has been shown in the case of cuprates [22,42]
and manganites [44] and other complex systems [45,46].

We report in Figure 2 the variation of the average local
〈RCu-O〉 distance as measured herein as well as those mea-
sured earlier. From the measure of 〈RCu-O〉 we can obtain
the direct measure of the value of the local micro-strain on
the Cu-O bond ε = 2d0−〈RCu-O〉

d0
(where d0 = 1.97 Å) in the

various cuprate perovskites. The Cu-O bond length shows
a decrease, indicating an increasing compressive strain of
the Cu-O bond, with decreasing of the average ionic ra-
dius in the rocksalt layers. The structure remains stable
until the value of the strain reaches where the CuO2 plane,
or the rocksalt layer or both relax to a different structure
that corresponds to a pressure of about 25 GPa [19]. The
two samples La214 and Hg1201 studied here respectively
lie below and above the horizontal dashed line indicating
the critical micro-strain for stripe formation.

In Figure 3 we report the PDF of our crystals with dif-
ferent micro-strain as a function of temperature. The PDF
of Hg1201 shows the typical temperature dependence of
systems where ε < εc, εc = 4.5%. A very broad PDF ap-
pears but no splitting of the Cu-O distance. We observe
that, in La2CuO4.1 where the micro-strain is larger than
the critical micro-strain εc ∼ 0.045 the PDF shows the
onset of local lattice distortions identified by the presence
of two peaks in the PDF at T < Tco. We have determined
the critical temperature for the formation of the local lat-
tice distortion Tco = 190 K by measuring the onset of the
deviation from the Gaussian distribution and splitting of
the PDF as shown in Figure 4.

The temperature Tco for the onset of local lattice dis-
tortions should be compared with Tco = 120 K in Bi2212
where ε > εc [21,41]. In Bi2212 it has been observed that
the coupling of electrons with dynamical charge fluctua-
tions with wave-vector qcdw = 0.4π, 0.4π induces a sup-
pression of the spectral weight near the M point also
above the stripe formation temperature indicating dynam-
ical fluctuations near a critical point [47]. Moreover, the

Fig. 3. Cu-O pair distribution function (PDF) as a function
of temperature for the two different systems above and below
the critical micro-strain. The PDF of Hg1201 shows the typical
temperature dependence of systems where ε < εc, εc = 4.5%.
A very broad PDF appears but not any splitting of the Cu-O
distance. The PDF of La2CuO4.1 (LCO) shows the typical be-
havior of systems where ε > εc. Evidence for local lattice dis-
tortions is indicated by the deviation from a Gaussian distri-
bution and two peaks below a temperature Tco.

Fig. 4. The temperature dependence of the onset of local
lattice distortions measured by the deviation from the single
Gaussian PDF and appearance of an anomalous long bond.

particular wave-vector is such that the density of states
at the Fermi level is enhanced and not suppressed by the
onset of stripe formation as expected for dynamical self-
organization of the superlattice of quantum stripes at a
shape resonance [48].

We have investigated the charge ordering in LCO,
by that remains orthorhombic in the superconducting
phase, by X-ray diffraction. A large number of weak
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Fig. 5. The X-ray diffraction pattern detected by the imaging
plate of the diffuse peaks of stage 3.5 superstructure in super-
conducting La2CuO4.1 near the 006 main diffraction spot. The
peaks due to the a*c* reciprocal lattice are shown in panel (a).
The peaks due to the b*c* reciprocal lattice are shown in
panel (b).

superstructure spots due to stripe formation around the
main peaks of the average structure have been measured.
The indexing of the superstructure has been conducted
taking into account the twinning of the crystal. The oxy-
gen ordering has been found to occur in the temperature
range 270–330 K. The metallic superconducting phase
of our crystal shows an X-ray diffraction pattern due to
the modulation around the main (0,0,6) spot in the a*
and b* directions as shown in Figure 5. The profile of
the peaks of the second harmonic is shown in Figure 6.
We have been able to separate the modulation due to
the 3D oxygen ordering from stripe formation. In fact, in
Figure 6, it is possible to distinguish the narrow peaks due
to the oxygen ordering and with a finite a* component,
from the peaks due to superstripes [48] that are diffuse
indicating the stripes formation in bubbles of finite
size. The incommensurate modulation is indicated by a
pattern of diffuse charge ordering spots with coherence
length of about 350 Å and with wave-vector: qcdw =
0.0126(±0.0003) a∗, 0.2080(±0.003) b∗, 0.290(±0.005) c∗,
and a commensurate in-plane modulation with
a pattern of narrower diffraction spots, due to
the oxygen ordering, with wave-vector: qoxy =
0.037(±0.001) a∗, 0.198(±0.002) b∗, 0.290(±0.005) c∗.

Along the b* direction (Fig. 5) the third harmonic of
the q2 modulation is also observed, showing the evidence
of the anharmonicity of this modulation. The length of
the stripes in the a* direction becomes larger than 57a

Fig. 6. Scans along the Q = (h, 0, 6 + ∆l) (panel (a)) and
along the Q = (0, k, 6 + ∆l) (panel (b)) due to the scattering
peaks of stage 3.5 superstructure. The charge ordering diffuse
peak and the oxygen ordering peaks can be resolved.

(∼ 300 Å) of the same order of magnitude as the coherence
length of the modulation. Therefore the superconducting
stripes appear in bubbles of 300 Å diameter.

The profiles of the second harmonic peaks of this do-
main along the b* and a* directions are shown in the
panels (a) and (b) of Figure 6 respectively. In this figure
we can clearly separate, both in the b* and a* direc-
tions, the oxygen modulation, with long coherence length
1/Γ = 101.5a (with Γ = 0.009855), from the charge mod-
ulation, with short coherence length 1/Γ = 44.5a (with
Γ = 0.02248). The two curves fitted to the experiment
are also shown (dashed lines). We have studied the tem-
perature dependence from room temperature to 100 K of
the charge ordering indicated by the diffuse peaks in the
second harmonic that can be separated from the oxygen
ordering peaks. The square root of the intensity of the
diffraction lines, plotted in Figure 6, gives a direct mea-
sure of the density of charge ∆ρ(q) that gets ordered in
the CuO2 plane with wave-vector q, that is the order pa-
rameter for the charge ordered phase. The temperature
dependence is shown in Figure 7 and the solid line is
a fit to the experimental intensities with an expression
∆ρ ∝ (T − Tco)α with Tco ∼ 190 K. This effect is clearly
due to formation of charge stripes in the CuO2 plane since
the oxygen mobility is frozen below 250 K. In fact, the 3D
oxygen ordering has already been established at higher
temperature (at ∼ 270–230 K) in the system as evidenced
by temperature evolution of the resolution-limited diffrac-
tion peaks. This result shows that the Tco is the stripe
formation temperature since it is the onset of both charge
ordering, shown in Figure 7, and local lattice distortions,
shown in Figure 4.
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Fig. 7. Temperature dependence of the order parameter
for the charge ordering (the square root of the intensity of
the diffuse peak due to stripe formation) with wave-vector
q(0.4π, 0.4π) in La2CuO4.1. The fit shows a critical temper-
ature Tco = 190 K for charge ordering.

Fig. 8. The critical temperature for stripe formation Tco and
the superconducting critical temperature Tc as function of the
micro-strain ε = 2d0−〈RCu-O〉

d0
at optimum doping δ = 0.16.

The second harmonic indicates a transverse modula-
tion of the superlattice of stripes in plane along the b-axis
with a wave-vector of 0.416b* indicating a separation be-
tween the stripes of ∼ 2.5b along the b axis. The period
of the superlattice is 3.5c along the c axis.

We plot in Figure 8 the value of the temperature for
the onset of local lattice distortions and the 1D ordering
of localized charge as a function of the micro-strain ε for
different samples. It is clear that the micro-strain ε drives
the system to a quantum critical point for the formation
of a superlattice of quantum stripes for ε > εc ∼ 4.5%. In
the same figure we report the critical temperature Tc that
shows a maximum at the critical micro-strain.

In Figure 9 we report a color plot (the critical tem-
perature increases from black, Tc = 0 K, to white, the
maximum Tc ∼ 135 K) as a function of the micro-strain ε
and doping δ for all main superconducting cuprate fami-
lies. The figure shows that the maximum Tc occurs at the
critical point Pc = (δc = 0.16± 0.04εc = 0.045± 0.005).

Fig. 9. Panel (a): the superconducting critical temperature
Tc plotted in a hot metal color scale (from Tc = 0 K, black,
to Tc ∼ 135 K, white) as a function of the micro-strain ε
and doping δ. The maximum Tc occurs at the critical point
δc = 0.16 ± 0.3, and εc = 0.045 ± 0.01. Panel (b): the phase
diagram for the normal phase of doped cuprate perovskites
as a function of micro-strain and doping. with the region of
quantum fluctuations around the micro-strain quantum criti-
cal point QCP.

From these data we can derive the phase diagram for
the cuprate perovskites shown in panel (b) of Figure 9.
This phase diagram may solve the long standing puzzle of
the phase diagram of the normal phase of the cuprates.
The micro-strain triggers the electron-lattice interaction
at a critical value g* for the onset of charges trapped
into a striped phase with dynamical and spatial order-
ing of pseudo Jahn Teller local lattice distortions (JT-
LLD) over mesoscopic bubbles of 100–300 Å. The doping
of the strained antiferromagnetic lattice forms both free
carriers and charges trapped into the JT- LLD above the
critical micro-strain εc. For ε > εc, as it was discussed for
the case of oxygen doped Bi2212 and La214, the systems
show a quasi first order phase transition as a function of
doping [21]. The quantum critical point QCP is well iden-
tified in the curve at constant doping as a function of the
micro-strain ε, shown in Figure 8.

In conclusion, we have shown that above the critical
micro-strain in oxygen doped La2CuO4 the temperature
for the onset of local lattice distortion and stripe forma-
tion is Tco = 190 K. We have deduced a phase diagram
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for the superconducting phases where Tc depends on both
doping and micro-strain. The anomalous normal phase of
cuprate superconductors is determined by inhomogeneous
phases with co-existing stripes and itinerant carriers that
appears above a critical micro-strain of the Cu-O bonds.
This experiment shows a strong interplay of fluctuations
of orbital, charge and spin stripes in this critical regime.
The micro-strain drives the electron lattice interaction to
a QCP of a quantum phase transition where the stripes
get self organized in a superlattice of quantum wires into
mesoscopic bubbles of about 300 Å size. In this inhomo-
geneous phase charges trapped into JT-LLD co-exist with
free carriers and the chemical potential is tuned to a shape
resonance [48].
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