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Inhomogeneity of charge-density-wave order and
quenched disorder in a high-Tc superconductor
G. Campi1,2*, A. Bianconi1,2*, N. Poccia2,3, G. Bianconi4, L. Barba5, G. Arrighetti5, D. Innocenti2,6, J. Karpinski6,7, N. D. Zhigadlo7,
S. M. Kazakov7,8, M. Burghammer9,10, M. v. Zimmermann11, M. Sprung11 & A. Ricci2,11*

It has recently been established that the high-transition-temperature (high-Tc) superconducting state coexists with short-range
charge-density-wave order1–11 and quenched disorder12,13 arising
from dopants and strain14–17. This complex, multiscale phase
separation18–21 invites the development of theories of high-temperature superconductivity that include complexity22–25. The nature of
the spatial interplay between charge and dopant order that provides a basis for nanoscale phase separation remains a key open
question, because experiments have yet to probe the unknown
spatial distribution at both the nanoscale and mesoscale (between
atomic and macroscopic scale). Here we report micro X-ray diffraction imaging of the spatial distribution of both short-range
charge-density-wave ‘puddles’ (domains with only a few wavelengths) and quenched disorder in HgBa2CuO4 1 y, the single-layer
cuprate with the highest Tc, 95 kelvin (refs 26–28). We found that
the charge-density-wave puddles, like the steam bubbles in boiling
water, have a fat-tailed size distribution that is typical of selforganization near a critical point19. However, the quenched disorder, which arises from oxygen interstitials, has a distribution
that is contrary to the usually assumed random, uncorrelated distribution12,13. The interstitial-oxygen-rich domains are spatially
anticorrelated with the charge-density-wave domains, because
higher doping does not favour the stripy charge-density-wave puddles, leading to a complex emergent geometry of the spatial landscape for superconductivity.
Although it is known that the incommensurate charge-densitywave (CDW) order in cuprates (copper oxides) is made of ordered,
stripy, nanoscale ‘puddles’ with an average of only 3–4 oscillations,
information about the size distribution and spatial organization of
these puddles has so far not been available. We present experiments
that demonstrate that CDW puddles have a complex spatial distribution
and coexist with, but are spatially anticorrelated to, quenched disorder
in HgBa2CuO4 1 y (Hg1201). The sample we studied is a layered perovskite at optimum doping with oxygen interstitials (y 5 0.12),
tetragonal symmetry (P4/mmm) and a low misfit strain14–16. The
X-ray diffraction (XRD) measurements (see Methods) show diffuse
CDW satellites (secondary peaks surrounding a main peak) at
qCDW 5 (0.23a*, 0.16c*) in the b* 5 0 plane and qCDW 5 (0.23b*,
0.16c*) in the a* 5 0 plane (where a*, b* and c* are the reciprocal
lattice units) around specific Bragg peaks, such as (108), below the
onset temperature TCDW 5 240 K (see Fig. 1a). The component of the
momentum transfer qCDW in the CuO2 plane (0.23a*) in this case is
smaller than it is in the underdoped case (0.28a*)5. The temperature
evolution of the CDW-peak profile along a* (in the h direction;
Fig. 1b) shows a smeared, glassy-like evolution for temperatures
below TCDW. The CDW-peak intensity reaches a maximum at

T 5 100 K, followed by a drop associated with the onset of superconductivity at T 5 Tc. We investigated the isotropic character of the
CDW in the a–b plane using azimuthal scans, as shown in Fig. 1c.
We observed an equal probability of vertically and horizontally
striped CDW puddles.
Our main result is the discovery of the statistical spatial distribution
of the CDW-puddle size and density throughout the sample, which
shows an emergent complex network geometry for the superconducting phase. We performed scanning micro X-ray diffraction (SmXRD)
measurements (see Methods) to extend the imaging of spatial inhomogeneity previously obtained by scanning tunnelling microscopy
(STM)7–9 from the surface to the bulk of the sample and from nanoscale to mesoscale spatial inhomogeneity. Clear evidence of the
inhomogeneous spatial distribution of the CDW is provided by the
observation of very different CDW-peak profiles collected at different
illuminated sample spots (see Fig. 1d) corresponding to spots with
‘large’ and ‘small’ puddles.
We investigated the temperature dependence of CDW domains by
recording the CDW-peak intensity and its full-width at half-maximum
(FWHM) during cooling from 280 K to 85 K. We collected the data in
two different places on the sample corresponding to ‘large’ and ‘small’
CDW puddles. Figure 1e, f shows the temperature dependence of
population (intensity), the number of oscillations hCDW/DhCDW
(where hCDW and DhCDW are the position and the FWHM of the
CDW peak profile in units of a*, respectively) and in-plane puddle
size ja (along the a axis) in large (red filled circles) and small (black
filled squares) CDW puddles. The broad phase transition appears to be
arrested, as indicated by the size of the CDW puddles ja 5 1/DhCDW,
which does not diverge below TCDW. This behaviour is typical of lowdimensional systems with quenched disorder. A map representing the
spatial organization of the CDW-puddle size is shown in Fig. 1g. The
probability density function (PDF) of the in-plane CDW-puddle size
ja is shown in Fig. 1h.
The PDF has a long fat tail that extends over an order of
CDW
magnitude, and is fitted by PDF(ja )<j{a
exp ({ja =jt ), where
a
aCDW 5 2.8 6 0.1 is the critical exponent of the puddle-size powerlaw distribution and jt . 40 nm. Although we can determine that the
average size of CDW puddles is 4.3 nm (in agreement with previous
work), PDF(ja) has a non-Gaussian shape and rare, larger puddles
reaching sizes of 40 nm are detected. Our finding of a fat-tailed distribution for the CDW-puddle size is in agreement with previous results
obtained by STM9. Such structures, where spontaneous breaking of
both translational symmetry (CDW electronic crystalline phase) and
gauge symmetry (superconductivity) coexist, have been called superstripes19. The distribution of the CDW puddles we have found introduces a substantial topological change to the available space for
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Figure 1 | Temperature dependence and spatial distribution of CDW
puddles in Hg1201. a, The CDW satellite near the (108) Bragg peak appears
below 240 K. b, Temperature dependence of CDW-peak profiles along h. The
CDW-peak intensity ICDW is measured as the number of counts minus
the background. c, The qCDW 5 (0.23a*(b*),0.16c*) peak profile at different
azimuthal angles a showing the peak isotropy. d, Two typical CDW peaks
collected at two different places in the same crystal. Red solid circles correspond
to the diffraction profile from an illuminated part the sample with large
CDW puddles (red in g); black filled squares correspond to an illuminated part
of the sample with small CDW puddles (blue in g); and the solid lines are

Gaussian fits. e, The CDW-peak intensity as a function of temperature, at the
two different places on the sample corresponding to large (red filled circles,
right axis) and small (black filled squares, left axis) CDW puddles. The dashed
line corresponds to T 5 Tc and the dotted line to T 5 TCDW. f, Evolution of the
number of CDW oscillations (hCDW/DhCDW) inside a CDW puddle and the
CDW domain size along the a axis (ja). g, h, Spatial map (g) and probability
density function (h) of the CDW-puddle size. Scale bar in g, 10 mm. i, A
schematic of non-equivalent paths, running in the interface space between
CDW puddles, connecting point A to point B in the emergent complex non
Euclidean spatial geometry29,30 for the superconducting current.

superconductivity: the current running from a point A to a point B
of the material can take different paths (see Fig. 1i) that are not
topologically equivalent29 thus forming an emergent complex hyperbolic geometry30.
To investigate the interplay between the CDW puddles and the
quenched disorder, we studied the spatial distribution of oxygen
defects. The quenched lattice disorder is due to oxygen interstitials
(Oi), which form Oi atomic stripes in the HgOy layers, in agreement with previous experiments27,28. HgBa2CuO4 1 y (ref. 28), like
YBa2Cu3O6 1 y (ref. 15) and La2CuO4 1 y (refs 14, 16), shows Tc variations, owing to the effect of the spatial organization of Oi on
superconductivity. The average Oi self-organization was detected by
high-energy XRD (see Methods). Figure 2a shows the (0 , h , 5,
0 , k , 4) portion of reciprocal space, where there is strong evidence
of diffuse streaks running along the a* and b* directions and crossing
all the Bragg peaks. Our high-energy XRD data confirm the formation
of Oi stripes intercalated between the CuO2 planes, both in the (100)
and (010) directions26.
The spatial distribution of the intensity of the streaks was obtained
by SmXRD (see Methods). We measured the reciprocal a*–c* plane
(or b*–c* plane) around the (006) Bragg peak in reflection geometry.
The Oi stripes in Hg1201 run along the a* (b*) direction with no
correlation along the c* direction; therefore, they also lead to streaks

on the a*–c* plane. A schematic of Oi atomic stripes is shown in
Fig. 2b. In Fig. 2c we show the spatial map of the streak intensity.
The picture shows rich (bright yellow) and poor (dark black) regions
of Oi stripes. The PDF of Oi-rich regions in Fig. 2d is fitted by
PDF(I) < (I=I 0 ){aOi exp (I=It ), where I0 is the average intensity,
aOi ~2:0 + 0:1 is the critical exponent and It . 20.
In Fig. 3 we present results on the spatial interplay between CDWrich regions and Oi-rich regions. We calculated the ‘difference map’
(see Methods) between CDW peaks and Oi diffuse streaks. The poor
CDW regions on the CuO2 basal plane correspond to Oi-rich regions
on the HgOy layers, as illustrated in Fig. 3a. The CDW puddles and
Oi-rich regions give rise to the positive and negative peaks, respectively, in the surface plot shown in Fig. 3b. The spatial anticorrelation is
evident from the scatter plot of Oi intensity versus CDW intensity
(Fig. 3c). As Oi intensity increases, the CDW intensity decreases,
and vice versa. This is consistent with the fact that excess Oi means
higher doping, and high doping does not favour stripy, underdoped
short-range CDW order. Figure 3d shows the two maps obtained via
the segmentation of the difference map, and provides a direct image of
how doping-poor (CDW-rich regions are shown in red) and dopingrich (Oi-rich regions are shown in blue) phases are arranged in
different regions of the material. Figure 3e illustrates the nanoscale
configuration of CDW-puddles (red spots) in the CuO2 plane using
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Figure 2 | Correlated quenched disorder due to Oi atomic stripes in
Hg1201. a, A portion of the h–k diffraction pattern. Resolution-limited streaks
connect the Bragg peaks, owing to the formation of Oi stripes in the HgOy
spacer layers. b, Schematic representation of the atomic Oi stripes. c, SmXRD

map of a region of a showing the relative Oi streak intensity IOi . The bright
(dark) spots correspond to sample regions with a high (low) density of Oi
atomic stripes, called Oi-rich (poor) regions. Scale bar, 10 mm. d, Probability
density function calculated from the Oi-streaks intensity map.

the experimental distribution of CDW size; this distribution generates
‘holes’ in the space available for the free electrons (light blue area). This
space is topologically interesting: there are an infinite number of ways
for a current path to connect a point A to a point B around the CDW
puddles, which are not only distinguished by the number of times a
path goes around a single hole, but also by the way the path passes

though the pattern of CDW puddles27,28. The complex space that
emerges from the mesoscopic phase separation, both in the spacer
layers and in the CuO2 plane, substantially changes (1) the dielectric
constant that controls the long-range Coulomb interaction that is
relevant for phase separation near a Lifshitz transition19, (2) the dielectric constant that is relevant to electron–electron interaction in the
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Figure 3 | Spatial anticorrelation between CDW-rich and Oi-rich regions.
a, The CDW-rich regions (red) on the CuO2 planes and Oi-rich regions (blue)
on the HgOy layers. b, Surface plot of the difference map (see Methods) between
the CDW-peak and Oi-streak intensity. The positive (green to red) values
indicate the CDW-rich regions and the negative (green to blue) values
correspond to Oi-rich regions. Scale bar, 5 mm. c, Scatter plot of Oi versus CDW
intensity demonstrating the negative correlation between CDW-puddle and

e

Oi-stripe populations. d, Segmentations of the difference map in b highlighting
the network of CDW-rich domains (left panel) and Oi-rich regions (right
panel). Scale bar, 10 mm. e, A schematic of the nanoscale texture formed by
CDW-rich regions (red spots) and the ‘charge-Oi-rich’ region (light blue area),
which define an interface space and loci of the superconductivity with a
complex non-Euclidean geometry29,30.
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pairing and (3) the geometrical and topological properties of the space
that is available for the overall phase coherence of the macroscopic
quantum condensate that is made up of multiple condensates at the
nanoscale with a single critical temperature19,23.
This work offers new insight into the complexity of nanoscale
phase-separation phenomena in high-temperature superconductors.
More generally, our results deal with the effects of quenched disorder
in phase transitions. A phase transition that would be first order in the
clean limit gets smeared into a continuous-looking transition in the
presence of a random, Gaussian distributed, quenched disordered
background12,13. Here the disorder itself is not randomly distributed,
but has a long-tailed probability density function, leading to correlated
disorder. Even in the ‘ideal’ single-layer cuprate superconductor
HgBa2CuO4 1 y at optimum doping (Tc 5 95 K), the CDW order
self-organizes into puddles, forming an inhomogeneous landscape
with an emergent complex network geometry. Our results provide
further evidence for the universality of mesoscale phase separation
even in the most optimized superconducting cuprates, which implies
that the superconductivity will be non-uniform throughout what is a
granular medium.
Online Content Methods, along with any additional Extended Data display items
and Source Data, are available in the online version of the paper; references unique
to these sections appear only in the online paper.
Received 22 March; accepted 21 July 2015.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Chang, J. et al. Direct observation of competition between superconductivity and
charge density wave order in YBa2Cu3O6.67. Nature Phys. 8, 871–876 (2012).
Croft, T. P., Lester, C., Senn, M. S., Bombardi, A. & Hayden, S. M. Charge density wave
fluctuations in La2 2 xSrxCuO4 and their competition with superconductivity. Phys.
Rev. B 89, 224513 (2014).
Comin, R. et al. Broken translational and rotational symmetry via charge stripe
order in underdoped YBa2Cu3O6 1 y. Science 347, 1335–1339 (2015).
Poccia, N. et al. Optimum inhomogeneity of local lattice distortions in La2CuO4 1 y.
Proc. Natl Acad. Sci. USA 109, 15685–15690 (2012).
Tabis, W. et al. Charge order and its connection with Fermi-liquid charge transport
in a pristine high-Tc cuprate. Nature Commun. 5, 5875 (2014).
Comin, R. et al. Charge order driven by Fermi-arc instability in Bi2Sr2 2 xLaxCuO6 1 d.
Science 343, 390–392 (2014).
Kohsaka, Y. et al. An intrinsic bond-centered electronic glass with unidirectional
domains in underdoped cuprates. Science 315, 1380–1385 (2007).
Mesaros, A. et al. Topological defects coupling smectic modulations to intra–unitcell nematicity in cuprates. Science 333, 426–430 (2011).
Phillabaum, B., Carlson, E. W. & Dahmen, K. A. Spatial complexity due to bulk
electronic nematicity in a superconducting underdoped cuprate. Nature Commun.
3, 915 (2012).
Gabovich, A. M., Voitenko, A. I., Annett, J. F. & Ausloos, M. Charge- and spin-densitywave superconductors. Supercond. Sci.Technol. 14, R1–R27 (2001).
Bianconi, A. et al. Determination of the local lattice distortions in the CuO2 plane of
La1.85Sr0.15CuO4. Phys. Rev. Lett. 76, 3412–3415 (1996).
Imry, Y. & Ma, S.-K. Random-field instability of the ordered state of continuous
symmetry. Phys. Rev. Lett. 35, 1399–1401 (1975).
Vojta, T. Rare region effects at classical, quantum and nonequilibrium phase
transitions. J. Phys. Math. Gen. 39, R143–R205 (2006).

14. Fratini, M. et al. Scale-free structural organization of oxygen interstitials in
La2CuO4 1 y. Nature 466, 841–844 (2010).
15. Ricci, A. et al. Multiscale distribution of oxygen puddles in 1/8 doped
YBa2Cu3O6.67. Sci.Rep. 3, 2383 (2013).
16. Poccia, N. et al. Evolution and control of oxygen order in a cuprate superconductor.
Nature Mater. 10, 733–736 (2011).
17. Drees, Y. et al. Hour-glass magnetic excitations induced by nanoscopic phase
separation in cobalt oxides. Nature Commun. 5, 5731 (2014).
18. Gor’kov, L. P. & Teitel’baum, G. B. Two-component energy spectrum of cuprates in
the pseudogap phase and its evolution with temperature and at charge ordering.
Sci. Rep. 5, 8524 (2015).
19. Bianconi, A. Shape resonances in superstripes. Nature Phys. 9, 536–537 (2013).
20. Alvarez, G., Moreo, A. & Dagotto, E. Complexity in high-temperature
superconductors. Low Temp. Phys. 32, 290–297 (2006).
21. Kresin, V., Ovchinnikov, Y. & Wolf, S. Inhomogeneous superconductivity and the
“pseudogap” state of novel superconductors. Phys. Rep. 431, 231–259 (2006);
erratum 437, 233–234 (2007).
22. She, J.-H. & Zaanen, J. BCS superconductivity in quantum critical metals. Phys.
Rev. B 80, 184518 (2009).
23. Bianconi, G. Superconductor-insulator transition on annealed complex networks.
Phys. Rev. B 85, 061113 (2012).
24. Davison, R. A., Schalm, K. & Zaanen, J. Holographic duality and the resistivity of
strange metals. Phys. Rev. B 89, 245116 (2014).
25. Lucas, A. & Sachdev, S. Conductivity of weakly disordered strange metals: from
conformal to hyperscaling-violating regimes. Nucl. Phys. B 892, 239–268 (2015).
26. Karpinski, J. et al. High-pressure synthesis, crystal growth, phase diagrams,
structural and magnetic properties of Y2Ba4CunO2n 1 x, HgBa2Can 2 1CunO2n 1 2 1 d
and quasi-one-dimensional cuprates. Supercond. Sci. Technol. 12, R153–R181
(1999).
27. Wagner, J. L. et al. in Phase Transitions and Self-Organization in Electronic and
Molecular Networks (eds Thorpe, M. F. & Phillips, J. C.) 331–339 (Springer, 2001).
28. Izquierdo, M. et al. One dimensional ordering of doping oxygen in HgBa2CuO4 1 d
superconductors evidenced by X-ray diffuse scattering. J. Phys. Chem. Solids 72,
545–548 (2011).
29. Zeng, W., Sarkar, R., Luo, F., Gu, X. & Gao, J. Resilient routing for sensor networks
using hyperbolic embedding of universal covering space. In INFOCOM, 2010 Proc.
IEEE 1–9 (IEEE, 2010).
30. Wu, Z., Menichetti, G., Rahmede, C. & Bianconi, G. Emergent complex network
geometry. Sci. Rep. 5, 10073 (2015).
Acknowledgements We acknowledge the ESRF, ELETTRA and DESY synchrotron
facilities for radiation-beam time and support. We thank the beamline scientists for
help with experiments. We acknowledge the Calypso programme for travel support. We
acknowledge support from the Superstripes Institute. N.P. acknowledges financial
support from a Marie Curie Intra-European Fellowship for career development.
Author Contributions All authors have contributed to essential portions of this work.
The experiment was conceived by A.B., G.C., N.P., G.B. and A.R.; the Hg1201 crystals
were grown at ETH by S.M.K. and J.K.; N.D.Z. and N.P. performed magnetic
characterization of Hg1201 single crystals; experiments at DESY were performed by
A.R., G.C., N.P., M.S., M.v.Z. and D.I.; experiments at ESRF were performed by A.R., N.P.,
G.C., A.B. and M.B.; experiments at Elettra were performed by G.C., L.B., G.A., A.B. and
A.R.; and the data analysis was carried out by G.C., A.B., G.B. and A.R. All authors
discussed the results and contributed to the writing of the manuscript.
Author Information Reprints and permissions information is available at
www.nature.com/reprints. The authors declare no competing financial interests.
Readers are welcome to comment on the online version of the paper. Correspondence
and requests for materials should be addressed to A.B.
(antonio.bianconi@ricmass.eu).

3 6 2 | N AT U R E | VO L 5 2 5 | 1 7 S E P T E M B E R 2 0 1 5
G2015

Macmillan Publishers Limited. All rights reserved

LETTER RESEARCH
METHODS
Sample preparation and characterization. The HgBa2CuO4 1 y (Hg1201) crystal
with y 5 0.12, grown at ETH24, has a sharp superconducting transition at
Tc 5 95 K. The crystal structure has P4/mmm symmetry with lattice parameters
a 5 b 5 0.387480(5) nm and c 5 0.95078(2) nm at T 5 100 K (numbers in parentheses indicate the standard deviation of the last digit).
XRD measurements using the XRD1 beamline. To identify the CDW order in a
single Hg1201 crystal we used XRD using the XRD1 beamline at the Elettra
synchrotron radiation facility in Trieste, Italy, tuning the photon energy between
13 keV and 16 keV with a beam size of 200 3 200 mm2. Only selected reflections
show clear CDW satellites, in agreement with ref. 2. We focused on the CDW
satellite located at qCDW 5 (0.23, 0, 0.16) around the (108) Bragg reflection, which
appeared as the sample was cooled below 240 K. Typical diffraction patterns
collected at 85 K, 105 K and 280 K are shown in Fig. 1a. To get a direct view of
the temperature dependence of the CDW-satellite reflection for T 5 280–85 K, a
two-dimensional colour plot of the CDW-peak profile along the a* direction as a
function of temperature is shown in Fig. 1b.
High-energy XRD measurements using the BW5 beamline. High-energy XRD
measurements were collected using the BW5 beamline at DESY, Hamburg,
Germany, using a transmission geometry and an X-ray energy of 100 KeV.
A single SiGe(111) gradient monochromator was used. The beam size was
200 mm 3 200 mm. We used a vertical rotation axis, and the c axis of the single
crystal was oriented parallel to the direction of the incoming X-ray beam.
The diffraction patterns were collected by an area detector in the temperature
range 20–300 K. In this geometry, we can probe the lattice fluctuations on the
a–b plane. The possible CDW-peak anisotropy was seen using azimuthal scans
(0u , a , 90u), as shown in the schematic in Fig. 1c. The CDW-peak amplitude
and FWHM do not change substantially as a function of a, as shown in the colour
plot of the diffraction profile (as a function of a) in Fig. 1c; instead, this plot shows
the CDW planar isotropy, in agreement with the tetragonal P4/mmm symmetry of
the lattice. The presence of resolution-limited streaks connecting the Bragg peaks,
owing to the organization of single Oi stripes in the mercury spacer layer, are
shown in Fig. 2a. This figure shows a portion of the h–k diffraction pattern that was
collected at DESY. The spatial distribution of the Oi atomic stripes in the HgOy
spacer layers, which cause one-dimensional doping and lattice spatial inhomogeneity, does not vary with temperature below 250 K, leading to quenched disorder
at the onset of the charge-density phase.
SmXRD measurements using the ID13 beamline. SmXRD experiments were
performed in reflection geometry using the ID13 beamline at ESRF, Grenoble,
France. We applied incident X-ray energy of 13 KeV. By moving the sample under
a 1-mm focused beam with an x–y translator, we scanned a sample area of
65 3 80 mm2, collecting 5,200 different diffraction patterns at T 5 100 K. For each
scanned point of the sample, the qCDW-peak profile was extracted; the FWHMs
along the a*(b*) and c* directions were evaluated to obtain the domain size of the
charge-ordered regions along the a(b) and c crystallographic axes.

G2015

Two quite different CDW-peak profiles in the same crystal measured along the
a*(b*) direction in the a*–c*(b*–c*) plane are shown in Fig. 1d. Here we show two
typical profiles collected at two different spatial locations in the same crystal
corresponding to large (red circles) and small (black squares) puddles. The continuous lines are the Gaussian fits to the data. The different amplitudes and
FWHMs ((0.033 6 0.001)a* and (0.089 6 0.001)a* in the upper and lower panels
of Fig. 1d, respectively, errors indicate standard deviation) of the two peaks, which
correspond to large and small CDW puddles, provide evidence of a strong
inhomogeneity in the CDW spatial distribution. The peak profiles do appear
the same along the a* and b* directions, confirming the peak isotropy in the basal
plane of the tetragonal lattice. The intensity of the CDW satellites as a function of
temperature, measured at two different locations on the sample corresponding to
large (red) and small (black) CDW puddles are shown in Fig. 1e. The vertical lines
represent the superconducting temperature Tc and the CDW onset temperature
TCDW. The order–disorder transition is very broad, which indicates the role of the
quenched disorder owing to the presence of defects. Moreover, the CDW intensity
shows a clear drop around Tc that appears to depend on the CDW puddle size. The
temperature dependence of the number of CDW oscillations inside a single puddle
(hCDW/DhCDW) and the domain size of a single puddle along the a(b) axis (ja) are
shown in Fig. 1f. (DhCDW and hCDW are the FWHM and the location along a* of
the CDW peak; the domain size along the a axis (b axis) is given by the correlation
length ja.) The inhomogeneity of the CDW distribution is depicted in the 65 3 80mm2 XRD map of the (nanoscale) size of CDW domains in Fig. 1g. This figure
shows loci of large (red–yellow area) and small (blue area) CDW puddles. The
scale bar corresponds to 10 mm. Using the ID13 microfocus beamline at ESRF, we
can also detect the spatial distribution of the quenched disorder. Figure 2c shows
the SmXRD map of the integrated intensity of the streaks of Oi stripes. The bright
(dark) spots correspond to sample regions with a high (low) density of Oi atomic
stripes, called Oi-rich (poor) regions. The scale bar is 10 mm. Figure 2d shows the
PDF of the Oi-streak intensity that was obtained from the SmXRD map. This plot
shows the probability distribution of the Oi-rich regions. The experimental set-up
allows us to investigate the spatial interplay between CDW puddles in the CuO2
plane and Oi-rich domains in the HgOy layers, shown in Fig. 3. We measured the
‘difference map’ hICDW {IOi i, where ÆICDWæ and hIOi i are the intensities of the
qCDW peak and the Oi diffuse streaks, respectively, normalized to [0, 1]. The
surface plot of this difference map is shown in Fig. 3b. The positive (green to
red) peaks indicate CDW-puddle-rich regions and the negative (green to blue)
peaks indicate Oi-rich regions. The spatial anticorrelation between CDW puddles
and Oi atomic stripes is obtained by segmentation of the difference map. We use
this segmentation to visualize the phase separation owing to the network of CDWrich domains, which correspond to ‘charge poor’ domains in the CuO2 planes (left
panel of Fig. 3d), and Oi-rich regions in the HgOy layers, which correspond to
‘charge rich’ portions of the CuO2 plane (right panel of Fig. 3d).
Code availability. The code we used for statistical analysis of the SmXRD data is
not currently available (G.C., A.R. and A.B., manuscript in preparation).
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