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Charge-ordered ground states permeate the
phenomenology of 3d-based transition metal ox-
ides, and more generally represent a distinctive
hallmark of strongly-correlated states of matter.
The recent discovery of charge order in various
cuprate families fueled new interest into the role
played by this incipient broken symmetry within
the complex phase diagram of high-Tc supercon-
ductors. Unveiling its origin and nature is key to
a microscopic understanding of the normal state,
which carries the seeds of unconventional super-
conductivity. Here we use resonant X-ray scat-
tering to resolve the main characteristics of the
charge-modulated state in two cuprate families:
Bi2Sr2−xLaxCuO6+δ (Bi2201) and YBa2Cu3O6+y

(YBCO). As a first result, we detect no signa-
tures of spatial modulations along the nodal di-
rection in Bi2201, thus clarifying the inter-unit-
cell momentum-structure of the order parameter.
In addition, by adopting a special experimental
geometry, we also resolve the intra-unit-cell sym-
metry of the charge ordered state, which is re-
vealed to be a d-wave bond-order. These results
represent a fundamental advancement in our mi-
croscopic description of charge order in cuprates,
and provide crucial insights for the understanding
of its origin and interplay with superconductivity
and magnetism.

Complex oxides exhibit a mosaic of exotic electronic
phases with various symmetry-broken ground states that
revolve around three main instabilities: antiferromag-
netism, charge order, and superconductivity. In particu-
lar, charge order – the tendency of the valence electrons
to segregate in periodically-modulated structures – is
found in various classes of strongly-correlated 3d -oxides,
such as manganites [1, 2], nickelates [3–6], and cobaltates
[7, 8]. The possibility of a universal charge-ordered state
in the underdoped cuprates (near and around the ’magic’
hole-doping p = 0.12) has been contemplated since the
early discovery of period-4 stripe-like charge correlations
in the La-based materials [9–12]. In the last few years,
the spectroscopic signatures of charge-modulated states

with wavevector Q∗∼0.31 reciprocal lattice units (r.l.u.,
used hereafter) have been found in YBCO using resonant
elastic/inelastic X-ray scattering (REXS/RIXS) [13–18].
Even more recently, this phenomenology was confirmed
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FIG. 1: Charge ordering patterns and wavevec-
tors. a,b, Low-temperature REXS (at photon energy hν =
931.5 eV) and Fourier-transformed (FT) STM scans (at con-
stant bias voltage V = 24mV), respectively, from an under-
doped Bi2201-UD15K sample, mapping reciprocal-space fea-
tures along the two high-symmetry directions: (H, 0), antin-
odal, green; and (H,H), nodal, orange. c,e, Modulation of
the charge density ∆ρ(x, y), with functional form given by a
sum (c) and product (e) of cosines, and a wavevector mag-
nitude Q∗ = 0.265 r.l.u. (black bars indicate the period and
direction of the spatial modulation, expressed in terms of the
lattice parameter a=3.86 Å). The blue rectangles denote the
undistorted unit cell. d,f, Fourier transforms of c,e, with
Gaussian broadening. The arrows indicate the directions of
the data in a,b, which validate the scenario in c,d.


