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Charge density wave (CDW) order in underdoped
cuprates has recently been revealed as an important and
generic competitor to superconductivity (SC).[1–9] A sig-
nificant property of CDW order is that it can exhibit
both inter and intra unit cell symmetry breaking.[10, 11]
Specifically, CDW order can occur with d rather than s
or s0 orbital symmetry.[12–20] Here, we report resonant
soft x-ray scattering measurements of La1.88Ba0.12CuO4

(LBCO) and YBa2Cu3O6.67 (YBCO) that are resolved
onto the O 2px(y) and Cu sublattices and mapped to the
CDW symmetry. Our main finding is that LBCO has
primarily s0 symmetry CDW with a secondary d compo-
nent (24±3%), distinguishing it from the predominant d
symmetry CDW observed in other cuprates.[19, 20] We
propose that the s0 symmetry in LBCO may be related
to the “1/8–anomaly” and that it favours static spin or-
dering more than d symmetry. Additionally, we find that
C4 symmetry of the Cu sublattice scattering is preserved
in LBCO and broken in YBCO.Moreover, in YBCO the
symmetry is broken to di↵erent degrees along the a and b
crystal axes, suggesting either exotic checkerboard order
or domains of stripes. Finally, we present and discuss
implications of energy dependent scattering from the O
2px(y) sublattices in LBCO.

Stimulated by theory,[16, 17] resonant soft x-ray scat-
tering (RSXS) in YBCO and Bi2Sr2�xLaxCuO6+�,[19]
and scanning tunnelling microscopy (STM) mea-
surements in Bi2Sr2CaCu2O8+� (Bi-2212) and
Ca2�xNaxCuO2Cl2 (Na-CCOC) [20] have recently
reported that d symmetry characterizes the CDW order
in the CuO2 planes. In this d-symmetry CDW state, the
modulation of charge (or a related microscopic quantity)
on O px and O py sites is out of phase, as depicted
in Fig. 1a for a commensurate, bond-centered CDW.
An important question is whether d-symmetry CDW
order is a generic property of underdoped cuprates
and, specifically, if it also occurs in the canonical
stripe-ordered La-based cuprates. Admittedly, there are
many similarities in the CDW order of the La-based
cuprates and other cuprates (eg. Bi-2212, YBCO) such
as an enhancement in CDW intensity at doping levels
near p = 1/8,[21, 22] competition with SC and a com-
mon spectroscopic signature to the resonant scattering

intensity[6, 23]. However, these similarities are at odds
with important di↵erences such as the doping depen-
dence of the CDW incommensurability.[7, 8, 22, 24–26]
Perhaps most significantly, static spin density wave
(SDW) order that is commensurate with the CDW order
is only observed in the La-based cuprates. Accordingly,
it is not yet clear whether stripe order in the La-based
cuprates and CDW order in other cuprates should be
viewed as slightly di↵erent manifestations of a common
order or as truly distinct phases.
To address these questions, we have resolved the or-

bital symmetry and microscopic character of CDW order
in LBCO and YBCO using a RSXS technique that com-
bines varying the incident photon polarization relative to
the material’s crystallographic axes and simultaneously
rotating the crystal about the CDW ordering wavevector
Q, as illustrated in Fig. 1a. With this approach, at the
O K edge we are able to determine the relative strength,
phase relation and energy dependence of scattering from
two O sublattices comprised of O atoms with Cu–O–Cu
bonds either parallel (Ok) or perpendicular (O?) to Q
(see Fig. 1b). The proportion of d to s0 symmetry was
characterized from O K edge measurements in LBCO us-
ing a polarization dependent RSXS model developed with
parameters directly related to the physical ratio �d/�s0 .
Additionally, RSXS measurements sensitive to the Cu
sublattice were used to assess the degree of rotational C4

symmetry on Cu sites in LBCO and YBCO.
Prior to discussing our results, we first describe the

polarization dependent RSXS model which is used in this
analysis and then parametrize the model in terms of the
symmetry components of the CDW order. Within this
framework, the CDW orbital symmetries in LBCO and
YBCO are elucidated from the experimental data.

POLARIZATION DEPENDENT RESONANT
X-RAY SCATTERING

On an x-ray absorption edge, the resonant elastic x-ray
scattering intensity is given by:

I(✏i,!,Q) /
��✏⇤f · T (!,Q) · ✏i

��2 , (1)

where ! is the angular frequency, Q is the momentum
transfer, ✏i and ✏f are the incident and scattered polar-


