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FIG. 1. (a) (H 0 L) scans through the (a) CDW peaks and
(b) oxygen chain ordering superstructure peaks in o-V, o-VIII
and o-III ordered YBCO before (O) and after (D) heating the
samples to disorder the oxygen in the chain layer. In panel (a)
a small contribution of the oxygen order superstructure reflec-
tion is still visible for the oxygen ordered states at the photon
energy 931.3 eV, where CDW order is most pronounced. The
ortho structure correlation lengths given in (b) are for the
ordered states of the crystals.

RSXS and x-ray absorption spectroscopy (XAS) mea-
surements were performed at the REIXS beamline at the
Canadian Light Source [22] using high purity single crys-
tals of YBa2Cu3O6+x

with o-V (T
c

= 64.5 K, p = 0.116,
x = 0.667), o-VIII (T

c

= 65.5 K, p = 0.118, x = 0.667)
and o-III (T

c

= 75.2 K, p = 0.133, x = 0.75) oxygen
ordering.[23, 24] The samples were oriented with the c-
axis normal to the sample surface (parallel to the scatter-
ing plane) and scattering was performed with � polarized
light. The sample orientation was confirmed by detection
of (0 0 1), and (±1 0 2) or (0 ±1 2) Bragg reflections at
2 keV. X-ray absorption was measured using total fluo-
rescence yield (TFY).

In Fig. 1(a), RSXS measurements of the CDW peak
are shown at 65 K, at L ' 1.48 and at a photon en-
ergy of 931.3 eV, corresponding roughly to the maximum
in CDW scattering intensity at the Cu L edge.[1, 25]
The fluorescence background and scattering contribu-
tions from nearby oxygen order peaks (o↵ resonance but
still visible) were subtracted using a scan at high T , as
shown in Fig. 2(a) for the o-V YBCO6.67 sample. This
procedure was susceptible to a larger error for the ordered
o-III YBCO6.75 sample due to the overlap of the o-III su-
perstructure reflection (H = 0.33) with the CDW peak
(H = 0.31). The CDW peak correlation length, temper-

ature dependence (see Fig. 3) and incommensurability,
as determined by Lorentzian peak fits to the background
subtracted data, all vary somewhat weakly with doping
and are consistent with previous work.[4] Note that in
addition to determining the T dependence with fitting
of Q-scans, we have also monitored the detector count
rate while the sample cooled below the CDW transition,
as shown in the solid lines of Fig. 3(a). Here we have
subtracted a constant value for the fluorescence back-
ground, which from measurements at (-0.25 0 1.48) (away
from the CDW peak) are found to be weakly tempera-
ture dependent over the temperature range of interest.
Accordingly, we find the shape of the cooling curves to
be consistent with the peak fitting results.
After measurement in the ortho ordered state, the or-

tho phase was disordered by heating to ⇠100 �C (above
the oxygen ordering temperature). Despite oxygen atoms
being mobile at this temperature, the kinetics of oxygen
incorporation at the surface are very slow, so no change
in sample stoichiometry is expected.[21] During this pro-
cess, the pressure in the chamber was maintained below
6⇥ 10�9 Torr, ensuring a clean sample environment and
no surface contamination. The samples were maintained
at 100 �C long enough for the oxygen order superstruc-
ture reflection to disappear (⇠30 to 60 min) and cooled
back down to room temperature in ⇠7 min (dictated by
the maximum cooling rate of the instrument) to quench
in the oxygen disorder. The degree of oxygen order is
characterized by the intensity and width of the ortho
order superstructure peaks, shown in Fig. 1(b). In the
ortho VIII ordered YBCO, the o-VIII ordering peak is
replaced by weak o-V order at H = �0.4 upon quench-
ing. Similarly, the quenching procedure destroys the o-V
phase in the ortho V crystal and nearly eliminates the
o-III phase of the ortho III crystal.
As shown in Fig. 1(a), we find that disordering the

chains results in a decrease in CDW peak intensity, but
essentially no change in the CDW peak incommensura-
bility (Q position), temperature dependence or corre-
lation length (either in-plane, ⇠

a

, or out-of-plane, ⇠
c

).
This is most clearly seen in the x = 0.667 o-V sam-
ple, where scaling the background-subtracted CDW scat-
tering intensity after quenching by a constant factor of
⇠1.9 provides an excellent match to the H, L [Fig. 2(c)
and 2(d)] and temperature dependence [Fig. 3(b)] of the
CDW peak in the original oxygen ordered state. Since
no change in the L dependence of the peak (c-axis cor-
relation length) is observed [Fig. 2(b) and 2(d)], we find
that disordering the ortho order has a negligible impact
on the interlayer correlations of the CDW order, to the
extent that this e↵ect can be studied in the restricted
Q-space at soft x-ray energies.
The disorder-independent incommensurability, corre-

lation length and temperature dependence argue against
a strong role of the chain order periodicity in stabilizing
the CDW order, consistent with the previous observa-


