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Report:

In the present experiment we have studied the
phonon dispersion in La2−xSrxCuO4+δ along a∗,
with a particular focus on the high energy longitu-
dinal optic phonons corresponding to in-plane oxy-
gen vibration. From previous neutron scattering
investigations [1, 2, 3, 4], these modes are known to
become anomalous with doping in transition metal
oxides, and it has been suggested that the sharp
’kink’ observed in the photoemission spectra of the
electrons in cuprate have the same origin [5]. How-
ever, only the optimal Tc doping has been investi-
gated so far (and recently the overdoped regime by
IXS [6]), and it is not clear how the anomaly appear
with doping, an information particularly important
in order to find an adequate model. In the present
experiment we have studied the x=0.08 doping,
halfway from optimal doping (0.16) and metallic
non-superconductor underdoped (0.04). A second
motivation for our investigation was the possibility
to measure the same dispersion of [2, 3] with a dif-
ferent resolution function, in order to distinguish
the two proposed interpretation of the observed
anomaly: a softening [3], or an additional damped
second “impurity” mode [2]. As can be see in Fig.
1, we have observed an anomaly quite similar to the
one observed in optimally doped La2−xSrxCuO4+δ ,
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Fig. 1: High energy longitudinal optic
phonon group in La2−xSrxCuO4+δ with
x ≈ 0.08 at Q = (3 + ξ, 0, 0), measured
by IXS on ID28 (HS2440).
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Fig. 2: Low energy phonon group at
high resolution Si(999) measured by IXS
on ID28 (HS2440). Top: scan in longi-
tudinal configuration at Q = (3.25,0,0);
middle: almost longitudinal at Q=(3.11,
0.04,0); bottom: almost transverse at
Q=(2.97, 0.08,0). Left: total fit (red)
with an additional broad low energy reso-
nance (blue dashed).

as can be expected in an hypothesis where the phe-
nomena is much stronger of the superconductivity
itself and essentially linked to local charge inhomo-
geneities, as suggested in [4].
Moreover, we note that a sudden drop of the inten-
sity by one half with a ∆ξ change as small as 0.05
cannot be understood with a simple dispersion and
broadening. As a matter of fact our data are better
fitted with two modes at q=(0.25,0,0), in agreement
to the interpretation suggested in [2, 4]. This is par-
ticularly important because the observed phenom-
ena seems to be the only dynamical signature of a
depinned stripes ground state [7].

An additional, unexpected and intriguing result has
come from the analysis of a limited series of high
resolution data, obtained with the monochromator
Si(999) reflection, with approximately 3.0 meV res-
olution. In the case of scans made in longitudinal
configuration, we observe a broad bell shaped back-
ground, with a width of the same order of its energy
(see Fig. 2, left). The broad inelastic signal does not
appear in almost transverse configuration, which in
the present measurements has a very close geometry
to the longitudinal ones (see Fig. 2, bottom panel).
This observation gives evidence that it is an intrinsic
phenomenon and not an artifact or a double scat-
tering contribution. However, the very limited set
of data does not allow to rule out any hypothesis. If
confirmed, this additional dynamical resonance does
not have, at the moment, any explanation, as it does
not correspond to any previously observed energy
scale. A more complete investigation, with differ-
ent doping, and wider Q and temperature range is
necessary in order to confirm this observation, and
allow some knowledge of its physics.
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