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Raport: 

The phonon anomalies are regarded as significant anomalous dispersion and linewidth broadening of the Cu-

O bond-stretching phonons, consistent with strong electron-phonon coupling [1]. It appears that these 

anomalies are related to dynamic charge instabilities within the quintessential CuO2 planes, i.e., charge-spin 

‘stripe’ or CDW correlations. The recent discovery of CDW correlations in numerous cuprates via hard X-ray 

and soft resonant X-ray scattering constitutes a significant development in this regard, as it demonstrates a 

universal tendency toward some form of charge order [2-4]. In our previous IXS measurement on 14%-doped 

La2-xSrxCuO4 (HC3108 report), we demonstrate a clear temperature dependence of electron-phonon coupling. 

The effect is most robust at low temperature, reduced (but still visible) at 150K, and finally significantly 

weakened or absent at 300K.  

The fact that the phonon anomaly still occurs above TCDW (~80K [4]) indicates that dynamic charge 

fluctuations, which are hard to probe via energy-integrating diffraction techniqiues, indeed exists above TCDW. 

In order to explore how phonon anomalies are connected with other properties in the doping-temperature phase 

diagram, we continued our measurement on LSCO with slightly larger doing level (x = 0.20) during this beam 

time. We note that no static CDW has been reported and the pseudogap vanishes at this doping level. 

The LSCO single crystal with area 1 x 1 mm2 had its a-b plane parallel to the surface, and was polished down 

to 30 m to maximize the transmission intensity. Figure 1 shows the scattering geometry for the experiment. 

Energy transfer spectra in the range -5 to 90 meV were measured simultaneously with 8 analyzers. The sample 

was aligned with the main analyzer around qCDW ~ (0.25,0,0.5) and other analyzers in the H-L plane Q = (H = 

3 - q, K = 0, L = 5.5  0.2). We managed to observe the Cu-O bond 

stretching mode by choosing appropriate Brillouin zone (3 - q, 0, 5.5  0.2) 

and relatively long counting time (about 24 hours for the whole spectrum 

per temperature). We measured at three different temperatures: 20K, 100K 

and 300K (T* < 25K < Tc <100 K < Ts < 300K, where Tc is the 

superconducting transition temperature, Ts is the structure transition 

temperature, and T* is the pseudogap temperature).  

The detailed momentum dependence of Cu-O bond stretching phonon 

spectra are shown in Figure 2. The line shape of the phonon can be modeled 

with Lorentzian function (solid red lines). As theoretically predicted, the 

Cu-O bond stretching phonon energy is the largest at zone center and 

decreases towards zone boundary. 

 

FIG. 1. Scattering geometry for 

the experiment. 



In figure 3, we show the 

temperature dependence of 

spectra at H = 0.25 rlu and H = 

0.32 rlu. Similar to what we 

observed in LSCO x = 0.14, the 

spectra show anomalous 

broadening at 25 K, though the 

effect is less pronounced in x = 

0.20. We note that this effect is 

not due to cell doubling as a 

result of the structure transition 

(LSCO undergoes a structure 

transition from high-

temperature-tetragonal (HTT) 

to low-temperature-

orthorhombic phase (LTO) at 

moderate temperatures - for 

x=0.20, Ts ~ 100 K). 

Alternatively, the translational 

symmetry breaking caused by 

CDW correlations may be the 

origin of phonon anomalies. 

 

 

Though various X-ray diffraction measrements already revealed the static CDW order in a certain doping range 

below the onset temperature TCDW, whether and to what extend dynamic CDW correlations exsist in the phase 

diagram remain unkonw. Prior work showed that the doping dependence of the amplitude of the phonon 

anomaly follows the superconducting dome [6]. We further extended this work by measuring LSCO x= 0.14 

(HC3108 report) and x = 0.20 (this work) at various temperatures. The presence of phonon anomaly above 

TCDW and overdoped LSCO indicate the existence of dynamic CDW correalation. 
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FIG. 2. Cu-O bond stretching phonon spectra at different momenta with H 

(rlu) marked near each spectrum. The curves are vertically shifted for clarity. 

The measurements are taken at 25 K, 100 K, 300 K. 

FIG. 3. (a) and (b): Phonon spectra of H = 0.25 rlu and H = 0.32 rlu measured at 20 K, 100 K and 300 K.  (c)  and 

(d): The phonon energy and width dispersion. 

a b 
c 

d 


