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Report: 
 During this beamtime, we used inelastic x-ray scattering to map out the low energy 
acoustic phonon dispersion of an underdoped (UD32) Bi2Sr2CaCu2O8+δ cuprate 
superconductor, where a charge density wave is reported to exist around q = 0.3 [1]. In 

particular, we measured the inelastic signal 
from -5meV to 20meV at selected q points 
along the direction (2 0 0) to (3 0 0), with a 
focus in the energy range of -2meV to 10meV.  
 Figure 1 shows the phonon dispersion at 
selected q points taken at two temperatures, 
slightly below Tc (28K) and high temperatures 
where the charge density wave (CDW) is 
expected to have weakened somewhat (240K) 
[1]. A peak indicating the acoustic mode is 
seen to dispersion from 4meV from H=2.1 
towards 6meV at H=2.5. More interestingly, 
the peak width, indicated by the gray shading, 
is observed to broaden between 2.25 to 2.32 

Figure 1 Measured acoustic phonon 
dispersion along (2 0 0) to (3 0 0) for 28K 
(left) and 240K (right). The peak width is 
indicated by gray shading. Broadened peak 
range is indicated by red color.  



(shown in red)—a q range that straddles the expected CDW q-vector (0.3) (Fig. 2) [1]. 
Similar broadening is also observed at high temperatures. We note that the CDW, while 
weak, is still finite at this high temperature [1], hence may still explain the observed 
broadening.  
 The observed broadening is largely consistent 
with the phonon softening observed in YBCO [2-3], and 
may indicate electron-phonon coupling due to the 
CDW. However, as has been pointed out in a recent 
inelastic neutrons scattering paper [4], there exists a low 
energy optical mode around 6meV that crosses and 
hybridizes with this acoustic phonon branch at around 
the same q~0.3 (Fig. 3). To distinguish this possibility 
from intrinsic effects of the CDW, it is necessary to 
examine the behavior of another low energy phonon 
branch that does not cross the 6meV optical phonon. In 
this regards, we have also observed an optical phonon 
mode around 14meV. However, due to limited 
beamtime, we did not have enough time to obtain good 
statistics on this mode to make a conclusive statement. 
For this mode, we see a well-defined peak near 2.1 and 
2.5, but strongly broadened features in intermediate q’s. This hints at the possibility that there 
may also be a broadening of this phonon branch around 2.3. As this higher optical mode does 
not cross the 6meV optical mode reported, this broadening, if true, would be evidence that the 

broadening is due to intrinsic softening due to the 
CDW. It is thus imperative to gather sufficient 
quality data on this optical mode in a future 
beamtime. The results will give us important 
information on the universality of electron-phonon 
coupling in the CDW of the cuprate high 
temperature superconductors. 
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Figure 3. Reported crossing and 
hybridization of a ~6meV optical phonon 
mode with the low energy acoustic mode 
around q=0.3 [4]. 

Figure 2. Fitted phonon width showing 
a broadening around q~0.3 (240K). 


