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Abstract

Dispersion of the highest cnergy LO phonons in La, 55Sr ;sCuQ, was studied by neutron
~ inelastic scattering, At'T'= 10 K'the dispersion along (%, 0, 0) is anomalous, forming two
dispersionless branches with a discontinuity at A = 1/4. A possiblc rclation of this anomaly to

the spin-charge stripes will be discussed.
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When a mother compound of a superconducting cuprate is doped with carriers, the
high energy LO phonons around the half-breathing mode at the (h = 0.5, k=0, [ = () point
show significant softening [1]. In order to study the dispersion around this mode, inelastic
neutron scattering measurements were carried out with the HB3 triple-axis spectrometer of
the HFIR, Oak Ridge National Laboratory, on a pair of singlc crystals La, ssSr.,sCuO, that
were used in the earlier measurements [2,3]. A Be monochromator, a graphite analyzer, the
collimation of 48°'-40'-80’-120", a graphite filtcr and the final cnergy of 14.87 meV were
used. We focuscd on the LO branch (3.0 - 3.5, 0, 0) in the tetragonal indicf;s 41 (x (h) is
parallel to the Cu-O bonds in the plane). This branch is relatively free of sputious peaks,
while the LO branch (5 = 4.5 - 5.0) that was studied earier [2}is hamperedrby a strong
spurious peak ncar (4.65, 0) and 75 meV due to the Bragg scattcring [rom the sample being
incohérently scattered by the analyzer,

The intensity map made of ths energy scans at h = 3.2, 3.25, 3.3, 3.35, 3.4, and 3.5 at
T = 10 K is shown in Fig, 1. The split of the iow encrgy branch at 70'meV and the high
energy branch at 84 mcV with the discontinuity around A = 3,25 is clearly seen. In the earlicr

- - measurement the spurious peak mentioned above was located in the middle of the gap and
‘misled us to think that the phonon width became very wide around this point [5]. Sucha
discontinuity has actually been observed for YBa,CusOy (1], and for BagKq4BiO4 [6], but

not in La, 45Sr 1sCuQ; for which the earlier measurement was made at [ = 1 to avoid the

spurious peak [1]. The most important finding herc, however, is that this anomalous split is
observed only in a small Q space, near £ =0, Outside this zonc a normal continuous

dispersion is observed. Figure 2 shows a set of scans along k, at Aw =70 meV and T = 10 K.
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The rapid decrease in the intensity away fom k = 0 indicates that the width of the 70 meV
branch is only about Ak ~ 0.2, which is twice the resolution in Qy, and cortesponds to the
coherence length of 20 A, It is of great int_erest to scc if the same applies for YBa,Cu;O; and
BaysKo.4BiO;.
'The dispersionlcss branch at 70 meV that covers a sruall Q space, with Ai ~ 0.5 and
Ak ~ 0.2, represents nearly localized phonons. If a wave packet is formed with all the
phonons in this region (a la Wannier function) it will cover the rcal space of 2a X 54, or 8 X
20 A% Since the cnergy of the high energy branch corresponds to that of the undoped LO
phonon (84 meV at the (0, 0) poing [, it is‘reasonablc to assumc that the low encrgy branch
is associated with the presence of the doped holcs.% A éossiblc cxplanation is that the doped
holcs are not uniformly disteibuted, but are segregated in an area of 2a x 54, and the 70 meV
branch is the localized phonon in such areas. The 84 meV phonon should cover outside these
regions. Thus the hole rich regions could be the pieces of the dynamic spin-charge stripes
hypothesized earlier {7]. However, at this moment no information exists for the connectivity
of these regions,.so that it is premature to call them stripes. If we use the lincar charge
- density of 0.5 per unit cell dediced from the static stripes in La; 47sNda.4Sto.12sCuQ4 [7], the
hole ﬁch fégioﬁ. (Sa idng) wouid have 25 .hol—'zeél-—ihéide it, 'appcar'mg very much like a
bipolaron. The width of 2a suggests that two Cu-Q chains arc involved, and the half-
breathing (0.3, 0) phonon would make the two Cu-O chains altcrnately favored for charges to
accupy to form a vibronic state. Thus it is possible that the anomalous dispersion observed

here is related to the charge stripes in the cuprates and even to their superconductivity.
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Fig. 1.  The intcnsity map as a function of & and phonon cncrgy A®. The scale is
lincar, with 12 counts per step. The shafp line at 85 vmeV, h=3.3-3.35, is due to a spurious
peak. The discontinuity at & = 3.25 between thc 70 meV branch and the 84 mcV branch is
clearly scen.

Fig. 2. Scans along k at A= 70 meV at various values of 4. The width (FWHM ~

0.2) corresponds to the coherence length of 20 A,
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