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We report preliminary results of the high resolution inelastic neutron scattering
measurements of the 42.5 meV optical phonon branch in YBCO, whose behavior at
momentum transfer q=0 has been extensively studied by Raman scattering. The experiment
was done on a large (75g) single crystal of YBapCu3O7. (Tc~90K) with the resolution of 2
meV (full width at half maximum). In cooling from 100K to 50K we observe a sma'l softening
of the phonon energy at q=0.25,0.25,0, but no significant linewidth change.

It is well known that phonon self-energy
effects in superconductors provide
information about electron-phonon coupling
and the magnritude and the Fhase of the
superconducting e-ergy gap.l-3 Electromc
contribution to the phonon self-energy is
proportional to the electron-phonon
coupling strength and P(q,w) (the electronic
polarizability at the phonon momentum q
and energy o). Im(P(q,w)) is proportional
to the probability of electronic transitions
with q,®. It contributes to the phonon
linewidth, whereas Re(P(q,)), (related to
Im(P(q,0)) by a Kramers-Kronig
transformation) renormalizes the peak
position. In superconductors, a gap 2A in the
density of electronic states opens below T,
with a pileup above 2A, which results in
changes in the phonon linewidth and the
peak posttion, if w=2A. These effects
depend on the topology of the Fermi surface
and the phase and the nagnitude of 2A as a
function of the Fermi momentum. In
YBasCu3O7.x, broadening of the phonon
linewidth (compared to the normal state)
is expected in the (xx0) g-space direction if
the phonon energy 1s just above the

superconducting gap for an s-wave pairing
state, and narrowing is expected for a d-
wave state.? The most extens:ve study of
the phonon self-energy effects has been
done by Raman scattering, which is limited
to the zone center.# The 425 meV phonon
shows the strongest effects, presumably
because its energy is close to 2A4.5 K. Pyka
et. al. measured the temperature
dependence of its peak position away from
the zore center in YBaCu3zO7.x in the
(x00)/(0x0) directions by inelastic neutron
scattering.

We report prelimunary results of the
first high resolution inelastic neutron
scattering measurements sensitive to
linewidth of the 42.5 meV optical phoron
branch.

The experim.ent was done on a large
(75g) oingle crystal of YBaCu3zOy.x
(Tc~90K) with the resolution of 2meV full
width at half maximum (FWHM). This
resciution enabed us to probe the intrmnsic
linewidth, which according to the Raman
results is 2-3meV. The mosaic of the largest
domain (~70% of the crystal) was 2° with
some smaller domains as far as 5° from the
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main domain. Our measurements were
performed on the BT4 triple-axis
spectrometer at the neutron Beam Split-
core Reactor (NBSR) at NIST.
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Figure 1. The 42.5meV phonon in
YBazCu3zO7.x at q=(0.25,0.25,0)
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Figure 2. Schematic of the copper oxygen
plane Fermi surface in YBayCu3O7._,.
Arrows represent electronic transitions 1n
the (0x0) and (xx0) directions.

The 42.5 meV phonon was measured at
q=(0.25,0.25,0) at 100K and 50 K (see Fig. 1).
In cooling from 100K to 50K we observe a
small softening of the phonon energy (by
~0.18£0.13 meV) but no sigrficant

linewidth change within the experimental
sensitivity. Work currently in progress
should clarify the exact temperature
evolution of the linewidth and peak
position of the 42.5 meV phonon branch in
YBCO along the (x00)/(0x0) and (xx0)
directions.

According to Ref. 6 softening of the same
phonon in the (x00)/(0x0) direction around
x=0.25 is 0.5 meV.6 Our data show that the
effect in the (xx0) direction is much weaker.

Fig. 2 shows the diagram of the Fermi
surface in YBapCu3Oy.,” and the electronic
transitions which, along with their
Umclapp counterparts, contribute to the
phonon self-energy. It is clear that there
are more electronic states available for the
decay of the (x00) phonon than of the (xx0)
phonon, which might explain why the
softening of the latter is smaller.

The preliminary results show that the
42.5 meV phonon in YBayCu3O7.y softens by
~0.18 meV at q=(0.25,0.25,0) from 100 to
50K. Smallness of the effect might be due to
the lack of nesting in the (xx0) direction.

D.R. was supported by the National
Research Council. The authors thank D.A.
Neumann, J.J. Rush, and J.M. Rowe for
technical assistance and helpful
discussions. D.R. would like to thank M.E.
Flatte and D.J. Scalapino for helpful
discussions

REFERENCES

1. MLE. Flatte, Phys. Rev. Lett. 70, 658
(1993).
2. ME. Flatte et. al. ]. Chem. Phys. Solids.
54, 1465 (1993).
. F. Marsiglio, Phys. Rev. B, 47, 5419
(1993).
4 E. Altendorf et al. Phys Rev B 45, 7551
(1992).
R Zeyher and G. Zwicknagl, Z Phys. B
78, 175 (1990)
6. Pyka et. al, Phys Rev. Lett. 70, 1461
(1993)
7 1.C Campuzano et. al, Phys Rev. Lett
61, 2308 (1990)

w

W



