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Relaxor ferroelectrics (FE) are character-
ized by a giant dielectric response with
significant frequency dispersion [1], which
gives evidence for an important role of lat-
tice dynamics. To study lattice dynam-
ics, neutron scattering is powerful tool
which can give dynamical information in
a wide Q range. However, typical en-
ergy resolution of neutron triple axis spec-
trometer used for phonon measurements is
∼0.1 meV (∼24 GHz), which is not ade-
quate to study the typical relaxation pro-
cess (1Hz∼GHz) in PNR. Neutron spin
echo (NSE) technique is suitable for this
purpose because it can achieve high en-
ergy resolution ∼0.1µeV (∼24 MHz) in a
wide Q range without losing signal inten-
sity. In order to reveal microscopic mech-
anism of giant dielectric response of re-
laxor FE at MPB, we have thus performed
NSE measurements on a single crystal of
0.7PMN?0.3PT. Neutron spin-echo exper-
iments were performed on the PONTA-
TASSE installed at the JRR-3 reactor-hall of
the JAEA. The sample was a high-quality
PMN-30%PT single crystal with a volume
of 1cc grown at JFE Mineral. Single crystal
was mounted so as to access (hk0) scatter-
ing plane and attached to the cold head of a
high-temperature closed cycle refrigerator.
The data were taken with incident neutron
energies of 14.7 meV.

Figure 1 shows the temperature depen-
dence of the normalized intermediate scat-
tering function I(Q,t)/I(Q,0) of the diffuse
scattering measured at (0.98,0.02,0). At
T = 500 K, we observed oscillating signal
with period of 0.1 ns, indicating low fre-
quency vibration mode with f ∼10 GHz
(ω ∼40µeV). The lowest branch,TA mode,
is observed at ω ∼2.8 meV and (1.1,0.9,0).

Assuming linear dispersion, the TA mode
should appear at ω ∼0.56 meV and
(0.98,0.02,0), which frequency is 10 times
larger than that of the oscillating signal in
the NSE measurement. Thus, the oscillat-
ing signal in the diffuse scattering is not ex-
plained by the lowest phonon mode. On
cooling towards TC (400 K), the amplitude
of oscillating component decreases while
I(Q, t)/I(Q, 0) becomes constant against
time. When a characteristic frequency of
a relaxation mode is slower than a time
scale of NSE spectrometer, I(Q, t)/I(Q, 0)
becomes time-independent. For PONTA-
TASSE spectrometer, the lower bound of
measurable frequency is 6GHz. These ther-
mal variation in I(Q, t)/I(Q, 0) indicates
that the oscillating component changes into
static or slow relaxation mode towards TC.
Such oscillating behavior strongly suggests
that polarization flippings along 〈110〉 di-
rections have no potential barrier, is the di-
rect evidence of the flat free energy sur-
face between rhombohedral and tetragonal
ground state at high temperatures.
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Fig. 1. Intermediate scattering function I(Q,t)/I(Q,0)
measured at (0.98,0.02,0) and various temperatures
using PONTA-TASSE spectrometer.


