aps CHCRUS

physics

This is the accepted manuscript made available via CHORUS. The article has been
published as:

Phonon anomalies in pyrochlore iridates studied by Raman
spectroscopy
K. Ueda, R. Kaneko, A. Subedi, M. Minola, B. J. Kim, J. Fujioka, Y. Tokura, and B. Keimer
Phys. Rev. B 100, 115157 — Published 27 September 2019
DOI: 10.1103/PhysRevB.100.115157


http://dx.doi.org/10.1103/PhysRevB.100.115157

1 Phonon anomalies in pyrochlore iridates studied by Raman spectroscopy

2 K. Ueda,' R. Kaneko,? A. Subedi,> M. Minola,! B. J. Kim,»% 5 J. Fujioka,%” Y. Tokura,>® and B. Keimer!

! Maz-Planck-Institut fiir Festkérperforschung, Heisenbergstr. 1, D-70569 Stuttgart, Germany
2 Department of Applied Physics, University of Tokyo, Tokyo 113-8656, Japan
3Centre de Physique Theorique, Ecole Polytechnique, CNRS, France
4 Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Republic of Korea
5Center for Artificial Low Dimensional Electonic Systems,
Institute for Basic Science (IBS), Republic of Korea
SPRESTO, Japan Science and Technology Agency, Kawaguchi, Saitama 332-0012, Japan
10 " University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8573, Japan
1 8 Center for Emergent Matter Science (CEMS), RIKEN Advanced Science Institute (ASI), Wako 351-0198, Japan
12 (Dated: September 9, 2019)

© ® N o O & W

We report polarization-resolved Raman scattering measurements on single crystals of the py-
rochlore compound EuzIraO7 which exhibits a ground state with non-collinear magnetic order, as
well as its paramagnetic counterpart PralroO7. The spectra reveal the six Raman-active optical
phonons expected for the pyrochlore lattice symmetry. Combined with density functional calcula-
tions, polarization analysis of the Raman intensity allows us to assign all observed peaks to specific
vibration patterns. Whereas most phonon profiles are weakly temperature dependent, an Ir-O-Ir
bond-bending vibration in EuzlreO7 exhibits a pronounced Fano asymmetry in the paramagnetic
state, and marked softening and lineshape anomalies at the magnetic phase transition. These ob-
servations indicate strong electron-phonon interactions, which must be considered in models of the
electronic properties and phase behavior of the pyrochlore iridates. In addition, a prominent feature
appears at 210 cm ™! in the Raman spectrum of EupIr,O7 below the magnetic transition tempera-
ture, possibly due to a magnetic excitation.

13 Electronic correlations and topological phenomena are s pattern is the so-called “all-in/all-out” (ATAO) configu-
1w major themes of contemporary solid-state physics. s ration with Ir magnetic moments pointing into and out
15 Whereas research in both areas evolved from different ori- « of the tetrahedral units of the pyrochlore lattice in an
16 gins, several emerging research frontiers now encompass s alternating fashion'S'8. For compounds with the small-
17 both strong electronic correlations and topological com- 4 est R, the electrical conductivity exhibits insulating be-
plexity; prominent examples include topological super- s havior even in the paramagnetic state. The phase di-
1 conductors and Kitaev spin liquids.! Materials with 4d- s agram is analogous to other systems with Mott metal-
2 and 5d-electrons are fertile platforms for exploration of s insulator transitions,'® but the unusual electronic struc-
2 these ideas, because the large spin-orbit coupling (SOC) s ture of RolraO7 as well as a host of anomalous thermody-
» of the valence electrons can both effectively enhance elec- s+ namic, spectroscopic, and transport data have stimulated
tronic correlations (by narrowing the valence band)? and ss various proposals for topological phases and excitations®.
generate topologically complex wavefunctions (by pro- s What is missing to date is an experimental insight into
2 moting spin-momentum locking).3 s7 the role of lattice degrees of freedom. Theoretical work
ss (see for instance Ref.??) suggests that the electron-lattice
Iridates of composition RplrsO7 (where R is a rare s coupling plays a vital role in the determination of the
earth element) have received particular recent attention e ground states.
in this regard. The Ir*t ions with valence electron
configuration 5d° and total angular momentum J = % 61 We have used polarization-resolved Raman scattering
are arranged on the geometrically frustrated pyrochlore e to measure the temperature evolution of phonon and
structure. Due to the confluence of strong SOC, strong  magnon excitations in RyIroO7 single crystals with R =
Coulomb correlations, and geometric frustration, the py- e« Pr and Eu, which together cover all phases in the dia-
rochlore iridates undergo multiple magnetic and metal-  gram of Fig. 1. Whereas PrylroO7 is a paramagnetic
insulator transitions as a function of temperature, chem- e metal at all temperatures'®, Euslr,O7 is insulating al-
ical composition®~6, pressure’, and magnetic field'® 3. & ready in the paramagnetic state and exhibits AIAO or-
Figure 1 shows the phase diagram as a function of tem- e der below T = 115 K.® However, details of the crys-
perature and the radius of the R ions, which modu- e tal structure and magnetic ordering pattern are still un-
s lates the valence-electron bandwidth and hence the ef- 7 der investigation?"?2. Since lattice distortions can relieve
fective correlation strength. Whereas compounds with 7 magnetic frustration, coupling between the spin and lat-
large R and large bandwidth are paramagnetic metals 7 tice degrees of freedom has been the subject of intense
in the entire temperature range'*'®, compounds with 7 investigation for many geometrically frustrated magnets,
smaller R exhibit a magnetically ordered state with 7 including especially pyrochlore materials.232” The line-
sharply reduced electrical conductivity below a temper- 7 shapes of phonons and their renormalization at the onset
ature Ty that depends on R. The magnetic ordering 7 of magnetic order yields specific information on the spin-
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FIG. 1. (color online) (a) Schematic of the R2IraO7 unit cell. 1

The blue spheres indicate the rare-earth ions and the green
ones are the iridium ions. The oxygen ions are not depicted
for simplicity. (b) Phase diagram of R2Ir,O7 as a function of
rare-earth ionic radius and temperature. PI stands for para-
magnetic insulator, PM stands for paramagnetic metal, and
AFI stands for antiferromagnetic insulator. The R = Eu and
R = Pr compounds are marked by arrows. (c¢) Raman scat-
tering spectra of PralraO7 for the polarization configurations
2(XX)z, 2(XY)z, 2(X’'X")z, and 2(X'Y’)Z at room temper-
ature. The red triangle indicates the A;y mode, the blue
squares are the E; mode, and the green circles indicate the
T4 modes.

77 phonon coupling, and on the coupling between phonons
s and charge fluctuations in the case of electrically con-
7 ducting systems. We indeed find large phonon anoma-
s lies induced by the onset of magnetic order in EuslraOr,
&1 and discuss them in terms of different electron-phonon
& coupling mechanisms. In addition, the observed Raman
83 features are likely attributable to magnon excitations in
the ATAO state, which are consistent with recent obser-
ss vations by resonant inelastic x-ray scattering (RIXS).*
s  High-quality single crystals of PralrasO7 and EuslraOf
s7 were grown by the KF flux method, as described
s previously.?® In the as-grown state, the crystals are
» octahedron-shaped with (111) facets. We polished a
o (001) plane of the samples with lapping films of suffi-
o ciently fine grain-size for a contamination-free polariza-
o2 tion analysis. The Raman experiments were carried out
o3 with a Jobin-Yvon LabRam HRS800 spectrometer using
o the 632.8 nm excitation line of a He-Ne laser. Laser heat-
s ing was minimized by keeping the laser power below 1.2
mW, and all measured spectra were corrected for heat-
ing following Ref. 31. Specifically, systematic measure-
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ments of the laser power dependence of phonon energies
showed that the heating is no longer negligible above 0.7
mW. The laser power used in the present study may heat
the sample by ~ 20 K. As we will show later, the cor-
rected critical temperature, at which the spectra change
markedly, is consistent with the magnetic transition tem-
perature.

The samples were placed in a He-flow cryostat, and
the measurements were conducted in backscattering ge-
ometry with light propagating along the crystalline [001]
axis, while the polarization of the incident and scattered
light was varied within the (001) plane. The spectra were
measured in four polarization configurations, namely
2(XX)z, 2(XY)z, 2(X'X")Z, and z(X'Y")z, where z (%)
denotes the propagation direction of the incident (scat-
tered) light. X (Y") represents the polarization of incident
or scattered light along the [100] ([010]) crystallographic
direction, and X' = X +Y, Y’ = X — Y. According to
a group-theoretical analysis of the pyrochlore structure
(space group F'd3m), the corresponding Raman spectra
for the four polarization configurations are composed of
Ay + By, Toy, Arg + E4 + 15,4, and E, contributions,

20 respectively. The unit cell of RylraO7 consists of eight
a1 formula units. The factor group analysis yields the fol-

lowing optical /acoustic phonon modes®?:33:

TP = Ay, + E, + 4T,
+7T 4.
T = Ty,

The first six optical modes are Raman-active, and the
last seven are infrared-active.

Figure 1(c) shows polarization-resolved Raman spec-
tra of the R = Pr compound at room temperature. In
the z(X'X')Z geometry, in which all Raman-active lattice
vibration modes are allowed, we indeed observe the six
peaks expected in the Fd3m symmetry. In the z(X'Y")z
geometry, the expected E, mode is clearly visible around
330 cm™! . In the z(X X)Z geometry, which allows an
A1y mode in addition to the E, mode, a sharp peak is ob-
served at 508 cm ™! and can be assigned to the Ai4 mode.
Finally, four Ty, peaks are observed in the z(XY)Z scat-
tering geometry at 302, 378, 554, and 646 cm~' (here-
after referred to as To, (1), (2), (3), and (4), respectively),
in agreement with the group theoretical analysis. These
modes are closely similar to phonon modes previously re-
vealed in Raman experiments on isostructural pyrochlore
oxides®33%. The peak observed at 610 cm™! in z(XY)z
configuration and the broad one at 650 cm~! in 2(X X)z
geometry can be attributed to multi-phonon modes.

To associate the observed modes with specific vi-
bration patterns, we calculated the energy of zone-
center phonon modes by density functional perturbation
theory3® as implemented in the Quantum ESPRESSO3¢
package, with the lattice parameters reported in Ref.
30. The calculations were performed within the general-
ized gradient approximation of Perdew, Burke and Ernz-
erhof (PBE GGA)3" using the fully-relativistic ONCV
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TABLE I. Observed and calculated Raman-active phonon frequencies in R2IroO7 at room temperature

Material

T2g(1) Eg

observed /calculated frequencies (cm™!)
T24(2)

Alg T2g(3) TZg(4)

Pr2IroO7 301.8/300.0 333.3/355.5 377.9/400.9 506.0/514.2 554.3/567.1 646.2/635.3

EuzIr,O7 302.5/317.4 336.8/371.2 379.5/416.9 507.8/529.6 543.1/588.0 680.2/676.8

TABLE II. Observed and calculated infrared-active phonon frequencies in R2IroO7 at room temperature. The experimental

data were taken from Ref..

Material

observed/calculated Ty, frequencies (cm™")

ProlraO7 105.1/107.0 149.5/149.3 203.5/208.0 339.4/354.0 412.7/438.4 464.8/481.2 581.5/584.1

EuslroO7 114.6/112.0 149.5/150.2 206.4/220.5 339.4/367.2 433.9/461.2 487.9/497.0 633.5/625.9

pseudopotentials®®. The calculations included the spin-
orbit interaction while the spin-polarization was not al-
lowed. Hence the calculated systems are metallic. We
used a 4 X 4 x 4 k-point grid for the Brillouin-zone in-
tegration and a plane-wave cutoff of 75 Ry. The results
show that the Ay, and £, modes are mostly composed
of Ir-O bond bending modes. The T5, peak with the
highest frequency corresponds to Ir-O stretching modes,
while the lowest two involve R-O stretching modes. The
T54(3) mode corresponds to vibrations of the O’ ions sur-
rounded by eight R ions. We show the observed and
calculated Raman-active phonon frequencies for R = Pr
and Eu in Table 1, and the infrared-active ones in Table
2 with experimental data taken from Ref.6. Most of the
peak energies are almost identical in the two compounds,
except for the high-energy Ir-O stretching vibration with
T54 symmetry. The calculated and observed Raman ener-
gies are in good agreement, except for the R-ion depen-
dence which is overestimated in the calculations. This
discrepancy may in part be attributable to coupling be-
tween phonons and low-energy excitations of the valence
electrons, which is not included here. It is noteworthy
that the E,; vibration mode is two-times broader than
the other modes, as previously reported for the spinel
chromite CdCryO4 which exhibits a strong magnetoelas-
tic coupling®®. The same behavior is also observed for
R = Eu (Fig. 2), despite the different ground states of
both compounds.

We now turn to the temperature dependence of the
Raman spectra for B = Pr and Eu (Fig. 2). Most
of the phonon modes gradually sharpen with decreas-
ing temperature, as expected as a consequence of lattice
anharmonicity3?4?. For PryIroO; we note a weak addi-
tional mode that appears at 450 cm~! (marked by a blue
triangle in Fig. 2(a)) at low temperature. Prior Raman
and neutron scattering work on Pr pyrochlore compounds
including PraZrs07,*" PraRus 0742 and ProSny 0443 also
detected a mode at this energy, which was attributed
to Pr crystal-field excitations. The strongly reduced in-
tensity of this mode at elevated temperatures may then
reflect scattering of conduction electrons from the local-
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FIG. 2. (color online). Raman spectra of (a, b) T2, modes
and (c, d) A14+ F4 modes for (a, c) R =Prand (b ,d) R = Eu
at several temperatures. The color bar represents the sample
temperature.

ized Pr 4f electrons, as observed in other lanthanide
compounds**. Additional Pr crystal-field excitations are
expected at lower energies (~ 135 cm™1), but these exci-
tations are masked in our metallic compound by intense
quasielastic scattering from low-energy charge excitations
of conduction electrons (Fig. 2(c)).

The Raman spectra of the R = Eu compound exhibit
a more pronounced temperature dependence (Fig. 2(d)).
Upon cooling, an intense peak emerges in the E, chan-
nel around 210 cm~! (marked by a red triangle), and
the E, vibration mode at higher energy shows a strong
anomaly. To gain more insight into this behavior, we con-
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FIG. 3. (color online). (a) Schematic of the all-in/all-out
magnetic ordering configuration. The arrows stand for the
Ir magnetic moments. (b) Atomic displacements of the E,
lattice vibration mode. The arrows indicate the motion of
the O ions. (c) Raman spectra in the 2(X'Y’)Z scattering
geometry for the R = Eu compound at several temperatures.
(d) Raman spectra in the z(X'Y')z at 30 K (purple) and
300 K (red), respectively. The fitting curves are indicated by
black curves.

ducted more detailed measurements of the temperature
dependence of the R = Eu phonons in the z(X'Y’)Z con-
figuration, which only allows F, symmetric excitations.
Figure 3 displays the Raman spectra of EusIroO7 in the
energy range from 150 to 400 cm~!. The new mode ap-
pears upon cooling below T' ~ Ty and hardens from 207
em~! at 100 K to 211 em™! at 30 K, while the intensity
increases in a manner consistent with the magnetic order
parameter. We note that earlier work on EuslroO7 poly-
crystals also reported the appearance of three new peaks
below Tx*®. The frequency of one of these peaks is close
to the one we observe in E, geometry.

Following the discussion for R = Pr above, one might
at first be tempted to assign the new peak to a Eu crystal-
field excitation, although its intensity is much larger than
the 450 cm~! mode in PraIroO;. However, prior work on
other Eu pyrochlore compounds has shown that the Eu®*
ions are in a singlet ground state, and that crystal-field
excitations appear only at much higher energies.*6

Alternatively, the 210 cm ™! excitation could be viewed
as originating from the E, phonon at 340 em™!'. In
this scenario, the double degeneracy of this mode in the
paramagnetic state is split at a structural transition co-
inciding with Ty, resulting in two non-degenerate Eg

phonons at 210 and 310 cm~'. However, the energy
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FIG. 4. (color online). Temperature dependence of (a),(d)
line width, (b),(e) the inverse of the Fano asymmetry pa-
rameter 1/|g|, and (c),(f) Raman shift of selected phonons in
EuslraO7 and PralraO7. Panels (a)-(c) are for the Tog (2)
phonon mode, and (d)-(f) for the E, mode, respectively.

difference between these two phonons would be about
two orders of magnitude larger than typical effects of
this kind in other compounds?4 2528, This would imply
a massive rearrangement of the lattice structure, which
should also greatly affect other phonon modes and should
have been detected by diffraction probes. Since such
effects have not been reported, this interpretation ap-
pears implausible. Based on its appearance below Ty,
we tentatively assign this mode to a single-magnon ex-
citation that becomes Raman-active by virtue of the
strong SOC and consequent non-coplanar magnetic or-
dering pattern. The intensity of the mode is higher than
in typical collinear antiferromagnets,*” but comparable
to the one for magnons in other non-collinear magnets
such as the canted antiferromagnets FeBry*® and FeF,49.
The energy of the mode for T <« Ty is consistent with
the zone-center gap of dispersive magnons recently re-
ported by resonant inelastic x-ray scattering (RIXS).29.
We note that, close to Ty, the RIXS data suggest a some-
what stronger softening of the magnon than our Raman
data. Future developments of spectroscopic techniques
will serve to test our interpretation.

We now turn to the polarization dependence of the 210
cm™! mode. According to the standard Fleury-Loudon
theory®®, the single-magnon excitations should appear in
XY polarization (T, geometry in our notation). Indeed
there is a small increase in spectral weight in this geome-
try below Ty (Fig. 2b), but the intensity in E, geometry
is much more pronounced (Fig. 2d). We note, how-
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ever, that the Raman selection rules for magnetic exci-
tations in non-collinear structures can be quite complex,
as documented for instance in experimental and theoret-
ical work on the magnetic field-induced canted state in
LayCu04°152 which revealed magnon modes that are for-
bidden in the Fleury-Loudon theory. In addition, longi-
tudinal magnetic excitations with selection rules different
from those of the standard transverse magnons have re-
cently been found in Raman experiments on CasRuQy, a
material that (like EusIraO7) exhibits a metal-insulator
transition and comprises soft pseudospins composed of
both spin and orbital components®®. Finally, there is still
considerable uncertainty regarding details of the mag-
netic ground state, which can also influence the Raman
selection rules??2. To conclusively establish the origin
of the 210 cm ™! mode, further investigations of the mag-
netic ground state and the Raman selection rules of low-
energy magnetic excitations are therefore required.

In view of the asymmetric lineshape of the observed
phonons, we fitted them with Fano profiles written as
I(w) = Ip(q + €)?/(1 + €%), where € = (w — wp)/T, wo
is the resonant energy, I' is the linewidth of the vibra-
tional state, and ¢ is the Fano asymmetry parameter®*
which measures the ratio of phonon scattering to the
background scattering amplitude yielded by an excita-
tion continuum. The F, spectra at all temperatures are
well fitted with Fano profiles, as demonstrated in Fig.
3(d). Figure 4 displays the temperature dependence of
the resulting fitting parameters. Whereas the param-
eters characterizing the phonons in PrslroO7 and the
T54 modes in EuslroO7 exhibit smooth temperature de-
pendences without any discernible anomalies (Fig. 4(d)-
(f)), the Ey lattice vibration mode in EusIry Oy is highly
anomalous (Fig. 4(a)-(c)). The phonon energy is nearly
temperature independent in the paramagnetic state, but
abruptly decreases by ~ 35 cm™! below T. In contrast
to the other phonons, the linewidth of the F, mode in-
creases with decreasing temperature in the paramagnetic
state, and exhibits a sharp maximum below T while the
Fano asymmetry 1/|q| drops by a factor of four.5®

We first address the large softening of the £; phonon.
Phonon energy shifts can in principle be caused by mod-
ulations of the static lattice structure across the mag-
netic transition. Since the specific heat indicates that the
transition is continuous®*, the modulated lattice structure
should be described by a subgroup of Fd3m. Continuous
structural transitions have indeed been observed in other
geometrically frustrated magnets with F'd3m symmetry,
including pyrochlore-type CdyRe;07242% and spinel-type
(Cd,Zn)Cr2Xy (X=0, S, Se)?¢"28. In each case, phonon
peak splittings were reported not only for the £, symme-
try, but also for modes in other scattering geometries, in
contrast to our data. Furthermore, previous x-ray and
neutron diffraction studies of EuslroO; and other py-
rochlore iridates report no indication of a lowering of the
lattice symmetry!6:18:56,

Frequency shifts of optical modes can also occur as
a consequence of magnetostrictive effects following the
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Griineisen law, as observed for instance in multiferroic
RCrO3 which shows an abrupt lattice volume modifi-
cation below the magnetic transition temperature®”58.
In the case of EuslraO7, however, there is almost no
anomaly in the temperature dependence of the lattice
constants®. Finally, we note that Liang et al. discovered
a Cy symmetry breaking in the R = Eu compound by us-
ing torque magnetometry?', which was later attributed
to multipolar ordering??. The present Raman spectra
may be more sensitive to subtle structural distortions as-
sociated with electronic ordering phenomena than stan-
dard x-ray experiments.

Nonetheless, the large shift of the E, phonon energy
at Ty is difficult to explain on the basis of static atomic
displacements alone. This conclusion is underscored by
the observation of the pronounced Fano lineshape of this
mode, which indicates dynamical coupling of the vibra-
tional mode to a continuum of excitations, and by the
large anomalies of the parameters " and 1/|q| at Ty. We
distinguish three different mechanisms that can lead to
such anomalies:

(i) Modulation of the exchange interactions via
excitation of phonons.  This spin-phonon coupling
mechanism®% has been widely discussed for insulat-
ing compounds with 3d valence electrons?®%1°65  Re-
cently, an extended model, which includes spin-space
anisotropies, has been shown to account for the energy
shift of phonons in Cdy0s307%¢ (where phonon anoma-
lies of magnitude comparable to those in EusIroO7 have
been reported). The linewidth anomalies at the mag-
netic ordering transition generated by this mechanism are
rather small in conventional magnetic insulators, but can
become substantial if there are pronounced intersite spin-
orbital fluctuations in the paramagnetic state,5” which
may well be the case in EuslroO7. We also note that the
E, mode corresponds to an Ir-O-Ir bending mode (Fig.
3b), which is expected to modulate the superexchange
interaction or Dzyaloshinskii-Moriya interaction between
Ir pseudospins. These interactions can play an important
role in the stabilization of the all-in all-out magnetic or-
der, as suggested in Ref.®®. It should be noted that the
A1y mode, which is also an Ir-O-Ir bending mode with
the same phase, shows no observable energy shift below
Txn. This may indicate deviations of the magnetic or-
dering pattern from the perfect all-in all-out state, as
suggested in Ref.' and??.

(ii) Phonon-induced modulation of the orbitals, which
affects magnetism via the on-site spin-orbit coupling.
This mechanism has been discussed for the insulating
square-lattice iridates3!:%?. In iridates with the orbitally

non-degenerate J = 1 ground state, including EuylraOy,

2
dynamical admixture of the J = % levels can gener-
ate substantial pseudospin-phonon coupling and phonon
linewidth anomalies.

(iii) Electron-phonon coupling through charge fluctu-
ations. This effect can lead to large phonon lineshape
anomalies at spin density wave transitions in metals
which open up gaps on the Fermi surface, as observed
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for instance in the iron pnictides™. EuslIroOr exhibits an
optical gap of ~ 200 meV, much larger than the phonon
energy, but the gap is soft and shows a long low-energy
tail.% The electrical conductivity of EusIrsO7 decreases
with decreasing temperature, but its magnitude is sub-
stantial in the paramagnetic state and decreases sharply
upon cooling below Ty. Temperature dependent charge
fluctuations may therefore also contribute to the phonon
anomalies in this material.

These considerations suggest that the Ir-O-Ir bond-
bending vibration in EuslroO7 is strongly coupled to a
continuum composed of spin, charge, and orbital exci-
tations via a confluence of all three mechanisms. The
increase of the Fano asymmetry upon cooling in the para-
magnetic state (Fig. 4c) may reflect an extended critical
fluctuation regime, which is expected in view of the geo-
metrically frustrated pyrochlore structure. With the on-
set of all-in/all-out magnetic order, a gap (or pseudogap)
of magnitude larger than the phonon energy develops in
this continuum, so that the coupling is quenched and
the Fano asymmetry is reduced (Fig. 4(b)). Since elec-
tronic spectral weight is expected to pile up at energies
above the gap, the non-monotonic T-dependence of the
linewidth I" may be a consequence of the continuous clo-
sure of the gap upon approaching T . An analogous tem-
perature evolution of I is also observed for some phonons
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in high-temperature superconductors due to the opening
of the superconducting gap.™

In conclusion, our Raman experiments on EuslrsO7
have revealed unusually strong anomalies of a specific
phonon mode that involves Ir-O-Ir bond bending vibra-
tions. These data should motivate in-depth theoreti-
cal work on the microscopic mechanism responsible for
the electron-phonon coupling, and on the influence of
electron-phonon interactions on the anomalous electronic
properties and phase behavior of the pyrochlore iridates
and related compounds.
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