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A polarized electronic Raman scattering study reveals the emergence of symmetry dependence in the elec-
tronic Raman response of single-crystalline URu,Si, below the Kondo crossover scale Ty ~ 100 K. In particular,
the development of a coherent Kondo pseudogap predominantly in the E, channel highlights strong anisotropy
in the Kondo physics in URu,Si, that was previously neglected in theoretical models of this system and more
generally has been sparsely treated for Kondo systems. A calculation of the Raman vertices demonstrates that
the strongest Raman vertex does, indeed, develop within the E, channel for interband transitions and reaches a

maximum along the diagonals of the Brillouin zone, implying a d-wave-like geometry for the Kondo pseudogap.
This generally overlooked property may have important consequences on the formation of the subsequent phases
of this system, namely, the hidden order and the superconductivity.
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I. INTRODUCTION

The Kondo effect, in which an antiferromagnetic coupling
between conduction electrons and local quantum impurities
leads to the formation of a Kondo singlet, is well under-
stood for single Kondo impurity systems and is characterized
by the appearance of a Kondo resonance in the electronic
density of states below a crossover temperature Tx [1]. By
contrast, Kondo lattice systems, which are realized when the
Kondo rare-earth ions form a regular lattice, appear much
more complex [2] and exhibit surprising phenomena [3,4].
Usually, the microscopic state of heavy fermions is described
by Anderson or Kondo lattice models [2], and most of the
time the Kondo singlet state is considered to be fully isotropic
(s-wave symmetry with zero angular momentum). In certain
circumstances, however, a momentum-dependent Anderson
hybridization, for which the f site hybridizes with its nearest-
neighbor conduction sites [5,6], or a nonlocal Kondo coupling
[7] can give rise to the formation of heavy quasiparticles with
a strong k dependence; in such a case the singlet state may
have a higher angular momentum rank (p, d, ...) or may be
of extended s type [6]. As a consequence, the Kondo gap can
instead be a pseudogap (partial gapping of the Fermi surface)
that develops in the coherent Kondo regime [8—11]; this pseu-
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dogap is anisotropic in k space and might exhibit nodal and
antinodal regions. The possible symmetries for the effective
Kondo hybridization are defined in analogy with the gap
symmetries in strongly correlated superconductors (cuprates,
heavy fermions, Fe pnictides). In Kondo systems, reports of
such momentum-dependent hybridization are scarce [12] and
remain indirect.

A nonlocal Kondo hybridization may be particularly rel-
evant for the complex Kondo system URu,Si, where an
enigmatic ‘“hidden”-order (HO) phase appears inside the
Kondo coherent regime below Ty = 17.5 K and an uncon-
ventional superconducting (SC) phase develops below T, =
1.5 K [13,14]. Many spectroscopic experiments have reported
a Kondo pseudogap opening at a temperature scale Tx =
50-100 K, well above Ty, suggesting that Kondo hybridiza-
tion is not the cause of the HO transition [15-20]. On the other
hand, scanning tunneling microscopy (STM) has revealed an
asymmetric pseudogap opening at Tyo within the Kondo-
Fano lattice structure that appears below Tx [21,22]. The HO
gap is found to be correlated on the atomic scale with the
electronic signatures of the Kondo lattice state, suggesting that
the two phenomena involve the same electronic states. Angle-
resolved photoemission spectroscopy (ARPES), meanwhile,
has shown that a Kondo pseudogap opens at the X point
of the Brillouin zone, while the HO gap affects electronic
states at the I and Z points [23]. Nevertheless, the electronic
structure in the HO state at the Z point (M-shaped disper-
sion) results from the hybridization of a light electron band
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with already hybridized bands characterizing the paramag-
netic state. Moreover, high magnetic field measurements have
demonstrated that the destabilization of the HO state (around
37 T) coincides with the “collapse” of the Kondo crossover
(T max Hpomax — 0) [241,

Significant theoretical works have been performed to iden-
tify the correct order parameter for the HO state [14]. Some
theories consider the Kondo hybridization an important ingre-
dient in the realization of the HO [25-29], with others even
proposing the hybridization as the order parameter of the HO
state itself [30,31]. Moreover, under a pressure of ~0.5 GPa,
the SC and HO states collapse together [13], promoting the
HO as a precursor of SC pairing possibly of a chiral d-wave
type [32—-34]. The relationship between the various phases of
URu,Sij, is still an open question. Here, we unveil a generally
overlooked property of the Kondo physics of URu;Si,, i.e.,
its anisotropic character, which is not only relevant to this
question for this complex system but also sparsely discussed
in the broad field of Kondo physics.

Here, we present Raman polarized spectroscopy measure-
ments in both the Kondo phase and the HO phase of URu,Si,.
We observe a Kondo pseudogap opening only in the E, sym-
metry below Tx. These results, together with our accompany-
ing Raman calculations, highlight a strong anisotropy in the
Kondo physics in k space and reveal a d-wave-like geometry
for the Kondo pseudogap.

II. EXPERIMENTAL DETAILS

Polarized Raman experiments were carried out using a
solid-state laser emitting at 532 nm and a K* laser emitting
at 647 nm. The scattered light was analyzed by a Jobin Yvon
T64000 simple grating spectrometer equipped with an ultra-
steep long-pass edge filter to reject the Rayleigh scattering.
Single crystals of URu,Si, were grown by the Czochralski
method using a tetra-arc furnace [35]. All the Dy, point
group (space group number 139) symmetries [36] have been
measured. To probe the E, symmetry, we have used samples
polished along the ac plane. For completeness, Ag, Aag, Big,
and B,, symmetries have been explored in samples freshly
cleaved along the ab plane. Temperature-dependent studies
were carried out in a closed-cycle “He cryostat with the
sample in vacuum. All reported temperatures are corrected for
laser heating following Refs. [37—40].

III. RESULTS AND DISCUSSION

Figure 1 presents the Raman spectra of URu,Si; in the E,
and A; + By, symmetries. For the E, symmetry [Fig. 1(a)],
the sharp peaks at 210 and 390 cm™! are the two E, phonon
modes [41], while the small peak at 430 cm™! is a leakage
of the A, phonon mode. The bump at ~800 cm™' has been
associated with a crystal electric field excitation [42]. In the
[Aj, + Byg] symmetry [Fig. 1(b)], the intense A;; phonon
mode is observed at ~430 cm~!. Smaller features seen at 350,
760, and 832 cm™! are related to double-phonon processes
[42]. Finally, tiny leakages of By, and E, phonon modes are
visible at 165, 210, and 390 cm™~!.

Remarkable effects are observed in the electronic contin-
uum below ~700 cm™! (~90 meV) in both the E, and A,
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FIG. 1. Raman spectra of URu,Si, in the (a) E, and (b) A, +
B,, symmetries. The susceptibilities " are normalized to the laser
power. Solid and open arrows indicate, respectively, the E, and A;,
phonon modes. Dotted arrows indicate leakages of phonon modes.
The symbol * denotes double-phonon processes [42]. Insets show the
subtracted Raman responses Ax” = x”(T) — x"(Ts0k)- The laser
line wavelength used is 532 nm. A corresponds to the energy below
which the Kondo pseudogap opens.

symmetries, i.e., a depletion in a large energy range upon
cooling. As shown in Figs. 2(a) and 2(b), such a depletion
is absent in the By, Byg, and A,, channels. In Fig. 2(c), we
illustrate this loss of spectral weight by integrating A x”(T) =
x"(T)— x"(320 K) from the lowest energy (100 cm™!) to
1500 cm™! for all symmetries. An example of the raw data is
presented in the inset of Fig. 2(c). The large error bars in the
[Bi, + Byl channel prohibit us from drawing any definitive
conclusions for the B, symmetry. Nevertheless, its spectral
weight loss is found to be weaker than that for the E, response.
This loss of spectral weight happens from 320 K in both E,
and A, symmetries. Below 100 K, however, the depletion
in the E, symmetry begins to accelerate, while for Aj,, it
decreases at a constant rate. This temperature scale of 100 K
matches with Ty [21,22,43,44].

Moreover, at the Kondo crossover a direct pseudogap, i.e.,
a partial depletion in the electronic continuum not associated
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FIG. 2. Raman spectra of URu,Si, in the (a) [Ay, + Big] and
(b) [B, + By,] symmetries. The laser line wavelengths are 647 and
532 nm, respectively. Open arrows with a dotted line and solid
arrows with a dashed line indicate, respectively, the A;, (leakage)
and B, phonon modes. (c) Temperature dependence of normalized
spectral weights of subtracted Raman responses Ax” = x"(T) —
X//(Tambiame) in [AZg + Blg]y [Blg + BZg]y [Alg + BZg]’ and [Eg] Sym-
metries. Error bars for [A,, + B;] symmetry are smaller than the
data dots. The inset shows an example of how the spectral weight
was extracted in the E, symmetry, in this case at T = 15 K. A Kondo
pseudogap opens below ~100 K only in the E, symmetry.

with any symmetry breaking, or even a full direct gap for a
Kondo insulator [45] is expected to naturally emerge due to
the hybridization of the localized and itinerant bands. This
has been generally observed in Kondo systems by optical
conductivity [46,47]. Such depletion in the electronic back-
ground should also naturally be measured by Raman spec-
troscopy even if, up to now, observations have been limited
to Kondo insulator systems [48]. In the URu,Si, compound,
we ascribe the Raman depletion in the E, symmetry to the
Kondo pseudogap because it is also present in optical con-
ductivity measurements below the same energy scale [15-20]
and with a similar drop below Tk [49]. Thus, our observation
constitutes the first measurement of a Kondo pseudogap in a
metallic system by Raman spectroscopy. Most interesting is
the symmetry dependence of the Raman pseudogap since it
implies a strong anisotropy in the Kondo physics in URu,Si,.
Optical conductivity also shows anisotropic behavior between
the ab-plane and c-axis responses [20,49]. The ab-plane
optical conductivity is strongly influenced by the formation
of coherent Kondo singlets, reminiscent of what happens in
the E, Raman response, while the c-axis optical conductivity
decreases continuously below 40 meV with no pseudogap sig-

natures through the Kondo crossover, mimicking the Raman
response seen in the A, channel.

While a single energy scale Ax = 700 cm™! for the pseu-
dogap is identified in both E, and A;, symmetries [see in-
set in Fig. 2(c)], the temperature dependence of the Raman
susceptibilities in these symmetries reveals two distinct tem-
perature scales: one above 320 K (TI?'gh) and a second at T.

High-temperature Kondo (TI?]gh > T ) behavior was observed
previously in transport measurements at ~370 K and was
associated with the formation of incoherent Kondo singlets
[50]. T,?lgh may also result from a Kondo coherence effect
similar to what happens at Tx but with a larger effective
degeneracy of the f orbitals due to thermal activation of the
crystal electric field states. This would then give a second
value of coherence Tlé"gh > Tx. Indeed, it has been shown
that Tx for a multifold-degenerate (for instance, with a de-
generacy of 4) Kondo model is significantly higher than Ty
computed for the twofold-degenerate equivalent model [2,8].
Thus, a similar Kondo description could interpolate smoothly,
from multifold-degenerate impurities below T,?lgh to twofold
degenerate impurities below 7. In such a description, at high
temperature, where more orbitals are involved, the Kondo
mechanism would give rise to more isotropic effects than
at low temperature where the orbital selectivity is strength-
ened. Consequently, the Kondo physics may be observable in
several Raman-active symmetries below T,?lgh (here in both
E, and A, symmetries) and strengthen only in one specific
symmetry (E, in the present case) below Tx. Recently, such
orbital selectivity for the Kondo effect was, indeed, observed
with different experimental techniques in USb, [51,52].

The energy scale for the spectral weight depletion in the
E, and A, symmetries is quite consistent with the previous
observations of a Kondo pseudogap in URu,Si, at ~500 cm ™!
by optical conductivity measurements [15-18,49] or at ~250
cm™! by STM measurements [21,22]. ARPES [23] and quasi-
particle scattering spectroscopy [19] reported a lower hy-
bridization pseudogap at 11 meV (~90 cm~'). In Kondo
models [8-11,53], the electronic dispersion is characterized
by a direct pseudogap (with zero transferred momentum) of
the order of an effective hybridization A and an indirect pseu-
dogap A%/W ~ kzTy, where W is the electronic bandwidth.
Raman spectroscopy probes the direct Kondo pseudogap,
while, for example, ARPES measures the indirect Kondo
pseudogap. In the present case, A ~ Ax = 700cm~', and
if we assume W =1 eV, we extract an indirect pseudogap
of 7.5 meV (~60 cm™!), in agreement with the ARPES
measurements. From these phenomenological considerations,
the relevant temperature scale is found to be of the order
of Tx. Interestingly, this description also accounts for the
very large ratio between the Kondo direct pseudogap energy
and the Kondo crossover temperature kﬁ’;K. This ratio is of
the order of 10 in URu,Si,, as found in Kondo insulators
[54,55].

In general and in contrast to optical conductivity mea-
surements, electronic Raman scattering is not expected to
follow spectral weight sum rules. However, some models
show that interaction-dependent sum rules are possible [56].
For instance, in Kondo insulators such as FeSi and SmBg,
Raman electronic spectral weight that is suppressed at low
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frequencies by the charge gap is primarily recovered within
an energy range equal to 6A. This has been discussed the-
oretically in the framework of the Hubbard model [55] and
extended to metallic systems for which a clear redistribution
of spectral weight to a Fermi-liquid peak at low energy or, in
some cases, to a high-energy charge-transfer peak is expected
[57]. However, according to our present and previous [58]
results, URu,Si, does not show any Raman spectral weight re-
distribution either above or below the depletion energy scale,
which seems to indicate that the URu,Si, Raman response
does not follow any particular sum rule. Thus, our results call
for further theoretical investigations in the context of Kondo
metallic systems.

The E, symmetry dependence of the Raman electronic
continuum presented above implies k-space anisotropy in the
quasiparticle excitations. Via the Raman vertex [59], polarized
Raman scattering has the ability to provide information on
the different regions of the Brillouin zone probed for each se-
lected symmetry. In order to elucidate the k-space dependence
of the Kondo physics, we have therefore carried out Raman
vertex calculations within the effective-mass approximation
[59,60].

The intraband and interband Raman vertices have been cal-
culated using a tight-binding electronic band structure devel-
oped on the 5 f2 uranium electron’s configuration for URu,Si,
[61,62]. This model is based on an effective one-particle
picture with the J = 5/2 states. The crystal electric field effect
splits this sextet into three Kramers doublets F§1)®F§2)®F6.
For simplicity, the I'¢ doublet is neglected. The main contri-
bution to the Fermi surface comes from the two I'; doublets
that are described in the tight-binding approximation. Here,
the Kondo lattice effect is considered a mixing between
the two I'; doublets whose contribution to the Hamiltonian
depends on a hopping term #;, between uranium sites at the
zone center and at the corners. The body-centered tetragonal
(bct) Brillouin zone of the paramagnetic state is shown in
Fig. 3(a). The Fermi surface obtained [Fig. 3(b)] from the
electronic dispersion [Fig. 3(c)] is consistent with earlier ab
initio calculations [63]. Only the small electrons pockets at I"
and X [64] are not reproduced by this simple model [62]. The
electronic dispersion does not depend strongly on the hopping
term 1, except around the N point, where the energy between
the two I'; bands increases when 71, deviates from zero.

From our calculations, large values of the Raman vertices
were found in the E, and A, symmetries, while in the By,
and B, symmetries, the vertices remain very weak. The
strongest value of the Raman vertex is, in fact, found in
the E, symmetry for interband transitions. The E, vertex for
intraband transitions, on the other hand, is weak. According to
this result, the £, Raman response mainly comes from vertical
interband transitions along the diagonals of the Brillouin zone.
Indeed, as emphasized in Fig. 3(b), the interband E, Raman
vertex is strong only at the X, Y, and Y; points [as indicated by
solid arrows in Fig. 3(c)]. Consequently, the Kondo pseudogap
is linked to the electronic states at these k points, reflecting the
d-wave like geometry of the Kondo pseudogap.

The A, interband vertex is particularly strong at the N
point where the interband vertical electronic transition has
typically the same energy scale. The Raman electronic deple-
tion change is smooth at Tk in this symmetry, thus confirming

b)) E . interband vertex

(c) 30

20 +

10+

N A1 B
RZIBNVARWAE
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r XY ¥ T Z N
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PY, Z

FIG. 3. (a) Body-centered tetragonal Brillouin zone of URu,Si,.
(b) Relative magnitude of the E, Raman vertex at the Fermi sur-
face for interband transitions calculated within the effective-mass
approximation. (c) Calculated electronic dispersion of the F;” and
F;z) bands including hybridization. The solid (dashed) arrows at the
X, Y, and Y; (N) locations indicate the Brillouin zone points where
the E, (A),) interband vertex reaches a maximum value (see text).

that the Kondo pseudogap does not affect the N point of the
Brillouin zone, another indication of strong anisotropy in the
Kondo physics in URu,Si,.

We now turn to discuss the relationship between the HO
state and the Kondo physics in light of our Raman results.
The main observations are twofold: the Kondo pseudogap in
the E; channel seems to be reinforced below Ty (it is most
significant between 30 and 15 K), suggesting that there is no
sign of suppression of the Kondo effect upon entering the HO
state [27]. Moreover, our experimental results reveal no pseu-
dogap opening in the A, symmetry despite the fact that this
peculiar symmetry has been shown to exhibit all the Raman
signatures of the HO state, including a sharp excitation (at
1.7 meV) and a gap (at 6.8 meV) [58,65]. Raman experiments
[58,66] also showed that the width of the A, quasielastic
continuum in the paramagnetic state is affected by the Kondo
crossover, suggesting that the A>, Raman channel is sensitive
to the hybridization process. A definitive conclusion could be
reached by going beyond the effective-mass approximation so
that the A, Raman vertex is not expected to be zero. This
would provide the k-dependent variation in the A, Raman
response, notably the HO A, gap below 6.8 meV, which may
also have a d-wave geometry and, as a result, may be favorable
to the chiral d-wave k (k. + ik,) (E,) pairing proposed for the
SC state [32-34].
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Interestingly, in a two-channel Kondo model such as the
hastatic order model [31], the normal Kondo crossover at Tx
may be converted into a phase transition at Tyo. Multiple
components for the hybridization gap with different symme-
tries are expected: one that could open at Tx (as a crossover
without symmetry breaking) and one that should manifest at
Tyo as an order parameter for the HO [67]. A model inspired
by a similar scenario might reconcile the £, symmetry of the
Kondo pseudogap with the A,, symmetry of the HO gap.

IV. CONCLUSION

In summary, we report the observation of an anisotropic
Kondo pseudogap in a metallic Kondo lattice system by
Raman spectroscopy. We observe a pseudogap opening within
the E, symmetry in URu,Si, that appears to be linked to
the Kondo crossover below 100 K. From Raman vertex cal-
culations, the interband Raman vertex in the E, symmetry
is strongest at the X, Y, and Y; points of the Brillouin
zone, suggesting that the Kondo pseudogap has a d-wave-
like symmetry. This anisotropy in the Kondo physics may
play a significant role in the realization of the hidden order
in URu,Si, and henceforth should be considered a key ele-
ment in further theoretical developments. Generally, it may
be a generic property of some Kondo lattice systems with
an important impact on their entire phase diagrams. Raman
spectroscopy, as a k-dependent probe, is proven to be well
suited for such investigations.
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APPENDIX: MATERIALS, METHODS, AND ADDITIONAL
SUPPORTING INFORMATION

This Appendix provides additional information on the Ra-
man vertex calculation and the data analysis as well as further
data taken with different wavelengths and URu,Si, samples.

1. Raman vertex calculation

The Raman scattering rate depends on an effective
(polarization-dependent) charge density matrix p”. Neglect-
ing resonant processes and decomposing the light-scattering
tensor elements into the basis function of the irreducible point
group of the lattice Dyy,, p* can be written as [59,60]

i .
Z ym,n(k)cl'(,m,acks”:” ’

Kk,o,m,n

(AD)

is the Raman vertex between bands m and n in

the A symmetry (Ay,, By, ... ) and cl(z;(n)g is the annihilation

(creation) operator of an electron with momentum k with spin
o in band m. The y,, , is related to the basis of the orbital by

where y*

30 v T T v T T T v T T T J T

20

10+

Eft,
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1
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l"(72‘ without hybridization (t,,=0)

FIG. 4. Calculated electronic dispersion of F;l) and F;z) with
hybridization and without hybridization (light colors). The param-
eters used here, in the hybridization case, are t; =1, = 1.56 meV,

=4.52meV, 5, =0meV, ¢/ = 1.95meV, 1y = 1.3 meV, u =2.6
meV, A = 18.21 meV, and #;, = 3.64 meV.

the relation
Vn =Y VoK), . (A2)

v

with y/f,u being the Raman vertex defined in the p-, v-orbital
basis and a, , being the rotation matrix between the orbital
and the band basis. We consider intraband and also interband
transitions, taking into account the orbital content of each
band, as described in Ref. [60].

The Raman vertex Vﬂ\,v in the effective-mass approxima-
tion [59] is given as

0 »(k
vy, (k. g — 0) = 22 ( ;,ja,: )>eL. (A3)

Here, the vertex value depends on the curvature of the energy
band dispersion ¢, ,(k) together with the light polarization
vectors e, and eg (the laser and scattered light polarizations,
respectively). The combinations of directions i and j which
contribute to the Raman scattering for each symmetry A are
given in Ref. [59].

From relations (A2) and (A3), we calculated numerically
the intraband and interband Raman vertices y,., using the

tight-binding electronic band structure developed on the Fgl)

and ng) electronic f states of uranium [61,62]. The band
dispersions used and Raman vertices obtained are represented,
respectively, in Figs. 4 and 5.

The Kondo lattice effect has been introduced as a mixing
between the two I'; doublets whose contribution to the Hamil-
tonian depends on a hopping term #, between the central
and corner uranium sites. Geometrically, this 7, hopping is
expected to involve hybridization with the Ru d orbitals. This
hybridization has been adjusted to fit the ab initio Fermi sur-
face [62,63]. The hybridization modifies the band dispersion
around the N point (Fig. 4).
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Intraband Interband

S

FIG. 5. Raman vertex magnitude at the Fermi surface for intra-
and interband transitions calculated in the effective-mass approxi-
mation. The amplitude of each vertex is normalized by the maximal
amplitude of the E, interband vertex. The vertex value is maximum
and minimum, respectively, for dark and white zones of the Fermi
surface.

2. Wavelength dependence

All our results have been checked with both 532- and
647-nm laser lines. Figure 6 shows Raman spectra of URu,Si,
in the [E,] and [Aj; + Ba,] symmetries at 647 nm and the
[Ay, + Big] symmetries at 532 nm. In the E, symmetry,
we observe a depletion in the electronic continuum below
700 cm~! when the temperature decreases below ~100 K.
This depletion is a clear signature of the Kondo pseudogap
opening as observed at 532 nm. Although our spectra are
noisier in the A, symmetry, we still observe a slight depletion
in the electronic continuum from room temperature. These
two results at 647 nm are consistent with measurements at
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FIG. 6. Raman spectra of URu,Si, in the (a) E, and (b) A1, + By,
symmetries obtained with a laser line at 647 nm and (c) Az, + By,
symmetries obtained with a laser line at 532 nm. Insets in (a) and
(b) show the subtracted Raman responses x"(T) — x" (Tunpien:)- The
laser heating is included in the reported temperatures. Solid arrows
with a solid line, open arrows with a solid line, and solid arrows
with a dashed line indicate, respectively, the E,, Ao, and B,, phonon
modes.

532 nm in the main text. In addition, since the penetration of
light into the sample at 647 nm is deeper than at 532 nm, we
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FIG. 7. Raman spectra of URu,Si, in the A, + B,, symmetry
for a polished sample. Insets show the subtracted Raman responses
x"(T) — x"(Thsk). The laser heating is included in the reported
temperatures. The open arrow indicates the A;, phonon mode. The
symbol # denotes an extrinsic bump depending on the surface quality
(see text).

confirm that the depletions seen in the electronic continuum
in the E; and A, symmetries are an intrinsic bulk effect and
do not arise from a surface artifact. Finally, no pseudogap
opening is observed in the [A,, + Bjg] symmetries at 532 nm
[Fig. 6(c)], in agreement with the result presented in the main
text at 647 nm.

3. Cleaved versus polished samples

Figure 7 presents Raman spectra of URu,Si; in the [A, +
B,,] symmetry for a polished sample at several temperatures.
A clear depletion in the electronic continuum occurs below
~600 cm™! with decreasing temperature (see inset in Fig. 7).
This result is in total agreement with results shown for cleaved
samples in the main text. Only the large bump centered at
200 cm™! seems to be more intense in the polished samples.
The energy of this bump is independent of temperature, and its
intensity is lower for measurements performed at 647 nm than
at 532 nm. We thus conclude that this broad peak is linked to
the surface quality and is not intrinsic. Here, we confirm that
the result obtained in A;g symmetry with a freshly cleaved
sample is reproducible with polished samples along the (ab)
plane. Therefore, together with the consistent results obtained
using different laser lines (see Sec. A2), we are convinced
that the Kondo pseudogap opening observed in E, symmetry,
which can be probed only in polished samples in the (ac)
plane, is intrinsic.

4. Extraction of the spectral weight

Since the Raman responses in the [B, + Bagl, [A1, + Bagl,
and [E,] symmetries probed at 532 nm have been performed
exactly in the same experimental conditions (bar the rotation
of a polarizer), their intensities can be compared directly.
The [Ay, + Big] response, measured with a 647-nm excitation
laser line, has been normalized with respect to the electronic
background of the [A,, + Bi,] symmetry response probed
with the 532-nm laser line. The phonon modes were removed
from the electronic background. The error bars on the spectral
weight were evaluated by integrating the noise of the sub-
tracted spectra over the same energy range.
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