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Abstract

The electronic nematic phase—in which electronic degrees of freedom lower the crystal rotational
symmetry—is commonly observed in high-temperature superconductors. However, understanding
the role of nematicity and nematic fluctuations in Cooper pairing is often made more complicated
by the coexistence of other orders, particularly long-range magnetic order. Here we report the
enhancement of superconductivity in a model electronic nematic system that is not magnetic, and
show that the enhancement is directly born out of strong nematic fluctuations associated with a
quantum phase transition. We present measurements of the resistance as a function of strain in
Baj_,SrNioAs, to show that strontium substitution promotes an electronically driven nematic
order in this system. In addition, the complete suppression of that order to absolute zero
temperature leads to an enhancement of the pairing strength, as evidenced by a sixfold increase in
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the superconducting transition temperature. The direct relation between enhanced pairing and
nematic fluctuations in this model system, as well as the interplay with a unidirectional charge-
density-wave order comparable to that found in the cuprates, offers a means to investigate the role
of nematicity in strengthening superconductivity.

High-temperature superconductivity in both cupratel2 and iron-based materials3-> emerges
from a notably complex normal state. Although magnetic spin fluctuations are commonly
believed to drive Cooper pairing in both of these families, the common occurrence of a
rotational symmetry-breaking nematic phase has captured increasing attention in recent
years®/. In contrast to a conventional structural transition, overwhelming evidence suggests
that the nematic phase in these compounds is promoted by an electronic instability rather
than lattice softening®°.

Theoretical analyses have shown that fluctuations associated with such an electronic nematic
phase, particularly near a putative quantum critical point, can enhance
superconductivityl9-14, Nematic fluctuations are peaked at zero wavevector, and so favour
pairing instabilities in several symmetry channels, in contrast to the case of magnetic
fluctuations. Experiments have indeed shown a striking enhancement of nematic fluctuations
centred at optimal tuning of superconductivity in a number of iron-based superconductors8-?,
and a strong tendency towards nematicity in high-critical temperature ( 7;) cuprate
materials'>-17. However, the overarching presence of magnetic fluctuations emanating from
proximate antiferromagnetic instabilities complicates our understanding of the relation
between enhanced pairing and nematicity in most nematic materials. The FeSej_,Sy
substitution series is one exception, where the system exhibits both superconductivity and
nematicity in the absence of magnetic order!8. However, in this series, the superconducting
transition temperature 7 is virtually unaffected by tuning through the nematic quantum
critical point819, leaving open questions about the influence of nematic fluctuations.

Here we present the discovery of electronic nematicity and evidence for nematic-fluctuation-
enhanced superconductivity in Baj_,Sr,NioAsy, a seemingly conventional nickel-based
superconductor series that is readily tunable by chemical substitution and is void of
magnetic order. BaNi,As,, the nickel-based analogue of the iron-based parent compound
BaFe,As,, is a metallic compound that exhibits a strongly first-order structural transition
from tetragonal to triclinic crystal structure at 75 = 135 K on cooling. Theoretical
consideration has suggested that this structural distortion may originate from a
predisposition to orbital ordering?, and magnetic order has not been found in either the
high- or low-temperature phase of BaNi,As, to date?1-23, Additionally, recent X-ray
diffraction measurements have provided evidence for a previously unobserved unidirectional
and incommensurate charge-density-wave (I-CDW) order that onsets at temperatures
slightly above 7g (ref. 24, followed by an abrupt transition to a new, commensurate CDW
(C-CDW) order on cooling into the triclinic phase?4, hinting at a possible relationship
between charge order and the structural distortion. In contrast, SrNi>As, is tetragonal at all
temperatures, and is not reported to exhibit CDW or magnetic order?®, Both materials
superconduct near 0.6 K, and thermodynamic experiments as well as first-principle analysis
have indicated that superconductivity is of conventional origin in both materials26:27. In this
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work, we study the superconducting phase and normal state properties of substituted
Baj_,Sr,NibAs;, crystals as a function of Ba/Sr content, finding that superconductivity is not
only robust but is also dramatically enhanced when electronic nematic fluctuations are
maximized at a quantum phase transition.

We begin by presenting the global phase diagram of the Baj_,SrxNi>As, system in Fig. la.
Replacing Ba with Sr suppresses the first-order tetragonal-triclinic structural distortion, as
well as the simultaneous C-CDW order, in a continuous manner. On increasing x beyond the
critical value x; = 0.7, an abrupt 0 K tetragonal—triclinic structural phase transition is
observed, and the system remains tetragonal and void of charge order in all samples between
X; and x=1. The I-CDW phase, which appears at temperatures above 7g in pristine
BaNiyAs,, is also suppressed with increasing x until it merges with 75 and disappears
altogether (upright red triangles in Fig. 1a). Additionally, the coherence length of the I-
CDW, estimated from the full-width at half-maximum of its associated X-ray peaks, is
reduced from over 1,000 A to only several hundred angstroms with increasing x between x =
0 and x = 0.4, and the structure vanishes in samples with larger x. For instance, at x = 0.65
the system transitions from a tetragonal structure with no incommensurate charge-order
superstructure peaks into a triclinic structure with a C-CDW superstructure at 50 K.

In parallel, superconductivity in Ba;_,Sr,NioAs, single crystals changes across the phase
diagram (Fig. 1b). Approaching x; from the BaNi»As, endmember, resistive and magnetic
signatures of 7 appear to climb in temperature at concentrations above x = 0.5. However,
despite the onset of zero resistance at increasing temperature, the ‘bulk’ signature of 7, as
determined by specific heat measurements (see Supplementary Fig. 6), remains relatively
unchanged for x < x.. On crossing the zero-temperature structural phase boundary, an abrupt
enhancement in bulk 7 is observed from approximately 0.5 K in x= 0.68 samples to near
3.5 Kat x=0.71. Optimally substituted x= 0.71 presents a very robust superconducting
transition as measured by resistivity, diamagnetism and specific heat anomaly, well fitted by
a single-band model with a BCS gap (Fig. 2 inset). Remarkably, this optimal 7; of 3.5 K at x
= 0.71 marks a nearly sixfold enhancement compared to either of the Sr- or Ba-based
endmembers. The superconducting transition then decreases continuously with increasing x
towards that of SrNi»As,. This change in pairing strength occurs through a regime with no
notable change in structure, and virtually unchanged Sommerfeld coefficients of
approximately 10 mJ mol~1 K2 (Fig. 2), indicating that the 7; enhancement cannot be
explained by changes in the electronic density of states.

Consistent with prior studies?8-3, the Ba;_,SrNi,As, system exhibits a discontinuity in the
Debye temperature &y at x;. However, &p remains approximately constant between x =
0.71 (6p = 198 K) and x=0.86 (6p = 188 K), despite a nearly twofold difference in the
superconducting 7¢. This contrast indicates that, like the electronic density of states, changes
in lattice stiffness do not capture the enhancement in the pairing potential. Rather, the
smooth increase in critical temperature on approaching x; from above is reminiscent of a
fluctuation-driven superconducting enhancement. Given the very abrupt first-order nature of
the triclinic—tetragonal structural boundary, which appears to drop at x, an increase in
pairing strength must arise from a hitherto hidden coupling to the electronic system that can
enhance pairing.
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Having ruled out the usual sources of a 7; increase expected for a conventional phonon-
mediated superconductor (density of states and Debye frequency), we propose that this
enhancement is driven by the presence of nematic fluctuations. Indeed, the existence of a
tetragonal-to-triclinic transition shows that rotational symmetry is broken in this system. To
investigate whether this transition is driven by electronic, rather than lattice degrees of

freedom, we perform elastoresistance measurements. The elastoresistance tensor

Ap

0 i . s
mij kI = (Tilp)” corresponds to the rate of change of the normalized resistivity (Ap/p);0n

application of external strain ex. As discussed in ref.8, when the applied strain transforms as
one of the non-trivial irreducible representations I', of the point group, ex/= &, the
resistivity change in that channel is proportional to the corresponding nematic order ¥,
(Bp/p) jj o ¥, As g acts as a conjugate field to the nematic order parameter €, the
corresponding elastoresistance /711, becomes proportional to the bare nematic susceptibility
without renormalization by the lattice degrees of freedom:

oy,

(1)
66u

ml"u x )(r}:em =

The key point is that, if mr, shows a diverging behaviour above the rotational symmetry-
breaking transition, it implies that the latter is driven by electronic degrees of freedom. If
mr, shows instead a weak temperature dependence, it implies that the transition is a
standard lattice-driven structural transition.

In the case of tetragonal Ba;_,Sr,NiyAs,, there are three symmetry-distinct channels of
rotational symmetry-breaking, corresponding to the three irreducible representations By,
Bog and Eg of the point group Dy, In terms of charge degrees of freedom, they correspond
to quadrupolar charge order with form factors X2 — )2, xyand (xz, y2), respectively. In terms
of lattice degrees of freedom, the first two correspond to orthorhombic distortions €81 and

By and the third, to a monoclinic distortion (e}ag, el%g) of the tetragonal lattice. Importantly,

in the triclinic phase of Ba;_,Sr,Ni>Asy, all four lattice distortions are present. This

Blg

indicates the potential that one or more of the three nematic susceptibilities y, .5, ){fezg and

m

)(fegm may be diverging above T7s.

To measure the nematic susceptibilities, we use a piezoelectric elastoresistance technique
(see Methods), applying in situ tunable biaxial strain to Ba;_,Sr,Ni>As, single-crystal

. . . . . . B
specimens. Figure 3 presents the elastoresistance /73, — /m1, which is proportional to z, &,

in stoichiometric BaNioAsy. While 15 — myq is negative at temperatures well above the
structural transition, it becomes positive near 7g ~ 135K (Fig. 3a,b). Before it peaks at 7s,
however, rmyo — myq starts displaying strain-hysteretic behaviour at a temperature of about
148 K (blue symbols in Fig. 3c). While m9 — rmyq is still presented in the temperature range
of strain-hysteretic resistance in Fig. 3c, 7< 148 K, it is important to note that these values
are no longer true nematic susceptibilities, since true nematic susceptibility is well defined
only in the regime of linear response. Crucially, the onset of strain-hysteresis in the
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elastoresistivity experiment coincides with the emergence of 1-CDW peaks (red symbols in
Fig. 3c), which appear at approximately 150 K. Bragg reflections corresponding to this
structure are observed at wavevector (0.28 0 0) while no peaks are observed in the
orthogonal (0 0.28 0) direction, indicating that the superstructure does not possess Cy
symmetry. The simultaneous observation of unidirectional CDW peaks and strain-hysteretic
myp — /myy transport in BaNiyAs; indicates tetragonal symmetry-breaking in the B4 channel
at a temperature 7y ~ 150 K that is higher than 7s. However, the electronic nematic
susceptibility proportional to /771, — my1 does not seem to diverge near 7y—in fact, it is
nearly temperature-independent above 7y. This is indicative that the transition is driven
primarily not by electronic, but by lattice degrees of freedom.

The evolution of the elastoresistivity in the By channel in substituted Ba;_,SrNizAs;
crystals is presented in Fig. 4. First, we note that the onset of strain-hysteretic behaviour at
7N, indicated by the light-grey shaded areas in the plots, moves closer to the triclinic
structural transition 7g, and eventually merges with the latter for x= 0.63. Second, the
modest temperature dependence of /715 — 1 above Ty in stoichiometric BaNioAs, is not
reflected in more heavily substituted samples. Indeed, m, — rmyq starts displaying a
diverging behaviour above 7y over a wide temperature range in Ba;_,Sr,Ni»As, samples
with increasing x. These data may be reasonably fitted to a modified Curie-Weiss function

[ P
Anem = 50(T — T

+ xo) above Ty, indicating diverging susceptibilities reminiscent of
electronically driven nematic order. Therefore, our elastoresistance data show a change in
the character of the tetragonal symmetry-breaking transition from lattice-driven for small x
to electronically driven for x near optimal substitution. This is corroborated by a
phenomenological Ginzburg—Landau calculation to model the nematic susceptibility data

(see Supplementary Section I).

While the B1¢ nematic susceptibility diverges, the Byg susceptibility is only very weakly
temperature dependent in samples with x=0 and x= 0.63 (see Supplementary Figs. 10 and
11). The absence of a diverging B,q susceptibility indicates that the strengthening of the
electronic nematic fluctuations is limited to the Byg symmetry channel, despite the presence
of Bog symmetric rotational symmetry-breaking at the triclinic structural transition. This
indicates that the triclinic phase transition cannot be attributed solely to electronic degrees of
freedom, and contrasts with the structurally related Fe-based superconductors, where
ubiquitous signatures of nematicity in the B,y channel are reported®.

The diverging B4 susceptibility persists in the x = 0.75 samples, which feature no
discernible phase transition in thermal, magnetic, transport or diffraction measurements
down to the lowest temperatures. Despite the absence of any evident phase transition, /m, —
myy data for Bag »5Srg 75NioAs, exhibit a clear peak and subsequent downturn at 25 K. Such
a nematic susceptibility peak, in the absence of any apparent order (see Supplementary Fig.
12), is unprecedented in its observation. In analogy to more familiar magnetic systems, it
may be an indication of a freezing nematic glass, or possibly an artefact of quenched
disorder subverting long-range nematic correlations.
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Returning to the overall phase diagram of Ba;_,SrNi>As,, the amplitude of the B34 nematic
susceptibility is overlaid with the triclinic and CDW phase boundaries in Fig. 1. Owing to
our inability to extract a nematic susceptibility in the triclinic phase, as well as the
uncertainty in the superconducting 7; in undersubstituted samples, we focus our analysis on
crystals that are tetragonal to lowest temperatures. Approaching x; from the SrNi,As,
endmember, a smooth enhancement of electronic nematic fluctuations is observed at the
lowest temperatures. In contrast to the stagnant behaviour of other thermodynamic
quantities, such as specific heat, nematic fluctuations grow concurrently with the enhancing
superconducting 7¢, with an over tenfold enhancement of /o — /1 from x=11to x. Itis
through the exchange of these excitations that the superconducting enhancement in the
tetragonal phase can be explained!1:13.14. The strength of this enhancement, corresponding
to a nearly sixfold increase in 7. from the series endmembers, establishes nematic
fluctuations as a promising mechanism for enhancing Cooper pairing, even in a conventional
superconductor such as, presumably, the one studied here.

The origin of the nematic order in Baj_,Sr,N,As, cannot be inferred solely from
elastoresistance measurements. In the structurally and chemically similar BaFe,As,
compounds, the Byq electronic nematic order is proposed to be driven by magnetic degrees
of freedom, since the stripe magnetic ground state breaks the tetragonal symmetry in the
same channel31-33, The Ba;_,SrNipAs; series, in contrast, exhibits B1g symmetric nematic
fluctuations and no known magnetic order. It does exhibit, however, unidirectional CDW
order that breaks tetragonal symmetry in the B;4 channel. It is therefore tempting to attribute
the nematic instability in Ba;_,Sr Ni»As, as driven by charge fluctuations. Indeed,
comparing in Fig. 3c the square of the CDW X-ray peak intensity to the width of the
elastoresistance hysteresis, which is a proxy of the nematic order parameter (see
Supplementary Section 1), we observe a nearly linear relationship between the two
quantities, as expected by symmetry considerations. This lends further support to the
assumption of charge-driven nematicity, although, as the origins of and relationship between
I-CDW and C-CDW phases has not been determined yet, it is impossible to conclude if one
of the two present charge orders is predominantly associated with the underlying nematicity.
Ultimately, these observations provide a compelling scenario to explain the phase diagram of
Baj_,Sr,NiyAs; in terms of two cooperative ordered states: a charge-driven electronic
nematic phase and a lattice-driven triclinic phase. While both break the tetragonal symmetry
in the B¢ channel, the latter also breaks additional symmetries that our elastoresistance
measurements show cannot be accounted for solely by electronic degrees of freedom (as
evidenced by the lack of divergence of the B,q nematic susceptibility).

The likely relationship between nematic and CDW order evokes comparison to the cuprate
superconductors, where short-range, unidirectional I-CDW stripe order and electronic
anisotropies were reported in the pseudogap phase’:16:34, In the cuprates, it was proposed
that the microscopic tendency is towards unidirectional CDW order, with long-range
coherence being precluded by quenched disorder3®. The nematic phase is more robust to
disorder, however, surviving as a vestige of the suppressed stripes. In Baj_,Sr,NisAsy,
unlike the cuprate compounds, long-range CDW superstructures survive for sufficiently
small x.
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Methods

Any methods, additional references, Nature Research reporting summaries, source data,
extended data, supplementary information, acknowledgements, peer review information;
details of author contributions and competing interests; and statements of data and code
availability are available at https://doi.org/10.1038/s41567-019-0736-9.

Crystal synthesis.

Baj_,Sr,NibAs; single crystals were synthesized using pre-reacted NiAs self-flux combined
with Ba and Sr pieces in a 4:1-x.x ratio as previously reported?2. Materials were heated to
1,180 °C before being slowly cooled to 980 °C at 2 °C h™1. At this point, the furnace was
turned off and allowed to cool to room temperature naturally. Once cool, crystals with
typical dimensions of 2 mm x 2 mm x 0.5 mm were mechanically extracted from flux. The
chemical compositions of the resulting crystals were determined using a combination of
energy-dispersive spectroscopy and single-crystal X-ray refinements.

Transport, specific heat and magnetization.

Transport and heat capacity data were taken using both a Quantum Design Physical Property
Measurement System and a Quantum Design DynaCool. Heat capacity data were generally
collected via a relaxation method. To observe the first-order phase transition on both
warming and cooling, select heat capacity measurements were modified to be sensitive to
both transitions. Within these modified measurements, an extended heat pulse was applied
and heat capacity was extracted using a local derivative approach. D.c.-magnetization
measurements were taken using a SQUID-VSM option in a Quantum Design MPMS3
system. A home-made coil3” was also used in a Quantum Design adiabatic demagnetization
refrigerator insert to measure a.c. susceptibility down to 0.1 K.

X-ray diffraction.

The 250 K structural data were collected on single crystals in a Bruker APEX-11 CCD
system equipped with a graphite monochromator and a MoKa sealed tube (A = 0.71073 A),
and were refined using the Bruker SHELXTL Software Package. Temperature-dependent
diffraction measurements were carried out using a Xenocs GeniX 3D MoKa microspot X-
ray source with multilayer focusing optics and a Mar345 image plate detector. Single-crystal
samples were cooled with a closed-cycle cyrostat and mounted to a Huber four-circle
diffractometer.

Elastoresistivity.

To measure the nematic susceptibilities, we used the piezoelectric elastoresistance technique

of refs. 8:38, Within the Dy, point group, elastoresistive coefficients /77,5 — mmyq are directly
. B . . . B
proportional to ;(ne]rg while mgg is directly proportional to ;{nezn% (ref.39). Both /m;, — 1 and

mege Were measured in samples adhered directly to a lead zirconium titanate piezoelectric
stack using a strain-transmitting epoxy as discussed in refs. 838, By applying a voltage to the
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stack, variable bi-axial strain was applied in situ. The magnitude of the applied strain was
measured using a strain gauge mounted on the reverse side of the stack. The strain was
measured along a single piezo axis (eyy in the convention used within this text), and
orthogonal strain was calculated using the known Poisson’s ratio of the stack. o — 4
elastoresistive coefficients were measured using two samples mounted in a mutual
orthogonal geometry, with the crystal (1 0 0) axis mounted parallel and perpendicular to the
piezo poling direction. For all measurements requiring two samples, a single crystal was
polished to a suitable thickness (<60 um) and then cleaved into two pieces. These two pieces
were used for a single measurement to ensure consistent physical properties across the two
orthogonal samples. ¢ data were collected using a single sample wired in a transverse
geometry. Strain was then applied along the crystallographic (1 1 0) direction38. Crystal
geometry (specifically a narrow c-axis cross-section and tendency towards cleaving along

the crystallographic (1 0 0) direction) made /14, ;(fg’m, experimentally inaccessible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 I. Evolution of structural, charge and nematic orders in Baj_xSryNioAss.
This system presents an interplay of structural, charge and nematic instabilities that evolve

as a function of chemical pressure induced by Sr substitution. It features an enhancement of
the superconducting transition temperature in the region where charge and nematic orders
cease to be long range, and nematic fluctuations are peaked at the lowest temperatures. a,
Single-crystal measurements form a phase diagram consisting of onsets of 1-CDW order
(upright red triangles), elastoresistive strain-hysteresis (open black squares), C-CDW order
(inverted red triangles), and the cooling transition of the first-order triclinic structural
distortion (filled blue circles). The black asterisks mark the peak position of nematic
susceptibilities, which extend beyond the disappearance (vertical dashed line) of the triclinic
phase at x; = 0.70. The overlaid colour scale represents interpolated values of the nematic
susceptibility /2 — my1 generated from data taken in Baj_,Sr,NioAs, single crystals with x
=0,0.2,0.4,0.5,0.63,0.75, 0.87 and 1.0. b, Superconducting transition temperatures 7. in
Bay_,SrxNi»As; single crystals determined by transport (black circles), magnetization (red
circles) and heat capacity (blue circles) measurements. The dark blue shading reflects the
true, bulk 7¢ (as confirmed via heat capacity transitions) while the light blue region indicates
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filamentary superconductivity observed as broad transitions in transport and magnetic
measurements, but absent in heat capacity.
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Fig. 2 I. Enhancement of superconducting transition temperature.
Heat capacity measurements in slightly over-substituted Ba;_,SrNioAs, single crystals with

x=0.71, 0.80 and 0.86 depict dramatic enhancement of 7. This contrasts with the very
small changes in Sr concentrations, Debye temperatures (as determined by the 73 phonon
contribution shown by the dashed lines) and density of states (as determined by Sommerfeld
coefficients, given by the extrapolation of the dashed lines to 7= 0) across these samples.
Inset: the superconducting transition in the same x = 0.71 single-crystal specimen, measured
by field-cooled magnetization (upper panel), electronic heat capacity (centre panel) and
transport (lower panel), is consistent with an enhanced 7; of 3.5 K, larger than the values at
either series endmember. The dashed line in the heat capacity data indicates the predicted
electronic heat capacity anomaly for a single-band, s-wave superconductor, with a BCS
gap3e.
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Fig. 3 I. Electronic nematic and charge orders in BaNioAs».
a,b, A divergent B14 nematic susceptibility, determined by elastoresistivity measurements

shown in the strain-dependent resistance isotherms for single crystals mounted parallel (a)
and perpendicular (b) to the poling direction of the piezo stack, is comparable in magnitude
to that of BaFe,As, (ref.8) and is accompanied by two notable ordered states. ¢, The nematic
susceptibility in the B1g channel, proportional to the elastoresistance /7, — /m, is nearly
flat at high temperatures before growing when approaching the I-CDW-ordered phase (light
grey region), and then peaking at the structural transition into the triclinic phase (dark grey
region). (Black symbols include error bars representing 90% confidence intervals of data.)
Strain-hysteretic behaviour of the elastoresistance is observed to begin at the same
temperature where 1-CDW is seen. A comparison of the squared peak intensity of a (0.28 0
0) 1-CDW superstructure reflection (the (=1.72 1 7) peak; red symbols) and the
elastoresistive hysteresis width (blue symbols) shows a nearly linear relationship. Strain-
dependent isotherms were repeated three times at each temperature, and hysteresis widths
were measured at the widest point. The error bars represent extremal values of the hysteresis
width between separate measurements. Inset: an (H K) map (in reciprocal lattice units, r.l.u.)
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of the reciprocal space at 142 K, displaying a reflection from the superstructure at
wavevector (0.28 1 7).
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Fig. 4 I. Nematic susceptibilities of Baj_xSrxNioAs» single crystals.
a-f, The B1g nematic susceptibility exhibits a continuous evolution with x, eventually

disappearing in SrNi»As, (x = 1), as shown in the top panels. The dark grey regions indicate
triclinic structural phases in x= 0, 0.40 and 0.63, and light grey regions (only in x=0 and
0.40) indicate temperatures where elastoresistive hysteresis is observed in the tetragonal
structure. The lower panels display the inverse susceptibilities [(/772 — 1) — )(0]_1,
truncated at the onset of nematic order. The constant, yo, is a temperature-independent
component of the elastoresistance, coming from factors unrelated to nematic order, including
changing sample geometry, and is determined through fitting data to the modified Curie—

Weiss functional form; mjp — my; = + xo- The bare nematic transition temperature

N S
ap(T = TNo)
Tno extracted from such a fit may differ slightly from the observed nematic transition
temperature due to coupling between the structural and electronic degrees of freedom. The
black dashed lines show the results of this fitting. No fitting is presented in samples of x=0
or x=1, as neither of these show Curie-Weiss-like divergence. The dotted black line in the
lower panel of a is a guide for the eye, indicating incipient nematic fluctuations in the
vicinity of 7y. At x=0.75, which exhibits no nematic, structural or charge-ordered
transitions and remains tetragonal to the lowest temperatures, the nematic susceptibility
exhibits a broad peak at 25 K.
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