Journal of Physics: Condensed Matter

ACCEPTED MANUSCRIPT

Evidence of precursor orthorhombic domains well above the electronic
nematic transition temperature in
Sr(Fe<sub>1-x</sub>Co<sub>x</sub>)<sub>2</sub>As<sub>2</sub>

To cite this article before publication: Ulisses Kaneko et al 2019 J. Phys.: Condens. Matter in press https://doi.org/10.1088/1361-648X/ab2ffc

Manuscript version: Accepted Manuscript

Accepted Manuscript is “the version of the article accepted for publication including all changes made as a result of the peer review process,
and which may also include the addition to the article by IOP Publishing of a header, an article ID, a cover sheet and/or an ‘Accepted
Manuscript’ watermark, but excluding any other editing, typesetting or other changes made by IOP Publishing and/or its licensors”

This Accepted Manuscript is © 2019 IOP Publishing Ltd.

During the embargo period (the 12 month period from the publication of the Version of Record of this article), the Accepted Manuscript is fully
protected by copyright and cannot be reused or reposted elsewhere.

As the Version of Record of this article is going to be / has been published on a subscription basis, this Accepted Manuscript is available for reuse
under a CC BY-NC-ND 3.0 licence after the 12 month embargo period.

After the embargo period, everyone is permitted to use copy and redistribute this article for non-commercial purposes only, provided that they
adhere to all the terms of the licence https://creativecommons.org/licences/by-nc-nd/3.0

Although reasonable endeavours have been taken to obtain all necessary permissions from third parties to include their copyrighted content
within this article, their full citation and copyright line may not be present in this Accepted Manuscript version. Before using any content from this
article, please refer to the Version of Record on IOPscience once published for full citation and copyright details, as permissions will likely be
required. All third party content is fully copyright protected, unless specifically stated otherwise in the figure caption in the Version of Record.

View the article online for updates and enhancements.

This content was downloaded from IP address 168.96.255.99 on 15/08/2019 at 14:53


https://doi.org/10.1088/1361-648X/ab2ffc
https://creativecommons.org/licences/by-nc-nd/3.0
https://doi.org/10.1088/1361-648X/ab2ffc

Page 1 of 8

oNOYTULT D WN =

AUTHOR SUBMITTED MANUSCRIPT - JPCM-114171.R1

Evidence of precursor orthorhombic domains well above the electronic nematic
transition temperature in Sr(Fe;_,Co,).As;

U. F. Kaneko,! M. M. Piva,2 C. B. R. Jesus*,2 M. E. Saleta’,2 R. R. Urbano,? P. G. Pagliuso,? and E. Granado?
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24Qleb Wataghin” Institute of Physics, University of Campinas - UNICAMP, Campinas, Sio Paulo 13083-859, Brazil

Raman scattering, synchrotron x-ray diffraction, specific heat, resistivity and magnetic/suscep-
tibility measurements were performed in Sr(Fe;_,Co,)2Asy [z = 0.24(3)] single crystals, with su-
perconducting critical temperature T, = 22 K and two additional transitions at, 132 and 152 K
observed in both specific heat and resistivity data. A quasielastic Raman signal with B, symmetry
(tetragonal cell) associated with electronic nematic fluctuations is observed. Crucially, this signal
shows maximum intensity at Them ~ 132 K, marking the nematic transition temperature. »X-ray
diffraction shows evidence of coexisting orthorhombic and tetragonal domains between T)en, and
To ~ 152 K, implying that precursor orthorhombic domains emerge over ansextended tempera-
ture range above Tyrem. While the height of the quasielastic Raman peak i$ insensitive to T,, the
temperature-dependence of the average nematic fluctuation rate indicates a slowing down of the
nematic fluctuations inside the precursor orthorhombic domains. Theserresults are analogous to
those previously reported for the LaFeAsO parent oxypnictide [U.F. Kaneko etwaliy Phys. Rev. B
96, 014506 (2017)]. We propose a scenario where the precursor orthorhonibic phase may be gen-
erated within the electronically disordered regime (T' > Tnem) as dong as the nematic fluctuation
rate is sufficiently small in comparison to the optical phonon frequency range« In this regime, the
local atomic structure responds adiabatically to the electronic nematic fluctuations, creating a net
of orthorhombic clusters that, albeit dynamical for T" > Tyem i may be sufficiently dense to sustain
long-range phase coherence in a diffraction process up to 1o«

I. INTRODUCTION

Iron based superconductors (FeSCs) have been largely
investigated since superconductivity was found in doped
LaFeAsO oxypnictides [1]. The superconductor State
was also achieved in other FeSCs as in the 122 system
AFesAsy (A = Ca, Sr, Ba) [2-6] under chemical substi-
tution or external applied pressure, whereasta-FeSe [7]
and LiFeAs have superconducting critical temperatures
at T, ~ 8.5 K and 18 K, respectively, without long range
magnetic order. Most oxypnictides and,122 systems ex=
hibit a tetragonal-orthorhombic transition at 7T, and an
stripe spin density wave antiferromagneti¢’(AF),ordering
at Tap <T,. High electronic anisotropies in the ab-plane
also point to an electronic nematic charge stripe phase as-
sociated with Fe t94 orbital differexfiation® [8=13], with a
critical temperature T},ey, that is normally eonsidered to
be Them = T,. Electronic nematic fluctuations may play
an important role in the mechanism of superconductivity
8, 14].

Undoped 122-compounds show nearly coincident T4
and T, [5, 15], whereas well separated transition tem-
peratures are observed in other series, such as in
Ba(Fe;_,Co,)aAss A16=18], Se(Fe; _,Co,)aAsy [42-44,
50], NaFe; _, T, As/(T =Co, Rh) [19, 20] and even in par-
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ent oxypnictides such as LnFeAsO (Ln = La,Ce,Pr,Nd)
[21=26]. " So_far, the origin of this large separation in
somg cases-and its possible relation with lattice disorder
has not been fully understood.

Raman spectroscopy measurements reveal a quasielas-
tic peak (QEP) in By, symmetry (2 Fe cell) in several
compounds as A(Fe;_,Co,)2Ass (A = Ca, Sr, Ba, and
Eu) [27-32], Ba;_, K, FeaAsy [33, 34], LaFeAsO [35], FeSe
[36, 37] and NaFe;_,Co,As[19]. The detailed origin of
such signal has been interpreted either as charge/orbital
nematic fluctuations in Refs. 29, 30, 32, 36, 38 or spin ne-
matic fluctuations in Refs. 31, 33, 39-41, whereas both
scenarios were considered in Ref. 35. In any case, it
is well established that the QEP signal is generated by
electronic nematic fluctuations, being thus expected to
show maximum intensity at the nematic transition tem-
perature T,.c,,. Indeed, it has been observed that the
QEP shows maximum intensity at Tpem ~ T, for com-
pounds with nearly identical or slightly separated mag-
netic and structural transition temperatures [29, 31], con-
sistent with an association of T, with the onset of the
nematic phase. On the other hand, for LaFeAsO with
larger splitting between T4 r and T,, the maximum QEP
intensity was found near Tap [35]. This study also re-
vealed slower nematic fluctuations in LaFeAsO with re-
spect to 122 parent compounds at comparable tempera-
tures, which has been identified as a possible cause for the
larger Tap /T, separation of the former compound [35].
Motivated by these intriguing results in LaFeAsO, we in-
vestigate here the temperature dependence of the Raman
QEP in Sr(Fe;_,;Co,)2Asy (SFCA) belonging to the 122
system. We show that the main features previously found



oNOYTULT D WN =

AUTHOR SUBMITTED MANUSCRIPT - JPCM-114171.R1

in LaFeAsO are also observed in SFCA, namely a Raman
QEP with maximum intensity near T,e, << T, and a
reduction of the nematic relaxation rate below T,,. These
similar results for two materials belonging to different
structural systems (122 and 1111) provide robust evi-
dence that the onset of the orthorhombic phase in these
compounds (both with T, >> T,,¢;,) is not an electronic
nematic transition, rather signaling the presence of a pre-
cursor electronically disordered orthorhombic phase with
slower nematic fluctuations with respect to the tetrago-
nal state. The possible factors favoring the appearance
of this precursor phase in specific pnictide materials are
discussed.

II. EXPERIMENTAL DETAILS

Single crystals of Sr(Fe;_,Co,)2Ass (SFCA) were syn-
thesized through In flux method as described elsewhere
[5]. The samples are in the form of thin plates with di-
mensions of ~ 1 mm in the ab plane. The Co-content
of the SFCA sample is = 0.24(3), determined using an
energy dispersive spectroscopy (EDS) microprobe. The
reported Co content is an average of the values obtained
on one side of the sample at several spots of the crys-
tal surface as suggested by the error in . Such relatively
large value of x might seem at first sight inconsistent with
the presence of magnetic ordering and structural phase
transitions (see below), considering previous studies in
this family [42-44]. However, it is well known thatsthe
detailed phase diagrams of Fe pnictides may depend sen=
sibly on the detailed growth procedure [5]. Specific heat
measurements were performed in a small mass calorime-
ter using the thermal relaxation technique. Therin-plane
electrical resistivity was measured using a four=eontact
configuration and a low-frequency ac-resistance bridge.
Both experiments were performed in a ¢ommercial multi-
functional equipment. Zero field cooling de-magnetic sus-
ceptibility was carried out through a commercial Super-
conducting Quantum Interference Device (SQUID)plat-
form with magnetic field of 1.5 T applie{parallel to the
ab-plane. Single crystal synchrotron x-ray diffraction ex-
periments were performed at the XDS beamline of the
Brazilian Synchrotron Light Laboratory (LNLS) [45]. A
sagittal focusing double Si(111) crystalimonochromator
and Rh-coated vertically collimating and focusing mir-
rors were employed as optical elements of the beamline.
The selected wavelength was A =,0.6196 A, calibrated
with a powder diffraction,scan of a LaBg NIST stan-
dard. The beam dimensions wefe ~ 0.2(V)x2(H) mm?
at the sample position. /A 100K ¢losed-cycle He cryostat
holding the crystals, was mounted in the Eulerian cra-
dle of a 642 circlé diffractometer. The diffracted beam
was detected using a etup attached to the 20 arm of
the diffractometer, including a scattering slit close to the
sample, a'vertical'resolution slit of 1 mm placed at ~ 1 m
from the sample and a high-throughput LaBr scintillator
point detector. The lattice parameters are a = 3.933(1)

2

A and ¢ = 12.254(3) A (SG: I4/mmm) at T = 165
K. The strain distribution along ¢, determined from the
width of the (00l) Bragg reflections, is Ac/c = 0.03.
Raman scattering experiments were performed in quasi-
backscattering geometry with an Art 488 nm exciting
laser line and a 1800 mm™! triple grating spectrometer
equipped with a LNj-cooled multichannelxCCD detec-
tor. A fresh ab surface was obtained byreleavage,/being
promptly loaded onto the cold finger of a closed-cycle He
cryostat with base temperature ofi~ 20 K. All spectra
were taken with a ~ 4 mW laser power and a corre-
sponding correction of 0.5 K/mW for local heating was
applied for each spectrum [31, 35]a, A constant inten-
sity offset D unrelated withythe Raman process was sub-
tracted from the raw intensities to extract the Raman
signal such as described in Ref."35, and the same crys-
tal of SFCA was used for all ‘experiments reported in
this work. The samesside of the sample was probed by
XRD and Ramanneasurements and all the temperature-
dependent experiments were performed on cooling.

I1I. RESULTS AND ANALYSIS

A. Specific heat, resistivity and magnetic
susceptibility

Figurc 1(a) shows the in-plane resistivity (p) curve.
The/insetishows the specific heat (C,) and resistivity
slope (dp/dT) in a narrow T interval. Besides the super-
condueting transition at T, = 22 K, two inflection points
are clearly observed from the resistivity data. These tran-
sition temperatures are also evident in specific heat data.
Such temperatures seem to delimit an intermediate state
where the specific heat remains at higher values with re-
spect to the baselines below 132 K and above 152 K. Fig-
ure 1(b) shows that magnetic susceptibility also displays
a small anomaly in the temperature interval between the
transitions delimited by specific heat and resistivity data,
presumably marking the onset of a spin density wave or-
der. These data suggest that below ~ 132 K this material
is in a homogeneous long-range ordered magnetic state,
although further experiments such as neutron diffraction
would be necessary to confirm this hypothesis unambigu-
ously. From these experiments, we did not observe latent
heat at either transition temperatures [46].

B. X-ray diffraction

Figure 2 shows a contour plot of (h h [=20) recipro-
cal space scans around h = 2 between T = 110 and 161
K in the following sequence of temperatures: 160.8 K,
151.7 K, 147.9 K, 145.5 K, 140.8 K, 132.8 K, 131.8 K,
124.6 K, 114.6 K, 110.8 K. The reciprocal space indexing
is defined with respect to the tetragonal cell at T'= 161
K. Notice that this Bragg reflection is relatively broad.
This is due to lattice strain that may arise from micro-
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FIG. 1: (a) In-plane resistivity of Sr(Fe;_,Co.)2A82 [%
= 0.24(3)]. The inset shows the specific heat C}, and ‘the

resistivity slope in a selected temperature interval. (b) T-
dependency of the dc molar magnetic susceptibility.. The red
arrows and dashed lines set the defined temperatures Them
and T,.

scopic variations of the Co-content along'the erystal and
other possible structural defects, which lead to a distri-
bution of lattice parameters and a conseguent blurring
of the reciprocal-space scans. Thisleffect seriously limits
our capacity to investigate in detail the lattice parame-
ters changes as a function of temperature. /Nonetheless,
it is still possible to detect relevant changes in the crystal
structure in the studied temperature interval, which seem
to be associated with thetransitions captured by specific
heat, resistivity and suseeptibility data (see above). At
~ 160 K, the diffraction profile is associated with the (2 2
20) reflection of a pure tetragonal phase. Below T, ~ 152
K, this profile starts tovolve, with the appearance of a
significant intensity at'h ~ 2.01 and reduction of the in-
tensity of the main peakiath ~ 2.00. This trend becomes
more accentuated for this crystal below ~ 140 K, and be-
low ~ 132 K. the tetragonal peak disappears. At ~ 110
K, it is possible to.identify two separated maxima that
we ascribe to thetorthorhombic (4 0 20) and (0 4 20) re-
flections., The unequal intensities of these reflections are
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FIG. 2: Contour plots of thex=ray scattering around the (h h
20) reflection (tetragonal axes). The transition temperatures
Them and T, corresponding to features in specific heat and
resistivity data are indicated as vertical lines [see also Fig. 1].
The white arrow marksian structural anomaly for this crystal
at ~ 140 K. In the color scale, the intensities were divided by
a global factor of:9 x 10" counts (maximum intensity at 160.8

not necessarily associated with uneven population of the
orthorhombit domains, since such intensities are highly
sensitive to the alignment procedure, which could not be
simultaneously optimized for both reflections. We con-
clude that, despite the inherent disorder brought by the
large Co substitution in this compound, we can unequiv-
ocally identify the structural phases below ~ 132 K and
above T, as purely orthorhombic and tetragonal, respec-
tively, and that a coexistence of orthorhombic and tetrag-
onal domains takes place between these temperatures.

C. Raman scattering

In this work a planar 2 Fe unit cell [see Fig. 3] is used to
described the phonon and electronic symmetries. For this
configuration, the crossed polarization XY are aligned
with the diagonals of the Fe-Fe bonds and it probes the
Bs4 symmetry, rotating the polarizers by 45°, in the X'Y”
polarization, By, symmetry is selected. However, it is
worth mentioning that for a 1 Fe unit cell, with axes
aligned to the Fe-Fe bonds, crossed polarizations XY and
XY’ probe B4 and By, symmetries, respectively. Thus,
what is Bag(Big) in 2 Fe unit cell is Bi4(Bggy) in 1 Fe
unit cell [30]. From a charge/orbital nematic fluctua-
tions point of view (in 2 Fe unit cell) both By, and By,
symmetries are allowed, although the latter was not ob-
served in iron-pnictides up to our knowledge [29]. For
a spin nematic fluctuations scenario, only Bag(1 Fe unit
cell) [B14(2 Fe unit cell)] symmetry is fully cancelled,
being both interpretations consistent [31].
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Figures 3(a) and 3(b) show the tetragonal 2 Fe unit cell
with the defined XY and Y'Y polarizations and the as-
sociated Raman spectra at T" = 290 K, repectively. The
XY (YY) polarization selects the Byg(A1y + Big) sym-
metry in the tetragonal phase and A4(A, + Big) in the
orthohombic phase. Raman-active phonon modes are ex-
pected for orthorhombic Ay, and tetragonal A, and By,
symmetries, whereas no phonon is expected in tetragonal
Bsy symmetry [47]. Instead, this is the symmetry where
electronic nematic fluctuations were unambiguously ob-
served in several similar compounds [29-31, 35]. Thus,
at room temperature only a flat electronic Raman spec-
trum is expected at the By, symmetry in XY polariza-
tion, while a By, Fe phonon (~ 208 cm™') is observed in
Y'Y polarization, as confirmed in Fig. 3(b).

11 ®%e

“ vy O
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1.84

1.83
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1.82 =

PR [N TR T T NN SO [N TN NN T S
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FIG. 3: (Color online) (a) Tetragonal 2Fe §quare unit cell and
adopted Y'Y and XY polarizations. The arrows indicate the
polarizations of incoming and outgoing radiation. (b) Raman
spectra at 290 K in Y'Y polarization (red) showing the Big
Fe phonon and XY polarization (blue) with a Ba, symmetry.

The raw Raman intensity f(w,T) is related to the
imaginary part of the Raman response’x” (w,T) through
the fluctuation-dissipation theorem that gives I(w,T) =
(14n)X (w,T), with the Bose-Einstein statistical factor
n = 1/(eM/*sT _1)435]. Figure4(a) shows the raw Ra-
man spectra for selected temperatures, whereas in Figs.
4(b) and 4(c), [x (w,I)/w] spectra’in XY polarization
with a Quasi-Elastic Peak (QEP) profile for selected tem-
peratures aré shown. Ahe Raman conductivity is fitted
by Xp,, (@, T)fw = A(@T(T)/(w? + T(T)?) + b, where
A(T) and'T(T) are,the area and width of the QEP, re-
spectively, and bdis a contribution that might not be di-
rectly related with nematic fluctuations, likely represent-

4
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yli(w,T)/wx10™ (arb. units)

0 50 100

150 200
Raman Shift (cm™)

FIG. 4: (Color online) (a) Selected raw Raman spectra for
selected temperatures. T-dependence of X" (w, T') /w (b) below
and (c¢) above Them. The solid lines are the Lorentzian fittings
centered at zero frequency and a spurious peak at 38 cm ™! due
to the laser plasma line was removed from the experimental
data.

ing the low-frequency limit of two-magnon scattering that
peaks at much higher frequencies [35, 48, 49]. The de-
tailed T-dependence of A, T and height A/T of the QEP
are shown in Figs. 5(a), 5(b) and 5(¢), respectively. Here,
only data between ~ 120 and 160 K are shown, where the
QEP signal is sufficiently strong to yield reliable fitting
parameters. Maxima are observed in both QEP area and
height around ~ 132 K, and the QEP height shows no vis-
ible anomaly at T,. On the other hand, the QEP width
appears to show. anomalies in the temperature range
where the orthorhombic domains develop [see Fig. 5(c)].
Particularly, appreciable QEP sharpenings are observed
below 155 and 140 K, corresponding approximately to
the temperatures where the orthorhombic domains starts
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FIG. 5: (Color online) T-dependence of (a) area A, (b) width
I’ and (c) height A/T" of By, QEP (2Fe tetragonal‘€ell).. Error
bars, when not visible, are smaller than the symbol sizes.

to be observed (T,) and where they experience a clear
strengthening, respectively, according toXRDrdata (see
Fig. 2).

N
IV. DISCUSSION

As mentioned above, the ubiquitous QEP found in Bs,
symmetry in parent compounds of Fe-based supercon-
ductors has been ascribed to electronic nematic fluctua-
tions. Different detailed mechanisms have been proposed
to explain the origin of this Raman activity, evoking ei-
ther the magnetic or charge/orbital degrees of freedom,
and in principle both méchanismsyumay be at play, possi-
bly with different relative cross sections for each material.
In any case, it S safe tostate that the temperature where
the QEP reaches its maximum intensity marks the elec-
tronic nematie transition temperature, i.e., Tpepm ~ 132
K for this'ecompound« It is interesting to note that a peak
is observed in theispecific heat data at this temperature,
accompanied by changes in the resistivity and magnetic

susceptibility (see Fig. 1)

Kretzschmar et al. showed that, for lightly Co-doped
BaFegAss, the QEP height has a maximum value at the
orthorhombic-tetragonal transition temperature T, thus
Tnem = T, for that system [31]. Also, Massat et al.
showed that, for FeSe, the maximum intensity of the
QEP coincides with the T, and also with the temper-
ature below which substantial electronic anisotropy has
been observed by transport measuréments [36]. In fact,
while the non-equality of magnetic¢ ordering and nematic
transition temperatures is a well knownfactfor Fe pnic-
tide physics, it is generally assumed that T, and T)cp,
are the same temperature. ( However, as shown below,
this is not necessarily the ¢ase. While stripe magnetism,
charge anisotropy and ortherhombicity are clearly inter-
connected in this system, they represent different degrees
of freedom, which, at least in principle, may show differ-
ent critical temperatures.

For our sample of SFCA, the QEP area and height
show maxima at Trgm [Figs. 5(a) and 5(c)] with no ob-
servable anomalysat T,. This indicates that the nematic
transition is not anchored to the onset of the orthorhom-
bic phase inithis compound. On the other hand, the QEP
width shews substantial anomalies at ~ 155 and 140 K
[Fig. (5(b)]. »According to our synchrotron XRD data
performed in theysame crystal of the Raman study [Fig.
2], these temperatures seem to coincide with structural
anomalies, mamely the onset of orthorhombic domains
at T, ~ 152 K and the strengthening of such domains
below ~ 140 K. Our specific heat, resistivity and mag-
neticysusceptibility data indicate marked transitions at
T, = 152 K, presumably corresponding to the onset of
the orthorhombic state, and around ~ 132 K that is the
nematic transition. Despite these data do not show any
marked peak at ~ 140 K, ripples are observed in specific
heat between T, and T},¢,, which might be the manifesta-
tion of the Co-concentration distribution in this sample.

In principle, the fact that T, defined as the QEP
maximum intensity, does not coincide with T, i.e., the
onset of orthorhombic domains, might be ascribed to the
structurally phase-separated state between T,,.,, and T,
revealed by our XRD data (Fig. 2). This highly disor-
dered state is also manifest in our specific heat, resistivity
and magnetic susceptibility data. In this tentative sce-
nario, each domain would have its own local T},¢r, ~ Ty,
and the increasing QEP signal observed on cooling be-
low T, would be mostly originated at the reminiscent
tetragonal / electronically disordered domains. This was
indeed the interpretation given to explain a similar re-
sult for a LaFeAsO crystal [35]. On the other hand, if
the increasing Raman QEP on cooling down to Ty, is
dominated by the signal arising from the tetragonal do-
mains, the anomalies in the QEP width at T, and ~ 140
K are not trivially understood. This is because the QEP
sharpening is indicative of an abrupt reduction of the
average nematic fluctuation rate, whereas the QEP line-
shape arising from the tetragonal domains alone is ex-
pected to be insensitive to the appearance and growth of



oNOYTULT D WN =

AUTHOR SUBMITTED MANUSCRIPT - JPCM-114171.R1

the orthorhombic domains.

The above considerations associated with the large
Co-content distribution through the sample, lead us to
propose the alternative scenario where the orthorhombic
domains immediately below T}, are also in an electron-
ically disordered state, and still show increasing contri-
bution to the QEP signal on cooling, with a global ne-
matic transition temperature T,e,,. In this scenario, the
orthorhombic domains show slower nematic fluctuations
than the coexisting tetragonal domains, explaining why
the domain-average QEP width shows anomalies at tem-
peratures where the balance between orthorhombic and
tetragonal domains is significantly changed. We should
mention that an anomaly of the QEP width at T, was also
observed for LaFeAsO, which exhibit large separation be-
tween magnetic and structural transition temperatures,
indicating that the proposed scenario may be extrapo-
lated to other materials with similar property or with
high dopant-content distribution as in SFCA.

A scenario where the orthorhombic transition is not
coincident with either the charge or spin stripe transition
temperatures thus deserves further consideration. It is
clear that an orthorhombic structure is expected under
either the charge or spin stripe state, since both phases
break the four-fold rotational symmetry. On the other
hand, no symmetry argument dismisses the possibility
of the orthorhombic state be developed above both the
magnetic and charge/orbital transition temperatures.

The electron-phonon interaction that couples the ne-
matic fluctuations to local orthorhombic distortions at
high temperatures is expected to be strongly dependent
on the time scale of the former compared to the typi-
cal phonon period, which sets the time scale for atomie
motion. In fact, if the nematic fluctuation rate is sig-
nificantly lower than the relevant phonon fréquencyythe
nuclei positions will have sufficient time to respond. adi-
abatically to the electronic fluctuations, leading to ae-
companying local orthorhombic fluctuations and strain.
In the opposite extreme, electronic nematic fluctuations
that are faster than the phonon timeseale will'not be
able to cause substantial local orthorhembic distortions.
For SFCA and LaFeAsO, the nematic fluctuation rate
is in the range I' < 50 cm™!ffor T <. Then + 20
K. This T' is substantially lower than the typical op-
tical phonon frequency rafige(w = 150.€m~1). It is
thus reasonable to considerhat. a quasi-adiabatic elec-
tronic/lattice fluctuation regime is achieved in this tem-
perature range and local orthorhombic clusters follow the
nematic fluctuations even at temperatures substantially
above T),¢.,,. For sufficiently,densé concentrations of dy-
namic orthorhombic clusters, a percolation limit will be
presumably achieved that will sustain long-range phase
coherence in a diffraction process, leading to the forma-
tion of long-range (albeit still dynamical) orthorhombic
microdomains for T,&m < T < T,. This highly dis-

6

ordered electronic/lattice state would further evolve on
cooling and transform into a long-range-ordered and sta-
ble charge and/or spin stripe state for T' < Them.-

It is interesting to note that, while LaFeAsO and SFCA
show largely separated T, and T, such separation is
much smaller or non-existent for BaFe3Asy. This is nat-
urally explained within our picture, since the QEP width
I' ~ 100 c;n ™! for the latter compoundsatin Them 420 K
~ 160 K, which is much higher than/the values observed
for LaFeAsO and SFCA at a similar temperature scale.
The much faster nematic fldetuations for BaFe, Ass may
be sufficient to prevent the system to enter.into the adi-
abatic regime above T, and the erthorhombic phase
transition occurs only at Z, ~ Ty,em- However, in the
K-doped BaFeyAs, system, in which magnetic and struc-
tural transition temperatures occut80 K, I' ~ 50 cm ™!
for ~ Them + 20 K ~[100 K [38]: In this compound, K
substitutes Ba insteady Fe, which might be another ingre-
dient to decrease/the relaxation rate in Fe-pnictides and
should be better investigated.

V. |CONCLUSIONS

In summary,ha coexistence of long-range orthorhom-
bic “and, tetragonal domains in Sr(Fe;_,Co,)2Asy [ =
0:24(3)] ‘was observed by x-ray diffraction between the
critical temperatures T, = 132 K and T, = 152 K
marked by specific heat, resistivity, magnetic suscepti-
bility. data. A temperature-dependent QEP signal as-
sociated with electronic nematic fluctuations was ob-
served in the electronic Raman By, channel with area
and height maxima marking the nematic transition tem-
perature around T}, ~ 132 K. Sharpenings of the QEP
width below ~T, and ~140 K are associated with the
onset of orthorhombic domains and its enhancement,
respectively. Relatively slow (compared to the optical
phonons timescale) nematic fluctuations for T 2 Ty eom,
such as found here in SCFA and also in LaFeAsO [35],
favors the formation of dynamical orthorhombic clusters
following the electronic nematic correlations, which may
become sufficiently dense to sustain long-range phase co-
herence in a diffraction process at temperatures substan-
tially above Them.
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