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The magnetic susceptibility y of the FeSe and FeTe compounds, which form the simplest
FeSe(Te) system of the novel iron-based superconductors, is studied in the normal state
under hydrostatic pressure. A substantial positive pressure effect on y is detected at low
temperatures for both compounds. At room temperature, this effect is found to be also
strong, but it is negative for FeSe and positive for Fele. Ab initio calculations of the
pressure dependent electronic structure and magnetic susceptibility indicate that FeSe
and FeTe are close to magnetic instability with dominating enhanced spin paramag-
netism. The calculated paramagnetic susceptibility exhibits a strong dependence on the
unit cell volume and the height Z of chalcogen species from the Fe plane. The observed
large positive pressure effects on y in FeTe and FeSe at low temperatures are related to
considerable sensitivity of the paramagnetism to the internal parameter Z. It is shown
that available experimental data on the strong and nonmonotonic pressure dependence of
the superconducting transition temperature in FeSe correlate qualitatively with the cal-
culated behavior of the density of electronic states at the Fermi level.
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1. Introduction

The novel superconducting FeSe;_,Te, compounds have attracted extensive
attention due to the simplest crystal structure among the new families of iron-
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based layered compounds exhibiting high temperature superconductivity (see
Refs. [1,2] and references therein). This structural simplicity favors experi-
mental and theoretical studies of chemical substitution and high pressure ef-
fects, which are aimed at better understanding of a mechanism of the super-
conductivity, and also at modifying properties of the novel superconducting
materials.

For the FeSe;_,Te, compounds, a nonmonotonic behavior of the supercon-
ducting transition temperature with x was found, rising from 7c ~8 Katx=0to a
maximum value of ~ 15 K at x = 0.5. Additionally, a large enhancement of 7¢ up
to 35-37 K was observed in FeSe under high pressures P = 90 kbar, indicating
that FeSe is indeed a high temperature superconductor [3,4]. Similar pressure ef-
fects on T have been also reported for FeSeq sTeg 5 [1].

The parent compound FeTe is not a superconducting one, but it exhibits pecu-
liar magnetic properties. A drastic drop in the temperature dependence of its mag-
netic susceptibility y(7) with decreasing temperature was observed at 7' = 70 K,
which is related to the first-order structural phase transition accompanied by the
onset of antiferromagnetic (AFM) order [1,2]. Though the attempts to obtain a
superconducting phase in FeTe under high pressure appeared to be unsuccessful,
the superconductivity at 13 K was detected by applying tensile stress conditions in
thin films of FeTe, which involved in-plane extension and out-of-plane contrac-
tion of the lattice [5].

The tetragonal phase P4/nmm of FeSe undergoes a weak distortion upon cool-
ing to the lower symmetry orthorhombic Cmma phase [3,6]. This transition occurs
within a broad temperature range, about 70—100 K, depending on stoichiometry of
the FeSe;_, samples. Also, the tetragonal FeSe undergoes structural transitions

under high pressures (P 2 100 kbar) to the hexagonal non-superconducting
P6smmmc NiAs-type phase, and then to its orthorhombic modification (Pbnm,
MnP-type) [3,7,8].

Though a substantial increase of T¢ was observed in FeSe under pressure
[3,9—11], these studies did not detect any trace of magnetic ordering. How-
ever, recent NMR studies provided some indication of magnetic phase tran-
sition under pressure [12]. Recently, a static magnetic ordering has been ob-
served above P ~ 100 kbar by means of zero-field muon spin rotation (ZF pSR)
and neutron diffraction [13]. These studies indicated that as soon as magnetic
ordering emerges, the magnetic and the superconducting states coexist, and
both the transition temperatures grow simultaneously with increasing pres-
sure.

Also, it was found that upon applying a pressure, the increase of 7¢ in FeSe;_,
appeared to be nonmonotonic and exhibits a local maximum at P =~ 8 kbar, which
is followed by a local minimum at P = 12 kbar [9,10,13]. Thus, there is still a
controversy regarding an interplay between electronic structure, magnetism and
superconductivity in FeSe(Te) compounds. In order to elucidate the role of ex-
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pected spin fluctuations in superconductivity, it is very important to investigate
the nature of magnetism in FeSe and FeTe and its evolution with temperature and
pressure.

Here we report results of detailed experimental studies of the effect of hydro-
static pressure on magnetic susceptibility of FeSe and FeTe compounds in the
normal state. The experimental investigations are supplemented by ab initio cal-
culations of the electronic structure and magnetic susceptibility of FeSe and FeTe
within the density functional theory (DFT).

2. Experimental details and results

The single crystals of FeSe;_, superconductor were grown in evacuated quartz
ampoules using the KCI/AICI; flux technique at stationary gradient of tempera-
ture. The energy dispersive X-ray spectroscopy revealed the FeSep 95 composition,
labelled in the following as FeSe for simplicity. The FeTe single crystal was
grown by a slow-cooling self-flux method [14] and polycrystalline FeTeg 95 was
prepared by a conventional solid-state synthesis. The tetragonal P4/nmm structure
was checked by X-ray diffraction technique.

Magnetic properties of the samples were tested at 7 = 4.2-300 K by using
SQUID magnetometer. For FeSe, the superconducting transition is detected in the
range of 6—8 K. The magnetization dependencies of the samples in magnetic field
up to 5 T appeared to be close to linear, indicating that concentrations of ferro-
magnetic impurities are negligibly small.

The temperature dependence of magnetic susceptibility ¥(7) of the FeSe single
crystal, measured in magnetic field around A =1 T, is shown in Fig. 1. As is seen,
a substantial growth of susceptibility with temperature was revealed in the normal
state of FeSe, as well as large magnetic anisotropy. The figure also shows the y(7)
dependence for the FeSe sample, which includes about 50 small arbitrarily ori-
ented single crystals. This sample, further called as «polycrystalline» FeSe, was
used for study of the pressure effect on the magnetic susceptibility. In Fig. 2 the
measured temperature dependencies y(7) are shown for the FeTe single crystal
(H|c) and for the polycrystalline FeTe( 95s. The data exhibit a distinct peculiarity at
T = 70 K, which is presumably related to simultaneous structural and magnetic
transition [2].

The study of magnetic susceptibility under helium gas pressure P up to
2 kbar was performed at fixed temperatures of 78 and 300 K by using a pen-
dulum-type magnetometer placed directly in the nonmagnetic pressure cell
[16]. High level of hydrostaticity of pressure is essential to obtain suffi-
ciently precise pressure dependencies of y, because FeSe and FeTe have in-
homogeneous compressibilities associated with the layered structure. The
measurements were carried out in the field # = 1.7 T and their relative errors
did not exceed 0.5% for FeSe sample and 0.2% for FeTe one. The experi-
mental pressure dependencies y(P) at different temperatures are shown in
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Figs. 3 and 4, which demonstrate a linear character. The obtained pressure
effects on magnetic susceptibility dlny/dP for the FeSe and FeTe compounds
are compiled in Table 1.
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Fig. 1. Temperature dependencies of magnetic susceptibility in the normal state for the
single-crystalline sample FeSe and the «polycrystalline» sample FeSe (dashed line). Data
for the single crystal corresponding to magnetic field directions HLc axis and H|c are

denoted by o and A symbols, respectively

Fig. 2. Temperature dependence of the magnetic susceptibility for the FeTe single crystal
(o) and the FeTe( 95 polycrystalline sample (A)
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Fig. 3. Pressure dependencies of the magnetic susceptibility, normalized to its value at P =0,
for the «polycrystalline» FeSe compound at temperatures 78 (/) and 300 K (2). The solid
lines are guides for the eye

Fig. 4. Pressure dependencies of the magnetic susceptibility, normalized to its value at P =0,
for the single-crystalline FeTe (solid line) and the polycrystalline FeTeq 95 (dashed line)
compounds at temperatures, K: 7 — 55, 2-78, 3 - 300
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Table 1
Pressure effect on magnetic susceptibility diny/dP for the FeSe and FeTe compounds
-1
Method T.K dlny/dP, Mbar
FeSe FeTe
Experiment 78 10+3 23+1.5
P 300 —6.5+1 13+1
Theory ~10 ~12 ~20
Theory* ~10 ~8 ~

*Present calculations with structural parameters from Ref. [15].

3. Computational details and results

Ab initio calculations of the electronic structure and paramagnetic susceptibil-
ity were aimed at the pressure effect on magnetic properties of FeSe and FeTe
compounds in the normal state. At ambient conditions these compounds possesses
the tetragonal PbO-type crystal structure (space group P4/nmm), which is com-
posed by alternating triple-layer slabs. Each iron layer is sandwiched between two
nearest-neighbor layers of chalcogen atoms, which form edge-shared tetrahedron
around the iron sites. The positions of layers are fixed by the structural parameter
Z, which represents the relative height of chalcogen atoms above the iron plane.
The structural parameters of FeSe and FeTe were determined by means of X-ray
and neutron diffraction and given in Refs. [1-3,6,8,17,18].

The purpose of the present calculations was evaluation of the paramagnetic re-
sponse in an external magnetic field and elucidation of the nature and features of
magnetism in the FeSe and FeTe compounds. The electronic structure calculations
were performed by employing a full-potential linear muffin-tin orbital method
(FP-LMTO, code RSPt [19]). The exchange-correlation potential was treated
within the local spin density approximation. The calculated basic features of elec-
tronic structures of FeSe and FeTe are in a qualitative agreement with the results
of previous calculations (see Refs. [15,20]).

To evaluate the paramagnetic susceptibilities of FeSe and FeTe, FP-LMTO
calculations of the field-induced spin and orbital (Van Vleck) magnetic moments
were carried out within the approach described in Refs.[21,22]. The spin-orbit
coupling was incorporated, and the effect of an external magnetic field H was
taken into account self-consistently by means of the Zeeman term:

H, :pBH(2§+i). (1)

Here pg is the Bohr magneton, § and 1 are the spin and orbital angular mo-
mentum operators, respectively. The induced in the external field of 10 T spin and
orbital magnetic moments provide the related contributions to the magnetic sus-
ceptibility, yspin and yorb.

It is found that magnetic response to the external field is very sensitive to the
unit cell volume, as well as to the internal parameter Z. The calculated dependen-
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cies of susceptibility of FeSe as functions of the volume and parameter Z are
given in Figs. 5 and 6, respectively. The similar but more pronounced dependen-
cies of susceptibility as those in Figs. 5 and 6 were also obtained for FeTe.
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Fig. 5. Calculated paramagnetic susceptibility of FeSe as a function of unit cell volume. Z
is taken to be 0.26. The arrows indicate the theoretical (/) and experimental (2) equilib-
rium volume values

Fig. 6. Calculated paramagnetic susceptibility of FeSe as a function of Z for the experi-
mental unit cell volume

4. Discussion

Above T, a substantial growth of susceptibility with temperature was revealed
in the normal state of FeSe up to 300 K (Fig. 1). This fact apparently indicates the
itinerant nature of electronic states of Fe near Er, however the scale of the effect
is larger than might be expected. It is presumably related to a fine structure of
DOS N(E) at Ep, but one should expect that FeSe system is driven far from the
ground state at room temperatures. As is seen in Fig. 2, in FeTe y(7) exhibits an
anomaly at 7 = 70, which is in agreement with the literature data [1,2] and appar-
ently associated with the magnetic and structural transitions.

In order to analyse the experimental data on x(P) in FeSe and FeTe, we used
the calculated paramagnetic contributions to susceptibility, xspin and Xor. The or-
bital yo term amounts to about 15% of the total paramagnetic susceptibility for
FeSe and FeTe. The ab initio calculations of the paramagnetic susceptibility of the
tetragonal FeSe and FeTe compounds revealed that these systems are in close
proximity to the quantum critical point and magnetic instability (see Figs. 5 and 6),
and this nearness can result in strong spin fluctuations.

In fact, for FeSe the calculated paramagnetic contribution yspin + Xorb has to be
substantially compensated by a diamagnetic one in order to conform with the ex-
perimental data in Fig. 1. From comparison of the calculated paramagnetic suscep-
tibilities in Figs. 5 and 6 with the experimental dependence of yexp(7) in Fig. 1, one
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can estimate a diamagnetic contribution to magnetic susceptibility of FeSe to be
about —1.5-10" emu/mol. This diamagnetism is comparable in absolute value with
the paramagnetic contribution, and presumably comes from conduction electrons.

The observed large pressure effects on magnetic susceptibility of FeSe and
FeTe are intriguing and require examination. Firstly, as can be seen in Fig. 3 and
in Table 1, there is a striking sign difference for the pressure effects on  in FeSe
at low and room temperatures. Also, the absolute value of this effect is substan-
tially larger than that observed in strongly enhanced itinerant paramagnets [22]. In
FeTe the observed pressure effect on y appeared to be even larger and positive at
low and room temperatures (see Fig. 4 and Table 1).

In order to clarify mechanisms of the behavior of y(P), we carried out field-
induced ab initio calculations of paramagnetic susceptibility for FeSe in the range
of 0—10 kbar, based upon the pressure dependent structural parameters obtained
and listed in Ref. [15]. The corresponding calculated Z(P) are in agreement with
the experimental data [3,6,8,18], as is seen in Fig. 7. As a result, the calculated
values of dlny/dP for FeSe appeared to be in a qualitative agreement with the ex-
perimental low temperature data, see Table 1.

Fig. 7. Calculated pressure behavior of the

0.28 internal chalcogen structural parameter Z
for FeSe (taken from Ref. [15], solid line).

N Experimental data on parameter Z in FeSe
0.27 for the tetragonal phase at 7= 190 (A, [6]),
295 (o, [17]) and 300 K (¢, [18]), and for

the orthorhombic phase at 7 = 16 (o, [3])

026 and 50 K (e, [6]). The dashed line is a

guide for the eye
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In order to elucidate the main mechanism of the experimentally observed
strong increase in the magnetic susceptibility of FeSe and FeTe under pressure,
we have also analyzed the pressure effect in terms of the corresponding change of
the volume and Z parameters by using the relation:

dlny Olny dan+8lndeX
dP olnV dP  0Z, dP

2)

The required values of the partial volume and Z derivatives of y were estimated
from the results of ab initio calculations (as those presented in Figs. 5 and 6 for FeSe),
and were found to be Olny/OlnV = 8 and Olny/0Z = 65 for FeSe, and Olny/olnV = 40

and Olny/0Z = 350 for FeTe. The value dinV/dP = -3 Mbar ' is taken for the com-
pressibility of FeSe and FeTe, which agrees closely with the experimental values
reported in Refs. [4,6,7]. Also, the optimized value dZ/dP = 0.55 Mbar ' [15] was
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adopted for evaluation of Eq. (2). As is seen in Fig. 7, this value of dZ/dP at lower
pressures is in agreement with the experimental data of Ref. [6]. The experiments of
Ref. [3] were basically focused on the higher pressures (up to 120 kbar), and have
not provided detailed data for the lower pressure region.

As far as all parameters entering Eq. (2) are estimated, the first term in (2) re-

sults in a large negative value of about —24 Mbar_l, whereas the second term ap-
pears to be large and positive: Olny/0Z x dZ/dP =~ 36 Mbar . The both terms in

Eq. (2) taken together yield the theoretical estimation dlny/dP =~ 12 Mbar ' for
FeSe, which is qualitatively consistent with the low temperature experimental data
and results of our direct ab initio calculations of y(P) (see Table 1).

In the absence of reliable data on dZ/dP for FeTe, we can fit the experimental
pressure effect dlny/dP ~ 20 Mbar ' for FeTe in PM state within Eq. (2) by setting
dz/dP = 0.40 Mbar_l, which provides a large positive value of the second term in
Eq. (2), Olny/0Zx x dZ/dP =~ 140 Mbar . Actually, the above choice of the dZ/dP
derivative is consistent with the available data on the pressure dependence of Z
parameter for the related FeSe compound, as is seen in Fig. 7.

The above estimations allowed to shed light on the nature of the observed hydro-
static pressure effect on y in FeTe and FeSe (at low temperatures) by separating ef-
fects of change in structural parameters /" and Z. Based on results of the ab initio
calculations, shown in Figs. 5 and 6, it is found that the pressure effect on y for
FeSe (and also for FeTe) can be represented as a sum of two large in size and com-
peting contributions, related to the pressure dependence of the structural parameters
J and Z. Therefore, the large positive values of the pressure effect diny/dP are de-
termined by a change of Z under pressure, which plays a substantial role in Eq. (2),
taking into account the calculated strong dependences of susceptibility on Z.

The nature of this large positive pressure effect on y in FeSe is similar to that
for FeTe compound. However, in the case of FeTe, such effect is twice more pro-
nounced, and also takes place at room temperatures, whereas for FeSe dlny/dP is
found to be negative at 300 K (see Table 1). The grounds of this difference are
unclear. At the present stage one can presume, that the negative sign of dlny/dP
derivative is probably related to the nature of the observed anomalous growth of
x(T) up to room temperatures (Fig. 1), which is not the case for FeTe.

Basically, the observed positive pressure effect on yx in FeSe at low tempera-
tures correlates with the calculated behavior of the density of states at the Fermi
level N(Ef) at low pressures (Fig. 8). At higher pressures, one can see non-
monotonic variation of N(Ef) in Fig. 8 which clearly exhibits the consecutive
maximum at 5 kbar and the minimum at 22 kbar. It should be noted, that the pres-
ently calculated behavior of N(E¥) under pressure is qualitatively consistent with
the reported experimental dependencies of 7¢(P) in FeSe (the corresponding
maximum and minimum of 7¢(P) were observed at ~ 8 kbar and =~ 13 kbar, re-

spectively [9,10,13]). This correlation of pressure dependencies of N(Er) and T¢
might be considered as an indication of BCS-like pairing mechanism in FeSe.
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Fig. 8. Calculated pressure dependencies of
the density of states at the Fermi level for
FeSe (in states/eV/f.u.). The pressure de-
pendent structural parameters, including
lattice constants and atomic positions, were
taken from the optimization of Ref. [15]
(O) with the small upward shift AZ =
=+0.004 to start from the experimental
value of Z (see Z(P) behavior in Fig. 7).
The solid line is a guide for the eye
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5. Conclusions

The intrinsic magnetic susceptibility of FeSe compound is found to rise sub-
stantially with temperature, which points to the itinerant nature of the electronic
states of Fe. The origin of the observed about twofold increase of y in FeSe up to
300 K 1is puzzling. The precision measurements of magnetic susceptibility were
carried out under hydrostatic gaseous pressure and the strong positive pressure
effect on y is revealed for FeTe and for FeSe at low temperatures, whereas at
room temperature for FeSe the pressure effect is found to be also strong, but
negative.

Ab initio calculations of the paramagnetic susceptibility of FeSe and FeTe re-
vealed that these systems are in close proximity to the quantum critical point, and
this nearness can result in strong spin fluctuations. Paramagnetic susceptibility of
FeSe and FeTe indicates a strong sensitivity to the unit cell volume V" and the height
Z of chalcogen species above the Fe plane. It is found that the observed large posi-
tive pressure effect on y in FeSe at low temperatures and in FeTe is related to con-
siderable sensitivity of the paramagnetic susceptibility to the internal parameter Z,
determining the dominant positive term in Eq. (2). At higher temperatures, the
anomalous growth of y(7) in FeSe is apparently reduced by applied pressure, how-
ever the grounds of the negative sign of dlny/dP derivative at 300 K are unclear.

The present calculations demonstrate that for the FeSe compound, the behavior
of superconducting transition temperature with pressure correlates with the den-
sity of electronic states at the Fermi level. This fact indicates a possibility of reali-
zation of the BCS-like pairing mechanism in this system. In general, our results
suggest that the itinerant magnetism approach within the DFT-LSDA methods is
relevant to describe the paramagnetic normal state of FeSe and FeTe.

This work was supported by the Russian-Ukrainian RFBR-NASU project 01-
02-12 and 12-02-90405, by NASU Young Scientists Grant 3-2012, and by a grant
of the President of the Russian Federation for State Support of Young Russian
Scientists (MK-1557.2011.5).
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BM/MB TUCKY HA ENNEKTPOHHY CTPYKTYPY N MATHITHI
BJTACTMBOCTI HAAMNPOBIOHWKIB FeSe(Te)

MarniTHy cipuiHATIUBICTD ) crionyk FeSe 1 FeTe, sixi yTBOpIOIOTh HAUMPOCTINIY CHCTE-
My FeSe(Te) HOBHX HAANMPOBINHWKIB Ha OCHOBI 3alli3a, BUBYEHO B HOPMAIEHOMY CTaHi
i €0 TiIPOCTaTUIHOTO TUCKY. 3HAYHHWHA TO3UTHUBHUN €(PEKT THCKY Ha Y BH3HAYCHO
NpU HU3BKHUX TeMIeparypax s 00ox cnoiyk. [Ipu kiMHaTHINA TemiepaTypi uei edekr
BUSIBIIIETHCS TAKOX CHJIBHUM, ajie HeraTuBHUM — st FeSe 1 mosutuBHuM — s FeTe.
Po3paxyHKy 3 mepmmMx NPHHIUINB 3aJE€KHOCTI €NEeKTPOHHOI CTPYKTYpH M MariTHOI
CIPUHHATINBOCTI Bifg THCKy mokasamu, mo FeSe i FeTe Omm3pki 10 MaritHOl
HECTIMKOCTI 3 TepeBaKaHHSIM OOMIHHO-TIOCHUJICHOTO CIIHOBOTO mapamarHetu3my. O0-
YHCclIeHa NMapaMarHiTHa CIPURHATINBICTE MPOSBIISAE CUIBHY 3aJI€XKHICTh Bill 00’eMy eje-
MEHTapHOI KOMIPKHU i BHCOTH Z Iapy XaJIbKOTeHY HaJl IUTONIMHOK0 3aji3a. Benuki mo3u-
TtuBHI edextn THCKY Ha ¥ B FeTe i FeSe, siki cmocrepiramucs mpu HU3bKUX TEMIIEpPAaTypax,
MOB’sI3aHl 31 3HAYHOK YYTJIMBICTIO MapaMarHeTHU3My 0 BHYTPILIIHLOIO Tapamerpy Z.
[Tokazano, 110 HasBHI €KCIIEPUMEHTANbH] JaHi PO CUJIbHY i HEMOHOTOHHY 3aJICKHICTb
TEeMITepaTypHOTO HAIIPOBIIHOTO MEPEXO0Iy Bi THCKY B FeSe sSKicHO KOpEIoTh i3 po3-
PaxoBaHOIO MOBEIIHKOIO TYCTUHH €IEKTPOHHHX CTaHiB Ha piBHI Depmi.

KuarouoBi cjoBa: HaanmpoBigHUKN Ha OoCHOBI 3amiza, FeSe, FeTe, marniTHa cripuifHAT-
JIUBICTh, €(EKT TUCKY, CNIEKTPOHHA CTPYKTYpa

I'E. I'peunes, A.C. Ilangpunos, B.A. [lecnenxo, A.B. @edopuenxo, U.JI. I namuenko,
B. Lypran, /].A. Yapees, E.C. Koznaxosa, O.C. Boaxosa, A.H. Bacunves

BIIMAHWE OABIEHNA HA SJIEKTPOHHYIO CTPYKTYPY
N MATHUTHBIE CBOVICTBA CBEPXIMPOBOJHMKOB FeSe(Te)

MarnuTtHas BOoCIpHUMYHMBOCTE | coenHeHuit FeSe u FeTe, kortopeie 0OpasytoT mpocreii-
myto cucteMy FeSe(Te) HOBBIX CBEpXIPOBOIHHUKOB Ha OCHOBE JKeJie3a, N3ydeHa B HOPMaJlh-
HOM COCTOSTHHMHU TIOJ JCHCTBHEM THIPOCTATHUCCKOTO NABJICHUS. 3HAUUTEIHHBIN IOJIOMXKH-
TENBHBIA 3(D(EKT BIUSHUS JaBICHUS Ha } 0OHAPYKEH NPH HU3KOM TeMreparype it 00omx
coenuHeHUA. [Ipy KOMHATHOH Temreparype 3TOT 2P@EKT OKa3hIBACTCS TAKXKE CHIIBLHBIM, HO
orpunatensHbM — A1 FeSe u nonoxkurensHeiM — a1t FeTe. Pacuetsl u3 nepBbIX MpUHIM-
TIOB 3aBUCHMOCTH JIEKTPOHHON CTPYKTYpHI U MarHUTHOH BOCIIPHUMYHBOCTH OT JIABJICHUS
nokasay, 4yto FeSe u FeTe Onu3ku Kk MarHUTHOW HEYCTOMYMBOCTH C ITPeoOJialaHueM 00-
MEHHO-YCHJICHHOT'O CIIMHOBOT'O TTapamMarHeTu3Ma. BerauciieHHas mapaMarHuTHasi BOCIIPUHM-
YHBOCTH MPOSIBIIET CHJIBHYIO 3aBUCHMOCTD OT 00BbeMa 3JIeMEHTapHON SIMeWKH M BBICOTHI Z
CIIOSl XaJIbKOTEHa HaJ| TUIOCKOCTHIO Kene3a. Habnmromaemple GOJbIIE MOJOKHUTENBHBIE (-
(hexth! naBienus Ha ¥ B FeTe u FeSe npu Hu3kux temmeparypax CBsi3aHbl CO 3HAYUTEITBHON
YyBCTBUTEIHHOCTHIO TTApaMarHeTu3Ma K BHyTpeHHeMy mapametpy Z. [lokazano, 9To nMmero-
Hecs SKCIEepHMEHTAIbHBIE TaHHbIe O CHJIBHOW M HEMOHOTOHHOW 3aBHCHMOCTH TeMIIepa-
TYpHOTO CBEPXIPOBOMALICTO Mepexoaa oT aaBieHust B FeSe kauecTBEHHO KOppEemupyroT C
paccYMTaHHBIM TIOBEICHUEM TUIOTHOCTH AJIEKTPOHHBIX COCTOSHUN Ha ypoBHE Depmu.

KiaroueBble cjioBa: CBepXIPOBOJIHUKN Ha OCHOBE kene3a, FeSe, FeTe, marautHas Boc-
MPUUMYHUBOCTE, 3Q(EKT MaBIeHNUs, ICKTPOHHAS CTPYKTYpa
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