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FeSe, the simplest iron-based superconductor, reveals a variety of puzzling properties and features that could 
hold a key for the pairing mechanism in this family of superconductors. In particular, it’s complex electronic 
band structure differs essentially from the DFT calculated one in a specially way called the “red-blue shift” and, 
in addition, drifts anomalously with temperature. Here we study this band structure evolution in Fe(Se,Te) crys-
tals and reveal essential downdrift of all the hole-like bands with increasing temperature, which is opposite to the 
“red-blue shift” expectation. We show that this drift cannot be described by temperature-dependent contribution 
to quasiparticle self-energy within the Fermi-liquid concept but could result in charge redistribution between the 
bulk and topological surface states. If such a scenario is confirmed, one can tune the topologically non-trivial 
bands near the Fermi level with temperature, potentially allowing temperature-induced crossover between differ-
ent Fermi surface topologies. 
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1. Introduction 

The iron-based pnictides and chalcogenides form a new 
class of superconductors that has attracted a tremendous 
interest due to revived hope to find finally a key to under-
stand the mechanism of high-temperature superconductivi-
ty [1–3]. FeSe is the simplest compound in this class and 
has therefore been considered as a perfect object for theo-
retical and experimental investigations [4–7]. 

In reality, it has been found that FeSe-based compounds 
do not behave as simple superconductors but reveal a num-
ber of very surprising properties: The critical temperature of 
FeSe single crystals can be highly increased by applying 
pressure [8], by intercalation [9–11], or in the single layer 
FeSe film on STO substrate [12–14]. At the same time, the 
superconductivity in FeSe seems to compete with rather 
stable electronic “nematic” phase [15,16], the transition to 
which is not followed immediately by the transition to the 
antiferromagnetic phase as in all other iron based super-
conductors [3,6]. The effect of the nematic transition on 
the electronic band structure is strong enough to relate its 
origin with intrinsic electronic instability due to some 
anomalous electron-electron interaction [17]. The observed 
systematic differences of the experimental electronic band 
structure from the DFT calculation results, called the “red-
blue shift” [6,18], can be another manifestation of that in-
teraction. 

Then, it is probably not so strange, that the band struc-
ture of all FeSe-based compounds changes strongly with 
temperature also well above the nematic transition [19,20]. 
These changes, however, are not well-investigated yet [21]. 
There are several temperature-dependent angle resolved 
photoemission spectroscopy (ARPES) studies of FeSe in the 
corner and in the center of the Brillouin zone (BZ) [19,20]. 
Despite an agreement in interpretation of ARPES data ob-
tained in the BZ corner (A-point), there are some discrep-
ancies for the BZ center (Z-point). In [20], it was estab-
lished that xzd  and yzd -bands move downwards in energy 
with temperature increase, whereas in [19], the direction of 
the evolution is opposite. 

So, while an intimate relation between electronic band 
structure and critical temperature of almost all the iron-
based superconductors has been revealed [3,6,21,22], the 
electronic structure of the simplest compound from this 
family in not well understood. There is no consensus even 
on direction of the band structure evolution with tempera-
ture, not to say about its driving force [21]. Finally, an ad-
ditional value for the importance of studying the band 
structure of the FeSe based compounds comes from recent 
suggestion about existence of the intrinsic topological su-
perconducting states in FeSe0.5Te0.5 crystals [23], which 
do not differ much from the pure FeSe [6]. If confirmed, it 
opens a playground for engineering different topological 
states in different iron based superconductors [24] that will 
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be indispensable for future spintronic applications. And 
temperature will be crucial parameter, taking into account 
the discussed here effects. 

In this paper we study the temperature evolution of the 
band structure in Fe(Se,Te) single crystals with ARPES 
[25,26]. We observe essential downshift of all the bands in 
the BZ center of Fe(Se,Te) with increasing temperature, 
that is opposite to the “red-blue shift” expectation [6,21] 
and to recent observation [19] but is consistent with anoth-
er experiment [20] for the pure FeSe crystals. We show 
that this shift cannot be described by temperature depend-
ent contribution to quasiparticle self-energy within the 
Fermi-liquid concept but could be a result of intrinsic in-
homogeneity general for FeSe-based superconductors. 

2. Experimental details 

ARPES spectra of the Z-point of the BZ have been ob-
tained on CASIOPEE beamline of synchrotron Soleil using 
radiation with linear vertical (LV) and linear horizontal 
(LH) polarization with energy 21 eV, for temperature range 
between 20 K and 250 K. The crystals Fe1.05Se0.84Te0.16 
have been grown in evacuated quartz ampoules using the 
AlCl3–KCl–NaCl flux technique with a constant tempera-
ture gradient (500 °C temperature of the hot end, 430 °C 
temperature of the cold end, Fe1.3Se0.8Te0.2 composition 
of the start load, 6 weeks) [27]. The chemical composition 
of the Fe(Se,Te) crystals was determined using a Tescan 
Vega II XMU scanning electron microscope equipped with 

an INCA Energy 450 energy-dispersive spectrometer 
(20 kV accelerating voltage). 

3. Results 

Different bands can be observed for different photon 
polarizations, due to the matrix elements effect [25,26]. 
For the central cut of BZ of FeSe for the LV polarized ra-
diation the Fe xzd  band is mainly seen, while for the LH 
polarized light—all the Fe xzd , yzd  and Se zp  band be-
come more visible. To investigate the temperature induced 
changes of the band structure, a two-dimensional curvature 
method has been used. Besides good visual representation 
of ARPES spectra, the method is more accurate in deter-
mination of the renormalized band dispersion than the en-
ergy distribution curves fitting procedures [28]. Figure 1 
shows ARPES spectra obtained by the LV polarized radia-
tion for temperatures 20 K (Fig. 1(a)), 100 K (b), 160 K (c), 
220 K (d), and the results of processing data with the cur-
vature method (e)–(h). One can see, that the xzd  band 
moves downwards in energy monotonically and the de-
pendence of band position on temperature is linear in a 
wide temperature range. The estimated value of this tem-
perature-induced shift is approximately 1.3 meV per 10 K. 

In Fig. 2 the ARPES spectra obtained using the LH po-
larized radiation for temperatures 20 K (a), 100 K (b), 
160 K (c) are shown. The results of their processing with 
two-dimensional curvature method are given respectively 
in (d)–(f). We see that the positions of xzd  band in spectra 

Fig. 1. (Color online) ARPES spectra of Fe1.05Se0.84Te0.16 from the center of the Brillouin zone (Z-point) obtained with the vertically 
polarized 21 eV photons at T, K: 20 (a), 100 (b), 160 (c), and 220 (d). The same spectra processed with the curvature method (e)–(h). 
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obtained with orthogonal polarizations coincide. The xzd  
and yzd  bands move to higher binding energies with the 
same speed in a wide temperature range 20–160 K. It is 
important to mention, that the shift of the yzd -band reduces 
the area of the hole-like Fermi surface in the center of BZ. 
We summarize the obtained temperature induced shifts of 
the band structure for ARPES spectra obtained with the LV 
and the LH polarized radiation in Fig. 3. 

The curvature method can hardly be used to determine 
the position of the zp  band due to low intensity of this 
band. Also the low Fermi velocity makes MDC analysis 
inapplicable [26]. To estimate the position of the Se zp  
band for different temperatures, the energy distribution 
curves (EDC) integrated in the [–0.09 1/Å, 0.09 1/Å] mo-
mentum window have been analyzed and the positions of 
their maxima for different temperatures have been deter-
mined. The data show that the band moves in the same 
direction as the xzd  and yzd  bands. The estimated maximal 
and minimal values of temperture induced shift for this 
band are 2.1 meV and 0.8 meV per 10 K respectively. 

So, one can conclude that all the Fe xzd , yzd , and Se zp  
bands in the center of the Brillouin zone of FeSe doped 
with Te move downwards in energy with increasing tem-
perature with similar speed (see Fig. 4). 

4. Discussion 

To describe the changes of the xzd  band with tempera-
ture we try to analyze the temperature dependence within 
the Fermi liquid model. The imaginary part of the self-
energy can be expressed as 2 2( , ) = ( ) Imp''

BT k TΣ ω αω +β + , 
where constant parameter Imp is added to take into ac-

Fig. 2. (Color online) ARPES spectra of Fe1.05Se0.84Te0.16 from the center of the Brillouin zone (Z-point) obtained with the horizontally 
polarized 21 eV photons at T, K: 20 (a), 100 (b), and 160 (c). The same spectra processed with the curvature method (d)–(f). 

Fig. 3. (Color online) Electronic dispersion of dxz and dyz bands 
obtained from spectra with LV (a) and LH (b) polarized radiation. 
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count the scattering on impurities. The real part of the self-
energy is expected to depend on temperature and energy 
linearly, so ( , ) ='

BT k TΣ ω −λω− γ  [29]. The bare electron 
dispersion is approximated by simple parabola 2( ) = .k bk lε +  

Disregarding the matrix elements effect the photoelectric 
intensity will be ( , ) = ( , ) ( )I k A k fω ω ω , where ( )f ω  is the 
Fermi function. Value of = 3.35λ  was taken from [6]. An-
other values of parameters, that give the best approximation 
of experimentally obtained data are α = 35 eV–1; 
β = 10 eV–1; γ = 5.1; Imp = 0.08 eV; b = = –12.1 eV∙Å2; 
l = –0.06 eV. 

In Fig. 5 the results of processing of modeled (a) and 
experimentally (b) obtained ARPES spectra with the two-
dimensional curvature method are given. As one can see, 
both dispersions behave similarly in a wide temperature 
range. In Fig. 5(c), (d) the same data but are shown in quad-
ratic momentum scale in order to check possible influence 
of the Fermi function of the band shift and shape. One can 
see that all the bands in quadratic momentum scale are 
pretty linear that means they can be very well described by 
quadratic dependence and the influence of the Fermi func-
tion can be neglected. 

It is natural to expect that the ratios /γ β and /λ α  
should be comparable, but in our case 

/ 0.5 >> / 0.1γ β ≈ λ α ≈ , so the temperature dependence of 
the real part of the self-energy is about 5 times stronger 
than one would expect within the Fermi liquid model. 

With the results of evolution of the electronic structure 
in the corners of the Brillouin zone (A-point) [19,20], the 
observed shifts should lead to a change of charge carrier 
concentration in the system. It is about 10 meV / 100 K, is 
similar to shift observed for the FeSe crystal [20], and that 
is too large [20] to be explained as a consequence of chem-
ical potential shift due to its proximity to the edges of the 
bands [30,31]. So, the observed shifts contradict to the 
Luttinger theorem [32] and it is unlikely that they can result 
from strong temperature dependence of the quasiparticle 
self-energy. 

One can think of different scenarios why the band struc-
ture occupation seen by ARPES is changing with tempera-
ture and where the extra electrons appear from. It can be 
redistribution of charge carriers between different phases 
since it is known that in these compounds the supercon-
ducting phase is often inhomogeneous [33] and coexists 
with another phases, e.g. with the hexagonal insulating 
phase [27,34,35]. Alternatively, it can be temperature in-
duced localization of itinerant electrons. Finally, it can be 
charge redistribution between bulk and surface electronic 
states, that can be clearly seen in topological insulators 
[36,37]. 

The later scenario is resonating with recent discovery of 
topological states in iron based superconductors [23,24] 
and, in the first place, in Fe(Se,Te) [23,38]. Band calcula-
tions have predicted that FeSe0.5Te0.5 has a non-trivial 
topological invariance and hosts topological surface states 
near the Fermi level [38]. Then recent ARPES experiments 
have observed in FeSe0.55Te0.45 the Dirac-cone type sur-
face states and their spin-helical texture [23]. In further 
studies [24], it has been found that different topological 
states should appear in many iron based superconductors, 
and some experimental evidences are already obtained. 
One can think about it as temperature dependent band 
bending [39], but taking into account very small surface-
bulk inter-band scattering in topological insulators [40], 
one may expect much stronger effect, while the reported 
proximity of the Dirac point to FE  suggests that tempera-
ture can be a parameter that allows fine tuning between 
different topological states. 

5. Summary 

We have performed a temperature-dependent ARPES 
study of Fe(Se,Te) in the wide temperature range (from 20 
to 250 K) and have revealed the strong temperature drift of 
all hole-like bands. We show that such drift cannot be ex-
plained in terms of strong temperature dependence of 
quasiparticle self-energy but, most probably, could result 
in charge redistribution between the bulk and surface 
states, which now considered to be topological in these 
compounds. If their non-trivial topological nature is con-
firmed, one get unique possibility to drive the system be-
tween different topological states with temperature or gat-

Fig. 4. Position of the tops of the dxz, dyz bands derived from the 
spectra obtained with the LV and the LH polarized radiation with 
two-dimensional curvature method and the position of pz band de-
rived from EDC analysis with error-bars for different temperatures. 
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ing. This makes the iron based superconductors extremely 
interesting for possible spintronic applications. 

Acknowledments 

We thank D. A. Chareev for providing us high quality 
single crystals and V. Brouet for help with experiment at 
CASIOPEE beamline of Soleil and for numerous discussions. 
We also acknowledge discussions with S. Aswartham, 
V.V. Bezghuba, S.V. Borisenko, A.V. Chubukov, 
I. Eremin, A.L. Kasatkin, T.K. Kim, Y.S. Kushnirenko, 
and A.N. Yaresko. The work was supported by the Ukrain-
ian-German projects UKRATOP and GUC-LSE, and by 
the project no. 6250 by STCU and NAS of Ukraine.  
 _______  

1. K. Ishida, Y. Nakai, and H. Hosono, J. Phys. Soc. Jpn. 78, 
062001 (2009). 

2. J. Paglione and R.L. Greene, Nat. Phys. 6, 645 (2010). 
3. A.A. Kordyuk, Fiz. Nizk. Temp. 38, 1119 (2012) [Low Temp. 

Phys. 38, 888 (2012)]. 
4. Xu Liu, Lin Zhao, Shaolong He, Junfeng He, Defa Liu, 

Daixiang Mou, Bing Shen, Yong Hu, Jianwei Huang, and 
X.J. Zhou, J. Phys.: Condens. Matter 27, 183201 (2015). 

5. I.A. Nekrasov, N.S. Pavlov, M.V. Sadovskii, and A.A. 
Slobodchikov, Fiz. Nizk. Temp. 42, 1137 (2016) [Low Temp. 
Phys. 42, 891 (2016)]. 

6. Y.V. Pustovit and A.A. Kordyuk, Fiz. Nizk. Temp. 42, 1268 
(2016) [Low Temp. Phys. 42, 995 (2016)]. 

7. Y. Pustovit and A. Kordyuk, Usp. Fiz. Met. 18, 1 (2017). 
8. S. Medvedev, T.M. McQueen, I.A. Troyan, T. Palasyuk, M.I. 

Eremets, R.J. Cava, S. Naghavi, F. Casper, V. Ksenofontov, 
G. Wortmann, and C. Felser, Nat. Mater. 8, 630 (2009). 

9. D. Mou, Sh. Liu, X. Jia, J. He, Y. Peng, L. Zhao, Li Yu, G. Liu, 
Sh. He, X. Dong, J. Zhang, H. Wang, Ch. Dong, M. Fang, 
X. Wang, Q. Peng, Zh. Wang, Sh. Zhang, F. Yang, Z. Xu, 
Ch. Chen, and X.J. Zhou, Phys. Rev. Lett. 106, 107001 (2011). 

10. Dai-xiang Mou, Lin Zhao, and Xing-jiang Zhou, Front. 
Phys. 6, 410 (2011). 

11. E. Dagotto, Rev. Mod. Phys. 85, 849 (2013). 

12. J.-F. Ge, Z.-L. Liu, C. Liu, C.-L. Gao, D. Qian, Q.-K. Xue, 
Y. Liu, and J.-F. Jia, Nat. Mater. 14, 285 (2015). 

13. S. Tan, Ya. Zhang, M. Xia, Z. Ye, F. Chen, X. Xie, R. Peng, 
D. Xu, Q. Fan, H. Xu, Ju. Jiang, T. Zhang, X. Lai, T. Xiang, 
J. Hu, B. Xie, and D. Feng, Nat. Mater. 12, 634 (2013). 

14. S. He, J. He, W. Zhang, L. Zhao, D. Liu, X. Liu, D. Mou, 
Yu.-B. Ou, Q.-Y. Wang, Zh. Li, L. Wang, Yi. Peng, Ya. Liu, 
Ch. Chen, L. Yu, G. Liu, X. Dong, J. Zhang, Ch. Chen, Z. 
Xu, Xi Chen, X. Ma, Q. Xue, and X.J. Zhou, Nat. Mater. 12, 
605 (2013). 

15. T.M. McQueen, A.J. Williams, P.W. Stephens, J. Tao, Y. Zhu, 
V. Ksenofontov, F. Casper, C. Felser, and R.J. Cava, Phys. 
Rev. Lett. 103, 057002 (2009). 

16. J.-H. Chu, J.G. Analytis, K.D. Greve, P.L. McMahon, Z. Islam, 
Y. Yamamoto, and I.R. Fisher, Science 329, 824 (2010). 

17. P. Massat, D. Farina, I. Paul, S. Karlsson, P. Strobel, 
P. Toulemonde, M.-A. Méasson, M. Cazayous, A. Sacuto, 
S. Kasahara, T. Shibauchi, Yu. Matsuda, and Ya. Gallais, 
PNAS 113, 9177 (2016). 

18. F. Lochner, F. Ahn, T. Hickel, and I. Eremin, Phys. Rev. B 
96, 094521 (2017). 

19. Y.S. Kushnirenko, A.A. Kordyuk, A.V. Fedorov, E. Haubold, 
T. Wolf, B. Büchner, and S.V. Borisenko, Phys. Rev. B 96, 
100504 (2017). 

20. L.C. Rhodes, M.D. Watson, A.A. Haghighirad, M. Eschrig, 
and T.K. Kim, Phys. Rev. B 95, 195111 (2017). 

21. A.A. Kordyuk, Fiz. Nizk. Temp. 44, 623 (2018) [Low Temp. 
Phys. 44, 477 (2018)]. 

22. A.A. Kordyuk, V.B. Zabolotnyy, D.V. Evtushinsky, A.N. 
Yaresko, B. Büchner, and S.V. Borisenko, J. Supercond. 
Nov. Magn. 26, 2837 (2013). 

23. P. Zhang, K. Yaji, T. Hashimoto, Yu. Ota, T. Kondo, 
K. Okazaki, Zh. Wang, J. Wen, G.D. Gu, H. Ding, and 
S. Shin, Science 360, 182 (2018). 

24. P. Zhang, Zh. Wang, X. Wu, K. Yaji, Yu. Ishida, Y. Kohama, 
G. Dai, Yue Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, 
K. Kindo, X. Wang, Ch. Jin, J. Hu, R. Thomale, K. Sumida, 
S. Wu, K. Miyamoto, T. Okuda, H. Ding, G.D. Gu, T. Tamegai, 
T. Kawakami, M. Sato, and Shik Shin, Nat. Phys. 15, 41 (2019). 

Fig. 5. Electronic dispersion of the dxz band obtained by the two-dimensional curvature method from the modeled (a) and the experi-
mentally obtained (b) spectra. The same spectra but with quadratic momentum scale (c), (d). 

Low Temperature Physics/Fizika Nizkikh Temperatur, 2019, v. 45, No. 11 1385 

https://doi.org/10.1143/JPSJ.78.062001
https://doi.org/10.1038/nphys1759
https://doi.org/10.1063/1.4752092
https://doi.org/10.1063/1.4752092
https://doi.org/10.1088/0953-8984/27/18/183201
https://doi.org/10.1063/1.4965892
https://doi.org/10.1063/1.4965892
https://doi.org/10.1063/1.4969896
https://doi.org/10.15407/ufm.18.01.001
https://doi.org/10.1038/nmat2491
https://doi.org/10.1103/PhysRevLett.106.107001
https://doi.org/10.1007/s11467-011-0229-5
https://doi.org/10.1007/s11467-011-0229-5
https://doi.org/10.1103/RevModPhys.85.849
https://doi.org/10.1038/nmat4153
https://doi.org/10.1038/nmat3654
https://doi.org/10.1038/nmat3648
https://doi.org/10.1103/PhysRevLett.103.057002
https://doi.org/10.1103/PhysRevLett.103.057002
https://doi.org/10.1126/science.1190482
https://doi.org/10.1073/pnas.1606562113
https://doi.org/10.1103/PhysRevB.96.094521
https://doi.org/10.1103/PhysRevB.96.100504
https://doi.org/10.1103/PhysRevB.95.195111
https://doi.org/10.1063/1.5037550
https://doi.org/10.1063/1.5037550
https://doi.org/10.1007/s10948-013-2210-8
https://doi.org/10.1007/s10948-013-2210-8
https://doi.org/10.1126/science.aan4596
https://doi.org/10.1038/s41567-019-0479-7


Yu.V. Pustovit and A.A. Kordyuk 

25. A. Damascelli, Z. Hussain, and Z.-X. Shen, Rev. Mod. Phys. 
75, 473 (2003). 

26. A.A. Kordyuk, Fiz. Nizk. Temp. 40, 375 (2014) [Low Temp. 
Phys. 40, 286 (2014)]. 

27. D. Chareev, E. Osadchii, T. Kuzmicheva, J.-Yu. Lin, 
S. Kuzmichev, O. Volkovad, and A. Vasiliev, Cryst. Eng. 
Commun. 15, 1989 (2013). 

28. P. Zhang, P. Richard, T. Qian, Y.-M. Xu, X. Dai1, and H. Ding, 
Rev. Sci. Instr. 82, 043712 (2011). 

29. A.A. Abrikosov, L.P. Gorkov, and I.E. Dzyaloshinski, Me-
thods of Quantum Field Theory in Statistical Physics Dover 
Books on Physics Series, Dover Publications (1975). 

30. V. Brouet, P.-H. Lin, Y. Texier, J. Bobroff, A. Taleb-
Ibrahimi, P. Le Fèvre, F. Bertran, M. Casula, P. Werner, S. 
Biermann, F. Rullier-Albenque, A. Forget, and D. Colson, 
Phys. Rev. Lett. 110, 167002 (2013). 

31. L. Fanfarillo, J. Mansart, P. Toulemonde, H. Cercellier, P.L. 
Fèvre, F. Bertran, B. Valenzuela, L. Benfatto, and V. Brouet, 
Phys. Rev. B 94, 155138 (2016). 

32. J.M. Luttinger, Phys. Rev. 119, 1153 (1960). 
33. A.A. Kalenyuk, A. Pagliero, E.A. Borodianskyi, S. Aswartham, 

S. Wurmehl, B. Büchner, D.A. Chareev, A.A. Kordyuk, and 
V.M. Krasnov, Phys. Rev. B 96, 134512 (2017). 

34. E. Pomjakushina, K. Conder, V. Pomjakushin, M. Bendele, 
and R. Khasanov, Phys. Rev. B 80, 024517 (2009). 

35. A.E. Kar’kin, A.N. Titov, E.G. Shkvarina, A.A. Titov, and 
B.N. Goshchitskii, Phys. Metals Metallogr. 113, 932 (2012). 

36. A.A. Kordyuk, T.K. Kim, V.B. Zabolotnyy, D.V. Evtushinsky, 
M. Bauch, C. Hess, B. Büchner, H. Berger, and S.V. Borisenko, 
Phys. Rev. B 83, 081303 (2011). 

37. E. Frantzeskakis, S.V. Ramankutty, N. de Jong, Y. K. Huang, 
Y. Pan, A. Tytarenko, M. Radovic, N. C. Plumb, M. Shi, 
A. Varykhalov, A. de Visser, E. van Heumen, and M. S. 
Golden, Phys. Rev. X 7, 041041 (2017). 

38. Z. Wang, Li-Gang Wang, M. Al-Amri, and M. Suhail Zubairy, 
Phys. Rev. B 92, 115119 (2015). 

39. M. Alonso, R. Cimino, and K. Horn, Phys. Rev. Lett. 64, 
1947 (1990). 

40. Y.V. Toporov and A.A. Kordyuk, Fiz. Nizk. Temp. 45, 134 
(2019) [Low Temp. Phys. 45, 118 (2019)]. 

 ___________________________  

Температурний зсув електронної зонної 
структури у Fe(Se,Te) 

Ю.В. Пустовіт, О.А. Кордюк 

FeSe, найпростіший надпровідник на основі заліза, вияв-
ляє безліч загадкових властивостей та особливостей, які, 
можливо, містять ключ до механізму електронного спарю-
вання в цьому сімействі надпровідників. Зокрема, складна 
електронна зонна структура FeSe істотно та особливим чи-
ном відрізняється від розрахованої методами DFT (так зва-
ний «червоно-синій зсув») та, крім того, аномально дрейфує 
з температурою. Досліджено температурну еволюцію зонної 

структури у кристалах Fe(Se,Te) та виявлено істотне знижен-
ня енергії всіх діркових зон зі збільшенням температури, що 
суперечить очікуванням моделі «червоно-синього зсуву». 
Показано, що цей дрейф не може бути описано температурно-
залежним внеском у квазічастинкову власну енергію у рамках 
концепції фермі-рідини, але може бути результатом перероз-
поділу заряду між об’ємними та топологічними поверхневими 
станами. Якщо такий сценарій буде підтверджено, можна буде 
за допомогою зміни температури керувати положенням топо-
логічно-нетривіальних зон поблизу рівня Фермі, що потенцій-
но дозволить реалізувати індукований температурою перехід 
між топологічно різними поверхнями Фермі. 

Ключові слова: електронна зонна структура, рівень Фермі, 
пніктиди, халькогеніди. 

Температурный сдвиг электронной зонной 
структуры в Fe(Se,Te) 

Ю.В. Пустовит, А.А. Кордюк 

FeSe, самый простой сверхпроводник на основе железа, 
обнаруживает множество загадочных свойств и особенно-
стей, которые, возможно, содержат ключ к механизму элек-
тронного спаривания в этом семействе сверхпроводников. В 
частности, сложная электронная зонная структура FeSe су-
щественно и особым образом отличается от рассчитанной 
методами DFT (так называемый «красно-синий сдвиг») и, 
кроме того, аномально дрейфует с температурой. Исследова-
на температурная эволюция зонной структуры в кристаллах 
Fe(Se,Te) и обнаружено существенное снижение энергии 
всех дырочных зон с увеличением температуры, что проти-
воречит ожиданиям модели «красно-синего сдвига». Показа-
но, что этот дрейф не может быть описан температурно-
зависимым вкладом в квазичастичную собственную энергию 
в рамках концепции ферми-жидкости, но может быть резуль-
татом перераспределения заряда между объемными и топо-
логическими поверхностными состояниями. Если такой сце-
нарий будет подтвержден, можно будет с помощью изменения 
температуры управлять положением топологически нетриви-
альных зон вблизи уровня Ферми, что потенциально позволит 
реализовать индуцированный температурой переход между 
топологически различными поверхностями Ферми. 

Ключевые слова: электронная зонная структура, уровень 
Ферми, пниктиды, халькогениды. 
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