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2. Electronic structure of FeSel-xTex in vicinity to Fermi level and its temperature induced changes

Pedepar:

1. Iuceprarifina po60oTa MpUcBsYeHa MOCiIKEHHIO OCOOJIMBOCTEN €KCITEPUMEHTAIbHO OJIeP>KaHOi eJIeKTPOHHOI
CTPYKTYPH HAJIIPOBiTHUKIB HAa OCHOBi FeSe MOpiBHAHO 3 pe3yibTaTaMU 30HHUX PO3PaxyHKiB, Ta BIUIUBY
TEMIIepaTypy Ha 30HHY CTPYKTYPY HAAIIPOBIAHMKIB Ha OCHOBI 3as1i3a Ha npukiazi kpucraiis FeSeTe. llngaxom
MOPiBHSIHHS €KCIIEPUMEHTAJIbHO OJlepKaHOi 30HHOI CTPYKTYPU 3 pe3yJibTaTaMUu PO3PaxXyHKiB, 0yJI0 BCTAHOBJIEHO
BiIMiHHOCTI, SIKi € XapaKTepHUMHU [J151 BCiX HANPOBiIHUKIB HAa ocHOBI FeSe. [TokazaHo, mo ¢hakTopu peHopMatisallii
3HAXOMSTHCS Y 3HAYHO BY>KUMX Mexax (1-8), Hix 6ys10 onjiHeHO y HU3Lj npaup (2-20). BukoprucToByouu ABOBUMIpHY
MOJeJIb IEPECKOKIB 3 BpaxyBaHHSIM [IEPECKOKIB MiXK 0YJIO [TOKa3aHO, 10 B MEXax TaKOl MOJeJli 3CyBU 30H Y
IIPOTUJIEXKHMX HANPSIMKAX MOXKYTb OyTH MOSCHEHi 6JI0KyBaHHSIM I1€PECKOKIB MK HaOIVKYMMU CycCifamu, o Y
CBOIO Y€pry MOJKe BiJIIIOBIZATU MOSBI IEBHOTO BUY BIIOPSAKYBaHHs, HE BDAaXOBAaHOI'O y PO3paxXyHKax. 3 METOIO
IOCJiIKE€HHS TeMIIEPAaTyPHUX 3MiH 30HHOI CTPYKTYPH, BUKOPUCTOBYIOYM CUHXPOTPOHHE BUIIPOMiHIOBAHHS 3
JIiHIIHOIO TOPM30HTAJILHOIO Ta BEPTUKAJIbHOIO NOJIIpU3aLismu, 6yno orpumano ARPES cniektpu Z Touku FeSe
monosaHoro Te 1y TemrieparypHoro aianazony 20-250K. O6pooka opep>kaHux ARPES criekTpiB 1o3BoIMIIA



BCTAaHOBUTH, IO BCi 30HU y Z Touli 06113y piBHS Pepmi mpu MniiBUILIEHH] TEMIIEPATYPU PYXaIOTbCs y HAIIPSIMKY
30i/IbLIIEHHS €HePrii 3B's13Ky 3 6JIM3bKUMU LIBUAKOCTSIMU. BCTaHOBJIEHO, 10 Y TeMIlepaTypHOMY IianazoHi 20-160 K
dyz Ta dXz 30HU PyXalTbCs Yy HAIIPSIMKY 30i7IbII€HHSI €HePrii 3B'513KY 3 OJJHAKOBOIO IIBUIKICTIO, 1110 IPUGIM3ZHO
craHoBUTh 1.3 meB Ha 10K. [ln1s1 dxy 30HM onjiHeHO makcumaibHy (2.1 meB Ha 10 K) Ta miniManbHy (0.8 meB Ha 10 K)
MIBUIKOCTI PyXy 30HM 3 TeMIIEPATypolo. [IoKa3aHo, 0 3MiHM 30HHOI CTPYKTYPH 3 TEMIIEPATYPOIO y LIEHTPi 30HU
Bpinntoena (Z Touka) Ta y KyTi 30HM BpinntoeHa (A Touka) He MOXKyTb OyTU IOSICHEH] B MeKaxX MO/eJli OHOPiHOTO
KpucTasia. 3po6JsIeHO IPUIYIIEHHS, 110 TEMIIEPATyPHi 3MiHH, SIKi CIIOCTEPIraloThCs € HACIIKOM 3MiHM KiJIbKOCTI
HOCIIB y cucTeMmi, IOB'sI3aHUX 3 IEPEPO3IOAiIOM eJIEKTPOHIB MiXX pisHMMU (dazamy, SIKi iCHYIOTb y 3pa3Ky, abo €

PE3yJIbTaTOM JleJI0Kasi3allii el1eKTPOHiB.

2. PhD thesis is devoted to the investigation of characteristic features of electronic structure of the FeSe and FeSe-
based superconductors and to experimental investigation of temperature-induced changes of the electronic
structure of FeSeTe crystals. In the case of FeSe, experimentally obtained band structure shows a downward shift
of the zones in the corner of the Brillouine zone and an upward shift in the center. These experimentally observed
shifts happen in the directions that are opposite to those suggested by the calculation of the FeSe electronic band
structure. By using a quadratic approximation of experimentally obtained and calculated bands renormalization
factors have been obtained for different bands of various FeSe-based compounds. It has been shown that
renormalization factor values lie in a much narrower interval (1-9), than it was evaluated in previously published
papers (2-20). Using two dimensional hopping model and taking into account hopping between three nearest
neighbors, the bands in I'-M cut for various FeSe-based superconductors have been approximated. Comparison
between the approximation coefficients of the experimentally obtained and calculated bands suggests that in the
frame of the hopping model such shifts can be explained by blocking of the hopping between nearest neighbors.
The reason for this dramatic decrease of hopping probability between nearest neighbors can be appearance of
some kind of ordering that have not been taken into account in the calculations. ARPES spectra of Z point of
FeSeTe have been obtained in a wide temperature range (20-250K) using synchrotron radiation with horizontal
and vertical polarization to investigate temperature-induced changes of the band structure. MDC and EDC
analysis together with digital image processing methods have been used for processing experimentally obtained
spectra. It has been established that best precision of band position determination is achieved by curvature
method. Processing of ARPES data obtained by the radiation with vertical polarization has given possibility to
determine dyz band with 1 meV resolution. From EDC analysis the direction of dxy band movement has been
determined and maximal (2.1 meV per 10K) and minimal (0.8meV per 10K) rate of temperature changes have been
evaluated. Analogous analysis of ARPES spectra obtained by radiation with horizontal polarization confirms dyz
band position determined from horizontal data and enabled determination of the direction and rate of dxz band
evolution. It has been shown that temperature induced changes of dyz band position in Z point of FeSeTe in wide
temperature range could have been explained by strong temperature dependence of quasiparticle self-energy,
however taking into account changes of band structure in the Brillouin zone corner such model can’t be used,
because these changes break electron-hole parity. Also changes in the number of carriers violates Luttinger
theorem, which is implausible. Based on these considerations conclusions are made that temperature induced
changes of band structure is the result of redistribution of electrons between different phases, coexisting in the
sample, or the result of delocalization of electrons.
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