Kypc: EneKTpoHHa CTPYKTYPaA Ta BAACTUBOCTI HM3bKOPO3MIPHMX CUCTEM

Jlekmop: OnexkcaHap Kopatok

Jlekuii 10, 11:  3aragka BUCOKOTemnepaTypHOI HaAnpoBiAHOCTI

lcTOopiA BIAKPUTTA HAANPOBIAHOCTI. YoMy PTYTb?

AHTUKOpenAaLUia NpoBIAHOCTI Ta HAAMNPOBIAHOCTI.

MikpocKkoniyHa Teopia (BKLU). HaanpoBsiaHa wianHa.
"BiabuUTKN” OHOHHOrO CNEKTPY.

Bigkputta BTHIT Ta IX KpUcTaniyHa CTPyKTypa.

EnektpoHHa pa3osa giarpama BTHI ta ncesaowinnHa.
OcobNMBOCTI eNeKTPOHHOI CTPYKTYPU KyNpaTiB: HOA Ta aHTUHOA,
d-cumeTpia HagNPOBIAHOI WiMHK AK Npobaema Ana pilleHHs piBHAHHA Eniawbepra.
CnaptoBaHHA CNiHOBMMM GAYKTYaLLIAMW.

HaanpoBiAHMKKM HA OCHOBI 3aAi3a: KPUCTaniYHa CTPYKTYPa Ta Ga30Bi Aiarpamum.
CKnaaHa enekTpPoHHa CTPYKTYPA AK KAOY A0 NMOoLwyKy mexaHiamy BTHII.
AHaNoria 3 Kynpatamu Ta WAAXM NiABULLEHHA KPUTUYHOT TEMMNEPaTypu.



High-Tc Superconductivity and Electronic Structure
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critical temperature (K)

Superconducting Metals and Alloys
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History of superconductivity: BCS

1957 @?

Phonons

T, < 25K
kT, =1.13Ep e VNV
A(T =0) =1.764kpT,



History of superconductivity: BCS




Energy scales: superconducting gap
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Energy scales: superconducting gap
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Experimental proof of the mechanism
of superconductivity m
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History of superconductivity: HTSC
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HTSC: YBCO




Physics of cuprates

electron doping ole doping

Physics is complex.
The structure is simple - the CuO2 plane.
Simple electronic structure.

Smooth electronic interaction.



Competing orders
relation to electronic structure?
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Hole dopping
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Theories of the pseudogap

Temperature

QCP \' SC

Charge carriers concentration

Low Temp. Phys. 41, 319 (2015)




Pseudogap in NMR and heat capacity
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Pseudogap in Resistivity
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MarHiTo-enekTpoHHa B3aemoaia y BTHII



BTHM = LDA + BnacHa eHeprisa (2)
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BTHIT = LDA +2 +

LLlo BM3HA4Ya€E BNacHY eHeprito i POPMYE CNEKTP
Y HOPMabHOMY CTaHi:
Hop, (POHOHM), aHTMHOA (cniHOBI dAyKTYaUlii)

MexaHi3m HagnpoBiAHOro CraptoBaHHA

Mpupoaa Ta poab NCeBAOLLIANHU



AHTUHOA,

UD77K
hv = 38 eV
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Hop AHTUHOA,
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IcTopia npo “sBia6utkn nanbuis” (fingerprints)

- Pb-Pb junction at 1.3°K
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d-wave superconducting gap

Angle,®
Ag ap (meV)

https://arpes.stanford.edu/research/quantum-materials/cuprate-superconductors




Pairing is d symmetry.

Phase sensitive measurements.

(cxre—k)) =V (k)

d-wave order: tri-crystal experiment
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Y2 flux vortex at the junction.
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Spin susceptibility structure
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lity structure
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CniHoBi donykTyauil — MmefiaTop BUCOKOTEMMepaTypHOI HaaAnNpPoOBIAHOCTI
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New history of superconductivity: Iron Age
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High-temperature superconductivity, HTSC
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Iron-based superconductors (FeSC)
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Iron-based superconductors
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Phase diagrams

Temperature (K)
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Non-scientific conclusion
Among many theories of HTSC there
IS no one to predict new

superconductors with higher Tc’s.

Empirical approaches should be used.



MosepxHa Pepmi BKFA
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MosBepxHAa Pepmi BKFA Calculation 2l
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BFA: density of states
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FeSC: electronic structure and superconductivity
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EnekTpoHHa CTPYKTYpa Gepo-nNHIKTUAIB Ta HaANPOBIAHICTb

Calculation Experiment
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PE3YJILTAT: EkcnepnMeHTanbHO BU3HAYEHO €NTEKTPOHHY O8N oN

CTPYKTYPY OCHOBHUX NpeaCTaBHUKIB HOBMX HAAMNPOBIAHUKIB O P

Ha OCHOBI 3ani3a. [lokasaHo, Wo came 3MiHa Tononorii A =

nosepxHi ®epmi, Bigoma sik pazosun nepexig Jlidpwmus, o8 @8

3aBXOWN KOpPEene 3 MakCMMyMOM TeMnepaTypu KFA BKFA BFCA KFS

HaZNpPoBIgHOro nepexony.

3ACTOCYBAHHA: BusBneHHSA ACHOro 3B'A3KY MiXK €NEKTPOHHOK CTPYKTYPOIO Ta HAA4MNpPOBIAHICTTIO ¥ hepo-MNHIKTMAaX
BKa3y€ Ha HOBUI MeXaHi3aM BUCOKOTEMMNEPATYPHOI HaANPOBIAHOCTI (4e KNo4YoBUMK € 6araTo30HHICTb | opbiTanbHi
pe3oHaHCK) Ta Aae eMnipMyHnUin MeTog Ans 36inblleHHa TemnepaTypy HagnpoBIgHOMO nepexoay.

A. A. Kordyuk, J. Supercond. Nov. Magn. (2012)
A. A. Kordyuk et al., Phys. Rev. B 83, 134513 (2011)



BKFA: Fermi surface and gaps
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A correlates with the orbital composition:
A = 3—4 meV for 3dxy and 3dz2

A =10.5 meV for 3dxz/yz.

D. Evtushinsky PRB 2014
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e The band structure of Fe-SC is well captured by
LDA but do not take it too literally. The
calculated Fermi surface is usually bad starting

point for theory.

e T 's for different compounds almost 100%
correlate with the position of the Van Hove
singuliarities (Lifshitz transitions) for the xz- and

yz-bands.
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"Topological” superconductivity in Fe-SC
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"Topological” superconductivity in Cu-SC

electron doping hole doping

A. A. Kordyuk Low Temp. Phys. (2015)



Pseudogap in cuprates

There are at least three mechanisms that form the
pseudogap in the hole doped cuprates:

1 the preformed pairing;

2 the incommensurate CDW due to nesting of the
straight parallel Fermi surface sections around (w,0)
and (0,n);

3 SDW which is dominant constituent of the pseudogap
assosiated with T* and is either causing or caused by
the Mott localization.

These phases occupy different parts of the phase
diagram and gap different parts of the Fermi surface
competing for it.



VHS nesting

electron doping hole doping



SDW in electron-doped cuprates

T Nd{ 87Cep 13Cu0Os Smi.86Cen.14Cu0O4

Binding Energy (meV)

(2, 1/2)

(m,0)

electron doping

H. Matsui et al., PRL 94, 047005 (2005)
S. R. Park et al., PRB 75, 060501 (2007)



Nodal nesting

electron doping hole doping



SDW and superconductivity

Nodal nesting
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A. A. Kordyuk Low Temp. Phys. (2018)



Pb-Bi2201 Tc =34 K, T*=125K

Back-hending

Energy relative to E¢ (eV)
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M. Hashimoto et al. Nat. Phys. 6, 414 (2010)




Temperature (K)

Pseudogap in cuprates

200+ .
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Energy (eV)

Temperature evolution of the hot spot EDC for underdoped BSCCO (Tc = 77 K).

T* - the pseudogap starts to increase rapidly, the spectral weight starts to decrease;

Tp - the spectral weight starts to increase;

Tc - the superconducting gap opens, the spectral weight continues to increase up to T,

The examples of non-normalized EDC's at 160 K, 120 K, and 30 K (right) illustrate the spectral
weight evolution.

Low Temp. Phys. (2015)



Pseudogap in hole-doped cuprates

hole doping



Superconducting transition temperature (K)
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Temperature (K)
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Temperature developed circuits

Ba(Fe, Co )As, K-coated FeSe single crystal
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Temperature developed circuits
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Kyung, Nature Materials (2016)

Enhanced superconductivity in surface-
electron-doped Ba(Fe, 4,C0o, o¢),AS,
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