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NMnaH

* CAMHTPOHMKA, YTO 3TO U AN1A Yero?

* [I[pMmepbl MarHUTHbIX CTPYKTYpP. YTO 34eCb n3yyatoT?

*Yem mbl bygem 3aHMMATbCA.

* YTO HYXXHO A/1A 3a4eTa.



O yem BOObLUE peub...

* MuKpomarHMtHoe moaenmpoBaHue — YNC/IEHHOe 1cciegoBaHne KoHpuUrypaumm
N AUHAMUKN MArHUTHOM CUCTEMbI — OAUH U3 BaXKHbIX METOA40B UCCNel0BaHUS B
CNUHTPOHMKE.

* CNUHTPOHNKA — B Y3KOM CMbIC1e pas3fden KBAaHTOBOM  3NEKTPOHUKMN,
3aHMMAOLWMNCA M3y4YEeHMEeM CMUHOBOrO TOKa (a He anekTpuyeckoro!) B
TBEPAOTENbHbIX YCTPOUCTBAX. B wWKMpOKOM — Bcex 3PPeKTOB CBA3AHHbLIX CO
CMTUHOM.

A GU3NROB:
Anal NHMKEeHEPOoB: AR @
HoBaal nHTepecHas

HoBble ycTtpomnctBa ans o
Me30cKomyeckaa dusnKka Ha

3NEKTPOHUKN € MEeHbLINMM - AKTYaNbHOCTb ‘ 5

MHTEepdEencax, MOBEPXHOCTAX W

noTepaMn n 6onbLLINMN
yactoTamu

HETPUBUANBbHbIX
TOMONOTNYECKUX CTPYKTYpPax
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MeMpUCTop — MCKYCCTBEHHbIN
aHaNor CMHaNCcoB HEMPOHHbIX CETEN.
[NapameTpbl U3MEHAIOTCA
NPONOPUMOHANBHO MHTErpasibHOMY
BHELUHEMY BO3MYLLEHUIO

[MpMMeHeHMe CNUHTPOHUKN:

TeKkyLaa TexHonorna — *ecTtkum amck
Y & Race-track Memory



Pa3HoObpa3Hble HeTpMBMaA/IbHbIE
MarHMTHble KOHPUrypaumm
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JlomeHHaA CTeHKa MarHoH CKMPMUOH
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PaBHOBeCHble KOHUrypauum

HAMAdrHU4EeHHOCTWU
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,CI,MHaMMKa HaMarHM4eHHoCT!
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NepeBOpPOT OAHOPOAHOMN
HAaMarHMYEeHHOCTU MOoJIEM
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I'IepeCTpOMKa HamarHuyeHHocTu obpasua
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B.A. BokoB, ®13nKka marHeTMkos, HeBckuit guanekr, Cankr-Metepbypr, 2002.

CneKTp anemeHTapHbIX
BO3OYXKAEHMM - MarHOHOB
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CKOpPOCTb ABUKEHUSA JOMEHHOMN
CTEHKN MArHUTHbIM NoJem

Beach et al. Nature materials | Vol 4 | October 2005



Yem mbl byaem 3aHUMaATbCA

CamocToATeNbHO NUCATb NPOrpamMmmbl A8 ONUCAHUA AUHAMUKU
HaMarHM4YeHHOCTU B Pa3/INUHbIX cuctemax. (YMcneHHoe pelneHne ypaBHEeHUA
Nanpay-indwmnua-rmunobepra)

e InHaMMKa oAHOPOAHOMN HaMarHMYeHHocTU (peppPoMarHUTHbLIN pe30HaHC)
e [1BUKEHME AOMEHHbIX CTEHOK MAarHUTHbIM NOJIEM.

* I3yyeHne ctabunbHom (metactabunbHOM) KOHPUTypaAUUM HAaMArHUYEHHOCTU B
KOHKPEeTHOMN reomeTpumn

* BamaHne reometpum  obpasua  Ha  AMHAMWMKY  HaMarHMYeHHOCTM WU
pacnpocTpaHeHne CNUHOBbLIX BOJH



UTO NeXXuTt B OCHOBe

y h
R Kaxkaplt aTom ob6nagaeT cobCcTBEHHbIM MOMEHTOM MMMY/IbCA — CMUHOM >

y h
@ MarHMTHbIM MOMEHT aTOMa NPONOPLMOHANEH MOMEHTY MMNysbca M = Y3

@ MarHutHoe nose oKasbiBaeT MOMEHT CM/1 HA MAarHUTHbIA MOMeHT M x H
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Ot M. ot

Hefr - 3¢pdekTnBHOE Nnone, cknafbiBatoLieecs U3 BCETO, YTO eCTb B CUCTEME:
obmeHHOe nose, nose aHN30TPONKUN, BHELLHEE NOAE, NOJIe PACCeAHbIX NOJEN U T.A.



3auer

 CHavyana (Oona TPEeHUPOBKMU) pelleHMe HEeCKONbKMX MPOCTbIX 3aaaud.
(Ecnu 8bl yxce pewanu YucieHHO Kakoe-Hubyob ypasHeHue, Kaxoasa 3a0a4ya
HasepHoe 3alimem y eac He bosee yaca)

* [loTom BbIOpaTb OAHY M3 NPEANOKEHHbIX 3aaa4 (bonee C/oXKHbIX) U B
TEeYeHUN cemecTpa ee pewnTb

* B npouecce pelweHmna mbl Bam byaem BCAYECKM NOMOraTb,
KaK 1 NONIOXKEHO B HOPMaibHOM HAaY4YHOM rpynne



KBaHTOBbLIE SIB/IeHUSA B
MaTepuanax HoBoro
NOKOJIeHUNA




HanpaBneHusa
UccsiegoBaHun

OBYMEpPHblEe
mMaTepuansi
HaHoMaTepuan.l

CBEPXMNPOBOHNKN
MeTamMmarepuansbl




LK - 99

B Havane npownoro mecsua Hay4yHoe
coobuecTBo obnerena HOBOCTb O
BO3MOXXHOM NPOpPbIBE: BELLECTBO MoA
Ha3BaHueMm LK-99 akobbl aBnsieTcs
KOMHaTHO-TeMrnepaTypHbIM
CBEPXMPOBOAHUKOM.
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931 Thic. NPOCMOTPOB * 1 MecAL, Ha3ag
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LK -99

B Ha4ane npowunoro mecsua Hay4YHoe
coobLLecTBo obrneTtena HOBOCTb O
BO3MOXXHOM NPOpPbIBE: BELLECTBO MoA
Ha3BaHuem LK-99 akobbl sBnsieTca
KOMHaTHO-TeMNepaTypHbIM
CBEPXMNPOBOAHNKOM.
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"World-changing" LK-99 Superconductor explained quickly

1 MIH NPOCMOTPOB * 1 MecAU Hasag

Fireship @

What is a superconductor? LK-99 claims to be the first room-temperature superconductor, and if true, it could revolutionize the

4K

LK-99 Superconductor Breakthrough - Why it MATTERS!

1,7 MAIH NPOCMOTPOB * 1 MecAL Ha3af

Two Bit da Vinci @

Is this the Biggest Discovery of the Century? Physics has always been my favorite field of study. Everything from how planes fly,

4K

Cy6TUTpbI

- Introduction | What we Know | What is a Superconductor? | The Controversy | The Timeline | The.. 3nuzopbi (8) v

LK-99 - South Korea's Room-Temperature Superconductor?
32 TbiC. NPOCMOTPOB * 7 AHEN Ha3ag

Science Unbound

Unlock the secrets of a potential game-changing discovery! Dive into the thrilling world of room-temperature superconductors with ...

LK-99 Superconductor Update, Was It Just Contamination?
235 TbiC. NPOCMOTPOB * 4 HeAeNu Hasapa

Anton Petrov @

0:00 Magical two weeks 0:35 New video from the original authors 1:55 Amazing new video? Ugh..no 2:55 More positive results?

4K

Magical two weeks | New video from the original authors | Amazing new video? Ugh..no | More...

Snuzoppi (13) v
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Co3paHue
KpUCTaJlZINueCcKoun

CTPYKTYpPDbI

dann, cogepxaLummn nHopmMaLuio o
KpUCTannu4eckom CTpykType
nccnegyemMoro BeLecTBsa, MOXHO
ckadaTb U3 JOCTYMHbIX 6a3 AaHHbIX UK
cAenaTtb CaMOCTOSATENbHO, 3Hast
napameTpbl KpUCTaNIMYeCcKon
peweTkn. OgnH U3 NporpamMmmHbIX
NakeToB, KOTOPbI MO3BONSAET 3TO
penarb, - Vesta.

#4 BaBiO3.vest
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The new basis vectors a', b, ¢ are related to the basis vectors 3, b, c by

(a'.b.¢') = (a,b,c)P

Py P2

=(a,b,c) [Pn Pn

Py Ps

= (Pua+ Pnb+ Pye,
Piaa + Pyb + Pe.
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A shift of origin is defined by the shift vector

t=(a,b.c)p

n
= (a,b,¢) [ p2
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= p1a+ pab+ pac.

Normalize the range of fractional coordinates
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#!/bin/bash

=

#SBATCH --partition=cpu
#SBATCH --job-name=bbo_0.10

3anyCK pacqua M3 #SBATCH --nodes=1

#SBATCH - -tasks-per-node=4

#SBATCH --cpus-per-task=4

nepBle #SBATCH --time=100:00:00
#SBATCH --output=comp_log_%j
NMPUHLUUNOB

4

i=0.10
path_to_ge=/mnt/pool/5/alexloner/qge_tensor/bin
export OMP_NUM_THREADS=$SLURM_CPUS_PER_TASK
source /opt/fftw-3.3.9/double/customvars.sh

Teopus dhyHKUMOHaNa NNoTHOCTK source /opt/openblas-0.3.13/customvars.sh
(DFT, Density Functional Theory) - B, " jnate )
XOpOoLLO al'lp06VIp0BaHHbIl7I MeTo[, Ha cd /mnt/pool/5/alexloner/bbo/bbo_${i}
mpirun ${path_to_ge}/pw.x < ./bbo_${i}.in > ./bbo_${i}.out
KOTOPOM OCHOBaHbI pac4eTbl 13 echo "${i} scf done $(date)"
mpirun ${path_to_qe}/pw.x < ./bands_${i}.in > ./bands_${i}.out
NepBbIX NPUHLMMOB. 3a pa3paboTky echo "${i} bands done $(date)"
mpirun ${path _to ge}/ph.x < ./ph_${i}.in > ./ph_${i}.out
aToro metoaa bbina npucyxaeHa echo "8t pii Bone & (dsie)”
Hobenesckas npemus. CyuiecTByeT mpirun ${path_to_ge}/pw.x < ./bbo_${i}_nscf.in > ./bbo_${i}_nscf.out

echo "${i} nscf done $(date)"
MHOIO MNakeToB, peann3yrwnx

pacyeTbl B paMKax DFT. ,D,J'IFI pa60TbI c ${path_to_ge}/wannier90.x -pp ./bbo_${i}.win

echo "${i} wan pp done $(date)"

OAHUMU NaKeTamMm (Hanpmmep,c mpirun ${path_to_ge}/pw2wannier90.x < ./bbo_${i}.pw2wan > ./bbo_${i}.pw2wan.out
) . echo "${i} pw2wan done $(date)"
Wien2k) ectb nHTepdeiic, ${path_to_ge}/wannier9e.x ./bbo_${i}.win
o echo "${i} xsf done $(date)"
B3anmMmogencteme c gpyrmmm rm -rf UNK*.1
(Hanpumep, ¢ Quantum Espresso) |

MPOMCXOAUT Yepes KOHCOTb.



l LTS 1 from ase.io import read

1 atoms = read('BBO exc.cif"')

3anyck pacyeTa us N
nepBle from ase.build import bulk

> from gpaw import GPAW, PW, FermiDirac

anHuM I-IOB 4 # Perform standard ground state calculation (with plane wave basis)
5 calc = GPAW(mode=PW(200),

e itnnr

Origin of correlated isolated flat bands in copper-substituted lead phosphate apatite

Sinéad M. Griffin!+?
! Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California, 94720, USA and
2 Molecular Foundry Division, Lawrence Berkeley National Laboratory, Berkeley, California, 94720, USA
(Dated: August 4, 2023)

A recent report of room temperature superconductivity at ambient pressure in Cu-substituted
apatite (‘LK99’) has invigorated interest in the understanding of what materials and mechanisms
can allow for high-temperature superconductivity. Here I perform density functional theory calcu-
lations on Cu-substituted lead phosphate apatite, identifying correlated isolated flat bands at the
Fermi level, a common signature of high transition temperatures in already-established families of
superconductors. I elucidate the origins of these isolated bands as arising from a structural distor-
tion induced by the Cu ions and a chiral charge density wave from the Pb lone pairs. These results
suggest that a minimal two-band model can encompass much of the low-energy physics in this sys-
tem. Finally, I discuss the implications of my results on possible superconductivity in Cu-doped
apatite.
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def set_screeneing length(self, d=0):
cb = [2, 3]
vb = [8, 1]
chi2D = @

vel = np.einsum("xyac,xycd,xybd->xyab"*, self.D.conj(), self.velocityld], self.D)
a3paboTka B
dE = (self.E[:, :, :, None] - self.E[:, :, None, :1) / Hartree

for 1 in vb:
for j in cb:

CO6CTBEHHOrO S i R
chi2D /= self.N2

self.r@ = 2 * np.pi * chi2D.real
print(r"Screening length [A]:", self.r8)

I [ : n EI def set_screened potential(self, epsilon=2):

norb = self.D.shape[3]

self.eps = np.zeros((self.N, self.N, norb, norb), dtype=complex)
self.W = np.zeros((self.N, self.N, norb, norb), dtype=complex)
self.f = np.array(self.E <= self.fermi, dtype=int)

McnoanOBaHme CyLL"eCTByI-OLL"MX L :ppgl?;;ﬁ;??” self.N, norb, norb), dtype=complex),
e~ mm mm s s e ——— ————re e self.E,

No superconductivity in PbgCu;(PO,)sO
found in orbital and spin fluctuation exchange calculations

Niklas Witt ®,1:2 Liang Si®,3% Jan M. Tomczak ®,> 4 Karsten Held ®,% * and Tim Wehling ®!>2:*

'I. Institute for Theoretical Physics, University of Hamburg, Notkestrafe 9-11, 22607 Hamburg, Germany
2The Hamburg Centre for Ultrafast Imaging, Luruper Chaussee 149, 22607 Hamburg, Germany
3School of Physics, Northwest University, Xi’an 710127, China
4 Institute of Solid State Physics, TU Wien, 1040 Vienna, Austria
® Department of Physics, King’s College London, Strand, London WC2R 2LS, United Kingdom
(Dated: August 15, 2023)



Urpa B WwaxmaTbl U
Kode-6penkun

OTAbIXaTb TOXE MHOTAA HY>KHO.

Ha KapTUHKe Genble xoaaT n
BbIUTPbIBAOT.




3agauka

NmeeTcs ABYMEPHbIN MacCuB OaHHbIX,
XapakTepusyroLmmi NNoTHOCTb
yacTtuubl. Heobxoanmo
annpoKCUMNPOBATL 3aLLYMIIEHHbIE
3KCNepuMeHTanbHble faHHble
N3BECTHOW aHanMTU4YeCKon oyHKLUNen
W HanUTW NapameTpbl YacTuULbl -
XapakTepHblii pa3mep (rO) u
nonoxxeHwue ueHTtpa (x0, y0).

[aHHbIe:

OnHoMmepHbI MaccuB “X”
OpHomepHbIn maccuB “y”
[ByMepHbIi MaccuB “z” = f(x, y)

Bug aHanutmnyeckon pyHKUMn:

flz,y) = Aoe_((x_xO)QJr(y—yo)Q)/r%
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Mo QR-kogy HanauTe gaHHbIE
ans 3aga4dn. Ceasarbca ¢ HaMu
MO>XHO MO noyTe:

slavestalO@gmail.com
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https://drive.google.com/drive/folders/1-djMzLxQjAY2-WcxqKsl8k2aLNGzz6gd?usp=sharing

[OpU3OHTbI PU3UKN
DNEKTPOHHO-TPAHCNOPTHbIE CBOWUCTBA
MArHUTHbIX TOMNONOMMYEeCKMX
M30/IATOPOB

K.cb-M.H, C.H.Cc. ®ponos A.C.

Jlabopamopusa pomos1eKmpoHHOU CEKMPOCKONUU K8BAHMOBbIX
YHKYUOHAbHbIX MAMepPUasos



HemHoro ob n3y4yaemoix 06 bEKTaX...

Insulator

Semiconductor

Concicion=

Conductor

1

» K

30Ha NPOBOAMMOCTM OTAENEHA OT Ba/IEHTHOM 30HbI
3anpeweHHOM 30HOM

YpoBeHb Pepmun nexuT B 3anpeLLeHHON 30He
Hocutenu 3apaga — «3N1eKTPOoHbI» € 3GPEKTUBHOM
d’E

dk?

(KBagpaTUYHbIN 3aKOH AMcnepcun)

maccom m* =



HemHoro ob n3y4yaemoix 06 bEKTaX...

Tononorunyeckum
U30NATOP

TpuBManbHbIN E
U3onaTtop

YBenuueHue cnmH-opbuTanbHOro B3aMMoaencTBuma A EG)

Vacuum Metallic edge

‘2" Conductance

k< | Y

.>k

Crpyxkrypubiil Tunt GeAs, Te,.

o] o
° A4 .
o o _CeMVICI'IOMHbIV
T naker
© O
(o) (]
Te(l) —> 0 ©
MQ2) e @ o v
Te2) —> © o CeMUCNONHbIN
M(1) o -
Te) —> © © |0 |0 o naketr

MQ2) =——> @ ©
Te(l) = ©

CeMUCNOMHbIN
naker

M(1) = Ge, Sn, Pb, Mn
M(2) = As, Sh, Bi
Te(1), Te(2) = Se, Te

JINHEeWHbIN 3aKOH gucnepcum

- m*=0

e CnuHoBaA NonApmnsaLmna COCTOAHUN
e «Spin-momentum locking»

* YCTOMYMBbI K BO3MYLLEHNAM!



334€eM 3TO HYXKHO?

OI1T03IIEKTpOH UKa




Kak monyymTb? KaK 3TO BbIrNAaaAnT?

N3 pacnnasa — metoa bpuakmeHa

MoHoKpucTann PocToBas yCTaHOBKa
...\ B aTOMHO-CH/IOBOM
I B ONTUYECKOM B 0ObEKTMBE
MWKpOCKone
MWKPOCKONe... ¢doToannapaTa

1 1l
MnTe
L
MnBi,Te,
J/ 200 mKm/yac

KoopauHaTa neun

U3 rasosou dasbi— metoa XTP

Ge, ,Mn, ¢Bi,Te,




KaK 3TO U3MepUTh ?

AFM/STM/MFM, SQUID Zentrum Berlin
A TaK Xe:

Elettra Sincrotrone Triestt

XRD, XRF, SEM/EDX, XPS, NAP-XPS, HAADF-(S)TEM, PAUL SCHERRER INSTITUT
/ ( ) A/M¢T" - q HZB Helmholtz [J_—‘:

DOTO3NN1EKTPOHHAA CNEKTPOCKONUA C OAUHaMUKA «KTOPAYNX»
yrnosbim paspewieHmm AN1IEKTPOHOB

Oudpakuma ¢otoanektpoHos (XPD)

a At =300 fs b At=600fs
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Yem mbl byaem 3aHUMaATbCA

U3rotoBneHnem o6pasuLoB c pa3IMUHON reomeTpueit KOHTaKTOB U U3MepeHUem
X 3/1eKTPOHHO-TPAHCNOPTHbIX CBOUCTB

* KBaHTOBbIM aHOMaANbHbIN 3dPeKT Xonna B  MATHUTHbIX TOMOAOTMYECKUX
nsonatopax Mn(Sb,Bi)2Te4, (Ge,Mn)Bi2Te4.

» CBepxnpoBoaumocTtb B Mn(Bi,In)2Te4, Sn(Bi,In)2Te4.
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Kagpedpa cpyHOameHmManbHOU U npukaaoHol pu3uKu MUKpPO- U HAHOCMPYKMyp



Y1o Takoe PMP cnekTpockonma?

e deppomarHuTHbI pe3oHaHc, uan ®MP, npeacrtasnaeT coboit cBA3b MexXay
3NEKTPOMArHMTHOM BOJIHOM U HAMArHMYEeHHOCTbIO cpebl, Yepes KOTOPYHO OHa

npoxoauT. 9TO B3aMMOAENCTBUE NPUBOAUT K 3HAYNTENBHOM NOTEPE MOLLLHOCTU
BOJIHbI.

* CneKtpockonuyeckun metoa ®MP ncnonbayetcs ans onpeaeneHua
HaMarHM4YeHHOCTN GepPOMArHUTHbIX MaTEPUANOB.

~ Ni8oFe20(90nm)/Si(100)

*Chen et al., J. Appl. Phys. 101,
09C104 2007
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OcHoBbl PMP

ypaBHeHWe naHgay nmowunua runsbepra:
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dopmyna Kutrena:
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susceptibility

*Ferromagnetic Resonance - Theory and Applications (2013)



JKCNepumMeHTaIbHaA YacTb
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*Neudecker et al., J. Magn. Magn. Mater. 307 (2006) 148-156



334eM 3TO HYKHO?

HoBbI TN KYOUTOB CNUHTPOHUKA

B CPW
Resonator

YIG sphere

*Yi Li/Argonne National Laboratory
*Nanomagnetism and spintronics, edited by Teruya Shinjo, Second edition, 2014



MN3y4yaemaa naeHka NepmMonnos

YIG Py Unit
¥ 1.76 X 101! 1.76 X 10! 1/Ts
4M, 1.4X10°5 2 8.0X10°f A/m
D 50%107%0"b Bt || J m?
a 5K 1978 0.018
wo 10 208 GHz
Tao 1076 4 1077 (Ni)d s
Ty 10797 ce 1072 b S
g,/A 1062 1984 1/m?
V.2 14.1 11.7 nm
7 0.45 0.27
X (th) 0.85-8.5 0.3 mm
\ (expt.) 4.0 mm
& (th) 0.25 4.4 wV/K

& (expt.) 0.25 uV/K




Yem mbl byaem 3aHUMaATbCA

[NloarotoBka M nposeaeHne skcrepmmeHta PMP cnekTpockonun Ana NAEHKU
nepmannos

O3HaKoMJ/IeHME C KPMOCTAaTOM pacTBOPEHUA

Ncnonb3ya Python, HanucaHue Kopa An1A aBTOMaTM3MPOBAHHOIO MNpoBeAeHUA
3KCNepuMeHTa

O6paboTKa NONYYEHHbIX AaHHbIX /19 KOHEYHbIX Pe3y/bTaToB

CpaBHeHMe nerkoctn nposegeHna PMP 3KCNepMMEHTOB MO CPABHEHUID C
apyrumm



